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Abstract 
DOUBLEDAY, W. G., AND D. RIVARD [ED.] 1983. 

Sampling commercial catches of marine fish and 
invertebrates. Can. Spec. Publ. Fish. Aquat. Sci. 
66: 290 p. 
This publication contains the proceedings and 

contributed papers of a workshop on the sampling of 
commercial catches for marine fish and invertebrates. 
The Workshop reviewed the history of catch sampling, 
current practice and standards, as well as the perfor
mance of various sampling programs. The importance 
of commercial catch sampling for the determination of 
biological parameters of exploited populations is 
discussed. Sampling programs are analyzed in the 
context of their contribution to resource assessment 
and their impact on management advice. Finally, the 
proceedings suggest new directions and contain 
specific recommendations on various aspects of 
sampling to form a basis for the design of future 
sampling programs. 

Resume 
DOUBLEDAY, W. G. ET D. RIVARD [ED.] 1983. L'echan

tillonnage des prises commerciales de poissons et d'inverte
bres marins. Publ. spec. can. sci. halieut. aquat. 66 : 290 p. 

On rapporte ici les conclusions d'un atelier sur 
l'echantillonnage des prises commerciales de poissons et 
d'invertebres marins, ainsi qu'une serie d'articles presentes 
au cours de !'atelier. Le rapport couvre l'historique de 
l'echantillonnage des prises, les pratiques et les normes 
courantes, ainsi que le rendement de divers programmes 
d'echantillonnage. On souligne !'importance des program
mes d' echantillonnage sur les prises pour I' estimation des 
parametres biologiques des populations exploitees. Les 
programmes d'echantillonnage sont analyses quant a leur 
contribution a I' evaluation des ressources eta leur influence 
sur les avis de gestion. Finalement, puisqu'il identifie des 
voies nouvelles et apporte des recommandations precises 
quant a certains aspects de l' echantillonnage, ce rapport 
constitue un point de reference pour le developpement des 
futurs programmes d'echantillonnage. 

v 



Preface 

In recognition of the importance of commercial 
catch sampling for fisheries management and in order 
to maintain satisfactory practices in the implement
ation of sampling programs, the Department of Fish
eries and Oceans held a workshop on the sampling of 
commercial catches at Ottawa, February 23-25, 1982. 
This workshop was the third of a series aiming at the 
review of scientific and technical aspects of specific 
research programs of the Department. The workshop 
was attended by more than 30 experts of various dis
ciplines representing the Department of Fisheries and 
Oceans, as well as by a number of invited specialists. 

The topic for this workshop was initially proposed 
by the Canadian Atlantic Fisheries Scientific Advisory 
Committee (CAFSAC). The workshop objectives and 
content were elaborated thereafter, by a special com
mittee composed of S. Stevenson, K. C. T. Zwanenburg, 
R. F. J. Bailey, and W. G. Doubleday. The success of 
the workshop is due, in part, to the participation of a 
number of authors who, in response to an invitation 
from the special committee, devoted time and effort in 
the preparation of manuscripts on specific issues. We 
also wish to acknowledge the contribution of session 
chairmen who led discussions and provided a synopsis 
of the scientific contributions and recommendations 
for their respective sessions. All manuscripts received 
outside review by one or more referees after the work
shop, prior to their inclusion in this report. Special 
thanks are due to the referees whose suggestions 
clarified and improved original manuscripts, as well as 
the workshop report. We also thank the Scientific 
Information and Publications Branch for providing 
technical assistance and financial support. 

The publication of this report has been made pos
sible only by the active participation of those afore
mentioned. This workshop contributed to a better 
understanding of a number of technical aspects of 
commercial catch sampling, served to reiterate the 
importance of sampling programs for fishery man
agement and the development of scientific advice, and 
provided a number of useful recommendations for the 
implementation of future sampling programs. 

Preface 

Face a !'importance de l'echantillonnage des prises com
merciales pour Ia gestion des peches et afin d'assurer le main
tien de pratiques adequates dans !'application des techniques 
d'echantillonnage, le Ministere des Peches et des Oceans a 
tenu a Ottawa, du 23 au 25 fevrier 1982, un atelier sur le 
sujet. Cet atelier est le troisieme d'une serie visant a reviser 
les aspects scientifiques et techniques de programmes de 
recherche specifiques du Ministere. Ont assiste a !'atelier, une 
trentaine de personnes de disciplines diverses representant le 
Ministere des Peches et des Oceans, ainsi qu'un certain 
nombre de specialistes invites. 

Le sujet de I' atelier a ete propose par le Comite scientifique 
consultatif des peches canadiennes dans I' Atlantique 
(CSCPCA). Ses objectifs et son contenu ont ete elabores 
par Ia suite par un comite special compose de S. Stevenson, 
K. C. T. Zwanenburg, R. F. J. Bailey et W. G. Doubleday. 
Le succes de !'atelier est en partie dfi au concours des nom
breux auteurs qui, en reponse a !'invitation du comite 
special, ont consacre temps et efforts a Ia preparation de 
manuscrits faisant le point sur un sujet particulier. Nous 
desirons egalement souligner le concours des presidents des 
seances qui ont mene les debats et ont fourni une synopsis des 
contributions scientifiques et des recommandations pour 
leurs seances respectives. Suite a !'atelier, les manuscrits ont 
fait !'objet d'une revision independante par un ou plusieurs 
scientifiques en vue de leur publication dans le present rap
port. Nous remercions l'equipe de reviseurs dont les sug
gestions ont permis de clarifier et d'ameliorer les manuscrits 
originaux et le rapport meme de !'atelier. Nous remercions 
egalement Ia Direction de !'information et des publications 
scientifiques pour son aide technique et son support 
financier. 

La publication du present document est done le resultat de 
Ia participation active de tous ceux mentionnes ci-haut. Ce 
colloque a permis de mieux comprendre un certain nombre 
des aspects techniques de l'echantillonnage des prises com
merciales, a reaffirme !'importance des programmes 
d'echantillonnage pour Ia gestion des peches et Ia formula
tion des avis scientifiques, et a permis d'elaborer de nom
breuses recommandations quant a Ia mise sur pied des 
programmes d'echantillonnage futurs. 

vi 
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Introductory Address 

B.S. MUIR 

Director General, Department of Fisheries and 
Oceans, Fisheries Research Directorate, Ottawa, 

Ont. KIA OE6 

During the 1970s, increasing regulation of com
mercial groundfish fisheries led to a demand for 
increased precision in scientific advice for resource 
management. While the sampling of commercial catch 
is a cornerstone in the provision of scientific advice to 
management, we are still operating with standards 
derived in the early seventies under the International 
Commission for the Northwest Atlantic Fisheries 
(ICNAF). These standards were aimed primarily at 
improving inadequate sampling and were not based on 
an optimal design. Nevertheless, the organization and 
planning of sampling and the processing of sampling 
data play an important role in the provision of annual 
management advice. The expenditures of the Depart
ment of Fisheries and Oceans (DFO) on commercial 
catch sampling are substantial and an assessment of 
sampling practices and performance is needed to 
ensure an efficient process. This assessment is doubly 
important in view of the reorganization of the Atlantic 
Fisheries zone into three regions: the Newfoundland, 
the Scotia-Fundy, and the Gulf Region. 

Under the ICNAF regime, each foreign country was 
responsible for the sampling of its commercial fleet. 
Sampling techniques and the priority level placed on 
sampling varied from country to country. At sea sam
pling of the biological characteristics for foreign com
mercial catches was initiated by Canada in 1977. Cana
dian observers are now both monitoring the operations 
of the foreign fleet and obtaining biological samples. 
Observers also gather information on catch rates, by
catch, and discards of both commercial and semicom
mercial species. Information on species mix and catch 
rates for foreign fishing vessels is extremely valuable in 
evaluating foreign fishing plans. 

Demands for scientific advice for fisheries manage
ment have increased since the Canadian extension of 
fisheries jurisdiction in 1977. In addition, heightened 
awareness of the provinces and segments of the fishing 
industry to the value of scientific advice has increased 
the minimum acceptable precision of biomass esti
mates and catch projections. In response to these 
demands for advice on the status of the stocks, the 
major part of the financial resources received on the 
extension of fisheries jurisdiction was directed towards 
improving the information inputs for the application 
of current theory to the provision of advice. 

Allocution d' ouverture 

B.S. MUIR 

Directeur general, Ministere des Peches et des Oceans, 
Direction generate de Ia recherche sur les peches, 

Ottawa, Ont. KIA OE6 

Au cours des anm!es 1970, par suite de l'accroissement de 
Ia reglementation regissant Ia plkhe commerciale des pois
sons de fond, on a commence a exiger une plus grande pre
cision des avis scientifiques touchant la gestion des res
sources. L'echantillonnage des captures commerciales est Ia 
pierre angulaire de Ia preparation de ces avis scientifiques; 
or, nous fonctionnons toujours avec des normes issues de 
Ia CIPANO (Commission internationale pour les peches 
de I' Atlantique Nord-Ouest). Ces normes ont d'abord ete 
etablies pour ameliorer un echantillonnage insuffisant et non 
pour assurer un plan d'echantillonnage optimal. II n'en reste 
pas moins que !'organisation et Ia planification de l'echantil
lonnage, de meme que le traitement des donnees d'echan
tillonnage, jouent un role important dans Ia production 
annuelle des avis scientifiques pour la gestion des stocks. Les 
depenses engagees par le Ministere des Peches et des Oceans 
(MPO) pour l'echantillonnage des prises commerciales sont 
assez importantes et justifient une evaluation du processus 
d'echantillonnage et de son rendement en vue d'en assurer 
son efficacite. Cette evaluation est d'autant plus importante 
vu Ia reorganisation des activites du MPO dans la zone de 
peche de I' Atlantique en trois regions, c'est-a-dire les regions 
de Terre-Neuve, de Scotia-Fundy et du Golfe. 

Sous le n\gime de Ia CIPANO, les pays etrangers effec
tuaient chacun l'echantillonnage de leur propre flotte com
merciale. Les techniques d'echantillonnage et le niveau de 
priorite accorde a l'echantillonnage variaient d'un pays a 
!'autre. L'echantillonnage en mer des caracteristiques biologi
ques des prises commerciales etrangeres a ete instaure par le 
Canada en 1977. A present, des observateurs canadiens sont 
charges a Ia fois de surveiller les operations des flottes etran
geres et d'en obtenir des echantillons biologiques. lis 
recueillent egalement des renseignements sur les prises par 
unite d' effort, sur les prises accidentelles et sur les rejets 
d'especes tant commerciales que semi-commerciales. Les 
renseignements sur les especes composant la prise et sur les 
taux de capture des navires de peche etrangers ont une tres 
grande valeur, notamment lorsqu'il s'agit d'evaluer les plans 
de peche de ces pays. 

Les besoins d'avis scientifiques destines a la gestion des 
peches ont considerablement augmente depuis que le Canada 
a etendu sa juridiction sur les peches en 1977. Le minimum 
de precision acceptable pour les estimations de biomasse et 
les projections des captures a dfi etre hausse, puisque les 
provinces et certains secteurs de l'industrie de Ia peche sont 
devenus de plus en plus conscients de Ia valeur de ces avis 
scientifiques. Pour pouvoir repondre a toutes les demandes 
d'avis sur l'etat des stocks, on a dfi affecter Ia majeure partie 
des ressources financic~res obtenues par suite de !'extension 
de Ia juridiction sur les peches a !'amelioration des donnees 
afin de pouvoir appliquer Ia theorie courante a Ia production 
d'avis scientifiques. 
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Domestic sampling activities have also increased 
steadily since 1977. For example, the total number of 
fish measurements processed in the Newfoundland 
region increased from a level of 194 000 in 1976 to 
1 072 000 in 1980. Similar trends were observed in the 
other Atlantic regions and in the Pacific region. 

The objectives of this workshop are threefold: 
1) To review historical and current biological sam

pling practice, performance, and standards from com
mercial marine fish and invertebrate catches. 

2) To present the results of recent research on com
mercial catch sampling and on the determination of 
biological parameters for exploited populations. 

3) To advise DFO on needs for further research and 
changes in commercial catch sampling and related 
programs. 

The recommendations developed during this work
shop will constitute a benchmark through which future 
sampling programs can be constructed in the most 
fruitful manner. 

Review of History of Commercial Catch 
Sampling, Standards, and Current 

Practice with Emphasis on the CAFSACI 
Area 

CHAIRPERSON: R. WELLS 

The harvest of marine fish, invertebrates and plants 
in the NAF02 area is large and complex. In 1975-79, 
for example, the average total harvest was about 
1.6 x 1()6 t of which 72o/o was of fish, 27% of inverte
brates, and 1% of plants. The value of the invertebrate 
harvest is enhanced by the presence of such highly 
desirable species as scallops and lobsters. The area 
considered is several thousand miles long from north 
to south and extends from the intertidal areas to 
several hundred miles offshore. A wide variety of 
vessels and gears are in use. Generally, the number of 
species in sufficient abundance for commercial 
exploitation increases from north to south. In 
addition, there are recreational fisheries in the 
southern part of the area. 

Landing statistics are available for a few species and 
areas for hundreds of years and detailed biological 
sampling has been carried out for about the last 50 yr. 
Sampling has been increased substantially over the 
period, especially since 1976. Sampling is carried out at 
landing ports and at sea. Because of the diversity of 
fisheries, many of the smaller fisheries are not sampled 
or are undersampled. As well, some of the more exten
sive fisheries may be infrequently sampled at the begin
ning and end of the season when landings are small. 
The adequacy of the current level of sampling is quite 

!Canadian Atlantic Fisheries Scientific Advisory Committee. 
2Northwest Atlantic Fisheries Organization. 
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Par consequent, l'intensite de l'echantillonnage par le 
Canada a augmente sans arret depuis 1977. Ainsi, le nombre 
total des mesures effectuees dans Ia region de Terre-Neuve 
est passe de 194 000 en 1976 a 1 072 000 en 1980. Des ten
dances similaires ont ete observees dans les autres regions de 
I' Atlantique et dans Ia region du Pacifique. 

On a defini trois objectifs pour !'atelier: 
1) Faire l'historique de l'echantillonnage biologique (tech

niques, rendement et normes) des prises commerciales de 
poissons et d'invertebres marins. 

2) Presenter les resultats de recherches recentes sur l'echan
tillonnage des prises commerciales et sur !'evaluation des 
parametres biologiques pour les populations exploitees. 

3) Conseiller le MPO sur les recherches a entreprendre et 
sur les changements qu'il faudrait apporter a l'echanti!lon
nage des prises commerciales et aux programmes connexes. 

Les recommandations elaborees dans le cadre du present 
atelier constitueront un point de reference pour Ia mise sur 
pied ou !'amelioration des futurs programmes d'echantillon
nage. 

Historique de I' echantillonnage des prises 
commerciales, des normes et des pratiques 
courantes s'y rattachant, l'accent etant mis 

sur Ia zone du CSCPCA 1 

PRESIDENT: R. WELLS 

La recolte de poissons, d'invertebres et de plantes marines 
dans Ia zone de l'OPAN02 est importante et complexe. 
Entre 1975 et 1979, par exemple, Ia recolte totale moyenne 
s' est elevee a environ, 1 ,6 x 106 t; elle se composait de pois
sons (72 %), d'invertebres (27 %) et de plantes marines (1 %). 
La valeur de Ia recolte d'invertebres est elevee a cause de Ia 
presence d'especes de haute valeur, comme le petoncle et le 
homard. La zone etudiee a plusieurs milliers de milles de long 
du nord au sud et s'etend des regions intertidales jusqu'a 
plusieurs centaines de milles au large des c5tes. On y utilise 
un nombre varie de navires et d'engins. En general, Ie nom
bre d'especes dont I'abondance est suffisante pour permettre 
!'exploitation commerciale augmente en descendant vers le 
sud. Notons egalement Ia presence d'une peche recreative 
dans Ia partie meridionale de Ia region. 

On dispose de statistiques de debarquement couvrant 
plusieurs centaines d'annees sur un petit nombre d'especes et 
de regions. Des echantillonnages biologiques detailles ont en 
outre ete effectues au cours des cinquante dernieres annees; 
1' intensite de I' echantillonnage a augmente considerablement 
durant cette periode, particulierement depuis 1976. L'echan
tillonnage est effectue dans les ports de debarquement et en 
mer. A cause de Ia diversite des peches, Ies pecheries les 
moins importantes echappent souvent a l'echantillonnage ou 
sont insuffisamment echantillonnees. De meme, certaines 
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variable as compared with some arbitrary standard 
such as the NAFO standard and, in general, is not 
necessarily related to appropriate statistical measures 
of precision and bias. 

The review of sampling of commercial groundfish 
by Stevenson provides details of procedures used in 
areas 2 and 3 of NAFO. Opportunity to sample for 
length and age is unrestricted and sampling is con
sidered good in relation to arbitrary standards such as 
the NAFO minima. The history, performance, and 
application of commercial sampling for lobster, crab, 
shrimp, scallops, and squid catches in Newfoundland 
were reviewed by Parsons et al. Sampling has been 
more systematically carried out in recent years than 
formally. Although sampling intensity is very low, 
relative to the total catch for each species, the data 
obtained have proved valuable in the estimation of 
various population parameters. 

Rowell provides a description of Canadian sampling 
of commercial catches of invertebrates and marine 
plants in NAFO areas 4 and 5 and points out that the 
management of invertebrate stocks tends to require 
greater dependence on statistical and logbook data 
than on catch sampling. Coverage increased sharply in 
the late 1970s but still tends to focus on key ports. 

Lussiaa-Berdou et al. present a review of sampling 
by the province of Quebec in the Gulf of St. Lawrence. 
The aims, procedures, and intensity of sampling have 
been documented for various vertebrate and inverte
brate species. Problems associated with adequate sam
pling at point of landing and also at sea are outlined. A 
detailed review of sampling of snow crab catches in the 
southwestern Gulf of St. Lawrence, from 1977 on, 
leads Bailey to conclude that the level of accuracy in 
size-frequency distribution was probably suitable for 
perceived needs. 

Sampling of the complex fishery in the southern 
NAFO area is reviewed by Burns et a!. Access to sam
pling of individual catches was not always unre
stricted. The challenging problem of the rational distri
bution of limited sampling effort to a complex of 
many potential sampling units with varied problems is 
outlined. 

Significant increases in funding since 1976 have led 
to increased sampling rates which, in many cases, now 
meet or exceed the arbitrary ICNAF minimum stan
dard. These programs should now be reviewed in detail 
to determine their adequacy in producing information 
for stock assessments and other purposes. The disper
sion of samples during the fishing season and geo-

pecheries importantes peuvent etre insuffisamment echan
tillonnees au debut et a Ia fin de Ia saison de peche, lorsque 
les debarquements sont faibles. L'intensite d'echantillonnage 
actuelle est tn!s variable si on Ia compare a certaines normes 
arbitraires comme celles de l'O.P.A.N.O.; de fa~on generale, 
le niveau d'echantillonnage n'est pas necessairement etabli en 
fonction de mesures statistiques appropriees de precision et 
de biais. 

Dans sa revue de l'echantillonnage des prises commerciales 
de poisson de fond, Stevenson etudie en detailles procedures 
utilisees dans les zones 2 et 3 de l'OPANO. L'echantillonnage 
est satisfaisant par rapport a Ia norme arbitraire minimale de 
l'OPANO et les echantillons semblent bien repartis quanta 
Ia longueur eta !'age. Parsons eta!. passent en revue l'histori
que, Ia performance et les pratiques d'echantillonnage pour 
les prises de homard, de crabe, de crevette, de petoncle et d'en
cornet a Terre-Neuve. L'echantillonnage s'est effectue de 
fa<;on plus systematique au cours des dernieres annees 
qu'auparavant. Meme si l'intensite d'echantillonnage est tres 
faible par rapport au total des prises pour chaque espece, les 
donnees obtenues se sont revelees tres utiles pour !'estimation 
de divers parametres biologiques. 

Rowell decrit l'echantillonnage, par le Canada, des prises 
commerciales d'invertebres et de Ia recolte de plantes marines 
dans les zones 4 et 5 de l'OPANO; il mentionne que Ia gestion 
des stocks d'invertebres depend beaucoup plus des statistiques 
des debarquements et des renseignements fournis dans les livres 
de bord que de I' echan tillonnage des prises. Bien que Ia couver
ture de l'echantillonnage ait augmente de fa<;on marquee a 
Ia fin des annees 1970, l'echantillonnage tend encore a se con
centrer sur quelques ports importants. 

Lussiaa-Berdou et a!. passent en revue l'echantillonnage 
fait par Ia province de Quebec dans le golfe du Saint
Laurent : ils discutent des objectifs, des procedures et de 
l'intensite de l'echantillonnage pour diverses especes de 
vertebres et d'invertebres. Les problemes associes au besoin 
d'atteindre un niveau d'echantillonnage adequat au debar
quement et en mer sont presentes brievement. A partir d'une 
revue detaillee de l'echantillonnage du crabe des neiges dans 
le sud-ouest du golfe du Saint-Laurent depuis 1977, Bailey 
conclut que le niveau de precision obtenu pour les 
distributions des frequences de taille relatives est proba
blement suffisant pour les besoins per<;us. 

L'echantillonnage de Ia peche commerciale dans Ia zone Ia 
plus meridionale de l'OPANO est passe en revue par Burns 
et a!. Certaines contraintes empechent parfois l'echantillon
nage des prises. Les auteurs soulignent que Ia repartition 
rationnelle de !'effort d'echantillonnage, qui est limite, sur un 
ensemble aussi complexe que variable constitue un veritable 
defi. 

Une augmentation significative des ressources financieres 
depuis 1976 a mene a une augmentation des taux d'echan
tillonnage qui, dans plusieurs cas, atteignent maintenant ou 
meme depassent Ia norme arbitraire minimale de 
l'OPANO. Ces programmes devraient maintenant etre revises 
en detail afin de determiner leur abilite a fournir !'informa
tion necessaire a !'evaluation des stocks eta d'autres fins. La 
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graphically should be studied in relation to possible 
biases. 

Implications of Accuracy of Sampling 
Information on Management Advice 

CHAIRPERSON: H. POWLES 

As Pope (this session) has put it, stock assessment is 
a "somewhat recursive, not to say subjective, science 
which does not lend itself to examination of vari
ances." In addition, assessment methodology is new 
and has been to some extent developed in response to 
time-specific demands, so that evaluation of the 
science has lagged behind development. As a result, 
the subject of this session has not been treated in detail 
in past work (with at least one notable exception), 
although impact of errors in inputs to assessments on 
their results has been treated in various ways. Conse
quently, the papers presented at this session represent a 
particularly valuable contribution to the examination 
of assessment methods. 

Published sampling manuals for fishery sciences 
(e.g. Gulland 1966; Bazigos 1974), although treating 
basic techniques for estimating and controlling vari
ance through sampling design, did not relate sampling 
error to errors in management advice (in fact could 
not, since formulation of management advice was not 
a defined discipline at the time they were written as it is 
now). Thus Gulland (1966) noted, for example, that 
determination of sample size required a balance 
between the need to reduce variance to a minimum and 
practical considerations of obtaining samples, but did 
not suggest desirable levels of variance to aim for. 

Sampling efficiency was treated annually by the 
ICNAF Standing Committee on Research and Statis
tics relative to the ICNAF-sampling guideline of 1 
length sample/1000 t/ quarter, but apart from some 
analyses of impact of sampling errors on age compo
sition estimates (Doubleday 1976), analysis of impact 
of such errors on management advice was not made. A 
10% coefficient of variation in age composition esti
mates was used by ICNAF as a guideline, apparently 
on grounds similar to those justifying the sampling 
intensity guideline (i.e. a guideline was needed). Dou
bleday (1976) identified the most important potential 
sources of error in sampling stocks of cod, mackerel, 
and silver hake for population age composition esti
mates. These were aging errors and nonrandom distri
bution of sampling throughout the total catch. In 
addition, he established that finer temporal strat
ification of sampling could increase accuracy and 
precision of age composition estimates (in particular 
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repartition geographique et temporelle des echantillons doit 
faire !'objet d'etudes afin de determiner les biais possibles. 

Incidences de Ia precision des donnees 
d'echantillonnage sur les avis de gestion 

PRESIDENT: H. POWLES 

Comme I' a souligne Pope au cours de la presente seance, 
!'evaluation des populations constitue « une science un peu 
recursive, pour ne pas dire subjective, qui ne se prete pas a 
l'examen des variances ». En outre, il s'agit d'une science 
nouvelle creee dans une certaine mesure pour repondre a des 
exigences particulieres; son evaluation s'est done trouvee 
decalee par rapport a son developpement. Par voie de conse
quence, le theme de la presente seance n' a jamais ete traite en 
detail auparavant (a part une exception notable), bien que 
l'effet des erreurs dans les donnees sur les resultats de !'eva
luation ait deja fait I' objet de diverses etudes. Les documents 
presentes au cours de la presente seance apportent done une 
contribution tres valable a !'etude des methodes 
d'evaluation. 

Meme s'ils traitent des techniques de base pour evaluer et 
contrt>ler la variance a l'interieur du plan d'echantillonnage, 
les manuels parus sur l'echantillonnage dans le domaine des 
sciences halieutiques (par ex. Gulland 1966; Bazigos 1974) ne 
font pas le lien entre les erreurs d'echantillonnage et les 
erreurs dans les avis de gestion des stocks (de toute fa~on, ils 
ne le pouvaient pas, puisqu'au moment de leur redaction, la 
formulation d' avis pour la gestion des stocks n' etait pas une 
discipline aussi bien definie qu'aujourd'hui). Gulland (1966) 
note par exemple que, pour etablir la taille d'un echantillon, 
il faut creer un equilibre entre la necessite de reduire la 
variance au minimum et certaines considerations pratiques 
quant a 1' obtention des echantillons; il ne fait cependant 
aucune suggestion quant aux niveaux de variance qu'il faut 
viser. 

Le Comite permanent de recherche et de statistique de la 
CIPANO s'est penche chaque annee sur l'efficacite de l'echan
tillonnage (son examen portait sur la ligne directrice de la 
CIPANO concernant l'echantillonnage, soit un echantillon de 
longueur/! 000 t/trimestre); cependant, bien que I' on ait 
effectue certaines analyses sur l'effet des erreurs d'echantillon
nage sur les estimations de la composition en age (Doubleday 
1976), aucune analyse n'a ete faite sur !'impact de telles erreurs 
sur les avis concernant Ia gestion des stocks. La CIPANO a 
utilise comme ligne directrice un coefficient de variation de 
10 % dans Ies estimations de la composition en age, apparem
ment pour les memes motifs qui ont justifie la promulgation 
d'une ligne directrice portant sur l'intensite de l'echantillon
nage (i.e. une ligne directrice etait necessaire). Doubleday 
(1976) a identifie les plus importantes sources eventuelles d'er
reurs dans l'echantillonnage de stocks de morue, de maquereau 
et de merluche pour les estimations de la composition en age 
de la population. II s'agissait la d'erreurs de lecture d'age et 
d'erreurs reliees ala distribution non-aleatoire de l'echantillon-



because of rapid transition in age compositions due to 
entry of new recruits), but that spatial stratification at 
finer than the Division scale would not substantially 
improve such estimates. 

Sensitivity analyses of assessment models (e.g. 
Doubleday 1979; Rivard and Doubleday 1979; other 
references in papers from this session) have contrib
uted to an understanding of the behavior of these 
models in response to errors in inputs and thus have 
led to general insights into the effect of sampling errors 
on advice. In a similar vein, Pope and Garrod (1975) 
examined the impact of errors in estimates of fishing 
mortality and catchability coefficient on management 
advice. 

At least one published paper has been directed 
toward investigation of impact of sampling errors on 
biomass and mortality estimates from sequential 
population analysis (SPA). Pope (1972) developed 
cohort analysis as a form of sequential population 
analysis more amenable to estimation of variances, 
and used the technique to calculate variance ratios in 
N; and F; as a function of variance ratios in the catch 
matrix, annual fishing mortality, and the number of 
"years back" in the cohort analysis. Pope's analysis 
went as far as to provide a simple graphical technique 
for estimating effects of errors in the catch matrix on 
SPA results. Although the graphical technique is 
usable under fairly unrealistic constraints, relaxation 
of these does not appear to lead to large errors in vari
ance ratio estimates. In any case, formulae can be used 
in cases where departure from constrained conditions 
is large. The importance of this paper to investigation 
of errors in SPA may have been somewhat overlooked 
in concentrating on cohort analysis as an assessment 
tool. This paper is similar in approach to that of Pope 
(this session) in that it provides a "model" of sequen
tial population analysis which permits examination of 
variances. 

The analyses presented during this session represent 
techniques for modeling components of the stock 
assessment process so that critical input parameters -
those whose variability has a significant effect on 
management advice - can be identified. 

Pope investigated total allowable catches (TAC); 
Rivard, the tuning of SPA and catch projections; 
Mohn, the tuning of SPA and the Schaefer production 
model; White, the general concepts of influential 
variables (influence) and impact of errors (regret) as 
they affect the design of sampling programs for stock 
assessments; and finally, Pope and Gray, the rela
tionship between the precision of assessment data and 
the precision of total allowable catches. 

nage sur Ia prise totale. Doubleday demontra en outre qu'une 
stratification temporelle plus fine de l'echantillonnage pour
rait accro!tre !'exactitude et Ia precision des estimations de 
Ia composition en age (a cause notamment de !'evolution 
rapide de Ia composition en age due a l'arrivee de nouvelles 
recrues), mais qu'une stratification spatiale plus precise que 
les Divisions utilisees n'ameliorerait pas de fa~on substantielle 
ces estimations. 

Les analyses de sensibilite des modeles d'evaluation (par 
ex. Doubleday 1979; Rivard et Doubleday 1979; on trouvera 
d'autres references dans les documents de Ia pn)sente seance) 
ont permis de mieux comprendre le comportement de ces 
modeles en reponse aux erreurs dans les donnees, tout en 
donnant lieu a des decouvertes d'ordre general quant aux 
effets des erreurs d'echantillonnage sur les avis. Dans Ia 
meme veine, Pope et Garrod (1975) ont etudie !'impact des 
erreurs dans les estimations de Ia mortalite par peche et du 
coefficient de capturabilite sur les avis de gestion. 

On trouve dans Ia litterature au moins une etude portant 
directement sur !'analyse des effets des erreurs d'echantillon
nage sur les estimations de Ia biomasse et de Ia mortalite, a 
partir d'une analyse sequentielle des populations. Pope 
(1972) a mis au point !'analyse par cohortes (laquelle consti
tue une forme d'analyse sequentielle qui se prete mieux a 
!'evaluation des variances); il a utilise cette technique pour 
calculer les rapports de variance de N; et F; comme fonction 
des rapports de variance dans Ia matrice des captures ainsi 
que de Ia mortalite annuelle par peche et du nombre d'annees 
de retro-calcul dans !'analyse par cohortes. Pope poussa 
!'analyse jusqu'a mettre au point une technique graphique 
simple permettant d'evaluer les effets des erreurs dans Ia 
matrice des captures sur les resultats de I' ASP (analyse 
sequentielle des populations). Meme si cette technique gra
phique est utilisable en presence de contraintes plutot irrea
listes, Ia relaxation des contraintes ne semble pas conduire a 
des erreurs importantes dans les estimations du rapport de 
variance. On peut toujours se servir d'equations pour les cas 
oil l'ecart par rapport aux contraintes est important. En se 
concentrant sur !'analyse par cohortes en tant qu'outil d'eva
luation, on a peut-etre un peu oublie !'importance de cette 
methode pour !'etude des erreurs dans !'ASP. Par son 
approche, ce document est semblable a celui de Pope 
(presente seance), en ce sens qu'il presente un « modele » 
d'analyse sequentielle permettant l'examen des variances. 

Les analyses presentees au cours de Ia presente seance 
constituent des techniques de mise au point de modeles pour 
les composantes du processus d'evaluation des stocks, ce qui 
permet d'identifier les parametres d'entree critiques (c.-a-d. 
ceux dont Ia variabilite a un effet important sur les avis de 
gestion). 

Pope a etudie le total des prises admissibles (TP A); 
Rivard, l'ajustement de I' ASP et les projections des prises; 
Mohn, l'ajustement de I' ASP et le modele de production de 
Schaefer; White, les concepts generaux de variables d'impor
tance («influence») et l'effet des erreurs («regret»), dans Ia 
mesure oil ils affectent Ia conception des programmes 
d'echantillonnage destines a !'evaluation des stocks; et fina
lement, Pope et Gray ont etudie Ia relation entre Ia precision 
des donnees d'evaluation et Ia precision du total des prises 
adrnissibles. 
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Determination of the relative impact on advice of 
variability in respective input parameters should 
pennit design of sampling programs which allocate 
sampling effort efficiently, that is in such a way that 
appropriate levels of precision are attained at each step 
of the assessment process. Critical. parameters will 
differ from fishery to fishery and from time to time 
within a fishery depending on stock status and history, 
fishery characteristics, etc. 

The analyses presented fall into two classes: analyti
cal and simulation. Each approach has perceived 
advantages and disadvantages for modeling the stock 
assessment process: ( + = perceived advantage; - = 
disadvantage) 

Analytical 

+ Simple 
+ Elucidates processes 
+ Can be generalized 
- Comparison with 

"truth" impossible 

- Supply easily-grasped 
"gut-feeling" impression 
of situation 

- Require simplification, 
approximation, do not 
explain data as satisfac
torily. 

Monte-Carlo Simulation 

- Complex 
- Processes not evident 
- Situation - specific 
+ Model results can 

be compared with 
"truth" (input 
data for the simulation) 

+ Permit subtler under
standing of situation 

+ Explain more complex 
data sets. 

Both approaches can shed light on the problem at 
hand and both should be used for verification of 
assessments. Availability of computer programs to 
perform simulations would assist scientists in critically 
examining their techniques. 

A requirement for objective criteria for fitting 
models (in particular for tuning sequential population 
analyses) was expressed and one paper directly 
addressed this need. Some flexibility may continue to 
be required in fitting data to models, given the often 
contradictory character of assessment data. In any 
case, other measures of "goodness of results" will be 
required in addition to objective goodness of fit 
criteria. 

The impact of errors in assessments must be consid
ered in designing sampling programs. If the impact of 
errors (or "regret") is high, even when errors occur 
infrequently (as is the case for many stock 
assessments), care must be taken in dealing with the 
"tails" of sampling distributions and ensuring that 
risks of serious errors are sufficiently low. Defining the 
regret function for a given situation may not be pos
sible in quantitative terms; in any case it requires incor-
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Apres avoir determine l'effet relatif de Ia variabilite des 
divers parametres de depart sur les avis, on devrait pouvoir 
concevoir des programmes d'echantillonnage qui repartiront 
de fa~on efficace !'effort d'echantillonnage (c.-a-d. d'une 
fa~on telle que des niveaux de precision appropries pourront 
etre atteints a chaque etape du processus). Les parametres 
critiques varieront d'une pecherie a !'autre et parfois dans 
une meme pecherie en fonction de l'etat et de l'historique du 
stock, des caracteristiques de Ia peche, etc. 

Les analyses presentees se repartissent en deux categories : 
approche analytique et approche de simulation. Les avan
tages et les desavantages que comporte chaque approche en 
rapport avec Ia mise au point d'un modele pour le processus 
d'evaluation des stocks se resument comme suit ( + = a van
tage per~u; - = desavantage per~u): 

Approche analytique 

+ simple 
+ explique les processus 
+ peut etre generalisee 

impossible de comparer 
avec Ia « realite » 

donne une impression 
« viscerale )) et facile a 
saisir de Ia situation 
exige une simplification, 
une approximation; expli
que moins bien Ies 
donnees. 

Approche de simulation 

complexe 
processus non evidents 
se rapporte a une situation 
particuliere 

+ les n!sultats du modele peu
vent etre compares avec Ia 
« realite )) (donnees d'entree 
pour Ia simulation) 

+ assure une comprehension 
plus approfondie de Ia 
situation 

+ explique les ensembles de 
donnees plus complexes 

Les deux approches peuvent contribuer a !'identification 
des problemes et servir a verifier les evaluations. En ayant a 
leur disposition des programmes informatiques permettant 
de realiser des simulations, les scientifiques seraient en 
mesure d'examiner leurs techniques d'un oeil critique. 

On a mentionne Ia necessite de disposer de criteres 
objectifs pour ajuster les modeles (en particulier, pour mettre 
au point les analyses sequentielles des populations); cette 
exigence a d'ailleurs fait !'objet d'un document. Vu le 
caractere frequemment contradictoire des donnees d'evalua
tion, il faudra peut-etre continuer a faire preuve de souplesse 
dans !'adaptation des donnees aux modeles. Dans tous les 
cas, on aura besoin d'autres mesures de Ia « qualite des resul
tats », en plus de criteres objectifs pour evaluer Ia qualite de 
l'ajustement. 

II faut tenir compte de l'effet des erreurs dans les evalua
tions au moment de Ia conception des programmes d'echan
tillonnage. Si l'effet des erreurs (ou « regret »)est important, 
meme quand les erreurs ne se produisent pas frequemment 
(comme c'est le cas pour Ia plupart des evaluations de 
stocks), on devra traiter avec soin les echantillons qui 
s'ecartent de Ia tendance centrale et s'assurer que les risques 
d'erreurs serieuses sont suffisamment bas. La fonction de 
regret pour une situation donnee pourra etre impossible a 



poration of socioeconomic as well as biological 
factors. 

The following recommendations are proposed from 
the results of this session: 

1) Stock assessments should be modeled, using the 
techniques presented here and elsewhere, in order to: 

a) identify critical input parameters, variability 
of which has a significant impact on TACs; 
and 

b) estimate confidence limits on TACs. 
2) Sampling should be planned to minimize vari

ance on estimates of critical parameters, i.e. to direct 
effort at areas where reduction of variance will 
improve accuracy and precision of advice. 

3) Such analyses should be incorporated into the 
ongoing stock assessment process to permit rapid 
response of sampling programs to changes in stocks 
and fisheries. 

4) Impact of errors should be considered in design
ing sampling programs. 

Subsampling Catches to Estimate Age, 
Sex, Maturity, and Other Biological 

Parameters 

CHAIRPERSON: A. T. PINHORN 

Variances associated with scientific advice provided 
to fisheries managers are a function of the variances 
associated with the individual input parameters to 
assessment models. In the case of Total Allowable 
Catches (TACs) such input parameters are selectivity 
factors, recruitment estimates, average weight-at-age 
values, terminal fishing mortality, and catch-at-age 
estimates. Variances associated with these input para
meters can be further subdivided into variances asso
ciated with the different components of the para
meters. For example, in the case of catch-at-age 
numbers, there are variances associated with subsam
pling the catch for estimation of numbers of fish at 
each length, variances associated with subsampling 
this sample for aging structures, and variances asso
ciated with actually estimating ages from skeletal 
structures. 

The paper by Smith and Maguire addressed the 
problem of estimating the variance associated with 
estimates of numbers of fish at each length. Significant 
differences were found in length-frequency distribu
tions from different areas and months of capture. 
A simple multinomial model could not adequately 
accommodate the large amount of variation present 
but a compound multinomial distribution may prove 
to be more flexible in this regard once the estimation 
theory has been fully established. 

The paper by Baird outlined a method to select 
optimum numbers of skeletal structures for aging in a 

definir sur le plan quantitatif; dans tous les cas, il faudra 
incorporer des facteurs socio-economiques et biologiques. 

La liste des recommandations suivante a ete mise· au point 
a partir des discussions qui ont eu lieu au cours de Ia seance : 

1) On devrait utiliser des modeles d'evaluation bases sur 
les techniques, presentees ici et dans d'autres documents, 

a) afin de definir les parametres de depart critiques, 
dont Ia variabilite a un effet important sur le TPA 
(total des prises admissibles); 

b) afin d'evaluer les limites de confiance des TPA. 
2) Les echantillonnages devraient etre planifies de fa~on a 

reduire au minimum Ia variance dans les estimations des 
parametres critiques (c.-a-d. que les efforts devraient etre 
concentres sur les zones ou Ia reduction de Ia variance per
mettra d'accroitre Ia precision des avis). 

3) De telles analyses devraient etre integrees au processus 
actuel d'evaluation des stocks de fa~on que les programmes 
d'echantillonnage puissent reagir rapidement aux change
ments qui surviennent dans les stocks et les peches. 

4) II faudrait tenir compte de l'effet des erreurs au moment 
de Ia conception des programmes d'echantillonnage. 

Sous-echantillonnage des prises afin 
d'evaluer l'age, le sexe, Ia maturite et autres 

parametres biologiques 

PRESIDENT : A. T. PINHORN 

Les variances associees aux avis scientifiques qui sont 
fournis aux gestionnaires des peches sont fonction des 
variances reliees aux divers parametres d'entree des modeles 
d'evaluation. Dans le cas du calcul du TPA (total des prises 
admissibles}, ces parametres sont les facteurs de selectivite, 
les estimations du recrutement, le poids moyen a !'age, Ia 
mortalite par peche pour Ia derniere annee et les prises esti
mees pour chacun des groupes d'age. Les variances reliees a 
ces parametres peuvent etre subdivisees en variances reliees 
aux differentes composantes de chaque parametre. Ainsi, 
dans le cas des captures par groupe d'age, il existe des 
variances reliees au sous-echantillonnage de Ia prise en vue de 
!'estimation du nombre de poissons pour chaque longueur, 
des variances reliees au sous-echantillonnage de cet echan
tillon pour le prelevement de structures permettant Ia deter
mination de !'age, et des variances reliees aux evaluations de 
!'age a partir de telles structures. 

Le document de Smith et Maguire, qui a ete presente au 
cours de Ia presente seance, porte sur le probleme de !'eva
luation de Ia variance reliee aux estimations du nombre de 
poissons pour chaque classe de longueur. Des differences 
importantes ont ete notees dans Ia distribution des frb
quences de longueur pour des regions et des mois de capture 
differents. Un modele multinomial simple ne pourrait pas 
accommoder Ia grande variation presente; par contre, une 
distribution multinomiale composee pourrait se reveler plus 
souple a cet egard, une fois etablie solidement Ia theorie de 
I' estimation. 

Le document de Baird met en relief une methode permet
tant de determiner des nombres optimaux de structures 
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stratified sampling scheme. The equation proposed for 
estimating the variance of the numbers of fish caught 
of a particular length and age assumed that the vari
ance associated with the total numbers at that length in 
the catch was zero. The variance of the total number 
caught at each age is then the sum of these variances at 
each length for that age. With this technique, if the 
level of precision for a given age is not at the desired 
level, then the length group contributing most to the 
total variance can be identified and the stratified selec
tion for that length group adjusted. In a case study of 
cod from NAFO Division 3L using a catch length 
frequency and age-length key derived by combining 
data collected from 1976 to 1980, coefficients of varia
tion for the major age groups were in the vicinity of 
10%, and except for the youngest age, coefficients of 
variation for ages up to 16 were less than 20%. In dis
cussion, it was pointed out that it may not be necessary 
for all ages and lengths to be sampled equally and that 
the various usages of age and length data should be 
considered in deciding on precise sampling schemes. In 
particular, average weight at age should be investi
gated in this manner because of its importance in pro
vision of advice. 

Gavaris and Gavaris addressed the problem of esti
mating the variance of catch-at-age numbers for one 
cod stock in the Newfoundland area. In the example 
used, the variance component due to the estimate of 
the proportion at age comprised almost all of the 
variation for a given age, and within this variance 
component the within-length variance was the domi
nant factor. This implies that to manipulate the vari
ance, a good strategy would be to vary age sampling. It 
was demonstrated that the precision of average weight 
at age was critical to T AC calculations, especially for 
certain age groups. For the example presented in the 
paper, the imprecision of the catch-at-age estimates for 
ages 4 and 5 in this stock accounted for over 85% of 
the total variance. It was pointed out in discussion that 
a number of assumptions had to be made in the anal
yses and that the results should be interpreted with 
caution. A number of useful suggestions for further 
work in this regard were contained in the paper. 

The paper by Labonte addressed the problem of 
estimating ages from skeletal structures, in this case 
otoliths from capelin in the Gulf of St. Lawrence. It 
was shown that problems arising when reading growth 
annuli on otoliths are responsible for the important 
overlap of age groups in the age-length keys. When 
these keys are applied to length-frequency distri
butions, an important distortion of age frequencies 
will sometimes be introduced. Enhancing age-length 
keys by fitting normal curves over age-frequency 
distributions greatly reduced this overlap. Subsequent 
discussion pointed out that length distributions of age 
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osseuses (servant a la lecture de l'age) a prelever dans un 
schema d'echantillonnage stratifie. L'equation proposee 
pour evaluer la variance du nombre de poissons captures 
d'une longueur et d'un age particuliers suppose que la 
variance reliee au nombre total pour cette longueur dans la 
prise est egale a zero. La variance du nombre total capture 
pour chaque age est done egale a la somme de ces variances 
pour chaque longueur a cet age. Si la precision pour un age 
donne ne se situe pas au degre desire, on peut, grace a cette 
technique, determiner la classe de longueur qui contribue le 
plus a la variance totale et ajuster la selection stratifiee pour 
cette classe. Dans une etude de cas sur la morue effectuee 
dans la division 3L de l'OPANO, pour laquelle on a utilise 
une frequence de longueur provenant de la prise et une cle 
age-longueur obtenue par la combinaison de donnees recueil
lies entre 1976 et 1980, on a constate que les coefficients de 
variation pour les principaux groupes d'age se situaient aux 
alentours de 10 % et qu'a !'exception des plus jeunes groupes 
d'age, les coefficients de variation pour les sujets de moins 
de 16 ans etaient inferieurs a 20 %. On a signale au cours d'une 
discussion qu'il n'etait pas necessaire d'echantiiionner tous 
Ies ages et toutes les longueurs de maniere egale et qu'il faudrait 
tenir compte des divers usages qu'on va faire des donnees sur 
I' age et Ia longueur lorsqu'on met au point des schemas precis 
d'echantillonnage. 11 faudrait notamment etudier de cette 
maniere Ie poids moyen par age, vu son importance dans la 
formulation des avis. 

Le document de Gavaris et Gavaris s' attaque a la question 
de !'evaluation de Ia variance des nombres estimes par 
groupes d'age dans Ia prise pour un stock de morue de Ia 
region de Terre-Neuve. Dans l'exemple utilise, Ia campo
sante de Ia variance resultant de !'estimation de Ia proportion 
par age englobe presque Ia totalite de Ia variation pour un age 
donne; a l'interieur de cette composante, Ia variance relative 
aux classes de longueur constitue Ie facteur dominant. Par 
consequent, Ie fait de varier l'echantillonnage en fonction de 
I' age pourrait constituer une bonne strategie pour manipuler 
Ia variance. Les auteurs demontrent que Ia precision du poids 
moyen par age est vitale pour les calculs du TP A, en parti
culier pour certains groupes d'age. Pour le cas presente dans 
ce document, !'imprecision des estimes de la capture a !'age, 
pour Ies sujets de 4 et 5 ans, represente plus de 85 % de Ia 
variance totale. On a souligne au cours d'une discussion que 
ces analyses reposent sur un certain nombre d'hypotheses et 
que Ies resultats doivent par consequent etre interpretes avec 
prudence. A cet egard, Ie document contient plusieurs excel
lentes suggestions de travaux futurs. 

Le document de Labonte porte sur Ie probleme de !'eva
luation de !'age a partir de structures osseuses (dans ce cas, 
des otolithes de capelan du golfe du Saint-Laurent). L'auteur 
demontre que des problemes d'interpretation des anneaux de 
croissance des otolithes entrainent un chevauchement impor
tant des ages dans les cles age-longueur. L'application de ces 
cles aux distributions de frequences de longueur introduit 
une deformation parfois importante des distributions de fre
quences d'age. L'amelioration des cles age-longueur par 
I' ajustement de courbes normales a Ia distribution des fre
quences d'§.ge permet de reduire grandement ce chevauche
ment. Suivit une discussion au cours de laquelle on souligna 



groups in particular samples may overlap for biolog
ical reasons. 

The papers presented at this session dealt only with 
the errors associated with catch-at-age numbers and its 
various components, and then in a preliminary manner 
only in most cases. There are, however, other input 
parameters to provision of management advice that 
can be derived from subsampling commercial catches. 
Information on sex ratios and proportion of mature 
fish at age or length are important parameters when 
advice on current or target spawning biomass is being 
presented. Data on growth changes, both seasonally 
and annually, and especially on average weights at age 
are critical in the calculation of TACs. Within the catch
at-age matrix itself, such parameters as fishing 
mortalities and selectivity factors are estimated from 
numbers caught at each age and these too are 
important parameters to TAC estimation. While some 
limited work on the variances associated with catch-at
age numbers and their related selectivity factors and 
fishing mortalities has been done in the past, more 
investigation along these lines is necessary. Virtually 
no estimation of variances associated with other 
biological parameters derived from catch sampling has 
been done and more emphasis needs to be placed on 
this aspect of the work if confidence limits are to be 
placed on the final management advice. 

Considering all these aspects, the following recom
mendations emerged from the presentation of papers 
and discussion within the session: 

1) The variances associated with all input para
meters to TACs should be investigated to determine 
the importance of these various components to the 
total variance. This would indicate which input para
meters need to be precisely determined, which of 
course will impact on sampling schemes. 

2) The bias, as well as the variance, in estimation of 
input parameters need to be defined. 

3) Coefficients of variation need not be equal for all 
age- or size-classes of individuals and the exact sampling 
configuration may be dictated in the end by the use to 
which particular subsets of sampling data may be put. 

4) Sampling schemes may need to be adjusted peri
odically to account for dominant year-classes passing 
through a fishery or contributing to the rebuilding of 
stocks. In some cases, it may be necessary to examine 
catch projections for several years in advance and 
adjust sampling schemes accordingly. 

5) In interpreting results of age reading of samples, 
care should be taken to ensure that unusual results are 

le fait que les distributions de longueur des groupes d'age 
dans des echantillons particuliers peuvent aussi se chevaucher 
pour des motifs biologiques. 

Les documents presentes au cours de la presente seance ne 
traitaient que des erreurs reliees aux captures a I' age eta leurs 
diverses composantes et, dans Ia plupart des cas, de facon 
preliminaire seulement. II existe cependant d'autres para
metres qui servent a Ia formulation d'avis pour la gestion des 
stocks et qui peuvent etre obtenus a partir d'un sous
echantillonnage des prises commerciales. Les informations 
sur Ia proportion relative des sexes et Ia proportion de pais
sons matures, selon l'age ou la longueur, sont des parametres 
importants pour la presentation d' avis sur la biomasse repro
ductrice, existante ou souhaitee. Les donnees sur les change
ments de croissance, tant saisonniers qu'annuels, et en parti
culier sur le poids moyen a l'age constituent des donnees 
vitales pour le calcul du TP A. A l'interieur meme de Ia 
matrice des captures a 1' age, des parametres comme Ia mor
talite par peche et les facteurs de selectivite sont evalues a 
partir du nombre de sujets captures pour chaque age; ce sont 
aussi des parametres importants pour le calcul du TP A. II 
serait necessaire de proceder a des etudes plus approfondies 
dans ce domaine, vu le nombre relativement restreint de tra
vaux qui ont ete effectues dans le passe sur les variances 
associees ala capture a l'age, et sur la variance des estima
tions des facteurs de selectivite et de la mortalite par peche 
pour chaque groupe d'age. On n'a effectue pratiquement 
aucune evaluation des variances reliees a d'autres parametres 
biologiques obtenus a partir de l'echantillonnage des prises; 
il faut done mettre davantage !'accent sur cet aspect du tra
vail si !'on veut pouvoir inscrire les limites de confiance dans 
la version definitive des avis pour Ia gestion des stocks. 

Les recommandations suivantes ont ete elaborees en tenant 
compte de tous les points souleves lors de Ia presentation des 
documents et des discussions qui ont eu lieu au cours de Ia 
seance: 

1) II faudrait etudier de fa~;on approfondie les variances 
reliees a tous les parametres servant au calcul du TP A afin de 
mesurer !'importance de ces diverses composantes par rap
port a Ia variance totale. Cette etude permettrait de deter
miner quels parametres doivent etre definis avec precision, ce 
qui aura naturellement un effet sur les schemas d'echantil
lonnage. 

2) 11 faut definir le biais et Ia variance qui existent dans 
!'evaluation des parametres de depart. 

3) Les coefficients de variation peuvent ne pas etre egaux 
pour tous les ages et toutes les tailles; la configuration exacte 
de l'echantillonnage sera peut-etre finalement determinee par 
!'usage qu'on fera des sous-ensembles particuliers des don
nees d'echantillonnage. 

4) II faudra peut-etre ajuster periodiquement les schemas 
d'echantillonnage pour tenir compte des classes d'age domi
nantes qui transitent dans une peche ou qui contribuent a Ia 
reconstitution des stocks. Dans certains cas, il sera peut-etre 
necessaire d'examiner les projections de prises pour plusieurs 
annees a l'avance et d'ajuster en consequence les schemas 
d' echantillonnage. 

5) Lorsqu'on interprete les resultats de Ia lecture d'age des 
echantillons, il faudrait prendre le temps d'examiner les 
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given special attention. In certain cases, there may be 
valid biological explanations for the results observed; 
in other cases, unusual results can simply be the 
manifestation of age reading errors which should be 
eliminated. 

Sampling Techniques and Related 
Analyses 

CHAIRPERSON: J. G. POPE 

This session considered a group of eight papers 
concerned with various facets of sampling. 

The first two papers had a common theme: Levels of 
Precision - Sea Versus Shore Sampling by Baird and 
Stevenson and Comparison of Finfish Length
Frequency Distributions Estimated from Samples 
Taken at Sea and in Port by Zwanenburg and Smith. 
In his presentation, Baird emphasized that the vari
ability of length sampling mostly results from between 
ship variances which make shore sampling generally 
more cost effective provided no biases are involved 
(e.g. rejection at sea). This was illustrated from an 
example based on Div. 3L American plaice. Zwanen
burg and Smith found that significant differences 
existed between samples taken on land and at sea. The 
discussion that followed concerned the importance of 
the differences and how such differences could arise. 
Some suggestions were that at sea sampling may be 
biased if sets are not sampled at random. There is a 
need for some other criterion for sampling a set than 
"This looks like a good set to sample for cod." 
Examples were discussed which indicated that hap
hazard criteria such as this can lead to samples being 
taken from more abundant smaller fish. Similarly, 
onshore sampling is seldom based on a truely random 
sample of the entire landing. For example, there is 
often a tendency for a measuring team to arrive some 
time after the unloading process has begun and hence 
it is possible to only sample fish from some of the loca
tions that the vessel has worked. For example, samples 
might tend to come too often from the last few sets 
that may be made close to shore on the steam home. 

An important point was made that independent 
checks on the validity of sampling were valuable from 
time to time to avoid biases resulting from sampling 
which, due to the problems of the fisheries industry, 
must often be haphazard rather than truly random. 
Such checks serve to prevent samplers from becoming 
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resultats inhabituels. Dans certains cas, les resultats obtenus 
peuvent s'expliquer par des motifs biologiques valables; dans 
d'autres, ces resultats peuvent etre engendres par des erreurs 
de lecture d'§ge qu'on devrait tenter d'eliminer. 

Techniques d'echantillonnage et analyses 
connexes 

PRESIDENT : J. G. POPE 

Au cours de Ia presente seance, nous avons etudie un 
groupe de huit documents traitant des divers aspects de 
I' echantillonnage. 

Les deux premiers documents avaient le meme theme : 
Levels of Precision - Sea Versus Shore Sampling [Niveaux 
de precision - echantillonnage en mer versus au port] de 
Baird et Stevenson, et Comparison of Finfish Length
Frequency Distributions Estimated from Samples Taken at 
Sea and in Port [Comparaison de Ia distribution des fre
quences de longueur estimees a partir des echantillons pris en 
mer et au port] par Zwanenburg et Smith. Dans sa presenta
tion, Baird a mis !'accent sur Ie fait que Ia variabilite de 
l'echantillonnage de longueur provient Ia plupart du temps 
des variances entre les navires; l'echantillonnage a terre est 
done en general plus rentable, a condition toutefois qu'il ne 
com porte aucun biais (par ex. Ie rejet a Ia mer). Les auteurs 
ont illustre leur propos par un exemple fonde sur Ia plie 
canadienne de Ia Division 3L. Zwanenburg et Smith ont 
decouvert des differences importantes entre les echantillons 
pris a terre et en mer. Une discussion a suivi sur !'importance 
des differences et sur leur origine. Certains participants ont 
suggere que l'echantillonnage en mer peut etre biaise si les 
traits de chalut ne sont pas echantillonnes au hasard. 
L'echantillonnage d'un trait de chalut doit se fonder sur 
d'autres criteres qu'une simple opinion du genre « ce trait 
semble excellent pour echantillonner Ia morue ». Une discus
sion sur uncertain nombre d'exemples a permis d'etablir que 
des criteres aussi arbitraires que celui qu'on vient de men
tionner peuvent aboutir a un choix d'echantillons favorisant 
Ies plus petits poissons (lesquels sont plus abondants). De 
meme, l'echantillonnage a terre se fonde rarement sur un 
echantillon veritablement aleatoire de Ia totalite du debar
quement. Ainsi, l'equipe d'echantillonneurs a souvent ten
dance a n'arriver sur Ies lieux qu'apres Ie debut du processus 
de dechargement; elle aura alors Ia possibilite d'echantil
lonner seulement le poisson capture dans certains des Iieux de 
peche ou le bateau s'est rendu. Par exemple, les echantillons 
pourraient provenir trop souvent des derniers traits de chalut 
faits sur le chemin du retour, c'est-a-dire pres des ciJtes. 

Un participant a signale fort judicieusement qu'il etait 
utile de proceder de temps a autre a des verifications inde-. 
pendantes de Ia validite de l'echantillonnage pour eviter Ies 
biais resultant de l'echantillonnage; a cause des problemes 
auxquels fait face l'industrie de Ia peche, cet echantillonnage 
doit souvent etre effectue fortuitement plutiJt que de fac;:on 



complacent about their procedures and help to prevent 
them from choosing samples in ways that are based on 
convenience rather than the need for representative 
samples. Next, Port Sampling for Age Composition of 
Pacific Halibut Landings by Quinn, Best, Bijsterveld, 
and McGregor explained the sampling that the IPHC 
(International Pacific Halibut Commission) carry out 
for west coast halibut and presented a general method
ology for estimation of catch in numbers and average 
weight at age. Because it is based on otolith sampling, 
this process is rather different in type to the sampling 
of east coast demersal fisheries. The numbers of 
otoliths required to achieve a satisfactory coefficient 
of variation within strata were considered. In discus
sion, it was pointed out that often users wanted to 
make use of individual strata results as well as the 
combined total international catch-at-age data and this 
might lay some stress on sampling individual strata 
more precisely than the need for an overall coefficient 
of variation would require. Next, The Sampling Pro
gram for Herring and Cape/in in Newfoundland by 
Carscadden, Miller, Moores, and Nakashima was con
sidered. There were two themes to this paper. It first 
described the fisheries and their sampling considering 
the adequacy of the sampling of herring and capelin in 
terms of numbers of samples/1000 t. The second part 
of the paper considered the Monte Carlo simulations 
of random and stratified otolith samples from known 
populations of herring and capelin. Results from this 
were somewhat inconclusive due to doubts about the 
sensitivity of the available test statistic. 

The Use of Length and Age Data for Estimating the 
Age Structure of a Collection of Fish by Fournier 
was considered next. This paper considered various 
approaches to the use of sma!J·amounts of age data to 
elucidate the decomposition of length distributions 
into age distributions. In discussion it was noted that 
log maximum likelihood methods might be a particu
larly flexible means of considering the sampling 
schemes under various assumptions of prior distribu
tion functions. 

Determination of the Size Composition of the 
Landed Catch of Haddock from NAFO Division 4X 
During 1968-81 by O'Boyle, Cleary, and McMillan 
was presented by K. Zwanenburg. This considered, in 
detail, problems in sampling this stock. In the discus
sion, the problem of whether to continue the same 
pattern of sampling or adopt a new stratification was 
considered. It was suggested that if, in fact, the old 
pattern resulted in biases, it would be most important 
to set the last year right - thus someone would not be 

veritablement aleatoire. De telles verifications empechent les 
echantillonneurs de devenir trop peu rigoureux dans leur 
travail et de fonder leur echantillonnage plus sur Ia commo
dite que sur Ia necessite d'obtenir des echantillons repre
sentatifs. Le document suivant, intitule Port Sampling for 
Age Composition of Pacific Halibut Landings [Echantil
lonnage au port pour Ia composition par age des debarque
ments de fletan du Pacifique] et redige par Quinn, Best, 
Bijsterveld et McGregor, explique Ia fac;on dont Ia CIFP 
(Commission Internationale du fletan du Pacifique) echan
tillonne le fletan de Ia cote Ouest et presente une methode 
generale pour estimer les nombres captures et le poids moyen 
a !'age. Ce type d'echantillonnage est tres different de celui 
des peches d'especes demersales de Ia cote Est, puisqu'il se 
fonde sur des echantillons d' otolithes. On a etudie le nombre 
d' otolithes requis pour satisfaire a divers criteres en vue de 
!'obtention d'un coefficient de variation satisfaisant a l'inte
rieur des strates. Au cours de Ia discussion qui a suivi, on a 
souligne le fait que les usagers veulent frequemment se servir 
des resultats par strates individuelles de meme que des 
donnees par classe d'age du total combine des prises interna
tionales; ceci suggere que l'echantillonnage des strates indivi
duelles doit etre plus intense que ne l'exigerait le seul besoin 
d'obtenir un coefficient de variation global. On s'est ensuite 
penche sur le document de Carscadden, Miller, Moores et 
Nakashima, intitule The Sampling Program for Herring and 
Cape/in in Newfoundland [Le programme d'echantillonnage 
du hareng et du capelan a Terre-Neuve]. Le document 
aborde deux themes principaux. Ses auteurs decrivent en 
premier lieu les peches et leur echantillonnage, et se deman
dent que! nombre d'echantillons par 1000 t convient pour 
l'echantillonnage du hareng et du capelan. Dans Ia deuxieme 
partie du document, ils etudient les simulations de Monte
Carlo faites sur des echantillons aleatoires et stratifies 
d' otolithes, pris dans des populations connues de hareng et 
de capelan. Les resultats ne sont toutefois pas reveles con
cluants a cause des doutes souleves sur Ia sensibilite des tests 
statistiques disponibles. 

Le document de Fournier intitule The Use of Length and 
Age Data for Estimating the Age Structure of a Collection of 
Fish [L'utilisation des donnees de longueur et d'age pour 
evaluer Ia structure d'iige d'un ensemble de poissons] a 
ensuite ete presente. Le document analyse diverses approches 
axees sur !'utilisation de petites quantites de donnees sur 
!'age afin d'expliquer Ia decomposition des distributions de 
frequences de longueur en distributions d'age. Au cours de Ia 
discussion qui a suivi, on a signale que les methodes de pro
babilite maximale pouvaient constituer un moyen particu
lierement souple d'examiner les schemas d'echantillonnage 
selon les diverses hypotheses inspirees par les fonctions de 
distribution anterieures. 

K. Zwanenburg a ensuite presente le document redige par 
O'Boyle, Cleary et McMillan, intitule Determination of the 
Size Composition of the Landed Catch of Haddock from 
NAFO Division 4X During 1968-81 [Definition de Ia com
position en taille de prises d'aiglefin debarquees dans Ia Divi
sion 4X de l'OPANO de 1968 a 1981]. Ce document examine 
en detailles problemes relies a l'echantillonnage de ce stock. 
Au cours de Ia discussion qui a suivi, on s'est demande s'il 
fallait poursuivre le meme schema d'echantillonnage ou 
adopter une nouvelle stratification. On a emis !'idee que, si 
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constrained by what had gone on historically. Mr 
Wells was of the opinion that it was best to get it right 
but perhaps one ought to see as well what the differ-
ences were using simulations. · 

In a revised paper, Principal Component Methods 
for Exploratory Data Analysis of Commercial Length
Frequency Data, McGlade and Smith show that prin
cipal component analysis is a powerful method for the 
exploratory analysis of length-frequency data. The 
technique is helpful in recognizing the existence of 
spatial and temporal patterns in length frequency and 
might thus be valuable in indicating suitable strati
fication. 

The last paper presented was Commercial Catch 
Sampling: a Review of its Usage in the Management of 
Contagiously Distributed Subtidal Mollusc Species by 
Jamieson. The problems of sampling mollusc species 
were carefully considered in the paper. In particular, 
the difficulties generated by the mixing of catches 
between areas were stressed. At present, commercial 
catch statistics are used little but could have a future 
potential for stock assessment. It was suggested that 
research vessel surveys might be a better way of under
standing these stocks. 

In conclusion, this session raised a number of 
important questions and provided some useful sug
gestions for their solution. An underlying theme, how
ever, was the need for sampling schemes to have a low 
bias as well as a low variance. This is a requirement 
that is rather less easy to quantify at present than the 
requirement for a low variance; it is nevertheless per
ceived to be of great importance and it may well be the 
basis for more elaborate sampling designs (more strata 
and more independent checks) than would be justified 
strictly from the need for a low variance alone. This 
session on sampling techniques thus drew our attention 
to what may in fact be a fundamental constraint which 
may condition the optimization of sampling schemes. 
It also underlined the need for regular critical examina
tion of sampling schemes to avoid complacency about 
their results and pointed out an area where more 
understanding of the consequences of errors would be 
valuable. Thus the important general questions that 
this session raised are "How do we detect bias? How 
do we reduce bias? What is the impact of biased esti-
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!'ancien schema aboutit effectivement a des biais, il serait par
ticulierement important de corriger Ia derniere annee et ainsi, 
on ne devrait pas etre trop influence par ce qui s'est produit 
anterieurement. M. Wells s'est dit d'avis qu'il valait mieux 
corriger le schema, mais aussi peut-etre examiner les dif
ferences en utilisant des simulations. 

Le document de McGlade et Smith intitule Principal Com
ponent Methods for Exploratory Data Analysis of Com
mercial Length-Frequency Data [Utilisation de !'analyse en 
composantes principales pour I' analyse preliminaire des 
donnees sur les frequences de longueur des prises commer
ciales], qui appara'it ici sous une forme revisee, suggere que 
!'analyse en composantes principales est une methode puis
sante pour « explorer » les donnees sur les frequences de 
longueur. Cette technique est utile pour identifier des ten
dances temporelles ou spatiales qui peuvent etre presentes 
dans les frequences de longueur, et peut done servir a !'eva
luation d'une stratification particuliere. 

Le dernier document presente etait celui de Jamieson : 
Commercial Catch Sampling: a Review of its Usage in the 
Management of Contagiously Distributed Subtidal Mollusc 
Species [Echantillonnage des prises commerciales : revue de 
son utilisation pour Ia gestion des especes de mollusques 
infra-littorales, distribuees d' une maniere contagieuse ]. Le 
document examine avec soin les problemes relies a l'echan
tillonnage des especes de mollusques. L' auteur insiste egale
ment sur les difficultes soulevees par le melange des prises 
provenant de diverses zones. A l'heure actuelle, les statis
tiques sur les prises commerciales sont peu utilisees, mais 
elles pourraient servir plus tard a evaluer les stocks. On a 
declare que Ia meilleure fa<;:on d'etudier ces stocks serait 
peut-etre d'effectuer des releves a !'aide de navires de 
recherche. 

On peut dire, en conclusion, que Ia presente seance a 
permis de soulever un certain nombre de problemes impor
tants, tout en suscitant des suggestions utiles quant a leur 
resolution. La necessite d'etablir des schemas d'echantil
lonnage comportant un biais faible en plus d'une variance 
faible a constitue l'un des themes sous-jacents de Ia seance. II 
s'agit Ia d'une exigence plus difficile a quantifier a l'heure 
actuelle que le besoin d'une faible variance; cette exigence est 
cependant jugee tres importante et pourrait meme constituer 
le fondement de plans d' echantillonnage plus elabores 
(c.-a-d. comportant plus de strates et plus de verifications 
independantes) que ne le justifierait le seul besoin de pro
duire une faible variance. Ainsi, Ia presente seance sur les 
techniques d'echantillonnage a attire notre attention sur ce 
qui pourrait constituer une contrainte fondamentale, a 
laquelle serait conditionnee I' optimisation des schemas 
d'echantillonnage. Elle nous a egalement fait prendre cons
cience de Ia necessite de proceder regulierement a un examen 
critique des schemas d'echantillonnage afin d'eviter toute 
complaisance face aux resultats obtenus; elle nous a permis 
enfin de decouvrir un domaine ou il serait utile de mieux 



mates on the fishing industry and what is the cost of 
reducing bias by an improved sampling program?" 

Planning and Organization 

CHAIRPERSON: V. C. ANTHONY 

The papers presented at this workshop indicate that 
sampling programs in Canada and the United States 
vary considerably from species to species and fishery 
to fishery. Sampling programs differ in their design 
due to different objectives which may be related to 
management approaches or to the biology of the 
animal. A sampling program for finfish often differs 
from that for crustaceans, for example, due to the 
biology of the animals. The planning and organiza
tional session, therefore, was able to derive informa
tion from a variety of sampling programs. One paper 
reviewed the use of the sampling standards recom
mended 8 yr ago in ICNAF while another presented 
information on the planning and development of a 
new sampling program. A method of designing and 
evaluating a sampling program was discussed and the 
value of a new sampling vehicle - the observer pro
gram - was explored. The paper by Beckett recalled 
the ICNAF sampling standard developed in 1974 of 
collecting one sample per thousand tonnes of fish 
landed for each division, quarter of year, and gear. 
This was a minimum standard that required 200 fish to 
be measured for length and one fish per centimetre 
length-group to be taken for age. The standard is still 
being followed today although in many cases it is not 
being used as a minimum but as an acceptable level of 
sampling. The standard has the obvious disadvantages 
of being a general guideline and not applying to any 
one fishery in particular. It provides more samples in 
larger fisheries irrespective of need and does not 
address any of the problems in sampling such as vari
ance, bias, and cost. There is also the question of 
where and when to take the samples in addition to the 
standard question of how many samples to take for a 
given level of landings. It was pointed out, for exam
ple, that at certain times of the year under conditions 
of fast growth, the number of samples taken should be 
increased substantially over those times of the year 
when growth is either not taking place (such as with 
crustaceans) or when growth is slow. The participants 
also recognized that the variance between landings and 
the costs of estimation were greater than the variance 
within landings and its associated costs. The number 
of samples to be taken, then, is a function of which 

comprendre les consequences des erreurs. Les importantes 
questions d'ordre general que la presente seance a soulevees 
sont les suivantes : « Comment peut-on deceler les biais? 
Comment peut-on reduire les biais? Quelle est !'influence 
d'une estimation biaisee pour l'industrie de la peche et quel 
est le cout d'une reduction du biais par une amelioration des 
programmes d'echantillonnage? » 

Planification et organisation 

PRESIDENT: V. C. ANTHONY 

Les documents presentes lors de !'atelier ont demontre que 
les programmes d'echantillonnage mis en application au 
Canada et aux Etats-Unis varient considerablement selon les 
especes et selon les peches. La conception de ces progranunes 
differe a cause des objectifs particuliers qu'ils comportent et 
qui peuvent etre relies ala gestion ou ala biologie du stock en 
question. Un programme d'echantillonnage pour le poisson 
se distingue ainsi d'un programme pour les crustaces a cause 
des caracteres biologiques particuliers a ces deux types 
d'animaux. La seance sur Ia planification et !'organisation a 
permis d'obtenir des renseignements a partir de programmes 
d'echantillonnage varies. Un document a examine, entre 
autres, !'utilisation des normes d'echantillonnage recom
mandees il y a huit ans par Ia CIPANO; un autre a exa
mine Ia planification et Ia mise au point d'un nouveau pro
gramme d'echantillonnage. On a discute d'une methode de 
conception et d'evaluation des programmes d'echantillon
nage et etudie Ia valeur d'un nouveau moyen d'echantil
lonnage : le programme des observateurs. Le document 
redige par Beckett rappelle Ia norme d'echantillonnage mise 
au point par Ia CIPANO en 1974 et consistant a recueil
lir un echantillon par mille tonnes de poissons debarques, et 
ce, pour chaque division, chaque trimestre et chaque engin 
de peche. II s'agit Ia d'une norme minimale selon laquelle il 
faut choisir 200 poissons pour en mesurer la longueur et un 
poisson par groupe de longueur (un groupe par centimetre) 
pour en determiner !'age. Cette norme est encore respectee 
aujourd'hui, meme si, dans de nombreux cas, elle ne consti
tue pas un minimum, mais bien un niveau acceptable 
d'echantillonnage. Les desavantages de Ia norme sont evi
dents : il ne s'agit que d'une ligne directrice generale qui ne 
s'applique a aucune peche en particulier; elle donne lieu a un 
prelevement d'echantillons plus important dans les peches les 
plus vastes, sans tenir compte des besoins, et ne s'attaque a 
aucun des problemes de l'echantillonnage (par ex. Ia va
riance, le biais et le cofit). On se demande toujours combien 
d'echantillons doivent etre preleves pour un nombre donne 
de debarquements, mais une autre question se pose aussi : oil 
et quand doit-on prelever les echantillons? On a par exemple 
souligne le fait qu'a certaines epoques de l'annee, lorsque Ia 
croissance est plus rapide, il faudrait que le nombre d'echan
tillons preleves soit beaucoup plus eleve qu'aux epoques oilla 
croissance est nulle (par exemple, chez les crustaces) ou lente. 
Les participants ont admis que Ia variance entre les debar-
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variance is being estimated, the cost of reducing the 
variance, and the precision needed for analysis. 

The paper by Beckett also indicated the size group
ings for taking length frequencies by species that was 
also agreed to under ICNAF in 1974. The workshop 
participants noted that these guidelines were insuf
ficient and unrealistic in many cases, and they have 
been considerably altered over time. In some cases, the 
size groupings for sampling should vary within the age
length key for a particular species, gear, area, and 
time. One suggestion was to have a coefficient of vari
ation of lOOJo for those age-classes that were contrib
uting to the bulk of the catches and let this percentage 
increase for older ages. This level of 10% was sug
gested in ICNAF in 1974 as the desirable level for 
numbers caught at each age. 

The paper by Kulka and Waldron reviewed the his
tory, the analysis of sampling effort, and the program 
benefits of the observer program in the Canadian 
Atlantic region. This program was originally formu
lated to evaluate the small mesh foreign fisheries on 
the Scotian Shelf but has expanded greatly to provide 
resource assessment data, surveillance information, 
and support to the developing Canadian industry. In 
terms of the percent of landings sampled in the 
observer program, the coverage from the observer 
program appears to be adequate. The group could not 
agree, however, that the percentage of catch sampled 
was a proper index to the adequacy of sampling. There 
was also a question of whether a vessel behaved dif
ferently in respect to its discarding procedure when an 
observer was on board. It is also possible that observ
ers do not sample randomly at sea but look at partic
ular sets or at particular portions of the catches. 
Another problem with the Canadian observer program 
with respect to sampling is that the assessment scien
tists have little to say over the deployment of observers 
among the fleets. The observers are deployed accord
ing to regulatory requirements which leads to some 
inefficiencies in sampling. The overall level of required 
observer coverage is so great, however, that the 
samples obtained are still cost effective and very 
useful. Being the sole source of foreign data, the sam
pling program has replaced the sampling schemes of 
individual flag states. It thus complements the domes
tic shore sample data base. As well, an observer pro
gram provides additional information that cannot be 
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quements et les cofits de son estimation etaient plus conside
rables que Ia variance a l'interieur des debarquements et les 
cofits qui s'y rattachent. Le nombre d'echantillons preleves 
depend done de Ia variance a estimer, des co fits relatifs a une 
diminution de Ia variance, et de Ia precision necessaire a 
I' analyse. 

Le document de Beckett fait egalement etat des groupe
ments de taille servant a etablir les frequences de longueur 
par espece et que Ia CIPANO a convenu d'adopter en 1974. 
Les participants ont fait observer que ces !ignes directrices sont 
insuffisantes et meme irrealistes dans nombre de cas et qu'elles 
ont ete considerablement modifiees au cours des annees. Dans 
certains cas, les groupements de taille pour !'echantillonnage 
devraient varier a l'interieur de Ia cle ll.ge-longueur pour cer
taines composantes particulieres comme I'espece, l'engin, Ia 
zone et l'epoque de l'annee. On a emre autres suggere d'in
troduire un coefficient de variation de 10 % pour les classes 
d'll.ge qui constituent Ia plus grande partie des prises et de 
permettre une augmentation de ce pourcentage pour les sujets 
plus ll.ges. Ce chiffre de 10 % a deja ete suggere en 1974 par 
Ia CIPANO, qui le considerait comme le niveau souhaitable 
pour les nombres captures par groupe d'll.ge. 

Le document de Kulka et Waldron fait l'historique et 
I' analyse de I' effort d' echantillonnage et des avantages relies 
au programme des observateurs dans Ia region de I' Atlan
tique canadien. Ce programme avait pour but, a son origine, 
!'evaluation de Ia peche effectuee avec des filets a petites 
mailles par les flottes etrangeres sur le plateau continental de 
Ia Nouvelle-Ecosse; le programme s'est etendu par Ia suite et 
fournit main tenant des donnees pour I' evaluation des res
sources, pour Ia surveillance des p1khes, et sert ainsi de 
soutien a l'industrie canadienne en pleine croissance. Si !'on 
en juge par le pourcentage des debarquements echantil
lonnes, le programme des observateurs semble bien couvrir 
Ies peches. Selon Ies participants toutefois, on ne peut pas 
affirmer que le pourcentage de Ia capture echantillonne 
represente un indice approprie de Ia suffisance de l'echantil
lonnage. On peut se demander aussi si les pecheurs ne suivent 
pas un patron de rejet different lorsqu'un observateur est a 
bord du bateau. II est egalement possible que les observateurs 
ne prelevent pas les echantillons au hasard lorsqu'ils se 
trouvent en mer, mais qu'ils examinent plutot les prises pro
venant de traits de chalut particuliers ou certaines portions 
particulieres des prises. Le programme des observateurs 
canadiens souleve un autre probleme en rapport avec 
l'echantillonnage : les chercheurs responsables de !'evalua
tion des ressources participent peu aux decisions concernant 
Ia repartition des observateurs dans les flottes de peche; les 
observateurs sont affectes a des navires selon les exigences de 
Ia reglementation, ce qui aboutit a une certaine inefficacite 
de l'echanti!lonnage. Neanmoins, Ia couverture requise des 
observateurs se situe dans !'ensemble a un niveau si eleve que 
les echantillons preleves demeurent rentables et tres utiles. 



obtained by shore side sampling and in this regard can 
be very valuable. 

The paper by H. Powles was unique in that it dis
cussed the sampling requirements for a research region 
that is just being formed. The objectives of the paper 
were to outline those elements that are necessary for 
developing a sampling plan. The paper reviewed both 
the effectiveness and efficiency of sampling programs 
and used the 1974 ICNAF guideline as a target level of 
sampling. This paper examined the efficiency of using 
centralized locations as opposed to setting up "for
ward bases" located in the heart of fishing areas as 
alternatives for collecting data. This paper led to a dis
cussion of the marginal costs of taking unscheduled 
additional samples which can be an important con
sideration in planning a sampling program. An addi
tional suggestion for a sampling guideline was pro
posed as some function associated with the economic 
value of the fisheries. 

In a paper by Silvert and Powles, the design of a 
sampling program was examined through the appli
cation of operations research methods. Optimal allo
cation of a sampling strategy was achieved with a given 
objective function with certain constraints and a feed
back loop. A sampling design was evaluated in its 
ability to minimize regret at the management objective 
level and then provide feedback to the design to 
improve the sampling procedures. Such a technique 
allows one to look at the propagations of errors as the 
data are processed and to test for applicability in 
achieving desired objectives. It provides an easy pro
cedure for updating the sampling program when it 
becomes obvious that conditions for sampling change. 
A case study applied to cod was evaluated with this 
technique which indicated very clearly the value of 
having detailed and precise information on those 
things that actually drive the system such as costs. For 
this particular case study, the desirability of sampling 
newly recruited fish in a trawl fishery happened to be 
of major concern; this indicated the potential unique
ness of sampling requirements for fisheries and the 
need for flexibility in creating our sampling designs as 
well as adjusting them from year to year. 

The discussion indicated problems of post optimiz
ing when conditions change and that while it is 
extremely beneficial to look back at sampling defi
ciencies, changing a sampling plan for the future 

Puisqu'il constitue la seule source d'information sur la prise 
des pays etrangers, le programme d'echantillonnage cana
dien a effectivement remplace les programmes d'echantillon
nage de ces pays. Le programme des observateurs sert done 
de complement au programme canadien d'echantillonnage 
au port. Ce programme fournit egalement des renseigne
ments supplementaires qui ne peuvent @tre obtenus par un 
echantillonnage a terre; a ce titre, le programme peut se 
reveler d'une grande valeur. 

Le document de H. Powles est unique en ce sens qu'il 
traite des exigences d' echantillonnage pour une region de 
recherche qui vient tout juste d'@tre creee. II a pour objet de 
souligner les elements necessaires ala mise au point d'un plan 
d'echantillonnage; l'auteur y etudie l'efficacite des pro
grammes d'echantillonnage, en utilisant comme niveau 
d'echantillonnage vise la ligne directrice emise par la 
CIPANO en 1974. L'auteur se demande s'il est plus efficace 
d'utiliser, comme solutions de rechange pour la cueillette des 
donnees, des emplacements centralises au lieu d'installer des 
postes avances en plein coeur des zones de p@che. Ce docu
ment a suscite une discussion sur les frais supplementaires relies 
au prelevement d'echantillons additionnels non prevus, ce qui 
peut @tre un element important pour la planification d'un pro
gramme d'echantillonnage. Un autre participant a suggere de 
mettre au point une ligne directrice d'echantillonnage oil I' ef
fort d'echantillonnage serait une fonction de la valeur 
economique des diverses p@ches. 

Dans leur document, Silvert et Powles etudient la concep
tion d'un programme d'echantillonnage fonde sur !'appli
cation de methodes de recherche operationnelle. La mise au 
point d'une strategie d'~chantillonnage optimale a ete rea
lisee avec une fonction objective donnee, qui tenait compte 
de certaines contraintes et permettait un ajustement de 
l'echantillonnage en fonction des resultats obtenus. Le plan 
d'echantillonnage a ete con~u afin de reduire le regret au 
minimum en ce qui concerne les objectifs de gestion et de 
fournir un moyen aux responsables du plan d'ameliorer la 
methode d' echantillonnage. Une telle technique permet de 
deceler !'introduction d'erreurs au cours du traitement des 
donnees et de verifier si le plan, tel qu' applique, rencontre les 
objectifs vises. Elle comporte une methode simple de mise a 
jour du programme d'echantillonnage, lorsqu'il devient 
evident que les conditions d'echantillonnage ont change. On 
a evalue, a I' aide de cette technique, une etude de cas portant 
sur la morue; cette evaluation a demontre tres clairement 
combien il est important de disposer de renseignements 
detailles et precis sur les elements qui constituent veritable
ment le moteur du systeme (par exemple, les cofits). Dans 
cette etude de cas, en particulier' la desirabilite d'un echan
tillonnage des nouvelles recrues a une p@che au chalut appa
rut comme une preoccupation majeure, ce qui demontrait a 
quel point les exigences d' echantillonnage peuvent @tre 
uniques pour chaque p@che et a quel point l'instauration et 
l'ajustement, annee apres annee, des plans d'echantillonnage 
doivent @tre souples. 

Au cours de la discussion qui a suivi, on a fait etat des 
problemes relies a !'optimisation ulterieure, lorsque les con
ditions changent; s'il est extr@mement avantageux de pouvoir 
revenir sur les imperfections de l' echantillonnage, il faut 
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requires that similar circumstances apply. If circum
stances change over time, then the results of even an 
improved sampling plan can also be undesirable. 

The last paper by Lamoureux et al. reviewed the 
sampling programs for snow crabs, and lobsters in 
Quebec. The paper outlined the justification for geo
graphic and seasonal sampling according to changes in 
growth, abundance, and effort from one area and time 
to another. The advantages and disadvantages of sam
pling at sea and on land were. reviewed. The authors 
indicated that the assessment of snow crab and lobster 
dictated sampling priorities that were different from 
finfish when it is possible to age the animals involved. 
The authors concluded that at sea sampling was far 
more important than shore sampling because the esti
mation of recruitment is only possible at sea. A brief 
discussion on the selectivity of nets and traps and the 
changes in catch per effort of both small and large 
individuals due to increases in mesh size and lath 
spacing demonstrated the need for flexibility in sam
pling over time. 

While it was not possible to explore in detail all of 
the various requirements of ideal sampling programs in 
a few hours, a few general requirements that apply to 
all sampling programs were obvious, and some specific 
recommendations were made by the group. Because 
sampling programs vary considerably in their require
ments among species, fisheries, and time, a clear idea 
of the beginning objectives is required. Planners 
should not ignore the fact that these objectives are 
liable to change, and thus a sampling program must be 
flexible. Each scientist should have a detailed knowl
edge of the evolution of variances at all stages of 
sampling for his fishery, both at shore and at sea. The 
cost and efficiency of sampling should be known at 
those places and times, and by those sampling methods 
that are potentially available in designing a sampling 
program. A monitoring program should be established 
based on several standards of review which will allow 
the adequacy of the sampling program to be evaluated 
on a timely basis and also provide the substance for 
changing the program. Finally, sources of supplement
ing the sampling program should be identified such as 
research vessel surveys, observer programs, or addi
tional sampling under various situations. 

Specific recommendations made by the participants 
were: 

1) new general standards for sampling marine fish
eries at both minimum and desirable levels should be 
formulated; 
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s'assurer de la permanence de ces changements si l'on veut 
modifier le plan d'echantillonnage pour l'avenir. Si les con
ditions changent au fil du temps, meme les resultats obtenus 
avec un plan d'echantillonnage ameliore pourront ne pas etre 
souhaitables. 

Le dernier document, de Lamoureux eta!., etudie les pro
grammes d'echantillonnage du crabe des neiges et du homard 
au Quebec. Les auteurs discutent le choix des endroits et des 
saisons a echantillonner en fonction des variations de Ia 
croissance, de l'abondance et de !'effort de peche deploye 
d'une zone a !'autre et d'une epoque a !'autre. Ils analysent 
les avantages et les desavantages d'un echantillonnage effec
tue a Ia fois en mereta terre. Les auteurs signalent que !'eva
luation du crabe des neiges et du homard est assujettie a des 
priorites d'echantillonnage differentes de celles du poisson, 
dont i1 est possible de determiner l'iige. Ils en arrivent a Ia 
conclusion que I'echantillonnage en mer est beaucoup plus 
important que l'echantillonnage au port, puisque !'evalua
tion du recrutement n'est possible qu'en mer. Au cours d'une 
breve discussion traitant de la selection des filets et des cages, 
et de !'influence de !'augmentation de Ia grosseur des mailles 
et de l'espacement des lattes sur le taux de capture de sujets 
petits et grands, les participants en ont conclu qu'il faut faire 
preuve de souplesse lorsque I' echantillonnage est etale dans Ie 
temps. 

II a ete impossible d'explorer en detail en quelques heures 
toutes les exigences que devrait comporter un programme 
d'echantillonnage ideal; les participants ont cependant reussi 
a degager quelques exigences generales evidentes, pouvant 
s'appliquer a tous les programmes d'echantillonnage, et a 
faire un certain nombre de recommandations precises. II est 
essentiel d'avoir une idee nette des objectifs de depart, car les 
exigences des programmes d'echantillonnage varient consi
derablement selon l'espece, le type de peche et l'epoque de 
l'annee. Les planificateurs ne devraient pas oublier que ces 
objectifs sont sujets a changement et que les programmes 
d'echantillonnage doivent done etre souples. Tous les cher
cheurs devraient posseder une connaissance approfondie de 
Ia peche dont ils sont responsables; ils devraient par exemple 
etre familiers avec !'evolution de la variance a toutes Ies 
etapes de l'echantillonnage, que ce soit a terre ou en mer. Ils 
devraient connaftre le coil.t et l'efficacite de l'echantillonnage 
par les methodes dont on dispose au moment de Ia concep
tion des programmes d'echantillonnage, et ce, pour tous les 
endroits et toutes Ies periodes de I' annee vises. II faudrait 
mettre sur pied un programme de revision fonde sur un cer
tain nombre de regles d'examen qui permettraient de verifier 
de fac;:on reguliere si Ie programme d'echantillonnage est 
approprie et qui permettraient d'identifier Ia nature des 
changements a apporter au programme. Enfin, il faudrait 
identifier les apports supplementaires possibles au pro
gramme d'echantillonnage (par exemple : Ies releves des 
navires de recherche, les programmes d'observateurs et Ies 
echantillonnages additionnels qui s'imposent dans diverses 
situations). 

Voici Ia Iiste des recommendations precises faites par les 
participants : 

1) il faudrait formuler de nouvelles normes generales pour 
le niveau minimal et Ie niveau souhaitable d'echantillonnage 
des peches en mer; 



2) a protocol of how the sample is taken should be 
devised; 

3) scientists should routinely estimate their coef
ficients of variation for their sampling programs and 
monitor how the coefficients vary over time; 

4) the criteria for sampling should be reviewed 
regularly due to changes in the population and the 
needs of assessments; 

5) biologists should become fully involved in the 
sampling activities and the review procedure; 

6) scientists should utilize analytical techniques and 
models such as operations research methods contain
ing feedback loops to evaluate the sensitivities of their 
sampling plans and the efficiencies of change dictated 
by the evolving sampling requirements. 

Summary and Conclusion 

CHAIRPERSON: W. G. DOUBLEDAY 

HISTORICAL SAMPLING STANDARDS AND PRACTICES 

Ten years ago, marine fisheries in the northwest 
Atlantic and, to some extent, the Northeast Pacific 
were dominated by distant water fleets of many 
nations. Both sampling techniques and levels of sam
pling varied unevenly between fleets and fisheries 
sometimes necessitating the application of samples for 
one country to catches of another. Increasing demands 
for scientific advice on fisheries management were 
responded to by a steady increase in the number of 
stocks considered in quantitative resource assessments 
and in the sophistication of these assessments. In this 
context, the Standing Committee on Research and 
Statistics (STACRES) of ICNAF, promoted study of 
sampling methods and desirable levels of sampling 
activity for commercial catches. 

Attention was focused on techniques of sampling 
and aging as well as on the required size and number of 
samples. In 1974, ICNAF adopted a minimum stan
dard on sampling rates for commercial catches. The 
reasoning behind the standard was to provide a rough 
but useful guideline that could be widely applied to 
improve the quality of data available for stock assess
ment without unduly increasing the cost of sampling 
programs. 

The appropriateness of tailoring the sampling pro
gram to the use of the resulting data was recognized, 
but practical considerations limited advice to a target 
100Jo coefficient of variation of the age composition. 
The need for more sophisticated analysis required to 

2) il faudrait mettre au point une procedure pour le prele
vement des echantillons; 

3) les chercheurs devraient evaluer regulierement les coef
ficients de variation de leurs programmes d'echantillonnage 
et surveiller la fluctuation de ces coefficients au cours du 
temps; 

4) il faudrait reviser regulierement les criteres d'echan
tillonnage, en fonction des changements qui surviennent 
dans les populations et des besoins d' evaluation; 

5) les biologistes devraient participer pleinement aux acti
vites d'echantillonnage et au processus de revision des 
programmes; 

6) les chercheurs devraient utiliser des techniques et des 
modeles analytiques (par exemple, des methodes de 
recherche operationnelle permettant I' autocorrection des 
programmes) afin d'evaluer la sensibilite de leur plan 
d' echantillonnage et 1' efficacite des modifications imposees 
par !'evolution des exigences de l'echantillonnage. 

Resume et conclusion 

PRESIDENT : W. G. DOUBLEDAY 

HISTORIQUE DES NORMES ET DES PRATIQUES 

D'ECHANTILLONNAGE 

11 y a 10 ans, dans les zones de peche du nord-ouest de 
1' Atlantique et, dans une certaine mesure, dans celles du 
nord-est du Pacifique dominaient les flottes de peche inter
nationales a grand rayon d'action. Les techniques et les 
niveaux d'echantillonnage variaient beaucoup selon les 
flottes et les types de peches; on devait meme parfois appli
quer les resultats des echantillonnages des prises d'un pays 
donne aux prises d'un autre pays. L'augmentation du 
nombre de demandes d' avis scientifiques pour Ia gestion des 
peches a mene a une augmentation soutenue du nombre de 
stocks devant faire !'objet d'evaluations quantitatives eta un 
raffinement des evaluations. C'est dans cette optique que le 
Comite permanent de recherche et de statistique (CPRS) de 
la CIPANO a encourage !'etude des methodes d'echantillon
nage et des niveaux souhaitables d'echantillonnage pour les 
prises commerciales. 

On a accorde une attention particuliere aux techniques 
d'echantillonnage et de determination des ages de meme 
qu'aux exigences touchant Ia taille et le nombre des echan
tillons. En 1974, Ia CIPANO a adopte une norme minimale 
quant aux taux d'echantillonnage des prises commerciales. En 
mettant au point cette norme, la CIPANO se proposait de 
fournir une ligne directrice, tres generale mais tout de meme 
utile, qui pourrait etre largement appliquee afin d'ameliorer 
Ia qualite des donnees disponibles pour !'evaluation des stocks, 
et ce, sans accroitre indiiment le coiit des programmes 
d'echantillonnage. 

On a reconnu qu'il est approprie d'adapter les pro
grammes d'echantillonnage a !'usage qu'on compte faire des 
donnees; des considerations d'ordre pratique limitent cepen
dant les avis a un coefficient de variation vise de 10 % pour 
Ia composition en age. On a souligne qu'il est necessaire de 
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study the relationship between sampling accuracy and 
quality of assessment advice was noted. Emphasis was 
placed on the number and distribution of samples as 
opposed to the number of fish in a sample. The strati
fication by gear I division/ quarter gave some control 
over potential bias from a nonrandom choice of 
samples. 

The extension of fisheries jurisdiction in 1977 led to 
dramatic changes in commercial catch sampling. The 
catches of distant water fleets which had often been 
poorly sampled were greatly reduced and observers 
were deployed on board to sample at sea together with 
other duties. At the same time, increased funding was 
directed at the marine resource assessment program in 
Canada, which permitted a great increase in the 
number of samples taken. In recent years, the mini
mum ICNAF sampling standard has been exceeded in 
most cases and national control over sampling pro
grams has permitted consideration of more sophis
ticated sampling targets. 

Estimates of commercial catch at age have been lit
tle used in the assessment of marine invertebrate 
resources. Special features of invertebrate fisheries 
frequently include processing at sea which transforms 
animals caught by removing shells and altering water 
content. The need for knowledge of the composition 
of commercial catches to evaluate the impact of 
proposed regulations affecting the age composition of 
catches has been recognized. Sampling programs for 
commercial catches are now being analyzed in the 
context of overall improvements to resource assess
ment methodology for marine invertebrates. 

RESULTS OF RESEARCH PRESENTED AT THE WORKSHOP 

Studies presented at the workshop and published in 
this volume contribute to understanding a number of 
technical aspects of commercial catch sampling. 

One group of studies focused on the impact of 
sampling on projection of total allowable catches. 
The importance of accurate estimation of partially 
recruited year-classes and accurate forecasting of mean 
weight at age in the achievement of target exploitation 
rates was emphasized. Insights were presented on the 
still subjective, but rapidly evolving subject of tuning 
virtual population analyses. The concepts of influ
ential points and variables and regret associated with 
errors of estimation were raised in the context of yield 
per recruit calculations but can be applied much more 
widely. 
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proceder a des analyses plus approfondies afin d'etudier le 
rapport entre la precision de l'echantillonnage et la qualite 
des avis sur 1' evaluation. On a mis 1' accent sur le nombre et la 
distribution des echantillons par opposition au nombre de 
poissons dans un echantillon. La stratification selon l'engin, 
Ia division et le trimestre a permis d'exercer un certain con
tr5le sur les biais eventuels resultant d'un choix non-aleatoire 
d'echantillons. 

L'extension de Ia juridiction canadienne sur les peches en 
1977 a provoque des changements considerables dans 
1' echantillonnage des prises commerciales. Les prises des 
flottes de peche a grande distance, qui avaient ete souvent 
echantillonnees de facon mediocre, ont ete considerablement 
reduites; on a confie a des observateurs, entre autres Hl.ches, 
le soin de faire 1' echantillonnage en mer des prises commer
ciales. Simultanement, on a dirige de nouveaux fonds vers le 
programme canadien d'evaluation des ressources marines, ce 
qui a permis d'accroitre considerablement le nombre 
d'echantillons preleves. Au cours des dernieres annees, la 
norme d'echantillonnage minimal de la CIPANO a ete 
depassee dans la plupart des cas; un controle national sur les 
programmes d'echantillonnage a permis d'envisager des 
cibles d'echantillonnage plus elaborees. 

Les estimations des prises commerciales par 1l.ge ont ete 
peu utilisees dans !'evaluation des populations d'invertebres 
marins. Les peches d'invertebres comportent certaines carac
teristiques particulieres; mentionnons entre autres Ia trans
formation en mer des captures, en retirant les coquilles et en 
modifiant le contenu en eau. On a reconnu qu'il est neces
saire d'acquerir des connaissances sur la composition des 
prises commerciales afin d'evaluer !'impact des reglements 
proposes sur la composition en 1l.ge des prises. On analyse a 
present les programmes d' echantillonnage des prises 
commerciales dans la perspective des ameliorations globales 
qui pourraient etre apportees aux methodes d'evaluation 
appliquees aux stocks d'invertebres marins. 

RESULTATS DE RECHERCHE PRESENTES DANS LE CADRE DE 
L'ATELIER 

Les etudes presentees dans le cadre de !'atelier et publiees 
dans le present document permettent de mieux comprendre 
un certain nombre des aspects techniques de l'echantillon
nage des prises commerciales. 

Un certain nombre de ces etudes soulignaient !'impact de 
l'echantillonnage sur Ia projection du total des prises admis
sibles. On a insiste sur !'importance d'une evaluation precise 
des classes d'1l.ge partiellement recrutees et d'une prevision 
juste du poids moyen par 1l.ge pour atteindre les taux d'ex
ploitation vises. Des points de vue nouveaux ont ete presentes 
sur Ia question toujours controversee, mais sournise a une 
evolution rapide, de l'ajustement des analyses de populations 
virtuelles. Les concepts de points et de variables d'influence, 
et de regret relie aux erreurs d'evaluation ont ete evoques 
dans le cadre des calculs du rendement par recrue; ces con
cepts peuvent cependant etre appliques d'une maniere beau
coup plus large. 



Another group of papers aimed at quantifying the 
precision of sample-based estimates and comparing 
sampling schemes. When discards at sea are not sig
nificant, equal sampling precision can be achieved at 
lower cost at the point of landings as can be achieved 
at sea. 

Three papers addressed the problem of design and 
optimization of sampling programs. Significant cost 
savings are possible in the achievement of quantified 
sampling objectives if optimization techniques are 
applied. 

NEW DIRECTIONS 

This workshop suggests that recent trends away 
from subjective approaches to formulating fishery 
management advice will continue. Increasing com
puting capabilities and standardization of estimation 
procedures has permitted some quantitative analyses 
linking quality of sampling data to resulting catch 
projections and other advice. Some approaches pre
viously used in "tuning" of virtual population 
analyses are called into question by these analyses and 
new emphasis is being directed at key input para
meters. Explicit incorporation of the sampling design 
as a likelihood function in estimation procedures is a 
significant new development. Such an approach, 
further elaborated, promises to provide clear and 
explicit linkage between sampling programs and results 
produced. 

As insights into influential and critical sample para
meters accumulate, it will become possible to optimize 
sampling programs from a cost effectiveness point of 
view. Arbitrary sampling standards can then give way 
to analytically determined targets. 

The workshop considered that more attention 
should be devoted to defining the role of commercial 
fisheries information, including sampling of catch 
compositions for invertebrate fisheries. Analysis of 
sampling data and planning of sampling programs 
should be carried out as an important phase in the 
analysis of the implications of alternative management 
measures and the provision of scientific advice. 

Besides identifying these long-term trends, the 
workshop drew attention to the following six problems 
which require further examination: 

1) the revision of sampling level standards; 

2) analysis of parameters obtained from sampling 
for individual commercially important fish stocks 
from the point of view of variance and influence on 
management advice; 

3) evaluation of the adequacy of existing sampling 
programs for estimation of mean weights at age; 

Une autre serie de documents visait a quantifier Ia preci
sion des estimations fondees sur les echantillons et a com
parer les schemas d'echantillonnage. Lorsque les rejets a Ia 
mer ne sont pas importants, il est possible d'obtenir aux 
points de debarquement Ia meme precision d'echantillonnage 
qu'en mer, mais a un cofit moindre. 

Trois documents s'interessaient aux problemes de concep
tion et d'optimisation des programmes d'echantillonnage. II 
est possible de faire de grandes economies dans Ia realisation 
des objectifs d'echantillonnage quantifies en appliquant des 
techniques d'optimisation. 

NOUVELLES ORIENTATIONS 

Les participants au present atelier croient que se pour
suivra Ia tendance recente qui consiste a s'eloigner des 
approches subjectives lors de Ia formulation des avis pour Ia 
gestion des peches. L'accroissement des capacites de calculs 
informatises et Ia normalisation des methodes d'estimation 
ont permis de realiser certaines analyses quantitatives reliant 
Ia qualite des donnees d'echantillonnage aux projections sur 
les prises et aux autres avis qui en resultent. Ces analyses 
remettent en question certaines approches appliquees prece
demment a l'ajustement d'analyses de populations virtuelles; 
on met a present !'accent sur les parametres d'entree cri
tiques. L'incorporation explicite du plan d'echantillonnage 
en tant que fonction de probabilite dans Ia methode d'eva
luation constitue une nouveaute importante. Une telle 
approche, lorsqu'elle sera plus elaboree, permettra d'etablir 
un lien net et explicite entre les programmes d'echantillon
nage et les resultats obtenus. 

Plus les points de vue nouveaux sur les parametres 
d'echantillons importants s'accumuleront, plus il sera pos
sible d'optimiser les programmes d'echantillonnage du point 
de vue de Ia rentabilite. Les normes arbitraires d'echantil
lonnage pourront alors ceder Ia place a des objectifs etablis 
par analyse. 

Les participants a !'atelier croient qu'il faudrait se con
sacrer davantage a Ia definition du role des donnees sur les 
peches commerciales, y compris l'echantillonnage de Ia com
position des prises dans Ia peche d'invertebres. II faudrait 
que !'analyse des donnees d'echantillonnage et Ia planifica
tion de programmes d'echantillonnage deviennent une etape 
importante de I' analyse des repercussions des mesures alter
natives de gestion des peches et de Ia formulation des avis 
scientifiques. 

En plus d'identifier ces tendances a long terme, les parti
cipants ont souligne !'importance des six problemes suivants, 
qu'il faudrait examiner de fac;on plus approfondie : 

1) Ia revision des normes fixant le niveau d'echantillon
nage; 

2) !'analyse des parametres obtenus a partir de l'echan
tillonnage pour chaque stock de poissons commercialement 
important, du point de vue de Ia variance et de !'influence 
exercee sur les avis pour Ia gestion des stocks; 

3) !'evaluation des programmes d'echantillonnage exis
tants pour verifier s'ils sont appropries a !'estimation du 
poids moyen par age; 
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4) documentation of procedures to estimate the 
mean weight at age and catch at age from samples and 
catch statistics; 

5) analysis of sampling data to determine the appro
priate variables for stratification of the sampling 
design and the appropriate number of strata to 
efficiently control potential sampling biases; 

6) documentation of procedures employed to choose 
a sample from a vessel's catch. 
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4) Ia documentation des procedures d' estimation du poids 
et des captures a !'age a partir des donnees d'echantillonnage 
et des statistiques sur Ia capture; 

5) !'analyse des donnees d'echantillonnage afin de deter
miner les variables appropriees pour Ia stratification du plan 
d'echantillonnage, ainsi que le nombre de strates necessaire 
pour controler efficacement les biais eventuels dans l'echan
tillonnage; 

6) Ia documentation des procedures utilisees pour choisir 
un echantillon a partir des prises d'un bateau. 
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A Review of the Sampling of Commercial Groundfish 
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STEVENSON, S. C. 1983. A review of the sampling of commercial groundfish catches in New
foundland, p. 29-38. In W. G. Doubleday and/et D. Rivard [ed./ed.] Sampling commer
cial catches of marine fish and invertebrates/L'echantillonnage des prises commerciales 
de poissons et d'invertebres marins. Can. Spec. Pub!. Fish. Aquat. Sci./Publ. spec. can. 
sci. halieut. aquat. 66. 

A review of the commercial groundfish catch sampling program in the Newfoundland region 
is presented. A description of this program in terms of the fisheries sampled, the organization and 
manpower involved, and the systems and techniques used is given. A 5-yr historical review (1976-80) 
of the program's sampling performance, using a measure of relative efficiency based on the number 
of length samples collected per each 1000 t of fish caught for each species, NAFO division, quarter 
of the year, and gear type is also presented. Results of this review indicate that, in terms of minimum 
standards recommended by NAFO, sampling is generally very good, and where deficiencies do occur 
they are for relatively small landings. A need for more emphasis on the sampling of the inshore 
fishery is also apparent. 

STEVENSON, S. C. 1983. A review of the sampling of commercial groundfish catches in New
foundland, p. 29-38. In W. G. Doubleday and/et D. Rivard [ed./ed.] Sampling commer
cial catches of marine fish and invertebrates/L'echantillonnage des prises commerciales 
de poissons et d'invertebres marins. Can. Spec. Pub!. Fish. Aquat. Sci./Publ. spec. can. 
sci. halieut. aquat. 66. 

Le rapport presente un apen;u du programme d'echantillonnage des prises commerciales de 
poissons de fond dans Ia region de Terre-Neuve. On decrit le programme en fonction de Ia peche 
echantillonnee, de !'organisation et de Ia main-d'oeuvre necessaire, et des systemes et techniques 
utilises. On donne aussi un compte rendu historique quinquennal (1976-80) du succes de l'echan
tillonnage, quantifie en terme d'efficacite relative seton le nombre d'echantillons preleves par 
1000 t de prises de chaque espece, dans chaque division de l'OPANO, au cours de chaque trimeste 
et pour chaque type d'engin. Les resultats de cette recapitulation revelent que, par rapport aux 
normes minimales recommandees par l'OPANO, l'echantillonnage est generalement tres bon. La 
ou il est insuffisant, il s'agit d'assez petits debarquements. II est aussi evident qu'on doit accro'itre 
l'echantillonnage de Ia peche cotiere. 

Introduction 

With the declaration of Canada's 200-mi limit in 1977 
and the associated increase in emphasis on the effective 
management of the various stocks in the Canadian zone, 
the collection of biological catch sampling data for use in 
the assessments of the stocks has increased in importance 
in recent years. Considerable manpower and monies have 
been allocated to catch sampling programs, making it more 
important than ever that these resources be used as effi
ciently as possible in terms of optimizing quality and quan
tity of data returns. 

tion of the domestic catch sampling program in the New
foundland region and the second is a 5-yr historical review 
of its performance. 

Description of the Program 

This section is intended for use at this workshop as a 
source of background information on the current program 
for sampling domestic groundfish catches in the New
foundland region. The inshore and offshore fisheries are 
discussed separately because they are considered sufficiently 
discrete and their sampling programs sufficiently different 
to merit it. 

THE FISHERIES 

Offshore - The Newfoundland offshore mobile fleet 
consists of 83 trawlers (NAFO tonnage classes 4 and 5)1 

This paper reviews the current program for sampling the 
commercial groundfish catches of the Newfoundland 
domestic fishery. Emphasis is placed on the functioning 
of the Commercial Groundfish Sampling Section of 
Research and Resource Services, St. John's, with some 
mention of the role played by the Newfoundland Observer 
Program in sampling offshore catches. This latter program 
is reviewed more thoroughly in another paper at this 
workshop. 

The paper is presented in two parts. The first is a descrip-

1NAFO (Northwest Atlantic Fisheries Organization) tonnage 
classes 4 and 5 are 150-499.9 and 500-999.9 GRT, respectively. 
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making trips of between 8 and 12 d duration primarily to 
NAFO subareas 2, 3, and 4. Of these vessels, 65 are stern 
trawlers and 18 are relatively outdated side trawlers. They 
fish mainly for cod, American plaice, redfish, yellowtail, 
witch, turbot, and haddock, with minor catches of various 
other species. These vessels land at 12 major ports on the 
east and south coasts of Newfoundland. Otter trawls are 
generally used by these vesseis, but in recent years mid
water trawls have been used occasionally. 

Inshore- It is difficult to obtain the actual number of 
inshore vessels fishing groundfish in Newfoundland; 
however, the enormous size of the fleet is reflected in the 
number of vessels registered by the Department of Fisheries 
and Oceans in 1980: 

Size class 

0-34' (0-10.5 m) 
35-64' (10.6-19.5 m) 
65-99' (19.6-30.2 m) 

Total 

Number registered 

18 176 
I 392 
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19 594 

Most of the smaller vessels (0-19.5 m) fish with codtraps, 
handlines, gill nets, and Ionglines, while most of the larger 
vessels use shrimp trawls, groundfish trawls, and Danish 
seines. Trips are normally of 1 d duration, except for some 
of the larger vessels which may make trips of several days. 
Catches in recent years have consisted primarily of cod, 
plaice, and turbot, with smaller amounts of various other 
groundfish species. Fish from the inshore sector are landed 
at virtually every coastal community in Newfoundland. 

ORGANIZATION AND MANPOWER 

Within the Groundfish Management Program of 
Research and Resource Services in Newfoundland, the 
Commercial Groundfish Sampling Section has the primary 
responsibility for commercial catch sampling of both the 
inshore and offshore domestic fishery. In recent years the 
Foreign Cooperative Research Section, through the New
foundland Observer Program, has also begun biological 
sampling onboard Newfoundland offshore vessels (see 
Kulka eta!. 1983). The sampling of groundfish catches in 
Newfoundland is organized as follows: 

Commercial Groundfish 
Sampling Section 

Foreign Cooperative Research 
Section (Observer Program) 

Port sampling - domestic in- Sea sampling - foreign and 
shore and offshore groundfish. domestic offshore all species (in

cluding groundfish). 
Sea sampling - discard surveys 
on domestic offshore vessels. 

The Commercial Groundfish Sampling Section collects 
and processes age and length sampling data for use by the 
various species sections; however, otolith reading is left to 
the expertise within the various user groups. The Sampling 
Section has a contingent of six permanent technicians and 
up to 2 yr of term manpower per year. The primary respon
sibility of these technicians is port sampling; however, they 
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are also involved in two to three discard survey trips each 
per year onboard commercial trawlers, special projects on 
inshore vessels, as well as research vessel trips when work 
schedules permit. Two permanent technicians are stationed 
at a port sampling office on the Burin Peninsula, which 
is a high volume offshore landing area. All other staff are 
stationed in St. John's from where they proceed on field 
trips, ranging from 1 d to several weeks in duration, to sam
ple offshore landings at major plants as well as at various 
inshore landing areas in Newfoundland. Another port 
sampling office is not practical because of the seasonality 
and wide geographic distribution of inshore landings, and 
the considerable distances between each of the major off
shore plants. 

The section also carries out a discard survey program 
which is designed to monitor discard rates and collect age 
and length data on the discard portions of catches in known 
or suspected problem areas. This program is limited by 
manpower resources and normally entails sending pairs of 
observers on an average of eight offshore fishing trips in 
a particular year. 

SAMPLING PROCEDURES AND TECHNIQUES 

Newfoundland groundfish landings may originate, at one 
end of the scale, from large offshore trawlers landing at 
modern processing plants or, at the other end, from small 
inshore vessels fishing on a daily basis and landing at 
fishermen's stages in remote areas. Therefore, actual sam
pling procedures must be varied to fit the prevailing 
conditions. 

Offshore - These landings occur at major processing 
plants in the larger ports and normally provide the best 
sampling conditions due to the consistently high volume 
of landings and the relatively modern facilities. Sampling 
of landings at these plants is generally a fairly standard 
procedure. Newfoundland offshore vessels return to port 
with their catches stored in ice and separated by species 
and date into pens. Depending on the company, cod and 
haddock are normally landed gutted, flatfish species are 
landed either gutted or bobtailed2 and redfish are landed 
round. The fish are generally pumped ashore by means of 
suction pumpers where ice and shack3 are removed and 
the landings weighed. These fish are then iced and stored 
in boxes, pens, or tanks in holding rooms awaiting pro
cessing. The size of discharge weighings4 are fairly stan
dard at a particular plant, but many vary from between 
115 and 230 kg among plants. The technicians, having 
verified the dates and areas of the landings being discharged 
by comparing vessel hold reports with vessel logs, obtain 

~Bobtailed refers to severing the fish's tail at the line of the 
caudal peduncle. 

3Fish rejected as being in too poor condition to process for 
human food. 

4Units by which vessel catches are weighed when discharging 
(normally in pounds) 



a sample of 300-400 fish. The sample size normally depends 
on the size of discharge weighings being used at a particular 
plant and many vary accordingly. When species such as 
cod are culled into size categories, a sample from each 
category is obtained. All fish in a particular weighing or 
box are usually measured. This procedure allows actual 
sample weights to be obtained for the calculation of average 
weights and also prevents sampling bias due to the separa
tion of fish by size within a particular box or weighing. 
Otoliths are collected as a stratified subsample from those 
measured. A predetermined number of otoliths at each 
length group are aimed for in a particular quarter for each 
species, NAFO division (stock area for redfish), and sex 
where applicable. From one to five otoliths are normally 
collected per length group from a particular sample, de
pending on the prospects for completing a certain stratified 
scheme within a given quarter. An analysis is currently be
ing carried out in the Newfoundland region with a view 
to the optimization of current otolith stratification schemes 
(see Baird 1983). 

Inshore - These landings are rather seasonal and scat
tered, making the logistics involved in sampling them with 
available manpower resources very complex. Fish are nor
mally landed round and are gutted on shore by small boat 
fisherman; however, the catches from the larger longliners 
are usually gutted on board before docking. Fish are 
transferred onshore in a number of ways including buckets, 
baskets, nets, and suction unloaders. Samples are normally 
obtained after the fish have been sold to a processing plant; 
however, sampling on board vessels or on wharves is car
ried out when fish are not sold directly to a plant. Usually 
a sample of from 300 to 400 fish is measured, but this 
can vary between 100 and 1000 fish in some instances. Nor
mally, if time permits and the landing is of a relatively 
manageable size, the total catch is measured. Similar to 
the offshore sampling, otoliths are collected as a stratified 
subsample from those measured and based on predeter
mined quarterly stratification schemes for each species, 
NAFO division, and sex where applicable. 

Review of Sampling Performance (1976-80) 

A 5-yr historical review (1976-80) of the commercial 
groundfish catch sampling performance in the New
foundland region is presented. Several papers have reviewed 
sampling efficiencies and performance during this period 
(e.g. Rivard et a!. 1980; NAFO 1980); however, these 
papers dealt with a single year's sampling and were gener
ally in terms of total Canadian sampling performance. Not
withstanding the need for regional interaction in the 
sampling of commercial groundfish catches on the East 
Coast, this review will focus on the domestic catch sampling 
program in the Newfoundland region. It is hoped that such 
a review will constitute an important step in bringing major 
areas of undersampling and oversampling to the forefront 
so that a more optimal distribution of sampling effort may 
be planned in future. 

Methods 

Sampling performance is examined in terms of the 
minimum recommended level of sampling of one length 
sample per each 1000 t of fish caught for each sgecies, divi
sion, quarter of the year, and gear (ICNAF Redbook 
1974). This measure of sampling performance should be 
viewed as one of relative rather than of absolute efficiency. 
Indeed, sampling at these levels is probably inadequate, 
as several case studies in 1975 indicated that the sample 
size required to obtain the target of estimating numbers 
at age with a coefficient of variation of not more than 100Jo 
considerably exceeded the minimum requirement (ICNAF 
Red book 1975). However, as a means of comparing relative 
sampling performance over a series of years and between 
various species/ division/ gear I quarter strata, it is perhaps 
as useful as any other measure. 

The sampling of the inshore and offshore fisheries is 
analyzed separately. Sampling of the offshore fishery is fur
ther broken down into port and observer sampling for 1979 
and 1980, when the deployment of observers on domestic 
vessels began. For the purpose of this review, the inshore 
and offshore fisheries are separated on the basis of gear 
types. Inshore gears include codtraps, gill nets, longlines, 
and handlines. Offshore gears are primarily otter trawls 
but rnidwater trawls, pair trawls, shrimp trawls, and Danish 
seines are also included in this category. 

Strata with landings of less than 100 t are disregarded 
in this review. It was felt that with limited manpower and 
the lack of real time-detailed landing statistics, the logistics 
involved in sampling such incidental landings were far too 
impractical to allow them much consideration. Table 1 in
dicates that for the entire 1976-80 period, strata less than 
100 t amounted to only 2.3% of the overall groundfish 
landings. For cod, which was by far the major species 
landed during this period, less than 1% was from strata 
less than 100 t. On the other hand, about 34% of haddock, 

TABLE 1. Summary of Newfoundland landings for (species/divi
sion/gear/quarter) strata< 100 t and not included in the analyses 
as compared to total Newfoundland landings for the years 1976-80. 

Total landings (t) OJo of total 
for strata < 100 t Total landings (t) Landings < 100 

Species 1976-80 1976-80 (t) 

Cod 7 570 880 330 0.9 
Haddock 2 040 6 020 33.9 
Redfish 7 640 158 930 4.8 
Am. plaice 6 920 279 270 2.5 
Yellowtail I 120 67 450 1.7 
Witch 5 770 43 360 13.3 
Turbot 4 570 114 290 4.0 

Total 35 630 I 549 650 2.3 

5International Commission for the Northwest Atlantic Fisheries. 
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TABLE 2. Summary of the number of (species/division/gear/quarter) strata sampled at a rate of 1 
sample per 1000 t or greater (i.e. numerator) compared to the actual number of these strata occur-
ring for a particular stock area and year (i.e. denominator). A- offshore fishery, B- inshore fishery. 

o/o Strata sampled 

Stock 
efficiently 

Species area 1976 1977 1978 1979 1980 1976-80 1980 

A. Offshore Fishery 

Cod 2J3KL 3/5 617 7/7 9/10 8/10 85 80 
3M l/1 0/1 50 
3NO 2/5 3/5 8/8 7/7 3/6 74 50 
3Ps 3/4 2/3 2/3 1/2 2/3 67 67 
3Pn4RS 5/13 4/7 3/9 2/11 3/10 34 30 
4T 0/2 0/1 0 
4VsW 0/4 0/3 0/4 3/4 2/5 25 40 
4X l/2 50 50 
5Z 0/1 0 

Total 13/33 16/26 20/33 22/35 19/36 55 53 
% 39 62 61 63 53 

Red fish 2+3K 2/3 4/4 6/10 6/10 2/4 65 50 
3LN 4/8 4/6 2/5 6/8 2/5 56 40 
3M 3/4 2/3 2/3 2/2 75 
30 2/2 l/3 2/2 l/4 1/l 58 100 
3P 7/10 4/9 3/8 4/10 4/9 48 44 
4RST 2/5 l/2 1/2 l/2 2/2 54 100 
4VWX 1/4 0/6 3/7 l/4 24 25 

Total 21/36 16/33 16/30 23/43 12/25 53 48 
% 58 48 53 53 48 

Am. 
plaice 2+3K l/2 2/2 1/2 2/3 2/2 73 100 

3LNO 9/12 10/12 12/12 12/13 12/12 90 100 
3M 0/1 0 
3P 4/4 3/6 3/3 2/4 3/4 71 75 
4RST 0/6 0/2 1/6 l/4 1/4 14 25 
4VWX 1/2 2/2 2/2 83 100 

Total 15/27 15/22 19/25 17/24 20/24 70 83 
% 56 68 76 71 83 

Yellowtail 3LNO 7/10 8/8 9/9 10/10 7/8 91 88 
3Ps 2/3 Ill Ill 2/3 0/l 67 0 
4VWX Oil 0 

Total 9/13 9/9 10/10 12/13 7/10 85 70 
% 69 100 100 92 70 

Witch 2J3KL Ill 3/3 2/2 2/3 2/2 91 100 
3NO 5/5 1/3 5/5 l/3 l/2 72 50 
3P l/4 2/7 l/4 2/4 2/4 35 50 
4RST 1/4 2/6 1/5 2/6 2/5 31 40 
4VWX 0/2 0/1 Ill 25 

Total 8/16 8/19 9/17 8/17 7/13 49 54 
% 50 42 53 47 54 

Turbot 2+3KL Oil 2/3 2/3 4/6 3/4 69 75 
4R Oil Ill l/2 3/3 l/1 75 100 
4VN Oil 1/l 50 

Total 0/2 3/4 3/6 8/10 4/5 67 80 
% 0 75 50 80 80 
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TABLE 2. (Concluded) 

Olo Strata sampled 

Stock 
efficiently 

Species area 1976 1977 1978 1979 1980 1976-80 1980 

Haddock 30 Ill Ill 100 
3Ps Ill Ill 100 100 
4VW Ill 1/3 50 33 
4X 0/1 0/1 0 
5 0/1 0/1 0 

Total Ill 2/4 1/3 2/4 50 50 
Olo 100 50 33 50 

Grand 
Total 66/127 68/114 79/125 91/145 71/117 60 61 
(Offshore) 
Olo 52 60 63 63 61 

B. Inshore Fishery 

Cod 2J3KL 6/21 13/24 12/22 12/26 14/25 48 56 
3Ps 3/10 2/12 6/12 7/13 8/13 43 62 
3Pn4Rs 1/13 4/13 3/15 3/15 4/15 21 27 

Total 10/44 19/49 21/49 22/54 26/53 39 49 
Olo 23 39 43 41 49 

Redfish 2+3K 0/1 0/1 0/1 012 0/1 0 0 
3LN 0/1 012 0 
3P 0/1 0/1 0/1 0/1 0 

Total 0/3 0/4 0/2 0/3 0/1 0 0 
Olo 0 0 0 0 0 

Am. 
plaice 2+3K 1/3 1/2 1/1 1/2 012 40 0 

3LNO 0/3 0/3 1/3 2/3 3/3 40 100 
3P Oil 0/1 0/3 012 0/3 0 0 
4RST 0/1 0/1 1/3 0/3 0/3 9 0 

Total l/8 1/7 3/10 3/10 3/11 24 27 
Olo 13 14 30 30 27 

Witch 2J3KL 2/3 1/2 1/2 l/2 56 
Olo 67 50 50 50 

Turbot 2+3KL 3/8 517 217 5/8 5/8 56 63 
4R 0/1 0/2 0/2 012 0 0 

Total 3/8 5/8 2/9 5/10 5/10 44 50 
Olo 50 63 22 50 50 

Grand 
Total 16/66 26170 27/72 31/79 34175 37 45 
(Inshore) 
Olo 24 37 38 39 45 

33 



for which landings were relatively very low, was from strata 
less than 100 t. Although in the course of a regular sampling 
program some of these strata should be and inevitably are 
sampled, they are not considered a major area of 
contention. 

Results and Discussion 

PROPORTION OF STRATA SAMPLED EFFICIENTLY 

A summary by stock area and year of the numbers of 
species/ division/ gear I quarter strata that were sampled at 
a rate of one sample per 1000 t or greater is presented in 
Table 2. Overall, 61 OJo of the offshore strata were sampled 
at or above the recommended minimum rate in 1980, which 
was about the same as for the 5-yr review period (60%). 
About 45% of the inshore strata were sampled efficiently 
in 1980, compared to the average of 37% for 1976-80. For 
the offshore and inshore strata, there was an 8 and 13% 
increase, respectively, between 1976 and 1977, which was 
probably due to an increase in manpower around that time. 
However, from 1977 onward, no significant increase oc-

curred in the percentage of either offshore or inshore strata 
sampled efficiently. Although the deployment of observers 
on offshore vessels during 1979 and 1980 did add to the 
overall offshore sampling performance in terms of numbers 
of samples collected, these samples were normally from 
strata that had been sampled at or above the minimum 
level by the port sampling program. The data presented, 
thus, mask any performance increase associated with the 
expansion of the observer program to the domestic off
shore fleet. 

Although the data give an indication of the relative ef
ficiency of sampling coverage over the various strata, they 
do not take into consideration the relative importance of 
one strata to another in terms of amounts landed, since 
all strata are given equal weight. 

DISTRIBUTION OF SAMPLING EFFORT BY STRATA SIZE 

Comparing the 1980 distribution of sampling effort by 
strata size with that for 1976-80, it appears that not much 
change has taken place (Table 3). During 1980 both off-

TABLE 3. Summary of sampling effort expended for the years 1976-80 by (species/ division/ gear I quarter) strata 
sizes 100-499, 500-999 and > 1000 t. Number of strata sampled/number of strata occurring. 

1976-80 1980 

Species 100-499 t 500-999 t >lOOOt 100-499 t 500-999 t >lOOOt 

A. Offshore fishery 

Cod 18176 19/23 51164 2/15 112 16/19 
(24%) (83%) (800Ja) (13%) (50%) (84%) 

Haddock 4/9 113 1/2 1/2 
(44%) (33%) (50%) (50%) 

Redfish 27176 25/39 42/52 3/15 4/5 4/5 
(36%) (64%) (81 OJa) (20%) (80%) (80%) 

Am. plaice 14/49 16/19 54/54 4/11 515 8/8 
(29%) (84%) (100%) (36%) (100%) (100%) 

Yellowtail 19/26 8/8 21121 3/6 4/4 
(73%) (100%) (100%) (50%) (100%) 

Witch 23/66 8/9 7/7 4/11 111 111 
(35%) (89%) (100%) (36%) (100%) (100%) 

Turbot 5115 717 5/5 112 2/2 Ill 
(33%) (100%) (100%) (50%) (100%) (100%) 

Total 110/317 84/108 180/203 18/62 14/17 34/38 
Offshore (35%) (78%) (89%) (29%) (82%) (90%) 

B. Inshore fishery 

Cod 7/67 10/37 96/140 2/12 2/6 27/35 
(10%) (27%) (690Ja) (17%) (33 OJo) (77%) 

Redfish 0/13 0/1 
(0%) (0%) 

Am. plaice 3/31 0/3 8/12 118 0/1 2/2 
(10%) (0%) (670Ja) (13%) (0%) (100%) 

Witch 5/8 111 
(63%) (100%) 

Turbot 4/21 0/5 18/19 115 0/1 4/4 
(19%) (0%) (95%) (20%) (0%) (100%) 

Total 19/140 11/46 122/171 4/26 2/8 33/41 
Inshore (14%) (24%) (71%) (15%) (25%) (81 %) 
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TABLE 4. Summary of Newfoundland landings (t) sampled at a rate of 1 sample per 1000 tor greater as compared 
to total Newfoundland landings. Only (species/division/gear/quarter) strata >100 t considered. 

Offshore Inshore 

Landings o/o Landings Landings %Landings 
sampled Total sampled sampled Total sampled 

Stock 
efficiently landings efficiently efficiently landings efficiently 

---
Species area 1980 1980 1980 1976-80 1980 1980 1980 1976-80 

Cod 213KL 42 135 42 507 99 99 70 320 96 246 73 70 
3NO 3 250 4 435 73 89 
3Ps 2 498 2 673 93 90 26 051 28 935 90 71 
3Pn4RS 15 352 24 869 62 69 7 748 36 522 21 30 
4Vn 0 1 444 0 14 
4VsW 4 103 5 572 74 60 
4X 319 419 76 76 

Total 67 657 81 919 83 81 104 119 161 703 64 62 

Redfish 2+3K 3 020 3 362 90 65 0 145 0 0 
3LN 949 2 596 37 65 0 
30 880 880 100 68 
3P 4 188 6 021 70 62 0 
4RST 594 594 100 76 
4VWX 1 812 2 781 65 36 

Total 11 443 16 234 70 65 0 145 0 0 

Am. plaice 2+3K 3 568 3 568 100 93 0 983 0 76 
3LNO 41 181 41 181 100 96 3 339 3 339 100 45 
3P 1 613 1 740 93 93 0 541 0 0 
4RST 121 530 23 7 0 744 0 13 
4VWX 254 254 100 87 

Total 46 737 47 273 99 94 3 339 5 607 60 50 

Yellowtail 3LNO 11 207 11 515 97 96 
3Ps 0 189 0 86 
4VWX 0 129 0 0 

Total 11 207 11 833 95 95 

Witch 213KL 977 977 100 97 65 
3NO 184 345 53 81 
3P 309 518 60 63 
4RST 1 210 2 006 60 66 

Total 2 680 3 846 70 74 65 

Turbot 2+3KL 2964 3 ll8 95 87 26 565 27 556 96 78 
4R 625 625 100 91 0 740 0 0 

Total 3 589 3 743 96 88 26 565 28 296 94 77 

Haddock 3Ps 107 107 100 100 
4VW 931 1 544 60 76 

Total 1 038 1 651 63 79 

Grand 
Total 144 351 166 499 87 79 134 023 195 751 68 64 
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shore and inshore strata with landings greater than 1000 
t had a fairly good coverage of 90 and 81 o/o, respectively. 
Offshore strata with landings of between 500 and 999 t also 
received quite a good coverage (82%), as compared to only 
25% for inshore strata belonging to this size class. Both 
offshore and inshore strata with landings of between 100 
and 499 t were sampled at very low rates (only 29 and 15%, 
respectively). Although it appears from the data that most 
emphasis is being placed on the more important strata in 
terms of amounts landed, there does appear to be a need 
for more emphasis on the strata with smaller landings. For 
these strata, the catches are usually so small and irregular 
that, with limited resources, the logistics involved in ob
taining samples from all or most of them render the opera
tion impractical. 

PROPORTION OF LANDINGS SAMPLED EFFICIENTLY 

A summary by stock area of the proportion of landings 
that were sampled efficiently in 1980, as compared to the 
1976-80 period, is presented in Table 4. Overall, 87% of 
all offshore groundfish landings considered were sampled 
efficiently in 1980, compared to 79% for the 5-yr review 
period. Inshore landings were not sampled as well, with 
68% sampled efficiently, compared to 64% for the review 
period. Taking into consideration that in 1980 over 
195 000 t of a total of some 362 000 t considered were in
shore landings, more emphasis should be placed on this 
sector of the fishery. 

RELATIVE SAMPLING EFFICIENCIES 

A summary of average sampling efficiencies for 1976-80 
is presented in Table 5. All species and sectors were sampled 

above the 1.0 level during this period. Average offshore 
sampling efficiencies ranged from 2. 7 to 6.1 for the various 
species, with average inshore rates ranging from 1.3 to 10.4. 
For a particular species, offshore sampling efficiencies were 
generally higher than inshore ones during the review period. 
Efficiency levels for 1980 were also generally higher than 
the average for the 5-yr review period. 

Table 6 presents a detailed summary by stock area of 
the 1980 average sampling efficiencies broken down into 
offshore, inshore, port sampling, and observer sampling 
components. A summary by species is also presented 
graphically in Fig. 1. Average inshore sampling efficien
cies by species ranged from 1.9 to 2.7, which was consis
tently lower than for the offshore (port + observer) which 
ranged from 3.0 to 8.4. A listing of those stock areas and 
associated landings for which sampling efficiencies during 
1980 were either low (i.e. < 1.0) or relatively high (i.e. 
> 10.0) is given in Table 7. 

It is apparent that cases of either low (i.e. < 1.0) or 
relatively high (i.e. > 10.0) sampling efficiencies are nor
mally associated with small landings. A more uniform 
distribution of sampling effort relative to landings is 
desirable; however, from a practical point of view, the 
logistics involved in carrying out such an optimal distribu
tion of sampling effort are too complex. The limited man
power resources that hamper sampling flexibility and the 
unavailability of real time-detailed landing statistics 
(especially inshore landings) prohibit the optimal distribu
tion of sampling effort. Historical landing data are cur
rently used in the port sampling program to set sampling 
priorities; however, these data are often of limited value 
because of sudden changes in fishing patterns which may 
occur from one year to the next. 

TABLE 5. Summary of average sampling efficiencies by species and year. Sam-
piing efficiency is the ratio of the number of length samples to each 1000 t landed 
by (species/ division/ gear I quarter) strata. 

Average 
Species Sector 1976 1977 1978 1979 1980 1976-80 

Cod Offshore 2.1 3.7 2.8 2.0 3.0 2.7 
Inshore 0.9 2.4 2.3 1.7 2.0 1.9 

Haddock Offshore 10.9 5.8 2.6 5.0 6.1 
Inshore 

Red fish Offshore 2.3 3.6 2.6 3.7 3.8 3.2 
Inshore 

Am. plaice Offshore 1.3 1.4 3.0 3.1 6.4 3.0 
Inshore 0.2 0.8 1.0 1.9 2.7 1.3 

Yellowtail Offshore 4.4 4.6 4.3 5.0 4.9 4.6 
Inshore 

Witch Offshore 4.2 2.1 2.6 4.5 8.4 4.4 
Inshore 9.3 13.9 15.2 3.2 10.4 

Turbot Offshore 0.0 2.7 2.3 5.0 4.5 3.6 
Inshore 2.7 3.6 0.7 1.0 2.3 2.1 
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TABLE 6. Detailed summary of 1980 average sampling efficiencies by stock area. Sampling efficiency is the ratio of the number of 
length samples to each 1000 t landed by species/division/gear/quarter) strata. 

Offshore Inshore Offshore Inshore 
Stock Stock 

Species area Port Observer Total Port Species area Port Observer Total Port 

Cod 2J3KL 1.9 2.8 4.7 2.4 Am. plaice 2+3K 4.4 1.0 5.4 0.0 
3NO 1.6 0.4 2.0 0.0 3LNO 3.2 3.4 6.6 9.8 
3Ps 2.2 1.3 3.5 2.1 3Ps 2.6 2.6 5.2 0.0 
3Pn4RS 0.3 0.4 0.7 1.3 4RST 0.0 2.1 2.1 0.0 
4Vn 0.0 0.7 0.7 4VWX 11.5 6.7 18.2 0.0 
4VsW 1.1 1.1 2.2 
4X 1.6 0.0 1.6 Total 3.3 3.1 6.4 2.7 

Total 1.3 1.7 3.0 1.9 Yellowtail 3LNO 4.5 0.4 4.9 
3Ps 0.0 0.0 0.0 

Haddock 3Ps 9.3 0.0 9.3 4VWX 0.0 0.0 0.0 
4VW 0.7 2.9 3.6 

Total 4.5 0.4 4.9 
Total 2.9 2.1 5.0 1.9 

Witch 2J3KL 6.7 6.0 12.7 
Redfish 2+3K 2.5 0.3 2.8 3NO 10.9 0.0 10.9 

3LN 3.2 2.1 5.3 3P 7.0 0.0 7.0 
30 4.5 0.0 4.5 4RST 0.8 5.9 6.7 
3P 2.8 0.8 3.6 
4RST 3.6 2.9 6.5 Total 5.2 3.2 8.4 
4VWX 0.0 2.2 2.2 

Turbot 2+3KL 3.8 0.2 4.0 2.9 
Total 2.5 1.3 3.8 4R 4.8 1.6 6.4 0.0 

Total 4.0 0.5 4.5 2.3 
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FIG. I. Relative sampling efficiencies by species for various components of the 1980 Newfoundland groundfish sampling program. 
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TABLE 7. Sampling efficiencies during 1980. 

Sector Species Stock Efficiency 

Efficiency levels <1.0 

Offshore Cod 3Pn4RS 0.7 
4Vn 0.7 

Yellowtail 3Ps 0.0 
4VWX 0.0 

Inshore Am. plaice 2+3K 0.0 
3Ps 0.0 

4RST 0.0 
Turbot 4R 0.0 

Efficiency levels > 10. 0 

Offshore Am. plaice 4VWX 18.2 
Witch 2J3KL I2.7 

3NO 10.9 
Inshore Am. plaice 3LNO 9.8 

•only landings for strata > 100 t considered. 

38 

Landings (t)" 

24 869 
1 444 

189 
129 
983 
541 
744 
740 

254 
977 
345 

3339 
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Sampling of Commercial Catches for Invertebrates in Newfoundland 
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The history, performance and application of commercial sampling for lobster, crab, shrimp, 
scallops, and squid in Newfoundland are reviewed. Sampling efforts in recent years have taken a 
more systematic approach aimed at representing the catch of each species. Although sampling in
tensity is very low relative to the total catch for each species, the data obtained are considered 
valuable in estimating catch composition and providing information on various biological para
meters. 
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Le rapport presente un apercu de l'historique, du succes et de !'application de l'echantillon
nage commercial du homard, du crabe, de Ia crevette, du petoncle et du calmar a Terre-Neuve. Au 
cours des dernieres annees, les efforts d'echantillonnage sont devenus plus methodiques, visant 
une meilleure representation des prises de chaque espece. M~me si l'intensite de I' echantillonnage 
est tres peu elevee par rapport aux prises to tales de chaque espece, les donnees obtenues sont utiles 
pour evaluer Ia composition des prises et recueillir de !'information sur les divers parametres bio
logiques. 

Introduction 

The Invertebrates Section of Fisheries Research 
Branch, Fisheries and Oceans in St. John's, Newfound
land focuses research on five species or groups of species: 
lobster (Homarus americanus), crab (Chionoecetes 
opilio), shrimp (Panda/us borealis and P. montagUI), scal
lops (P/acopecten magel/anicus and Chlamys islandica), 
and squid (!/lex il/ecebrosus). Fisheries for these species 
have existed for varying periods. Lobsters and squid have 
been sampled from commercial catches since the 1930s 
while crab, shrimp, and scallops only became commer
cially important during the 1970s. 

on the south coast (Fig. 1). In 1935, sampling was done at 
six localities in Placentia Bay, two in Fortune Bay, nine 
along the south coast west of Fortune Bay, and three in 
St. George's Bay and Port au Port Bay. A summary of 
this sampling is reported in Whiteley (1936). Templeman 
and Tibbo (1945) reported sampling at 26 localities from 
Grand Bruit on the southwest coast, northward along the 
west coast to St. John Island in 1938; at 28 localities along 
the south coast in Bay d'Espoir, Hermitage, Fortune, and 
Placentia bays in 1939; at 12localities in Notre Dame Bay 
on the northeast coast in 1940; and at five localities in St. 
Mary's Bay on the southeast coast in 1941. The foregoing 
can be referred to as phase 1 of lobster commercial catch 
sampling in Newfoundland. This paper outlines the history of commercial sampling 

for each of these species (groups), describes present per
formances, and evaluates the data obtained from the 
various sampling programs. 

History of Sampling and Description of 
Sampling Area 

LOBSTER 

Sampling of commercial catches of lobsters in New
foundland goes back to 1931 when sampling was done at 
three localities in Placentia Bay and at two in Fortune Bay 

!First author was responsible for collating individual contri
butions. Remaining authors are in alphabetical order. 

Following a 20-yr lapse, what can be referred to as 
phase 2 began in 1961. Between 1961 and 1965, annual 
sampling was done in Port au Port Bay and a number of 
samples were obtained in St. George's Bay and from the 
Outside Shore (between Cape St. George and Long Point) 
of the Port au Port Peninsula. One area in Bay of Islands 
was sampled in 1964 and two different areas in 1965. In 
1966, nineteen localities from Bonne Bay to Pistolet Bay 
(along the northwest coast) were sampled, as were, in 
1967, nine (some the same as in 1966) along part of the 
same coast. Also in 1967, sampling was done in nine areas 
in Notre Dame Bay. In 1968 and 1969, 12 areas in Bona
vista Bay and in 1969 nine areas in Placentia Bay were 
sampled. One area in Bona vista Bay, 11 in Placentia Bay, 
and four in Fortune Bay were sampled in 1970. Sum
maries of most of the phase 2 sampling are provided in 
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NEWFOUNDLAND SEA FISHERIES AREAS 
v A. WHITE BAY 

B. NOTRE DAME BAY 
C. BONAVISTA BAY 
D. TRINITY BAY 
E. CONCEPTION BAY 
F. SOUTHERN SHORE 
G. ST. MARY'S BAY 
H. PLACENTIA BAY 
I. FORTUNE BAY 
J. SOUTHWEST COAST 
K. ST. GEORGE'S BAY 
L. PORT AU PORT -BAY OF ISLANDS 
M. BAY OF ISLANDS- POINT RICHE 
N. STRAIT OF BELLE ISLE 

FIG. 1. Newfoundland sea fisheries areas and sampling ports for lobster. 

Annual Reports of the St. John's Biological Station 
(Anon. 1961-70), Squires (1970), Squires et al. (1971, 
1974), and Ennis (1971). 

Phases 1 and 2 were similar in that emphasis was placed 
on obtaining samples from many different sites. In only a 
few were samples obtained in more than 1 yr. The third or 
current phase of lobster commercial catch sampling in 
Newfoundland began in 1971 when it was decided to 
sample annually in a few selected areas. In 1971, sampling 
was done in the St. Chads-Burnside area of Bonavista 
Bay (3La)2, at Arnold's Cove, Placentia Bay (3PSc) and 
at Comfort Cove, Notre Dame Bay (3Ki). Sampling was 
started at Boswarlos, Port au Port Bay (4Rc) and in the 
Bell burns-River of Ponds area (4Rb) in 1975 and 1976, re
spectively. Annual sampling has continued uninterrupted 
in each of these five areas (Fig. 1) since it was initiated. 

2Fisheries and Oceans statistical areas. 
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CRAB 

Although a commercial snow crab fishery began in 
Newfoundland in 1969, it was not until 1979 that com
mercial sampling was carried out on a sustained basis. The 
fishery is divided into management areas (Fig. 2) partly 
based on stock units. Although no rigid sampling sche
dule has been implemented in these areas, efforts are 
made to obtain commercial samples from areas 26 to 14 
on a monthly basis and from areas 36 to 28 on a bimonth
ly basis. The efficacy of this program has been largely de
pendent on weather conditions, manpower constraints, 
and processing plant production schedules. Due to fishing 
intensity and volume of landings, sampling has been con
centrated in the southern areas of the province (26-14), 
which by far are the most productive. 

SHRIMP 

Commercial fishing for shrimp (Panda/us borealis) in 
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FIG. 2. Snow crab management areas in Newfoundland (Miller, unpublished data). 

Newfoundland is new, relative to fisheries directed at the 
more ''traditional'' species of fish and shellfish. Although 
the occurrence of concentrations of the pink or northern 
shrimp has been known in the Esquiman Channel in the 
Gulf of St. Lawrence (Fig. 3) since the late 1950s, com
mercial exploitation only began in 1970 and is based at 

Port au Choix on the Great Northern Peninsula 
(Sandeman 1978a). Sampling of the commercial landings 
by season and/ or month has been conducted for this 
fishery since its inception. 

During the mid-1970s, concentrations of this species 
were discovered in deepwater channels off the coast of 
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Labrador. In 1976, some exploratory fishing occurred 
and by 1977 a commercial operation was in place, ex
ploiting shrimp "stocks" in the Hawke, Cartwright, and 
Hopedale channels (Sandeman 1978b). Sampling of the 
commercial catch has been intensively pursued through 
cooperation with the Department's Observer Program 
providing information from all months of the fishing 
season. 

The offshore northern shrimp fishery in subareas 0 and 
1 has been fished by various countries since the early 
1970s (Atkinson et al. 1982) and has increased substan
tially since then. In 1978, Canada was allocated 1000 tin 
this area but no effort was expended. Canada's allocation 
increased to 2000 tin 1979, and 2500 tin 1980 attracting 
participation from industry. In 1981, a total allowable 
catch of 5000 t in Canadian waters (subarea 0) was re
served for Canadian licensed vessels. Sampling of the 
catch has been accomplished in each year through the 
intensification of the observer program in the area, pro
viding details of the catch in most months of the fishery. 

Concentrations of a closely related species, Panda/us 
montagui (the striped pink shrimp), were found in the 
Ungava Bay and eastern Hudson Strait areas in the late 
1970s (Anon. 1978; Parsons et al. 1981). In 1980, some 
commercial fishing was permitted in these areas and 
samples of the catch and details of fishing were collected 
by observers. 

SCALLOPS 

Sampling is conducted on two species of scallops har
vested commercially in the Newfoundland region, parti
cularly where significant fisheries occur. Sampling effort 
is directed at inshore giant scallops (Placopecten magel
lanicus) in Port au Port Bay and St. George's Bay and 
nearshore Iceland scallops (Chlamys islandica) in the 
northeastern Gulf of St. Lawrence and at the mouth of 
the Bay of Islands. The fishery takes place from about 
April to November. A considerable proportion of 
catches, especially of the larger giant scallop, comes from 
numerous localities scattered along the coast. Placentia 
Bay, St. Mary's Bay, and Fortune Bay along the south 
coast, and St. John Bay and St. George's Bay on the west 
coast (Fig. 4) are principal areas of production. An off
shore fishery for giants occurs on St. Pierre Bank from 
time to time, but as only maritime-based vessels par
ticipate, all catches are landed in Nova Scotia and are con
sequently sampled by the Scotia-Fundy region. 

No systematic annual sampling of scallops occurred 
prior to 1976 and, consequently the data base on past 
stock characteristics is fragmented and, at best, incom
plete. Sampling effort has been more formalized with the 
hiring of a full-time scallop scientist. Manpower con
straints have precluded sampling of the commercial catch 
of Iceland scallops in Labrador. 

SQUID 

The squid fishery in the Newfoundland area is pre
dominantly an inshore jigger fishery conducted from 
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small open boats. Sampling localities are selected to repre
sent the entire northeast and south coasts of insular New
foundland. The fishery is carried out mainly in these 
regions, although a small proportion of the catch comes 
from the west coast. Only small and varying catches come 
from the Grand Bank, as the Canadian offshore otter 
trawl fishery for squid is prosecuted mainly on the Nova 
Scotian Shelf. 

Representative sampling of the commercial catch has 
not been achieved until recently due to inadequate sea
sonal and areal coverage as well as scarcity of squid in in
shore areas during part of a year or even for a series of 
years. During 1930-35, sampling was conducted at Bay 
Bulls and Holyrood (Fig. 5). However, during this period 
there was no sampling on a regular basis throughout the 
season. During 1951-53, research sampling by bottom 
trawl was conducted on the Grand Bank during May or 
June. Regular monthly samples were collected at Holy
rood throughout the inshore season (July-November). 
However, only occasional samples were collected at other 
inshore localities. 

Between 1964 and 1975, sampling was conducted at 
more localities, usually Holyrood in Conception Bay and 
Rencontre West in Hermitage Bay. Less frequently, 
samples were taken at Placentia Bay, Fortune Bay, Tri
nity Bay, and White Bay (Fig. 5). This period coincided 
with a period of low abundance of squid in inshore areas 
during 1968-74. Thus, sampling throughout the season 
was generally incomplete. Also for some years (1968-71, 
and 1973) sampling was restricted to one locality, and for 
other years (1972 and 1974) no inshore sampling was con
ducted. 

With the increase in inshore availability of squid, 
regular seasonal sampling at Holyrood was resumed in 
1975. This continued until 1978 when sampling localities 
were selected to represent the various regions of New
foundland, which coincide with NAFO divisions. Thus, 
during 1978-79, sampling was conducted at Holyrood 
(Div. 3L), Twillingate (Div. 3K) and Hermitage (Div. 3Ps) 
(Fig. 5). Frequency of sampling was also increased, and 
samples were collected bimonthly throughout the season. 
In 1980, the number of sampling localities was increased 
to include other sites within these NAFO divisions. Thus, 
in 1980 and 1981, sampling was also conducted at La Scie 
(Div. 3K) and Arnold's Cove (Div. 3PS). These additions 
resulted in increased sampling intensity in some regions 
and better seasonal and areal representation during 
periods when squid are not available in some areas. 

Methods 

LOBSTER 

During the earliest years (phase 1) of commercial lob
ster catch sampling, measurements (to the nearest centi
metre) were obtained for total length from the tip of the 
rostum to the distal end of the telson for males and fe
males separately. Subsequent to phase 1, carapace length 
(not total length) was measured using vernier calipers to 
the nearest millimetre (distance from the eye socket to the 
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FIG. 4. Locations of scallop fishing areas around Newfoundland. 

posterior edge of the carapace parallel to the middorsal 
line). 

Current sampling practice involves visiting a represent
ative number of fishermen in each of the five areas, usu
ally once a week during the fishing season (various open
ing and closing dates from April20 to July 15). Whatever 
commercially legal lobsters are on hand at the time (pro
vided they represent the total commercial catches for a 
given period, i.e. quantities have not been removed for 
sale) are sampled for sex and carapace length. Fishermen 
are required, by law, to release undersized ( 81 mm cara
pace length) and berried (i.e. ovigerous) female lobsters as 
soon as they are removed from the traps; consequently, 
only the commercially legal portion of the catch is 
sampled. 
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CRAB 

Sampling is conducted either at the holding facilities of 
processing plants or on board commercial fishing vessels 
during fishing operations. 

At the processing plants each vessel's daily catch is held 
separately until processed. As a plant may purchase crab 
from several management areas on any given day, this 
segregation of vessel catches is fortuitous in that the 
management area from which the catch originated can be 
determined by examination of the vessel's log book (man
datory) for any given day. From 250 to 300 animals are 
randomly sampled from each vessel's catch. Crabs are 
measured (maximum carapace width) with vernier calipers 
to the nearest millimetre and their shell conditions deter-
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FIG. 5. Locations of squid sampling areas around Newfoundland, 1930-81. 

mined. The catches of randomly selected crab traps are 
measured on board commercial fishing vessels. Sampling 
is carried out during the whole fishing season (usually 
from March to December). 

SHRIMP 

Commercial catch sampling is essentially the same for 
all shrimp stocks exploited in Newfoundland. In the Es-

quiman Channel (northern Gulf of St. Lawrence), 
samples of the catch from selected vessels are often sup
plemented by samples of landings from the processing 
plant at Port au Choix. For all other areas only catches 
are sampled. 

Sampling for length requires a random sample of the 
catch consisting of 250-300 animals. The oblique 
carapace length (measured from the posterior part of the 
orbit to the posterior middorsal margin of the carapace) is 
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measured using vernier calipers and recorded to the 
nearest 0.5 mm (below). Animals are separated into 
ovigerous and nonovigerous categories. 

Prior to 1981, the inshore Gulf fishery, centered at Port 
au Choix, was sampled on a monthly basis, when man
power permitted. Two to three days were spent at sea in 
each month, sampling the catches from each fishing set 
from as many vessels as possible. In 1981, sampling was 
conducted seasonally due to manpower shortages. 

Shrimp fisheries outside the Gulf employ large offshore 
trawlers which stay at sea up to 60 d. Commercial sam
pling for length (described above) was conducted by 
observers trained by staff of Research and Resource Ser
vices in St. John's. The observers were instructed to sam
ple as many sets as possible, ensuring that the sampling 
scheme adequately reflected the daily catch and was not 
biased by disproportionate sampling during only certain 
hours of the day. (Availability of shrimp to trawls is 
generally less during hours of darkness.) 

By-catches of various finfish species (e.g. cod, redfish, 
and Greenland halibut) occur in all northern shrimp fish
eries, and the main species involved are sampled intermit
tently. Shrimp discarding has been a recurring problem in 
fisheries outside the Gulf of St. Lawrence and observers 
have been instructed to take representative length samples 
of the discarded animals as well. 

Efforts have also been made to obtain preserved 
samples of length, weight, fecundity, sex, and maturity 
for detailed examination at the laboratory. Such samples 
have been relatively easy to obtain from the inshore 
fishery at Port au Choix but are rare for larger offshore 
trawlers. Transport of specimens preserved in alcohol and 
formaldehyde presents a potential hazard to public transit 
systems as well as the fishing vessels. 

SCALLOPS 

Catches, particularly from the Strait of Belle Isle, are 
sampled monthly either at ports of landing (for shucked 
meats) and/ or at the processing facility where the mollusc 
is landed in the shell (Naidu et al. 1982). Shell-height fre
quencies based on about 50 kg round (about 500 scallops) 
are tallied. In addition, a biological sample consisting of 
about 100 animals is examined each time commercial 
shell-height frequency data are collected. Meat count per 
kg is also calculated from a sample of about 20 kg of meat 
(approximately 2000 meats). 

Numbers and type of dredges used are identified for 
each licensed boat (over 40 ft). No attempt has yet been 
made to incorporate vessel horsepower to either total 
catch or catch per unit of effort. 

SQUID 

At all five sampling localities, samples are collected at 
the plants at bimonthly intervals, and are immediately 
frozen. All samples are captured using jigging devices, 
usually the Japanese mechanical jigger. Although size 
selectivity is not known, it is possible that smaller animals 
present in the fishing area may not be adequately sampled 
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using this gear. Samples are collected in all areas by plant 
personnel so that no method of randomizing is used. This 
probably does not pose any problems of bias in sampling 
for size distribution since specimens do not vary greatly in 
size. Each sample is taken at random from a single boat's 
landings. At each locality, samples are usually taken 
weekly when squid are landed. Two weekly samples, when 
available, were combined to produce a single large sample 
for each 2-wk period. 

Sampling intensity varies considerably between and 
within bimonthly periods and localities due to severe fluc
tuations in abundance and/ or availability of squid to the 
fishery and the resultant fluctuations in catches. Sample 
size, however, is not proportional to catch due in part to a 
time lag in the reporting of catch statistics which makes it 
impossible to monitor fluctuations in landings in each 
area and regulate sampling intensity. Bimonthly samples 
generally provide 300-350 specimens which are subse
quently measured at the laboratory for the purposes of 
length-frequency distribution by sex composition and 
maturity. A subsample of 50 animals is examined for 
more detailed biological characteristics including total 
weight, stomach, and caecum fullness and contents, as 
well as parasite burden. Nidamental gland length in 
females is also recorded. 

Current Sampling Performance 

LOBSTER 

Numbers of lobsters sampled during a fishing season 
have ranged from 387 to 3952 (Table 1) for a given area. 
These are very small samples in relation to total New
foundland landings and in relation to landings in the 
statistical areas (Fig. 1) in which the sampling areas are 
located. Landings data are not available for small local
ized areas but for the Comfort Cove sampling area land
ings have been estimated from estimates of standing stock 
and exploitation rate. For those years for which these esti
mates were obtained, the samples represent from 13 to 
27o/o of the landings. 

This commercial catch sampling can only be considered 
representative of the areas in which it is being done. In 
Newfoundland waters, lobsters are generally distributed 
along a narrow band of rocky bottom close to shore, and 
their movements tend to be restricted to very localized 
areas. Given sections of coastline are usually fished by 
fishermen from one or two communities, and because of 
different concentrations of effort resulting in different ex
ploitation rates, it is common to find very different size 
compositions in samples of lobsters examined. 

CRAB 

Examination of Table 2 indicates that the number of 
animals sampled from processing plants and vessels com
bined represents a very small proportion of the commercial 
catch for each area. Although it is realized that greater 
sampling intensity is probably desirable, operational con
straints will make the achievement of this goal very diffi
cult. 
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TABLE 2. Sampling performance for snow crab (Chionoecetes opilio) in Newfoundland 1979-81. 

No. sampled 

Area 1979 1980 1981 

8 
10 
12 256 
14 1 138 276 
16 611 1318 231 
18 14 976 6796 5372 
20 
22 2 289 600 1767 
24 2 838 2462 1469 
26 830 1091 631 
28 
30 
32 1030 754 
34 412 1034 
36 268 937 230 

"Preliminary figures. 

sional periods of high catch, especially in years of un
usually high squid abundance, this level of sampling is 
probably adequate for describing length, sex, and matu
rity. However, even this rather inconsistent level of sam
pling intensity cannot be maintained on a yearly, 
seasonal, and areal basis due mainly to severe and un
predictable fluctuations in squid availability. In some 
years, samples may sometimes be small or may not be 
available for some bimonthly periods. In other years, no 
samples may be collected at certain localities due to the 
absence of squid from a large region of coastal New
foundland. 

The number and location of sampling sites are probably 
representative of the area of catch since this species under
goes extensive movements around the coast (Hurley and 
Dawe 1980). Sampling intensity may also be adequate for 
the purposes of describing biological characteristics of the 
catch. However, there are possible sources of bias which 
include uncertainty as to the success of jigging devices in 
sampling the entire size range of the population. Further, 
a sample is often taken from a single squid school which 
may not be representative since, based on observations 
while jigging within a day, schooling seems to be size de
pendent to some extent. Frequently, when squid availabil
ity is sporadic within a day, the general size of squid may 
vary considerably among periods of peak availability to 
jigging devices. 

Application of Sampling Data 

LOBSTER 

The commercial catch sampling of lobsters in the five 
localized fishing areas is part of a comprehensive, ongoing 
study of lobster population dynamics and the fishery in 
these areas. Population parameters such as standing 
stock, recruitment, annual growth, and exploitation rate 
are being estimated for each year as a basis for the under
standing of the causes of annual fluctuations in landings 
and identifying resource management options which 
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Landings (kg) 

1979 1980 1981" 

8 498.5 

304 158.6 
776 606.4 120 861.0 
349 224.8 868 695.2 

6 975 419.2 4 982 996.1 
66 790.1 58 698.5 

566 010.2 493 112.5 
819 757.9 1 264 855.0 741 006.6 
744 428.5 651 196.7 634 968.5 

416 314.8 327 405.2 584 048.3 
141 045.5 95 569.6 276 513.1 
155 379.9 157 898.2 320 142.3 

might be employed to develop greater stability in the 
fishery. Size and sex composition of the commercial 
catches are used in generating some of these estimates (see 
Ennis 198la, b for details). Characteristics of the fishery, 
such as size composition, catch rates, etc. in each area are 
being monitored to provide a basis for identifying trends 
and continuing evaluation of the impact on the New
foundland fishery generally, of changes in regulatory 
measures, etc. 

CRAB 

Commercial sampling data are used in compiling yearly 
size-frequency tables for each management area. Changes 
in these data from year to year may indicate whether fish
ing pressure is significantly affecting the mean size of 
commercial-sized (,;;95 mm carapace width) crabs. At sea, 
sampling of commercial fishing vessels enables us to 
monitor the incidence of soft-shelled and undersized (pre
recruits) crabs in an area. 

SHRIMP 

Size composition of the shrimp catch from the various 
fisheries forms an important part of the data base for 
resource management. As well as monitoring changes in 
the stocks between years, sampling for length permits pre
liminary evaluation of the relative strength of fully re
cruited age groups and recruitment prospects. More im
portantly, the shrimp length frequencies are the only 
source of information on the age composition of the 
catch. Therefore, it is vital to obtain representative length 
frequencies from all components of the fishery since they 
will be used in analytical population models when these 
techniques are refined. 

Subsampling for sex, maturity, fecundity, and weight 
provides comparisons between years which might indicate 
changes in shrimp stocks due to fishing or environmental 
changes. Maturity samples, especially for females, pro
vide the data that are used to break down the accumula-



TABLE 3. Performance of shrimp (Panda/us borealis and P. montagui) sampling by the Newfoundland region in recent years. 

Hopedale Charmel Cartwright Charmel Hawke Channel 

Weight Observed Total Weight Observed Total Weight Observed Total 

No. measured catch catch No. measured catch catch No. measured catch catch 

Year measured (kg) (kg) (kg) measured (kg) (kg) (kg) measured (kg) (kg) (kg) 

1977 11 031 105.98 84954 1 550 000 8 674 76.32 68 959 1179261 302 2.95 116 -37 000 

1978 71 491 519.80 455 475 1 847 000 10 004 77.34 85 494 1 413 000 <10 000 

1979 45 011 347.47 535 892 2 991 100 24 644 214.96 66 597 1 105 300 503 4.05 62 <10 000 

1980 254 249 2166.77 1 428 748 3 988 000 8 596 73.05 35 235 145 000 330 4.11 60 <10 000 

1981 283 223 2115.49 1 403 540 3 394 000 2 277 14.79 7 549 8 000 6 266 41.89 18 585 132 000 

Discards Discards 

1980 3 594 25.55 3 890 209 1.63 75 
1981 12 939 55.76 9 838 

Div. OA Subarea 1 Ungava Bayb 

1979 903 11.87 2070 1 813 ooo• 847 8.55 679 <10 000 

1980 13 101 112.84 48 604 274 000 264 481 2374.14 1 001 445 2 363 000 1 497 11.49 2 190 <10 000 

1981 173 816 1638.08 677 918 4 331 000 

Discards Discards 

1980 83 0.59 260 23 613 132.37 22 566 
1981 7 280 35.10 2 767 

Hudson Straitb Port au Choix (vessels) Port au Choix Plant 

1977 10 473 71.73 8 628 1 199 000 2 667 18.27 1 199 000 
1978 12 650 78.70 15 399 2 082 000 931 5.79 2 082 000 

1979 10 565 69.00 12 689 2 721 000 706 4.61 2 721 000 
1980 9 685 81.80 88 330 236 000 7 675 52.57 15 831 1 865 000 1 865 000 
1981 1 301 10.40 1 858 2 079 000 284 2.27 2 079 000 

"Total landings for 0 + l. 
bPandalus montagui. 



TABLE 4. Frequency and intensity of commercial sampling in the 
northeastern Gulf of St. Lawrence Iceland scallop fishery. 

Mean Monthly 
shell height Meat counts landings 

Date measurements weight (kg) Numbers kg (round) 

1980 

April 31 166 
May29 923 7.3 843 159 105 
June 17 1187 55.9 6 ()()() 199 333 
July 2 1707 36.7 4 ()()() 

233 416 July 30 386 4.4 500 
Aug. 28 863 19.1 2 ()()() 180 512 
Sept. 27 614 34.6 4 ()()() 101 222 
Oct. 16 515 32.2 4 ()()() 112 436 
November 4 389 

6195 190.2 21 343 1 021 578 

1981 

April 9 406 52 514 
May 12 577 19.4 2 ()()() 312 873 
June 13 506 16.6 2 ()()() 270 335 
July 7 523 16.8 2 ()()() 

227 288 July 29 1404 16.3 2 ()()() 
August 196 937 
September 210 492 
Oct. 5 615 20.5 2 ()()() 109 307 

4031 89.6 10000 1 379 746 

tion of female age groups in the last prominent mode in 
the length frequencies into its two major components. 
The same type of data can be used to interpret mortality 
for females between years. 

Sampling discarded shrimp provides basic data con
cerning the fishery, and additional information on the 
younger age groups. It has also been shown that these 
samples provide valuable details for estimating the para
meters of the normal distributions of the youngest age 
groups (Frechette and Parsons 1983). Discarding, at 
times, has been shown to be indiscriminate and on one oc
casion, at least, a fishing captain adjusted his sorting 
machines after it was demonstrated that he was throwing 
away shrimp of acceptable sizes. 

By-catches are also monitored closely in the shrimp 
fisheries, especially those considered to be important pre
dators of shrimp (i.e. cod and Greenland halibut). Moni
toring the abundance and size distribution of these species 
through research and commercial sampling enables pre
diction of changes in shrimp mortality due to marked 
changes in abundance and/ or size of predators (Bowering 
and Parsons 1981). 

SCALLOPS 

While past stock characteristics are somewhat specula
tive, the present sampling strategy may identify the need 
for better management regulations. Meat count regula
tions to maximize yield per recruit and closure of areas to 
reduce effort and help preserve stocks are some manage-
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ment strategies contemplated. Socioeconomic considera
tions may also be considered in limiting the total effort 
directed at this fishery. 

SQUID 

The sampling of squid described previously is used to 
document seasonal variation in such biological character
istics as length-frequency distributions, sex composition, 
and maturity. These data are not used in routine stock 
assessments, but a good time series of these data may 
eventually be useful in forming models for squid growth 
or inshore abundance. Sampling of more detailed biologi
cal characteristics is also performed, but on a more lim
ited basis. Of recent particular interest is stomach analysis 
aimed at elucidating relationships between squid and its 
prey. Examination of stomach contents of squid and col
lection of retained otoliths may help determine the influ
ence of predation by squid on commercial fish stocks. 

Discussion and Conclusions 

Sampling of commercial catches of invertebrates in 
Newfoundland requires radically different techniques de
pending on the species being considered. Lobster sam
pling, for example, can hardly be expected to be represen
tative of the catch from all areas when the fishery is 
characteristically localized. Sampling of shrimp in areas 
outside the Gulf of St. Lawrence should represent the 
catch with acceptable accuracy as long as the observer 
coverage is maintained at present levels. Squid abundance 
fluctuates substantially between years, seasons, and areas, 
making representative sampling seem more difficult to 
achieve. Characteristics of crab and scallop fishing pro
vide conditions that allow for a representative sampling 
program, but a diversity of "stocks" (especially for crab), 
priorities, and consequential manpower distribution, 
limits the amount of sampling that can be maintained 
both within and between years. 

Nevertheless, information obtained from these sam
pling programs do provide data necessary for the evalua
tion of the status of the various stocks in terms of maturi
ty, growth, recruitment, year-class strength, and mortali
ty. Therefore, the sampling programs for the various 
species now in place must continue, with long-term objec
tives to improve sampling levels, ensure that the more im
portant components of the individual fisheries are 
represented, and use the data in analytical assessments of 
the stocks. 

Summary 

Early periods of commercial catch sampling of lobsters 
in Newfoundland (i.e. 1931-41 and 1961-70) concen
trated on obtaining a single sample from many different 
localities around the island. Since 1971, sampling has con
centrated on obtaining annual samples in a small number 
(currently five) of selected areas considered to be repre
sentative, in general terms, of the Newfoundland fishery. 
Sampling standards as such have not been defined. Al
though sample sizes are highly variable from area to area 



and year to year, for a variety of reasons, it is considered 
that they adequately represent the localized areas from 
which they were obtained. Landings in these areas, how
ever, are a very small proportion of total Newfoundland 
landings. 

The current sampling program is part of ongoing 
studies of lobster population dynamics and the fishery in 
each of the five areas. These studies provide the basis for 
advice on the "optimum" combination of minimum legal 
size and exploitation rate (through effort control) which 
are the key management tools used in lobster fisheries. If 
properly applied, these tools can achieve the same basic 
objectives as managing a fishery by an annual quota. 

Obtaining representative samples of snow crab catches 
is a difficult task faced with limited manpower to cover 
numerous management areas. Sampling in recent years 
has been focused on the southern areas of the island 
where production is highest. Although it is recognized 
that present sampling levels are likely insufficient, the 
data provide valuable information on the effects of the 
fishery on the stocks and recruitment prospects. 

Shrimp fisheries, outside the Gulf of St. Lawrence, are 
new and, since they are of political interest, command a 
high percentage of observer coverage. Sampling levels 
thus obtained should be reasonably representative of the 
actual catch, even though ratios of shrimp sampled to 
those caught are very low. Sampling in the Gulf of St. 
Lawrence on a monthly basis has been satisfactory in past 
years and these levels should be maintained. Commercial 
sampling for length and subsampling for biological detail 
are important sources of information, and since resource 
assessment techniques for shrimp are very general (insuf
ficient time series data being a major problem), they are 
depended upon heavily in evaluating changes in the 
stocks. 

Sampling commercial catches of two species of scallop 
is complicated due to the numerous landing localities. 
Prior to 1976, no systematic sampling scheme existed, but 
since that time most important areas of production are 
sampled regularly. Manpower constraints limit the 
amount of sampling to less than 0.01 OJo but even these 
levels indicate the need for better management regulations 
through yield per recruit analyses. 

Inshore commercial sampling from the jigger fishery 
for squid was discontinuous until the 1970s and most 
sampling was conducted at Holyrood. In 1978, sampling at 
bimonthly intervals was initiated at several localities on 
the northeast and south coasts of Newfoundland. Despite 
an increase in sampling localities, sampling intensity is 
considered to be low, but it is probably adequate for the 
purpose of describing biological characteristics of the 
catch. 

Problems of sampling for length, sex, and maturity in
clude possible bias due to gear selectivity. Sampling inten
sity varies greatly due to lack of immediate reporting of 
catch statistics, yearly variation in catch magnitude, and 
manpower limitations. Discontinuity of sampling and 
variation in sample size are due to unpredictable fluctua
tions in availability of squid to the fishery. 

More detailed sampling on a limited basis examines 

such biological characteristics as weight, stomach 
analysis, and parasite fauna. Stomach analysis may eluci
date the effect of predation by squid on commercial fish 
stocks. 
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RowELL, T. W. 1983. Sampling of commercial catches of invertebrates and marine plants in the 
Scotia-Fundy region, p. 52-60. In W. G. Doubleday and/et D. Rivard [ed./ed.] Sampling 
commercial catches of marine fish and invertebrates/L'echantillonnage des prises com
merciales de poissons et d'invertebres marins. Can. Spec. Pub!. Fish. Aquat. Sci./Publ. 
spec. can. sci. halieut. aquat. 66. 

Invertebrate and marine plant resources are of major importance to the Scotia-Fundy region, 
constituting roughly 45o/o of total landed value in the fisheries. Commercial catch sampling prac
tices for these species groups are highly varied as a consequence of great biological, stock, and 
fisheries differences. Landings and other data from statistical and vessel log systems provide major 
inputs to the understanding of stock status for these species and to the provision of management 
advice. Biological catch sampling began around 1900 and expanded rapidly in the mid-1970s. For 
most species, the basic sampling strategy has been to direct sampling effort at "key" ports in the 
major fishing areas and to sample minor ports as the possibility arises. Level of sampling, when 
measured as percentage of total landings, ranges from 0.002 to 4.59, with most sampled at levels 
of 0.03% and above. Precision, as measured by variance in the parameters being sampled, has 
generally not been assessed. Sufficient data now exist for a number of fisheries to evaluate the 
level and precision of sampling required. 

RowELL, T. W. 1983. Sampling of commercial catches of invertebrates and marine plants in the 
Scotia-Fundy region, p. 52-60. In W. G. Doubleday and/et D. Rivard [ed./ed.] Sampling 
commercial catches of marine fish and invertebrates/L'echantillonnage des prises com
merciales de poissons et d'invertebres marins. Can. Spec. Pub!. Fish. Aquat. Sci./Publ. 
spec. can. sci. halieut. aquat. 66. 

Les invertebres et les algues marines, qui contribuent pour environ 45 %a Ia valeur totale des 
peches au debarquement, sont d'une importance primordiale pour Ia Region Scotia-Fundy. Les 
methodes d'echantillonnage des prises commerciales de ces deux groupes varient beaucoup a cause 
de grandes differences relatives a Ia biologie, aux stocks et aux peches. Les chiffres sur les debar
quements et les autres donnees provenant d'ensembles statistiques et des journaux debord aident 
beaucoup a comprendre l'etat des stocks de ces especes eta formuler des avis de gestion. L'echan
tillonnage biologique des prises a debute vers 1900 et s'est rapidement developpe vers le milieu des 
annees 1970. Pour Ia plupart des especes, Ia strategie de base pour l'echantillonnage consiste a orienter 
les efforts vers des ports ''cles' ', dans les principales pecheries, en plus d'un echantillonnage occa
sionnel dans les petits ports. Le taux d'echantillonnage, mesure en pourcentage des debarquements 
totaux, varie de 0,002 a 4,59; dans Ia plupart des cas, les taux s'elevent a 0.03 % ou plus. La preci
sion, quantifiee par Ia variance des parametres echantillonnes, n'a en general pas ete evaluee. Pour 
un certain nombre de peches, il existe maintenant assez de donnees pour determiner le taux et Ia 
precision de l'echantillonnage necessaire. 

Introduction 

The purpose of this paper is to provide a general 
background on historical and current commercial catch 
sampling practice for invertebrates and marine plants 
within the Scotia-Fundy region. It broadly reviews the 
history of commercial catch sampling, the scope and nature 
of the fisheries, the type of data sought, current practice 
and level of sampling, and some of the difficulties in 
applying currently available models. 

of these species being valued at $104 million in 1980 
(Table 1; Fig. 1) and representing 450Jo of total landed value 
for all species. Foreign landings of squid, if given a value 
based on the inshore Newfoundland price of $720 per 
tonne, amounted to an additional $23 million. Because of 
wide variations in the market price for squid, the value per 
tonne may in some years be considerably higher than this. 
In descending order, the value of landings for the main 
species or species groups was: scallops - $65.1 million; 
lobster- $31.1 million; shrimp- $3.9 million; clams
$1.7 million; marine plants - $0.9 million; crab -
$0.8 million; squid - $0.2 million; and oysters -
$0.05 million. If foreign landings for squid are considered, 
that species ranked third in 1980 and, in some years, would 
undoubtedly be our second most valuable species. 

Because of their importance as short-term indicators of 
stock status in many invertebrate and marine plant 
fisheries, landings and other data compiled through 
statistical and vessel log systems are also given considera
tion as integral components of catch sampling. 

The invertebrate and marine plant resources are of major 
significance to the Scotia-Fundy region, domestic landings 
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Because the fisheries are prosecuted largely in the inshore 
waters along the entire coast of Scotia-Fundy, there are 



TABLE I. 1980 Scotia-Fundy region landings (t) and values ($,000) for invertebrates and marine plants. 

Marine 
Molluscs Crustaceans plants Total 

Statistical Scallop Clam Squid Oyster Lobster Shrimp Crab 
district (t) ($) (t) ($) (t) ($) (t) ($) (t) ($) (t) ($) (t) ($) (t) ($) (t) ($) 

I 13 2 372 I 211 485 257 870 I 470 

3 
4 19 20 141 25 65 43 143 541 22 16 390 645 
6 22 22 31 4 129 478 623 I 184 59 34 864 I 722 

7 Ill 113 27 6 4 317 I 271 422 241 886 I 639 
8 14 64 121 81 135 145 

9 3 3 66 15 II 55 8 6 88 79 

14 21 22 128 19 16 65 17 65 182 171 

15 5 6 176 25 23 104 204 135 
16 3 18 714 I 654 717 I 672 

17 23 10 14 60 38 71 

18 2 15 2 15 
19 15 15 40 195 55 210 
20 24 130 26 131 
21 12 12 306 I 019 321 I 032 
22 5 49 6 49 
23 58 7 58 
24 8 46 8 46 

25 4 5 29 6 36 39 46 

26 40 355 38 915 33 5 43 40 393 38 961 
27 24 124 24 194 

28 4 270 4 088 3 101 590 4 383 4 684 
30 25 25 2 129 747 159 774 

31 65 62 II 4 516 2 098 592 2 164 

32 18 16 4 6 4 I 128 7 662 6 784 474 7 940 8 159 
33 780 5 385 2 557 359 3 337 5 744 
34 5 597 5 411 700 4 811 4 207 29 6 508 10 252 
35 7 40 7 40 

36 8 127 7 829 51 34 121 742 8 299 8 605 
37 498 508 209 I 497 712 2 006 

38 5 929 6 395 I 013 673 I 15 94 6 958 7 162 

39 85 84 451 306 53 14 14 85 603 489 
40 8 60 4 9 64 
41 3 17 3 17 
42 43 25 43 25 
43 560 369 6 34 566 403 
44 27 33 6 43 34 77 

48 25 149 25 149 

49 41 259 41 259 

50 I 205 I 363 I 232 I 437 26 55 I 464 2 855 
51 75 80 97 15 34 248 211 344 
52 79 88 487 231 3 21 125 590 444 

53 2 3 165 91 5 37 248 102 62 311 405 
81 13 70 13 70 

Scotia-Fundy a 
Total: 66 558 65 107 2 802 I 747 842 149 71 47 5 321 31 086 I 643 3 857 I 250 767 9 576 922 88 063 103 682 

Maritimes 
Total: 68 239 66 797 3 871 2 217 871 155 I 509 I 445 16 069 63 950 4 562 8 252 13 517 7 791 27 920 3 100 136 558 153 707 

Vl 
w aNOTE: Total foreign catch in NAFO SA4 = 32 033 t @ $720/t = $23 063 760 
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FIG I. Relative importance of individual species or species groups 
to Scotia-Fundy invertebrate and marine plant fisheries. 

many landing points, and for some species, such as lobsters, 
a very large number of fishing units (Table 2). The large 
number and wide range in size of fishing units, coupled 
with the great biological diversity of the species groups in
volved, present an unusual variety of requirements and dif
ficulties in the establishment of commercial sampling 
regimes. 

Hancock (1979), in a paper on the population dynamics 
and management of shellfish stocks, summarizes the dif
ficulties of applying current theory to molluscs and 
crustacea. He points out that the assumptions and 
generalizations inherent in the theory and equations 
developed for finfish by Baranov, Russel, Schaefer, 
Beverton, Holt, Ricker, and others, are often not valid, 
since complications in the biology of the species are not 
readily accommodated in the models. He also presents a 
checklist of species and fishery characteristics important 
to the development of such models. 

Since commercial sampling provides the basic data inputs 
for the development and application of mangement theory, 
Hancock's summary of species and fisheries characteristics 
is equally relevant to its consideration. 

History of Commercial Sampling 

Landing statistics, generally recorded as weights per unit 
time per area, comprise the most fundamental element of 
commercial fisheries sampling. On their own, they provide 
a long-term index of present relative to past production 

TABLE 2. Fishing units and landing points for invertebrate and marine plant fisheries in the Scotia-Fundy region (1980). 

Number of units Scallop Clam Squid Oyster Lobster Shrimp Crab 
Marine Totale 
plants 

Fishermena 3257 250-500 (est.) 240 73 3689 107 332 831 8779-9029 
(1212 (75 (148 (64 

offshore) offshore) offshore) offshore) 
Total portsa 192 14 25 9 435 12 37 12 736 

(producing (producing 
area) area) 

Major portsb 5 8 5 3 40 3 5 5 74 
(major prod. (major prod. 

Vessels < 35' b 
area) area) 

528 2 73 2171 I 61 831 3667 
Vessels 35-50'b 231 19 1335 1 70 1656 
Vessels 50-65' b 74 26 8 8 116 
Vessels 65-90'b 1 4 5 

(offshore) (offshore) 
Vessels > 90' b 71 3 4 3 81 

(offshore) (offshore) (offshore) (offshore) 
Total vessels b 905 50 73 3522 13 131 831 5525 
Foreign vesselsc 88d 88 

aFigures obtained from individual responsible biologist. 
bFigures obtained from Limited Licence and Personal Licence statistics. 
cFigures obtained from FLASH statistics. 
dBulgaria - 2 Poland - I 

Cuba - 7 Portugal- 9 
France - 4 Spain -19 
Japan -18 USSR -28 

eTotals do not account for multifishery involvement of some fishermen, vessels, and ports. 
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for most fisheries and, assuming changes in effective effort 
are limited, allow some projection of short-term future pro
duction. For most of the invertebrate species having 
historically high unit values, such as scallops, lobsters, and 
oysters, landings have been recorded since the late 1800s. 
Similar early data likely exist for most invertebrate and 
marine plant fisheries; and certainly, since at least the turn 
of the century, landings data of variable quality have been 
recorded for most species of commercial significance. 

Biological catch sampling and recording of effort data 
of Scotia-Fundy fisheries have been sporadically conducted 
since about the turn of the century for a number of these 
species, the type and extent of sampling reflecting the 
relative importance of the species/stocks, their associated 
management problems, and often the particular predilec
tions of fisheries biologists of the time. 

The department responsible for management of 
Canada's fisheries underwent a major reorganization in 
1976. This date, therefore, presents a logical dividing point 
for the periods of historical and current sampling practice. 

For the period up to 1976, I have chosen to present only 
information on commercial sampling of scallops and 
lobsters. Because of their long commercial history and 
relative importance, these species can probably be con
sidered representative in terms of .the early development 
of commercial catch sampling in the region. 

SCALLOPS 

Fisheries statistics of Canada first recorded scallop land
ings from Mahone Bay, N.S., in 1886 and from the Maces 
Bay to the Lepreau, N .B. area in 1895 (Bourne 1964). The 
early documentation of the Bay of Fundy fishery off Digby, 
N.S., was carried out by Stevenson (1936) and Brannen 
(1952) throughout the 1930s, followed by Dickie (1955) in 
the mid-1940s. These investigators relied almost entirely 
on sampling of commercial vessels and processing plants 
for their biological collections and catch statistics. Catch 
and effort statistics were compiled from National Sea Pro
ducts Company records from 1965 to 1956 (Dickie 1955) 
and commercial logs were introduced to this fishery by 
George Sullivan in 1949 (R. A. Chandler, Department of 
Fisheries and Oceans, St. Andrews Biological Station, St. 
Andrews, N.B. BOG 2XO, personal communication). These 
logs have, with a few lapses, been collected ever since. 
Caddy (1979), in a study of long-term trends and produc
tion cycles in the Bay of Fundy fishery, made use of fishery 
officers' reports, Canadian Customs records, and licence 
records to develop catch and effort data for the period 
1922-72. Commercial sampling of Digby scallops was 
largely neglected during the 1960s; but with the considera
tion by Caddy of meat counts as a possible management 
tool for the Bay of Fundy in the early 1970s, several sea 
trips were made to determine the feasibility of this measure. 
Observations on shell heights, ages, and meat yields were 
made; and additionally, in-plant meat counts were made 
by fishery officers throughout the 1970s. Since the 
mid-1970s, regular sampling of commercial vessels has been 
conducted for shell-height distribution, meat yield, and 
condition index studies (R. A. Chandler, personal 
communication). 

For the offshore scallop fishery, centered on Georges 
Bank, logs were introduced to the Canadian fleet by 
Sullivan in 1957. Caddy (1975) provides a summary, based 
on Canadian and U.S. statistics, of landings and CPUE 
(t/d) for the period 1944-71. From 1957 forward, occa
sional biological samples were also taken from vessel 
catches. L. M. Dickie carried out shore sampling of an off
shore scalloper in 1946 (1946 Report of the Atlantic 
Biological Station) and at-sea sampling of a Georges Bank 
scalloper in the late 1940s, collecting information on fishing 
practices and biological characteristics of the catch (1947 
Report of the Atlantic Biological Station). At least five such 
trips were made between 1962 and 1964 by N. F. Bourne, 
J. S. MacPhail, and R. A. Chandler (R. A. Chandler, per
sonal communication). Routine port sampling of the off
shore scallop fleet was initiated by J. F. Caddy in 1970, 
again in relation to the possible use of meat count regula
tions as a management option. Meat samples, and occa
sional shell-height samples, were, and continue to be, col
lected regularly at Lunenburg, Riverport, Yarmouth, and 
Saulnierville. 

LOBSTER 

Data on Maritimes lobster landings were recorded as 
early as 1869, although it was not until1892 that landings 
were segregated by county, thereby allowing monitoring 
of production changes and trends for smaller geographic 
areas (Annual Report of Department of Marine and 
Fisheries, cited by Robinson 1979). Data collected as early 
as 1873 (Venning 1910) and 1890 (Annual Report of 
Department of Marine and Fisheries, cited by Robinson 
1979) give some record of average weights and percentages 
of catch in particular size-classes. 

Further information extracted from Annual Reports of 
the Department of Marine and Fisheries and successor 
departments by Robinson (1979) provide statistical infor
mation on Maritimes lobster fisheries between 1890 and 
1944, giving a historical measure of effort for all major 
fishery areas. Effort data, in the form of traps per man, 
were available for SE Nova Scotia and the southern Gulf 
of St. Lawrence since 1910. 

It was D. G. Wilder who initiated the first extensive com
mercial sampling program on lobsters, beginning with the 
collection of catch and effort data from 1933 to 1938 in 
Lobster District 6A, SE Cape Breton, and continuing after 
1944 until the late 1950s and early 1960s with the collec
tion of catch and effort, size distribution, and general 
biological sampling along with tag return and trap evalua
tion studies in virtually all Maritimes lobster districts. Since 
1975 and 1976, sampling has been resumed throughout 
these areas. 

Current Sampling Practice 

Following the 1976 reorganization, fisheries research 
activities were rapidly expanded and new instruments such 
as the Canadian Atlantic Fisheries Scientific Advisory Com
mittee (CAFSAC) were created for the vetting of biological 
advice on fisheries management. At this time, invertebrate 
and marine plant research began to focus on assessment-
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oriented studies. It was quickly recognized that the field 
capability to collect the essential data on area-specific catch 
and effort, catch composition, growth, mortality, fecun
dity, and other biological and fisheries practice informa
tion necessary to assessments was lacking. Accordingly, 
port sampling activities were initiated between 1976 and 
1978, with primary emphasis given to the lobster and 
scallop fisheries and less effort being directed to the marine 
plant, crab, and shrimp fisheries. Because of the large 
volume of sampling necessary to sample the numerous and 
diverse fishing units, a large number of samplers have been 
deployed each summer, using various provincial and other 
non budgeted and nondepartmental staff (approximately 12 
man-years in 1980). Sampling of offshore squid has been 
carried out under the International Observer Program. 

Along with increased sampling activity, considerable effort 
has been expended on compilation and analysis of historical 
data bases, both statistical and biological. 

DATA SOURCES 

Current practice in commercial sampling is highly varied, 
both among the species and the various components of the 
fisheries on each. The sampling data derived can be parti
tioned into two distinct types: that obtained from second
ary or indirect sources, and that obtained by direct field 
observation and measurement. 

Indirect- The first, summarized in Table 3, is obtained 
indirectly from statistical systems, vessel logs, and inter-

TABLE 3. Commercial sampling data available from statistical systems, vessel logs, interviews, and other indirect sampling. 

Fishery Data source 

Crustaceans: 
Lobster Inshore Purchase slips 

Crab 

Shrimp 

Mollu~cs: 
Scallop 

Squid 

Clam 

Oyster 

Offshore 

Inshore 

Offshore 

Supplementary purchase slips - A & B 
Interviews 

Purchase Slips 
Vessel logs 

Purchase slips 
Vessel logs 

Purchase slips 
Groundfish logs 

Inshore Purchase slips 
Vessel logs 

Offshore Purchase slips 
Vessel logs 

Inshore Purchase slips 
Supplementary purchase slips - A & B 

Offshore Purchase slips 
Vessel logs 

Foreign International fishing logs 

Inshore Purchase slips 

Inshore Purchase slips 

Supplementary purchase slips - A & B 

Return of operation (leases) 

Marine plants: 
Inshore Purchase slips 
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Data derived 

Boat name, landings, gear type, port fish landed. 
Vessel name, landings, gear type, port fish landed. 
Boat name (or fisherman's name), landings (number 
and/or weight by market category and private sale weight), 
port, depth, trap number set and hauled, soak days, men, 
number of berried females, port fish landed. 
Boat name, gear type, port fish landed. 
Vessel name, trip landings, daily catch, gear type, hour set 
(soak time), depth, location fished, bait used, fish buyer's 
name (fish landed). 
Boat name, landings, gear type, port fish landed. 
Vessel name, trip landings, gear type, hour set, depth, loca
tion fished, port fish landed. 
Boat name, landings, gear type, port fish landed. 
Vessel name, trip landings, catch/day and by-catch/day, 
tows/day, gear type, depth, location fished, port fish 
landed. 

Boat name, landings, gear type, port fish landed. 
Vessel name, trip landings, gear type, time/tow, depth, 
bottom type, location fished, port fish landed. 
Boat name, landings, gear type, port fish landed. 
Vessel name, trip landings, gear type, time/tow, depth, 
bottom type, location fished, port fish landed. 
Boat name, landings, gear type, port fish landed. 
Vessel name, landings, gear type, port fish landed. 
Boat name, gear type, port fish landed. 
Vessel name, landings, gear type, time/tow, depth, by
catch, location fished, port fish landed. 
Vessel name, side number, Canadian licence number, land
ings (catch/set and by-catch/set and discards), gear type, 
time/tow, depth, location fished. 
Boat name (or fisherman's name), landings, gear type, port 
(location) fish landed. 
Boat name (or fisherman's name), landings, gear type, port 
(location) fish landed. 
Vessel name, landings, gear type, port (location) fish 
landed. 
Lessee's name, file number, landings, effort, lease location. 

Boat name (or fisherman's name), landings/tide/man, loca
tion fished, gear type, port plants landed. 



views with fishermen. These data depend on the fisherman, 
buyer, or fishery officer for both their completeness and 
accuracy and ultimately their usefulness to the biologist. 
Where interviews are used, the skill and thoroughness of 
the interviewer are also important in deriving complete and 
accurate data. 

Direct - The second type of data, obtained by direct 
observation and measurement in landing ports and at sea 
with commercial vessels, is summarized in Table 4. The 
accuracy and completeness of these data are more certain, 
assuming adequate sampling design and conscientious field 
observation. 

For the indirectly obtained data, there has been some 
effort over the last few years to upgrade the data received 
and improve its timeliness. Vessel logs were introduced into 
the Cape Breton snow crab fishery in 1978, and the 
biologist responsible for that fishery is currently attempt
ing to refine the data inputs - in particular, more precise 
locational information on grounds fished, which is critically 
important to the interpretation of CPUE changes as utilized 
in the Leslie analysis for biomass determinations. 
Timeliness of receipt of offshore vessel logs for scallops 
has also been improved, permitting somewhat more respon
sive assessment of resource status. Monitoring of the 
"leasehold" component of the oyster industry was also 
upgraded considerably between 1978 and 1980 with the 
development of a computer-based lease management 
system and improved recording of catch, effort, biological, 
and area-specific data on the annually submitted Return 
of Operations form. 

Port sampling and at-sea sampling have been markedly 
increased since 1976. The level of sampling effort has, 
however, been highly variable from year to year, being 
dependent on availability on nondepartmental staff. 
Despite problems in effective deployment of samplers, a 
reasonably comprehensive data base on some of the more 
important fisheries such as scallops and lobsters has been 
developed. Sampling of the lobster fishery, with its approx
imately 40 major ports and 3500 vessels, has been expanded 
to include a large number of areas either not previously 
or, in the past, only rarely sampled. For squid, at-sea 
sampling of the foreign fleet was initiated in 1977 with the 
inception of the International Observer Program. This pro
gram continues to be the main source for data on the com
mercial fishery, since the inshore squid fishery in Scotia
Fundy is relatively underdeveloped and only sporadically 
active. 

For species such as clams and oysters, there has been 

TABLE 4. Commercial sampling data derived by direct sampling in ports and at sea. 

Fishery 

Crustaceans: 
Lobster Inshore 

Offshore 

Crab Inshore 

Shrimp Offshore 

Molluscs: 
Scallop Inshore 

Offshore 

Squid Inshore 

Offshore 

Clam 
Oyster 

Marine plants: 
Inshore 

Port 
At sea 

Port 
At sea 
Port 

At sea 

Port 

At sea 

Port 

At sea 

Port 

At sea 

Port 

At sea 

Port (buyer) 

Data derived 

Length frequency, sex ratio, moult stage, port. 
Boat name (or fisherman's name), location and depth fished, total catch/trip, number of 
traps set and hauled, soak time, lath space, hoop size, trap sequence, surface and bot
tom temperature, men, length frequency, sex ratio, moult stage, number of berried 
females, egg stage, crabs by species, sea urchins, port. 
Essentially the same as for inshore lobster. 
Essentially the same as for inshore lobster. 
Boat name, trap type, location fished, total catch/trip, number of traps, soak time, 
width frequency, shell condition, mortality, port. 
Essentially the same as port, with addition of sex ratio, number of berried females, and 
egg stage. 
Boat name, location and depth fished, total catch, length frequency, sex, growth stage, 
port. 
Essentially the same as port, with addition of time of day fish caught. 

Vessel name, location and depth fished, total catch/day, number of drags, individual 
meat weights, shell height/meat weight, sex, maturity, psp samples, port. 
Vessel name, location and depth fished, shell height frequency, age structure, cull size, 
port. 
Vessel name, location and depth fished, individual meat weights for each third of trip, 
shell height/meat weight, port. 
Vessel name, location and depth fished, shell height frequency, age structure, cull size, 
port. 
Vessel name, gear type, location and depth fished, length frequency, weight, sex maturi
ty, food and feeding, parasites, port. 
Vessel name, Canadian licence number, country of registration, gear type, set number, 
depth and time/start and end of set, surface and bottom temperature, by-catch/set, 
length frequency, weight, sex, maturity, food and feeding, parasites. 

Species composition, by-catch, reproductive state, size frequency, port. 
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no effort at port sampling or direct sampling of the 
harvesting units. 

SAMPLING STRATEGIES 

The sampling strategies chosen for the various species 
have been adaptive to, and reflect, the year-to-year uncer
tainty of available sampling manpower. For most, there 
has been no formal statistical study on the required sample 
sizes or sampling design, although, in 1980, an unpublished 
in-house report was prepared outlining basic port sampling 
requirements for these species. This study attemped to 
define the types of data required, the time frame over which 
the collection activity would likely continue, resolution, 
sampling effort, and seasonality of requirements. Although 
the study served to clarify the basic sampling requirements 
and define what an appropriate distribution of sampling 
effort might be, it has only been used as a guide, since the 
required manpower has remained unavailable. The basic 
strategy chosen for most species has therefore been to direct 
sampling effort at "key" or "representative" ports in the 
major fishing areas and sample the more minor ports as 
manpower resources permit. Port and at-sea sampling 
activities on Cape Breton snow crab, as described by R. 
W. Elner (Department of Fisheries and Oceans, St. 
Andrews, N.B. BOG 2XO, personal communication), serve 
to illustrate this strategy. 

In the Cape Breton snow crab fishery, the following plan 
should be followed throughout the 9-wk fishing season. 
For each of the seven Cape Breton Snow Crab Areas, two 
to three representative ports are chosen (these ports are as 
far apart as possible along the coastline). Landed catches 
at each port are sampled twice per week and one at-sea 
sample is obtained for each Area every week. 

At-sea samples consist of going out on a fishing boat 
for a day and measuring carapace width and shell con
dition of all male and female snow crabs in every second 
or third trap hauled. Given a trap limit of 30 and pre
sent CPUE levels, approximately 1500 crabs will be 
sampled per sea trip- approximately 50% of the boat's 
catch after culling. 
Port samples consist of measuring the carapace widths 
and shell condition of three boxes (150-250 kg) of 
landed, culled male snow crab for three to four boats 
for one port on one day. This constitutes approximately 
12% of the landed catch for each boat. 
Sampling data for each Area are pooled to provide (1) 

monthly size-frequency histograms for both at-sea samples 
and port samples; and (2) weekly soft-shell frequencies for 
both at-sea samples and port samples. 

The objective is to assemble representative catch samples 
for each area for defined intervals throughout the fishing 
season, that may be used both to support interpretation 
of the logbook data-derived Leslie analysis of biomass and 
to independently monitor the condition of the stocks. 

To date, manpower resource levels have been insufficient 
to allow even one port sampler per month in each of the 
seven areas. Rather, sampling effort has been directed into 
key ports in the three major Areas (1, 5, and 7) in an 
attempt to obtain at least weekly port samples and monthly 
at-sea samples. 
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The strategy for inshore lobster is similar to that for snow 
crab, with the exception that, because of the very large 
number of geographically dispersed landing points, an 
attempt is made to sample not only key ports in each 
Lobster District but also secondary ports, deemed to be 
generally representative, at 10-20 mi intervals along the 
coastline. For lobster fisheries such as that in Lobster 
District 4, with a 6-mo season extending through a mid
winter period of poor weather conditions and low water 
temperatures during which both effort and catchability are 
reduced, sampling is concentrated on the first and last few 
weeks of the season when most of the landings are made. 
Sample sizes greater than 400 animals are obtained where 
possible since this usually provides variances sufficiently 
small to allow seasonal and geographic comparisons of 
catch curves with reasonable accuracy. 

For offshore and Bay of Fundy scallops, the strategy is 
again to sample the key or major ports, and in recent years 
an arbitrary level of 10% of the year's commercial scallop 
trips was designated for sampling. This has amounted to 
roughly 100 offshore and 500 Bay of Fundy trips being 
sampled each year. 

The strategies for shrimp, offshore lobster, and inshore 
squid are very similar to those described for the above 
fisheries. 

The strategy for marine plants differs in that the sample 
source is the buyer's bin rather than the harvesting unit 
or fishermen, and the samples cannot be attributed to 
specific beds, only to general harvest areas. There is no 
regular at-sea sampling of marine plants. The data derived 
do not allow prediction of yield. Rather, sampling is 
directed at determining the percentage of by-catch species 
(by-catch may range from 10 to 40% of harvest and affects 
carrageenan yield), reproductive state profile (of impor
tance in carrageenan yield and loss of biomass after 
fruiting), size frequency of fronds (rough measure of age 
structure), and frequency of holdfasts (rough measure of 
gear impact). 

Offshore squid are sampled, under the International 
Observer Program, with roughly 60% coverage of the 
foreign fishing effort. Sampling is directed at obtaining 
daily length frequencies on each vessel sampled as well as 
twice-per-trip samples for morphometric analysis and 
general biological sampling. 

LEVEL OF SAMPLING 

In an attempt to evaluate the level of direct port and at
sea sampling, I have, in Table 5, compared the total weight 
of samples to the total weight of landings for a number 
of the fisheries and their components. The data on weights 
sampled were in most cases supplied by the biologist re
sponsible for the fishery. The percentage of landings 
sampled varies widely, from 0.002 for marine plants to 4.59 
for the offshore component of the lobster fishery, with 
most fisheries and components being sampled at levels of 
0.03% and above. The data, as presented, do not show 
the wide range in sampling level for a particular fishery 
or fishery component when individual areas, seasons, or 
other factors are considered. For example, sampling of 
inshore lobster varied from 0.20% (6.51 t sampled out of 



TABLE 5. Percentages of landings directly sampled (port and at sea) in 1980. 

Fishery 
Weight sampled Total landings Percentage of landings 

(t) (t) sampled 

Scallops 
Offshore 1.47 5 221 0.03 
Digby 0.24 714 0.03 

Squid 
Offshore 9.74 32 033 0.03 

Lobster 
Offshore 24.57 535 4.59 
Inshorea 13.63 4 760 0.29 

Snow crabb 
10 507 (animals) 1 208 550 (animals) 0.87 

Shrimp 
0.05 985 0.01 

Marine 
plantsc 

0.12 5 769 0.002 

aBased only on port sampling. Weight of offshore samples unavailable at time 
of writing. 

bBased on 1981 sampling and landings. 
cchondrus only. 

3199 t landed) in Lobster District 4 to 1.460Jo (0.95 t 
sampled out of 65 t landed) in Lobster District 3. Similar 
variations in sampling level are evident for most of the 
fisheries examined. 

The variation in sampling level between fisheries, 
fisheries components, areas, seasons, etc. may, in some 
cases, be indicative of poor sampling design and less than 
optimal placement of sampling effort. Further analysis, in 
which the level of sampling activity is examined in rela
tionship to the data being sought and its range of varia
bility, are necessary to determine the adequacy of sampling. 
For most of the fisheries, a sufficient data base has now 
been developed to permit the required analysis. 

It should be recognized that the more general fishery data 
collected at the time of port or at-sea sampling, by direct 
observation or interview, will be proportional to the 
biologically defined (weight sampled) level of sampling 
described above. For some of these data, the level of sam
pling necessary may be quite different from that required 
for particular biological parameters. In some crustacean 
and molluscan fisheries, changes in grounds fished may 
occur rapidly, with reflected changes in CPUE, size of 
animals captured, etc. For a fishery such as the Cape Breton 
snow crab, where Leslie analysis has been used to monitor 
year-to-year changes in biomass and to establish TACs, 
small changes in area fished may be sufficient to render 
the analysis useless. Sampling methods must be sufficiently 
precise for the biologist to recognize both that change has 
occurred and the nature of the change. 

Discussion and Conclusion 

Commercial sampling of invertebrates and marine plants, 
while generally directed at collecting the same sort of data 
and carried out in support of the same types of manage
ment objectives as for finfish, is greatly complicated by 

the highly diverse assemblage of organisms involved and 
by the huge range in scale of the fisheries to be sampled. 
Although the management objectives may be similar, the 
applicability and usefulness of existing models vary greatly 
and, in many cases, the required inputs for such models 
have not been developed or are of insufficient precision. 

Despite the problems posed in commercial sampling of 
invertebrates and marine plants, the most basic require
ments are essentially the same as for finfish: catch curves, 
representative catch and effort data, knowledge of area 
fished, distribution of catch in size-classes or age-classes, 
percentage by-catches, gear performance and its impact on 
sampling, reproductive state, fecundity, seasonal factors 
influencing yield, etc. However, because of their biological, 
stock, and fisheries characteristics, invertebrates and 
marine plants in general are managed very differently than 
marine finfish. The management regimes utilized tend by 
their nature to require greater dependence on statistical and 
log-derived data than on biological catch sampling. Most 
are managed through some form of effort control and 
often, as in the case of Leslie analysis for snow crab, 
statistical and log data are critical to assessment. 

In recent years, there has been considerable research into 
the adaptation, development, and application of model
ing techniques to invertebrate stocks and in 1976, a special 
ICES meeting was convened on the population assessment 
of shellfish stocks (Thomas 1979). The contributions to the 
meeting provide an excellent review of current application 
of management theory to crustaceans and of the commer
cial sampling data inputs required. 

For a number of invertebrates, such as oysters, scallops, 
and lobsters, there has been a long history of commercial 
sampling, extending from the mid- to late 1800s to the pres
ent. Initially, the data were primarily landings summaries 
for particular geographic areas, but by the turn of the cen
tury some data on effort and on particular biological 
characteristics such as size frequencies were being recorded. 
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The level of commercial sampling increased considerably 
between the 1940s and mid-1970s and then quite 
dramatically up to the present. 

In Scotia-Fundy, the strategies currently being applied 
to commercial sampling reflect the need to gather infor
mation on previously unsampled or undersampled species 
and stocks and to accommodate this requirement within 
the manpower sources available. Gulland (1966) notes that 
in the majority of fishery programs the amount of sam
pling done is rarely decided by statistical criteria, but rather 
by the availability of manpower and funding. This is a less
than-adequate approach to longer-term sampling require
ments and leads to gross disparities in disposition of sam
pling effort. 

While I have attempted to look at the level of sampling 
as a measure of adequacy in the disposition of sampling 
effort, it is obvious that this information is, in itself, of 
little use. To be useful, the level of effort must be examined 
in direct relation to the variability of the parameters being 
sampled. Gulland (1966) and Holden and Raitt (1974) 
describe the basic sampling strategies and the means of 
evaluating the level of sampling necessary to obtain the 
precision required. They point out the degree to which 
variance in the parameters being sampled can be reduced 
through appropriate stratification of the sampling regime. 
Sampling of inshore lobster stocks in particular, with their 
wide geographical spread and high number of landing 
points and fishing units, would benefit from such a 
statistically validated stratified sampling program. 

With the sampling data accumulated in recent years, it 
should now be possible to evaluate the level of sampling 
required and design a more adequate sampling program 
than that now operating. 
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Des renseignements sur l'historique, les objectifs, les methodes et les volumes des echantillon
nages des captures commerciales sont donnes pour Ia morue, le sebaste, le fletan du Greenland, 
les plies, le hareng, le homard et Ia crevette nordique. Les activites d'echantillonnage au debar
quement des stocks de poissons demersaux, entreprises dans le cadre des recommandations de Ia 
CIPANO ont souffert entre 1966 et 1974 d'un changement de priorite dans les activites de 
recherche en peche de Ia province de Quebec. En conclusion generale on souligne !'importance, en 
particulier pour Ia crevette nordique et les poissons demersaux, de Ia liaison entre recolte de statis
tiques sur !'effort de peche et l'echantillonnage au debarquement. Ces deux activites sont menees 
de front par des techniciens presents, en permanence, durant la saison de peche dans les principaux 
ports de debarquement. 

LUSSIAA-BERDOU, J.P., R. COURTOIS, P. DUBE, J. FRECHETTE, P. LAMOUREUX ETC. TREMBLAY. 
1983. Revue de l'echantillonnage des captures commerciales, d'especes marines par Ia 
province de Quebec, p. 61-76. Dans W. G. Doubleday and/et D. Rivard [ed./ed.] 
Sampling commercial catches of marine fish and invertebrates/L'echantillonnage des 
prises commerciales de poissons et d'invertebres marins. Can. Spec. Pub!. Fish. Aquat. 
Sci./ Pub!. spec. can. sci. halieut. a quat. 66. 

Data are presented on the history, objectives, methods, and volumes of commercial catch 
samplings of cod, redfish, Greenland halibut, plaice, herring, lobster, and pink shrimp. Sampling 
of demersal fish at landing, initiated following ICNAF recommendations, has suffered from a 
change of priority in fisheries research activities in Quebec between 1966 and 1974. The impor
tance, especially for pink shrimp and demersal fish, of the link between the gathering of statistics 
on the fishing effort and sampling at landing, is stressed. These two activities are tackled by tech
nicians permanently present in the main landing ports during the fishing season. 

Introduction 

Ce document a pour but de donner un apercu de 
1' echantillonnage des captures commerciales realisees jus
qu'a present par la province de Quebec. 

Historiquement, les echantillonnages les plus anciens 
concernent le hareng, le homard et la morue. Le homard, 
en particulier aux Iles-de-la-Madeleine, a ete l'objet d'assez 
nombreuses etudes qui ont necessite soit l'echantillonnage 
des debarquements, soit celui des captures, au cours des 
annees cinquante. 

d'un changement d' orientation dans le domaine de la 
recherche sur les peches entre 1961 et 1969, entrainant la 
fermeture des laboratoires de la Tabatiere, puis des Iles
de-la-Madeleine et de Grande-Riviere, il y eut une diminu
tion importante dans les activites d'echantillonnage au 
debarquement pour toutes les especes, sauf la crevette 
nordique, une reduction dans la participation aux activi
tes scientifiques de la CIPANO, et dans l'etude des grands 
stocks migrateurs pour se consacrer plus specialement a 
des especes plus cotieres. 

L'echantillonnage des especes demersales, entre 1958 et 
1968, pour repondre aux recommandations de la CIPANO, 
a principalement concerne la morue. A cette epoque les 
stations de biologie marine dependant du Gouvernement 
du Quebec etaient les seuls laboratoires gouvernementaux 
effectuant de la recherche dans le domaine de la biologie 
des peches au Quebec, ceci contrairement aux Provinces 
maritimes et a Terre-Neuve ou il existait des laboratoires 
dependant du Gouvernement federal canadien. A la suite 

A partir de 1974, une volonte de s'impliquer de nou
veau dans !'evaluation des stocks de poissons demersaux a 
conduit au developpement d'un systeme de collecte, dans 
les principaux ports, et de traitement de donnees, con
cernant l'effort de peche, les captures et les lieux de peche 
des chalutiers quebecois, parallelement au systeme admi
nistratif de statistiques existant, gere par le bureau de la 
Statistique du Quebec. A partir de 1978, profitant de !'im
plantation stable de techniciens saisonniers dans les prin
cipaux points de debarquement des chalutiers pour les sta-
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Fro. 1. Principaux points de debarquement de la peche commerciale quebecoise. 



tistiques, le programme d'echantillonnage des poissons 
demersaux debute en 1974 sur une petite echelle fut ampli
fie de facon significative. 

La crevette nordique dont la peche a commence au 
milieu des annees soixante a ete l'objet d'une attention 
particuliere depuis ses debuts. Ceci fait qu'un programme 
d'echantillonnage au debarquement s'est maintenu regu
lierement et n'a pas souffert du changement d'orientation 
temporaire de la fin des annees soixante. 11 en est de meme 
pour la peche du crabe des neiges, plus recente, qui s'est 
developpee avec rapidite ces dernieres annees. 

Bien que les objectifs particuliers des echantillonnages 
au debarquement aient varie au cours du temps, le but 
principal a toujours ete une meilleure connaissance des 
stocks exploites. Actuellement les objectifs generaux 
sont : !'evaluation de !'importance relative des genera
tions dans les captures et son evolution, de suivre cer
taines caracteristiques biologiques des captures, d'evaluer 
!'importance des recrutements en parallele avec les don
nees recoltees au cours de croisieres scientifiques d'eva
luation, ceci afin de fournir des donnees primordiales ou 
d'appoint aux structures gouvernementales de gestion 
biologique des stocks comme le CSCPCA, ou interna
tionales comme l'OPANO. 

La morue (Gadus morhua) 

INTRODUCTION 

La peche de la morue, au Quebec, est extremement 
ancienne, comme le long de toute la cote atlantique cana
dienne. 

Les pecheurs quebecois exploitent principalement deux 
stocks de morue; le stock dit de 4T4Vn, a partir de la 
Gaspesie et des Iles-de-la-Madeleine, et le stock dit 
4RS3Pn (fig. 1). 

Le chalutage s'est developpe en Gaspesie au debut des 
annees cinquante et la peche traditionnelle a la dandinette 
et a la palangre a ete en partie remplacee par la peche aux 
filets maillants dans les annees soixante. Depuis 1980 on 
observe un retour a !'utilisation des palangres. 

Le long de la Cote-Nord (Pointe des Monts, Blane
Sablan), les methodes de peche traditionnelle, trappe, 
dandinette et palangre, ont encore une grande importance 
et n'ont ete remplacees qu'en partie par des filets mail
lants depuis quatre a cinq ans. Ce changement s'accom
pagne d'un accroissement de la taille des embarcations. 
Les deux principaux ports chalutiers du Quebec sont 
Newport et Riviere-au-Renard. Leur pression de peche 
s'exetce principalement sur la morue de 4T4Vn, mais un 
developpement de la pression de tous les types de peche 
sur le stock de 4RS3Pn a lieu depuis les quatre dernieres 
annees. 

Les premiers echantillonnages de debarquements de 
morue ont ete effectues des 1951 (tableau 1) a partir de la 
station de biologie marine de Grande-Riviere (Corbeil 
1952; Jean 1953). En 1953 des otolithes ont ete recoltes. A 
partir de 1958 un echantillonnage regulier de la morue de 
4T4Vn a ete instaure, a la suite des recommandations de 
la CIPANO, et s'est maintenu jusqu'en 1968. Le poids des 
echantillons n'etait pas enregistre. Quelques echan-

TABLEAU 1. Nombre de morues mesurees au debarquement par 
Ia province de Quebec de 1951 a 1981 par stocks et par engins. 

4T4Vn 4RS3Pn 

Annee CM• CC• FM• pa T• CM CC FM p T 

1951 502 660 
52 20 867 
53 538 808 
54 
55 II n'y a pas de renseignements disponibles 
56 
57 
58 1739 
59 1668 

1960 2773 
61 1046 
62 1331 
63 4213 
64 2374 
65 3628 
66 920 
67 1334 
68 
69 

1970 
71 
72 
73 
74 

423 

75 205 
76 562 
77 

1375 
1563 

1883 
509 2025 
819 951 
368 1104 

1271 
545 

985 
317 196 
755 

78 2029 197 
79 1360 613 300 

1980 2573 1 77 
81 4690 1436 

de 1954 a 1957. 

3000 7545 
718 3413 1420 3935 3037 

1958 
1462 
777 

367 
136 

148 
309 292 

1082 1321 555 
2894 2393 378 

1285 3855 
1464 8047 

640 

acM Chalutiers a morue; CC Chalutiers a crevette; FM Filets 
maillants; P Palangres; T Trappes. 

tillonnages de captures faites a l'aide de trappes et de 
palangres dans la region de la Tabatiere aux depens de la 
morue de 4RS3Pn, ont ete effectues en 1960 et 1961. Tous 
ces echantillonnages ont ete realises sous la direction de 
Marcotte ( 1960) et Boulanger. L' echantillonnage de la 
morue de 4T4Vn a cesse en 1968 avec la fermeture presque 
totale de la station de biologie marine de Grande-Riviere. 

Une reprise de l'echantillonnage au debarquement a eu 
lieu en 1975-1976 a l'aide d'une equipe mobile formee 
d'etudiants engages pour l'ete. Cependant, ce programme 
a ete abandonne a cause des maigres resultats. En 1978 le 
programme actuel a ete mis en place. 11 utilise comme res
source humaine des techniciens en place dans les ports, 
dont la tache originelle etait de recolter des statistiques 
d' efforts et de captures au pres des pecheurs et des usines 
de transformation. 

BUTS ET TECHNIQUES ACTUELS DE L'ECHANTILLONNAGE 

Les objectifs vises actuellement par la DRST (Direc
tion de la Recherche scientifique et technique) ne sont pas 

63 



les memes pour les deux stocks exploites par les pecheurs 
quebecois: 

Pour Ia morue de 4T4Vn on n'a recherche qu'a main
tenir un echantillonnage des longueurs pour pouvoir 
retransmettre des donnees de base a d'autres organismes. 

Pour Ia morue de 4RS3Pn, il s'agit d'un echantillon
nage plus intensif comprenant le prelevement d'otolithes, 
afin de suivre !'evolution de Ia structure d'age dans les 
captures, de Ia comparer aux structures d'age obtenues a 
partir de croisieres scientifiques d'evaluation des stocks 
par chalutage, d'etablir des courbes de captures et d'etre 
capable de construire un tableau des captures par genera
tion pour les debarquements quebecois provenant de ce 
stock. L'echantillonnage a principalement lieu a Newport 
et accessoirement a Grande-Riviere pour Ia morue de 
4T4Vn. Celui de Ia morue de 4RS3Pn est surtout realise a 
Riviere-au-Renard mais aussi a Matane et Mingan. Aucun 
echantillon n'est actuellement preleve dans les debarque
ments faits le long de Ia Basse Ci'>te-Nord (Natashquan, 
Blanc-Sablon). 

L'echantillonnage des longueurs individuelles est realise 
sur une base mensuelle. Pour un stock donne, un port 
donne, et un engin donne, il doit com prendre de 300 a 500 
individus et provenir d' au moins trois debarquements dif
ferents. Cette derniere exigence n'est pas toujours remplie 
en particulier pour les engins fixes. Suivant le cas, le poids 
de l'echantillon est mesure a !'aide d'une balance presente 
sur les lieux de debarquement ou estime. Depuis 1981 
dans le cas d'une estimation, on recalcule le poids de 
l'echantillon a !'aide d'une relation longueur-poids du 
type P = aLb. La longueur mesuree est Ia longueur totale 
au centimetre le plus proche. Le tableau 1 recapitule les 
quantites echantillonnees depuis 1951. 

Normalement le prelevement d'otolithes n'est effectue 
que sur des morues provenant du stock 4RS3Pn. De 1978 
a 1980, l'objectif fixe etait un echantillonnage sur une 
base approximativement trimestrielle (mars a mai, juin a 
aofit, septembre a decembre). En 1981, devant les diffi
cultes a atteindre cet objectif, a cause d'une saison de 
peche vraiment active qu'entre Ia mi-mai et Ia mi
novembre, Ia cueillette a ete redefinie sur une base semes
trielle (mai-juillet et aofit-novembre). II s'agit d'un 
echantillonnage stratifie in dependant des engins de peche, 
de 4 otolithes par classe de 1 centimetre. On note Ia lon
gueur totale au milimetre pres, et le poids individuel, a 
!'aide d'une balance electronique depuis 1981. Le tableau 
2 resume le nombre de morues sur lesquelles ont ete pre
leves des otolithes au debarquement entre 1978 et 1981. 

En 1981, pour certains debarquements, il existait un tri 
en plusieurs categories de longueurs. Dans Ia mesure du 

TABLEAU 2. Nombre de morues sur lesquelles ont ete preleves 
des otollthes au debarquement par Ia province de Quebec de 1976 
a 198 I par stock. 

Stocks 

4T4Vn 
4RS 

64 

1976 1977 

257 

Annee 

1978 1979 

273 

1980 1981 

171 
174 
333 

possible le technicien essayait de realiser son echantillon
nage avant ce tri. Lorsque cela n'etait pas possible, il 
echantillonnait chaque categorie en notant les poids 
de barques. 

La collaboration des usines ou s'effectue l'echantil
lonnage est en general bonne; cependant, il peut y avoir 
des difficultes en particulier en debut et fin de saison de 
peche ou le poisson peu abondant est immediatement uti
lise et dans les lieux ou le debarquement du poisson est 
fortement mecanise. 

TECHNIQUES DE STOCKAGE ET DE TRAITEMENT PRIMAIRE 
DES DONNEES 

Les echantillons de longueur sont regroupes manuel
lement par stock, par engin de peche, et par mois. Les 
echantillons provenant des chalutiers sont regroupes 
quelle que soit Ia taille du bateau, mais !'on tient compte 
des differences de maillage qui existent entre les chalutiers 
a crevette et les chalutiers a morue. Dans le cas ou I' echan
tillonnage a ete effectue sur un debarquement trie en deux 
categories, on reconstitue un echantillon composite avant 
de l'integrer aux autres a !'aide de Ia formule : 

N; = n1;xPI xp2 + n2; 
P2 pi 

N; : nombre d'individus dans Ia classe de longueur i 
pour l'echantillon composite. 
n1; : nombre d'individus dans Ia classe de longueur i 
mesures dans l'echantillon provenant de Ia categorie 1 
de longueurs. 
n2; : nombre d'individus dans Ia classe de longueur i 
mesures dans l'echantillon provenant de Ia categorie 2 
de longueurs. 
P1 : poids total de Ia categorie 1. 
P2 : poids total de Ia categorie 2. 
p1 : poids de l'echantillon de Ia categorie 1. 
p2 : poids de l'echantillon de Ia categorie 2. 
Les echantillons regroupes sont stockes dans des 

fichiers APL. II existe un fichier specifique que Ia morue. 
Les echantillons ainsi stockes peuvent etre inventories en 
mode interactif a !'aide de tris hierarchises, suivant 
l'annee, l'engin de peche, le mois, une division ou une 
subdivision NAFO, le sexe, l'intervalle de profondeur de 
capture. Si on le desire, on peut extraire du fichier les 
echantillons inventories, effectuer des regroupements 
suivant differents pas de longueurs (1, 2 et 3 em) et 
calculer des distributions en pourcentage. Une fois les 
ages etablis a partir des otolithes recoltes, ils sont stockes 
dans un fichier APL, different de celui utilise pour les 
echantillons de longueur, avec des donnees complemen
taires (poids et longueurs individuels). II est possible de 
trier les echantillons d'ages suivant le meme type de 
hierarchie que pour ceux des longueurs et de les extraire 
du fichier si on le desire. II est alors possible de calculer les 
longueurs moyennes ou les poids moyens pour un age 
donne, ou encore de construire une de longueur-age et de 
calculer des distributions de frequence d' age. Les diverses 
fonctions APL necessaires pour ce genre de travaux sont 
disponibles aupres des auteurs. 



DISCUSSION 

La couverture des debarquements provenant du stock 
de 4T4Vn est en general plus faible, en particulier pour les 
filets maillants. Cette faiblesse de l'echantillonnage des 
filets maillants est due au fait que le technicien respon
sable aussi des statistiques de peche, est surtout appele a 
Newport ou debarquent principalement des chalutiers. 
Les debarquements des filets maillants sont geographi
quement tres disperses. 

Dans le cas de Ia morue de 4RST qui est !'objet d'une 
plus grande attention, i1 y a eu une amelioration dans Ia 
regularite de l'echantillonnage de 1978 a 1981. L'echan
tillonnage des engins fixes est insuffisant. Ceci s'explique 
en partie par le developpement recent de Ia peche de Ia 
morue aux filets maillants sur Ia Basse Cote-Nord oil 
jusqu'a recemment nous n'avions pas de technicien. Les 
trappes pechant Ia morue de 4RS3Pn sont toutes implan
tees le long de Ia Basse C5te-Nord. L'echantillonnage des 
crevettiers est beaucoup plus important que dans le cas 
des autres types de peche. On retrouve ce phenomene 
pour tous les autres poissons demersaux echantillonnes. 
Ceci est dfi a Ia grande importance accordee a Ia peche de 
Ia crevette par Ia DRST. 

Cela a implique une presence plus grande dans les ports 
ou debarquent des crevettiers (Matane, Mingan, Riviere
au-Renard). De plus, dans ce dernier port ou debarquent 
aussi des chalutiers dirigeant leur peche vers les poissons 
de fond, les methodes de debarquement font qu'il est en 
general plus aise d'echantillonner le poisson debarque par 
les crevettiers (tableau 1). Pour tous les types de peche et 
les deux stocks, l'echantillonnage en debut et en fin de 
saison de peche est moindre qu'au milieu. Aces periodes, 
les volumes debarques sont faibles et sont immediatement 
traites par les usines. 

Le sebaste (Sebastes mentella) 

INTRODUCTION 

La peche de cette espece au Quebec a debute au milieu 
des annees cinquante. Son veritable essor a eu lieu a partir 
de 1963 et les debarquements ont culrnine entre 1967 et 
1973 aux environs de 30 000 t. Ce sommet a ete suivi 
d'une chute abrupte a cause de Ia rarefaction de Ia res
source, mais une Iegere reprise s'est amorcee en 1981 fai
sant remonter les debarquements a 11 000 t apres un 
minimum de 4000 t en 1976. La majeure partie des 
debarquements proviennent du stock de sebaste de 4RST. 
Cependant, en fin ou en debut de saison, certains debar
quements faits a Cap-aux-Meules proviennent de 3P ou de 
4V. 

A Ia suite des recommandations de Ia CIP ANO, un 
echantillonnage de faible envergure du sebaste, pour les 
longueurs, a ete realise a Ia Tabatiere entre 1958 et 1961 
avant Ia fermeture du laboratoire. Nile sexe des poissons, 
ni le poids des echantillons n'ont ete enregistres. 

Jusqu'au debut des annees soixante-dix, le sebaste ne fai
sait pas partie des especes etudiees par Ia DRST. A partir 
de 1975 un programme d'etude des poissons demersaux a 

ete envisage, et comme pour Ia morue un programme 
d'echantillonnage a ete mis en place. A cause des difficul
tes evoquees dans le chapitre sur Ia morue, i1 a ete rem place 
par le programme actuel. 

BUTS ET TECHNIQUES ACTUELS DE L'ECHANTILLONNAGE 

Les objectifs de l'echantillonnage etabli en 1978 sont : 
1) de suivre !'evolution de l'abondance des classes de 

longueur et des classes d'age dans les captures 
2) d'evaluer les parametres de Ia croissance 
3) de realiser des courbes de capture et d'etablir des 

matrices de captures par generation afin de suivre 
!'evolution de Ia mortalite par Ia peche 

4) de comparer les compositions en longueurs et en 
ages des captures avec celles obtenues au cours des 
croisieres scientifiques d'echantillonnage a !'aide 
d'un plan de chalutage stratifie aleatoire. 

Comme pour Ia morue, le programme d'echantillonnage 
du sebaste au debarquement est base sur Ia presence 
de techniciens saisonniers situes dans les principaux points 
de debarquements des chalutiers pour Ia recolte des statis
tiques concernant !'effort de peche et les captures durant 
Ia saison de peche. 

Le principe de l'echantillonnage et les donnees recoltees 
pour cette espece sont les memes que pour Ia morue 
(environ 500 longueurs par mois et par engin, provenant 
d'au moins trois debarquements). Pour cette espece, le 
sexe des individus est determine. Depuis 1980 Ia majeure 
partie de l'echantillonnage (tableau 3) se fait a Cap-aux
Meules oil ont lieu les debarquements les plus importants, 
mais aussi a Riviere-au-Renard, Matane et Mingan. 

L' echantillonnage des otolithes se fait a Cap-aux
Meules et Riviere-au-Renard. lis ont ete preleves sur 600 
individus en 1980 et 771 en 1981. II consiste a prelever, sur 
une base semestrielle, 10 paires d'otolithes par classe d'un 
centimetre et par sexe, independamment des engins de 
peche. 

TABLEAU 3. Nombre de sebastes mesures au debarquement par 
Ia province de Quebec de 1958 a 1981, par engins. 

Chalutier 
Chalutier• a Filet 

Annee a sebaste crevette Pa1angre maillant 

1958 1969 
1959 
1960 2880 
1961 8695 
1975 157 
1976 808 
1977 
1978 363 2621 242 
1979 3411 671 
1980 3858 4032 640 
1981 4744 4075 

acomprend les chalutiers de toute taille utilisant des chaluts de 
fond ou semi-pelagiques ou pelagiques pechant le sebaste avec 
une maille d'environ 89 mm. 
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METHODES DE STOCKAGE ET DE TRAITEMENT PRIMAIRE 
DES DONNEES 

La facon de stocker les echantillons de longueurs et 
d'ages de sebaste est Ia meme que pour Ia mo-rue. Les 
traitements primaires possibles sont les memes. La seule 
difference est que les echantillons sont separes par sexe. 

DISCUSSION 

L'echantillonnage des chalutiers de 40 m des lies-de-Ja
Madeleine qui sont responsables de plus de 50 % des 
debarquements de sebaste au Quebec, n'est devenu effec
tif qu'en 1980. Ce n'est qu'a cette date qu'un technicien a 
ete charge de recueillir des statistiques de peche au pres des 
chalutiers de 40 m. Auparavant, ce travail etait fait par du 
personnel ne dependant pas de Ia DRST. 

Les debarquements des crevettiers de Ia peninsule 
gaspesienne, ou de Mingan, ont ete echantillonnes de 
facon reguliere depuis 1978. L'echantillonnage du sebaste 
peche par des engins fixes est irregulier (tableau 3). Les cap
tures de sebaste par les engins fixes representent un faible 
volume et sont des prises accidentelles de Ia peche aux 
engins fixes du fletan du Groenland. 

Fletan du Groenland 
(Reinhardtius hippoglossoides) 

INTRODUCTION 

Les premieres statistiques de debarquement du Fletan 
du Groenland remontent a 1957, ou les captures n'at
teignerent alors que 500 kg. Les debarquements de cette 
espece demeurerent relativement faibles par Ia suite, et ce 
n'est que vers les annees 1975 et 1976 que cette peche pris 
de !'importance. A l'origine, Ia plupart des debarque
ments etaient constitues des prises accessoires des chalu
tiers a crevette mais depuis 1978, il s'est developpe au 
Quebec une peche cotiere au filet maillant dirigee vers 
cette espece et responsable de plus de 80 % des debarque
ments depuis 1979 (Tremblay et Axelsen 1981). 

Jusqu'en 1979, pres de Ia moitie des debarquements de 
fletan du Groenland ont ete effectues dans Ia region de 
Riviere-au-Renard. L'autre moitie des debarquements 
provenait des regions de Rimouski et Matane jusqu'en 
1976, et en moindre importance de Ia Cote Nord de Ia 
peninsule gaspesienne (Ste-Anne des Monts a Cloridorme) 
ainsi que de Ia Moyenne Cote Nord (Sept-lies a Natash
quan). Depuis 1978, avec le developpement d'une peche 
cotiere importante a !'embouchure de l'estuaire maritime 
du Saint-Laurent, les debarquements se sont concentres 
principalement dans les regions de Matane et St-Joachim 
de Tourelle, ainsi que dans d'autres petites localites sises 
le long de Ia cote nord de Ia peninsule gaspesienne 
(Tremblay et Axelsen 1978). 

BUTS ET TECHNIQUES ACTUELS DE L'ECHANTILLONNAGE 

C'est en 1978 qu'a debute l'echantillonnage au debar
quement du Fletan du Groenland au Quebec. Les objec
tifs poursuivis par cet echantillonnage constitue d'une 
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recolte de donnees biologiques et biometriques, sont les 
suivants: 

1) etude de !'evolution temporelle des structures de 
taille et d' age 

2) accumulation de donnees historiques necessaires a Ia 
creation de tableaux de capture a !'age utilise dans 
les modeles de dynamique de population et neces
saire aux avis de gestion 

3) recolte de donnees sur Ia maturite sexuelle afin 
d'evaluer le taux de reproduction 

4) estimation de Ia croissance et Ia mortalite 
5) separer le stock du golfe de celui de I' exterieur du 

golfe. 
Le fletan du Groenland du golfe du Saint-Laurent 

(division 4RST) est considere comme un stock unique eta 
ete echantillonne comme tel. Au depart, cet echantil
lonnage, constitue de Ia recolte de donnees de longueur et 
d'otolithes, s'effectuait a partir de Riviere-au-Renard et 
provenait des trois principaux engins de peche capturant 
du fletan du Groenland soit : les chalutiers a crevette, les 
chalutiers a morue et les filets maillants. En 1979, cette 
recolte de donnees s'intensifie et s'etend a Matane et 
Mingan. 

A partir de 1980, on ajoute St-Joachim de Tourelle 
comme point d' echantillonnage. De plus, le plan general 
de cueillette de donnees devient beaucoup plus structure. 
En effet, en plus des donnees de longueur, s'ajoute un 
echantillonnage stratifie pour les otolithes, accompagne 
d'une prise du poids individuel des individus echantil
lonnes. A partir de septembre, on preleve mensuellement 
un echantillon d'individus males et femelles ou on y effec
tue une evaluation des stades de maturite. Enfin, Ia recolte 
des donnees se concentre sur les deux principaux engins de 
peche responsables des captures : le chalutier a crevette et 
le filet maillant. 

Le volume theorique d'echantillonnage des longueurs 
est de 300 a 500 individus par mois, par sexe et par type 
d'engins de peche provenant de trois debarquements dif
ferents. Cet echantillonnage est effectue par les techni
ciens responsables de la recolte des statistiques de peche et 
situes dans les ports de Riviere-au-Renard, Matane et 
Mingan. Lors de la cueillette des donnees plus specifiques 
(otolithes, stades de maturite, poids individuels), les tech
niciens sont aides par une equipe volante constituee de 
deux personnes provenant du laboratoire de Quebec. La 
frequence d'echantillonnage des otolithes est effectuee sur 
une base semestrielle pour !'ensemble du territoire au 
rythme de trois otolithes par classe d'un centimetre par 
sexe et par semestre. Enfin, le volume d'echantillonnage 
lors de !'evaluation des stades de maturite est de 100 a 151 
individus par sexe et par mois. 

L'echantillonnage s'effectue d'une facon aleatoire et Ia 
methode utilisee est Ia suivante : le poisson est debarque 
dans des bacs dont le volume peut varier suivant le port ou 
s'effectue l'echantillonnage, par Ia suite on prend au 
hasard, ou selon les disponibilites, le nombre de bacs 
necessaire pour obtenir le volume d'echantillonnage 
desire. 

Apres a voir preleve l'echantillon, on y determine le sexe 
de tous les individus presents. Par la suite Ia longueur 
totale est enregistree au em le plus pres, et le poids de 



TABLEAU 4. Principales donnees• biometriques et biologiques recoltees lors de l'echantillonnage au debarquement du fletan du 
Groenland de 1978 a 1981 en 4RS. 

Stade de maturite et 
Donnees sur Ia longueur rapport gonosomatique 

Chalutier 
a 

Annee crevette Filet maillant 

1978 823 919 
1979 3296 1530 
1980 7446 1370 
1981 9348 1717 

•Nombre d'individus echantillonnes. 

l'echantillon (glace enlevee) est determine au kilogramme 
pres pour les mll.les et les femelles separement. Lors de Ia 
recolte des otolithes, Ia longueur du poisson est prise au 
mm pres et le poids individuel est determine au gramme 
pres. La prise du poids individuel sert egalement a etablir 
une relation longueur-poids du type P = aLb qui est utilise 
pour estimer le poids de l'echantillon lorsqu'il n'a pu etre 
obtenu lors de l'echantillonnage. Enfin, !'evaluation des 
stades de maturite est faite par un examen macroscopique 
ou par determination du rapport gonosomatique. Le 
tableau 4 montre les principales donnees biologiques et 
biometriques recueillies depuis 1978 sur le stock de fletan 
du Groenland du golfe du Saint-Laurent. 

TECHNIQUES DE STOCKAGE ET DE TRAITEMENT PRIMAIRE 

Ce sont les m~mes techniques qui ont ete uniformisees 
et qui sont utilisees pour tout l'echantillonnage au debar
quement des poissons demersaux. Biles ont ete decrites 
dans Ia section « Morue ». 

DISCUSSION 

Le volume theorique d' echantillonnage mensuel d' envi
ron 500 individus par sexe et par engin est difficilement 
observable etant donne les contraintes rencontrees dans 
les ports de debarquement telles que vitesse des debarque
ments, priorite de tranchage de certaines especes, 
dechargement simultane de bateaux possectant des engins 
de p~che differents, etc. 

Les chalutiers a crevette subissent un effort d'echantil
lonnage superieur aux autres types d'engins de peche. Ce 
surechantillonnage s'explique par le fait que dans deux 
des trois principaux ports de debarquement ou nous prati
quons de l'echantillonnage, soit Matane et Mingan, Ia 
presque totalite des debarquements proviennent des cha
lutiers a crevette. De plus, i1 est tres difficile d' echantillon
ner Ia p~che cCitiere (filet maillant) puisque celle-d est tres 
irreguliere et dispersee le long de Ia cCite. A cela s' ajoute le 
fait que les prises sont acherninees tres tCit le matin vers les 
usines de transformation ou elles sont traitees 
presqu'immediatement. Enfin, c'est volontairement que 
les chalutiers a morue ont ete delaisses etant donne les 
faibles quantites de fletan du Groenland debarquees. 

Un autre probleme rencontre lors de cet echantillon
nage, est le manque de regularite dans le prelevement de 

Chalutier 
a 

morue Otolithes Males Femelles 

1501 133 
147 

389 450 499 
446 313 174 

nos donnees au cours de Ia saison de p~che puisqu'on 
observe un sous-echantillonnage en debut et fin de saison 
de p~che. Au debut de Ia saison de peche, ce sous
echantillonnage est occasionne par le manque de ressource 
humaine. En effet, les techniciens dans les ports sont sai
sonniers et ne sont pas toujours en poste au moment ou 
debute Ia saison de p~che. De plus, comme leur mandat 
est de s' occuper principalement de Ia cueillette de statis
tiques des chalutiers a crevette et que cette p~che est tres 
active a cette epoque, ils n'ont plus beaucoup de temps 
pour echantillonner le poisson provenant des debarque
ments des differents types de chalutiers et encore moins 
pour celui provenant de Ia p~che cCitiere. 

En fin de saison, le probleme de sous-echantillonnage 
est de tout autre nature. En effet, ce probleme est pro
voque par des debarquements peu nombreux et tres irre
guliers. En consequence, les captures sont rapidement 
transformees laissant peu de chance au technicien de pre
lever son echantillon. 

Plie canadienne (Hippoglossoides platessoides) et 
plie grise (Glyptocephalus cynoglossus) 

INTRODUCTION 

Au Quebec, les debarquements de plie grise et de plie 
canadienne sont compiles sous le terme general de « plies » 
puisque ces deux especes ne sont pas separees lors de Ia 
transformation. Les statistiques de debarquements sont 
transmises a l'OPANO sous forme de debarquements de 
plie canadienne et de plie grise. Pour ce faire, le Bureau 
de Ia Statistique du Quebec identifie l'espece de plies en 
tenant compte de l'espece principale debarquee ainsi que 
de Ia distribution bathymetrique des deux especes de plies. 

Les premieres statistiques de debarquements de plies au 
Quebec remontent a 1947 ou les captures enregistrees 
n'etaient que de 138 tonnes. Les captures ont augmente 
jusqu' au milieu des annees soixante et se maintiennent 
depuis lors entre 3500 et 5000 t. Dans le golfe du Saint
Laurent, on distingue deux stocks de plie canadienne, celui 
du nord (division 4RS) et celui du sud (division 4T), et un 
stock de plie grise, celui du nord (division 4RS). 

La plie canadienne et Ia plie grise n'ont jamais ete des 
especes recherchees au Quebec, sauf au debut des annees 
soixante ou une peche dirigee vers Ia plie canadienne s'etait 
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developpee aux lles-de-la-Madeleine, mais elle ne dura que 
quelques annees (1962 a 1964). II y eut de plus en Gaspesie, 
de 1976 a 1978, une peche dirigee vers Ia plie canadienne 
mais elle se pratiquait a Ia fin de Ia saison lorsque les con
tingents de morue etaient atteints. De fac;:on generale les 
captures de plies proviennent des prises accessoires des 
chalutiers a morue et a crevette. 

La plie canadienne, dont le volume debarque est le plus 
important, est principalement capturee dans les divisions 
4T et 4RS de l'OP ANO par les chalutiers a morue depuis 
les annees cinquante. Une autre proportion des debar
quements provient des prises accessoires des chalutiers a 
crevette pechant dans le nord-ouest du golfe (4RS) depuis 
1965. Les principaux ports de debarquement pour Ia plie 
canadienne sont : Newport, Grande-Riviere Riviere-au
Renard et les lies-de-Ja-Madeleine pour les' chalutiers a 
morue, et Riviere-au-Renard, Matane et Mingan pour les 
chalutiers a crevette. Enfin, dans plusieurs petites localites 
de la Gaspesie, il se debarque de legeres quantites de plie 
canadienne provenant de la peche ctltiere (filets maillants). 

Les captures de plie grise proviennent surtout du 
nord-ouest du golfe (4RS) et sont constituees des prises 
accessoires des chalutiers a crevette debarquant a Riviere
au-Renard, Matane et Mingan, ainsi que des captures pro
venant des chalutiers a morue debarquant a Riviere-au
Renard. Enfin, les statistiques revelent qu'une part infime 
des debarquements de plie grise provient des chalutiers a 
morue pechant dans Ie sud du golfe (4T). 

11 n'y a pratiquemment jamais eu d'echantillonnage au 
debarquement sur Ies plies avant 1978. Seul un echantillon 
de 525 plies canadiennes avait ete recolte en meme temps 
qu'un echantillonnage de morue, sur des chalutiers a 
morue ayant peche en 4RS et 4T en 1961. Les principales 
donnees recueillies lors de l'echantillonnage au debarque
ment de Ia plie canadienne de 4RS et 4T et de Ia plie grise 
de 4RS, depuis 1978, sont presentees aux tableaux 5 et 6. 

BUTS ET TECHNIQUES ACTUELS DE L'ECHANTILLONNAGE 

C'est en 1978, lors de la mise en marche d'un pro
gramme d'echantillonnage sur Ies poissons demersaux a 
Newport, Riviere-au-Renard, Matane et Mingan que 
debuterent les premieres recoltes de donnees biologiques 
et biometriques provenant de debarquements de plie cana
dienne et de plie grise des chalutiers du Quebec. L'objec-

TABLEAU 5. Principales donnees• biometriques et biologiques 
n!coltees Iors de l'echantillonnage au debarquement de Ia plie cana
dienne de 1978 a 1981 dans 4RS et 4T. 

Donnees de longueur 
Chalutier a Chalutier a 

Annee morue crevette 
1978 1976 1552 186 
1979 127 389 1768 
1980 661 4516 3013 498 
1981 1455 4731 2563 

•Nombre d'individus echantillonnes. 
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Recolte 
d'otolithes 

326 
149 585 
395 202 

TABLEAU 6. Principales donnees• biologiques et biometriques 
recoltees lors de l'echantillonnage au debarquement de Ia plie grise 
de 1978 a 1981 dans 4RS. 

Donnees de longueur 
Chalutier a Chalutier a Recolte 

An nee morue crevette d'otolithes 
1978 455 1411 
1979 143 1032 128 
1980 121 2831 375 
1981 1096 3066 448 

•Nombre d'individus echantillonnes. 

t~f vise par cet echantillonnage etait d'accumuler, en pro
fitant de Ia disponibilite de techniciens dans Ies ports, des 
donnees historiques de longueurs et d'ages afin de pouvoir 
construire ulterieurement des tableaux de captures a l'age 
par annee. Ces donnees ont ete recueillies egalement dans 
le but de pouvoir determiner certaines caracteristiques bio
logiques de ces stocks, telles que Ia mortalite et Ia crois
sance, dans l'eventualite d'une mise en marche de program
mes de recherches sur ces especes. 

Les techniques d'echantillonnage utilisees sont les 
memes que celles decrites pour les autres poissons demer
saux (morue, fletan du Groenland, sebaste). Les principales 
donnees recoltees sont Ies suivantes : 

1) Ie sexe 
2) la longueur au em pres 
3) le poids total des males et des femelles echantillon

nes 
4) echantillonnage stratifie d' otolithes au rythme de 

cinq otolithes par classe de 1 em, par sexe et par 
semestre, accompagne de la longueur au mm pres du 
poisson 

5) depuis 1980, determination du poids individuel au 
gramme pres pour Ies poissons ayant servi a Ia 
recolte des otolithes. 

Ces echantillons sont preleves, chez les deux especes de 
plie~, au rythme de 300 a 500 individus par mois, par 
engm de peche et provenant de trois debarquements 
differents. 

TECHNIQUES DE STOCKAGE ET DE TRAITEMENT PRIMAIRE 

Ce sont les memes techniques qui ont ete uniformisees 
et qui sont utilisees pour tout l'echantillonnage au debar
quement des poissons demersaux. Elles ont ete decrites 
dans Ia section « Morue ». 

DISCUSSION 

L'objectif d'echantillonnage d'environ 500 individus 
par sexe, par engin, par mois, est difficilement respecte 
dans Ie cas de la plie canadienne et de Ia plie grise. En 
effet, cette recolte de donnees est assujettie, Iors du debar
quement, aux memes contraintes physiques qui ont ete 
discutees dans la section traitant de l'echantillonnage du 
fletan du Groenland. De plus, etant donne que l'echantil
Ionnage des plies est une recolte de donnees complemen
taires lors de l'echantillonnage d'autres poissons demer-



saux et des crevettes, il est le premier a etre affecte en 
terme de volume echantillonne lorsque surgissent des con
traintes de temps ou de ressources humaines. 

Etant donne que les deux especes de plies sont debar
quees sans etre prealablement triees et qu'elles sont echan
tillonnees simultanement, on observe les memes 
problemes d'echantillonnage chez chacune d'elles. Ces 
problemes sont similaires a ceux observes lors de l'echan
tillonnage des autres poissons demersaux, et consistent en 
un sous-echantillonnage en debut et fin de saison ainsi 
qu'en un Ieger sur-echantillonnage des debarquements des 
chalutiers a crevette pechant dans 4S. Ces problemes ainsi 
que leurs causes ont ete discutes dans la section traitant de 
l'echantillonnage du fletan du Groenland. 

Enfin, on note une absence complete d'echantillonnage 
provenant de la peche cotiere. Cette situation est occa
sionnee par le faible volume des prises debarquees ainsi 
que par les difficultes a echantillonner un type de peche 
caracterisee par des debarquements tres irreguliers et 
disperses sur un territoire tres vaste. 

Le hareng de I' Atlantique 
(Clupea harengus harengus) 

INTRODUCTION 

Traditionnellement au Quebec, la peche du hareng s'ef
fectue a l'aide d'engins cotiers (trappes, fascines, filets 
maillants). De 1959 a 1979, les captures quebecoises de 
hareng rapporterent en moyenne 17 815 t/an. Jusqu'a 
1969, la majorite des captures (15 810 t/an) provenait des 
lles-de-la-Madeleine et de la Gaspesie (2518 t/an). La 
pecherie a toutefois ete grandement modifiee suite a !'in
troduction d'une flotte mobile (seineurs surtout) en 1967 
aux lles-de-la-Madeleine; cette flotte debarqua plus de 
9000 t/an de 1967 a 1970. Apres cette date, les debarque
ments de la flotte mobile chuterent rapidement et furent 
concentres a Gaspe et Paspebiac, rapportant des 1970 plus 
de 37 000 t de hareng dans ce comte. Les debarquements 
des seineurs ont par la suite diminue de facon constante et 
sont tres sporadiques depuis 1976. 

Au cours des dernieres annees, les debarquements 
gaspesiens paraissent s'etre retablis a leur niveau normal 
mais ceux des Iles-de-la-Madeleine demeurent pratique
ment dix fois inferieurs a ce qu'ils etaient au cours des 
annees soixante. Par contre, la Cote-Nord a vu ses debar
quements passer de 79 tl an au cours des annees soixante a 
plus de 430 t/an en moyenne de 1969 a 1979. 

Les premiers echantillonnages de hareng ont ete effec
tues au Quebec dans le cadre de la "Canadian Fisheries 
Expedition" de 1914-15 (Hjort 1915). Le ministere de 
l'Industrie et du Commerce du Quebec a par la suite con
tribue a la realisation des travaux de Jean en 1942-43 
(Jean 1967) et en 1952-53 (Jean 1956). Ces etudes visaient 
a acquerir des donnees sur la biologie generate de l'espece 
et sur la delimitation des stocks. L'office de recherche sur 
les pecheries du Canada effectua egalement, entre 1946 et 
1948, des travaux pour la delimitation des stocks de 
hareng quebecois (Day 1957a, b). 

Ce n'est toutefois qu'a partir de 1975 que furent inves
tis des efforts d'echantillonnage plus systematiques. 

Jusqu'en 1977 ceux-ci furent concentres dans la region de 
l'Ile Verte et autour de la peninsule gaspesienne. Des don
nees biologiques (longueur, poids, sexe, etc.) meristiques 
(rayons des nageoires, branchictenies, scutelles osseuses) 
et morphologiques de l' otolithe ont ete recensees sur les 
echantillons permettant ainsi la distinction des trois stocks 
majeurs frequentant la peninsule gaspesienne (hareng de 
printemps de l'Ile Verte, hareng de printemps et 
d'automne de la peninsule gaspesienne (Cote et al. 1980). 

En 1978 un travail similaire d'identification de stocks a 
ete entrepris sur la Basse Cote-Nord et poursuivi en 1979 
et 1980. Parallelement aux travaux d'identification des 
stocks, des echantillons ont ete recoltes aux 1les-de-la
Madeleine a partir de 1978 tandis que les echantillonnages 
deja entrepris dans la Baie des Chaleurs et sur la Basse 
Cote-Nord se sont poursuivis. Ceux-ci visaient soit a 
suivre !'evolution des populations ou encore a atteindre 
des objectifs strictement biologiques (periodes et zones de 
frai en relation avec d'autres formes d'exploitation, possi
bilites d'extension de la peche, etc.). 

BUTS ET TECHNIQUES ACTUELS D'ECHANTILLONNAGE 

Les echantillonnages actuels visent principalement a 
suivre !'evolution des structures de taille et d'age des 
populations soumises a !'exploitation sur la Cote-Nord et 
aux Iles-de-la-Madeleine. 

Les debarquements de hareng sont repartis sur toutes 
les cotes maritimes quebecoises et des captures sont enre
gistrees dans la majeure partie des ports echelonnes le 
long des cotes. Le choix des lieux d'echantillonnage 
depend done des buts vises par l'etude de la disponibilite 
des prises au moment de l'echantillonnage. Le choix du 
bateau est egalement fait en fonction de ces criteres en 
tenant compte egalement de la fiabilite du pecheur et de 
l'engin utilise par ce dernier. Les echantillons comptent 
generalement 200 individus achetes hebdomadairement 
directement du pecheur. 

L'examen des specimens se fait au laboratoire humide; 
la longueur est mesuree au millimetre pres puis, ramenee 
au centimetre inferieur pour Ia confection des distribu
tions de frequences. Le poids corpore! est enregistre au 
gramme pres et le poids des gonades au dixieme de 
gramme. Le sexe et le stade de maturite sexuelle sont 
evalues selon une echelle relative adaptee de Boyar (1968) 
(Courtois et al. 1983). Le gras coelomique (presence ou 
absence) de meme que le degre de repletion de l'estomac 
sont determines de facon visuelle. Les otolithes de to us les 
specimens sont preleves et montes dans des treillis de plas
tique puis lus dans !'ethanol a 95 Ofo. En plus de ces don
nees, les caracteres meristiques suivants peuvent etre 
denombres lorsque des objectifs de delimitation de stock 
sont vises : rayons de nageoires dorsales, pectorales et 
anales, branchictenies et scutelles osseuses. 

TECHNIQUES DE STOCKAGE ET DE TRAITEMENT PRIMAIRE 

De 1975 a 1980, les donnees etaient stockees sur bandes 
magnetiques au Bureau Central d'Informatique (BCI) 
du Ministere des Communications du Quebec, et traitees a 
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!'aide de l'utilitaire EXTRACTO de ce ministere et du 
logiciel SPSS. 

Depuis 1981, les donnees sur le hareng sont stockees sur 
disques magnetiques a l'Universite Laval et traitees par 
l'intermediaire d'un terminal Ieger situe a Grande-Riviere 
en Gaspesie. Le traitement s'effectue a !'aide d'une serie 
de programmes APL (Courtois et a!. 1983). Les traite
ments statistiques sont habituellement faits a !'aide des 
utilitaires de l'Universite Laval. 

DISCUSSION 

L'echantillonnage au debarquement s'avere difficile 
pour un certain nombre de raisons. La multitude et Ia dis
persion des points de debarquement le long de Ia cote rend 
onereuse Ia cueillette des echantillons. En plus, certains 
ports tels que ceux de Ia Basse Cote-Nord, sont difficiles 
d'acces. 

La gestion efficace de cette ressource demande en 
premier lieu Ia delimitation claire des unites de stock. 
Parallelement a cette recherche, il faudra se pencher 
attentivement sur les methodes d'echantillonnage rea
listes, susceptibles de fournir !'image Ia plus conforme 
possible de l'etat de ces stocks. 

Homard d' Amerique (J-Iomarus americanus) 

INTRODUCfiON 

Bergeron (1967a) note qu'au Quebec, c'est dans Ia Baie 
des Chaleurs, dans les annees 1870, que debute Ia peche 
du Homard dans les secteurs de Gaspe et des lies-de-Ja
Madeleine. Cette peche se developpe a Ia meme epoque, 
tandis que sur Ia Cote-Nord, elle commence environ 
10 ans plus tard. Dans les districts de Gaspe et de Bon
aventure, cette activite connait une expansion rapide les 
cinq premieres annees et les debarquements deviennent 
alors aussi importants que ceux qu' on observe aujourd'hui. 
Aux lles-de-la-Madeleine, Ia peche connait une progres
sion beaucoup plus lente, et c'est seulement a partir de 
1912 que les captures atteignent un niveau comparable 
aux prises actuelles. 

Les premiers travaux scientifiques accomplis sur le 
homard peche au Quebec sont ceux de Templeman (1935), 
qui en 1931 et 1932 effectue des travaux d'etiquetage aux 
1Ies-de-la-Madeleine en meme temps qu'a l'lle-du-Prince
Edouard. Le premier echantillonnage recense fut effectue 
a Grande-Riviere a l'automne de 1939 (Tremblay et a!. 
1941). A partir de cette date et jusqu'en 1947, un impor
tant programme d'echantillonnage s'est poursuivi princi
palement dans les districts de Gaspe et de Bonaventure, a 
partir de 10 aires d'echantillonnage, et d'une fa~on moins 
intensive aux lies-de-Ja-Madeleine et a !'lie d' Anticosti. 
L'echantillonnage en Gaspesie avait pour but de carac
teriser les populations de homard de cette region, et de 
mettre en evidence les traits qui le differencient de celui 
des iles-de-la-Madeleine et de !'lie d' Anticosti. Apres 
cette periode, les principaux travaux vont se derouler aux 
lies-de-Ja-Madeleine. A partir de 1950 et jusqu'en 1967, 
un echantillonnage annuel est effectue a partir de diffe-
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rents sites dont le nombre varie de 7 a 13; Ia subdivision 
du territoire en sous-regions d'echantillonnage est alors 
artificielle et ne repose sur aucun critere d' ordre biolo
gique. On distingue alors deux types d'echantillonnage: 

1) echantillonnage des captures completes; le pecheur 
rapporte au quai tous les homards captures (tailles 
commerciales, non commerciales et les femelles 
ceuvees) afin d'etre mesures. 

2) echantillonnage des captures commerciales; seuls les 
homards de taille legale (mesurant plus que 76,2 mm 
de cephalotorax) sont mesures. De fa~on generale, 
on vise a effectuer trois echantillonnages de chaque 
type et dans chaque sous-region au cours d'une 
saison. Les statistiques de captures et d'efforts de 
peche sont cumulees a partir des memes sous
regions. Le but vise etait alors de suivre !'evolution 
des rendements de peche et des captures en tenant 
compte des structures de population. Bergeron 
(1967b) effectue une analyse de l'echantillonnage 
realise entre 1950 et 1959. Apres 1967, les travaux 
systematiques d'echantillonnage sont interrompus 
jusqu'en 1979; le travail accompli depuis est decrit a 
Ia section suivante. Le tableau 7 donne le nombre de 
homards examines pour chaque annee entre 1939 et 
1981. 

BUTS ET TECHNIQUES ACfUELS D'ECHANTILLONNAGE 

En 1981, Ia DRST decidait d'interrompre l'echantillon
nage des captures commerciales et de poursuivre ses acti
vites d'echantillonnage en mer (Lamoureux et a!. 1983). 
La technique decrite ici ne portera done que sur l'echan
tillonnage des captures completes realisees a bord de 
bateaux de peche. 

Buts et objectifs 

Cet echantillonnage vise de fa~on generale a obtenir 
pour une zone donnee, une image de Ia structure des 
populations avant et apres Ia saison de peche. II permet 
ainsi de mesurer l'effet de Ia peche sur Ia population et de 
suivre d' annee en annee I' etat des stocks, de caracteriser 
les regions au niveau du sexe-ratio ainsi que de I' abon
dance du homard pre-recru et des femelles oeuvees. II 
permet aussi !'evaluation de certains parametres, comme 
Ia mortalite par Ia peche. 

Nature des donnees recoltees 

- Identification du pecheur, du port et debarque
ment, et date 

- Longueur du cephalothorax, sexe, stade et quantite 
des ceufs 

- Position et nombre de casiers !eves 
- Poids de Ia capture (homard commercial) 
- Temperature de l'eau en surface et au fond. 
Les longueurs du cephalothorax sont prises au 1/10 

de mm. Les ceufs sont classes en trois categories : 
- vert fonce, noir et opaque, rond 
- brun, une partie de I' oeuf est translucide 
- rose, rouge translucide. 



TABLEAU 7. Nombre de homards examines au cours des echantillonnages entre 1939 et 
1981. 

Yles-de-la- Ile 
An nee Gaspe Bonaventure Madeleine d' Anticosti 

1939 356 
1940 286 
1941 456 
1942 673 
1943 785 
1944 4 172 3 838 
1945 5 235 3 214 2 508 
1946 2 976 966 
1947 2 048 2 076 

Zones de peche• - Iles-de-la-Madeleine 

2 3 4 Total 

Ab Bb A B A B A B A B 

1950 I 580 I 656 484 3 720 
1951 988 I 528 1 103 I 450 2 516 2 553 
1952 370 1 243 633 332 236 368 1 849 1 133 
1953 860 451 2 033 740 308 621 218 4 254 933 
1954 2 026 1 513 2 206 1 035 1 632 150 6 386 
1955 1 218 I 218 
1956 454 1 269 1 723 
1957 123 302 188 302 311 
1958 I 158 2 993 301 4 151 301 
1959 3 087 955 3 394 559 6 481 I 514 

1961 621 1 999 927 3 547 
1963 3 240 2 953 3 311 2 016 1 955 I 565 523 1 096 9 047 7 630 
1964C 4 939 5 208 2 444 3 041 15 632 
1965C 2 380 3 129 1 084 I 694 8 337 
1966C 4 833 4 702 980 1 895 12 410 
1967C 1 237 2 579 3 424 1 052 6 292 

1979 3 360 1 680 1 308 722 I 376 I 070 757 I 133 6 801 4 605 
1980 2 374 1 591 I 461 848 884 I 299 692 1 365 5 411 5 103 
1981 3 069 1 866 830 553 6 318 

•Voir figure 2. 
bA: Capture complete, B: Capture commerciale. 
coe 1964 a 1967 les echantillonnages effectues au debarquement n'ont pas ete compiles. 

Description de t'echantillonnage pour les 
lies-de-/a-Madeleine en 1982 

Choix des sites : six aires seront echantillonnees, trois 
dans Ia zone de gestion nord: Grosse-lie, Etang du Nord, 
Millerand, et trois dans Ia zone sud : Grande-Entree, 
Havre-aux-Maisons, lie d'Entree. Leur repartition assure 
une bonne representativite autour de l'archipel et leur 
choix tient compte des differences regionales que nous 
avons observees lors des echantillonnages precedents. De 
plus, ces sites sont parmi les plus importants en terme de 
volume des captures. 

Choix des bateaux: etant donne que l'echantillonnage 
se fait a bord des navires, nous sommes done limites dans 
ce choix; certains capitaines se montrent reticents a 
embarquer un observateur. 

Periodes et frequence d' echantillonnage : aux Iles-de
la-Madeleine Ia saison de peche commence le 10 mai et se 
termine le 10 juillet. Pour chaque site, deux echantil
lonnages seront effectues au debut de Ia saison de peche, 
entre les 10 et 25 mai, et deux autres a Ia fin entre le 
28 juin et le 10 juillet. 

TECHNIQUES DE STOCKAGE ET DE TRAITEMENT PRIMAIRE 

Les mensurations sont notees sur papier aquafuge, et 
elles sont ensuite compilees sur une fiche standard. Ces 
donnees sont saisies sur informatique en APL, sous forme 
de trois vecteurs, representant Ia distribution de frequence 
des males, des femelles et des femelles reuvees. Les infor
mations complementaires concernant Ia date d'echantil
lonnage, le poids de Ia capture, etc ... , sont codees et gar
dees en memoire. 
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FIG. 2. Carte indiquant les differentes aires de peche oil l'echantillonnage est regroupe (d'apres Bergeron 1976b). 



DISCUSSION 

Le tableau 8 rapporte, pour 1979 et 1980, le pourcen
tage en poids du homard echantillonne par rapport au 
total des prises dans les quatre zones illustrees a Ia figure 
2. Bien que ce pourcentage soit faible, le tableau 7 montre 
que le nombre correspondant de homards mesures par 
zone, au cours des saisons de peche de 1979 et 1980, varie 
entre 700 et 3 300 individus; les distributions de taille qui 
en resultent sont, dans Ia plupart des cas, representatives 
pour chacune de ces quatre zones. Cependant, nous avons 
decide, a partir de 1982, d'effectuer deux sorties au lieu 
d'une seule par periode, pour chacune des six aires 
d'echantillonnage identifiees plus haut. La determination 
de ces six aires tient compte des differences regionales 
qu'on observe dans les structures de population et ces 
aires sont situees dans les zones qui sont les plus impor
tantes en terme de debarquements. 

La crevette nordique (Panda/us borealis) 

INTRODUCfiON 

La peche a Ia crevette, Panda/us borealis, a debute en 
1965, annee qui marque le debut de peches exploratoires 
qui ont ete menees par Ia Station de Biologie Marine de 
Grande-Riviere, particulierement dans Ia partie nord
ouest du golfe du Saint-Laurent. Suite aces peches d'ex
ploration qui se continuerent en 1966, les debarquements 
de crevettes au Quebec ne cesserent de croitre avec !'im
plantation a Matane d'une usine de transformation. Deux 
phases sont bien distinctes dans I' evolution de cette peche
rie au Quebec : une periode d'accroissement lent de 1965 
a 1972, caracterisee par une augmentation constante de 
I' effort de peche et du nombre d'unites de peche, une 
periode d'accroissement rapide de cet effort a partir de 
1973, cause par l'ouverture d'une deuxieme usine de trans
formation a Riviere-au-Renard, puis d'une troisieme en 
1974 a Mingan sur Ia C5te Nord. Parallelement a !'aug
mentation du potentiel de transformation de cette espece, 
on note durant cette periode une augmentation explosive 
de I' effort de peche et des debarquements. 

La figure 3 presente les territoires de peche a Ia crevette 
dans le golfe du Saint-Laurent, exploites actuellement par 
les crevettiers quebecois ainsi que les points de debarque
ments de Ia crevette au Quebec. Historiquement; les cre
vettiers ont surtout exploite Ia partie nord-ouest du Golfe 
(secteur de Sept-lies) etant donne Ia situation du seul 
point de debarquement disponible a Matane. Avec !'ap
parition d'autres points de debarquements moins eloignes 
des territoires de I' est du Golfe (chenal d' Anticosti, chenal 
d'Esquiman), !'augmentation des captures s'est effectuee 
par !'expansion de !'effort de peche vers des secteurs non 
exploites traditionnellement par le Quebec; cette situation 
se reflete bien en 1980, annee ou !'on observe une diversifi
cation importante des secteurs de peche (fig. 3). 

L'importance grandissante des captures de crevettes par 
le Quebec dans le golfe et leurs importances economiques 
ont justifie Ia mise en place d'un systeme d'echantillon
nage des captures qui puisse fournir les donnees neces-

TABLEAU 8. Rapport en poids du homard echantillonne par 
rapport au homard debarque dans quatre zonesa des Ites-de-la
Madeleine en 1979 et 1980. 

An nee 1979 

Poids 
Captures echantillonne 

1980 

Po ids 
Captures echantillonne 

Zone (kg) (kg) IJfo (kg) (kg) OJo 
----

1 500 495 1 527 0,3 459 445 1 079 0,2 
2 347 660 595 0,2 268 651 664 0,2 
3 166 038 625 0,4 131 600 402 0,3 
4 200 739 344 0,2 166 944 314 0,2 

avoir figure 2. 

saires a Ia gestion rationnelle de I' exploitation de cette 
espece. 

Ce systeme d' echantillonnage a ete mis en place des 
1965 par le Gouvernement du Quebec et couvre les 
periodes de 1966 a 1968, et de 1972 a nos jours. 

Durant Ia premiere periode, des echantillons etaient 
recueillis a intervalles reguliers et traites afin d' analyser Ia 
variation annuelle dans Ia structure du stock et I' evolution 
du rapport des sexes (Couture 1969). 

BUTS ET METHODES ACfUELS D'ECHANTILLONNAGE 

Plusieurs objectifs de recherche justifient cet effort de 
cueillette de donnees et sont relies a un objectif global de 
gestion des stocks de crevettes presents le long des c5tes 
du Quebec. 

1) Etude de I' evolution saisonniere des tailles et du rap
port des sexes au cours de Ia peche commerciale. 

2) Identification des groupes d'lige et estimation de 
leurs abondances par Ia separation des classes 
modales presentes sur les distributions de frequence 
de taille. 

3) Estimation de Ia croissance et de Ia mortalite. 
4) Suivi de Ia composition des captures au cours de Ia 

peche commerciale pour fins d'information aux 
pecheurs, producteurs et gestionnaires. 

C'est a partir de 1972 que s'est developpe un systeme 
permanent d'echantillonnage qui au depart consistait a 
demander aux pecheurs eux-memes de faire l'echantillon
nage en mer et qui maintenant est fonde sur un echantil
lonnage au hasard. 

Le systeme d'echantillonnage utilise couvre toute Ia 
periode de peche d'avril a decembre, periode divisee en 
sous-unites de temps egales (un mois). Al'interieur de ces 
periodes mensuelles un effort legal d'echantillonnage est 
applique; pour chacune des usines de transformation, 
trois echantillons sont preleves selon un calendrier pre
etabli. Au total pres de 48 echantillons d'environ 300 cre
vettes sont recueillis chaque annee. Suite a I' expansion de 
!'effort de peche vers d'autres territoires, des echantillons 
ont aussi ete recueillis pour les secteurs de peche non 
traditionnelle. 

Pour chacun des echantillons recueillis, les donnees 
suivantes sont recueillies : longueur du cephalothorax 
(0,1 mm pres), sexe, maturite sexuelle, nombre de ere-
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FIG. 3. Limites des differentes zones de p@che de Ia crevette nordique, visitees par les chalutiers quebecois. 

vettes et poids de l'echantillon par sexe. La precision de 
mesure de longueur permet de combiner les donnees avec 
differents intervalles de classe; cette possibilite est tres 
importante chez P. borealis puisque Ia determination de 
1'1ige depend en dernier ressort de Ia separation des classes 
modales a partir des distributions de frequences de taille. 
Le choix possible de differents regroupements des donnees 
ameliore ace niveau Ia mise en evidence des modes. 

TECHNIQUES DE STOCKAGE ET DE TRAITEMENT PRIMAIRE 

Les distributions de frequence de taille sont par Ia suite 
transformees usuellement en classes de taille de 0,3 mm 
sur lesquelles une moyenne mobile de 3 est par Ia suite 
appliquee. Ce traitement diminue de facon sensible !'im
portance des pies secondaires et facilite Ia determination 
des classes modales identifiees chez cette espece comme 
des groupes d'1ige. L'application des methodes permet
tant de separer chacun des groupes d'age sur les distribu
tions de frequence de taille constitue Ia derniere etape du 
traitement qui nous permet d'acquerir pour chacun des 
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groupes d'1ige identifies, Ia longueur moyenne ainsi que 
l'abondance relative de chacun de ceux-ci. Ces abon
dances estimees permettent Ia determination de para
metres biologiques, telle Ia croissance (Simard eta!. 1975). 

DISCUSSION 

Le tableau 9 presente l'intensite annuelle d'echantillon
nage pour Ia crevette de 1979 a 1981. Parmi les principaux 
territoires de crevettes du Golfe, !'effort d'echantillon-

TABLEAU 9. Nombre total de crevettes mesurees au debarque
ment, de 1979 a 1981' pour les principaux territoires de peche 
(voir figure 3). 

Chenal Chenal Sud Estuaire 
Sept-lies Anticosti Esquiman Anticosti maritime 

Annee (I) (II) (III) (IV) (V) 

1979 11 280 1 072 
1980 12 995 4 199 479 2593 
1981 12 283 4 723 511 201 1838 



nage est surtout concentr6 dans la partie nord-ouest 
(Secteur de Sept-lies et le chenal d' Anticosti) ou est 
localise en majeure partie !'effort de peche des chalutiers 
quebecois. La necessite de couvrir toute la saison de peche 
justifie l'ampleur d'echantillonnage dans cette region. 11 
existe en effet, au niveau des stocks de crevettes, des varia
bilites saisonnieres et regionales qui doivent etre prises en 
consideration. D'une part, le cycle de reproduction rela
tivement synchrone chez les individus exige que l'echantil
lonnage s'etende sur toute la saison si un des objectifs est 
!'etude de ce cycle. D'autre part, face a l'objectif d'etude 
de l'abondance relative des classes d'age, les variations 
observees dans les distributions de frequences de taille en 
fonction de la profondeur, du secteur de peche, du temps 
et des sites de peche des pecheurs, justifient une tres 
bonne couverture spatio-temporelle de l'echantillonnage. 
Notons de plus, que I' exploitation recente d'autres terri
toires par les crevettiers, a necessite une augmentation 
globale de !'effort d'echantillonnage. 

Le systeme actuel d'echantillonnage rencontre de fa9on 
satisfaisante les o bjectifs. Cependant, 1' analyse des 
donnees recueillies pose encore des problemes concrets 
specialement face a !'estimation de parametres biolo
giques tels la croissance et la mortalite par la peche. Le 
principal probleme demeure !'interpretation des distribu
tions de frequences de taille en terme de groupes d' age; 
ces distributions provenant d'echantillonnages de prises 
commerciales presentent parfois des decalages des modes 
qui rendent tres difficile toute cumulation des donnees. 
Nos efforts de recherche visent actuellement a solutionner 
ces problemes d'analyse. 

Les autres especes 

La DRST a effectue dans le cadre de ses programmes 
de recherche d'autres activites d'echantillonnage de cap
tures commerciales. En particulier, il existe unimportant 
programme d'echantillonnage du crabe des neiges, debute 
en 1975, et traite par Lamoureux et al. (1983). 

Depuis 1979 un echantillonnage mensuel des captures 
de petoncle aux lles-de-la-Madeleine a ete rnis en place. 11 
consiste a relever les poids individuels des muscles con
tenus dans un echantillon d' environ 1 kg par bateau. La 
distribution de frequences des poids est convertie en une 
distribution de frequences de taille des coquilles a I' aide 
d'une clef etablie a partir d' echantillonnages de recherche. 
Cet echantillonnage est reparti entre deux gisements dis
tincts. Un des gisements est actuellement mal represente 
dans les echantillons, Ia peche y etant rare a cause des 
faibles rendements. 

Un echantillonnage des captures commerciales d'an
guilles a eu lieu entre 1970 et 1972 dans Ia region de Quebec, 
en rapport avec Ia teneur en mercure de ces poissons. 11 a 
ete repris depuis 1979 pour essayer de suivre 1' evolution de 
Ia structure de taille des captures. La recolte d'otolithes 
entreprise en 1979 a ete abandonnee a cause du cout 
d'achat des anguilles. 

Nous echantillonnons aussi depuis 1979 les captures 
d'esturgeon noir (longueurs) dans Ia region de Quebec. 
Les captures de cette espece ont repris recemment apres 

une longue interruption et un changement dans les habi
tudes de peche. Ce travail a pour but de verifier s'il y eut 
une augmentation de l'abondance, ou si Ia nouvelle peche 
ne s'exerce pas sur un reliquat de Ia population. Pour Ia 
determination des ages un echantillonnage des pectorales 
est aussi realise depuis 1980 sur cette espece. 

Entre 1959 et 1973 Ia DRST a regulierement echan
tillonne, pour les longueurs, les especes les plus abondantes 
dans les captures d'une peche fixe de type commercial. 
Cette peche est installee sur Ia rive sud du Saint-Laurent a 
Quebec et sert a approvisionner !'aquarium de cette ville. 

Conclusion 

L'echantillonnage des captures commerciales realise 
actuellement par Ia province de Quebec est articule sui
vant deux grands axes : 

un echantillonnage au debarquement couvrant les 
poissons demersaux et Ia crevette nordique qui s' ef
fectue dans les principaux ports de debarquements 
des chalutiers et s'appuie sur le personnel saisonnier 
rnis en place pour Ia recolte des statistiques d'efforts 
de peche. 

- un echantillonnage en mer a bord des bateaux de 
peche pour le homard et le crabe des neiges 
(Lamoureux et a!. 1983). 

Le premier axe represente une bonne solution en ce qui 
concerne Ia crevette qui n'est debarquee que par des 
chalutiers et dont les echantillons, peu encombrants, peu
vent etre transportes et conserves facilement avant 
analyse. Par contre, en ce qui concerne les poissons 
demersaux, il comporte certains defauts. II y a un echan
tillonnage insuffisant en debut et en fin de saison. La cou
verture des engins fixes et cotiers debarquant dans des 
ports secondaires est insuffisante. Le second axe exige 
une organisation plus complexe et plus lourde. II faut 
trouver des embarquements pour les observateurs. Ceci 
reduit Ia frequence et Ia distribution geographique des 
echantillons. Par contre, les renseignements recueillis sont 
plus nombreux et plus complets. En particulier, ils per
mettent d' avoir des renseignements sur le recrutement 
sans avoir a organiser des missions onereuses en mer. 

L'echantillonnage des poissons demersaux devrait 
s'ameliorer dans Ia mesure ou le programme de cueillette 
de donnees statistiques de Ia DRST s'oriente mainte
nant de plus en plus vers Ia peche cotiere. Cette evolution 
devrait avoir aussi des consequences benefiques pour 
l'echantillonnage de captures de hareng dont Ia problema
tique est proche de celle de l'echantillonnage des captures 
de poissons demersaux par les engins cotiers. En 1975 et 
1976 des tentatives d'echantillonnage a !'aide d'equipes 
mobiles ont ete faites pour les poissons demersaux. Les 
difficultes rencontrees pour se trouver le bon jour dans le 
bon port pour echantillonner le bon engin et Ia bonne 
espece, ont ete tres grandes. En effet, Ia base de depart de 
l'equipe, Quebec, etait tres loin des points de debarque
ments et les horaires prevus par les usines souvent modi
fies. Le developpement de laboratoires regionaux pouvant 
envoyer rapidement une personne pour aider le technicien 
present dans le port, devrait permettre !'amelioration de 
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l'echantillonnage au tout debut et a la toute fin de la 
saison de peche quand les usines traitent tres rapidement 
le poisson debarque. 

Au fur eta mesure que !'experience des techniciens pre
sents dans les ports s'ameliore, on devrait assister a une 
plus grande implication de leur part dans l'echantillon
nage en mer, en particulier pour le crabe des neiges, et 
ainsi aboutir a une reduction du cofit de ce programme. 

Pour finir, il nous semble important de souligner sur le 
plan organisationnel et fonctionnel, l'avantage de la pre
sence dans les lieux de debarquements de techniciens a la 
fois charges de recolter des statistiques de peche suivant 
des exigences de qualites convenables pour les chercheurs, 
et de realiser l'echantillonnage de base au debarquement 
ou en mer sur des bateaux de peche. lis representent un 
maillon tres important dans les relations entre la recherche 
et les pecheurs par le fait qu'ils sont capables, en plus de 
leurs fonctions principales, de vehiculer rapidement des 
informations de toute nature dans les deux sens. 
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commercial fishery. 

BAILEY, R. F. J. 1983. A review of the sampling of snow crab (Chionoecetes opi/io) catches in the 
southwestern Gulf of St. Lawrence, p. 77-81. In W. G. Doubleday and/et D. Rivard 
[ed./ed.] Sampling commercial catches of marine fish and invertebrates/L'echantillon
nage des prises commerciales de poissons et d'invertebres marins. Can. Spec. Pub!. Fish. 
Aquat. Sci./ Pub!. spec. can. sci. halieut. aquat. 66. 

Ce document donne un apercu de !'effort et de Ia couverture d'echantillonnage de Ia pecherie 
au crabe des neiges pratiquee par le Nouveau-Brunswick dans le sud-ouest du Golfe Saint-Laurent. 
Les resultats de ce programme d'echantillonnage quinquennal (1977-81) sont compares aux 
normes etablies par Ia CIPANO pour un niveau souhaitable d'echantillonnage d'une pecherie 
commerciale. 

Introduction 

The exploitation of snow crab (Chionoecetes opilio) in 
the southwestern Gulf of St. Lawrence started in 1967. 
From a marginal fishery, it has rapidly grown to be one of 
the most lucrative fishing activities in the area. The 
resource has always been abundant and management con
trols have been minimal, aiming at ensuring a sufficient 
brood stock and the economical viability of the industry. 

Fishing effort is limited by a restricted number of 
fishing licences and a maximum number of traps allowed 
per boat. There is no closed season or catch limitation, 
other than limits enforced sometimes by the industry for 
economical purposes. The catch is thus largely a function 
of the availability of the resource and of the fishing 
capacity of the fleet. Only males with a carapace width of 
95 mm and more are permitted for landing. Females are 
smaller than 95 mm and have no commercial value; they 
are thus totally protected for breeding. Males are all 
mature at about 70 mm (Watson 1970) and can mate with 
several females in a season (Watson 1972). Since males 
are not recruited to the fishery until they reach 95 mm, it 
is believed that the reproductive potential of the popu
lation is virtually unaffected by exploitation. This is 
confirmed by the observation that nearly all mature fe
males are egg bearing (Bailey, unpublished data). 

Growth and recruitment of snow crab are periodic and 
occur during a molting season, generally in midsummer. 
Molting results in the appearance in the catch of soft-shell 
animals which are not suitable for processing. Under the 
current conditions of intense exploitation and strong 
recruitment, the high percentage of soft-shell crabs 

creates a serious seasonal problem for the industry. 
Consequently, to solve this problem, other management 
regimes will have to be considered. Suggested alternatives 
are a summer closed season and a total allowable catch. 
This last alternative could be based on a crustacean
adapted analytical model and would require good 
knowledge of growth and of the size composition of snow 
crab in the catches. Better understanding of the behavior 
of the size composition with time and area would also 
allow monitoring of changes in recruitment and exploi
tation rates. 

This paper presents the results of a 5-yr sampling pro
gram, from 1977 to 1981, which is a first attempt at com
piling information on the size composition of snow crab 
in New Brunswick commercial catches. Sampling was 
carried out in the three ports of landing, Shippegan, 
Lameque, and Caraquet, all within 30 km of each other. 
An independent sampling program has also been organ
ized by the Quebec department of fisheries since 1975, 
covering catches of snow crab made by Quebec fishermen 
in the southwestern Gulf, and landed in Grande-Riviere, 
Ste-Therese-de-Gaspe and Gas cons on the Gaspe Penin
sula, and in the Magdalen Islands. Information on this 
program was presented at this workshop (Lamoureux et 
al. 1983). 

Materials and Methods 

The exploited population of snow crab is distributed 
from Chaleur Bay to the Magdalen Islands, and is re
stricted by the deep Laurentian Channel to the north 
(Fig. 1). Snow crabs prefer muddy substrates where the 

77 



- ' 8orn -· 

lO' 

30' 30' 

30' 62° oo' 

LAURENTIAN CHANNEL 

,7!>rn-. ~'eo,., 

:~~PHAN :; 

:' BANK 

4 

30' 

B 

00 

Fig. 1. Subdivision of snow crab fishing grounds in the southwestern Gulf of St. Lawrence into four 
subareas. 

temperature is generally less than 2°C year long. In the 
southwestern Gulf, most of the ocean floor deeper than 
75 m is a suitable habitat. As a result, the distribution of 
the stock, and consequently that of the fishing effort, is 
subdivided into four subareas. The first subarea is Cha
leur Bay, partially isolated from the next subarea by 
Miscou Bank. The three other subareas are deepwater 
gullies separated by Orphan Bank and Bradelle Bank. 

Boats from New Brunswick and Quebec participate in 
the fishery. The fleet has more than 100units, of which 77 
were registered and landing in New Brunswick in 1980 
and 1981. The major portion of the landings are made in 
that province although Quebec increased its share from 
21% in 1977 to 29% in 1980. Most Gaspe fishermen fish 
in Chaleur Bay and in the first gully, while New 
Brunswick fishermen fish mostly in the three gullies, and 
Magdalen Islands fishermen fish the gully near their 
islands. 

The fishing season usually starts in April, when ice 
conditions permit, and finishes in October-November, 
depending on resource abundance and weather condi
tions. The fishing trips are 1 or 2 d long, three in a week 
on the average, for a potential of some 75 trips per boat 
per season. This means that approximately 5775 indi
vidual landings of snow crab can be made in New 
Brunswick during a season. 

Some sampling of the catches was done at sea on com
mercial boats, but most of the effort was concentrated 
onshore. Allocation of sampling effort among the three 
ports of landing was roughly on the basis of the volume 
landed in each one. More effort was put in Shippegan 
than in Lameque and Caraquet where fewer boats are 
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landing. Fishing area is generally independent of the port 
of landing. 

Once samplers were in a given port, they selected a 
processing plant from those where boats were waiting to 
unload. This selection was based on several factors such 
as the number of boats waiting at each plant, their rel
ative importance in terms of production, and the latest 
date of previous sampling. Usually, two or three boats 
could be sampled in a day from that particular plant. The 
following day, a different plant was selected, sometimes 
in a different port. 

Three types of sample were collected in port and one 
type at sea. This last type of sample consisted in 
measuring all individuals of both sexes from individual 
traps, noting the maturity stage of females. This was 
repeated for several traps hauled during a fishing trip. 
The first type of port sample was done for size measure
ments only. It consisted of two or three boxes (approx. 
30 kg or 70 crabs each) selected randomly as a boat catch 
was unloaded. The sampling team usually tried to get one 
box from the beginning, middle, and end of a load. The 
second type of port sample was taken for size and shell 
hardness, an index of the molting stage of the crabs. 
These samples consisted of 50 individuals taken from a 
randomly selected box in a crab load. To establish 
size-weight relationships, a few samples of a third type 
were measured for individual size and weight. 

To estimate the level of precision achieved by different 
efforts of sampling, the average percent frequency and 
the coefficient of variation of the average frequency in 
different size-classes were calculated with different 
numbers of samples. The samples came from subarea 3 



TABLE 1. Monthly landings and sampling effort of the New Brunswick snow crab fishery from 1977 to 1981. 

No. of samples of 
each type• 

Year Month Landings 2 3 4 No. of samplesb No. of individuals 
(t) per 1000 t per sampleb 

landed 

1977 April 2 0 0 0 0 0 
May 457 1 1 0 0 2.2 242.0 
June 2 122 12 9 0 15 5.7 246.8 
July 2 062 32 31 0 14 15.5 236.2 
August 1 869 36 36 0 52 19.3 265.1 
September 756 11 11 0 33 14.6 251.6 
October 71 2 1 0 0 28.2 241.0 
November 2 0 0 0 0 0 

Total 7 331 94 89 0 114 12.8 250.6 

1978 May 977 11 10 1 0 11.3 181.3 
June 2 405 9 8 1 0 3.7 204.6 
July 2 239 0 0 0 0 0 
August 1 467 5 0 5 0 3.4 108.0 
September 421 0 0 0 0 0 
October 422 0 0 0 0 0 
November 4 0 0 0 0 0 

Total 7 935 25 18 7 0 3.2 175.0 

1979 April 14 0 0 0 0 0 
May 1 289 0 0 0 0 0 
June 2 202 0 0 0 0 0 
July 2 809 8 8 0 0 2.8 186.9 
August 2 673 4 4 0 0 1.5 204.8 
September 1 457 0 0 0 0 0 
October 498 0 0 0 0 0 
November 8 0 0 0 0 0 

Total 10 950 12 12 0 0 1.1 192.8 

1980 April 19 0 0 0 0 0 
May 3 037 46 46 6 0 15.1 224.4 
June 3 259 31 31 7 18 9.5 247.0 
July 2 125 40 40 4 1 18.8 210.6 
August 1 154 32 32 0 0 27.7 170.9 
September 290 0 0 0 0 0 
October 107 0 0 0 0 0 
November 3 0 0 0 0 0 

Total 9 994 149 149 17 19 14.9 213.9 

1981 April 1 716 0 0 0 0 0 
May 4 749 5 4 0 0 1.1 243.2 
June 3977 34 34 0 4 8.5 177.6 
July 1 738 16 16 0 9 9.2 256.9 
August 715 2 2 0 0 2.8 223.5 
September 382 0 0 0 0 0 
October 390 0 0 0 0 0 

Total 13 667 57 56 0 0 4.2 207.2 

"Type 1 are samples for size only; type 2 are samples for size and shell hardness; type 3 are samples for size and weight; and type 4 
are individual traps sampled at sea. 

bsamples of types 1 and 2 only; combined when corning from the same load of crabs. 
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(Fig. 1) only, and the calculations were made on two 
series of 20 samples collected in May 1980 and June 1981. 
The calculations were first made with five samples se
lected randomly, then recalculated with five more sam
ples for a total of 10. The procedure was repeated with 15 
and 20 samples. The coefficients were calculated as: 

C.V. = s xI x 
where xis the average percent frequency in a size-class, 
and s xis its standard error. 

Results 

The landings were generally sampled intensively from 
May to August in all years, except for July 1978 and 
May-June 1979 (Table 1). April and September-Novem
ber landings were not sampled from 1978 to 1981; they 
were usually low compared to the summer landings. On a 
monthly basis, only 0.06% of the landings (those of April 
and November) were not sampled in 1977, while 38.9% in 
1978, 50.0% in 1979, 4.2% in 1980, and 18.2% in 1981 
were not. In 1977, 0.14% of all crabs landed in New 
Brunswick were sampled. This is estimated from the 
average weight of a crab (443 g) multiplied by the total 
number of individuals measured during the year, and 
compared to the total landings. Similar calculations give a 
level of sampling for all individuals landed of 0.02% in 
1978, 0.01% in 1979, 0.14% in 1980, and 0.04% in 1981. 

The annual averages of sample size ranged from 175 to 
251 individuals (Table 1), after combination of type 1 and 
2 samples taken from the same loads. In each year, an 
average of more than one sample for every 1000 t landed 
was taken. In each month since 1977, when landings were 
sampled, more than one sample per 1000 t were taken. As 
mentioned above, not all months in which there were 
landings have been sampled. For instance, in July 1978, 
in May, June, and September 1979, and in April 1981, 
more than 1000 t of crabs were landed without a sample 
taken. 

There is a general reduction in the coefficients of 
variation of the average percent frequencies in the size
classes as the sample number increases from 5 to 20 
(Table 2). With a sample number of 15, a coefficient of 
variation (C.V.) of 0.13 or less is obtained for all legal 
size-classes ~ 120 mm. With a number of 20 samples, the 
maximum C.V. is only reduced to 0.11 for the same size 
range. Over 96% of all crabs were smaller than this size in 
the last 2 yr. 

Discussion 

The series of data obtained from this sampling 
program is the first information collected on snow crab 
size composition in the southwestern Gulf of St. 
Lawrence on such spatial and time scales. Except for the 
data of Lamoureux et al. (1983), earlier sampling of snow 
crab was restricted to a few thousand individuals 
measured during the summer in the late 1960s (Powles 

TABLE 2. Average frequencies (x) in percentages and their coefficients of variation (ratio of standard error on the average) for 
different cumulative numbers of samples, randomly selected from subarea 3 (Fig. 1). 

May 1980 June 1981 
No. of samples No. of samples 

Size-class 
(mm) 5 10 15 20 5 10 15 20 

90-94 x 17.8 16.2 14.8 13.3 9.7 10.4 9.2 8.5 
c.v. 0.08 0.10 0.09 0.09 0.24 0.18 0.18 0.17 

95-99 x 31.0 29.9 27.1 26.1 23.5 24.7 24.9 23.5 
c.v. 0.09 0.07 0.06 0.06 0.12 0.07 0.08 0.07 

100-104 x 26.7 25.6 26.3 27.3 28.8 28.9 28.1 29.5 
c.v. 0.08 0.05 0.04 0.04 0.07 0.05 0.05 0.04 

105-109 x 14.5 17.4 18.9 19.5 20.9 19.0 19.9 19.7 
c.v. 0.12 0.13 0.09 0.07 0.09 0.10 0.09 0.07 

110-114 x 5.3 5.7 6.6 7.3 9.3 9.2 10.0 10.6 
c.v. 0.22 0.11 0.09 0.07 0.20 0.10 0.12 0.10 

115-119 x 2.7 2.8 3.1 3.2 4.1 4.4 4.4 4.7 
c.v. 0.27 0.20 0.13 0.10 0.25 0.13 0.10 0.11 

120-124 x 1.3 1.6 2.1 2.2 1.7 1.9 2.2 2.3 
c.v. 0.52 0.24 0.18 0.14 0.37 0.20 0.14 0.16 

125-129 i 0.4 0.4 0.6 0.8 1.6 1.2 1.2 1.1 
c.v. 0.45 0.40 0.30 0.22 0.42 0.32 0.26 0.22 

130+ x 0.4 0.4 0.4 0.3 0.2 0.1 0.2 0.2 
c.v. 1.01 0.55 0.39 0.37 0.89 0.95 0.39 0.34 
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1968; Watson i969; Watson and Simpson 1969), and in 
July 1975 (Stasko 1975). In this last study, 20 samples of 
200 crabs were taken. The results indicated a general re
duction in the relative abundance of the larger crabs in 
the catches of 1975, compared to those of the late 1960s. 

The effort levels of sampling in this snow crab fishery 
are comparable to the minimum level suggested by 
ICNAF (Anon. 1974). The recommendation was that one 
sample of 200 individuals be measured for every 1000 t 
landed in a quarter of a year. The sample size was gen
erally above 200 individuals except in 1978 and 1979 when 
sampling effort was reduced throughout the year. 
Although, on the average of a fishing season, more than 
one sample for every 1000 t landed was taken, the sam
pling effort was often lacking, particularly in the fall. 
This is because the summer students, who are responsible 
for most of the sampling, are not available at that time, 
and regular staff is usually tied up with other duties. In 
every year, the work was done by only one sampling team 
and the results of 1980 are indicative of the maximum 
number of samples that can be collected in one month. 

The ICNAF working group on minimum and desirable 
levels of sampling also tentatively stated that a C.V. of 
lOOJo would be satisfactory for data used in the analytical 
assessments of stocks (Anon. 1974). This would probably 
be achieved for the most important size-classes 
(95-120 mm) with approximately 20 samples. 

The 90-94-mm size-class is partially recruited. Variable 
culling practices by fishermen at sea explain the relatively 
higher variability of their percent frequencies in the size 
distributions. 

Besides its potential usefulness in assessing the value of 
analytical models, these data serve other short-term 
goals. For instance, it helps to evaluate the size selectivity 
of the fishing fleet and its accordance with the size 
regulation, which cannot be strictly enforced in practice. 
In the past few years, it has also indicated that the catches 

were based mainly on one molt class, which was probably 
composed of not many more year-classes, indicating that 
the fishery was heavily dependent on new recruits. 
Finally, the results of the sampling can be useful to the 
industry, for the interpretation of their production 
trends. Smaller crabs are processed less efficiently and are 
not as attractive for the claws and legs market. 
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A review of the commercial finfish and shellfish biological sampling program for the north
west Atlantic is presented. A historical overview of the program is discussed briefly, and a descrip
tion of the program in terms of manpower, problems encountered in sampling, and the general 
systems and techniques used is given, with specific sampling requirements for some selected spe
cies. A 4 yr review (1977-80) of biological sampling is presented. Results indicate that sampling for 
some species may be adequate, based on the ICNAF standard of one sample per 1000 t per ICNAF 
division, gear type, and calendar quarter. However, even for those species in which overall sam
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Le present rapport examine le programme d'echantillonnage biologique des Etats-Unis pour 
les pecheries commerciales de poissons, de mollusques et de crustaces dans I' Atlantique nord
ouest. On y elabore brievement Ia genese du programme, et sa description en termes d'effectifs, de 
problemes rencontres au cours de l'echantillonnage, et de techniques et systemes generaux, est pre
sentee, en plus des exigences precises d'echantillonnage pour quelques especes choisies. On pre
sente aussi un examen de l'echantillonnage biologique portant sur quatre ans (de 1977 a 1980). Les 
resultats montrent que I' echantillonnage de certaines especes peut etre adequat d' a pres Ia norme de 
Ia CIPANO d'un echantillon par I 000 t par division de Ia CIP ANO, par trimestre et pour chaque type 
d'engin. Toutefois, meme pour les especes dont l'echantillonnage global semble suffisant, des 
lacunes existent probablement en ce qu'il a trait a l'echantillonnage des prises par certains engins 
dans certaines regions. 

Introduction 

PURPOSE OF SAMPLING REGARDING ASSESSMENTS 

the Northeast Fisheries Center (NEFC) and its Division of 
Resource Assessments. The Statistics Investigation of the 
Resource Assessment Division collects the necessary bio
logical data for assessments. 

Biological assessments of any fisheries resource require 
continuous time series of certain basic information. The 
same types of data are needed regardless of the species 
assessed. Basic types of data considered necessary for a 
minimal biological assessment are: (1) landings, (2) fish
ing effort, and (3) biological samples (length frequencies, 
age, and sex) taken from commercial landings (nominal 
catches). Such data are currently being collected to 
varying degrees for finfish and shellfish from Maine to 
Virginia using State and Federal data collection systems. 
Special studies (independent surveys, sea sampling, and 
special research projects) are also necessary for estimates 
of population parameters such as juvenile growth rates, 
size at maturity, and prerecruit indices required in 
assessments. 

In the United States, the responsibility for marine fishe
ries falls within the Department of Commerce in the Na
tional Oceanic and Atmospheric Administration (NOAA), 
National Marine Fisheries Service (NMFS). Within NMFS, 
the responsibility for assessments in the northeast lies with 
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HISTORICAL OVERVIEW OF THE U.S. SAMPLING PROGRAM 
IN THE NORTHWEST ATLANTIC 

The present U.S. sampling program originated from 
the haddock sampling program of the 1930s. Sampling 
areas were defined based on the fishing areas for haddock 
(Rounsefell 1948), and samples were collected from major 
ports. This initial sampling program was gradually ex
panded in the 1940s and 1950s to include other species 
such as redfish, yellowtail flounder, and silver hake (see 
Table A1 for a listing of common and scientific names). 
During this period, port samplers were assigned to the 
major ports of landing. Sampling activities to obtain bio
logical data such as length frequencies, age structures, 
sex, fecundity, and fishing effort by area were directed by 
the biologist with lead responsibility for the species in 
question, e.g. redfish. When the program was expanded 
in the 1960s to include more ports, species, and areas, it 
became necessary to modify the species approach. As a 



TABLE AI. A list of common and scientific names of fish and shellfish presented in this paper. 

Common name 

Alewife 
American lobster 
American plaice (dab) 
American shad 
Atlantic cod 
Atlantic herring 
Atlantic mackerel 
Atlantic menhaden 
Atlantic wolffish 
Barndoor skate 
Black sea bass (sea bass) 
Blueback herring 
Bluefish 
Butter fish 
Conchs 
Cunner 
Cusk 
Fourspot flounder 
Goosefish 
Gulf Stream flounder 
Haddock 
Jonah crab 
Little skate 
Long-finned squid 
Northern kingfish (king whiting) 
Northern puffer 
Northern shrimp 
Ocean pout 

Scientific name 

Alosa pseudoharengus 
Homarus americanus 
Hippoglossoides platessoides 
Alosa sapidissima 
Gadus morhua 
Clupea harengus 
Scomber scombrus 
Brevoortia tyrannus 
Anarlzichas lupus 
Raja /aevis 
Centropristis striata 
Alosa aestivalis 
Pomatomus saltatrix 
Peprilus triacanthus 
Busycon, strom bus sp. 
Tautogolabrus adspersus 
Brosme brosme 
Paralichthys oblongus 
Lopllius americanus 
Citharichthys arctijrons 
Melanogrammus aeglejinus 
Cancer borealis 
Raja erinacea 
Loligo pea lei 
Menticirrhus saxatilis 
Sphoeroides maculatus 
Panda/us borealis 
Macrozoarces americanus 

result, the port agents responsible for collecting statistical 
data and port samplers (responsible for sampling) were 
combined to form "port pools." Under the port pool sys
tem, which is currently in effect, the port agent is respon
sible for the collection of landings data, biological sam
ples, fishing effort, and area fished information for all 
species landed in the port. Figure 1 shows the present sta
tistical areas for sampling and port sampling locations in 
the northeast region. 

Biological sampling efforts in recent years have been 
augmented under contract sampling by state agencies 
(Maine, Rhode Island, and Massachusetts), educational 
institutions (Southern Maine Vocational Technical Insti
tute and Hampton Institute), and cooperative agreements 
with state agencies (Maine and Massachusetts). In some 
cases, state agencies take responsibility for collecting 
statistics, thus releasing NEFC employees for sampling 
efforts. 

General Sampling Considerations 

PORT VARIABILITY AND VARIETY OF LANDINGS 

WITHIN PORTS 

In the northeast region, the National Marine Fisheries 
Service has 19 port pool offices (Fig. 1) located in 10 
states from Maine to Virginia covering 21 major ports or 
port areas. The relative importance of ports in terms of 
total tonnage landed dictates office location. With such a 
wide geographic range covered by the program, there are 

Common name 

Ocean quahog 
Pollock 
Red crab 
Red hake 
Red fish 
Rock crab 
Sculpin unci. 
Scup (porgy) 
Sea scallop 
Searobin unci. 
Short-finned squid 
Silver hake (whiting) 
Skate unci. 
Spiny dogfish 
Striped bass 
Summer flounder (fluke) 
Surf clam 
Tautog 
Tilefish 
Weakfish 
White hake 
Windowpane 
Winter flounder (blackback, 

lemon sole) 
Winter skate 
Witch flounder (grey sole) 
Yellowtail founder 

Scientific name 

Artica islandica 
Pollachius virens 
Geryon quinquedens 
Urophycis chuss 
Sebastes marinus 
Cancer irroratus 
Cottidae unci. 
Stenotomus clzrysops 
Placopecten mage/anicus 
Triglidae unci. 
!/lex illecebrosus 
Merluccius bi/inearis 
Raja sp. 
Squalus acanthias 
Marone saxatilis 
Paralichthys dentatus 
Spisula solidissima 
Tautoga onitis 
Loplzolati/us chamaeleonticeps 
Cynoscion regalis 
Urophycis tenuis 
Scophtlzalmus aquosus 

Pseudopleuronectes americanus 
Raja ocellata 
Glyptocephalus cynog/ossus 
Limanda ferruginea 

substantial port differences. Ports can be broadly classi
fied into a few major categories as follows: auction, non
auction, multiday trip, day trip, and geographically re
stricted or dispersed ports or port areas. Table 1 presents 
the major port and port areas in the northeast region 
covered by our census of landings and sampling program, 
and broadly defines the type of port. All of the ports with 
the exception of Boston and New Bedford are non
auction, and fish are handled by brokers or are purchased 
directly by dealers or buyers. In the auction ports, vessel 
operators hail the catch on an auction board and dealers 
competitively bid on the fish. Biological sampling is more 
readily accomplished in the auction ports. Since the cap
tains are localized at the auction, more information may 
be collected in a short period giving the port agent ade
quate time for sampling. In nonauction ports such as 
Gloucester and Portland, vessels off-load at numerous 
dealers around the port, and the port agent has to make 
daily rounds to the various dealers to obtain catch area in
formation. By the time the rounds have been completed 
and all vessels contacted, the fish may have already been 
unloaded and shipped or processed. 

Sampling is even more difficult in ports or port areas 
that are geographically dispersed. Maine, with its long 
coastline and numerous small ports, limits sampling op
portunity by geography alone. Sometimes the agent finds 
a vessel unloading a species of interest; if the captain con
sents, the dealer cooperates, and sufficient time for sam
pling is available, a sample can be taken. 

Sampling in ports with a high percentage of day trip 

83 



• Office locations 

FIG. 1. Fisheries statistical areas (451-639), ICNAF areas 
(4W-6C), and northeast regional office locations. 

vessels also poses problems. Besides the obstacles pre
viously discussed, catches of day trip vessels are usually 
small making it difficult to obtain a sample before the fish 
are loaded on a truck and shipped. Also the vessels 
usually land in the late afternoon or evening and working 
hours must be flexible enough to cover these situations. 

Species composition- There are nearly 100 species of 
fish and shellfish landed commercially in the area of 
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coverage (Fig. 1). Thus, a priority list was developed in 
1975 (Table 2) to assist the port sampler in deciding which 
species to sample. The order of importance given in this 
list was superseded when Atlantic cod, haddock, yellow
tail flounder, Atlantic herring, squid, Atlantic mackerel, 
and butterfish came under management and took top pri
ority. Other than those species mentioned above the list 
still remains useful. 

As opportunities for sampling vary due to seasonality 
and other factors, assessment biologists must depend on 
samplers to order priorities carefully. It is hoped that by 
careful monitoring of landings and sampling progress, in
adequacy of sampling can be determined before it is too 
late to correct. 

TYPES OF GEAR 

About 40 different types of gear are used for capturing 
fish in the northeast region. The most important gears in
clude: otter trawl, long line, gill net, purse seine, scallop 
dredge, clam dredge, stop seine, pound net, lobster pots, 
and weirs. Table 3 presents the major gear types and the 
fraction of the landings taken by a particular gear for 
sampled species in 1980. Results show that otter trawlers 
land the largest portion of the commercial catch for most 
finfish (except Atlantic herring, Atlantic mackerel, blue
fish, weakfish, and tilefish). Consequently, sampling is 
concentrated in the otter trawl fishery. However, in recent 
years, the Atlantic cod and pollock fishery has shifted to
wards gill nets. The average fraction of gillnet landings 
over all areas for cod and pollock is 0.16 and 0.33, respec
tively. As gillnet landings occur primarily in the Gulf of 
Maine, the percentage contribution is higher if only that 
area is considered. Such changes in gear used can cause 
assessment problems unless port agents alter sampling 
procedures to reflect the gear shift. Therefore, it is impor
tant that a fishery be monitored closely with respect to 
gears employed so that adjustments in sampling can be 
implemented on a timely basis. 

MARKET CATEGORIES AND CULLING 

Many species of fish are separated (culled) into size 
groups or market categories at sea or as the fish are un
loaded at the dock. Culling is generally a result of econo
mic considerations as price differences exist for different 
size groups of fish. 

During periods of scarcity the number of culls or 
market categories (size groups) increases because of 
supply and demand and changing market conditions. 
Conversely, during periods of abundance for a given 
species, the number of categories may decline. Figure 2 
shows the standard landings forms with species and 
market category designations used for recording 
purposes. In some cases the dealers have additional 
market categories not included on the form. For example, 
a dealer may include a market category of regular winter 
flounder, which is intermediate between large and small. 
If this occurs, the port agent must make a judgment on 
whether to add the regular category into the large or small 



TABLE 1. Ports and major port areas, with the number of trips, interviews or logs collected for the northeast region of the United 
States, 1980. 

Multiday trip vesselsc Day trip vesselsd 

Port or area State Trips Interviews or logs Trips Interviews or logs Types of porte Office 
Eastport• ME nonauction dispersed yes 
Rockland ME 506 396 534 47 nonauction restricted yes 
Port Clyde Area ME 7 4 349 10 nonauction dispersed no 
Boothbay Harbor• ME nonauction dispersed yes 
Portland ME 863 315 3720 134 nonauction restricted yes 
York ME 0 0 3173 2 nonauction dispersed no 
Gloucester MA 2043 1348 9688 1290 nonauction restricted yes 
Boston MA 894 641 0 0 auction restricted yes 
Plymouth and Cape MA 481 251 2573 131 nonauction dispersed no 
Provincetown MA 697 306 3642 304 nonauction restricted yes 
Chatham MA 0 0 3413 0 nonauction restricted no 
New Bedford MA 3444 3235 0 0 auction restricted yes 
Newport RI 2070 984 724 0 nonauction restricted yes 
Pt. Judith RI 1456 495 3733 774 nonauction restricted yes 
Greenport NY 370 157 1853 258 nonauction dispersed yes 
Patchogueb NY nonauction dispersed yes 
Pt. Pleasant NJ 284 74 1631 300 nonauction restricted yes 
Cape May NJ 1175 240 5099 342 nonauction restricted yes 
Ocean City MD 209 97 3273 264 nonauction dispersed yes 
Chincoteague VA 172 68 1583 87 nonauction dispersed yes 
Hampton VA 2068 614 0 0 nonauction dispersed yes 

"Eastport and Boothbay Harbor are areas where NMFS employs only contract personnel primarily for herring sampling. 
bTrips and interviews for Patchogue are included under Greenport. 
cMultiday trip - vessels that fish more than 1 d. 
dDay trip - vessels that fish during the day and return to port at night. 
cType of port - nonauction: fish sold to dealers or brokers; auction: fish sold by bidding process; restricted: port activities geo-

graphically confined to port; dispersed: port activities cover a wide geographic area. 

market category for winter flounder. The decision is usu
ally based on price, when samples are available. Alterna
tively, it may be decided that there is a need to add a new 
market category. Market categories may shift according 
to market conditions. For example, when haddock were 
scarce, snapper haddock were upgraded and called scrod. 
This shifting of categories can also occur on a seasonal 
basis within a port. Large summer flounder could be up
graded to jumbo on a seasonal basis depending on abun
dance. Another problem involves between port variability 
in market categories, that is, large winter flounder in one 
port may be classified as regular in another port. 

If culling is done ashore, every effort is made to obtain 
samples prior to unloading; otherwise it is necessary to 
sample each market category in order to obtain repre
sentative length frequencies and age data. An alternative 
approach would be to sample the catch at sea, which 
would then include discards as well. NMFS has conducted 
sea sampling on occasion, but budget and staffing restric
tions have generally precluded large-scale activities. 

DEALER LIMITATIONS 

Nearly all biological sampling is accomplished at the 
discretion of the dealers. Without their cooperation it 
would be virtually impossible to sample. Therefore, it is 
essential that port samplers maintain a good working rela
tionship with the dealers and integrate their sampling into 

the unloading and processing lines without hindering 
operations. 

Occasionally, due to unloading practices, processing or 
dealer requests, it becomes necessary to sample fish 
frames (skeletons) after processing. This works well for 
flat fish and fairly well for groundfish despite the problem 
of skeletal sag which can be overcome to some extent by 
lifting the sag out of the frame when measuring. 

Another limitation placed on port samplers involves the 
boxing of fish. Many dealers pack the fish in boxes and 
transfer them to a truck for immediate shipment. Under 
these circumstances, sampling operations may restrict 
shipment and irritate the dealer. Attempts to sample fish 
from large trips have been made to allow more time be
tween unloading and shipping. 

Many times fish are shipped to market in the round 
(live weight) which prohibits extraction of otoliths or 
sexing the fish. If the fish have been gutted and gilled, the 
dealers generally do not object to otoliths being removed 
through the gill chamber rather than the top of the head. 

A common method of landing fish on Long Island, 
NY, is consignment shipping in which a trucker or han
dler merely acts as a point of transfer. Fish are packed in 
boxes aboard the fishing vessel, transferred through the 
shipper to a truck and shipped, with the shipper taking a 
handling fee for each box. In such situations, biological 
sampling is impossible without purchasing a box. 
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TABLE 2. Sampling priorities and species responsibilities by port or port area for the northeast 
region. 
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Atlantic cod 5 6 8 7 8 7 8 6 
Haddock 9 2 8 
Pollock 10 3 
Redfish 1 1 3 4 
Silver hake 6 2 2 8 5 5 
Yellowtail flounder 2 1 1 6 2 
American plaice 4 3 
Witch flounder 7 5 4 
Winter flounder 3 6 5 
Summer flounder 5 6 7 4 3 2 4 
Scup 6 7 9 5 3 5 
Butterfish 7 8 10 6 4 6 
Atlantic herring 1 4 1 3 2 4 10 
Atlantic mackerel 2 3 6 4 5 5 9 
Black sea bass 7 3 
Striped bass 11 
Bluefish 2 1 3 
Tilefish 8 6 
Blueback herring 9 
Weakfish 8 
Squid 5 6 9 6 3 7 4 4 5 7 
American lobster, crabs 5 1 9 2 2 1 2 2 1 
Northern shrimp 3 2 3 4 
Sea scallops 2 2 
Surf clams, Ocean quahogs 10 1 3 
Industrial 3 3 

NoTE: These priorities are intended as a guide to aid in decision making when confronted with a 
choice. If a species is not referred to as a priority item for a particular port, it does not mean it 
should be ignored. Complete coverage of all fisheries is needed. Priorities may have to be shifted 
when there are seasonal changes in fisheries. When this occurs each field station will be expected to 
adjust accordingly. Species priorities are ranked from 1 (high) to 11 (low). 

LANDING AND UNLOADING TECHNIQUES 

Further variations in sampling procedures are required 
because unloading practices differ by port and by dealers 
within ports. For some ports, fish are placed in baskets 
and then dumped onto a chute which enters the proces
sing plant directly. In this case the port agent scoops every 
fifth fish independent of size from the chute until suffi
cient fish are taken to complete the sample. (By selecting 
every fifth fish some random distribution is assured.) 

In some ports, unsorted or sorted fish are dumped from 
the unloading basket into carts, barrels, or large boxes 
(500-1000 !b). Fish are then randomly selected from three 
or more containers until the required sample is collected. 

In processing plants where fish are dumped into bins or 
floor piles for later processing, agents are instructed to 
use a scoop-shovel to collect fish from three or more 
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points in the pile or bins, until sufficient fish are obtained 
for the sample. 

The most common unloading procedure involves trans
fer from the vessel to shore in small containers or boxes 
(50-125lb) or sorting from a chute. Since it is usually im
possible to sample before culling, each market category 
has to be sampled. All fish in one box (market category) 
are sampled unless the number of fish is not sufficient to 
complete a sample. Then, two or more boxes of fish are 
entirely measured until sufficient numbers have been 
taken to complete the sample. Because of the size of some 
culls (large cod), 10 to 15 boxes may have to be measured. 

At times, sampling of the fish is necessary at the sorting 
table or cutting line. In this case every fifth fish is again 
selected until the required number of fish has been mea
sured to complete the sample. 
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FIG. 2. Standard forms for recording landings, values, and effort in the northeast region. 

Sampling Targets 

ICNAF 

In the early 1970s, ICNAF adopted minimum standards 
for sampling. For each country a minimum of 200 lengths 
was required per 1000 metric tons or fraction thereof per 
ICNAF division, gear, and calendar quarter (ICNAF 
Redbook 1974). On the other hand, our requirements 
asked for a maximum of five samples per month per 
species per market category and sampling area. However, 
this required daily monitoring, which was performed by 

one port sampler located in Boston. All agents called in 
daily landings and when a species was sampled at or near 
the maximum level, samplers were directed to concentrate 
on another species. This worked well for major species 
but did not succeed in allocating samples when the maxi
mum was not needed. 

Monitoring is extremely important in this region be
cause of priorities for sampling so many species. At pre
sent, sampling is monitored through weekly field reports 
to area supervisors and by a biologist responsible for co
ordinating sampling activities. 
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TABLE 3. Fractions of landings by major gear types for sampled species in the northeast region, 1980. 

Line Otter Gill Purse Scallop Pound Stop Clam 
Species trawl Handine trawl net seine dredge net seine Weir dredge Pots Other Total 
Atlantic herring 0.12 0.42 0.39 0.04 0.03 1.00 
Surf clam 1.00 1.00 
Redfish 0.97 0.03 1.00 
Haddock 0.89 0.06 0.05 1.00 
Sea scallop 0.01 0.98 0.01 1.00 
Atlantic cod 0.02 0.78 0.16 0.04 1.00 
Yellowtail flounder 0.94 0.04 0.02 1.00 
Pollock 0.02 0.57 0.33 0.08 1.00 
Summer flounder 0.94 0.02 0.03 0.01 1.00 
Ocean quahog 1.00 1.00 
Winter flounder 0.96 0.01 0.03 1.00 
Silver hake 0.98 0.01 0.01 1.00 
Industrial 0.99 0.01 1.00 
American plaice 0.91 0.01 0.08 1.00 
Long-finned squid 0.81 0.14 0.05 1.00 
Butterfish 0.97 0.02 0.01 1.00 
American lobster 0.18 0.81 0.01 1.00 
Atlantic mackerel 0.02 0.40 0.08 0.29 0.10 0.11 1.00 
Witch flounder 0.91 0.09 1.00 
Scup 0.04 0.72 0.22 0.02 1.00 
Tile fish 0.97 0.03 1.00 
Jonah crab 1.00 1.00 
Bluefish 0.07 0.20 0.24 0.37 0.12 1.00 
Red hake 0.97 0.01 0.02 1.00 
Black sea bass 0.01 0.68 0.02 0.26 0.03 1.00 
Weakfish 0.02 0.36 0.16 0.02 0.29 0.15 1.00 

NoTE: Data include the coastal states from Maine to Virginia inclusive. 

GENERAL SPECIES REQUIREMENTS 

As a general rule of thumb each sample contains 100 
lengths and 25 scale or otolith samples (at least one for 
each centimetre interval as represented in the length fre
quency). Specific requirements are shown in Table 4. 

In addition to the above requirements, each species has 
particular stock and sampling area requirements. These 
correspond to management areas made up of a statistical 
area or groups of statistical areas (Fig. 1). For a detailed 
review of species requirements, sampling procedures and 
sampling areas in the northeast refer to Manual for sam
pling, interviewing, and coding in the northeast region (R. 
L. Schultz, unpublished data). This manual is distributed 
to all agents and is of a loose-leaf nature to allow for 
changes. 

REQUIREMENTS FOR SELECTED SPECIES 

Atlantic cod, haddock, and pollock sampling- Atlan
tic cod, haddock, and pollock are treated as a group be
cause the designated sampling areas are the same, as are 
collection procedures for biological samples. The basic 
biological sample calls for measuring 100 fish (to the 
nearest centimetre) per market category for a fishing trip 
within a designated sampling area (Fig. 3) and taking 
10-20 age structures per sample with at least one otolith 
per centimetre interval. After one otolith per centimetre 
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interval is collected, port agents then randomly select fish 
for additional otoliths until the maximum number for the 
sample is reached. In addition to the length frequencies, 
age structures, and sample weight, information is taken 
on the fishing trip (called an interview) including data on 
hail weight, fishing effort, and area fished (Fig. 4). 

A typical groundfish trip may include all three species 
of fish and the port agents must decide which species 
and/ or market categories to sample. Usually Atlantic cod 
and haddock are separated by market category at sea, pre
cluding sampling by species. If Atlantic cod were selected 
and four market categories landed, sampling protocol 
calls for one sample (50-100 lengths, 10-20 otoliths and 
weight) per market category. In this case, four samples 
would be required. However, given the time constraints, it 
usually is not possible to sample all four market categories 
and the agent now has to decide which market categories 
to sample. Generally this decision is based on past sam
pling for the species and the port agent will try to fill in 
for market categories that were missed the previous time 
Atlantic cod was sampled. 

Sea scallop sampling- To obtain scallop samples, port 
agents ask cooperating scallop vessel operators to ran
domly save the top shells from scallops from the last two 
of the trip. Special boxes marked "NMFS Scallop Sam
ples'' are provided to the vessel operator for collecting the 
shells, and at the end of the trip these boxes of shells are 



FIG. 3. Atlantic cod, haddock, and pollock sampling areas 
(41-43, 51-55). 

picked up by the port agent and measured. A special mea
suring board graduated in 5-mm intervals with mechanical 
counters is used to measure 200 top shells of randomly se
lected shells from the box. A sample of shells for aging is 
also taken: three shells per 5-mm interval greater than or 
equal to 115 mm and two shells per 5-mm interval less 
than or equal to 114 mm. Additional information (inter
view) on the area fished, date, depths, and port, etc, is 
reported on a special scallop length-frequency form 
(Fig. 5). 

The system of placing boxes on board fishing vessels 
for collecting shells works quite well at present, but could 
have its drawbacks when scallops come under manage
ment. The vessel captain may refuse to save shells entirely 
or fishermen could select shells that would bias the sam
ple, particularly if a minimum shell size were imposed. 
Obviously, no shells below the minimum size would be in
cluded in the sample. 

Surf clam/ ocean quahog sampling - Surf clam sam
ples are taken whenever an interview from a surf clam ves
sel is obtained. The interview involves asking the captain 
or mate a standard set of questions to obtain information 
on areas fished and fishing effort, etc. After the inter
view, the port agent samples the surf clam or ocean 
quahog landings. A sample consists of measuring 30 
clams or quahogs to the nearest millimetre. These bivalves 
are normally landed in cages containing 32 bushels per 
cage. The port agent randomly selects five of the cages 
and selects six clams to measure from each cage. Under a 
contract study with the University of Maryland Eastern 
Shore commercial age samples are taken by NMFS from 
the port of Ocean City, MD. This study is to evaluate the 
feasibility of routine determination of the commercial age 
composition. At present, no commercial age samples are 
taken for ocean quahogs. However, an NMFS research 
project using mark and recapture techniques is ongoing to 
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TABLE 4. Sampling requirements (numbers of length measurements, scales, otoliths, or shells) per 
sample by species for the northeast region. 

Length 
Species measurement Scales Otoliths Shells 

Alewife 100 20 
American plaice 100 25 
Black sea bass 100 25 or 25 
Blueback herring 100 25 
Bluefish 100 25 
Butterfish 100 25 
Atlantic cod: 

scrod 50 10 
market 100 20 
large 100 20 
mixed 100 20 

Cusk 100 20 
Haddock: 

scrod 50 15 or 15 
large 100 20 or 20 

Short-finned squid 50 
American lobster, crabs 100 sexed 
Long-finned squid 50 
Atlantic mackerel 100 freeze 30 fish 
Ocean quahogs 30 
Pollock 100 20 
Redfish 100 sexed 10 males 

10 females 
Scup 100 25 or 25 
Atlantic herring (adult) 100 freeze 30 fish 
Sea scallops 200 2-3/s-mm 

interval 
American shad 100 25 or 25 
Northern shrimp 50 
Silver hake 100 sexed 10 males 

10 females 
Weakfish 100 25 
Striped bass 100 25 
Summer flounder 100 25 
Surf clams 30 _a 

Northern puffer 50 10 
Tile fish 100 25 
White hake 100 25 or 25 
Yellowtail flounder 100 sexed 25 males 

25 females 
Winter flounder 100 25 
Witch flounder 100 25 
Industrial 1-3 bushels 

•one to two bushels of surf clams per month are taken for aging studies. 
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LENGTH SAMPLE 

INTERVIEW CODE COLUMN MALES CARD SEQUENCE FatALES COUUMN 

Vessel JoJo 123456- s 28-29 

Vessel 
1 6 1 6 1 6 1 1 6 31 33 

Vessel 

2 7 2 7 2 7 2 2 7 34-36 
Dale landed 10/1 

Year 1981 1 2 3 8 3 3 8 3 8 3 7 8 37-39 

Area 525 3-6 4 9 7 4 9 4 9 4 9 9 40--42 

Quarter --- 7 
5 0 

9 5 0 5 0 5 
12 

0 43 45 

Month OCTOBER 8-9 12 14 
6 1 6 1 6 1 6 1 46--48 

Species I Cat Y'Tail (UNC) 10-13 

Gear TRAWL 14-16 7 2 10 7 2 7 2 7 13 2 49-51 

Port NEW BEDFORD 17-19 8 3 8 8 3 8 3 8 12 3 52-54 

Sample number --- 20-21 7 10 
9 4 9 4 9 4 9 4 55 57 

Depth range 20-30F 22 2 7 
0 5 0 

Sampling method 125 # Box 23 
5 0 5 0 5 58-60 

Sex SEXED 25 1 6 1 6 1 6 1 6 61-63 

Catch locale 407066 2 7 2 7 2 7 2 2 7 64-66 

Hail wgl. (1,000"') 
? ,5_ 3 8 3 8 3 8 3 1 8 67-69 

Mesh size 5.5 
4 9 4 9 4 9 4 9 70-72 

Number of scales 50 

No. of otoliths 5 0 5 0 5 0 5 0 73-75 

Mid-depth 25 Total 58 90 76-60 

Sample wgt. males 40 1bs. CODE SEQUENCE: 01 1 02 1 03 1 04 1 05 1 06 01 J osj 09 10 111 ETC 

Sample wgt females 85 1bs START L·F COLS. WITH: 1 J i6 _1 31 1 46l 61 1 76 91 1106 1121 136 1 i51 ETC 

Sample wgt lata/ 125 1bs. No males 58 I Na.fems 90 Grand to/at 148 
NOTL AIYVAYS ENTER MALES ON LEFT, FEMALES ON RIGHT 

FIG. 4. Completed finfish length-frequency form. 

validate the periodicity of ring formation in ocean qua
hogs. 

Atlantic herring sampling- The Atlantic herring bio
logical sampling program probably represents the best 
sampling coverage for any species in the northeast region. 
The program has existed since 1960 and provides the 
longest continuous time series of length frequency, age, 
and length-weight data available for any species assessed 
in the region. 

The juvenile Atlantic herring sampling program is han
dled as follows: freezers are maintained at various sardine 
plants along the coast of Maine and fishery inspectors 
(State of Maine Department of Agriculture) on duty at 
these plants under a cooperative agreement with NEFC 
take a sample of 100 fish from each carrier vessel as fish 
are unloaded. Sample boxes are provided with space on 
the cover to record the desired sample information. The 
samples are later collected by either NEFC staff or State 

of Maine Department of Marine Resources (DMR) per
sonnel under NMFS contract at approximately 2-4-wk in
tervals. Processing of these samples is done by DMR 
under contract and the summarized data sent to NEFC 
for analysis and archiving. Samples are presently taken on 
the basis of 15 subareas for 52 statistical weeks by gear. 

Adult Atlantic herring samples are taken primarily at 
the port of Gloucester although other ports may be in
volved depending on the landing patterns. NEFC statisti
cal agents integrate this sampling with other activities. 

Sampling protocol for NMFS requires at least one sam
ple per week by sampling area. A sample consists of 100 
fish measured in centimetres for natural total length 
(from the tip of the snout to the tip of the tail). After the 
fish have been measured, a subsample of 30 fish is se
lected for aging and frozen with at least one fish per centi
metre interval. An age sample consists of (1) five fish less 
than 26 em, (2) 20 fish from 26 to 33 em, and (3) five fish 
greater than 34 em. 
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SEA SCALLOP LENGTH SAMPLE 

YEAR 1974 STATISTICAL AREA_--'5=26;;._ __ 

DEpTH (FATHOMS) 30 - 45 QUARTER 

MONTH 
July 

SPECIE NO. 

GEAR PORT 244 

SAMPLE NO. UNIT AREA 406856 

REMARKS 

MEASURED BY 
John Doe 

C'-1 

0 CJI 
LLJ :z: a:: ('>') """ 0 ~ lO co N ..... 

d 
...._ 

('>') N ..... N ..... 0> 

""" LLJ ..... en 

= C7) -C7) -C7) ~ 
C7) -C7) -C7) 

I- -C7) -C7) = = C'-1 ,..., ,..., --=:IE r- co co C7) C7) T T T T T T T T z: 2: I I I I I I I 
LLJ 1.0 = 1.0 ~ :£ = II> S2 1.0 = II> 

~ 
1.0 = 1.0 

-J r- co co S2 S2 C'oJ C'oJ ,..., 
~ ~ 

Q 
-J 
LLJ - C'oJ ,..., -II> CD r- co C7) = - C'oJ ,..., -II> 
...._ 

-
0 CJI 

~ :z: LLJ ('>') lO " 0> lO ..... 
a:: ..... lO 

d ...._ 
LLJ 
en 

= -0> - en I- 0> -C7) -C7) 

~ =:IE 
,..., ,..., --II> I CD CD -J 

:z: :IE I I I I I I I I ~ LLJ = II> = II> = II> = II> ~ = -J ,..., ,..., --II> II> CD CD I-

FIG. 5. Completed sea scallop length-frequency form. 

In addition, the State of Massachusetts Division of 
Marine Fisheries samples adult Atlantic herring landings 
as part of its management responsibilities for managing 
the waters 3 mi from the coast, and an informal agreement 
exists for archiving these data at NEFC. In exchange, 
NEFC supplies them with summary length and landings 
data. 
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Industrial sampling - Industrial sampling procedures 
for mixed species depend on methods of unloading. Typi
cally, the common method for unloading is to flood the 
fish hold, pump the fish out onto a conveyor and then 
dump them directly into a truck. The point of sampling 
takes place on the conveyor where the port agent periodi
cally scoops fish from the conveyor until two or more 



YEAR MO DAY SPECIES 

w DATE 7 1- 0 1- oi;l !if-~?{~f I/_/_/ I I ill _J 
Q_ 

PORT 4- J.- :2-~ 
<{ 2-0 0 r--
(f) GEAR 0 I: 1 I l 

_J 

s-\ ~ I I 2 
<{ VESSEL I :;. 3 4 3 I! 3 
~ I ' 
1- AREA s 4 IT Ill ;1.- 4 
(f) I + 5 ·;; I 5 
:::> 

0 6\+\ 6 I 6 
0 LOCATION 4- :2- 7 z 7 -~ 7 
- LAT LONG UNIT 8 8 

9 9 

DEPTH I 0 s-\ 0 0 
:2- 1 1 

DAYS FISHED 0. .r- 2 2 
3 3 

SAMPLE NO 0 I start with 7 ea. mo. 4 4 
5 5 

[£[{] no. within ea. sample 
6 6 

SUBSAMPLE NO 7 7 
8 8 
9 9 

INDUSTRIAL W/0 IN 
I 131~1° I J 0 u 

THOUSANDS OF LBS 1 I 1 
SPECIES WEIGHT Nll~IBER 2 3 2 

SEA HERRING lfiRO I. tJ J> 3 I _z_ 3 
MENHADEN 2210 4 I+ '} 4 
ALl: WIVES 0010 :, S' IP 5 
BLUE'IACK HERR 1120 _o I q II 6 
AM SHAD 3470 I ..,_ /P 7 

1S f). ; 8 
YELLOWTAIL 1230 .'2-.t? ,3 ~ ;). 3 9 
WINDOWPANE 1250 ;!..0 r ~ u 
WINTER FL 1200 1 It-" _1 
AMER PLAICE 1240 2 I 6o _2 

4 SPOTTED FL 1270 o. ?- 7 3 3 
GULF STREAM FL 1260 _4 3o 4 

-~ _S_ 

OCEAN POUT 2500 ~ __6_ 

RED HAKE 1520 :J.D,o 30 I 7 
SCULPIN 3260 1S 8 
WHITE HAKE 1530 '" 9 
SILVER HAKE 5090 ~~o.o 6r; u 0 
~IACKEREL 2120 1 1 
GOOSEFISH 0120 2 2 

SPINY DOGFISH 3520 3 3 

SKATE (UNC) 3650 _i 4 

LITTLE SKATE 3660 !J 5 

BIG SKATE 3670 0 6 

BARNDOOR SKATE 3680 -'-- 7 

SCUP 329Jl 1S 8 

CUNNER 0930 ~ 9 

BUTTER FISH 0510 u 0 

COD 0810 J." :J- 1 UNMEI IIRARI.E FISH 
SEAROBIN 3410 2 SPECIES WEIGHT 

3 
ROCK CRAB 7120 4 
JONAH CRAB 7110 5 
SQUID (LOLIGO) 8010 6 
SQUID (ILLEX) 8020 7 

8 
TOTAL S'?-.~ /of- 9 

FIG. 6. Completed industrial sample form. 
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TABLE 5. Commercial length-frequency samples collected and metric tons (live wt) per sample for 
the northeast region, 1977-80. 

Number of samples Metric tons per sample 

Species 1977 1978 1979 1980 1977 1978 1979 1980 

Atlantic herring 371 500 721 403 137 101 90 207 
Surf clams• 131 372 192 224 177 47 82 77 
Red fish 103 63 147 54 154 256 105 203 
Haddock 210 181 119 138 61 99 160 181 
Sea scallops• 74 104 117 168 150 139 122 75 
Atlantic cod 166 122 90 78 207 322 493 688 
Yellowtail flounder 90 58 70 97 184 198 229 199 
Pollock 48 23 59 27 272 770 263 677 
Summer flounder 58 48 47 64 153 176 309 180 
Ocean quahogs• 6 110 46 68 1402 93 346 223 
Winter flounder 89 48 40 71 119 257 305 244 
Silver hake 60 44 35 48 366 545 471 366 
Industrial 115 50 32 11 74 145 224 353 
American plaice 16 17 27 24 444 560 421 565 
Long-finned squid 0 11 20 31 856 66 195 124 
Butterfish 7 17 15 36 207 216 189 145 
American lobsterb 8 3 15 11 312 901 146 171 
Short-finned squid 0 I 9 0 1028 361 177 333 
Atlantic mackerel 15 3 7 30 ---n 535 284 89 
Witch flounder 9 12 6 I 277 295 504 3381 
Windowpane 8 4 5 0 235 509 317 968 
Scup 10 16 5 26 847 583 1749 326 
Tile fish 2 1 3 I 1038 3413 1280 3681 
Spiny dogfish 0 0 3 0 371 36 631 2785 
Jonah crab I 0 3 5 193 194 46 20 
Bluefish 0 0 2 9 3374 3766 2036 518 
Red hake 2 0 1 2 1696 4521 8145 2478 
Cusk 0 0 1 0 1238 1537 1696 1805 
Squid (N.S.) 42 0 0 0 16 590 537 283 
Red crab 4 0 0 0 311 1432 1216 2547 
Black sea bass 0 0 0 10 2424 2111 1721 97 
Weakfish 0 0 0 11 6260 6588 10080 1015 
Total 1665 1808 1837 1648 

NoTE: Underlined values represent total landed weight if no samples were taken. 
"Meat weights are used for sea scallops, ocean quahogs, and surf clams. 
bQffshore lobster landings only. 

bushels of mixed fish have been collected. Two bushels of 
mixed fish per 50 000 lb (22. 7 t) is the basic sample. How
ever, another bushel of fish is collected for each addi
tional 25 000 lb (11.3 t) landed. The selection process ex
tends throughout the unloading operation so that the 
problem of layering is not a factor. 

After the sample is taken each bushel of fish is sorted to 
species, weighed, and measured (to the nearest centi
metre). Results are tabulated on an industrial sample 
form (Fig. 6) and each bushel is recorded on a separate 
form. Sampling requirements call for a minimum of 5 
samples per month for each sampling area (SY, 5Ze, 
5Zw), and in addition each vessel should be sampled at 
least once a month. 

Industrial landings and samples have declined substan
tially in recent years (Table 5) and today Pt. Judith is the 
only major port where mixed industrial fish are landed. 

94 

REVIEW OF SAMPLING IN THE NORTHEAST REGION, 
1977-80 

A review (1977-80) of commercial biological samples 
collected by port agents or under contract for the north
east region is given in Table 5. Metric tons of landed catch 
per sample are also presented to provide an index of sam
pling intensity for the various species. During the period, 
32 species were sampled to varying degrees and the total 
number of samples collected ranged from 1648 during 
1980, to 1837 during 1979. Sampling coverage for the 
managed species, Atlantic herring, surf clams, haddock, 
yellowtail flounder, long-finned squid, Atlantic, 
mackerel, and butterfish appears adequate assuming 
sampling target of about one sample per 200 t. For there
maining managed species, Atlantic cod, ocean quahog, 
and short-finned squid sampling needs to be improved. 



For other species in Table 5, the sampling levels appear 
to be adequate in some cases and in need of substantial 
improvement in other cases. This table is intended merely 
as a general overall view of sampling, and while sampling 
for some species may appear to be adequate (e.g. 
haddock), a more detailed evaluation by stock areas and 
gears would undoubtedly reveal serious deficiencies for 
some managed and unmanaged species. 

Alternative to Port Agent Sampling 

SEA SAMPLING 

An additional source of catch information relative to 
species composition, length distribution, age composi
tion, and discards would consist of observations aboard 
commercial vessels (sea sampling) during the actual fish
ing operations. To obtain the more detailed data available 
on a tow by tow basis, sea sampling programs at a mini
mal level have long been a part of NEFC assessment 
effort. This effort reached its peak in the period from 
1977 to 1980 when 44 trips were taken. Detailed data col
lected consisted of (1) catch/ effort data, (2) discards, and 
(3) length-frequency samples of discards and marketable 
catch. When sampling a mixed catch for species composi
tion or length-frequency distributions, sampling was at
tempted on a random basis. If the catch sampled was 
being sorted by market category, a stratified random 
sample was required. The strata would consist of market 
categories and a sample of each market category was 
made. Discard was measured by species on a bushel basis. 
In the case of large catches where it was not practical to 
obtain discards on a bushel basis, the captain's estimate 

of bushels discarded was compared with the sampler's 
estimate and the sea sampler's judgment was used to esti
mate the final value. 

Resources to conduct a full-scale program on domestic 
vessels have never been available. In contrast, detailed 
data and samples are taken aboard foreign vessels 
through an observer program funded by the foreign ves
sels (supplemented occasionally by trips by research biolo
gists). The foreign vessel coverage is about 20-250Jo of the 
total vessel days. 

Summary and Recommendations 

Biological sampling of commercial catches is one of the 
basic elements of any analytical fisheries assessment. 
Therefore, it is essential to obtain unbiased representative 
samples. To accomplish this one must be able to accu
rately monitor landings by stock area, season, and gear in 
order to adjust sampling to reflect changes in landing pat
terns. At present we depend on the port sampler's judg
ment, experience, and a flexible sampling design to make 
the correct on the spot sampling decisions to accommo
date changing fishing patterns and dealer operations. 
Therefore probably the most important consideration in 
any sampling program lies in the motivation, education, 
and training of port samplers. 
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Two new methods for estimating status quo Total Allowable Catches (T ACs) (leapfrog and 
ANOV AT ACs) are developed. Approximate formulae are presented for estimating the variability 
induced in these T ACs by the variability of input data. The relationship of these methods to stand
ard TAC estimation methods is discussed as is the applicability of the variability formulae. 
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fish and invertebrates/L' echantillonnage des prises commerciales de poissons et 
d'invertebres marins. Can. Spec. Pub!. Fish. Aquat. Sci./Publ. spec. can. sci. halieut. 
aquat. 66. 

On developpe ici deux nouvelles methodes permettant d'estimer le total des prises admissible 
(TPA) (le TPA "saute-mouton" et le TPA etabli par analyse de variance) qui correspond au status 
quo. Des formules approximatives sont presentees pour !'estimation de Ia variabilite inherente a 
ces TP A, variabilite qui est une fonction des incertitudes des donnees utilisees. On compare ces 
methodes standard pour !'estimation des TPA, et discute l'applicabilite des formules estimatives 
de Ia variabilite. 

1. Introduction 

The estimation of Total Allowable Catches (TACs) is 
a major task of fisheries assessment scientists. While how 
to estimate them is well established, their probable variance 
has proved something of a mystery. This is because the 
estimation of TACs is a somewhat recursive, not to say 
subjective, science which does not lend itself to examina
tion of variances. To try to penetrate this mystery was the 
original incentive for this paper but to do this required 
simpler formulations of TACs. Two simpler formulations 
were developed. These are of some interest in themselves 
in that they might be used instead of standard methods. 
The author would argue, however, that it is the insight they 
give into the TAC estimation that should be of greatest 
interest. This paper therefore describes these two methods 
and estimates their variance. It also draws some general 
conclusions about the TAC estimation process and the 
sources of its variance. 

2. Background 

Estimating Total Allowable Catches (TACs) is an im
portant activitity of fisheries assessment scientists. 
Moreover, it is one that is a major justification for the 
various expensive data series that they collect. It is 
reasonable therefore to ask what effect does the variability 
of the various data series have on the variability of the 
TAC. If we knew the answer to this it would help us to 
decide rationally how much to spend on the various data 
sets. 

Unfortunately, answering this question fully is not easy 

because the standard practice is recursive and subjective. 
Standard practice usually involves the following eight steps: 

1) establish a data set for the fish stock of catch-at-age 
data (C(i, J)) for each year i and each age j, effort data 
(.f(i)), recruitment data (R(i)), weight-at-age data (WU)), 
and estimates of natural mortality; 

2) using Virtual Population Analysis or cohort analysis, 
estimate population numbers at age and fishing mortality 
at age based on the data set and on estimates of fishing 
mortality or population estimates for the greatest age (g) 
each year and for each age of the terminal year (t); 

3) make minor adjustments to greatest age and terminal 
year values to obtain a consistent interpretation of fishing 
mortality at age; 

4) use estimates of fishing mortality or population at age 
to calibrate fishing effort or catch-per-unit-effort data; 

5) use estimates calibrated in step 4) to estimate terminal 
fishing mortality; 

6) unless terminal values estimated in step 5) are 
effectively unchanged, return to step 2); 

7) calibrate recruitment estimators using population 
estimates of each year's new recruits; 

8) using estimates of population numbers and recruit
ment levels obtained above, make forecasts of catch 
numbers in year t + 1 and year t + 2 subject to proposed 
levels of fishing mortality (F). 

In general, the proposed level of fishing mortality in year 
t + 1 will be that which gives a preagreed TAC for year 
t + 1. In ICES, the proposed level of fishing mortality in 
year t + 2 is often either the same as acted in year t or 
some proportion of it. We shall call TACs which are 
designed to maintain currentFlevels status quo TACs. The 

99 



problem with this method of estimating TACs is that the 
calculation route is complex and it is difficult to see how 
to investigate the variance of the resulting T AC except 
perhaps by a Monte Carlo simulation approach such as that 
shown in Pope and Gray (I983). An alternative is to con
sider only the variability generated in the forecast made 
in step 8) above rather than in the whole assessment pro
cedure, step I)-step 8). This was the approach used by Pope 
and Garrod (I975) and also by Doubleday (I979). 

Another alternative is to simply consider how well or 
badly past TACs have been set in the light of hindsight (e.g. 
Macer eta!. I979) or by independent working groups using 
the same data (Garrod eta!. I977). All of these methods 
give insights into the problem but a general formula that 
related the variability of the TAC to the variability of the 
inputs would be very valuable even if it were only approx
imately true. 

The main problem of developing such a general formula 
is the recursive and subjective nature of steps 2) through 
8). To proceed, therefore, we ideally need a formulation 
of a TAC that is simpler than current practice but which 
mirrors its main features. 

Two possible formulations are developed in this report. 
The first, the leapfrog TAC, is very simple but does not 
mirror current practice. It is shown, however, as a very 
simple illustration of the nature of the status quo TAC 
calculation process. The second formulation - the 
ANOVA TAC- is somewhat more complex but would 
seem to mirror most of the processes we carry out at pre
sent. This method, therefore, relates to the normal TAC 
assessment in rather the same way that cohort analysis 
relates to virtual population analysis (VPA). That is, in 
practice, we would probably choose to use the 'exact' 
method but the simpler method illustrates what in fact we 
are doing and enables us to develop formulae for the 
variances of the results. 

3. Leapfrog TACs 
The procedure for estimating TACs shown in Section 2 

requires that a time series of data is available. Examina
tion of the structure of the separable VP A (Pope and 
Shepherd I982) suggests, however, that it should be possi
ble to set a TAC based only on 2 yr assessment data (i.e. 
catch-at-age data, weight-at-age data, effort data, and 
recruitment indices). 

Suppose we have assessment data for years t - I and 
t and wish to set a T AC in year t + I such that 
F(t + I) = F(t - I). Pope and Shepherd (1982) consider 
the case where fishing mortality at any age j in any year 
i may be given as F(i) x SU) where F(i) is a year effect 
and SU) an age effect. Using their equation (I4) we may 
then write 
(3.1) ln[C(t, j + 1)/C(t - 1, j)] = ln[F(t)IF(t - 1)] 

+ ln[S(j + 1)/S(j)] 

- 0.4444 F(t) S(j + 1) 

- 0.5556 F(t - 1) S(j) - M. 

where M is natural mortality. 

IOO 

An equivalent formula can be written to relate C(t + I, 
j + I) and C(t, j). For a simple leapfrog TAC we set 
F(t + I) = F(t - I) and thus 

(3.2) In[C(t + 1, j + 1)/C(t, j)] 

= In [F(t - 1)/ F(t)/ F(t)] 

+ ln[S(j + 1)/S(j)] 

- 0.4444 F(t - 1) S(j + 1) - 0.5556 F(t) S(j) - M. 

Hence, subtracting (3.I) from (3.2) leads to 

(3.3) ln[C(t + 1, j + 1)/C(t, J)] 

= ln[C(t, j + 1)/C(t - 1, J)] 

+ 2 ln[F(t - 1 )/ F(t)] 

+ [F(t) - F(t - 1)1{0.4444 S(j + I) 

- 0.5556 S(j)}. 

The last term of the RHS will generally be far smaller than 
the second term and will be ignored. With obvious 
manipulations (3.3) may be written as 

(3.4) C(t + 1, j + 1) = C(t, j + 1) C(t, j) (F(t - 1))2· 
C(t - 1, j) \ F(t) 

Thus the catch-at-age of all but the youngest age U = I) 
caught in year t + I may be estimated from the past 2 yr 
catch-at-age data. An analogous formula to (3.4) can be 
written for C(t + I, I) in terms of a recruitment index for 
prerecruit fish of R(t) and R(t + I). R(t) of course predicts 
the size of the year-class which gives C(t, I). 

Briefly, 

(3.5) C(t, 1)/F(t) = r R(t) 

where r is a constant, and 

(3.6) C(t + 1, 1)/F(t - 1) = r R(t + 1, 1) 

so 

(3.7) C(t + 1, 1) = C(t, 1) R(t + 1) F(t - 1) . 
R(t) F(t) 

Hence, we may write the Total Allowable Catch (TAC) 
g 

(3.8) TAC = I: W(j) C(t + I, j), 
j = I 

where g is the greatest age in the catch-at-age data, and 
where the C(t + I, j) are given by (3.4) and (3. 7) and WU) 
is the average weight at age j. 

Since fishing mortalities enter these equations as ratios, 
we might replace them by the ratios of fishing effort 
f(t - I),f(t) at least for species where a constant catchabili
ty is a reasonable assumption. This calculation of the TAC 
is interesting since it would seem to imply that we may 
estimate a TAC to give F(t + I) = F(t - I) with only 
2 yr assessment data and without knowing the actual values 
of F(t - I), F(t) or M! 



I do not recall seeing this formulation anywhere else 
although it is so simple I cannot believe it has not been 
developed somewhere. For convenience, I propose it be 
called the leapfrog TAC because we jump from F(t - I) 
to F(t + 1). Clearly, it does not mirror standard practice 
but we may estimate its approximate variance easily using 
the Taylor expansion approach. That is, we may express 
the small error in TAC as ~TAC. ~TAC is the result of 
equivalent small errors inf(t- l),ftt), R(t), R(t + 1) and 
the C(t- I,}), C(t,j). As a first approximation to ~TAC 
we have, using a Taylor's expansion, that 

(3.9) 
g 

tlTAC = I; 8TAC AC(t - 1, j) 
j = 1 aqt - 1, j) 

g 
+ r; aTAC AC(t, j) 

j = 1 aC(t, j) 

+ aTAC AF(t - 1) + 8TAC AF(t) 
aF(t - 1) aF(t) 

+ aTAC flR(t) + 8TAC AR(t + 1) 
8R(t) 8R(t + 1) 

g 
+ r; aTAC AWU). 

j = I 8W(j) 

If we square both sides and sum for all possible values 
(assuming the independence of each data type) we obtain 
an equation relating the coefficient of variation of the TAC 
(CV(TAC)) to the coefficients of variation of the data sets. 
These coefficients of variation could be expressed separately 
for each C(i,j),j(i), R(i), and W(J) for years i = t- I, 
t and all ages}, but for the sake of simplicity we assume 
that all C(i, }) have the same coefficient of variation, 
(CV(C)); as dof(t- 1),/(t), (CV(f)); and as do R(t), 
R (t + 1), (CV(R)); and as do all W(j), (CV( W)). 

We can then write 

CV(TAC)2 = II(C) CV(C)2 

+ ll(f) CV(f)2 

+ II(R) CV(R)2 

+ II(W) CV(W)2 

where writing C(t + 1, }) W(J) as Y(J) 
g- 1 

(3.11) II(C) = {Y(g)2 + E [(Y(j) + Y(j + 1))2 

(3.12) 

(3.13) 

(3.14) 

j = I 

+ Y(j + 1)2l}/TAC2 

g 

ll(f) = 2{Y(l) + 2 E Y(j)}2/TAC2 
j = 2 

II(R) = 2Y(1)2/TAC2 

g 

II(W) = E Y(j)2/TAC2• 
j = I 

The standard assessment practice described in steps 1)-8) 
of Section 2 and the leapfrog method described in this sec
tion have one feature in common: in both methods the 
catch-numbers-at-age in the TAC year are taken to be 
directly proportional to the last available catch-numbers
at-age data for the year-class (those of year t) or to the 
appropriate recruitment index for the year-class. From 
equation (3.4) we see that for the leapfrog method the coef
ficient of proportionality is 

(3.15) C(t, j + 1) x (F(t - 1))2· 
C(t - 1, j) F(t) 

Equivalently, if steps 1)-7) are followed to estimate F(i) 
and S(J) and a T AC is estimated in year t + I such that 

F(t + 1) = F(t - 1) 

the coefficient of proportionality may be written as 

(3.16) F(t - 1) S(j + 1) [1 - exp{ -Z(t - 1, j + 1)}] 
-p(j) ~ [1 - exp{ -Z(t, j)}l 

x Z(t, j) exp{ -Z(t, j)} 
Z(t - 1, j + 1) 

where Z(i, }) = F(i) x S(J) + M for all i. 
By adapting Gray's (1977) approximation 

(3.17) 1 - exp{ -Z(i, j)} = exp{ -Z(i, j)/2.25} 
Z(i, j) 

this may be rewritten as 

(3.18) F(t - 1) S(j + 1) exp{- (0.4444F(t- 1) S(j + 1) 
F(t) S(j) 

+ 0.5556 F(t) S(j) + M)}. 

Comparing (3.18) with (3.15) we observe that following the 
steps 1)-7) leads us to a coefficient of proportionality which 
is more complex than the leapfrog method but which is 
less dependent upon the fishing effort estimates of the last 
2 yr. It follows that equation (3.10) is unlikely to estimate 
the variance of a T AC estimated by the standard assess
ment practice. In particular the component of variance due 
to the variance of fishing mortality (effort) (3.12) is likely 
to be heavily overstated. 

To provide a suitable formulation of the variance we 
clearly need a T AC estimation method that follows the 
standard assessment practice while maintaining something 
of the simplicity of the leapfrog method. Such a method 
is proposed in the next section. 

4. ANOV A TACs 

The results of the previous section make it clear that the 
leapfrog T AC cannot be expected to have a similar variance 
to the standard assessment method and we must therefore 
look for a closer analogy. The essential feature of the stan
dard method is that catch-at-age data from a number of 
past years are used to estimate fishing mortality and popula
tion sizes by age and year. These estimates are then used to: 

I) calibrate the fishing effort data against fishing mortal
ity data so as to be able to predict F(t) from effort data; 
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2) estimate the age effects on fishing mortality (S(j)); 
and 

3) calibrate indices of recruitment so as to be able to 
predict R(1, t), etc. 
The F(t) and S(j) thus estimated are used to calculate the 
ratio of catch-numbers-at-age in the TAC year to either 
the catch-numbers-at-age in year t or the recruitment 
estimates. The advantage of this approach is that the TAC 
is less dependent on the effort data of any 1 yr than is the 
case with the leapfrog TAC. 

Pope and Shepherd (1982) show that the problem of 
estimating F(i) and S(j) which are consistent with past 
years' data may be regarded as the problem of finding 
values of the F(i) and the S(j) such that a least squares 
fit is obtained to the matrix of log catch ratios (D(i, j)) 
given by 

(4.1) D(i, j) = ln{C(i + 1, j + 1)/C(i, j)}. 

They also show that such least squares solutions are not 
unique and that the D(i, j) matrix has a structure that close
ly approximates to the 2-way analysis of variance (ANOV A 
model): 

(4.2) D(i, j) = Q(i) + J3(j) + p. + E 

where a(i) is the year component, B(j) is the age compo
nent, p. is the overall mean and e is an error term resulting 
from catch-at-age data sampling errors. 

The actual assessment tasks of 2) through 6) shown in 
Section 2 may be regarded as an attempt to estimate 
separable fishing mortality estimates which as far as possi
ble are consistent with the catch-at-age data and consist
ent with fishing effort or catch-per-unit-effort data. As we 
have noted above, the least squares method indicates that 
this interpretation will not be unique. By contrast, the 
ANOV A interpretation of the catch-at-age data is unique. 
If we could extrapolate this in time to give the year effects 
a(t) and a(t + 1), then we could use the ANOVA model 
to predict D(t, j) and D(t + 1, j), the log catch ratio of 
the forecast years to the previous years. The problem 
therefore is to relate a(i) to measures of fishing effort. 

Pope and Shepherd's (1982) equation (B.1) gives the year 
total D(i,•) where • indicates summing for all ages as 

(4.3) D(i,•) = (g - 1) 1n[F(i + 1)/F(l)] + ln[S(g)/S(1)] 

g- 1 
- F(i + 1) 0.4444 I; S(j + 1) 

j =I 

g- 1 
- F(1) 0.5556 I; S(j) - (g - 1)M 

j = I 

They normalize the S(j) by arbitrarily setting S(x) = 1 
where x is an age between 1 and g; however, for the pur
pose of the development here Pope's (1979) normalization 

g 

I; S(j) = g 
j = I 

will be used, and to further simplify the problem an addi
tional constraint S(g) = 1 will be adopted. 
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The result of this is that 

g- 1 
(4.4a) g - 1 :S I: S(j + 1) =::; g 

j =I 

and in practice, since S(1) is usually small, 

g- 1 
(4.4b) I; S(j + 1) := g 

j =I 

and 

g- 1 
(4.5) I; S(j) = g - l. 

j = I 

Since 

(4.6) D(i,•) = (g - 1)(Q(i) + p.) 

we see that approximately 
(4.7) Q(i) + p. := ln[F(i + 1)/F(i)] 

- 0.4444 _g_ F(i + 1) 
g - 1 

- 0.5556F(i) + Constant. 

In many cases g will be about 8 yr and if we assume g 8 
we may simplify (4.7) to give 

(4.8) ln[F(i + 1)/F(i)] - 0.51F(i + 1) 

- 0.56F(i) + Constant. 

If F(i + 1) and F{i) are in the region of 1.0 then a very 
possible approximation to (4.8) would be 

(4.9) _!_ ln[F(i + 1)/ F(i)3] + Constant. 
2 

Figure 1 shows the relationship between equation (4.8) 
and the approximate form of (4.9) for values of F(i + 1) 
of 0.3, 0.5, 0.9, 1.4, and 1.7 and values of F(i) set at 50, 
100, and 1500Jo of the value of F(i + 1). It is clear that 
for values of F(i + 1) between 0.5 and 1.7 and with F(i) 
between 50 and 150% of F(i + 1) of these values that the 
approximation is closely related to equation (4.8) with a 
slope of 1.0. Only for the F(i + 1) = 0.3 series and for 
the upper point of the F(i + 1) = 0.5 series and the lowest 
point of the F(i + 1) = 1.4 series and the lowest two points 
of the F(i + 1) = 1.7 series does the approximation depart 
more than 0.1 from the true function line. For many fish 
stocks therefore the approximation should prove entirely 
adequate. For those with lower F values, the alternative 
approximation ln[F(i + 1)/F(i)2] may prove more suitable 
but since this yields rather similar results for the first order 
of components of variation of the T AC, the exposition 
given here will be entirely in terms of the approximation 
(4.9). Thus, for many stocks, we can hope to 
relate -} ln[F(i + 1)/ F(i)3] to a(i). Provided fishing 

effort (f) predicts fishing mortality (i.e. F = qf), we 
should then expect the a(i)'s to correlate closely with 
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FIG. I. The relationship between the exact formulae (4.8) for a(i) 
and the approximation used with AN OVA TACs (4.9) for a range 
of F(i) and F(i + I) values. 

!.ln[f(i + 1)//(1)3] with a slope of about 1.0. 
2 Suppose we find a correlation between the cx(i)'s and the 
approximate effort function (4.9) of the form 

(4.10) a(i) = a + _!_ ln[j(i + 1)/ f(i)3] 
2 

e.g. the 1983 TAC is set in 1982 using 1981 catch-at-age 
data. This means that the two youngest ages represented 
in the TAC are not represented in the last year's catch-at
age data and must therefore be estimated by recruitment 
indices. In practice, the youngest age in the catch-at-age 
data frequently has a variable proportion of the fully 
recruited fishing mortality applied to it. This may mean 
that the third age in the T AC must often also be estimated 
using recruitment indices. We will designate these indices 
by R(i, 1), R(i, 2), and R(i, 3), respectively where i refers 
to the year of the catch they predict. In normal working 
group practice they would be calibrated using regressions 
of past years' data with VPA population estimated in past 
years. This method is not open to us here because we would 
like to estimate our T AC independent of mortality 
estimates. We may, however, calibrate each R by using 
either a regression of C(i, j)! f(i) on R (i, j) or finding the 
average value of either C(i, j)/{f(i) R(i, j) or its natural 
logarithm. We will call this calibration coefficient r(j). For 
convenience we will use the latter approach and set 

I - I 
(4.14) r(j) = { II C(i, j)/(f(i) R(i, j)}111 - 1exp u2

2/2 
i =I 

where ul/2 is the correction from the geometric to the 
arithmetic mean and is estimated from the perceived 
variance of ln[C(i, j)lf{i) R(i, j)]. 

We may now write the TAC as 
g 

(4.15) TAC = E C(t + 2, j) W(j) 
j =I 

where for j = I to 3 

where a is the intercept and where by the definition of cx{i) (4.16) C(t + 2, n = f(t) R(t + 2, j) r (j) 
we may write 

I- I 
(4.11) a = - _I_ E _!_ln[f(i + l)/f(i)3]. 

t-1;=(2 
· We may then predict 

(4.12) a(t) = a(t + I) = a - ln(f(t)] 

where we require that F(t + 2) = F(t + 1) = F(t), e.g. 
when we wish to estimate aT AC to give unchanged fishing 
mortality. 

With estimates of cx(t) and cx{t + 1) it is possible to 
predict ln[C(t + 1, j + 1)/C{t, j)] and 
ln[C{t + 2, j + 2)/C{t + 1, j + 1)] 
for j = 1 to g - 2. 

Using the catch-at-age data in year y we may therefore 
predict the catch-at-age in year t + 1 for all ages except 
the youngest as 

(4.13) C(t + I, j + I) 

and for j = 4 to g 

(4.17) C(t + 2, j) = C(t, j - 2) exp(2a(t} 

+ {3(j - I) + {3(j - 2) + 2p. + u1
2). 

We may then make some attempt to estimate variance 
using the Taylor's expansion method. As usual with this 
method it is convenient to express variability as the square 
of the coefficients of variation. These are assumed for 
simplicity to be the same for each of the four chief estimator 
sets of catches-at-age [CV(C)], fishing effort [CV{f)], 
recruitment indices [CV(R)], and weights-at-age [CV(W)]. 
It is, however, instructive to partition the variation into 
two components. The first component designated by 0 is 
due to the most recent year's estimators. The second 
designated by <Pis due to past years' data used to calibrate 
current measures. 

We may thus write 

= C(t, j) exp{a(t) + B(j) + p. + u
1
2/2} (4.18) CV(TAC)2 = (O(C) + <I>(C))(CV(C))2 

+ (O(f} + <l>(fl)(CV(f))2 

+ (O(R) + <I>(R))(CV(R))2 

where u1
2/2 is the correction for the transformation from 

the logarithmic mean to the arithmetic mean and u1
2 is 

estimated as the mean of the squared deviations of 
D(i, j) from the ANOV A model. A similar equation to 
( 4.13) is then used to relate the catches in year t + 2 to 
those in year t + 1. This will be necessary as in many cases 
T ACs are set two years on from the last catch-at-age data, 

+ (O(W) + <I>(W))(CV(W)}2 

Details of the calculation of the O's and <P's are shown 
in the mathematical appendix. 
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Where 

(4.19) Y(j) = W(j) C(t + 2, j) 

and 

(4.20) o{j} = 0 for j ::;;; 3 

(4.21) o{j} = 1.0 for j > 3 

the formulae for the fJ's and <l>'s are 

(4.22) 

(4.23) 

(4.24) 

(4.25) 

g 
O(C) = I; [Y{j) + (Y(j - I) o{j - I) 

j ~ 4 

+ Y(j - 2) o{j - 2))/(t + l)]ZITAC2 

3 g 
O(f) = {I; Y{j) - (2 +_I_) I; Y{j)}2/TAC2 

j~1 t-lj~4 

3 
O(R) = I; (Y{j)/TAC)2 

j = 1 

g 
O(W) = I; {Y{j}/TAC)2 

j ~ 1 

(4.26) <P(C} = { Y{l}2{t - I) + [Y{3) - Y{4) - Y(5)]' 

+ [Y(2) - Y(4)] 2 

g 
+ I; [Y{j - 2) - Y(j)]2(t - 2) 

j ~ 4 

g 

+ I; [Y{j) + Y(j - 1)]2}/({t - I)TAC)2 

j ~ 6 

3 g 
(4.27) <P{f) = {[I; Y(j) - 2 I; Y{j)]2 (t - 2) 

j~1 j~4 

3 g 
+ [I; Y(j) - 3 I; Y{j)]2}/((t - I)TAC)2 
j~1 j~4 

3 
(4.28) <P(R) = I; Y(j)2!((t - 1) TAC2) 

j ~ 1 

(4.29) <P(W) = 0. 

As with the leapfrog TAC the relative sizes of these com
ponents of variation will obviously depend on the relative 
sizes of the YU) which will vary from year to year. It is 
thus only possible to say what the coefficient of variation 
of the TAC will be in a particular set of circumstances. 

The components of variation are thus best discussed in 
the context of the example in the next section. 

5. Examples of the Methods and Their Variance 

To prepare examples of the leapfrog TAC and the 
ANOV A TAC the data presented by the ICES North Sea 
Roundfish Working Group of I979 (Anon. I979) for North 
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Sea cod were used. Their catch-at-age data for the years 
I969-78 together with the recruitment indices for these 
years form the basis of the examples. 

In order that conventional methods of forecasting could 
be made to compare with the leapfrog and ANOVA TACs, 
the catch-at-age data for ages 2-II were interpreted using 
separable VPA (Pope and Shepherd I982) for the combina
tions of F78' S11 and M shown in the text table. 

Run I 0.9 
Run II 0.8 
Run III 0.7 

0.1 
0.2 
0.3 

The resulting series of F(i)'s correlated extremely closely 
as shown in the text table. 

Correlation matrix of F(i)'s 

Run I Run II Run III 

Run I 1.000 0.999 0.997 
Run II 0.999 1.000 0.999 
Run III 0.997 0.999 1.000 

It is clear therefore that a measure of international fishing 
effort which correlated reasonably with one of these series 
would correlate reasonably with the other two and that 
therefore fishing effort data would not in this case enable 
us to choose between the various levels of natural mortality 
adopted. A similar result was reported by Pope (1979). 

Unfortunately, the effort data for this stock do not give 
a very close relationship with the fishing mortalities and 
so were not used in the examples. Instead the actual annual 
fishing mortalities for the years generated by run II were 
used as though they were fishing effort. Using this measure 
of fishing effort: 

I) illustrated that for the ANOVA TAC the regression 
of a(i) + p. on _!_ In(F(i + I )I F(i)3) would have a high 

2 
correlation (0.990) with effort data which is proportional 
to fishing mortality; 

2) illustrated that for both the leapfrog TAC and the 
ANOV A TAC the predicted catch-at-age and the actual 
weight would be similar to those calculated by conventional 
methods given good data. 

The results from runs I to III and the recruitment data 
were then used to form the basis of a predicted I979 TAC 
such that F(I979) = F(I977) for each Mlevel. The catch
at-age predicted from each of these forecasts and the catch 
weight in I979 were estimated as were the equivalent leap
frog TAC results. These are shown in Table I which in
dicates the closeness of the results from the different M's 
and the similarity of these to the leapfrog TAC result. The 
calculations involved in estimating the leapfrog TAC are 
shown in Appendix B. These results do not therefore con
tradict the conclusion, based on the formulation of the leap
frog TAC, that status quo TACs are not altered by the 
natural mortality level used. 

The values of the components of variation (calculated 
from the M = 0.2 run) are 



TABLE l. Comparison of the results of a leapfrog TAC with nor-
mal forecasts for North Sea cod, 1979, assuming F19 = F71 

Catch at age in 1979 

Forecast 

Age Leapfrog M = 0.1 M = 0.2 

1 16 167 7 328 7 481 
2 42 721 46 018 46 098 
3 35 693 48 138 47 455 
4 4 058 4 242 4 205 
5 3 646 2 788 2 752 
6 922 793 777 
7 379 298 293 
8 106 97 95 
9 112 155 152 

10 30 36 36 
11 14 9 9 
12 2 7 6 

TAC (1 000 t) 169 187 185 

(5.1) CV(TAC)2 = 1.35 CV(C)2 + 7.66 CV(f)2 

+ 0.001 CV(R)2 

+ 0.33 CV(W)2. 

M = 0.3 

7 590 
45 635 
46 584 
4 168 
2 715 

759 
287 

91 
150 
35 
9 
6 

183 

Thus if the coefficient of variation of each of the inputs 
was 100Jo, then the coefficient of variation of the TAC 
would be 30.6%. This of course would be largely a result 
of the variability of fishing effort. Clearly, it would be 
unwise to use a leapfrog T AC unless no other method was 
available and we had reasonable confidence in the fishing 
effort, measure. 

It seems unlikely that this coefficient of variation is appli
cable to status quo T ACs calculated in the conventional 
fashion since it is much higher than those that result from 
the simulations shown in Pope and Gray (1983). 

TABLE 2. Comparison of an ANOVA TAC with normal forecasts 
for the North Sea cod in 1980 assuming F80 = F78 • 

Catch at age in 1 OOO's in 1980 

Forecast 

Age ANOVA M = 0.1 M = 0.2 M = 0.3 

1 12 645 10 205 13 436 13 705 
2 26 005 25 531 25 633 25 697 
3 19 720 15 848 16 032 15 971 
4 16 603 15 430 15 333 15 211 
5 1 707 1 696 1 695 1 698 
6 1 194 1 154 1 153 1 150 
7 383 341 337 332 
8 128 118 117 116 
9 65 54 52 51 

10 54 52 51 51 
11 15 15 15 15 
12 5 7 6 6 

TAC (1 000 t) 159 145 146 146 

The results of runs I-III and the recruitment data were 
also used to predict a 1980 TAC such that F(1980) = 
F(1979) = F(1978) for each M level. The catch-at-age 
predicted from each of these forecasts and the catch weight 
in 1980 were estimated as were the equivalent ANOVA 
TAC results. These are shown in Table 2 which indicates 
the closeness of the results from the different M's and the 
similarity of these to the ANOV AT AC. The computations 
involved in estimating the AN OVA TAC are shown in Ap-
pendix B. Again the conclusion that status quo T ACs are 
little affected by the value of Mused seems to be upheld. 
The values of the components of variation calculated from 
the M = 0.2 run are shown in the text table. 

Components of variation for the ANOVA TAC for North 
Sea cod, 1980. 

II( C) = 0.19 <I>( C) = 0.02 
ll(f) = 0.60 <I>(f) =0.D7 
II(R) = 0.08 <I>(R) = 0.01 
II(W) = 0.25 <I>(W) = 0.00 

The coefficient of variation of the T AC is thus given by 

(5.2) CV(TAC)2 = 0.21 CV(C)2 + 0.67 CV(f)2 

+ 0.09 CV(R)2 + 0.25 CV(W)2. 

Thus if the coefficient of variation of each of the inputs 
was 10%, then the coefficient of variation of the TAC 
would be 11%. 

It is instructive to compare this result with a simulation 
of the 1980 T AC using the method explained in Pope and 
Gray (1983). Table 3 shows comparisons of the results ob
tained from equation (5.2) and from the simulations for a 
number of different coefficients of variation of the catch
at-age data, fishing effort data, and recruitment data. In 
this example catch-weight-at-age data are considered to 
have zero variance in these comparisons since it is not 
allowed for in the Pope and Gray method. The results are 
very similar for the cases where only catch-at-age data and 
recruitment vary but the ANOV A results are more than 
50% larger than the simulated results when effort data are 
the sole source of variation. 

A multiple regression of the simulated results with 
CV(TAC)2 as the dependent variable and with CV(C)2, 

CV(/)2 and CV(R)2 as the independent variables gave a 
best fit (where the line is forced through the origin) of 

(5.3) CV(TAC)2 

= 0.34 CV(C)2 + 0.30 CV(f)2+ 0.07 CV(Ri. 

Comparing this with equation (5.2) indicates the close 
agreement of those formulae on the effect of variation in 
catch-at-age data and recruitment data but suggests that 
in this case the effect of variation in fishing effort might 
be overestimated by the ANOVA TAC calculation. Ten
tatively this discrepancy may be associated with the approx
imation adopted to obtain (4.9) and hence equation (4.23). 
This approximation may result in the coefficient of varia
tion of fishing mortality being substituted for 100 x the 
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TABLE 3. Comparison of coefficients of variation of a status quo TAC for North Sea cod in 1980 calculated 
from equation (5.2) (ANOVA) and simulated using the method of Pope and Gray (1983) (P & G). 

Coefficients of variation of: 

0 15 
Effort Catch-at-
data age data ANOVA P&G ANOVA 

0 0 0 0 4 
10 5 4 6 
20 9 9 10 
40 18 19 19 

15 0 12 11 13 
10 13 12 14 
20 15 14 16 
40 22 23 23 

30 0 25 16 25 
10 25 21 25 
20 26 23 27 
40 31 31 31 

60 0 49 31 49 
10 49 32 50 
20 50 34 50 
40 52 42 53 

standard deviation of fishing mortality for 4 + . Equation 
(4.23) might perhaps be more correctly written as 

(5.4) IJ(f) = 
3 g 

{ E Y(j) - F(2 + _l_) E Y(j}f/TAC2• 

j=l t-lj=4 

Certainly this change gives a value of O(f) = 0.35 in the 
example and hence a revised form of equation (5.2) of 

(5.5) CV(TAC)2 = 0.21 CV(C)2 + 0.35 CV(f)2 

+ 0.09 CV(R)2 + 0.25 CV(W)2• 

This compares very well with equation (5.3) with CV(C) 
= 400Jo, CV(f) = 60% and CV(R) = 60%; equation (5.3) 
gives CV(T A C) = 44% which is almost exactly the figure 
given by simulation. 

Thus equation (5.4) might be used in preference to equa
tion (4.23) when calculating the variability of a status quo 
T AC calculated in the standard fashion. Equation (4.23) 
should, however, be regarded as the estimate of the 
variability of the ANOVA TAC which is presumably 
therefore more variable in some circumstances than the 
standard method. This might be viewed as the price paid 
for not using an estimate of natural mortality when the 
ANOV A T AC is calculated. 

6. Discussion and Conclusions 

The two new status quo T AC formulations explained in 
sections 3 and 4 of this report indicate that such T ACs may 
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Recruitment data 

30 60 

P&G ANOVA P&G ANOVA P&G 

4 9 8 18 16 
6 10 10 19 16 

10 13 12 20 18 
19 20 21 26 25 

11 15 15 22 19 
12 16 14 22 20 
15 18 17 24 22 
23 24 25 28 29 

22 26 21 30 25 
21 27 23 31 26 
23 28 24 32 28 
32 32 33 36 35 

32 50 32 52 35 
32 50 33 53 36 
35 51 35 53 38 
42 53 43 55 45 

be computed without a knowledge of M. This conclusion 
also seems to be supported by the numerical results of Sec
tion 5. This would suggest that status quo TACs are not 
particularly sensitive to the value of Mused. However, 
unless we know Mit is difficult to know whether we should 
maintain the status quo or increase or decrease the level 
of fishing for optimum yield. Nevertheless, status quo 
TACs are robust short-term measures that might be com
bined with robust indicators of optimum yield (possibly 
Schaefer curves) to provide a sensible basis for fisheries 
management as suggested in Pope (1979). 

The chief virtue of both the leapfrog and the ANOV A 
methods is their simple structure which enables us to 
calculate the variability introduced into the TACs calculated 
by variable input data. This indicates that the leapfrog 
method is very sensitive to variability in fishing effort data 
and should only be used if sufficient data for other methods 
are unavailable. The variability of the ANOV A T AC is, 
however, far less sensitive to the variability of fishing effort. 
Indeed, the formulation suggests that, when the contribu
tion of the recruiting ages to the T AC is twice the contribu
tion of the older ages, the effect of variability in effort data 
may be largely canceled out in the resulting TAC. Another 
interesting feature of the ANOV A TAC formulation is that 
variability in the most recent years' data is far more im
portant than variability in the past year's data used to 
calibrate it. In fact, these effects tend to be about 
1.0/(t - 1) smaller where t is the number of years data 
available. 

The steps involved in estimating an ANOV A TAC closely 
parallel the steps used to estimate a status quo TAC in the 
standard fashion. The example of Section 5 also suggests 
that the ANOV AT AC is a reasonably close analogy to the 



standard method. It would therefore seem worthwhile to 
use the equations (4.18)-(4.29) to study the relationship be
tween input data variability and TAC variability as a first 
step in optimizing the sampling of input data. 

The actual values of the components of variation in equa
tions (5.1), (5.2), (5.3), and (5.5) obviously depend heavi
ly on the age structure of the catch in the T AC year. Equa
tions (4.18)-(4.29) indicate that large incoming year-classes 
will emphasize the variation in R and diminish the impor
tance of the variation in/. Conversely,fwill be most im
portant for low mortality stocks where most of a TAC is 
taken from nonrecruiting ages. This would be the case 
where a recruitment failure has occurred indicating that 
in these circumstances estimates of status quo T ACs 
become more variable. A special case of this would arise 
if all the T AC was taken from age 4. This same situation 
would also give the worst case situation for catch-at-age 
and weight-at-age data. 

If we had 10 yr of data this worst case would give 

(6.1) CV(TAC)Z 

= 1.05 CV(C)2 + 4.96 CV(/)2 + 1.00 CV(W)2• 

If in these rather unlikely circumstances we wished the coef
ficient of variation of the TAC to be 100Jo we could achieve 
this by sampling C, f, and W with coefficients of varia
tion of 3.8% for each data set. It is quite unlikely, however, 
that a 3.8% coefficient of variation for fishing effort data 
could be attained since its variation may be more due to 
the natural variation of the catchability coefficient than 
the sampling variability of fishing effort. This factor may 
therefore determine how accurately it is worth sampling 
catch-at-age or weight-at-age data. The worst case 
situation for O(R) + q,(R) is when all the TAC comes 
from one recruiting age. In this case O(R) + q,(R) = 1.0 
+ 1.0/(t - 1). If all the catch came from age 2 or 3 and 
we had 10 yr of data we would have 
(6.2) CV(TAC)2 

= 0.11 CV(C) + 1.11 CV(/)2 + 1.11 CV(R)2 

+ 1.0 CV(W)2• 

We might therefore judge that coefficients of variation 
of from 3 to 5% would be desirable for each of these data 
sets so that in almost any circumstances we would have 
a TAC with a 10% coefficient of variation or better. In 
practice, such a level of precision is unlikely to be achieved. 

An alternative to concentrating on worst case levels of 
coefficient of variation ofT AC is to require only that the 
average TAC has a coefficient of variation of 10%. This 
would require much less precise input data series. Probably 
a sensible way to decide on the appropriate precision for 
input series would be to use equations (4.18) through (4.29) 
and (5.4) to estimate the components of variation for the 
stock configurations shown in past years. 

Table 4 shows the values each() and q, would have taken 
supposing the past years' North Sea cod catch-at-age data 
to have been realizations of ANOV A TACs. On average 
then this suggests a coefficient of variation of 

(6.3) CV(TAC)2 

= 0.08 CV(C)2 + 0.20 CV(/)2 + 0.22 CV(R)2 

+ 0.25 CV(W)2 

if equation (4.23) is used for O(f). If equation (5.4) is used 
for O(f) 

(6.4) CV(TAC)2 

= 0.08 CV(Cf + 0.11 CV(/)2 + 0.22 CV(R)2 

+ 0.25 CV(W)2• 

Coefficients of variation of 10% in all the input data would 
thus lead to an average coefficient of variation of <9% 
in the T AC in either case. Perhaps more importantly since 
the sum of the () and q, are less than 1.0 in nearly every 
year, a coefficient of variation of 10% on all input data 
would have resulted in coefficients of variation of the T ACs 
of< 10% in all of the years except perhaps 1969 and 1970; 
the worst case being 1969 when the coefficient of varia
tion of the T AC would have been 11%. 

The above results suggest that provided we can accept 
that the variation of the ANOV A T AC is a reasonable 

TABLE4. Values of the 0 and <I> for each input data set calculated from the catch-at-age data of North Sea 
cod (1969-78) assuming these to be ANOVA TAC estimates based on 10-yr data. 

Year O(C) 0(/)a 0(/)b O(R) O(W) <I>( C) <I> (f) <I>(R) <I>(W) Total• Totalb 

1969 0.13 0.66 O.o7 0.10 0.21 0.01 0.08 0.01 0.00 1.21 0.61 
1970 0.13 0.69 0.14 0.06 0.16 0.01 0.08 0.01 0.00 1.14 0.58 
1971 0.03 0.00 0.06 0.25 0.27 0.02 0.00 0.03 0.00 0.60 0.66 
1972 0.01 0.09 0.16 0.33 0.34 0.03 0.01 0.04 0.00 0.84 0.91 
1973 0.06 0.01 0.01 0.22 0.27 0.02 0.00 O.Q2 0.00 0.62 0.62 
1974 O.o7 0.15 0.04 0.14 0.20 0.01 0.02 0.02 0.00 0.60 0.49 
1975 0.07 0.09 O.Q2 0.13 0.19 0.01 0.01 0.01 0.00 0.51 0.44 
1976 0.04 0.00 0.02 0.26 0.29 0.02 0.00 0.03 0.00 0.63 0.65 
1977 0.02 0.09 0.20 0.20 0.21 0.02 0.01 0.02 0.00 0.56 0.68 
1978 0.02 O.o7 0.14 0.35 0.37 0.03 0.01 0.04 0.00 0.89 0.96 

Average 0.06 0.18 0.09 0.20 0.25 0.02 0.02 0.02 0.00 0.76 0.66 

•using equation (4.23). 
bUsing equation (5.4). 
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analogy of the variation of a conventionally forecast status 
quo T AC, we are able to make some suggestions as to 
suitable coefficients of variation for the stock assessment 
data to be collected for this purpose. 
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Mathematical Appendix A 

Derivation of Equations (4.18)-(4.29) 

From equations (4.13) and (4.16) we may write 

(AI) 
3 

TAC = E WU) J(t) R(t + 2, j) rU) 
j = I 

g 

+ E WU) C(t, j - 2) exp{2a(t) 
j = 4 

+ BU - 1) + BU - 2) + 2p. + u1
2}. 

Further, using equations (4.11) and (4.12), and recalling 
that 

Substituting this and equation (4.14) in equation (Al) 
allows the T AC to be written as a function of the input 
variable set C(i,j),j(i), R (i, j), W (j) and the two variances 
u1

2 and ul. 
We may therefore follow the approach used in Section 

3 of developing a first approximation to AT AC, in terms 
of small errors in the input variables, using the first order 
terms of a Taylor expansion. This may then be squared 
and summed for all possible values (assuming the in
dependence of each data type) to obtain an approximate 
equation relating the coefficient of variation of the T AC 
to the coefficients of variation of the input variable set. 
Designating members of the input variable set as x(k) the 
approximate equation is thus 

(A3) CV(TAC)2 = E { aTAC x(k) } 2 CV(x(k))z. 
an k ax(k) TAC 

Developing this for each x(k) would lead to a very exten
sive equation. To simplify matters, therefore, we will con
sider only the case where the various types of input variable 
have each a common coefficient of variation. Thus for all 
i andj 

(A4) CV(C(i,j)) = CV(C) 

(AS) CV(f(i)) = CV(f} 

(A6) CV(R(i,j)) = CV(R) 

(A7) CV(WU)) = CV(W). 

Since the current levels of input variables (the C(t,j), f(t), 
R(t + 2,j), and W(j)) enter equations (A1) and (A2) in 
a different way to those of the earlier years it is worth split
ting the variability of the T AC into components due to the 
current levels of the input values (designated by O(C), O(f), 
O(R), and O(W)) and to those due to past values (designated 
by <I>(C), <I>(f), <I>(R), and <I>(W)). 

We may now develop the equations for each 0 and <I> 
in turn. 

and hence from equations (A1) and (A2) we may write 

setting oU} = 0 for j ::5 3 

and oU} = I for j > 3 
g 

t - 1 (A9) 
(t - 1) (BU) + p.) = E n[C(i + I, j + I)/C(i, j)] 

IJ(C) = E [YU) 
j = 4 

i =I 

we may write 

(A2) exp{2a(t) + BU - I) + BU - 2) + 2p. + u1
2} 
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t- 1 
= [exp u

1
2] {/0) I1 f(if}ll(t- I) 

f(t) I= I 

t- 1 
f(t)-Z{C(t, j - 1) I1 [C(i + I, j)]}ll(t- I). 

C(l, j - 1); = 1 C(i, j - 2) 

+ (YU - 1) oU - I) + YU - 2) oU- 2))f/TAC2 
t - I 

IJ(f) = {aTAC j(t) }2 
aj(t) TAC 

and hence from equations (A1) and (A2) 
3 g 

(AlO) IJ(f) = { E YU) - (2 + _I_) E YU}} 2/TAC2 

j=l t-Ij=4 



3 
(All) II(R) = r; { aTAC R(t + 2, j)}2. 

j ~ 1 aR(t + 2, j) TAC 

Hence from equation (A1) 

(Al2) 
3 

II(R) = E (Y(j)/TAC)2• 
j ~ I 

(A13) II(W) = E {aTAC WU)}2. 
j ~ 1 aWU) TAC 

Hence from equation (A1) 

g 

(Al4) II(W) = E { Y(j)/TAC}2 

j ~I 

I- 1 g 

(AlS) <I>(C) = r; r; { aTAC cu. j)F. 
; ~ lj ~ I aC(i, j) TAC 

Hence from equations (Al) and (A2) and after some 
rearrangement 

Appendix B 

Examples of the Calculation of Leapfrog and 
ANOVA TACs 

DATA INPUTS 

The data used to calculate the leapfrog and ANOV A 
TACs shown in Tables B1 and B2 were as follows. Catch
at-age, weight-at-age data and recruitment indices for the 
1968-76 year-class (from the International Young Herring 
Survey) were as given for North Sea cod in Anon. (1979). 
Lower estimates were adopted for the recruitment indices 
of the 1977-79 year-classes equivalent to those used for 
the standard method runs on Table B2. The fishing effort 
data were also the same as were used for the standard runs. 
As a result the T ACs estimated are somewhat lower than 
those given in Anon. (1979) and are only intended for illus
trative purposes and not as an alternative assessment of 
North Sea cod. 

(Al6) <l>(C) = { Y(l)2 (t - 1) + [Y(3) - Y(4) - Y(S)f CONSTRUCTION OF THE LEAPFROG TAC 

(Al7) 

+ [Y(2) - Y(4)] 2 

g 

+ E [YU - 2) - YU)f(t - 2) 
j ~ 4 

g 

+ E [Y(j) + YU - 1)]2}/TAC2(t - 1)2 

j ~ 6 

I - 1 
<I>(f) = E {aTAC f(i) }2. 

; ~ 1 aj(i) TAC 

Hence from equations (A1) and (A2) 
3 g 

(Al8) <l>(f) = { E YU)- 2I; YU)}2 t- 2 
j ~ I j ~ 4 (t - 1)2TAC2 

3 g 

+ { E YU) - 3 E Y(j)} 2 

i ~ I j ~ 4 

I- 1 3 
(Al9) <I>(R) = E E { aTAC R(i, j)F. 

i ~ I j ~ I aR(i, j) TAC 

Hence from equations (A1) and (4.14) 

3 
(A20) <l>(R) = E YU)2/(t - 1) TAC2• 

j ~ I 

Since the terms for Ware only concerned with the current 
year 

(A21) <l>(W) = 0. 

Apart from the components due to the input variables, 
components are also due to the a1

2 and al. These, 
however, result in second order terms and since, for this 
simple exposition, such terms have otherwise been ignored, 
it seems inappropriate to include them. 

The construction of the leapfrog T AC is shown in Table 
Bl. The data used are fishing effort for 1977 and 1978, 
recruitment indices for 1-yr-old fish in 1978 and 1979, and 
catch-at-age data for 1977 and 1978. The calculations are 
very simple. Column A shows the product of 

C(l978, j + 1) C(l978, j)/C(l977, j). 

Column B shows the product of 

Column A X {/(1977)//(1978)}2. 

This is the value of C(1979,j + 1) given by equation (3.4). 
Column C shows the product of 

C(1978, 1) R (1979) /(1977)/R (1978) /(1978) 

which is the value of C(1979,1) given by equation (3.7). 
The catch-at-age estimates for 1979 are set out under 

Results. These multiplied by the weight-at-age data and 
summed give the estimate of the leapfrog TAC of 169 311 t. 

CONSTRUCTION OF THE ANOV A T AC 

The construction of the ANOV A TAC is shown in Tables 
B2-B5. Table B2 shows the log catch ratio matrix for North 
Sea cod based on catch-at-age data from ages 2 to 10 for 
1969-78. The grand total was estimated and divided by the 
number of cells to give an estimate of p.. Age totals were 
estimated. These were divided by 9 (the number of cells 
on which they were based) and p. subtracted to give 
estimates of the fi(j). Year totals were estimated and divid
ed by 9 to estimate the a(i) + p. terms. A linear regression 
of these terms on 0.5lnf(i + 1) - 1.5 In/(i) was then per
formed. This was highly significant and gave a prediction 
of a(1978) + p. = - 1.05. A two-way ANOVA was then 
performed on the log catch ratio data to estimate the 
residual mean square which was used to estimate 
a1

2 = 0.11. 
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TABLE Bl. Calculation of a leapfrog TAC for North Sea cod, 1979. 

Calculations Results 

C(79,j) W(j) Y(j) 
Data A B c ('000) (kg) (t) 

i 77 78 
.f(l) 0.6774 0.8000 
R(i + 1) 9.9 4.9 

C(i, J) ('000) ('000) 

j = 1 109 448 38 575 59 584 42 721 16 167 16 167 0.50 8 084 
2 51 760 169 055 49 782 35 693 42 721 0.91 38 876 
3 22 560 15 242 5 660 4 058 35 693 2.02 72100 
4 4 170 8 378 5 085 3646 4 058 3.83 15 542 
5 I 748 2 531 1 286 922 3 646 5.76 21 001 
6 595 888 528 379 922 7.65 7 053 
7 811 354 148 106 379 9.13 3460 
8 273 338 156 112 106 10.39 I 101 
9 96 126 42 30 112 11.26 1 261 

10 23 32 19 14 30 12.02 361 
11 8 14 32 23 14 12.51 175 
12 53 18 23 12.92 297 

Leapfrog TAC = 169 311 t 

A = C(1978, j + 1) C(l978, j)/C(l977, j) 

B = A (f{1977)/.f(1978))2 
}equation (3.4) 

C = C(l978,1) R(l979) f(1977)/(P.(1978) .f(1978)) - equation (3.7) 

The results from Table B2 were then used in Table B3 
with the 1978 catch-at-age data to estimate catch-at-age in 
1979 for age 3 and older and catch-at-age in 1980 for age 
4 and older. These were estimated by multiplying the catch
at-age j in 1978 by exp(EU)) to give the catch-at-age 
j + 1 in 1979. This was then multiplied by exp(EU + 1)) 
to give the catch-at-age j + 2 in 1980. EU) being taken 
as the value of 

a(l978) + B(j) + p. + u1
2!2 

estimated in Table B2. 
To estimate the catch of 1-, 2-, and 3-yr-old fish in 

1980, the calculation shown in Table B4 was performed. 
The value of 
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In{ C(i, 1)/[f(i) X R (i, 1)]} 

In{ C(i, 2)/[f(i) X R (i, 2)1} 

In{ C(i, 3)/[f(i) X R (i, 3)1} 

was computed for each year from 1969 to 1978. The mean 
and variance of these were then computed for each age and 
the exponential of the mean + \12 variance was multiplied 
by the fishing effort and the appropriate recruitment in
dex for 1980. It was noted that the Young Herring Surveys 
gave a poor estimation of the 3-yr-olds. 

The results of all these calculations are set out in Table 
B5, which shows the catch-at-age data for 1980, the weight
at-age and the resulting ANOV A TAC for 1980. 
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TABLE B2. Calculation of an ANOVA TAC for North Sea cod, 1980. Part 1: ln{C(i+ l,j+ 1)/C(i, J)} matrix and the derivation of a(1978), p., J3{j) and a/. 

1969 
1970 
1971 
1972 

"1973 
1974 
1975 
1976 
1977 

t = 1978 
Totals 
{3(j) = Totals/9. 0- p. 

ANOVA 

Cause df Sum sq. 

Years 8 2.20 
Ages 8 1.65 
Residual 64 6.97 

Total 80 10.82 

a/= 0.11 

j 

2 3 4 

-0.34 -0.95 -0.78 
-0.64 -1.01 -0.70 
-1.23 -1.05 -0.91 
-1.31 - 1.20 -0.97 
-0.95 -1.24 - 1.10 
-1.11 -1.06 -0.86 
-1.04 -1.00 -1.06 
-1.46 -1.53 -1.31 
-1.22 -0.99 -0.50 

-9.32 -10.05 -8.19 
-0.12 - 0.20 +0.01 

Mean sq. F ratio p 

0.28 2.53 <0.05 
0.21 1.90 <0.10 
0.11 

In{ C(i+ I, j+ 1)/C(i, j)} 

5 6 7 

-0.97 -0.99 -1.20 
-1.05 -0.95 -0.99 
-0.77 -0.50 -0.33 
-0.84 -1.04 -1.09 
-0.67 -0.79 -0.97 
-0.97 -0.95 -1.19 
-1.04 -0.82 -0.70 
-0.87 -1.02 -0.98 
-0.68 -0.52 -0.88 

-7.86 -7.59 -8.33 
+0.04 +0.07 -0.01 

8 

-0.54 
-0.13 
-0.15 
-1.00 
-0.45 
-0.76 
-0.98 
-0.67 
-0.77 

-5.44 
+0.31 

9 

-0.22 
-0.99 
-0.58 
-2.11 
-1.12 
-1.46 
-1.18 
-0.85 
-1.10 

-9.62 
-0.15 

10 

-0.16 
-0.94 
-1.41 
-0.47 
-0.16 
-0.81 
-1.64 
-1.91 
-0.49 

-7.98 
+O.D3 

Col. B 
Col. A = A/9 Col. C 

0.5 
Totals a(i) + JL ln(f(i+ 1)) 

- 1.5 ln(f(i)) 

- 6.16 -0.68 0.67 
- 7.41 -0.82 0.49 
- 6.92 -0.77 0.51 
-10.04 -1.12 0.17 
- 7.46 -0.83 0.45 
- 9.17 -1.02 0.24 
- 9.47 -1.05 0.20 
-10.60 -1.18 0.10 
- 7.15 -0.79 0.47 

(0.22) 

-74.38 0.80 
JL = -74.38/81 = -0.92 

Linear regression of B on C gives 
R = 0.99, df = 7, P < 0.001 

Col. D 

f{i) 

0.55 
0.63 
0.66 
0.79 
0.69 
0.80 
0.82 
0.82 
0.68 
0.80 

a(i) + p. = - 1.25 + 0.90{0.5 lnf(i + I) 
- 1.5 lnf(i)} 
a(1978) + p. = -1.25 + 0.90 X 0.22 
= -1.05 



TABLE B3. Calculation of an ANOVA TAC for North Sea cod, 1980. Part 2: estimation of C(1980,4) 
to C(1980, 12). 

C(1978, j) C(1979, j + 1) C(1980, j + 2) 
j E(j)a ('000) exp[E(J)] ('000) exp[E(j + 1)] ('000) j + 2 

2 -1.12 169 055 0.326 55 159 0.301 16 603 4 
3 -1.20 15 242 0.301 4 588 0.372 1 707 5 
4 -0.99 8 378 0.372 3 117 0.383 1 194 6 
5 -0.96 2 531 0.383 969 0.395 383 7 
6 -0.93 888 0.395 351 0.364 128 8 
7 -1.01 354 0.364 129 0.502 65 9 
8 -0.69 338 0.502 170 0.317 54 10 
9 -1.15 126 0.317 40 0.379 15 11 

10 -0.97 32 0.379 12 (0.379) 5 12 

aE(j) = a(1978) + I3(j) + p. + u1 
212. 
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TABLE B4. Calculation of an ANOVA TAC for North Sea cod, 1980. Part 3: estimation of C(1980, I) to C(1980, 3). 

C(i, I) C(i, 2) 
('000) f(i) R(i, I) In{ C/{j x R)} ('000) f(i) R(i, 2) In{ C/(f x R)} 

1969 5 109 0.55 6.3 7.30 
1970 47 304 0.63 59.9 7.13 
1971 61 347 0.66 89.4 6.95 
1972 6 317 0.79 2.8 7.96 
1973 33 809 0.69 31.5 7.35 
1974 15 715 0.80 11.2 7.47 
1975 35 086 0.82 54.5 6.67 
1976 7 165 0.82 6.1 7.27 
1977 109 448 0.68 44.2 8.20 
1978 38 575 0.80 9.9 8.49 
1979 0.80 4.9 
1980 0.80 7.6 

.x, = 7.48 

a2 = 0.32 
C(1980, I)= 7.6 x 0.8 exp(7.48 + 0.32/2) 

= 12 645 

23 009 0.55 5.5 8.94 
27 373 0.63 6.3 8.84 

149 128 0.66 59.9 8.24 
195 922 0.79 89.4 7.93 
30 551 0.69 2.8 9.67 
53 537 0.80 31.5 7.66 
54 771 0.82 11.2 8.69 
97 453 0.82 54.5 7.69 
51 760 0.68 6.1 9.43 

169 055 0.80 44.2 8.47 
0.80 9.9 
0.80 4.9 

.x2 = 8.56 

a 2 = 0.48 
C(l980, 2) = 4.9 x 0.8 exp(8.56 + 0.48/2) 

= 26 006 

TABLE B5. Calculation of ANOVA TAC for 
North Sea cod, 1980. Part 4: estimation of catch 
weight. 

C(1980, j) W(j) Y(j) 
j ('000) (kg) (t) 

1 12 645 0.50 6 323 
2 26 006 0.91 23 665 
3 19 720 2.02 39 834 
4 16 603 3.83 63 589 
5 1 707 5.76 9 832 
6 1 194 7.65 9 134 
7 383 9.13 3 497 
8 128 10.39 1 330 
9 65 11.26 732 

10 54 12.02 649 
11 15 12.51 188 
12 5 12.92 65 

TAC = 158 838 t 

C(i, 3) 
('000) f(i) R(i, 3) ln{C/(fx R)} 

31 590 0.55 30.5 7.54 
16 392 0.63 5.5 8.46 
14 385 0.66 6.3 8.15 
43 709 0.79 59.9 6.83 
52 648 0.69 89.4 6.75 
II 799 0.80 2.8 8.57 
17 597 0.82 31.5 6.52 
19 330 0.82 11.2 7.65 
22 560 0.68 54.5 6.41 
15 242 0.80 6.1 8.05 

0.80 44.2 
0.80 9.9 

x3 = 7.49 

a 2 = 0.66 
C(1980, 3) = 9.9 x 0.8 exp(7.49 + 0.66/2) 

= 19 720 



Effects of Systematic, Analytical, and Sampling Errors on Catch Estimates: 
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RIVARD, D. 1983. Effects of systematic, analytical, and sampling errors on catch estimates: a sen
sitivity analysis, p. 114-129. In W. G. Doubleday andlet D. Rivard [ed./ect.] Sampling 
commercial catches of marine fish and invertebrates I L'echantillonnage des prises com
merciales de poissons et d'invertebres marins. Can. Spec. Pub!. Fish. Aquat. Sci./Publ. 
spec. can. sci. halieut. aquat. 66. 

An algorithm that emulates certain aspects of the assessment for fish stocks of the northwest 
Atlantic is presented. Simulations are used to gain insight on the effects of various systematic, 
analytical, and sampling errors on catch estimates. This analysis suggests that, for a species like 
cod, catch projections are very sensitive to the independent index of stock size used for "tuning" 
sequential population analysis. Uncertainties of mean weight at age also appear as an important 
source of error in catch projections. A routine assessment of the relative impact of precision and 
accuracy of a given parameter on catch projections would pennit the identification of critical elements 
of the sampling programs for a given fishery and lead to the design of efficient sampling programs. 

RIVARD, D. 1983. Effects of systematic, analytical, and sampling errors on catch estimates: a sen-
sitivity analysis, p. 114-129. In W. G. Doubleday andlet D. Rivard [ed./ect.] Sampling 
commercial catches of marine fish and invertebrates I L'echantillonnage des prises com
merciales de poissons et d'invertebres marins. Can. Spec. Pub!. Fish. Aquat. Sci./Publ. 
spec. can. sci. halieut. aquat. 66. 

Un algorithrne simulant certains aspects de !'evaluation des stocks de poissons sur la Cote Est 
du Canada est presente et est utilise afin de demontrer les effets de certaines erreurs systematiques, 
analytiques et d'echantillonnage sur !'estimation des prises. Cette analyse suggere que, pour une 
espece comme Ia morue, le calcul des prises prevues est influence largement par l'indice indepen
dant de Ia taille du stock qui est utilise pour« ajuster »!'analyse sequentielle des populations. Le 
poids estime moyen pour un age donne apparait egalement comme une source importante d'er
reurs dans le calcul des prises. Pour une p@che donnee, !'auteur suggere qu'une evaluation routiniere 
de !'impact relatif de Ia precision et de !'exactitude d'un parametre donne sur le calcul des prises 
devrait permettre d'identifier les facteurs critiques des programmes d'echantillonnage et mener au 
developpement de programmes d'echantillonnage plus efficaces. 

Introduction The "Tuning Phase" of Sequential Population 
Analysis (SPA) 

Many of the groundfish and pelagic stocks of the north
west Atlantic are currently managed through the applica
tion of a total allowable catch (TAC) calculated from a 
fishing mortality rate called F0.1. The estimation of TACs 
generally involves a sequential population analysis (SPA) 
to reconstruct historical population levels and a projection 
model that uses the most recent information on growth and 
partial recruitment coefficients for estimating the catch at 
Fo.I in future year(s). 

Typically, the determination of starting F's for sequen
tial population analysis (e.g. cohort analysis or virtual 
population analysis) involves an iterative process which at
tempts to optimize a given criteria. For example, by assum
ing an arbitrary constant value for the instantaneous rate 
of natural mortality for all ages in all years, a cohort anal
ysis is performed by using estimates of age-specific fishing 
mortalities in the last year, which are derived from estimates 
of partial recruitment in previous years and an arbitrary 
value for the fully recruited Fin the most recent year. In
put F's for the oldest age group in each year are also fixed 
arbitrarily. Then one or more criteria are used to "adjust" 
or "fine tune," in an iterative manner, the initial estimates 
so that the output of the cohort analysis "matches" some 
series of observations. This search for the "best" solution 
is often done either haphazardly or systematically (more 
or less), through the analysis of a series of cohort analyses 
(or "cohort runs") covering a wide range of values forin
put parameters. The objective function (i.e. the function 
to be optimized) is generally unspecified, the search being 

Estimates obtained from sequential population analyses 
for recent years are particularly sensitive to the uncertain
ties of the initial F-values. Inaccurate "starting values" may 
generate spurious trends in stock size estimates. For this 
reason, one or more independent measures of stock size 
are often used to "tune" a sequential population analysis. 
It is the purpose of this paper to analyze the sensitivity of 
catch estimates obtained from projection when an indepen
dent measure of stock size is used to tune the sequential 
population analysis. Figure 1 outlines the different steps 
of an assessment for many groundfish and pelagic stocks 
in the northwest Atlantic. 
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FIG. 1. Diagram showing how sequential population analysis, yield per recruit analysis, and the pro
jection algorithm are used for estimating catch in the projection year(s). Such an assessment process 
is currently used for estimating total allowable catch (TAC) for many groundfish and pelagic stocks 
in the northwest Atlantic. 

monitored by the analysis of graphical output. Sometimes 
correlations are used as an index of "best fit"; sometimes 
the purpose of this iterative scheme is to bring the final 
stock size calculated from SPA as close as possible to a 
regression line relating the results of a sequential popula
tion analysis and an independent index of stock size. Figure 
2 summarizes some of the variables commonly used in this 
"tuning" process. 

When independent measures of stock size are used to 
tune a sequential population analysis, the computation of 
terminal F-values clearly appears as an "estimation pro
blem.'' Unless some constraints are applied, this estima
tion process will be poorly designed, since there are general
ly more unknowns than the number of observations. As 

a means of improving the design of this estimation pro
cess, it is generally accepted that the number of unknowns 
be kept to a minimum by making additional assumptions 
regarding the definition of terminal F-values for the oldest 
age group in each year and the definition of partial recruit
ment coefficients for the final year of the analysis. Failure 
to do this may give spurious results. For example, high cor
relations may not be indicative of a predictive capability 
if unknowns are as numerous as the observations: they are, 
instead, the direct result of a geometric manipulation of 
data. In this case, perfect correlations can be obtained; in 
practice, correlations that are lower than unity (say 
0.85-0.99) have been reported in most assessments, main
ly because the assignment of initial values is limited to a 
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FIG. 2. Commercial catch rates, recruitment indices, and stock 
size estimates obtained from research surveys are commonly 
used for 'tuning' sequential population analyses. The relationship 
between effort and fishing mortalities calculated from sequential 
population analysis is used less frequently by the Canadian Atlantic 
Fisheries Scientific Advisory Committee. 

domain of "biologically acceptable" values. 
The objective function is often, in practice, multidimen

sional; in other words, more than one measure of stock 
size are used simultaneously to tune the sequential popula
tion analysis. The current optimization scheme does not 
guarantee that the solution found is optimal. In addition, 
results presented in Doubleday (1981) suggest that the "tun
ing phase" of sequential population analysis constitutes 
an inefficient estimation and that efficient estimates could 
be designed by considering sequential estimates of year
classes. 

An Algorithm for the Toning Phase 

Notwithstanding the problems mentioned above, the tun
ing phase of sequential population analyses currently plays 
an important role in the stock assessment process (see 
O'Boyle 1981). Because each step of the tuning phase is 
under direct control of the "user," the impact of 
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systematic, analytical, and sampling errors remains, too 
often, unclear. To obtain a clearer understanding of how 
such errors are propagated, it is thus necessary to eliminate 
subjective steps, to identify clearly the criteria to be 
optimized and to indicate a priori which assumptions will 
be made. In this section, an algorithm that mimics at least 
some of the processes of the tuning phase is outlined. 
Casting the form of certain relationships and objectively 
defining the purpose of the optimization process will lead 
to an assessment of the effect of various error types on 
catch estimates. 

NOTATION 

Year t0 is the first year represented in the catch matrix 
and year t1, the last. Age b is the youngest age represented 
in the catch matrix and age m, the oldest. Consequently, 
c. 1 (i = b, ... , m; t = t0 ••• t1) identifies each element 
of' the catch matrix. Age-specific estimates of stock size 
and fishing mortality rates obtained from cohort analysis 
(Pope 1972) are identified by N; 1 and F; 1, respectively. 
Finally' W; I identifies the mean' weight of age group i in 
year t; similarly, B· 1identifies the stock biomass. For this 
study, the natural ~ortality rate, say M, is assumed to be 
constant for all ages in all years. 

STAGE 1 

The first stage of the tuning phase serves to estimate 
Fm. 1 (t = t0 , ••• tf.- 1), the fishing ~o~tality rates for the 
oldest age group m each year, and r; (1 = b, ... , m), the 
partial recruitment coefficients (Fig. 3A). The F m 1 are 
assigned the value of the overall rate of fishing mortality 
for ages k, ... , m - 1, as computed from the results of 
a first cohort analysis (k is an arbitrary constant). 1 These 
F-values serve to initiate a new cohort analysis. This pro
cess is repeated in an iterative manner until convergence, 
a procedure which is often called "stabilization of cohort 
analysis." Average partial recruitment coefficients, r;, for 
the period (t 1 - v - 1, t1 - 1) are then calculated from 
the result of the "stabilized" cohort analysis (vis a given 
constant). The calculation of r; involves the application of 
a smoothing procedure on the fishing mortality rates 
F;, 1• Fishing mortalities are thus smoothed using the run
ning medians of 3 and repeating until convergence; then 
mesa2 are "split" and the process is repeated until con
vergence (McNeil1977). The stabilization process and the 
estimation of partial recruitment coefficients are repeated 
in an iterative manner while the fishing mortality rate for 
fully recruited ages, say F. ,11 , is held constant. In general, 
few iterations are necessary for estimating r;. 

. 1 F m, 1 = In ( ~ Ni 1 I E Ni + 1 1 + 1) - M, where the summa
tions are from 1 = k, ... , m - L 

2 A mesa is a flat two-point local maximum or minimum 
(McNeil 1977). 
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FIG. 3A. Diagram illustrating stage 1 of the tuning phase for sequential population analysis. Stage 1 includes two 
processes: stabilization of sequential population analysis and estimation of partial recruitment coefficients. 
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STAGE 2 

For this stage, the fishing mortality rate for fully 
recruited ages, F0 1 , is allowed to vary while the fishing 
mortality rates for the oldest age group in each year (F m 1, 
t = t0 , ... , t1 - 1) and the partial recruitment coefficients 
(r;, i = b, ... , m) take a constant value, i.e. the quantity 
resulting from stage 1. Then a given index of stock size 

INPUT DATA 

szl-----~ constant a 

(in number or biomass units), say CPUE1 (t = t0 , ... , 9• 
is used to calibrate the cohort analysis (Fig. 3B): this pro
cess is, in fact, often referred to as "calibration." The 
calibration constant defined here, say (3, assumes that 
CPUE1 and the B. 1 calculated from cohort analysis are 
directly proportional. Then we proceed in an iterative man
ner and calculate the p<s) 1 which corresponds to con
secutive estimates of the "~a'Iibrated" biomass, IJ{sj, Since 

FIG. 3B. Diagram illustrating stage 2 of the tuning phase for sequential population analysis. Stage 
2, often referred to as "calibration," serves to calibrate the results of a sequential population 
analysis from an independent measure of stock size (CPUE1 here). 
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FIG. 4. Graph showing the convergence of the tuning phase for different starting values, F.,11 

the calibration constant is analogous to the slope of a 
regression line passing through origin, this iterative pro
cess is effectively forcing the stock size estimated for year 
ft to lie on the regression line. In all cases tested, less than 
three iterations were necessary for estimating ]3{~) and F. ,11 
as illustrated in Fig. 4. 

Examples 

As a means of illustrating this procedure, the algorithm 
developed in the preceding section was used for tuning se
quential population analyses for cod in divisions 4VsW and 
4TVn. As mentioned above, the current criteria for tun
ing sequential population analyses is sometimes reduced 
to the visual inspection of graphical output: in such cases, 
the objective function and the termination rule are not for
mulated explicitly. A reasonably good agreement between 
our results and previous assessments would suggest that: 
(1) putting the last point on the estimated regression line; 
and (2) estimating partial recruitment from historical 
average, either played an important role in the tuning pro
cess or constitute viable alternatives for the tuning of cohort 
analysis for a given stock. On the other hand, poor agree
ment would suggest that other rules and criteria were pre
ferred for the tuning phase. 

For cod in 4VsW, the stock size (age 5 and older) 
estimated for 1980 is 98 257 x 103 with the self-tuning 
cohort analysis and 103 184 x 103 in the assessment of 
Maguire (1981). Close agreement between these estimates, 
as well as between estimates of fully recruited F, F0.1 and 
the 1982 catch biomass suggests that our algorithm emulates 
relatively well the optimization process used to tune the 
cohort analysis for this stock (Table 1). For example, both 

TABLE 1. The results of the 1981 assessment of cod in 4VsW 
(Maguire 1981) are compared with the results of a cohort analysis 
tuned with the algorithm presented herein and the catch projected 
at F0.1 for 1982. 

Self-tuning 
Maguire and Difference 

Variable (1981) projecting (%) 

Numbers at age for 10.1 
1980, ages 2-12 

1980 stock size for 103 184 98 257 4.9 
age 5 and older X 1oJ X 103 

(numbers) 
1980 fully recruited F 0.225 0.234 3.9 
FO.I 0.234 0.264 12.0 
1982 catch projections 53 700 54 238 1.0 

at F0.1 (t) 

processes used the regression of biomass of age 5 and older 
estimated from sequential population analysis against the 
catch rate of tonnage class 5. However, Maguire (1981) 
does not use an historical average for estimating partial 
recruitment coefficients in the final year but derives these 
from the total instantaneous mortality rates (Z) calculated 
from the R. V. population estimates and from the Cana
dian otter trawl catch per unit of effort at age. The 1975-79 
average partial recruitment coefficients calculated from 
stage 1 are relatively close to Maguire's estimates, as il
lustrated in Fig. 5. 

For cod in 4TVn, there is reasonable agreement between 
the stock size (age 5 and older) estimates of Sinclair and 
Maguire (1981) and the estimates computed from our self
tuning cohort analysis (Table 2). There are major 
disparities, however, in the 1980 estimates of fully recruited 
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FIG. 5. Comparison of partial recruitment coefficients estimated by Maguire (1981) and those estimated in stage 
I of the tuning phase. 

TABLE 2. The results of the 1981 assessment for cod in 4TVn 
(Sinclair and Maguire 1981) are compared with the results of a 
cohort analysis tuned with the algorithm presented herein and the 
catch projected at F0.1 for 1982. 

Sinclair 
and Self-tuning 

Maguire and Difference 
Variable (1981) projecting (OJo) 

Numbers at age for 23.0 
1980, ages 3-15 

1980 stock size for 230 307 204 126 11.4 
age 5 and older X 103 X 103 

1980 fully recruited F 0.28 0.41 45.7 
1982 catch projections 64 628 42 482 34.3 

at F0•1 (t) 

F, as well as for estimates of stock size and partial recruit
ment coefficients for ages 3 and 4. Because age 3 and 4 
fish will be fully recruited in 1982, an error in the 1980 
estimate of partial recruitment coefficients for these ages 
could result in a substantial error in the projected catch 
for 1982. In their assessment, Sinclair and Maguire (1981) 
adjusted the coefficient of partial recruitment at age 3 by 
using the research index for ages 1, 2, and 3. The substitu
tion of the results of stage 1 by Sinclair and Maguire's 
estimate of partial recruitment coefficients gives a projected 
catch of 57 000 t for 1982 (Sinclair and Maguire obtain 
65 000 t). The disparity still exists since Sinclair and 
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Maguire did not force the regression through the origin and 
did not put the 1980 point on the regression line when tun
ing the cohort analysis. 

It is clear that the self-tuning cohort analysis developed 
in the preceding section constitutes a simplification of a 
rather complex process. The multidimensional aspect of 
the tuning phase is also neglected but it could be argued 
that a close examination of previous assessments reveals 
that a single index of stock size is often given more weight 
than other indices in the tuning phase. Other indices are 
then correlated a posteriori with the results of the "tun
ed" cohort analysis. The proposed algorithm, however, 
presents distinct advantages. For example, because the 
algorithm is explicitly formulated, it becomes possible to 
assess the effect of different error sources on the estimated 
quantities. The subjectivity of previous methods preclud
ed any assessment of such effects. 

Simulated Population 

As a means of assessing the performance of our 
algorithm for tuning cohort analyses, an age-structured 
population was simulated and fished at F= 0.385 for a 
period of 9 yr, then at F = 0.288 for an additional 
7 yr and at F0 1 for the final year. The time period is 
assumed to be i968-84 and the age range, 3-15. Recruit
ment at age 3 for 1968-84 was calculated as 

N 3,1 = p. + e u 
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FIG. 6. Catch, stock size, and mean weight obtained by applying a pattern of fishing mortality rates which is similar to the historical 
pattern observed on certain groundfish stocks of the northwest Atlantic. The results of the simulation are used as a means to 
assess the performance of our algorithm for tuning cohort analysis and for catch projections. 

where 

p. = 100 X 106; 

u = 30 x 106; and 
€"' N (0, 1). 

From these, and from an assumed age distribution in 
1968, we simulated a population by using the projection 
algorithm described in Rivard (1980). A constant natural 
mortality rate of 0.2/yr was used for all ages, along with 
the following partial recruitment coefficients and mean 
weights: 

Partial Mean weight 
Age recruitment (kg) 

3 0.2 0.80 
4 0.7 1.15 
5 1.0 1.60 
6 1.0 2.21 
7 0.9 3.08 
8 0.8 4.31 
9 0.7 5.26 

10 0.6 6.92 
11 0.55 7.56 
12 0.5 8.00 
13 0.5 8.75 
14 0.5 10.00 
15 0.5 11.50 

These partial recruitment coefficients and mean weights 
at age imply a F0_1 value of 0.236 and an Fmax value of 
0.397. The results of the simulation are summarized in 
Fig. 6. The catch at F0.1 in 1984 is 88 858 t, a quantity that 
will become an important reference point for the next sec
tion. Finally, an index of stock size was derived from the 
stock biomass for age 5 and over as follows: 

15 E B;. I ' t = 1968, ... , 1982. 
1000

i=5 

The catch at age (Ci 1; i = 3, ... ,15; t = 1968, ... , 1982) 
and the index of stocR size are used below as input data 
for tuning the cohort analysis. 

Effects of Systematic, Analytical, and Sampling 
Errors on Catch Estimates 

The catch projected by any analytic method is only an 
estimate; the precision and accuracy of catch projections 
are functions of the precision and accuracy of input infor
mation (Rivard 1981). The input of catch projections in
cludes the initial stock size which, itself, is generally the 
result of a cohort analysis tuned with independent indices 
of stock size. How precise is our input data for a given 
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TABLE 3. Sensitivity of projected catch for 1984 with respect to different sources of error. 

Type of error 

Reference 

Systematic errors (in data) 

In catch-at-age 
A- the 1982 catch is underreported by 10%; 

age composition correct 
B - total catch for 1982 correct but change 

in age composition (samples came from a 
fleet component which avoided smaller 
fish (ages 3 and 4) 

C - 40% of catch from age 3 is discarded at 
sea and not reported: all years 

D - 40% of catch from age 3 is discarded at 
sea and not reported: 1981 and 1982 

E - unreported 50% discard at sea for age 
3, 25% for age 4: 1982 only 

In 1983 TAC 
F- the 1983 catch will exceed the 1983 TAC 

by 10%: 

In stock size index 
G - catch rate index for 1982 is underestimated 

by 10% 
H - catch rate index for 1982 is overestimated 

by 10% 

Analytical errors (i.e. analytical model is wrong) 

In recruitment for the projection years 
I - Recruitment for 1983-84 is overestimated 

by 40% 
J - Recruitment for 1983 and 1984 is calculated 

from the 1972-82 average recruitment as 
obtained from a cohort analysis 

In catch-at-age composition 
K - age composition distorded through 

application of age-length key: all years 

In Terminal F 
L - average F of 8 + is used as terminal F 

for oldest age group in each year 
(parametric value = 12+) 

In stock size index 
M -the catch rate index is influenced by a 

5% annual increase in fleet efficiency 
for the last 5 yr 

Random errors 

In catch-at-age 
N - 15% relative error at age 

(10 replicates) 
In mean weight at age 

0 - for 1968-82 weight-at-age 
c.v. = 15%; 
for 1984, C.V. = 20% (6 replicates) 

Projected catch 
for 1984 (t) 

85 535 

84 892 

85 981 

85 312 

78 256 

69 816 

(84 632) 

73 568 

98 364 

92 561 

81 119 

92 492 

80 765 

115 642 

Error 
(%) 

-0.8 

0.5 

-0.3 

-8.5 

-18.4 

(1.1)" 

-14.0 

15.0 

8.2 

-5.2 

8.1 

-5.6 
( -9.1)b 

35.2 

66 914-84 680 -21.8 to -1.0 

60 486-101 237 -29.3 to + 18.4 



TABLE 3. (Concluded) 

Type of error 

In stock size index 
P - 150Jo relative error applied to catch 

rate index from 1968-82 (6 replicates) 

Multiple errors of various types 

In catch-at-age 

Projected catch 
for 1984 (t) 

74 900-126 723 

Error 
(OJo) 

- 12.4 to + 48.2 

Q - 150Jo relative error at age and age composition 
distorted through application of age-length key; 
(6 replicates) 88 828-105 514 3.8-23.4 

"Represents error made if parametric value is used in the assessment. 
bRelative error in relation to the parametric value, 88 858 t. 

assessment? Given the uncertainties of some quantities, 
what is the accuracy of the estimated catch and, subse
quently, of the total allowable catches (TACs) derived from 
this estimate? It is the purpose of this section to study the 
sensitivity of catch calculations to various types of error. 
Such an analysis should provide an indication of the relative 
importance of these errors on catch projections and il
lustrate the potential benefits of an improved sampling pro
gram for estimating the various parameters (e.g. mean 
weight at age, frequency distribution of catch, etc.). For 
example, should we concentrate our efforts on measuring 
discards at sea or improve sampling in ·port? What is the 
impact of errors in commercial catch rate on the tuning 
of sequential population analyses and on catch projections 
established from the results of such analyses? 

An analysis of the effect of systematic, analytical and 
random error on the catch projections is presented; this 
analysis is carried out on the population described in 
Fig. 6, by introducing known errors into the "parametric" 
or "true" values of certain quantities. Because the 
parametric values are known, it is possible to measure the 
effect of a given error on the calculations. The expression 
"systematic error" will be used to describe errors that can 
occur from inadequate field sampling (discards at sea, 
misreporting and underreporting, biases in age composi
tion, etc.). "Analytical errors" are those linked to the use 
of a given model or algorithm. Finally, "random errors" 
are those resulting from the application of a given sam
pling scheme or resulting from stochastic variability. It is 
important to identify these error types at this stage since 
the error type will dictate the actions needed to improve 
the data base. 

First a test was made with 'no error' in the 1968-82 catch 
data and stock size index by using the self-tuning cohort 
analysis followed by the estimation of F0.1 and a 2-yr pro
jection determining the catch at F0.1in 1984. When "no 
error" is introduced, the assessment procedure yields a pro
jected catch of 89 274 t in 1984 (true value is 88 858 t), 
for a negligible overestimation (<0.5%). No significant 
difference was found between the partial recruitment coef
ficients calculated in this test and their parametric values. 

For the sensitivity analysis presented hereafter, we used 
- except where otherwise indicated - the overall rate of 
fishing mortality of ages 10 and over as the fishing mor
tality rate which applies to the oldest age group in each 
year (Fill 1, t = t0 , ••• , t1 - 1). The corresponding 
parametrlc value would be calculated from ages 12 and 
over, as partial recruitment coefficients were constant for 
ages 12-15 in the simulated population. Choosing the range 
of age groups over which F-values are to be averaged is 
the first decision that has to be made when tuning the 
cohort analysis. Using the overall rate of fishing mortality 
for ages 10 and over leads to a projected catch of 85 535 t 
in 1984, i.e. to a 4% underestimation of the projected catch. 
In other words, a bias of the order of 4% is systematically 
introduced in the following case studies because the range 
of ages used for calculating Fill 1 was assumed to include 
ages 10-15. As the purpose of'this sensitivity analysis is 
to assess the effect of a given error on the calculations, the 
relative error - expressed in percent - was calculated in 
Table 3 by using 85 535 t as the reference catch projections 
for 1984: in other words, this relative error measures only 
the impact of the error introduced. Figure 7, on the other 
hand, pictures the projected catch in absolute terms, in
cluding the 4% bias. 

SYSTEMATIC ERRORS ON CATCH AT AGE 

Underreporting the total catch in 1982 by 10% had no 
significant effect on the catch projected for 1984 (Table 3, 
case A). Similarly, a change in age composition of the catch 
in 1982 had no significant effect on the 1984 catch estimate 
(Table 3, case B): the error structure for this case implies 
that the samples which served to establish the age composi
tion came from a fleet component which avoided smaller 
fish (ages 3 and 4). The error structure was assumed to 
result from a 75!1/o reduction in the partial recruitment coef
ficient for age 3 and a 30% reduction for age 4. In case 
B, partial recruitment coefficients for 1982 were well 
estimated because the 1982 catches for ages 3 and 4 have 
almost no effect on the 1977-81 average partial recruitment 
coefficient computed in stage 1 of the tuning phase. 
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FIG. 7. Response of catch estimates for 1984 to different sources of error. The letters A, B, ... , Q refer to cases of Table 3. 

A sustained discarding rate of 400Jo of small fish (age 
3) from 1968 to 1982 had no effect on our catch estimate. 
However, 'occasional' discarding- for example, when ex
ceptionally high year-classes are recruited to the commer
cial fishery - may introduce a substantial error in the 2-yr 
projection, as illustrated by cases D and E (Table 3). In 
caseD, 40% of age 3 fish which are caught in 1981 and 
1982 are discarded and their catch is not reported. The 
reported catches lead to a 9% underestimation in catch pro~
jections for 1984. For case E, 50% of age 3 and 25% of 
age 4 fish which are caught in 1982 are discarded and their 
catch is not reported. Such an error translates into an even 
larger underestimation of the 1984 projected catch. 

It is also interesting to note that cases A-E result in an 
underestimation of catch in the projection year. Sucher
rors would thus lead to the recommendation of conservative 
TACs. 

SYSTEMATIC ERRORS IN TOTAL ALLOWABLE CATCH 

It is common practice in the assessment of many stocks 
to provide management advice for the upcoming year when 
the most current data available are from the previous year. 
Consequently, a 2-yr projection is necessary, in which the 
catch for the current year is assumed to be equal to the 
T AC for the current year. When the simulated population 
in 1983 is calculated from a catch that exceeds the 1983 
parametric catch value by 10%, the catch in 1984 at F0.1 
becomes 84 632 t (Table 3, case F). Consequently, assum
ing no error in the 1983 catch would result in an overestima
tion of the catch (85 535 t) for 1983, i.e. an overestima
tion of 1.1 %. 
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SYSTEMATIC ERRORS ON STOCK SIZE INDEX 

Cases G and H (Table 3) simulate the response of the 
tuning-projections assessment algorithm to a 10% under
and overestimation of the independent measure of stock 
size - a catch rate index, here - for the most recent year. 
Such an error would result in under- or overestimating the 
1984 catch atF0_1 by approximately 14%. The 1982 catch 
rate plays an important role in the tuning phase. An error 
in this single quantity could lead to the adoption of 'con
servative' or 'not so conservative' TACs. 

ANALYTICAL ERRORS: RECRUITMENT IN THE PROJECTION 
YEARS 

The "projection stage" of an assessment requires an 
estimate of recruitment for upcoming years. In case I 
(Table 3), overestimating recruitment in 1983 and 1984 by 
40% resulted in an 8.2% overestimate of the catch for 1984. 

A common practice in the assessment of stocks is to use 
an average of recruitment for the past few (up to 10) years 
for the projection. In case J, the 1972-82 average recruit
ment (arithmetic mean) led to a minor underestimation of 
the catch at F0_1 for 1984. An average of this type is often 
used when recent recruitment shows either stability or an 
upward trend; more conservative estimates of recruitment 
are generally used when recent recruitment shows evidence 
of a downward trend (e.g. using the lowest historical 
recruitment). Thus, errors in the recruitment estimates for 
the projection years do not appear as a major source of 
error in this case study. 



TABLE 4. Matrix of aging errors. 

'True 
Average age read as follows 

age 3 4 5 6 7 8 

3 0.91 0.09 
4 0.83 0.13 0.04 
5 0.04 0.71 0.14 0.07 0.04 
6 0.07 0.69 0.14 0.07 
7 0.03 0.11 0.53 0.16 
8 0.03 0.11 0.53 
9 0.03 0.11 
10 0.02 0.05 
11 0.02 
12 0.02 
13 0.02 
14 
15 

ANALYTICAL ERRORS: CATCH COMPOSITION 

As a means of simulating the effect of aging error on 
the estimated catch composition, a new catch matrix was 
constructed as: 

C' = E·C 

where C is the 'parametric' catch matrix having elements 
c. 1 (i = 3, ... , 15; t = 1968, ... , 1982) and E is the error 
m'atrix represented in Table 4. The use of C' as input data 
for the tuning-projection algorithm leads to an overestima
tion of 8.1 o/o for the 1984 catch. If catch composition was 
estimated by sampling for ages with no application of age
length key, then aging errors of type E would bias the age 
composition as indicated by C' and thus translate into bias 
in catch projections. However, it is common practice when 
sampling fish stocks in the northwest Atlantic to estimate 
the catch composition by applying an age-length key to 
length samples: the application of age-length keys may itself 
introduce biases in catch composition (Kimura 1977) and 
the bias is greater when age-length keys are obtained from 
a sample with a fixed number of otoliths read at each 
length. Fournier (1983) also suggests that "bias" in catch 
composition can be the result of the sampling procedure 
chosen. Consequently, the error structure and error level 
introduced by using C' may be assumed to represent a bias 
introduced when a given sampling scheme is used for 
estimating catch composition. For example, Labonte (1983) 
indicates that errors in the order of 7-8% are possible when 
comparing the age composition derived with two different 
procedures. 

ANALYTICAL ERRORS IN TERMINAL F 

In the first stage of the tuning phase for cohort analysis, 
the F

111 1 are assigned the value of the overall fishing mor
tality for ages k, ... , m - 1. While the parametric value 
fork in our simulated population is age 12, choosing k = 
8 for the tuning-projection algorithm leads to a catch 
estimate of 80 765 t in 1984, and thus underestimates the 
catch by 5.6%. In most assessments, k is chosen arbitrarily 

9 10 II 12 13 14 15 

0.03 
0.11 0.05 0.03 
0.16 0.11 0.05 0.03 
0.53 0.16 0.11 0.05 0.03 
0.10 0.51 0.15 0.10 0.05 0.03 
0.04 0.09 0.43 0.17 0.13 0.09 0.04 
0.04 0.08 0.12 0.39 0.16 0.12 0.08 
0.04 0.07 0.11 0.15 0.36 0.15 0.11 
0.02 0.04 0.08 0.12 0.16 0.41 0.16 

0.02 0.05 0.10 0.13 0.20 0.49 

and its choice constitutes a compromise between the highest 
k which would give satisfactory population estimates from 
the sequential population analysis, and the lowest k which 
satisfies the assumption of 'common fishing mortality'. The 
value of k influences the estimation of partial recruitment 
coefficients for the oldest age-groups, as illustrated in 
Fig. 8: while the parametric values of partial recruitment 
coefficients describe a domed curve, the choice of lower 
values for k progressively reduces the convexity of the curve 
and moves the right limb of the curve upward, towards 
1. This behavior may explain why asymptotic curves are 
often obtained when partial recruitment coefficients are 
estimated from a sequential population analysis. 

ANALYTICAL ERRORS IN STOCK SIZE INDEX 

The independent measure of stock size, as expressed by 
a catch rate calculated from the commercial catch and ef
fort data, is often used for tuning the sequential popula
tion analysis. The catch rate may be changing, however, 
because the catchability (q) of the commercial fleet is in
fluenced by technological changes (e.g. introduction of 
sonar), by changes in fleet composition and by 'learning' 
factors. As a means of assessing the effect of such changes 
on catch estimates, we derived a new catch rate time series 
from: 

where 

CPUE; = q
1 
B,,

1 
t = 1968, ... , 1982 

q
1 

= 1 x 10 - 3 fort = 1968, ... , 1977 

ql97s = 1.05 x w-3 qi9so = 1.16 x 10-3 

qi979 = 1.10 x 1o-3 ql981 = 1.22 x 10-3 

qi9sz = 1.28 x 10-3 

and where B. 1 is the simulated stock biomass for age 5 
and over. In' other words, CPUE' 1 is the catch rate 
resulting from a 5% annual increase in catchability for the 
1978-82 period. For the simulated fish population, the 
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FIG. 8. Influence of k, the first age used in calculating the overall rate of fishing mortality in stage 1 (stabilization) on the estimation 
of partial recruitment coefficients. 

presence of such a trend in catchability would lead to a 
350Jo overestimation in the 1984 catch at F!.o (Table 3, case 
M). The results of the tuning-projection algorithm are thus 
very sensitive to the independent index of stock size (com
mercial catch rates, research survey index) chosen for the 
assessment of a given stock. 

RANDOM ERRORS IN CATCH DATA 

As suggested by Smith and Maguire (1983), the variance 
and covariance structure of catch at age is rather complex 
as it results from the application of age-length keys to a 
combination of length-frequency samples. The authors sug
gest that the length frequencies are the realization of a com
pound multinomial distribution and indicate that the 
estimation theory with respect to this complex statistical 
distribution has not progressed very far in the literature. 
In absence of a clear definition of the variance-covariance 
structure of catch at age, ten replicates of the catch matrix 
were constructed by introducing a 15% relative error in 
catch at age in the following manner: 

c;,1 = c;,1 + (0.15 e C;) 

where 

E 'V N(O,l). 

The relative error of 15% was assumed constant for all 
ages. In their assessment of catch estimates for cod in 
3Pn-4RS, Gavaris and Gavaris (1983) obtain higher coef
ficients of variation both for the youngest and oldest age 
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groups but much lower coefficients for intermediate ages; 
they also mention that cod in 3Pn-4RS are relatively well 
sampled in comparison to other stocks. Consequently, a 
15% relative error in catch at age lies within the expected 
range of error for current sampling programs. These ten 
replicates lead to catch estimates ranging from 66 900 to 
84 700 t (Table 3, case N): individual estimates are also 
plotted in Fig. 7 (case N). It is somewhat surprising to see 
that a randomly distributed error in catch at age leads to 
catch projections which are systematically below the 
parametric value. The analysis of intermediate results for 
the tuning-projection algorithm reveals that the partial 
recruitment coefficient for age 3 is systematically higher 
than the parametric value, as illustrated in Fig. 9. In cohort 
analysis; overestimating initial fishing mortality for a given 
age results in an underestimation of stock size for that age 
group. Since fish of age 3 in 1982 will be fully recruited 
to the fishery in 1984, underestimating the size for that 
cohort translates into an underestimation of catch in the 
projection year. Further analysis suggests that 'taking the 
arithmetic mean' for the calculation of partial recruitment 
coefficients causes this overestimation of partial recruit
ment coefficients. 

RANDOM ERRORS IN MEAN WEIGHT 

In an assessment of the accuracy and precision of catch 
projections for cod in 4TVn, Rivard (1981) concludes that 
more than 60% of the variance for catch estimates is due 
to uncertainties associated with mean weight at age. For 
this cod stock, the relative error in mean weight varies from 
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FIG. 9. Effect of random errors in catch data on the estimated 
catch at F0_1 in 1984 and on the estimation of partial recruitment 
coefficient for age 3. 

200Jo for the youngest age groups to about 45% for the 
oldest. Error in weight estimates has two components: a 
stochastic component which arises from the natural 
variability in weight due to the environment and from the 
use of current estimates of mean weight for projecting 
2 yr ahead, and a sampling component. 

Six replicates of the weight matrix were constructed by 
assuming a 15% relative error: a 20% relative error was 
used for the weight vector in the projection year. Thus, 
the new weight data appear as 

where 

and 

w; I = W,. I + 'Y E W. I 
I I I, 

'Y = 1507o for t = 1968, ... 1982 
'Y = 2007o for t = 1984 

E "'N(0,1). 

These replicates lead to catch projections varying from 
60 490 to 101 240 t (Table 3, case 0). Estimates obtained 

from each replicate are plotted in Fig. 7. In conclusion, 
errors in mean weight could seriously influence the preci
sion of catch projections for cod. 

RANDOM ERRORS IN STOCK SIZE INDEX 

Six replicates of the 1968-82 catch rate series were 
generated as follows: 

CPUE; = CPUE
1 

+ 0.15 E CPUE1 

where 

e "'N(0,1). 

When these replicates were used as input data for the 
tuning-projection algorithm, catch estimates ranged from 
74 900 to 126 720 t (Table 3, case P). Individual estimates 
are also plotted in Fig. 7. Independent indices of stock size 
thus appear as a major source of error for catch projec
tions. In fact, a 15% relative error in stock size index may 
be unrealistically low for many stocks. Analytical and 
systematic errors in the stock size index also have a serious 
impact on the catch projections (Table 3, cases G, H, and 
M). It is clear that the tuning phase is strongly dependent 
upon the independent index of stock size and that trends 
and uncertainties in the index directly influence the accuracy 
and precision of catch projections. 

MULTIPLE ERRORS 

In any given assessment, it is unlikely that a single 
variable is the sole source of error. The 'error content' of 
input data can be expected to vary as a function of what 
is being measured and how well this variable is sampled 
(coverage, intensity, etc.). As a means of illustrating the 
effect of simultaneous errors on catch estimates, six 
replicates of the catch matrix were constructed by introduc
ing a 15% relative error (as in case N) and by applying 
the error matrix E (as in case K) to the resulting catch 
matrix. The combination of these two error types resulted 
in overestimating the 1984 catch at F0_1 by 3.8-23.4% 
(Table 3, case Q). 

Because two apparently unimportant sources of errors 
may interact positively and produce substantial errors in 
catch estimates, or, alternatively, because two important 
sources of error may yield opposite and mutually cancel
ing errors in catch estimates, it is important to assess 
simultaneously the impact of input errors in different 
variables on the results of the tuning-projection algorithm. 
In other words, an overall measure of uncertainty in catch 
estimates cannot be obtained by simple addition of errors 
from different sources. 

Summary and Conclusions 

An algorithm is presented here to reduce the subjective 
considerations in tuning cohort analysis and in catch pro
jections. When applied to cod in 4VsW, this algorithm led 
to catch estimates which were very close to those obtained 
in a previous assessment for cod in 4VsW. However, this 
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algorithm led to estimates which were substantially lower 
than the estimates obtained by Sinclair and Maguire (1981) 
in their assessment of cod in 4TVn. Such disparity exists 
because 'putting the last point on a zero-intercept regres
sion line' is not the main criteria used for tuning cohort 
analysis for that stock. 

Because all the elements of the tuning-projection pro
cess are explicitly formulated, the sensitivity of catch 
estimates to various error sources can now be assessed. The 
application of this algorithm to a stock simulated with 
known parameters led to the conclusion that our formula
tion of stage I of the tuning phase is itself responsible for 
the occurrence of systematic errors (or bias) in catch 
estimates. For example, the number of age groups con
sidered for evaluating 'terminal F' in the stabilization stage 
can displace estimates of partial recruitment coefficients 
towards unity beyond a certain age. We also observed that 
using the arithmetic mean of historical estimates leads to 
an overestimation of partial recruitment coefficients for 
the youngest age group when normally distributed error 
is introduced in the catch matrix. Because our algorithm 
is very close to the process used by CAFSAC subcommit
tees for certain assessments, special attention should be 
given for the development of corrective measures or new 
methods for estimating partial recruitment coefficients. 

Our analysis of the response of catch estimates to a wide 
variety of errors indicates that catch projections are very 
sensitive to the independent index of stock size that is 
used for tuning sequential population analysis. When 
several indices are available, choosing the 'proper' index 
appears as a very crucial step for any assessment. For in
stance, using commercial catch rates for tuning sequential 
population analyses in pelagic fish showing schooling 
behavior may lead to spurious results if the measure of ef
fort used does not account for temporal changes in fleet 
efficiency (e.g. introduction of sonar). 

Our simulation suggests that catch projections are also 
very sensitive to sampling and stochastic errors in mean 
weight at age. This is in agreement with the results of Rivard 
(1981): for cod in 4TVn, 600Jo of the variance of catch pro
jections is due to uncertainties associated with estimates 
of mean weight at age. While errors in mean weight could 
seriously influence the catch projections for fast growing 
fish, the error may not be as important for slower grow
ing species. 

In the context of this workshop on the sampling of com
mercial catches, the results presented herein can serve to 
assess the importance of various components of our sam
pling programs for achieving a given precision and accuracy 
in catch projections. The analysis was performed only on 
one simulated stock having the characteristics of a cod stock 
of the northwest Atlantic; thus, it would be premature to 
generalize our conclusions to other species or stocks. For 
the case studied, our results suggest that the unreported 
discard at sea of small fish (i.e. fish belonging to the 
youngest age groups) has relatively low impact on projected 
catch when the discarding practice has been maintained 
over a long time period. Relatively large errors can be in
troduced, however, if a discarding practice suddenly took 
place in the last year or the last 2 yr that are present in 
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the cohort analysis: in that case, catch is underestimated 
for the projection year and the total allowable catch (T A C) 
based upon them would be underestimated. When the 
discarding of small fish occurs at sea, port sampling is not 
expected to yield samples which are representative of the 
removals. While at sea sampling permits a better sampling 
design and reduces potential bias in the samples collected, 
it is often not clear how the presence of an observer aboard 
a given fishing vessel affects the fishing practice and, con
sequently, the samples taken from that vessel may not be 
representative of the catch of all vessels in the same 
category. In their analysis of the problems inherent to each 
sampling scheme, Zwanenburg and Smith (1983) suggest, 
in addition, that port sampling programs may not be ran
domly sampling fish and can be biased by the manner in 
which the fish are stored in the hold of the vessel. Our 
results inqicate that, for a species like cod, systematic and 
sampling errors in catch composition can lead to impor
tant errors in catch projections. Because the results of se
quential population analysis are dependent upon catch 
composition data, the "quality" of an assessment relies 
on our ability to obtain an accurate and precise estima
tion of catch composition through our catch sampling pro
grams. Catch composition estimates are not, as we have 
seen, the sole source of error but, for a species like cod, 
errors in catch composition can contribute significantly to 
the variance and bias of catch projections. We can also 
formulate a corollary to that statement: because more than 
one factor influence the ultimate results - i.e. the catch 
projections - all sampling programs that provide input 
(e.g. agglomerate data,3 stock size indices, etc.) to the 
tuning/projection process must be properly "balanced." 
In the case studied, for example, there is little value in im
proving the sampling for catch composition if the variances 
of the age-specific mean weight estimates remain large. 

In general, sensitivity analyses provide indications on the 
importance of a given error in input data for the calcula
tion of certain quantities. For a given stock, sensitivity 
analyses should be accompanied with an estimation of 
variance for input data to provide indications on the cor
rective measures to be undertaken for improving catch 
estimates in the projection year. In other words, a given 
method may be very sensitive to a certain input quantity 
but still be very 'precise' if this input quantity is itself well 
estimated. It is thus important to assess, simultaneously, 
the precision and accuracy of agglomerate data and the sen
sitivity of catch projections to agglomerate data. Such in
formation can be used to assess the precision and accuracy 
of catch projections and to evaluate the relative worth of 
improving the sampling of a given quantity. A routine 
assessment of the relative impact of precision and accuracy 
of a given parameter on catch projections should permit 
the identification of critical elements of the sampling pro
grams for a given fishery and lead to the design of effi
cient sampling programs. 

3 Agglomerate data refer here to annual estimates which are the 
result of various sampling programs and are used as input data 
for a given assessment: e.g. annual catch at age, mean weight at 
age, etc. 
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Yield per recruit analysis is used to determine appropriate levels of fishing mortality from growth 
characteristics of the stock and a partial recruitment pattern. Statistical uncertainties associated 
with estimates for these input parameters contribute to uncertainty in the results. In general, uncertain
ties associated with a few input parameters will make the largest contribution to the uncertainties 
in a result. A sampling program should attempt to minimize the variability of estimates for these 
influential parameters, although other factors (e.g. costs of improved sampling) must also be con
sidered. The use of approximations in estimating uncertainties is discussed. The concept of the 
"regret" resulting from statistical errors in a result is introduced to provide a means of determin
ing the suitability of approximate methods. It is shown that some common approximations are 
particularly questionable when regret is an increasing function of the scale of statistical errors. This 
stems from the greater weight placed on rare events by such regret functions. 

WHITE, G. N., III. 1983. Identification of influential variables in yield per recruit analyses, 
p. 130-140. In W. G. Doubleday and/et D. Rivard [ed./ect.) Sampling commercial catches 
of marine fish and invertebrates/L'echantillonnage des prises commerciales de poissons 
et d'invertebres marins. Can. Spec. Pub!. Fish. Aquat. Sci./Publ. spec. can. sci. halieut. 
aquat. 66. 

On se sert de !'analyse du rendement par recrue pour determiner les taux appropries de mor
talite par peche a partir des particularites de croissance du stock et d'un regime de recrutement 
partie!. Les incertitudes statistiques liees aux estimations calculees pour ces parametres initiaux con
tribuent a !'incertitude des resultats. De fa~on generale, les incertitudes liees a seulement quelques 
parametres initiaux contribueront pour Ia plus grande part aux incertitudes d'un resultat. Dans 
un programme d'echantillonnage, on devrait s'efforcer de minimiser les variations des estimations 
calculees pour ces parametres determinants, bien que d'autres facteurs (par ex. les coiits lies a un 
meilleur echantillonnage) doivent etre egalement consideres. On traite de !'utilisation d'approxi
mations pour evaluer les incertitudes. On introduit le concept du "regret" decoulant des erreurs 
statistiques observees dans un resultat pour fournir un moyen de determiner si les methodes d'approxi
mation sont adequates. On montre que certaines approximations courantes sont particulierement 
discutables lorsque le regret augmente en proportion des erreurs statistiques. Cela decoule du fait 
que ces fonctions liees au regret donnent une plus grande importance aux evenements rares. 

Introduction 

The preparation of biological advice for fisheries 
management can be divided into three main activities (and 
academic disciplines)(White 1983): 

tivities suggests, this problem involves a range of disciplines 
that are only loosely associated in the traditional academic 
matrix. 

This paper will focus on the response of the synthetic 
phase of stock assessment to parameter estimation errors. 
This problem is complicated by two features of the models 
used in syntheses: nonlinearity and dimensionality. Of 
these, the latter must be our prime concern. This is because, 
at the level of complexity of the calculations required in 
stock assessments, modern computers are able to perform 
arithmetic calculations at a rate that vastly exceeds their 
ability to accept and transmit data. Thus, nonlinearity is 
of far less concern than the quantity of data required for 
a calculation. Furthermore, the collection of fisheries data 
is costly. 

I) sampling (field biology) - collection of data, 
2) analysis (statistics) - estimation of fundamental 

descriptive parameters, and 
3) synthesis (mathematics) -melding of these parameter 

estimates into a few resultant quantities that describe the 
resource. 

Ideally, each sampling program is designed to allow 
accuracy requirements for the end product to be met. In 
stock assessment, these end products include such quan
tities as a target level of fishing mortality and the projected 
catches that would result from fishing at this level. To meet 
this ideal, it is necessary to understand the relationship be
tween the statistical variation associated with a sampling 
program and the results of a synthesis. As the list of ac-
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Simplification may be achieved through the use of 
approximations and by focusing attention on the most 
critical aspects of a problem. The largest part of this paper 
is concerned with the effects of some common approxima-



tions. A concept of influence will be defined for use in iden
tifying groups of parameters for which improvements in 
sampling will produce the greatest benefits. 

Throughout the paper it will be assumed that the distribu
tions of estimation errors for input parameters are known. 
This is not, at present, a realistic assumption. Other papers 
presented at this workshop do, however, offer hope that 
such information will soon be available. In the absence of 
data, this must necessarily be a theoretical paper. The 
danger in a theoretical approach is that the author may 
stray over the precipice separating that which is possible 
from theoretical wonderland. It is hoped that the yield per 
recruit problem will provide a point of reference anchored 
in the real world to keep the author's feet on solid ground. 

The Problem 

Fisheries management policies in use today typically re
quire biologists to provide certain results, i.e. the catch cor
responding to particular level of fishing mortality, using 
mathematical models. The actual number that the 
biologist obtains depends on values assigned to parameters 
which characterize the biological system and on variables 
which can be manipulated, called controls. In mathematical 
terms the relationship between a result y and the input 
variables (parameters p = (Pp ... , pk) and controls 
u = (up ... , u1) may be written 

(I) y = f(u, p). 

The values of the parameters must be estimated from 
historical sampling data, and are therefore subject to error, 
while the values of the control variables are considered to 
be exact. 

A transformation model defines the relationship between 
the results of the synthetic phase of stock assessment and 
the input parameters (Fig. 1). It may be viewed as a rule, 
often provided in the form of a computer program, which 
accepts a list of input parameter and control values and 
produces a result which, for simplicity, is assumed here to 
be a single number. 

The numbers of parameters and controls in practical 
problems may be large and the function f(u, p) difficult 
to evaluate without the aid of a computer. The yield per 
recruit problem involves three groups of parameters which 
are used to characterize (a) growth, (b) partial recruitment, 
and (c) natural mortality. The control variable is fishing 
mortality. The actual number of parameters in each group 
will depend on the way each of the processes is modeled. 

ACTIVITY: 

RESULTs: 

SAMPLING 

1>.10'<.-~'i.\10\\"\ 

"'""'"-"'~1>."\\">\\., 

ANALYSIS SYNTHESIS 

YIELD MODEL 

! 

FIG. I. Diagram of the activities required to obtain estimates of 
yield per recruit. 

Typically, the parameters in a group are estimated together 
by means of a curve fitting procedure. Because the data 
involved in obtaining parameter estimates will be different 
for each group, it is assumed that parameter estimates for 
the various groups are statistically independent. The fact 
that, for real problems, the parameters can be grouped in 
this way makes it possible to focus attention on the group 
that contributes most to the uncertainty of a result. 

The question that concerns us is, roughly speaking, 
"What is the contribution of sampling variation to uncer
tainty in the value of a result?" This must be put in more 
precise terms. 

Exact values for input parameters required by (1) are 
seldom known, so in practice one must calculate an estimate 
for y: 

(2) y = f(u, p) 

where p = estimated value of p. 
It is convenient to work with error terms: 

(3) e = y - y = result error 
o = p - p = parameter estimation error 

which are considered to be random variables. Assuming 
that the statistical procedures used to estimate parameter 
values are correct, and that no errors were made in 
transcribing the data, the only way to reduce parameter 
estimation errors is to improve sampling. Thus an impor
tant step towards an answer to the question posed above 
is to characterize the relationship between o and e. 

In keeping with the intention to focus on synthesis, it 
will be assumed only that estimates have been obtained for 
the values of the input parameters and that the estimation 
error is known. In practice, of course, knowledge of the 
error distribution will also be imperfect. 

It is important to distinguish between effects of sampling 
and other sources of error. The result y in (1) should be 
viewed as the value which would be obtained if the "cor
rect" parameter values, p, were used in the model. Even 
if sampling error were to be eliminated, a result may be 
very wrong. Without knowledge of the magnitude of sam
pling error it is, however, difficult to determine the reasons 
for errors in a result. 

The results of a synthesis are often used for prediction, 
in which case it is impossible to verify their accuracy until 
some future date. This situation calls for a concept of regret 
(to be given a precise definition below). The interaction 
of statistical uncertainty with regret will be seen to play 
a crucial role in determining the acceptability of approx
imate answers to our original question. 

Measures of Uncertainty 

This section presents a brief review of the problem of 
describing the uncertainty of a random variable. To begin 
with it is useful to define some concepts (called "vague con
cepts" by Mosteller and Tukey 1977) which provide a 
framework into which specific formulae can be inserted 
at some future time. The random variable (or variables) 
being discussed may be considered to be a parameter 
(vector) which has been estimated from sampling data or 

131 



the random variable obtained as a result from a transfor
mation model. 

A random variable may be characterized in terms of its 
location, scale, and the shape of its distribution. The terms 
location, scale, and shape are intentionally vague because 
no single operational definition will be appropriate for all 
random variables. Thus, depending on the situation, loca
tion may be measured by the mean, mode, or median. Scale 
may, for example, be measured by the standard deviation 
or the length of a confidence interval. Shape may be 
described by specifying a family of distributions (e.g. Gaus
sian, beta, etc.) together with any shape parameters re
quired. Each application requires specific definitions for 
the concepts of location, scale, and shape as well as 
estimators for their numerical values. 

Suppose that a random variable p has Gaussian shape. 
The mean and standard deviation are appropriate measures 
of location and scale. These may be estimated, for exam
ple, by obtaining n independent observations. The sample 
mean provides an estimate fi of the mean, jj, while the 
standard deviation a may be estimated using the sample 
standard deviations. Givenfi it is important to be able to 
answer questions of the form: ''What is the length of a 
I - a confidence interval aboutfi?" A naive approach to 
this question is to use the sample variance s2 to find 
Ra,G such that 

(p- fJ)' 
---

(4) 1 - ex = £ fJ + R •. o -- e zl dp. 

Jp-Ra,G .J'iilS 

A problem with this method is that it does not account for 
the uncertainty in the estimate s2. In practice, one finds 
that this uncertainty may be quite large. To avoid having 
to characterize the uncertainty of the estimate s2, of the 
uncertainty of the estimate fi of jj, and so on ad infinitum 
it is necessary and proper to employ a statistic which does 
account for the fact that s2 is, in fact, only an (usually 
rather crude) estimate. For the problem at hand an ap
propriate statistic is Student's t, defined by 

(5) t(p) = fi - P. 

Ghi 
The distribution oft depends only on n, which is, of course, 
a definite number measured without error. The role of p 
in this formula is that of a "dummy" variable, and the 
I - a confidence interval may be obtained using readily 
available tables. The radius Ra,t of an interval obtained 
using (5) will be larger than Ra,G• particularly if n is very 
small. 

It is tempting to employ Ra 0 as an approximation for 
Ra,t (unless n is very small). In strict pedagogical terms, 
the validity of an approximation requires a measure of the 
difference between the result of an exact calculation and 
that of an approximate calculation. In defining a suitable 
measure of the difference between two results it is necessary 
to consider how these results will be used. Different situa
tions may call for different measures of accuracy, so an 
approximation that has proven useful in one application 
may be found wanting in another. This topic will be 
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developed further below after the concept of "regret" has 
been introduced. 

Transformation Models and Approximation 

The purpose of this section is to review, primarily for 
biological readers, some basic concepts which will be used 
in the sections that follow. These concepts may be 
understood by anyone who has taken a first course in 
calculus, although the techniques required to actually apply 
them to practical problems form the major part of a course 
in vector calculus. 

For a fixed level of the control variable u, a relation
ship between the error in the result and the parameter error 
is defined by 

(6) E = g(o) = j(u, p + IJ) - f(u, p), 

The transformation g captures the essence of our problem, 
but is of course merely a theoretical construct since the true 
value of the parameters, p, is unknown. Notice that g(O) 
= 0. When the number k of parameters is l, g may be 
represented by its graph, as in Fig. 2. The line tangent to 
g at the origin is then 

(7) ET = g' (0)/J. 

Provided o is small, Er will be close to e. Thus gr(o) 
g' ( O)o is called a "linear approximation" to g(o) at o = 0. 

Now suppose that o is a random variable. It follows that 
e is also a random variable and that the distribution of e 
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FIG. 2. Graph of a relationship between a parameter error o and 
a result errore, for a fixed value of the control variable. Also shown 
is the line tangent to the curve at the origin. 
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is determined by that of o. Unless g and o satisfy some 
restrictive, and seldom realistic, assumptions, numerical 
calculations are necessary to determine the distribution of 
e. This is especially true for problems involving many 
parameters. 

One case for which numerical calculations are not re
quired is that of a linear transformation. In this case, g 
may be expressed in the form 

g(o) = M for k = 1, 
k 

g(o) = E "AA for k > 1. 
i =I 

or 

When k = 1 and g is linear, e = M will have the same 
type of distribution as o, but the scale will be multiplied 
by 1>.1. Fork> 1, one must have additional information. 
In particular, if o is Gaussian, then so is e. In the examples 
that follow it will be necessary (in order to use graphs) to 
assume k = 1. To emphasize that extensions of the one
dimensional results to problems with more dimensions are 
likely to fail if o is not Gaussian, it will also be assumed 
that o is a Gaussian random variable (with unit variance 
and mean zero). 

Linear approximations, as in (7), may be quite accurate 
when o is small. When o is a Gaussian random variable, 
however, it can, in principle, take any value between - oo 
and + oo. For large deviations from the mean, a linear ap
proximation may introduce, albeit rarely, a large error. The 
distributions fore and eTas random variables may, as a 
result of this effect on large deviations, be quite different 
(Fig. 3). It is important to observe that the differences in 
distribution occur in the tails, that is, when o is large. Thus, 
as in the case where confidence intervals are approximated 
using a Gaussian error distribution, a linear approxima
tion may produce only minor changes in the length of a 
confidence interval for eTas opposed to e. 

The general conclusions of the preceding paragraph re
main true for problems where there are many parameters, 
and new effects are introduced. The following example, 
for which no linear approximation exists, will serve to illus
trate some of the difficulties that may be encountered. Con
sider the model function 

(8) !.!__. 
l02l 

This function occurs so frequently that, when o1 and o2 
are independent Gaussian random variables with unit 
variance, the resulting distribution for e is called the Cauchy 
distribution. The corresponding density function is 

(9) a(x) = _!_ _!_ · 
1r I + x2 

The mean and variance of this distribution are undefined. 
Thus sample statistics, which will always be finite, cannot 
be used to estimate scale and location in the usual way. 

With this gruesome example the discussion of transfor
mation is complete. Approximations will be discussed next. 

Before the advent of computers, the computational prob
lems in relating sampling uncertainty to its effect on a result 
made some use of approximations unavoidable. These were 
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applied to the estimation of parameter errors, to the 
transformation model, or to the distribution of errors 
associated with a result. The two types of approximation 
seen most often are: (1) replacement of one distribution 
by another (usually Gaussian) to simplify calculations; and 
(2) linear approximation of a nonlinear transformation 
(often called the "delta" method). 

The dangers in approximating one distribution by 
another have, until recently, gone largely unrecognized. It 
is now known that many common statistical procedures 
which assume a particular distribution are highly sensitive 
to small deviations from this assumption. This has led to 
the development of robust methods, that is, procedures 
which are less sensitive to the effects of small changes in 
distribution (Huber 1981). The implications of this for the 
problem at hand are, at present, unclear. Certainly one 
must look carefully at any use of approximations based 
on replacing one distribution type by another. 

The effect of linear approximation is to replace the error 
distribution of e with that of eT. Simple examples show 
that the tails of a distribution may be altered dramatically 
by such substitutions. In the theory of robustness, two types 
of changes in distributions are considered: small changes 
to many observations, and large changes to a few obser
vations. In the next section it will be seen that these types 
of changes have their counterparts in the concept of regret. 
Furthermore, for many of the problems encountered in the 
real world, errors affecting a few observations that lie far 
from the center of a distribution may be of critical 
importance. 

Regret 

The results produced from the synthetic phase of a stock 
assessment are subject to errors stemming from sampling 
variation, approximations used during the analysis, 
unrealistic behavior of the models, and other sources. 
Ideally all sources of error would be considered in deter
mining the statistical distribution of a result. Often one 
expresses the uncertainties in a result by means of con
fidence regions. Suppose, for purposes of illustration, that 
!01. = LP - R()[, ji + ROI.) is a symmetric 1 - a confidence 
interval for an estimate ji of a scalar result y. This means 
that, if 1 - a confidence intervals were calculated in some 
number, say N, statistically independent problems, then 
the chance that the true value, y, in each problem lies in 
(hits) the associated confidence interval h times will obey 
a binomial distribution law with parameter (1 - a). In 
particular, 

(10) E[h] = N(! - a). 

An approximate confidence interval may, in general, be 
considered to arise from a small change in a, that is, an 
approximate (1 - a) confidence interval will be a true 
(1 - a') confidence interval where a' is "close" to a. 
It is often argued that, since E[h] is insensitive to small 
changes in a, precise estimation of the size of a confidence 
interval is unimportant. Indeed, if N is small, the varia
tion about E[h] will be large enough to mask relatively large 
errors in the value of a. 



This view may be appropriate for situations, such as a 
game of skeet, in which the score is the number of hits, 
or theoretical studies in which the size of an error in a result 
has little practical importance. It may be unacceptable 
when the results could affect the lives of many people. An 
extreme example of the latter type of problem is the design 
of flood control facilities. Such facilities are designed to 
handle floods whose size lies, for instance, in the 0.99 con-· 
fidence interval based at zero, that is, a flood that exceeds 
the capacity of the facility will occur, on the average, on
ly once in every century. The long-term cost of such a facili
ty includes the expenses associated with these extraordinary 
floods. These are often much greater than if the facility 
had not been built, but, provided the estimate of their fre
quency is correct, will be balanced by the rarity of damag
ing floods. 

In the case of flood control planning, there is a very great 
difference between a 0.97 confidence interval, which would 
produce an expectation of three large floods each century, 
and a 0.99 confidence interval. Errors of this magnitude 
were in fact made in estimating the frequencies of large 
floods in the United States, leading to a major effort to 
develop improved estimation procedures by the U.S. Water 
Resource Council. Increasingly sophisticated statistical pro
cedures based on Stein estimators and robust methods have 
been employed in attempts to characterize these rare events 
(Fiering et a!. 1978). 

Whenever the results of a synthesis enter into planning 
and decision making, differences between the true value 
and an estimate of a result are likely to have more serious 
consequences as the magnitude of the difference increases. 
Regret, like location and scale, is a vague concept which 
indicates some measure of the consequences of errors in 
the estimate of a result. Thus regret may include the in
terests of future generations as well as immediate conse
quences of a decision. In principle, then, a measure of 
regret can help in the problem of determining the ultimate 
effect of an approximation introduced into a synthetic 
model. 

Realistic measures of regret are difficult to define for 
most real-world problems, so one must often resort to the 
use of crude measures. There should be no regret associated 
with results that have no practical implications beyond the 
loss of satisfaction associated with being wrong. In this 
case, a suitable measure of regret might be: 

(11) { 
0 if y lies in the confidence interval 

regret = 
1 if not 

Thus regret is the same for any error exceeding a fixed size. 
Such a measure would apply, for example, to the sport of 
skeet shooting, where any shot which hits the target scores, 
and even a near miss is unacceptable. 

When, as for target shooting, the magnitude of error is 
important, this should be reflected in the way regret is 
measured. For example, one might define 

(12) regret = re2 

(Fig. 4), where r is a constant and e = y - j). 
Once a measure of regret has been determined it is possi-

-s.o -4.0 -3.0 -2.0 -1.0 o.o 1.0 2.0 3.0 1.0 s.o 
EPSILON 

FIG. 4. Two quantitatively different regret functions: 
solid line - "target shooting," regret = re2 

dashed line - "skeet shooting," regret = { ~ lei > 3 
lei < 3 

ble to evaluate the effect of approximations which affect 
the distribution (location, scale, or shape) of errors in a 
result. It is reasonable to make this comparison on the basis 
of the expected regret. 

Suppose, for purposes of illustration, that o is Gaussian 
with zero mean and known variance c?. The expected 
regret using ( 12) is 

(13) 
"' 

E [regret] = r Je2 _I_ e 
~u 

2•' d y. 

The greatest contribution to the expected regret comes from 
values of e at which the integrand 

(14) I= e2 -
1
- e 
~u 

2o2 

is greatest (Fig. 5). These occur when e = ± ..J2 u, or in 
the vicinity of the endpoints of the 0.85 confidence inter
val. The expected regret would be quite sensitive to changes 
in the value of u or the shape of the tails of the distribu
tion. Similar behavior would be expected whenever regret 
increases rapidly with the size of e. 
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Flo. 5. Contribution of result error E to the expected regret for 
Gaussian errors and a quadratic regret function. 

The shape of the regret function depends on the policies 
which translate estimates into actions. Insurance schemes 
are used to reduce the regret caused by large (and thus in
frequent) errors at a cost of premiums which one regrets 
having paid when the error proves to have been small. A 
"deductable" insurance scheme produces a regret function, 
like that of skeet shooting, which is the same for any error 
which crosses a threshold. 

Approximations of the type discussed in the previous sec
tion would be expected, in general, to have little effect for 
problems with "skeet shooting" type regret functions. For 
"target shooting" type regret functions, however, it is 
necessary to obtain accurate information about the tail 
regions of the error distribution. 

Different uses of a particular type of result may call for 
different definitions of regret. The results of stock 
assessments, for example, may be used both to support 
management actions and as a basis for theoretical studies. 
The consequences of error in these two situations are quite 
different and thus require different measures of regret. 

The ideas developed in this section stem from the branch 
of operations research that deals with decisions in the 
presence of uncertainty. It was found necessary for the pur
poses of this paper to adapt the theory of situations in 
which the decision process has been isolated from the pro-
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cess of determining parameter values. The pioneering ex
position of the theory of decision under uncertainty is the 
work of Luce and Raiffa (1957). An excellent introduc
tion for those with little mathematical training is provided 
by Raiffa (1968), while some more recent developments in 
the field are discussed by Keeney and Raiffa (1976). 

Influence 

The preceding sections have laid the foundations for a 
proper understanding of the concept of influence. Such a 
concept is necessary because the practical problems with 
which this paper is concerned are too difficult to tackle 
in their entirety. Identification of influential variables is 
a means of focusing attention on those aspects of a prob
lem that are most crucial. 

The concept of influence originated with the realization 
that the shape of regression curves is often controlled by 
a small number of observations. This has led to a search 
for useful measures of influence in regression analysis. Thus 
the concept of influence in regression analysis now encom
passes a variety of specific formulae. Most of these are 
suitable only for use with linear regression models, and the 
search for influence measures suitable for use with non
linear regression is continuing (Belsley et a!. 1981). 

Influence measures used in regression serve to focus at
tention on a few observations. These are often found to 
involve atypical values of either the carrier (independent) 
or response (dependent) variables. For simple problems, 
that is, curve fitting in the plane, graphical procedures are 
generally adequate for the detection of influential obser
vations. Thus it is for complex problems involving many 
variables where measures of influence are invaluable. A 
well-known example of the importance of influence is pro
vided by Daniel and Wood (1980). By applying a measure 
of influence to a problem that had been analyzed in 
numerous published papers, including the first edition of 
their book, they found a small group of observations that 
had been recorded incorrectly. When these observations 
were corrected the result changed dramatically. In this case 
the change had important economic benefits. It is impor
tant to note that influential observations will not, in 
general, be detected by examining the residuals from a 
regression. 

The purpose of this section is to propose an analogous 
concept for problems involving transformation models. It 
will be assumed that the input parameters may be separated 
into groups that are statistically independent. A measure 
of influence should pinpoint groups that contribute most 
to the uncertainty associated with a result. Such groups may 
have large uncertainties associated with estimates for their 
parameters, or may include parameters for which a small 
change in a parameter estimate may produce a large change 
in a result. Thus a particular measure of influence is 
the relative sensitivity of the statistical error in a result to 
changes in the scale of the estimation error associated with 
a group of (interdependent) parameters. 



This may be illustrated by the following (oversimplified) 
example. Let p 1 and p

2 
be two independent parameters 

with Gaussian estimation errors and variances o/ and al, 
respectively. Assume that 

Y =; k 1p 1 + k2p 2 and p 1 = p2 = 0. 

Thus if p 1 = p 2 = 0 it follows that y = 0, jj1 = - ot> 
ft2 = - o2, and .9 = -E. Then the equation for estima
tion error is 

e = ktot + kzoz 

and E is also Gaussian with variance a/ = k1
2a1

2 + klal 
and zero mean. The calculations are simplified if the 
variance is used as an indication of scale. The influence 
of the ith parameter is 

Thus if k 1
2a1

2 > k2
2al the influence of the first 

parameter is greater. In practical terms, this implies that, 
for similar reductions in the estimation errors for the two 
parameters, the greatest benefit will be obtained by apply
ing the reduction to the first parameter. 

Alternately, if one parameter has relatively little in
fluence, reducing its estimation error would have little im
pact on the scale of uncertainties in the result. A numerical 
example may be useful. Suppose, in the previous example, 
that a1 = a2 = 1 initially, and that k 1 = 4, k2 = 3. Then 
a/ = 25 and 

1=~>1=_1__. 1 
25 

2 
25 

Eliminating estimation error in the first parameter results 
in a/ = 9, which is only slightly more than half the 
variance a/ = 16 that would be obtained by eliminating 
all variation in estimates for p 2• 

It should be remembered that the definition of influence 
provided here is only a first effort. Although the idea is, 
itself, quite simple, difficult issues must be resolved before 
it can be used. In particular, one must obtain suitable 
estimates for the scale of variation in both the parameter 
estimates and the result. It must be kept in mind that a 
measure of influence can only point out groups of 
parameters for more careful study. It does not, for ex
ample, consider the costs of improvements to sampling 
programs. 

Yield per Recruit 

The abstract quality of the preceding sections has been 
necessary to get to the heart of the problem. This section 
will supply some bridges over the gap between theory and 
application, but other gaps will, unfortunately, remain. 
Before one can hope to use the concept of influence in a 
yield per recruit problem, it is necessary to have descrip
tions for the statistical uncertainties associated with the 
input parameters. These parameters characterize growth, 
partial recruitment, and natural mortality. For many stocks 

the current practice is to describe growth in terms of a mean 
weight and an average partial recruitment for each age 
group, while natural mortality is set at a constant value. 
The methods used to arrive at these values are highly sub
jective and do not provide meaningful estimates of the 
associated statistical uncertainties. Future progress depends 
on the development of methods that can provide the re
quired statistical information. A conceptual problem arises 
here because the only reasonable statistical description of 
the variation in a parameter may involve the use of a 
statistic, as in the example in the section of measurement 
of uncertainty. While such statistics are available for use 
with commonly employed statistical models, a transfor
mation may alter the distribution to one that is outside the 
domain of existing theories. Indeed, the study of statistical 
properties of transformations has, in the past, focused on 
the problem of changing unusual distributions into those 
for which a theory has been developed. 

It appears, then, that it may not be possible, if one is 
to employ parametric methods, to avoid the use of approx
imations to real distributions. There is, however, an alter
native. Recent years have seen, in part as a consequence 
of the easy availability of powerful computers, the develop
ment of direct methods for the study of uncertainty 
(Mosteller and Tukey 1977; Efron 1979). One can, in prin
ciple, extend these methods to the problems addressed in 
this paper. Roughly, the methods are based on construc
ting a large number of estimates for a parameter. From 
these it is possible to make inferences directly. It would, 
in principle, be a simple matter to apply a transformation 
model to each estimate in turn, and thus obtain an em
pirical distribution for a result. 

A second conceptual difficulty arises because, although 
the previous sections viewed a result as a scalar quantity, 
the result of a yield per recruit analysis is a curve of yield 
per recruit as a function of the control variable, fishing 
mortality. This curve is used to determine a reference level 
of fishing mortality from criteria involving the slope of the 
curve, for instance, the F0•1 fishing mortality (Gulland and 
Boerema 1973). 

It is useful to define a measure, D(YpY2) of the 
"distance" between two yield curves obtained using dif
ferent parameter estimates. Such a measure should involve 
both the values of the curves and the slopes. One such 
measure is 

F• 

D(YpY2) = ( J (Yt(F) - yz{F))2 dF F• 

o + J (y;(F) - y;(F))2dF) '12, 

0 

where F* is an upper limit for the range of fishing mor
talities being considered. The advantage of such a measure 
over comparisons at a fixed fishing mortality such as F0.1 
is that D(YpY2) reflects differences in the overall slope of 
the curve and thus is not tied to a somewhat arbitrary 
definition of the reference level of F. 

A key issue which remains is the need for approxima
tions to the yield per recruit transformation. In the period 
before digital computers were widely available a great deal 
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of effort was expended in a search for simple ways to con
duct this calculation (Beverton and Holt 1957; Ricker 1975). 
In recent years the most common method has been: (1) ob
tain partial recruitment at age, R(a); (2) obtain weight at 
age, W(a); (3) calculate numbers at age, N(a), for a unit 
recruitment; and (4) obtain yield as the sum: 

Y(F) = E F R(a) W(a) N(a). 
a 

Yield per recruit estimates are commonly employed to 
determine catch quotas or other regulatory measures. 
Reference is often made to the Fmax and F0_1 levels of 
fishing mortality. Numerical calculations of these quan
tities were used to investigate the range of parameter varia
tion for which linear approximations are useful. For these 
calculations parametric equations for partial recruitment 
and growth were used 

(15) R(a) = 11(1 + exp (ex (1 - (ala50)))) 

(16) W(a) = W .,(1 - exp (K (a0 - a)))3• 

Existing programs proved unsuitable for these calculations 
because they frequently failed in the middle of a run. Thus 
it was necessary to write new programs for this study. 

The parameters of these models were estimated using 
data for the haddock (Melanogrammus aeglejinus (L.)) 
stock in ICNAF Division 4X (O'Boyle 1981) and the cod 
(Gadus morhua (L.)) stock in ICNAF Division 4TVn 
(Sinclair and Maguire 1981) (Table 1). An estimate of 0.2 
was used for the instantaneous rate of natural mortality, 
M. Numbers-at-age were calculated by the formula 

N(a + 1) = N(a) exp (-M- F X R(a)) 

for ages al' ... , a2 with N(a1) = 1. The information re
quired to properly describe the statistical errors in the 
parameter estimates is not yet available. To examine the 
effects of errors in the estimates of the parameters, the 
values of F0. 1 and Fmax were obtained for a number of 
values of the parameter M. For each species the response 
of F0. 1 was very nearly linear while Fmax demonstrated a 
pronounced departure from linearity (Fig. 6). This was also 
true for changes in the parameters a0 , a50 , and K. 

These calculations were performed using the CDC APL 
Version 2 Interpreter on a CDC Cyber 171. The calcula
tion of each value of F0_1 or F max required 2-3 s of CPUE 
time and a negligible terminal connect time. On this system 

TABLE 1. Estimates for the parameters of (15) and (16) used in 
the numerical calculation. 

Species 

Parameter Cod Haddock 

IX 14 9 
a so (yr) 5 4 
w., (kg) 91 6.7 
a0 (yr) -2.7 -1.2 
K 0.034 0.17 
Age range 3-15 1-12 
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charges are based on "system resource units" (SRU's) 
which reflect storage requirements as well as CPUE time, 
and at the time were priced at 7¢ per SRU. Obtaining each 
value of F0 1 or Fmax required between 1 and 2 SRU's. 
Computational costs should not be an obstacle to the use 
of exact calculations. A more serious problem is the cost 
of developing the necessary software. 

It is noteworthy that apparently similar quantities (e.g. 
F0_1 and Fmax) may exhibit remarkably different degrees 
of nonlinearity. In the absence of theoretical justification 
for the use of linear approximation it is important to study 
each case carefully. Although linear approximation may 
be useful in certain instances, only by first conducting a 
nonlinear analysis can one learn where linear approxima
tion is justified. 

Discussion 

An answer to the question addressed by this paper must 
await statistical descriptions of the uncertainties associated 
with estimates for input parameters. Other papers in these 
proceedings have addressed some of the problems which 
must be resolved to characterize these uncertainties. It ap
pears that emphasis should be placed on methods which 
assume neither Gaussian error distributions nor linear 
response to errors. 

The approach described in this paper has implications 
that transcend the problem of relating uncertainties in a 
result to those of the input parameters. The concept of 
regret highlights the links between stock assessments and 
their effect on a fishery. Investigation of this link may lead 
to changes in the way stock assessments are conducted. For 
instance, the expected regret calculated for an asymmetric 
regret function can be reduced using biased estimators. The 
different regret functions that apply to research and 
management objectives would be expected to produce a 
divergence between estimation procedures used in research 
and those used for stock assessments. Similarly, the use 
of influence measures to tailor sampling requirements for 
management could compromise the suitability of sampling 
data for research purposes. 

The introduction of risk concepts will inevitably focus 
attention on management tactics and strategies. While it 
is generally recognized that stochastic influences on a 
population's dynamics require that management strategies 
seek less than maximal yields, there has been little analysis 
of the role that estimation error plays in the success of 
management initiatives. 

Conclusions 

There is an important distinction between problems for 
which regret increases rapidly with the size of an error in 
a result and problems for which it increases slowly or not 
at all. In the first instances one must try to characterize 
large errors accurately, and commonly used methods of 
approximation cannot be expected to provide valid answers 
in all cases. 

Yield per recruit analysis does fall in the class of prob
lems for which regret is sensitive to the size of errors in 
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estimating yields. Fortunately, the calculation of yield per 
recruit is sufficiently simple that approximate methods are 
not necessary. Important savings in efforts to improve 
sampling can, however, be anticipated from use of 
measures of influence to focus attention on groups of 
parameters for which improvements in sampling will pro
vide the greatest benefits. 

The concepts of influence and regret, although introduc
ed here in response to a specific question, are in fact fun
damental to an understanding of the assessment process. 
Their application will have benefits beyond the questions 
addressed by this conference. 
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Effects of Error in Catch and Effort Data on Tuning Cohort Analysis, with a 
Postscript on Logistic Production Models 
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MoHN, R. K. 1983. Effects of error in catch and effort data on tuning cohort analysis, with a 
postscript on logistic production models, p. 141-150. In W. G. Doubleday and/et D. Rivard 
[ed./ed.] Sampling commercial catches of marine fish and invertebrates/L'echantillon
nage des prises commerciales de poissons et d'invertebres marins. Can. Spec. Pub!. Fish. 
Aquat. Sci./Publ. spec. can. sci. halieut. aquat. 66. 

As cohort analysis is an underdetermined system, it has no unique solution for fishing mor
tality or population numbers. Therefore, a process known as "tuning" is required to obtain in 
some sense a best fit. Comparisons of the fishing mortality from the cohort analysis with effort, 
or biomass from the analysis with catch per unit effort, are the usual bases for tuning. This tuning 
process is simulated from a modeled two-fleet single species fishery producing both noise-free and 
2007o contaminated data. The results suggest that fishing mortality versus effort is the preferred 
basis for comparison. Also, the distance of the last point to the regression line performs better 
than the correlation coefficient, and both perform much better than the intercept as a measure 
for tuning. 

MoHN, R. K. 1983. Effects of error in catch and effort data on tuning cohort analysis, with a 
postscript on logistic production models, p. 141-150. In W. G. Doubleday and/et D. Rivard 
[ed./ed.] Sampling commercial catches of marine fish and invertebrates/L'echantillon
nage des prises commerciales de poissons et d'invertebres marins. Can. Spec. Pub!. Fish. 
Aquat. Sci./Publ. spec. can. sci. halieut. aquat. 66. 

Etant donne que !'analyse par cohortes est un systeme indetermine, il n'y a pas de solution 
unique au calcul de Ia mortalite due a Ia peche ou a !'estimation de l'abondance. Par consequent, 
un procede d'« ajustement »est necessaire pour obtenir ce que !'on pourrait appeler Ia meilleure 
concordance possible. L'ajustement se fait normalement en comparant Ia mortalite par peche tin~e 
de !'analyse par cohortes avec !'effort de peche, ou Ia biomasse tiree de !'analyse avec Ia capture 
par unite d'effort. Ce procede d'ajustement est applique a des donnees exemptes de bruit eta des 
donnees contenant 2007o d'erreur relative, etablies a partir d'tm modele representant Ia peche d'une 
seule espece par deux flottilles. Les resultats indiquent que Ia meilleure base pour l'ajustement est 
Ia comparaison de Ia mortalite par peche et de !'effort de peche. Egalement, Ia distance du dernier 
point a Ia droite de regression fonctionne mieux que le coefficient de correlation, et ces deux criteres 
fonctionnent beaucoup mieux que le point d'intersection comme mesure pour l'ajustement. 

Introduction ances of the various tuning methods are then compared 
for bias and stability. 

Sequential population analysis (virtual population 
analysis) (Fry 1949; Gulland 1965) and cohort analysis 
(Pope 1972) have widespread use in the stock assessment 
process. In this method of analysis, one tries to determine 
fishing mortality and population numbers from catch-at
age data over a number of years. This method is 
underdetermined as it has more unknown quantities than 
equations. Natural mortality and fishing mortalities for the 
oldest aged fish in the catch and for the most recent year's 
catch must be assumed or derived from other sources. Ef
fort data, which often accompany commercial catch data, 
may be employed either directly or as a catch-per-unit
effort to estimate fishing mortalities to start the popula
tion analysis. This process is known as tuning. In light of 
the multitude of ways with which effort data may be used, 
it is important to understand the behavior of the tuning 
process. 

Toward this end, a two-fleet fishery is simulated in which 
all the assumptions of the method are met. The perform-

Methods 

INTRODUCTION OF VARIABLES AND NOMENCLATURE 

The basis of sequential population analysis is the catch 
equation which relates the catch, C, to the instantaneous 
fishing mortality ,.f, weight-at-age, ~. and the average 
population size, N, over a period of time: 

(I) Cfya = Ffyaj\fya~a 

(Throughout this study, catch refers to biomass of catch, 
not numbers.) 

The subscripts refer to the ph fleet, ylh period or year, 
and age a. The average population size can be defined in 
terms of the instantaneous fishing and natural (M) mor
talities acting over the period and the population size enter
ing it. 

(2) C - F N (1 - e -M- Fh•) W 
JYa - fya ya ya 

M + Ffya 
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For simplicity, the natural mortality is assumed to be 
constant for all ages and years. If the catch is known, there 
remain three unknown quantities in the above relationship. 
This underdetermined equation requires that two of these 
three be specified before the last one can be solved for. 

Assuming the instantaneous fishing mortality is linearly 
dependent upon the fishing effort yields, 

(3) Ffya = qfaEfy 

where qfa is the catchability of gear of fleet/, which in
cludes its selectivity. 

This assumed relationship between effort and fishing 
mortality is the basis for the direct use of effort data in 
tuning. It suffers from a number of problems, however. 
First, how should the fishing mortalities at age from the 
trial sequential population analysis be combined to give a 
time series? Second, effort measures from various fleets 
may not be comparable to one another and hence difficult 
to combine. For example, if purse seines and fish weirs ex
ploit the same stock, how can these disparate units be 
combined? 

The variables in Table 1 were chosen as the most com
monly used or advocated measures of fishing mortality for 
tuning. They are all averages (weighted or unweighted) of 
the F's at age produced by SPA. The SPA is performed 
on the total catch from the stock; therefore, the/ subscript 
is dropped. 

An appropriate effort series is required for comparison 
to fishing mortality. If the stock is exploited by only one 
fleet, or at least predominated by one fleet, for which ef
fort data are available, then this series can be used. The 
situation is more difficult when effort series from dis
similar fleets are to be combined or when effort data are 
only available from a fleet that does not dominate the 
exploitation. 

An effort series for comparison with fishing mortality 
from a nondominant fleet can be obtained by dividing the 
catch from all fleets by the catch-per-unit-effort (CPUE) 
of a reference individual fleet, f* 

(4) 
ECJy 

Ey = _! __ 
CPVEJ'y 

In the comparisons presented below, BTl or ET2 will 
be used for the "raw" effort series from simulated Fleets 
1 and 2. EFLl or EFL2 will be used to denote the effort 
series for a fleet that is derived from the above equation. 

The problem of combining effort series may be ap
proached by combining CPUE's for the fleets then dividing 
the resultant into the total catch (ICES 1981). 

Before combining the CPUE's, they are first normal
ized to a reference year, y• 

TABLE 1. Measures of fishing mortality and effort series. 

Computer 
Comments variable name 

Average F FAYE 
EFya 
a 

~ 
a 

Catch-weighted F FCAT EFyaCya 

I;Cya 
a 

Numbers-weighted F FNUM EFyaNya 

a I;Nya 
a 

Fully recruited F FFUL E Fya a, - age of full 
a?!:.ar E recruitment 

a~ar 

I;Fya 
a See equation (10). 

Inverse-weighted F FINV (Sa) for definition 
of sa 

Raw effort ET2 
Derived effort EFLI Equation (4) of 

EFL2 text 
Combined EGAM Equation (6) of 

text 
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Then combine these relative catch rates by weighting them 
according to the proportion of the catch they represent. 

(6) 
Y:;YJycJy r.y = _J __ 

ECfy 
f 

Finally, the resultant effort is found by dividing the aver
aged CPUE into the catch and "denormalizing" with 
regard to the reference year. This effort series is called 
EGAM in the comparisons that follow. 

(7) 

Effort, introduced in terms of catch per unit effort, can 
also be used to tune the analysis. If equations (1) and (3) 
are combined and rearranged, it yields: 

(8) Cf. -ya = q N e- fa ya 
'fy 

If the catch is in units of weight, the numbers from the 
SPA should be multiplied by weights-at-age to give 
biomass. As was the case for the F's, the biomass series 
may be described by a number of variables (Table 2). 

Three catch-per-unit effort series are used in conjunc
tion with biomass measures: CPU1 from the dominant 
fleet, CPU2 from the smaller fleet, and CPU for the com
bined series as defined by equation (6). 

As the equations defining the tuning (equations (3) and 
(7)) are linear without y intercepts, the goodness of fit 
measures are the magnitude of the correlation coefficient, 
the nearness of the regression intercept to the origin, and 
the nearness of the most recent data point to the regres
sion line. (See Fig. 1 for an example of these measures.) 
In order that the dissimilar E vs. F and CPUE vs. B 
distances may be compared, the derived quantities, fishing 
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FIG. 1. Comparison of catch-per-unit effort and biomass, show
ing regression line, intercept, and distance of last point to regres
sion line. 

mortality, and biomass are normalized by dividing by their 
mean values over the 20-yr simulation period. 

SIMULATION 

The simulation has three parts: (I) generation of catch 
data; (2) the corruption of these data by noise; and (3) the 
performance of the goodness-of-fit indices in tuning the 
SPA. 

TABLE 2. Measures of biomass and catch-per-unit effort series. 

Total biomass 

Average biomass 

Spawning stock 
biomass 

Exploited biomass 

Catch-per-unit effort 
for fleet 

Combined catch-per
unit effort 

Computer 
variable name 

BIOM 

ABIO 

SBIO 

XBIO 

CPU! 
CPU2 
CPU 

Definition 

EN w (1 - e-M-F,,) 
ya a M F + ya 

E N W (1 - e -M-F,.,) 
a<oas ya a M + F 

ya 

EN W (1 - e -M-F,,) Fya 

a ya a M + Fya Fya· 

Comments 

as age of 
spawning 

a • reference 
age 

Equation (6) of 
text 
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A fishery exploited by two fleets is simulated over a 20-yr 
period with a stock that is vulnerable to the gear for 7 yr 
- thus the subscripts j, y, and a range from 1 to 2, 1 to 
20, and 1 to 7, respectively. Fleet 1 dominates the fishery, 
taking between 82 and 97o/o of the catch. The true catch 
and effort series, as opposed to being corrupted with noise, 
for the two fleets is shown in Fig. 2 as well as the total 
biomass for the 20-yr period. Each fishery has its own 
catchability and selectivity, which remain constant. Recruit
ment for the 20-yr period is drawn from a uniform distribu
tion with a range of one order of magnitude. A weight-at
age vector is used to produce biomass and yield from 
numbers- and catch-at-age. These weights are constant 
throughout the 20-yr period. 

Noise is generated by randomly drawing from a normal 
distribution of zero mean and unit standard deviation. The 
random variates are then scaled to give a coefficient of 
variation of 20% and added independently to the catch
at-age and effort data. 

Two different programs were developed to assess the 
ability of the effort data to tune the analysis. The first was 
used to screen from a large number of potential tuning 
methods those that did not perform well under ideal con
ditions. The second program more closely simulates the 
situation facing an assessment biologist. Cohort analysis 
and not virtual population analysis was used (Pope 1972). 
The natural mortality (0.2) and fishing mortalities are well 
within the limits for the cohort approximation. 
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Flo. 2. Simulated data from two fleet fishery for 20-yr period. 
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In the first program, all data are noise-free and the selec
tivity and starting F values are correct. In this situation, 
the variables used for tuning should be linear. The regres
sion should have a unit correlation coefficient, zero in
tercept, and the last point (indeed all points) fall on the 
regression line. Those tuning methods that perform poorly 
in this program do not receive further consideration. 

The second analysis program is an attempt to mirror the 
predicament of an assessment biologist, except that the 
natural mortality is known and the pattern of the starting 
F's are better known than is the normal case. The starting 
F values for the oldest age (Fy1) class are found by 
multiplying the ratio of the true F and effort of the domi
nant fleet for the first 15 yr data by the effort data of the 
dominant fleet. This ratio is an estimate of the catchabil
ity from which the starting F's are derived from the effort 
series. 

(9) 

15 

I; Fy? 
y = 1 

15 

I; Ely 
y=l 

The selectivity pattern, Sa, is also taken from the true 
Fvalues by summing them over the years and normalizing 

(10) Sa= 
I;Fya 
y . 

max I;Fya 
a Y 

The crux of the tuning is to find the F which when 
multiplied by the selectivity will be closest to the true value. 
In this program a range ofF's, 50, 70, 90, 100, 111, 143, 
and 200% of the true value were tried. 

Three indices of goodness of fit are used to define error 
functions. Locating the minimum of these error functions 
is known as tuning the analysis. These indices are chosen 
because of their widespread use and are: (1) the correla
tion coefficient of between effort or catch-per-unit effort 
and fishing mortality or biomass from the SPA; (2) the 
intercept of the regression line of the previously mentioned 
variables; and (3) the distance of the last point to that 
regression line. The correlation coefficient between the 
observed variables and those from the sequential analysis 
is probably the most often used index for tuning. The usual 
shape of an error function is U-shaped with a minimum 
that defines the point of best fit (see Fig. 3). To transform 
the correlation coefficient into such a shape, it is expressed 
as the coefficient of nondetermination (1 - r~. The sec
ond measure of fit, they intercept of the regression, as seen 
in equation (3) (effort vs. F) and equation (8) (CPUE vs. 
biomass), should theoretically be 0. Therefore, absolute 
value of the distance from 0 is used to give an error func
tion. The loss of information in dropping the sign of the 
intercept is not important in the present context. The 
distance is normalized by dividing by the mean ordinate 
value of the points in the regression to make comparisons 
between disparate units possible. Similarly, error functions 
are also produced from the absolute value of the 
normalized distance of the last point to the regression line. 
This measure of error would be expected to be more sen-
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FIG. 3. Error function and the four parameters used for descrip
tion and comparison in the text. The error bars are single
standard deviations, and the curve is the coefficient of nondeter
mination from FAYE vs. EGAM with 200Jo noise added to catch 
and effort data. 

sitive to the assumed starting values than the first two 
defined functions. This is because the last point is the one 
greatest affected to changes in assumed F's and because 
the first two functions are defined by all the data points 
as opposed to a single point. 

An error function (Fig. 3) is defined over the range of 
trial F's. It is the coefficient of nondetermination (1 - r2) 

for the correlation test. It is the magnitude of the 
normalized y distance to the origin in the intercept case 
and the distance to the regression line for the third test. 
This error function should be U-shaped with a minimum 
at true F value. Steeper sides would produce faster con
vergence if one were using an iterative technique to tune 
the analysis. Four parameters will be used to describe the 
error functions. The first two are the location (F . ) and 
magnitude [E(F min)] of the minimum of the error rJ~ction 
over the range tested. The position of the minimum is deter
mined by fitting a quadratic function through the three 
lowest points and finding its minimum algebraically. The 
steepness is described as the sum of the Y distances of the 
endpoints (0.5, 2.0) to the minimum and is called "Drop" 
in Tables 4 and 5. The last parameter describing the error 
function incorporates uncertainty in estimating the error 
function by dividing the average standard deviation of the 
estimates of the error function by the steepness of the func
tion. This gives an indication of the probable range of the 
location of the minimum and is called "Width." Increas
ing the standard deviation or decreasing the Drop would 
increase the Width. A desirable tuning procedure would 
have an Fmin of 1, a large Drop, and a small Width. 

Results 

Table 3 contains the results from the first of the two pro
grams described above. The data are consistent with the 
assumptions of SPA and are error-free to the accuracy of 
the programs. The three indices of fit, coefficient of deter
mination, normalized intercept, and distance of last point 
to the regression line are tried. Five of the comparisons 
are not considered further either because they fit so poorly 
that they would not be considered useful or because they 
behave identically to some of those that were kept. It is 
interesting. to note that no 0 intercepts were produced, 
although s1x of the comparisons had unit correlation co
efficients and four had zero distance to the last point. 

Table 4 contains the descriptive parameters of the error 
functions in the absence of noise and with a 20% coeffi
cient of variation on both catch and effort data. The Fvs. 
E comparisons using the coefficient of nondetermination 
in general perform better than the CPUE vs. biomass com
parisons. EGAM vs. the average F (FAYE), fully recruited 
F (FFUL), and inversely weighted F (FINV) perform well, 
with FINV showing a slight advantage over the other two. 
The catch-weighted F (FCA T) underestimates the starting 
Fand has a poorer correlation, Drop, and Width than the 
other comparisons to EGAM. The comparison between the 
average F and the effort measure found by dividing the 
total catch by CPU2 (EFL2) seriously underestimated the 
starting F but performed well in terms of the other three 
parameters. None of these comparisons were biased by the 
addition of noise. 

The CPUE vs. biomass comparisons using correlation 
did not perform as well as F vs. E. They tended to 
underestimate the starting F. Only XBIO, the exploited 
biomass, vs. CPUE had an unbiased minimum, and it was 
lost when the noise was added. The method also suffers 
from a very broad minimum, as is evidenced in the low 
Drop value and the largest Width of any method tested. 

The distance of the last point to the regression line 
displays better performance than the coefficient of 
nondetermination. All four comparisons with EGAM did 

TABLE 3. Goodness of fit indices with ideal data. 

Comparison ? Normalized Normalized Further 
intercept distance investigation 

FAYE EGAM 1.00 -0.01 0.00 yes 
FNUM EGAM 0.10 0.59 0.16 no 
FCAT EGAM 0.47 0.40 0.00 yes 
FFUL EGAM 1.00 -0.01 0.00 yes 
FINY EGAM 1.00 -0.02 0.01 yes 
FAYE EFL1 1.00 -0.02 0.02 no 
FAYE EFL2 0.89 0.29 0.12 yes 
FAYE ET2 0.13 0.79 0.12 no 

BIOM CPU 0.64 0.42 0.11 yes 
ABIO CPU 0.60 0.41 0.10 no 
XBIO CPU 1.00 0.02 0.01 yes 
SBIO CPU 0.87 -0.03 0.09 yes 
XBIO CPUl 1.00 -0.04 0.00 no 
XBIO CPU2 0.86 -0.16 0.18 yes 
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TABLE 4. Performance of coefficient of nondetermination and distance of last point from 
regression line tuning indices. 

Coefficient of nondetermination Last point 

Comparison Fmin E(Fmin) Drop Width Fmin E(Fmin) Drop Width c.v. 
PAVE EGAM 1.01 0.01 0.41 0.00 

1.07 0.28 0.27 0.48 
PCAT EGAM 0.73 0.48 0.31 0.00 

0.78 0.71 0.13 1.43 
PPUL EGAM 1.01 0.01 0.38 0.00 

1.07 0.28 0.24 0.50 
PINV EGAM 1.01 0.00 0.54 0.00 

1.04 0.31 0.35 0.41 
PAVE EPL2 0.77 0.09 0.44 0.00 

0.50 0.40 0.34 0.44 
BIOM CPU 0.75 0.30 0.21 0.00 

0.75 0.50 0.13 0.91 
XBIO CPU 1.02 0.01 0.05 0.00 

0.88 0.26 0.04 3.92 
SBIO CPU 0.88 0.11 0.10 0.00 

0.88 0.34 0.07 1.97 
XBIO CPU2 0.70 0.10 0.11 0.00 

0.50 0.44 0.09 1.94 

well in terms of bias and width, with the catch-weighted 
F being surprisingly tight. The FA VE vs. EFL2 relation
ship is biased towards underestimation in the noise-free case 
but does well with the Gaussian noise used in the simula
tion. As in the coefficient of nondetermination, the CPUE 
vs. biomass tunings tend to underestimate starting F's, with 
the exception of the exploited biomass, XBIO, which still 
has the smallest Drop and greatest Width. 

Table 5 shows the results for the intercept used as a tun
ing criterion. It performs very poorly, biasing so severely 
that in only one case was the minimum inside the tested 
range. It is included only for completeness, and its use is 
discouraged. 

Table 6 is analogous to Table 4 except that it is the result 
of a different population trend over the 20-yr period. The 
biomass series underlying these results are appended to 
Table 6. Instead of a low terminal biomass, the last year's 
biomass is the largest in the series. The results are gener
ally similar to Table 4 although relative advantage of Fvs. 
E is not as pronounced. When the error function is defined 
by the coefficient of nondetermination, Fvs. E performs 
about equally with biomass vs. CPUE, but it performs 
demonstrably better when the error function is the distance 

TABLE 5. Performance of normalized y intercept. 

Comparison Fmin E(Fmin) Drop Width (J 

PAVE EGAM 1.496 0.002 0.213 0 0 
0.5 0.264 0.125 1.358 0.2 

PCAT EGAM 0.5 0.265 0.202 0 0 
0.5 0.543 0.104 2.332 0.2 

BIOM CPU 2.0 0.339 0.135 0 0 
2.0 0.543 0.09 1.526 0.2 

XBIO CPU 0.5 0.035 0.114 0 0 
2.0 0.192 0.081 3.138 0.2 

146 

1.00 0.00 0.99 0.00 0.0 
1.07 0.03 0.91 0.18 0.2 
1.00 0.01 1.03 0.00 0.0 
1.03 0.02 0.94 0.09 0.2 
1.01 0.00 0.96 0.00 0.0 
1.09 0.03 0.88 0.18 0.2 
1.00 0.00 1.04 0.00 0.0 
1.04 0.0 0.99 0.17 0.2 
0.81 0.04 0.86 0.00 0.0 
0.96 0.02 0.91 0.17 0.2 
0.81 0.05 0.56 0.00 0.0 
0.72 0.00 0.64 0.15 0.2 
1.02 0.01 0.30 0.00 0.0 
0.92 0.02 0.39 0.37 0.2 
0.85 0.03 0.49 0.00 0.0 
0.68 0.06 0.41 0.31 0.2 
0.70 0.12 0.36 0.00 0.0 
0.50 0.02 0.43 0.49 0.2 

of the final point from the regression line. As in Table 4, 
such an error function worked best when the combined ef
fort (EGAM) was compared to the average F, fully 
recruited F, or the inverse weighted F. The addition of 200Jo 
noise did not seriously degrade the ability to tune these com
parisons. Amongst the biomass comparisons, the spawn
ing stock biomass (SBIO) had the best error function in 
light of narrower width and a properly located minimum. 
As expected from Table 5, error functions defined by the 
regression intercept with these data performed very poorly 
and because of this are not included. 

Conclusions 

A small number of simulations cannot be expected to 
define a complex system, especially when stochastic 
variables are used. However, tuning techniques that worked 
poorly, and more importantly those that worked poorly 
in the absence of noise, should be labeled as at best 
unreliable. A number of comparisons were found for which 
this is true (see Table 3). Also, error functions based on 
the regression intercept are in general unreliable and are 
to be avoided. A second set of results was compiled as a 
first check to identify if the results in Table 4 were artifacts 
of the initial conditions and control parameters (recruit
ment, effort pattern, etc.). In both these sets, the dynamic 
ranges of biomass and F were forced to be equal so as not 
to bias one type of comparison to another. 

In general terms, these simulations suggest that it is better 
to compare fishing mortality and effort to tune SPA's than 
per unit effort and biomass. Also, of the three methods 
used for comparison, the distance of the last point to the 
regression line works best. It is not clear to the author why 
the information content of the effort data should be 
diminished when it is introduced as CPUE. Both q, the 
catchability, and the growth rates were kept constant in 



TABLE 6. Performance of coefficient of nondetermination and distance of last point from 
regression line tuning indices. a 

Coefficient of nondetermination Last point 

Comparison Fmin E(Fmin) Drop Width Fmin E(Fmin) Drop Width c.v. 

FAVE EGAM 0.96 0.00 0.27 0.00 0.95 0.02 0.69 0.00 0.0 
0.96 0.30 0.18 0.99 1.02 O.ol 0.71 0.12 0.2 

FCAT EGAM 0.94 0.36 0.47 0.00 1.03 0.02 0.92 0.00 0.0 
0.83 0.58 0.26 0.90 1.14 0.01 0.91 0.10 0.2 

FFUL EGAM 0.96 0.00 0.24 0.00 0.95 0.02 0.68 0.00 0.0 
0.97 0.29 0.16 1.03 1.02 O.ol 0.69 0.12 0.2 

FINV EGAM 0.95 0.00 0.37 0.00 0.93 0.02 0.69 0.00 0.0 
0.87 0.34 0.24 0.81 1.03 0.01 0.72 0.12 0.2 

FAVE EFL2 1.13 0.05 0.24 0.00 1.13 0.01 0.73 0.00 0.0 
1.26 0.41 0.14 0.86 1.20 O.o3 0.71 0.20 0.2 

BIOM CPU 0.87 0.29 0.52 0.00 0.98 O.o3 1.05 0.00 0.0 
0.84 0.53 0.33 0.44 1.14 0.02 1.11 0.16 0.2 

XBIO CPU 0.98 0.01 0.46 0.00 1.00 0.01 0.68 0.00 0.0 
0.50 0.42 0.22 0.76 1.26 0.06 0.87 0.32 0.2 

SBIO CPU 0.96 0.04 0.66 0.00 0.94 0.04 1.29 0.00 0.0 
0.92 0.41 0.38 0.42 1.04 0.03 1.35 0.17 0.2 

XBIO CPU2 1.00 0.10 0.40 0.00 1.04 O.o3 0.67 0.00 0.0 
1.19 0.59 0.12 1.42 1.48 om 0.97 0.45 0.2 

aBiomass series for the simulation used to derive the above table (simulated thousands of 
tonnes): 

Year Biomass Year 

1 89 8 
2 130 9 
3 161 10 
4 175 11 
5 176 12 
6 176 13 
7 176 14 

the simulated 20-yr period. The ability of the distance to 
the regression line of the last point to produce a better er
ror function is explainable in that the increased sensitivity 
of the method more than compensates for its instability 
to noise. The average, fully recruited, and inversely 
weighted F's all produced good estimates, with the 
inversely weighted average having a slight edge over the 
other. It is unlikely this small difference would be discern
ible in real data. The good performance of the catch
weighted Fusing the distance to the last point must be con
sidered in light of the low correlation coefficient it has even 
in noise-free data. One would not know when the data were 
appropriate for analysis and could not discriminate good 
data sets. 

The combined effort measures defined by equations 
(5)-(7) performed well in these simulations. It was used 
both directly as EGAM for comparison to fishing and in
directly by dividing it into the total catch to form CPU. 
It would be of value to try this measure in more complex 
and diverse simulations to see if the above observation is 
generally true. 

The effort measure, EFL2, derived by dividing the total 
catch by the catch-per-unit effort of the lesser fleet had 

Biomass Year Biomass 

167 15 84 
152 16 94 
130 17 117 
111 18 148 
99 19 176 
93 20 196 
88 

very good correlation coefficients, but the maximum of 
the correlation coefficient seriously underestimated the 
starting F in Table 4 and overestimated in Table 6. This 
measure did produce more reasonable estimates with the 
distance to the last point error function. Estimates from 
this distance method became less biased when noise was 
added in Table 4. This approach is autocorrelative, but 
with the simulated data generated for this study, the ef
fect seems to be beneficial. 

XBIO vs. CPU had a correlation coefficient of one with 
the ideal data in Table 3 but performed poorly in terms 
of coefficient of nondetermination. This is because of the 
very low Drop related to this comparison. Biomass is 
multiplied by the factor (I - e -Z)Iz to form the ex
ploited biomass. This factor is the reciprocal of the factor 
relating catch to numbers-at-age; and varying the Fin a 
sense multiplies the factor by its inverse, canceling the ef
fect. This effect is less pronounced in Table 6, but even 
so the XBIO comparisons with CPU and CPU2 had the 
highest width of the biomass comparisons. 

As was mentioned in the introduction, when one is faced 
with an analytically intractable system, illumination may 
be possible by simplifying into a tractable form or by 
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simulation. A simulation study may give unreliable or 
misleading results, as may an oversimplified analytic solu
tion, when dealing with a highly nonlinear or discontinuous 
system. In such a situation a slight perturbation of a 
descriptive parameter (e.g. natural mortality) or an initial 
condition (e.g. starting population) may have a large sen
sitivity and produce drastically different results. In the two 
reported runs, and in a few others which were not reported, 
no such critical factors were discovered. Therefore, the 
reported results are not special cases, nor are they know
ingly biased. It may be that adjusting for equal dynamic 
ranges to compare F vs. E and biomass vs. CPUE pro
duced error functions is not appropriate and some more 
sophisticated index of signal to noise ratio or information 
content is required. This remains to be demonstrated. 
Along similar lines, it is noted that F vs. E did best in 
Table 4 and in this case the fully recruited terminal Fwas 
0.55. In Table 6, where the advantage was not so pro
nounced, the terminal F was 0.43. In an unreported run 
where the terminal F was of the order of O.I, F vs. E was 
not demonstrably better. It would be an interesting future 
study to see the sensitivity of the choice of tuning method 
to terminal F. 

The reported study was undertaken to determine if there 
were clearly preferable bases for tuning cohort analyses. 
Although the results are not presented as being exhaustive, 
some techniques must be identified as unreliable or mis
leading, even in the absence of contaminating noise and 
sensitivity to noise. 

Appendix A 

Postscript on Logistic Production Models 

This appendix is a condensation of Mohn (1980) and is 
included because of its similarity to the body of the paper 
and the theme of this session. The logistic equation is 
defined as 

(AI) dP = rP (I - E..) - qEP 
dt K 

where P = biomass; t = time; r is the intrinsic growth 
rate; K is the carrying capacity; q is the catchability; and 
E is fishing effort. This is the simplest form for a popula
tion with density-dependent growth. Unlike cohort 
analysis, the catch and effort data are not aged and the 
dynamics of the population as a whole are being estimated 
from the data. The responses of a population defined by 
equation (AI) to a smooth series of effort data are shown 
in Fig. AI and A2. Figure AI displays data which were 
produced with an intrinsic growth rate of 0.6 and the other 
parameters set so MSY and the MSY effort (EMSY) would 
both equaliOO 000. Figure A2 has an intrinsic growth rate 
of 0.2 and represents a less dynamic stock. The more 
dynamic stock shows a fatter oval. 

The modeled biological system, described by the logistic 
equation, responds instantaneously to changes in the 
density-dependent term, PI K. The equation could be made 
more realistic by adding a time of delay, say 5 yr, to the 
relative density. 
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Fig. AI. Catch resultant from the smooth effort series on the 
dynamic, r = 0.6, stock. The even years of the first 30-yr cycle 
are given as dots and the limit cycle is shown as the solid line. 

(A2) dP= rP (I - Pt- s) - qEP 
dt K 

where P1 _ 5 is the population 5 yr earlier. Adding a delay 
tends to fatten the limit cycle, but in a different way than 
does increasing r. In order to make the simulation more 
similar to real data, the effort series is made rougher so 
its year-to-year variation corresponds to that seen in 
fisheries' statistics (see Fig. A3). 

The methods chosen to analyze the simulated data are: 
(i) the regression of CPUE vs. effort; (ii) Gulland's method 
(Gulland 1961); and (iii) the linear approximation presented 
in Schnute (1977). The basis of the first two methods is 
found by setting the derivative in equation (AI) to zero, 
which leads to the description of catch as a quadratic func
tion of effort. This catch is an equilibrium catch as setting 
the derivative to zero is equivalent to keeping the biomass 
constant. When both sides of the quadratic expression are 
divided by effort, it yields catch-per-unit effort as a linear 
function of effort, and a linear regression can then estimate 
the descriptive parameters. Gulland's method is an exten
sion of this in which the effort data are averaged and lagged 
to smooth the data and take into account the delays in a 
biological system. Both these methods estimate two 
parameters of the equilibrium catch relationship, which are 
often defined as MSY and EMSY. Schnute's method is not 
an equilibrium method and uses the time series of the catch 
and effort data to estimate all three defining parameters 
of equation (AI). 

A reduced set of results is shown in Table AI, which con
tains estimates of MSY and EMSY and their standard 
deviations as a function of increasing noise in the data and 
method of estimation. The first set of results is for the 
dynamic stock with no time lag. CPUE vs. E greatly 
overestimates EMSY and overestimates MSY. Because of 
autocorrelation (effort appearing in both sides of the regres
sion), the correlation coefficient does not decrease with in-
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FIG. A2. Catch resultant from the smooth effort series on the less 
dynamic, r = 0.2, stock. The even years of the first 30 YT are given 
as dots and the limit cycle is shown as a solid line. 

creasing noise. Gulland's method, using a 5-yr average on 
the effort data, displays a marked improvement slightly 
overestimating EMSY and correctly within a few percent 
estimating MSY. Schnute's method gives more accurate 
though less precise estimates than the other two methods. 
This is shown in the larger standard deviations. Also, the 
correlations found by Schnute's method are a sensitive in
dication of the degree to which the data are corrupted by 
noise. 

The next block of results is as above, only a 5-yr lag has 
been added to the density-dependent term. The CPUE vs. 
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FIG. A3. Catch resultant from the rough effort series. The logistic 
equation has the parameter values, q = 3 X 10 - 6, k = 666 667, 
and r = 0.6, an initial condition of CPUE = 0.6 and a 5-yr delay 
in the density-dependent term. 

E method performs much better than in the above case, 
except that the correlation coefficient still does not reflect 
the degree of noise. Gulland's method slightly 
underestimates EMSY and slightly overestimates MSY. 
Schnute's method produced poor results with MSY being 
overestimated by more than 100% even with noise-free 
data. 

A less dynamic stock (r = 0.2) is simulated in the bot
tom two blocks of Table A1. CPUE vs. E greatly 
overestimates EMSY and MSY, as does Gulland's to a 
lesser degree in the absence of a lag. The precision of 

TABLE AI. EMSY and MSY estimates for increasing levels of noise, II, EMSY, MSY, and their standard deviations are in thousands, 
and II in O!o. R is the correlation coefficient. 

CPUE vs. E Gull and Schnute 

Ci EMSY SD MSY SD R EMSY SD MSY SD R EMSY SD MSY SD R 

r = 0.6 0 240 0 129 0 0.50 125 0 96 0 0.93 100 0 100 0 1.00 
5 233 16 127 5 0.50 125 4 97 1 0.91 100 6 101 4 0.74 

10 223 38 123 13 0.50 126 8 97 1 0.85 97 17 99 30 0.46 
20 186 43 114 14 0.52 127 15 100 4 0.66 90 43 91 89 0.30 

r = 0.6 0 117 0 93 0 0.45 81 0 118 0 0.81 68 0 205 0 0.75 
lag = 5 5 116 3 93 1 0.46 81 1 118 2 0.80 68 1 206 14 0.68 

10 115 6 94 2 0.47 81 2 119 5 0.80 58 2 218 60 0.52 
20 112 9 97 4 0.50 82 3 120 10 0.75 69 4 2072 16 174 0.36 

r = 0.2 0 361 0 208 0 0.35 191 0 129 0 0.61 100 0 100 0 1.00 
5 344 48 201 21 0.36 190 13 129 4 0.61 100 18 104 10 0.40 

10 322 104 191 46 0.36 198 45 133 17 0.52 105 78 112 92 0.23 
20 261 224 169 112 0.41 938 11 547 529 5 802 0.40 64 149 96 121 0.18 

r = 0.2 0 276 0 158 0 0.35 153 0 107 0 0.63 87 0 98 0 0.98 
lag = 5 5 266 26 154 10 0.36 153 7 107 2 0.61 87 8 100 9 0.49 

10 251 53 148 21 0.38 156 21 109 5 0.58 82 43 98 49 0.28 

20 207 76 135 32 0.42 173 99 119 41 0.47 98 179 159 947 0.19 
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Schnute's estimates is slightly worse than the r = 0.6 case. 
Finally, a 5-yr lag is added to the less dynamic stock. 

This addition produced data that yield better estimates than 
the strictly logistic data for both CPUE vs. Eand Gulland's 
method. The dramatic failure of Schnute's method to 
handle data produced with a lag in the defining equation 
in the more dynamic stock does not take place here. 

In the more dynamic simulated data, CPUE vs. E is too 
biased to be useful and gives no indication of the degree 
of noise contamination. Gulland's method performed well 
with low bias and sensitivity to noise. Schnute's method 
works well on the prelogistic data but not on the 5-yr lag 
data. The less dynamic data cause both CPUE vs. E and 
Gulland's methods to give poorer estimates both in terms 
of bias and error variance. Although Schnute's method pro
duces relatively unbiased estimates, its sensitivity to noise 
is greater than a factor of 2 at low levels and increases at 
least quadratically. 
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PoPE, J. G., AND D. GRAY. 1983. An investigation of the relationship between the precision of 
assessment data and the precision of total allowable catches, p. 151-157. In W. G. Double
day and/et D. Rivard [ed./ed.] Sampling commercial catches of marine fish and in
vertebrates/L'echantillonnage des prises commerciales de poissons et d'invertebres marins. 
Can. Spec. Pub!. Fish. Aquaf. Sci./Publ. spec. can. sci. halieut. aquat. 66. 

The precision of Total Allowable Catches (T ACs) is investigated using a simple Monte Carlo 
simulation technique. This indicates the levels of variability in TACs that are generated by various 
levels of variability in the major input time series of fishing effort data, catch numbers at age data, 
and recruitment survey data. Examples are given based on various North Sea fish stocks. 

PoPE, J. G., AND D. GRAY. 1983. An investigation of the relationship between the precision of 
assessment data and the precision of total allowable catches, p. 151-157. In W. G. Double
day and/et D. Rivard [ed./ed.] Sampling commercial catches of marine fish and in
vertebrates/L'echantillonnage des prises commerciales de poissons et d'invertebres marins. 
Can. Spec. Pub!. Fish. Aquat. Sci./Publ. spec. can. sci. halieut. aquat. 66. 

La precision des estimations du total des prises admissible (TPA) est etudiee a !'aide d'une 
technique de simulation Monte-Carlo simple. Cette simulation sert a quantifier le degre d'incer
titude des TPA, en fonction de divers niveaux de variabilite introduits dans les series temporelles 
qui servent de base a une analyse donnee, comme les donnees sur !'effort de peche, le nombre de 
poissons captures par groupe d'l\ge et les estimations du recrutement au moyen de releves. On donne 
des exemples pour differents stocks de poissons de Ia Mer du Nord. 

Introduction 

The assessments of fish stocks produced by fisheries 
scientists are necessarily based on data subject to samp
ling errors. It has been shown by Gulland (1955), Pope 
(1972), Pope and Garrod (1975) and Doubleday (1979) that 
the quality of assessments reflects the quality of the data 
available. It is therefore perhaps surprising that fisheries 
scientists have generally failed to set guidelines for the preci
sion and accuracy they expect of their data bases or to in
dicate the error limits of their assessments. 

To consider what would be a sensible requirement for 
the precision of data sets, it is necessary to consider what 
they will be used to estimate and how precise this estimate 
should be. One obvious use of fisheries assessment data 
is to estimate total allowable catches (TACs). 

The need for guidelines is particularly acute for those 
data sets that result from the sampling of commercial 
catches. This is because data sets such as total catch 
numbers at age or average weight at age are usually ag
gregates of results from separate fleet sectors and often ag
gregates of results from different countries. This often 
results in the responsibility, for sampling various subdivi
sions of the catch, lying in different hands. Clearly, samp
ling of part of the catch can only be optimized if there are 
agreed requirements for the precision of the aggregate 
results. Without such agreed requirements, some sectors 
may be wastefully oversampled while others may be poor
ly sampled and thus lower the overall precision of the ag
gregate results. 

This paper therefore considers how precisely TACs 
should be estimated, and investigates the relationship be
tween the precision of the input data and the precision of 
the TACs for three North Sea fish stocks, using a Monte 
Carlo simulation technique. The method and the results 
should help fisheries scientists to consider how precise their 
assessments are and specify how precise their data sets 
should be. 

The Appropriate Precision of 
Total Allowable Catches 

The question of how precisely TACs should be estimated 
has so far received scant attention. Rivard (1981) makes 
some sensible financial arguments for improving current 
practices to achieve a coefficient of variation of 100Jo. Prac
tical considerations suggest that ultimately they should have 
small coefficients of variation. As an example, consider 
a fishing fleet of the appropriate capacity to generate the 
optimal level of fishing mortality on a particular fish stock. 
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TABLE 1. Approximate percentage frequency of various events for 
different coefficients of variation of TACs. 

Coefficient of variation 
of TACs 

Event 300Jo 200Jo lOOJo 50Jo 

Quota used up by end of 
June 50Jo 1 OJo 
July BOJo 20Jo 
August 130Jo 50Jo 
September 200Jo lOOJo 1 OJo 
October 290Jo 200Jo 50Jo ? 
November 400Jo 340Jo 200Jo 50Jo 

Quota proportion remaining 
at end of year 
500Jo 1 OJo 
250Jo 230Jo 50Jo 1 OJo 
100Jo 350Jo 290Jo 130Jo 1 OJo 

50Jo 430Jo 400Jo 300Jo 150Jo 

If the catch quota that it was allocated was subject to a 
coefficient of variation of 300Jo with a Gaussian distribu
tion, then, as can be seen from Table 1, in 5% of years 
the quota would be used up by the end of June and in 20% 
of years the quota would be used up by the end of 
September; on the other hand, in 23% of years a quarter 
of the quota would remain unused at the end of the year. 
From Table 1, it is possible to see that T ACs with a large 
coefficient of variation would make T AC management very 
unpopular with the fishermen. In the long term, ad
ministrators would therefore certainly opt for 10 or 5% 
coefficients of variation rather than 30 or 20% if the lower 
levels were achievable. Given that a T AC with a coeffi
cient of variation of about 10% is a broadly sensible ob
jective, the question then to ask is, how precise should be 
the data it is based upon? This question was considered 
by Pope and Garrod (1975) and by Rivard (1981) who pro
vide formulae relating the variance of catch projections to 
the variance of various input data sets, and by Doubleday 
(1979) who makes a sensitivity analysis of catch projections. 

While all of these contributions are extremely pertinent 
to the problem, they do have limitations. The first limita
tion is that they are concerned solely with the precision of 
the catch projection process rather than the precision of 
the total assessment. The total assessment has two main 
stages: the calibration of data to assess the current state 
of the stock and the catch projection process. The preci
sion of both parts of the assessment influences the preci
sion of the T AC, and the precision of both parts is influ
enced by the precision of input data. Unfortunately, while 
the latter process is amenable to an analysis of what in
fluences the precision of outputs, the former is often recur
sive and somewhat subjective, and therefore difficult to 
analyse. 

A second limitation of the Pope and Garrod (1975) and 
the Rivard (1981) approaches is that they are concerned 
with management to a fixed objective fishing mortality such 
as F m~ or F0.1• They thus do not necessarily describe the 
precisiOn of T ACs calculated to either maintain current 
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levels of fishing mortality or reduce them by a certain 
percentage. 

This approach to the calculation ofT ACs is a common 
practice of the assessment working groups of the Interna
tional Council for the Exploration of the Sea (ICES), and 
the relationship of the precision of such status quo T ACs 
to the precision of input data clearly deserves attention. 
These limitations of available methods suggest that a Monte 
Carlo simulation approach to investigating the relationship 
of the precision of T ACs to the precision of input data is 
worth considering. 

To estimate the variability of a T AC at various levels 
of variability of the input data using a Monte Carlo simula
tion technique requires many recalculations of the basic 
working group TAC estimation procedure. It is thus essen
tial that these procedures be programmed for a computer 
and this has been done using the sequence of operations 
indicated in the flow chart given in Fig. 1. This follows 
working group procedures closely, except that a least 
squares method is used instead of virtual population 
analysis. 

The mode of operation is to interpret catch-at-age data 
C(i, }) using the least squares method of Pope and Shepherd 
(1982). Apart from catch-at-age data, this method requires 
inputs of natural mortality (M), the age of unit selection 
(i.e. to which the exploitation pattern is to be normalized), 
the exploitation rate of the oldest age, and the fishing mor
tality F(t) in the last year (t) for which catch-at-age data 
are available. These are all considered fixed, except the 
fishing mortality F(t) which is calibrated using fishing ef
fort data as follows. Estimates of fishing mortality F(i) for 
each year (i) are calculated using the least squares method 
with an arbitrary value of F(t). The F(i) for years i < t 
- 1 are then regressed against total international fishing 
effort measures for the years and the resulting regression 
(regressions were forced through the origin) used to predict 
F(t). This whole process is then repeated three times using 
the new values of F(t) in place of the previous value. After 
the third iteration, the values of F(t), the exploitation pat
tern SU) and population-at-age in year i P(i, }) are adopted. 
A regression of the population of the youngest ages in past 
years is made on recruitment indices for these years. This 
regression is used to estimate the population of the youngest 
age in years t, t + 1 and t + 2. This of course means that 
recruitment indices form the basis of the catch estimates 
of the youngest three ages caught in the T AC year. 

The results of these assessments of the current state of 
the stock are then used to estimate the value ofF and 
to project the catch in year t + 2 to give the T AC. 

Three T ACs were estimated to achieve three separate 
levels for F(t + 2). These were: 

F(t + 2) = F(t) 
F(t + 2) = Fmax 
F(t + 2) = 0.5 (an arbitrary level). 

In all cases F(t + 1) = F(t). 
This automated T AC calculation procedure is then ap

plied to artificial data sets constructed to represent actual 
North Sea fish stock data sets. These artificial data sets 
are constructed assuming that the levels of mortality, ex
ploitation pattern, weight-at-age, natural mortality, and 



Interpret C(i, j) to give 
F(i), S(j) and P(i, j) using least squares 
technique of Pope and Shepherd ( 1982) 

Regress P(i, I) on r(i) and 
use relationship to give 

P(t, 1), P(t + I, 1), P(l + 2, I) 

Assume 
F(t +I)~ F(l) 
Assume 
F(t + 2) ~ F(l) 
or 
F(t + 2) = F

1113
x 

or 
F(t + 2) ~ 0.5 

Use calculated values of 
S(j), P(l, j), P(l + I, I), 
P(l + 2, I), F(l), F(l), F(l + I) 
F(l + 2) 
JV(j) and M to calculate 
TAC for year t + 2 

where K 
{C(i,jJ} 
F(i) 
S(jl 
P(i, j) 
j(i) 

is a counter 
is matrix of catch number at age j in year i 
is fishing mortality in year i 
is exploitation pattern on age j 
is population at age j in year i 
is fishing effort in year i 

r(i) 
I 
ll'(jl 
.\1 

is recruitment survey index in year i 
is last year of cat~h·al·age date 
is weight at age j 
is natural mortality 

(for all i and j) 

(fori< 1 - I) 

(fori< 1- I) 

FIG. l. Flow chart of TAC calculation procedure. 
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numbers of recruits estimated by the working group are 
exact. 

The data sets simulated are catch-at-age data, fishing ef
fort data, and recruitment data. The weight-at-age data of 
the relevant working group are adopted as though they were 
exact. These data sets are in effect Platonic ideals of 
fisheries data for North Sea plaice, North Sea cod, and 
North Sea sprat. The data sets are then repeatedly modified 
by random numbers to simulate four different levels of 
variability in each of the three main data sets. The ran
dom numbers used are provided by a pseudo-random 
number generator with a normal distribution, and 
transformed to give members of data sets a log normal 
distribution about their exact value with a specified coef
ficient of variation. The randomization is such that each 
perturbation of a member of a data set is independent of 
those of other members of the same set and of members 
of other data sets. In all, 5120 data sets are constructed 
to form a 4 x 4 x 4 factorial experiment on variability 
levels with 80 replicates. The 80 replicates enable a coeffi
cient of variation of the T AC estimate to be calculated for 
each of the 64 cells. The 80 replicate data sets used in each 
cell of the factorial experiment are randomized using the 
same sequence of random numbers to maintain consisten
cy between cells. The same 80 replicate data sets are used 
to generate the three T ACs for the differing values of 
F(t + 2). 

Results of the Simulations 

The results of these simulations for North Sea plaice are 
shown in Table 2 [F(1982) = F(1980)], Table 3 [F(1982) 
= Fmaxl. and Table 4 [F(1982) = 0.5]. It is clear from the 
first row of each of these three tables that the variability 
of recruitment data affects the variability of the three T ACs 
to a similar degree. The effect of variability in catch-at
age data is, however, less when F(1982) = F(1980), and 
the effect of variability of effort data is dramatically less 
in this case. The highlighted figure in each table is located 
at the authors' personal estimate of the current level of in
put data variability for the stock. This suggests coefficients 
of variation for the plaice T ACs estimated with existing 
data of about 12o/o for the status quo case [F(1982) = 
F(1980)], 20% for the Fmax case, and 25% for the F(1982) 
= 0.5 case. 

Tables 5, 6, 7 show the equivalent results for North Sea 
cod. Again, the effect of variability of the recruitment data 
is broadly the same for the different TACs, but has a much 
greater effect on the variability of these cod T ACs than 
on the plaice TACs. The variability of catch-at-age data 
again produces less variability in the status quo T AC than 
in the F(1980) = F max or F(l980) = 0.5 T ACs. Its overall 
effect on cod is less than for plaice. The variability of ef
fort data again has a markedly smaller effect on the status 
quo TAC than on the other TACs. At the authors' estimate 
of input data variance (highlighted figures), the coefficient 
of variation would be 26% for a status quo T AC and 33% 
for both the Fmax TAC and the 0.5 TAC. 

For North Sea sprat (Tables 8, 9, 10) the effect of the 
variability of recruitment and catch-at-age data on the 
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TABLE2. Coefficients of variation of 1982 North Sea plaice TAC 
resulting from various coefficients of variation of inputs to TACs 
where F(1982) = F(1980). 

Recruitment data 
Fishing effort Catch-at-age 

data data OOJo 150Jo 300Jo 600Jo 

OOJo OOJo 0 3 6 12 
IOOJo 5 6 8 13 
200Jo 10 11 12 16 
400Jo 22 23 24 26 

150Jo OOJo 8 9 11 15 
IOOJo 10 11 12" 16 
200Jo 14 14 16 19 
400Jo 26 26 27 29 

300Jo OOJo 17 17 18 21 
IOOJo 18 18 19 22 
200Jo 21 22 22 25 
400Jo 32 33 34 37 

600Jo OOJo 29 29 30 32 
IOOJo 29 29 30 32 
200Jo 31 31 31 34 
400Jo 37 37 38 39 

"Highlighted cell is authors' personal estimate of current 
situation. 

TABLE 3. Coefficients of variation of 1982 North Sea plaice TAC 
resulting from various coefficients of variation of inputs to TACs 
where F(1982) = F max' 

Recruitment data 
Fishing effort Catch-at-age 

data data OOJo 150Jo 300Jo 600Jo 

OOJo OOJo 0 3 6 12 
IOOJo 8 9 10 15 
200Jo 14 15 16 19 
400Jo 30 31 31 34 

150Jo OOJo 23 23 24 26 
IOOJo 25 26 27" 29 
200Jo 30 30 31 33 
400Jo 45 46 47 49 

300Jo OOJo 48 49 49 51 
IOOJo 52 53 53 56 
200Jo 57 58 58 61 
400Jo 80 80 81 84 

600Jo OOJo 112 112 113 115 
IOOJo 115 115 116 118 
200Jo 122 122 123 124 
400Jo 136 136 137 138 

"Highlighted cell is authors' personal estimate of current 
situation. 

variability of the various TACs is similar to that found for 
cod. The effect of fishing effort data variability is again 
much reduced for the status quo case. The authors' estimate 
of the current status of input data variability (highlighted 
figures) suggests coefficients of variation of 39% for the 
status quo T AC, 50% for the F max T AC, and 53% for the 
F(1980) = 0.5 T AC. 



TABLE 4. Coefficients of variation of 1982 North Sea plaice TAC TABLE 6. Coefficients of variation of 1982 North Sea cod TAC 
resulting from various coefficients of variation of inputs to TACs resulting from various coefficients of variation of inputs to TACs 
where F(1982) = 0.5. where F(1982) = Fmax· 

Recruitment data Recruitment data 

Fishing effort Catch-at-age Fishing effort Catch-at-age 
data data OOJo 15% 30% 60% data data 0% 15% 30% 60% 

0% 0% 0 3 6 12 0% 0% 0 12 24 44 
10% 7 7 9 14 10% 5 13 24 44 
20% 13 14 15 18 20% 9 15 25 45 
40% 28 29 30 32 40% 13 18 27 47 

15% 0% 23 23 24 27 15% 0% 22 25 33 51 
10% 24 25 25a 28 10% 22 26 33" 51 
20% 28 29 29 32 20% 24 27 34 52 
40% 43 44 44 47 40% 27 29 36 54 

30% 0% 48 48 49 51 30% 0% 43 45 50 65 
10% 50 50 51 53 10% 43 45 50 65 
20% 56 56 57 59 20% 44 46 51 66 
40% 77 77 78 80 40% 48 50 55 69 

60% 0% 112 112 113 114 60% 0% 84 85 87 96 
10% 113 113 114 115 10% 85 85 88 97 
20% 119 119 120 122 20% 87 87 90 99 
40% 132 132 133 135 40% 95 96 98 107 

"Highlighted cell is authors' personal estimate of current "Highlighted cell is authors' personal estimate of current 
situation. situation. 

TABLE 5. Coefficients of variation of 1982 North Sea cod TAC TABLE 7. Coefficients of variation of 1982 North Sea cod TAC 
resulting from various coefficients of variation of inputs to TACs resulting from various coefficients of variation of inputs to TACs 
where F(1982) = F(1980). where F(1982) = 0.5. 

Recruitment data Recruitment data 

Fishing effort Catch-at -age Fishing effort Catch-at-age 
data data 0% 15% 30% 60% data data 0% 15% 30% 60% 

0% 0% 0 12 23 43 0% 0% 0 12 23 44 
10% 2 12 23 44 10% 4 13 24 44 
20% 5 13 24 44 20% 9 15 25 45 
40% 10 15 25 45 40% 17 21 29 47 

15% 0% 13 17 26 45 15% 0% 22 25 33 51 
10% 13 18 27" 45 10% 22 26 33" 51 
20% 14 18 27 46 20% 24 27 34 51 
40% 17 21 29 47 40% 29 31 37 54 

30% 0% 23 26 32 48 30% 0% 43 45 50 65 
10% 24 26 33 48 10% 43 45 50 65 
20% 24 27 33 49 20% 44 46 51 66 
40% 27 30 35 50 40% 49 51 55 69 

60% 0% 34 36 37 49 60% 0% 84 85 88 96 
10% 35 36 39 49 10% 85 86 88 97 
20% 36 37 40 50 20% 87 88 90 99 
40% 40 39 44 53 40% 95 96 99 107 

"Highlighted cell is authors' personal estimate of current •Highlighted cell is authors' personal estimate of current 
situation. situation. 

Discussion and Conclusion that estimating TACs with an appropriate precision may 
not be the most demanding use of some of these data sets. 

Given that a lOOJo coefficient of variation would be a broad- For example, Pope (1972) shows that the coefficient of 

ly sensible aim for the precision ofTACs, the Monte Carlo variation of fishing mortality estimated by cohort analysis 
simulation method described is one way of investigating is approximately equal to the coefficient of variation of 
what precision would be needed in some of the input data catch-at-age data. If estimating fishing mortality was con-
sets to achieve this. It should be noted carefully, however, sidered to be important in its own right, this use of catch-
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TABLE 8. Coefficients of variation of 1982 North Sea sprat TAC 
resulting from various coefficients of variation of inputs to TACs 
where F(1982) = F(1980). 

Recruitment data 
Fishing effort Catch-at-age 

data data OOJo 150Jo 300Jo 600Jo 

OOJo OOJo 0 9 19 40 
100Jo 2 9 19 40 
200Jo 4 10 19 40 
400Jo 9 12 20 41 

150Jo OOJo 1 9 19 40 
100Jo 3 9 19 40 
200Jo 5 10 19 40 
400Jo 9 12 20 40 

300Jo OOJo 5 10 19 39 
100Jo 5 10 19 39 
200Jo 7 11 19 39" 
400Jo 11 14 21 40 

600Jo OOJo 15 18 24 40 
IOOJo 16 18 24 40 
200Jo 17 19 25 40 
400Jo 20 22 27 42 

"Highlighted cell is authors' personal estimate of current 
situation. 

TABLE 9. Coefficients of variation of 1982 North Sea sprat TAC 
resulting from various coefficients of variation of inputs to TACs 
where F(1982) = Fmax· 

Recruitment data 
Fishing effort Catch-at-age 

data data OOJo 150Jo 300Jo 600Jo 

OOJo OOJo 0 9 20 42 
100Jo 3 10 20 42 
200Jo 6 11 20 42 
400Jo 12 15 22 43 

150Jo OOJo 11 14 22 43 
100Jo 11 14 22 43 
200Jo 12 15 23 43 
400Jo 16 18 25 44 

300Jo OOJo 26 28 33 50 
IOOJo 26 28 33 50 
200Jo 27 29 34 so• 
400Jo 29 31 35 51 

600Jo OOJo 87 88 91 100 
100Jo 87 88 91 100 
200Jo 88 89 92 101 
400Jo 90 92 95 103 

"Highlighted cell is authors' personal estimate of current 
situation. 

at-age data might well be more demanding of precise data 
than the estimation of TACs. 

The specific results for North Sea plaice, cod, and sprat 
give some idea of the relative importance of these data sets 
for the 1982 TACs of these species. The relative impor
tance of the different types of data will, however, change 
to some extent from year to year in response to changes 
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TABLE 10. Coefficients of variation of 1982 North Sea sprat TAC 
resulting from various coefficients of variation of inputs to TACs 
where F(1982) = 0.5. 

Recruitment data 
Fishing effort Catch-at-age 

data data OOJo 150Jo 300Jo 600Jo 

OOJo OOJo 0 9 18 39 
IOOJo 3 9 18 39 
200Jo 7 11 19 39 
400Jo 14 16 22 40 

150Jo OOJo 13 15 22 34 
IOOJo 13 16 23 41 
200Jo 14 17 23 42 
400Jo 19 21 26 40 

300Jo OOJo 32 34 38 51 
100Jo 33 34 38 52 
200Jo 33 35 39 53" 
400Jo 36 37 41 54 

600Jo OOJo 103 104 107 115 
100Jo 103 104 107 115 
200Jo 104 105 108 115 
400Jo 107 108 110 118 

"Highlighted cell is authors' personal estimate of current 
situation. 

in stock age structure. The results do not show the variabili
ty that would be generated in these TACs by variability 
in weight-at-age data. This is not shown because the ef
fect of variability in weight-at-age can be readily for
mulated, since these data enter the TAC equation linear
ly. Rivard (1981) and Pope (1983) both give a formula for 
this effect which may be an important contribution to the 
variability of TACs. 

Clearly, the Monte Carlo simulation aproach to study
ing the variability of TACs due to variability of inputs could 
be used as a routine method of assessing the precision of 
fisheries assessments. It can also be used to check the results 
of more theoretical approaches to the problem (cf. Pope 
1983) and developments could be made to the technique 
to investigate the value of different methods of assessment. 
The technique is therefore of obvious utility although it 
does not have the generality of or generate the insight given 
by analytical formulations of the problem where these are 
possible. 

The results from the Monte Carlo simulations of the 
three North Sea fish stocks suggest that TACs set to main
tain the status quo will be less affected by the variability 
of fishing effort data and possibly of catch at-age data than 
TACs set to achieve Fmax or an arbitrary level of fishing 
mortality. The reason for this is that an overestimate of 
fishing mortality in the year t will cause the population
at-age in that year to be underestimated, which will cause 
underestimates of the older ages in the TAC year. In the 
case of the status quo TAC, however, the same 
overestimate of fishing mortality will cause the catch of 
the younger ages in the TAC year (those based on recruit
ment estimates) to be overestimated. Thus, the effect of 
an overestimate or underestimate of fishing effort, and thus 



of fishing mortality, in year twill result in opposite changes 
in the older and younger aged portions of the TAC which 
will tend to cancel out. This compensatory effect does not, 
however, apply in the case of TACs set to achieve Fmax 
or an arbitrary level of F. 

The equivalent result for catch-at-age data may well be 
due to the calibration of fishing effort being less critical . 
in the status quo case than in the other two cases. The 
calibration of fishing effort to fishing mortality is, of 
course, achieved using the results of virtual population 
analysis or least squares analysis which interpret catch-at
age data. 

This feature of status quo TACs is interesting in in
dicating that different formulations of TAC can have very 
different sensitivities to some sources of random error. 
Since the compensation effect in a status quo TAC for ef
fort error would also apply if a TAC was set to reduce cur
rent levels of fishing by some set amount, e.g. 900Jo, there 
might be some argument for using such formulations in 
preference to setting TACs to achieve F max or F0.1 direct
ly. More generally, the result suggests that a search needs 
to be made for TAC formulations which are as insensitive 
as possible to the variation of input data. 
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p. 161-164. In W. G. Doubleday and/et D. Rivard [ed./ed.] Sampling commercial catches 
of marine fish and invertebrates/L'l~chantillonnage des prises commerciales de poissons 
et d'invertebres marins. Can. Spec. Pub!. Fish. Aquat. Sci./Publ. spec. can. sci. halieut. 
aquat 66. 

The method defined herein calculates the coefficient of variation associated with the estimated 
population number at age, given that a number of parameters are defined in advance. This method 
is one of trial and error and the parameters that need be defined are: a population "shape," an 
age-length key applicable to the population, and lastly a scheme of stratified selection of ages from 
the population. The population frequency and the age-length key remain constant throughout a 
particular analysis, but one is required to change the stratified selection of ages to adjust the coef
ficient of variation. A case study of NAFO Division 3L cod, with the population frequency and 
the age-length key obtained from commercial data from 1976 to 1980, is also presented in this paper. 

BAIRD, J. W. 1983. A method to select optimum numbers for aging in a stratified approach, 
p. 161-164. In W. G. Doubleday and/et D. Rivard [ed./ed.] Sampling commercial catches 
of marine fish and invertebrates/L'echantillonnage des prises commerciales de poissons 
et d'invertebres marins. Can. Spec. Pub!. Fish. Aquat. Sci./Publ. spec. can. sci. halieut. 
aquat. 66. 

Le present rapport porte sur une methode de calcul du coefficient de variation assode avec 
le niveau estimatif de Ia population a un age donne. Cette methode, qui procede par tatonnements, 
exige que les parametres suivants soient definis ill'avance: Ia «forme» de Ia population, Ia de des 
ages en fonction des longueurs applicable ilia population et le plan de selection stratifiee des ages 
de Ia population. La frequence de Ia population et Ia de des ages en fonction des longueurs demeurent 
constantes au cours d'une analyse donnee; Ia selection stratifiee des ages doit done etre changee 
afin d'ajuster le coefficient de variation. Une etude-type des morues capturees dans Ia division 3L 
de l'OPANO, oil Ia fn!quence de Ia population et Ia de des ages en fonction des longueurs ont 
ete obtenues a partir des donnees commerciales de 1976 a 1980, est aussi exposee. 

Introduction 

According to Gulland (1955) the objective of sampling 
for ages is to obtain similar coefficients of variation (C. V.) 
for all ages of fish that contribute significantly to the 
population. In addition, in the "Report of Working Party 
on Minimum and Desirable Levels of Sampling" (ICNAF 
Redbook 1974), this same suggestion was made with some 
idea as to what would be a desirable level of sampling. It 
was stated tentatively that lOOJo C.V. was the order of 
magnitude that would be moderately satisfactory. The 
largest problem with using some function to optimize the 
selection pattern for a stratified scheme, is that there is con
siderable overlap of lengths and ages. As an example, the 
number of otoliths required at a particular length to obtain 
a C.V. of 10% may not be adequate to obtain the desired 
precision for another age. As it is the coefficient of varia
tion that is calculated to ensure adequate levels of age 
sampling, as stated above, it would seem feasible to use 
this statistic as the focal point of any optimization. Hence, 
to obtain the results shown in this paper, different stratified 
schemes were adopted, and the one that came "closest" 
to the desired levels of precision with the expenditure of 
similar financial effort was deemed best. 

of selecting the appropriate numbers in each length group 
to ensure a specified level of precision at a given age. Any 
level of precision can be obtained by simply increasing the 
numbers of otoliths collected at each length group. This 
brings us to the question of cost benefits, in that it may 
not be feasible, for example, to double the present sam
pling to gain little in precision. On the other hand, a small 
increase in sampling may well indeed have a drastic effect 
on the levels of precision obtained. A method to select 
optimum numbers for aging is presented in this paper. 

In stratified sampling for ages, the major concern is that 

The Method 

The method used in this paper involves the calculation 
of the coefficient of variation for catch at age given that 
the "shape" of the catch frequency is known and is accom
panied by an appropriate age-length key. These parameters, 
for the purpose of this calculation, can be obtained from 
historical data. 

The notation: 
N; - catch number at length 
n; - number aged at length 
P;- proportion at length for a given age 

n;P; - number aged at length that are a given age 
N;P; - catch at length for a given age 
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The catch at age is calculated simply by summing the catch 
at each length for that age. 

N = "£ 1~P; 

In finding the coefficient of variation it is necessary to 
first find the variance of the catch at each length group 
(i.e. Var N;P;). 

(Gulland 1955) 

The first term of the equation refers to the sampling error 
of the aging and the second term refers to the sampling 
error of the length measurement. 

As stated by Pope and Knights (1975) the second term 
of this equation can be ignored because of the magnitude 
of the first term. Thus an adequate approximation for 
Var (N;P;) 

Var (~p1) = Nf Var (p1) 

where Var P; = P; (1 - P;)ln; by assuming the binominal 
distribution. 

The variance of the total number caught at any age is 
determined by summing the variance at each length group. 

Var N = "£.N7Var P; 
I 

From this the coefficient of variation is readily calculated. 

(Var N)IN 

This method is followed for each age and the coefficient 
of variation examined. If in fact the magnitude of the co
efficient of variation is not adequate or the level of preci
sion is better than is needed, then the number that are aged 
at each length group (i.e. n;) can be adjusted accordingly. 
This method is shown in a case study of NAFO Division 
3L cod in the next section. 

A Case Study 

In this example commercial otter trawl cod from NAFO 
Division 3L was used. The catch frequency and the age
length key were obtained by combining data collected from 
1976 to 1980. In calculating the coefficient of variation, 
the total number in the frequency is not important, as the 
coefficient of variation does not change whether there is 
a frequency of 50 000 or 500 000. What is important is the 
shape of the frequency, so the frequency that is used in 
the calculations should be one that best represents the catch. 
The frequency used in this example contained 100 000 fish 
with the applicable age-length key containing approxi
mately 6600 ages. 

The scheme of stratification used to determine the most 
consistent coefficients of variation, for all ages, was that 
of selecting 15 otoliths from length groups up to 54-56 em 
and 30 otoliths from 57 to 59 em to the highest length. 
These calculations are very tedious to compute manually, 
but with the aid of a computer program they can be com
pleted easily. Sample output for ages 6, 10, and 14 are 
shown in Tables 1, 2, and 3, respectively. It can be seen 
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TABLE 1. Sample output of calculation of coefficient of variation 
for numbers at age 6. 

Age 6 

Stratified 
Catch selection 

Length frequency of otoliths n1p1 ~P; Var ~P; 

49 12 009 15 1.0 801 598 229 
52 14 704 15 2.0 1 961 I 665 598 
55 14 423 15 5.0 4 808 3 081 820 
58 12 409 30 13.0 5 377 1 260 381 
61 9 569 30 16.0 5 103 759 656 
64 6 712 30 15.0 3 356 375 425 
67 4 492 30 14.0 2 096 167 403 
70 3 027 30 11.0 I 110 70 926 
73 1 999 30 7.0 466 23 828 
76 1 421 30 3.0 142 6 058 
79 1 011 30 1.0 34 1 098 
82 692 30 1.0 23 514 

Number at age = 25 277 
Total variance = 8 010 932 
Coefficient of variation = 11.20 

TABLE 2. Sample output of calculation of coefficient of varia-
tion for numbers at age 10. 

Age 10 

Stratified 
Catch selection 

Length frequency of otoliths n1p1 ~P; Var ~P; 

76 1421 30 1.0 47 2169 
79 1011 30 3.0 101 3066 
82 692 30 4.0 92 1845 
85 495 30 5.0 82 1134 
88 344 30 7.0 80 706 
91 300 30 8.0 80 587 
94 264 30 9.0 79 488 
97 199 30 5.0 33 183 

100 166 30 10.0 55 204 
103 161 30 4.0 21 100 
106 146 30 3.0 15 64 
109 102 30 2.0 7 22 
115 78 30 1.0 3 7 
124 65 30 1.0 2 5 

Number at age = 699 
Total variance = 10 578 
Coefficient of variation = 14.72 

from the output, that if the level of precision is not what 
is desired, then one can see exactly which length group con
tributes most to the total variance. By then adjusting the 
stratified selection for that particular length group, one can 
arrive at an appropriate coefficient of variation. Table 4 
shows the coefficient of variation for catch at age for the 
complete analysis. 

It can be seen from Table 4 that the ages that contribute 
the majority of the catch are estimated precisely, using the 
standard of lOOfo coefficient of variation for catch at age. 
This, indeed, would be the ideal situation for stock assess-



TABLE 3. Sample output of calculation of coefficient of variation 
for numbers at age 14. 

Age 14 

Stratified 
Catch selection 

Length frequency of otoliths ll;P; N;P; Var N;P; 

94 264 30 2.0 18 145 
97 199 30 3.0 20 119 

100 166 30 2.0 11 57 
103 161 -30 3.0 16 78 
106 146 30 3.0 15 64 
109 102 30 2.0 7 22 
112 107 30 6.0 21 61 
115 78 30 3.0 8 18 
118 97 30 3.0 10 28 
121 96 30 4.0 13 35 
124 65 30 3.0 6 13 

Number at age = 144 
Total variance = 640 
Coefficient of variation = 17.53 

TABLE 4. Coefficient of variation for catch numbers at age using 
the stratified scheme described in the case study (1976-80). 

Age No. caught Coefficient of variation (%) 

3 1 264 34.69 
4 20 700 13.29 
5 37 266 9.54 
6 25 277 11.20 
7 8 049 13.30 
8 4 101 17.52 
9 1 142 16.37 

10 699 14.72 
11 446 17.71 
12 221 17.09 
13 170 16.47 
14 144 17.53 
15 110 19.70 
16 109 17.56 
17 60 21.38 
18 57 21.23 
19 47 26.10 

~20 139 10.60 

ment, but for other studies (i.e. growth, food, and feeding) 
it would be necessary to obtain some degree of precision 
in the older ages as well. For ages greater than 7, in Table 4 
it is shown that the coefficient of variation for catch at these 
ages approaches 200Jo as opposed to 10% for ages 4-7. Con
sidering the additional cost of reducing the C. V. 's in the 
older ages, it may be best to consider C.V.'s in the range 
of 20% to be adequate in these cases. 

To show how well this stratified scheme applies to a more 
current situation, Table 5 shows the results for the 1981 
data. It can be seen that ages 6 and 7 contain approximately 
70% of the population and have C.V.'s of slightly less than 
10%. The contribution of ages 5 and 8 is about 20% of 
the population, and the C.V.'s for these ages are less than 
20%. 

It should be noted that frequencies used in the analysis 
are not the actual catch frequencies estimated for the period 

TABLE 5. Coefficient of variation for catch numbers at age using 
the stratified scheme described in the case study (1981). 

Age No. caught Coefficient of variation (o/o) 

3 952 31.90 
4 5 356 21.65 
5 14 757 16.66 
6 38 417 8.50 
7 31 535 9.04 
8 6 312 17.52 
9 1 670 24.68 

10 584 26.77 
11 99 30.11 
12 121 27.39 
13 72 26.65 
14 31 34.74 
15 9 64.73 
16 27 38.90 
17 27 30.02 
18 9 66.59 

~19 18 51.67 

TABLE 6. Repeat of 1981 analysis with 5% random error with 
0-10% range introduced into the catch frequency. 

Age No. caught Coefficient of variation (%) 

3 961 32.95 
4 5 599 21.42 
5 14 924 16.97 
6 38 015 8.52 
7 31 223 9.03 
8 6 355 17.37 
9 1 676 24.16 

10 598 26.73 
11 100 29.59 
12 120 27.24 
13 72 26.72 
14 29 34.98 
15 9 64.69 
16 25 39.07 
17 28 29.80 
18 9 66.77 

~19 19 51.85 

used. For simplicity and comparison, the catch frequen
cies all contain approximately 100 000 fish, and these fre
quencies were estimated from the samples taken in the time 
frames being analyzed. So, in fact the catch frequencies 
used are only a small proportion of the actual landed catch. 
As the ratio of the standard deviation and the numbers of 
age does not change, taking various proportions of the 
catch frequency to determine the C.V. for the numbers at 
age, it would suffice to take any proportion of the catch 
frequency even if this proportion is unknown. 

Earlier it was stated, for the variance of the numbers 
at age, that the component of the variance that refers to 
the sampling error of the length measurements can be ig
nored because of the magnitude of the first term or the 
sampling error of the aging. To add some validity to this 
statement, an approximate 5% random error with a range 
from 0 to 10% was introduced to the 1981 catch frequency 
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TABLE 7. Coefficient of variation for individual years (1976-80) using stratified scheme describ
ed in the case study. 

1976 1977 1978 1979 1980 

Age No. c.v. No. c.v. No. c.v. No. c.v. No. c.v. 
3 5 158 23.08 2 364 35.14 925 39.19 721 42.70 190 57.60 
4 34 821 8.06 26 619 10.84 28 576 11.82 17 616 15.63 3 812 30.71 
5 19 782 13.80 36 893 8.91 36 689 10.68 46 062 8.11 28 086 11.77 
6 12 063 15.45 17 103 11.99 21 794 12.93 24 458 12.12 50 329 6.91 
7 8 504 14.77 7 412 13.60 6 317 14.59 6 810 13.46 11 907 14.85 
8 9 228 11.90 3 876 15.38 3 333 20.02 2 081 17.21 3 679 15.31 
9 2 315 18.86 2 481 12.42 849 26.51 778 18.50 771 16.73 

10 1 398 19.07 1 386 20.18 772 20.85 581 13.92 260 20.52 
11 709 25.69 729 17.57 283 16.91 308 17.26 265 20.49 
12 1 176 19.70 306 25.11 116 40.75 168 19.87 212 20.78 
13 647 26.80 164 25.55 125 20.67 129 21.08 53 46.23 
14 1 226 19.04 180 23.41 78 27.61 36 38.06 49 41.04 
15 416 39.38 88 32.72 45 36.42 37 38.38 114 29.46 
16 532 33.94 87 33.33 39 35.09 53 29.76 79 34.37 
17 283 48.48 115 28.56 8 64.38 31 40.57 18 62.38 
18 575 29.86 51 40.62 12 62.36 10 97.01 56 42.02 
19 358 43.22 33 55.82 8 64.38 25 45.61 40 43.84 
20 808 23.80 112 22.07 31 28.54 60 20.18 81 24.42 

and the analysis was repeated with the results shown in References 
Table 6. It is seen that the results are very similar to those 
for the original data shown in Table 5, and using a chi- GuLLAND, J. A. 1955. Estimation of growth and mortality in 
square test of the numbers at age it is apparent that there commercial fish populations. Fish. Invest. Ser. I, Vol. V, 
is insufficient evidence to reject the null hypothesis of no London. 46 p. 
difference at the 50Jo level. (Estimated x2 = 20.91, ICNAF REDBOOK 1974. Report of Working Party on Minimum 
x216, 0.05 = 26.30.) and Desirable Levels of Sampling. Annex I. p. 134. 

In an effort to see what degree the variation in year-class PoPE, J. G., ANDB. KNIGHTS. 1975. Sources of variation in catch 
at age data and the optimal use of age reading effort. ICES size has on the stratified scheme selected, the analysis was C.M. 1975/F:20. 10 p. 

completed for each year from 1976 to 1980 individually 
(Table 7). Again a population size of 100 000 was used for 
each year and it can be seen that the stratified scheme 
derived from the 5 yr combined data adequately suits each 
of the 5 yr. 
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Estimating the Variance of Length 
Composition Samples 
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SMITH, S. J., AND J. J. MAGUIRE. 1983. Estimating the variance of length composition samples, 
p. 165-170. In W. G. Doubleday and/et D. Rivard [ed./ed.] Sampling commercial catches 
of marine fish and invertebrates/L'echantillonnage des prises commerciales de poissons 
et d'invertebres marins. Can. Spec. Pub!. Fish. Aquat. Sci./Publ. spec. can. sci. halieut. 
aquat. 66. 

Definition of the variance and covariance structure of combined length frequency samples from 
commercial cod landings was attempted by assuming that either a simple multinomial or a com
pound multinomial distribution fit the data. It was found that the simple multinomial could not 
adequately accommodate the large amount of variation present. The compound multinomial distribu
tion may prove to be more flexible in this regard once the estimation theory has been fully established. 
Future research is outlined. 

SMITH, S. J ., AND J. J. MAGUIRE. 1983. Estimating the variance of length composition samples, 
p. 165-170. In W. G. Doubleday and/et D. Rivard [ed./ed.] Sampling commercial catches 
of marine fish and invertebrates/L'echantillonnage des prises commerciales de poissons 
et d'invertebres marins. Can. Spec. Pub!. Fish. Aquat. Sci./Publ. spec. can. sci. halieut. 
aquat. 66. 

En partant de !'hypothese qu'une distribution multinomiale simple au composee decrirait les 
donnees, on tente de definir Ia variance et Ia covariance des echantillons combines de frequence 
de longueurs pris sur les debarquements commerciaux de morue. On a decouvert que Ia distribu
tion multinomiale simple ne peut pas contenir adequatement Ia grande variation presente. Sous 
cet aspect, Ia distribution multinomiale composee pourrait se reveler plus flexible une fois Ia theorie 
d'evaluation completement definie. Le rapport esquisse les futurs plans de recherche. 

1. Introduction 

To determine the precision and accuracy of the manage
ment advice (i.e. T ACs) provided for fish stocks using 
analytical models, it is necessary to assess first the variabil
ity and bias at each step of the data processing. The basic 
data used for the construction of a catch matrix required 
for cohort or VPA analysis are length frequencies obtained 
from samples of commercial catches. Age determination 
of subsamples of these samples are made and an age-length 
key is constructed to convert catch-at-length estimates to 
catch-at-age estimates. 

Previous studies of the characteristics of the data have 
for the most part concentrated on examining the variabil
ity at the age-length key level (e.g. Bormann 1974; Kimura 
1977) or at the catch-at-age level (e.g. Brennan and Palmer 
1976; Warring 1976). The age-length keys and catch-at-age 
tables are usually obtained from the combination of a 
number of length frequency samples taken over the year 
for specific gear types and management areas. The prac
tice of taking more than one sample is carried out so that 
the combined length frequencies are more "representative" 
of the catches over a given period. 

We define "representative" in the sense that the com-

1 Present address: Department of Fisheries and Oceans, Gare 
Maritime Champlain, 901 Cap Diamant, B.P. 15 500, Quebec, 
Que. GlK 7Y7. 

bination of many samples provides reasonable estimates 
of population parameters (e.g. means, variances, 
covariances, etc.) which for obvious reasons cannot be sup
plied by a single length composition sample. Since the age
length keys and catch-at-age tables consist of combinations 
of length frequency samples, it would seem to us that 
definition of the variance at the age level cannot be done 
until it has been defined at the length frequency level. 

The ideal way to estimate the variance at the length fre
quency stage would be to carry out a two-stage sample 
survey (or subsampling survey) in the following manner. 
From theN landings that occur for a specific species, gear 
type, time period, and management area choose n 
(n < N) landings to be sampled. For each of the n land
ings take m; (m; > 1; i = 1, ... , n) subsamples from the 
M; possible subsamples and measure the lengths of the fish 
thus obtained. Standard sampling texts (e.g. Cochran 1977) 
provide methods for the analysis of data collected in this 
manner. At present, the length data collected by the Marine 
Fish Division (MFD) are not amiable to this sort of approach 
because only one subsample is taken from each of the n 
landings, precluding therefore an estimate of the variance 
at the subsample stage. 

In this paper, we studied the problem of variance estima
tion for length composition samples in the one subsample 
case by hypothesizing that the observed length frequencies 
are realizations from a probability model. In Section 2, the 
appropriateness of assuming that this model is the simple 
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multinomial model was considered by carrying out a series 
of comparisons between selected length composition 
samples taken from commercial landings of Atlantic cod 
(Gadus morhua) in I980. These comparisons indicated that 
the simple multinomial model was not satisfactory and in 
Section 3 the more flexible compound multinomial model 
was investigated. From our results it appears that this latter 
model has potential application to data of this type. Future 
research is discussed in Section 4. 

2. The Simple Multinomial Model 

Define: 
xij = the number of fish observed in length cate

gory "j" (j = I, 2, ... , J) in sample "i" 
(i = I, 2, ... , /).For convenience we will repre
sent the ith sample as the vector lf; = {X;p X;z• 
... , xu} I 

n; = ~xu = the total number of fish measured for 
J 
length in sample "i" 

8u = the proportion of fish in the ith length 
category in the population being sampled,.ft = 
{8;p 8;z• ... , 8u} I 

X·· 
8u = _!!_ = the estimate of 8u. 

n; 

Length frequency data are structured such that from the 
ith sample, fish are observed in each of the J mutually ex
clusive length classes. Data organized in this manner are 
often assumed to follow the simple multinomial model 
whose discrete density function is given by: 

(I) 
J 

II x .. ! 
j =I lJ 

with mean E[xuJ = n/lu and variance and covariance, 
respectively, 

If this type of model can be used we would have a well
defined covariance structure which would be useful in 
defining the variance at the age-length key level where age 
groups can overlap many length categories. 

Therefore, we were interested in determining whether the 
proportion observed in each length category in each of 
several samples exhibits some consistency within the con
straints of the model in (1). If this is shown to be other
wise, then this model cannot be used due to the fact that 
a sum of samples from multinomial distributions with 
unequal parameters 8u does not result in a final 
multinomial distribution. 

For I samples a test of homogeneity between samples 
consists of testing the null hypothesis H

0
: 81j = 82j = 

I66 

= 8j, 'J• versus the alternative that at least one of the 
above equalities does not hold. This test can be carried out 
in totality by comparing all the samples at once by the 
following test statistic (Mood et al. I974), 

(2) 
I J (x .. - n.0.)2 

xz=E E v _'J 
i = I J = 1 n;fJj 

where Oj = ~xij l~n; and is the maximum likeli-
' I hood estimator of 8j under the null hypothesis. The test 

statistic X 2 has a limiting x2 distribution with (I - I) X 

( J - I) degrees of freedom. Rejection of the null 
hypothesis by the use of this test criterion will only indicate 
that there are differences between samples but not where 
the differences are. In order to determine this a second test 
can be carried out. This test forms pairwise contrasts bet
ween samples for the null hypothesis H

0
: 8 .. - 8;,. = 

0 (i * i 1 :Vj) (Goodman I964). The estimatJ'd contlasts 
are defined as llj = (O;j - 0;) and confidence intervals 
arc calculated by: 

(3) J.1 ± s(l:.)Z 

- - - -- 1f: 
where s(fl) = ((8u (1 - 8u)ln;) + ((1 - 8;)8;·/n;,)) 2 

and Z is the IOO (1 - tl)th percentile of the unit gaussian 
distribution. The significance level of the test for all J con
trasts is set to some value a (here 0.05) and therefore each 
contrast is carried out at (3 = ai2J (Goodman I964). 

A number of length composition samples, routinely col
lected by Marine Fish Division port technicians, were 
selected for study. Details concerning these samples arc 
presented in Table I. The samples chosen consist of be
tween 250-650 fish (cod) measured for length. The in
dividual length frequencies arc depicted in Fig. 1 accord
ing to the sets outlined in Table I. The null hypothesis of 
homogeneity within sets with respect to the multinomial 
model was tested by the x2 test described above. In all 
cases, the null hypothesis was rejected (p < 0.00001). The 
contrast test (2) was then applied to these data sets to deter
mine where the differences occurred. The results of this 

TABLE I. Details of the length composition samples studied 
In this paper. Samples were obtained by port technicians of 
the Marine Fish Division from fishing vessels at the port of 
landing. 

Type of 
Data No. of NAFO vessels Tonnage 
set samples Month area sampled classa 

A 4 Jan. 4Vn Side trawlers 4 
B 5 Jan. 4Vn Stern trawlers 5 
c 3 Feb. 4Vn Stern trawlers 5 
D 6 Mar. 4Vs Side trawlers 4 
E 4 Oct. 4Vs Stern trawlers 5 
F 5 Nov. 4Vs Stern trawlers 5 

~onnage class of vessel: 4 = 151-500 Gross Tonnage; 
5 = 500 Gross Tonnage 



a 

b 

30 

~z ~a 64 ro r& az aa 
LENGTH GROUP {c"'] 

28 34 40 46 ~2 ~8 64 10 76 82 88 94 00 
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c 
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e 
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LENGTH GllOUP{"nl 

H -.o 46 52 ~a &4 10 7e az aa 
lENGTH GROUP I em] 

f 

" 

5;z ~a &"' 10 76 az sa 94 
LENGTH 6ROUP (c m I 

- FIG. 1. Percent frequency polygons of length composition samples in (a) data set A, (b) data set B, (c) data set C, (d) data set D, (e) data set E, and (f) data set 
~ F (see Table 1 for details). 



TABLE 2. Results of contrasts (entries are the number 
of times a significant difference was found in that length 
category; I = number of samples). 

Length 
group Set A Set B Set C Set D Set E Set F 
(em) I = 4 I = 5 I = 3 I = 6 I = 4 I = 5 

28 
31 
34 
37 
40 
43 
46 
49 
52 
55 
58 
61 
64 
67 
70 
73 
76 
79 
82 
85 
88 
91 
94 
97 

100 
103 
106 
109 
112 

0 
0 
0 
0 
3 
I 
0 
0 
0 
0 
I 
0 
I 
0 
0 
0 
0 
0 

0 

0 
0 
3 
6 
5 
6 
4 
4 
4 
3 
0 
0 
I 
0 
0 
0 
0 
0 
0 

0 
I 
2 
2 
I 
0 
I 
2 
I 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 

0 0 0 
I 3 4 
3 4 3 
7 5 4 
0 3 4 
0 I 0 
0 2 2 
0 3 3 
I 3 3 
0 3 4 
2 3 4 
0 2 4 
0 0 I 
0 I 2 
0 2 0 
0 0 3 
0 3 0 
0 0 0 
0 0 0 
0 0 0 
0 0 
0 0 0 

0 

test for each data set are presented in Table 2. From this 
table some gross patterns are evident; for example, the 
46-cm length group figured prominently as a local for het
erogeneity for all of the data sets. In addition, major dif
ferences tended to be confined to length groups in the 
middle of the frequencies and not in the tails. More detailed 
patterns can be seen when the contrast results are compared 
with Fig. 1 a-f. 

3. The Compound Multinomial Model 

From the comparisons carried out in Section 2, it ap
pears that the observed proportions from the cod length 
composition data exhibit greater variation than expected 

. under the multinomial model. In this section, we present 
a model that offers more flexibility with regard to this extra 
variation. 

In the multinomial model defined in (1) the Jl; were 
assumed to be constants. In the development here it will 
be assumed that the f4 are random variables from some 
distribution h(Jl) with mean p, = {p,p p,2 , ... , P-A' 
and variance .Q- 2 = {af, a~, .. :: a}J. Given this assump
tion, then, the distribution of the ,.e i• g(,.e ;) say, is found 
by compounding /(,.Cj) defined in (1) with h(Jl) to give 
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(4) g(~) = 1/C~j)h(~)d(J!). 

The unconditional mean and variance for g(,.e;) are 

E(xii] = n;P-j 

Var[xii] = n;P-/1 - 11-) + o}n;(n; - 1). 

In terms of Oij = X;/n; the above can be rewritten to 
· obtain 

E(Oij] = P-j 

(5) Var[llii) = 11-jO - p.;)ln; + a] (n; - 1)/ni' 

The aJ in (5) is the variance associated with the random 
assumption for Jl; and has been called the "extraneous" 
variance by Kleinman (1973). This type of model has been 
investigated most recently by Southward and Van Ryzin 
(1972) and Kleinman (1973) for the binomial case (J = 2) 
and by Mosimann (1962) for the multinomial case 
(J > 2). For the case of equal samples sizes (n; = n; V;) 
all of the above studies obtain the same estimator via the 
method of moments for P-j and its associated variance, that 
is 

I -
(6) ~· = r; {1 . ./I 

1 i = I U 

and 
- l 

Var(f9 = I; (0;1 - P/II(I - 1). 
i = I 

It is interesting to note that the same results were arrived 
at even though Southward and Van Ryzin (1972) assumed 
that h(Jl) was of a general form with domain of support 
(0,1) whereas Kleinman (1973) and Mosimann (1962) 
assumed that the f4 were distributed according to the Beta 
distribution (or Dirichlet distribution in the multinomial 
case). 

In the unequal sample size situation, a weighted method 
of moments must be used, and results are only available 
for the binomial form of the model. Both Kleinman (1973) 
and Southward and Van Ryzin (1972) approach the estima
tion problem in the same way by first defining an optimal 
weight w; in terms of the inverse of the variance in (5). 
Because of the differing assumptions with respect to h(Jl) 
the form of estimators derived are not the same. In 
Kleinman (1973), h(Jl) is assumed to be of the following 
form: 

where 

2 

II "-I 
{1.' 

j = I 1 



(X. 

E[O) = E:. = P.j 

j J 

and Var[O) = (I + E cxj) - Ip.p - P.) 

= op.p- P.) 

the variance in (5) is now rewritten so that a~= op,. (1 
f.t)· The optimal weight then is expressed as

1
(with ~-(1 

f.t} removed since it is a constant), 
1 

(7) w. = 
1 

1 + &(n; - I) 

Since o is unknown and must be estimated, Kleinman 
proposed an empirical estimation procedure. Initially set 
W; = n; and let 

(8) 
I A 

P.j = E w8 . ./w 
i =I I I) 

I 

w = E W; 
i =I 

(I I) I A 

s2 = _-_ = E w;(O .. - ~-)2. 
I i =I 11 1 

Then estimate o by 

(9) 0 = 

S2 - ii;(l - ~j)[ t ~~ (1 - W;)] 
i = 1 n; w 

~/1 - ~) [ .t W;(l- W;) - .t ~~(1 - W;)] 
1 = 1 w 1 = 1 n; w 

If o is equal to or less than zero, Kleinman (1973) suggests 
setting 8 equal to zero. A 

Redefine W;, w; say, by substituting o for o in (7). Fi
nally, form a new estimate for f.tp fij by using w; in (8). 
The variance of fij can be estimated by 

This estimate is unbiased if o is known and w; is as 
defined in (7), otherwise the bias is of order l!I. It may 
be possible to remove this bias by forming a jackknife ver
sion of (10) but as Miller (1974) has pointed out negative 
pseudovalues can result from treating variance estimators 
this way; a transformation of some sort is therefore 
required. 

With respect to the approach taken by Southward and 
Van Ryzin (1972), we must first rewrite (5) in a more 
general form 

(II) Var[Oii] = rln; + 02. 

The weight W; is then defined as the inverse of (11) with 
rand r? estimated as follows (binomial case set j = 1), 

(12) 

~2 = max{(u*)2, I-1}, 

(13) (u*)2 = [ 
1

_E=I
1
(0;1 - P.li(I- 1)]- 71.. E _!_, 

I i =In; 

I A 

f.i.1 = _!_ E Ow 
I i =I 

Equation (8) is used to estimate ~j with w; = [rln; + 
A I 
02]- 1 and w = E W;. The variance of the estimate iij is 

i =I 

simply estimated by 

(14) Varlii) = w - 1• 

Southward and Van Ryzin (1972) show that 7 and Q-2 are 
consistent estimators, i.e. r- r, &2-r? as I- oo. Since 
I is at most equal to 6 in the cod data presented here, large 
sample properties such as consistency are of limited value 
in assessing the above estimators. Use of equation (12) has 
serious ramifications with regard to small samples. In cases 
where r accounts for a large proportion of the total varia
tion observed implying that r? in (11) is small, equation 
(12) would set Q.2 equal to I- 1• For large samples i.e. as 
I- oo, this procedure may not be a problem since as a con
sequence 02-0 but for small samples I- 1 would tend to 
dominate the estimate of (11) leading to inflated variance 
estimates. To avoid this it would seem reasonable to set 
a2 equal to zero whenever (a*)2 is less than or equal to 
zero. 

The two approaches discussed above were directly ex
tended to the compound multinomial model. With respect 
to Kleinman's method, this required estimating lij (equa
tion (9)) for each length class. For the second method, that 
of Southward and Van Ryzin equation (12) was not used 
due to the problems outlined above; instead (j2 was set to 
zero whenever (a*)2 was less than or equal to zero. 
Variances were estimated by both methods for data set D 
(see Table 1) and compared to the simple multinomial 
model estimates. This comparison was carried out by 
dividing the estimates from the compound model by the 
estimates from the simple model, and is presented in Table 
3. The estimates obtained from the generalization of equa
tions (10) and (14) differed very little from each other in 
that they both provided large variances for those length 
classes that had significant differences by the contrast 
method (Table 2). For 18 of the 22length classes presented 
in Table 3, the method of Southward and Van Ryzin (1972) 
resulted in slightly larger variances than those from 
Kleinman's technique. Since the small sample properties 
are not well established for either set of estimators, it is 
difficult to choose one over the other. 

4. Future Research 

The main objective of this paper was to find a way of 
estimating the variances of length frequencies when only 
one sample was taken from a landing. The compound 
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TABLE 3. Comparison of variance estimates for the com
pound multinomial model discussed in text with variance 
estimate obtained from simple multinomial model. Data 
set D was used for this example. (Results presented here 
are ratios of compound multinomial model estimate to 
simple multinomial estimate. Asterisk indicates length 
group where differences were found by the contrasts 
method. See Table 2.) 

Length Equation (10) Equation (14) 
group (em) Simple multinomial Simple multinomial 

37 0.73 1.36 
40* 3.40 3.91 
43* 7.67 8.03 
46* 9.11 9.26 
49 2.91 2.98 
52 0.99 0.87 
55 1.08 1.36 
58 1.03 1.20 
61* 3.79 3.99 
64 3.04 3.16 
67* 3.29 3.44 
70 1.29 1.65 
73 2.43 2.61 
76 1.96 1.64 
79 2.35 2.67 
82 1.06 0.86 
85 1.11 1.16 
88 1.06 0.82 
91 1.18 1.60 
94 1.20 1.31 
97 0.79 0.94 

100 0.79 0.94 

multinomial model appears to offer a means to do this, 
albeit further work on finding estimators with wen
established properties (especiaily for small samples) is 
required. 

In addition, since length composition samples form the 
basic data for stock assessment analysis, a model such as 
that presented here could offer a means of exploring the 
effects of variances and covariances at the length frequency 
stage on the estimated age structures of the catch and of 
the population. This term could help in defining the preci
sion of total aiiowable catch estimates (TACs). 
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LABONTE, S. S. M. 1983. Aging capelin: enchancement of age-length keys and importance of such 
enhancement, p. 171-177. In W. G. Doubleday and/et D. Rivard [ed./ed.] Sampling com
mercial catches of marine fish and invertebrates/L'echantillonnage des prises commer
ciales de poissons et d'invertebres marins. Can. Spec. Pub!. Fish. Aquat. Sci./Publ. 
spec. can. sci. halieut. aquat. 66. 

In the estuary and western Gulf of St. Lawrence, available information suggests that 
problems of interpretation of growth rings on the otoliths of capelin, rather than biological events, 
create important overlaps between ages in age-length keys. These overlaps lead to errors in the esti
mation of number of fish at age, mean length, and mean weight at age. The Doubleday method 
permits reduction of overlaps between ages in age-length keys and normalization of length at age 
distribution. The enhanced age-length keys obtained by this method give better estimations of the 
age-related parameters. 

LABONTE, S. S. M. 1983. Aging capelin: enhancement of age-length keys and importance of such 
enhancement, p. 171-177. In W. G. Doubleday and/et D. Rivard [ed./ed.] Sampling com
mercial catches of marine fish and invertebrates/L'echantillonnage desprises commer
ciales de poissons et d'invertebres marins. Can. Spec. Pub!. Fish. Aquat. Sci./Publ. 
spec. can. sci. halieut. aquat. 66. 

Dans l'estuaire et !'ouest du golfe du Saint-Laurent, !'information disponible suggere que des 
problemes d'interpretation des anneaux de croissance des otolithes de capelan, plut6t que des 
facteurs biologiques, entrainent un chevauchement important des ages dans les cles age-longueur. 
Ces chevauchements induisent ulterieurement des erreurs lors des estimations de Ia longueur 
moyenne, du poids moyen et du nombre d'individus dans chaque classe d'age. L'utilisation de Ia 
methode de Doubleday nous permet de rectuire le chevauchement des ages dans les c!es age
longueur et normalise les distributions de frequence de longueur a !'age. Les nouvelles cles age
longueur obtenues par cette methode permettent des estimations plus precises des parametres lies a 
!'age. 

Introduction 

Accurate aging is one of the main keys leading to 
effective management of fisheries. In the aging of 
capelin, otoliths have traditionally been used (Hansen 
1943; Templeman 1948; Prokhorov 1965; Winters 1974). 
However, correct interpretation of growth rings on the 
otoliths of capelin from the western Atlantic has proved 
difficult, and Templeman (1968) called for further valida
tion of the technique. In the mid-1970s, Bailey et al. 
(1977) tried to validate the technique, but even with this 
study, it is still extremely difficult to age capelin 
accurately in the estuary and western Gulf of 
St. Lawrence. 

species. However, it is possible that other false annuli 
may be formed during the life of capelin. For haddock 
and other gadoids, Thompson (1926) showed that such 
annuli occurred under conditions of physiological or 
physical stress. Hatch (1961) reported that 60-90% of the 
brook trout in four New York lakes showed false annuli, 
not detectable except by position and knowledge that the 
fish could not be as old as indicated. 

Different sources of error may lead to underestimation 
or overestimation of ages. For instance, age will be 
underestimated if annual rings fail to form. Carlander 
(1973) showed that this phenomenon occurred for many 
species of fish. Because of the opaqueness of otoliths, 
which increases with size and age, growth rings may be 
obscured. This would also lead to underestimation of age. 
On the other hand, false annuli may deposit, and this 
would produce an overestimation of the age. Bailey et al. 
(1977) showed that a false annulus is deposited when 
capelin metamorphose. This metamorphic annulus is well 
known and ignored during the process of aging this 

Incorrect aging may introduce important bias into 
stock assessment. Age-length keys may be distorted and 
subsequently number of fish at age, mean length, and 
mean weight at age. To overcome such bias, Doubleday 
(1975) developed a method to enhance age-length keys. 
The method smooths sampling fluctuations and consider
ably reduces the effects of incorrect aging. In this paper, 
the Doubleday method is used to enhance age-length keys 
for capelin and the importance of such enhancement is 
discussed. 

Materials and Methods 

Each day between 13 April and 22 June, 1981, 
random samples of 200 adult capelin were collected from 
a weir at Isle Verte in the St. Lawrence estuary (Fig. 1). 
Each fish was measured (total length to the nearest mm), 
weighed to the nearest 0.1 g, and the sex determined. 
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FIG. 1. Sampling locations of adult (Isle Verte) and juvenile (Chaleur Bay-Miscou) capelin. 

Once per week, we subsampled four males and females 
per 5 mm length group from which we removed otoliths 
for aging. Two random samples of 200 juvenile capelin 
were also collected with a midwater trawl during the last 
week of May 1981 in the area of Baie des Chaleurs and 
Miscou (Fig. 1). Each fish was measured, weighed, and 
otoliths were removed. Reading of otoliths was done later 
in the laboratory following the method of Bailey et al. 
(1977). Otoliths were read independently by two readers 
and if disagreement occurred, the otoliths were reread 
and either accepted after common agreement or rejected. 

Original age-length keys were then constructed for 
males and females from Isle Verte, and for juveniles from 
the Baie des Chaleurs-Miscou area. These keys were 
applied to samples to check for normality in length at age 
data. The Doubleday (1975) method, which consists in 
fitting normal curves over age frequency distributions, 
was used to enhance the original keys for adult capelin. 
Finally, original and enhanced age-length keys were 
applied to monthly length frequency distribution of adult 
capelin caught at Isle Verte during April, May, and June 
1981. Proportions (OJo) at age and mean length at age were 
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calculated from both keys. Mean weight at age was ob
tained from monthly length-weight relationships for the 
region. 

Results 

NORMALITY IN LENGTH AT AGE 

Adult capelin from Isle Verte ranged from 130 to 
180 mm for females, and from 140 to 190 mm for males. 
Otoliths revealed males and females of 2, 3, and 4 yr of 
age. However, more than 95% of capelin were 3-4-yr
olds. Juvenile capelin from Baie des Chaleurs-Miscou 
ranged from 40 to 130 mm and were all immature. These 
young capelin were I, 2, and 3 yr of age. 

Original age-length keys show overlaps between ages 
(Tables I, 2). This overlap is small for the youngest age
classes (Table I) but becomes more important as capelin 
grow older. In fact, for adult capelin, most length groups 
contain fish belonging to each age-class (Table 2). The 
application of the original age-length key of juvenile 
capelin (Table I) to their own length frequency distribu-



TABLE 1. Original age-length key (Ofo) for juvenile capelin. Chaleur Bay-Miscou, May 1981. 

5 mm 
length group 

40 100 
45 100 
50 100 
55 100 
60 100 
65 100 
70 100 
75 100 
80 67 
85 33 
90 
95 

100 
105 
110 
115 
120 
125 
130 

tion shows that the distribution of length at age is normal 
for age 1 (Fig. 2). Length at age distribution seems also 
normal for age 2, but an area of distortion appears 
around 115 mm. Moreover, the mode corresponding to 
age 3 Is practically the same as the age 2 mode. The ap
plication of original age-length keys of adult capelin 
(Table 2) to their own monthly length frequency distribu
tions shows that the distributions of length at ages 3 and 4 
depart increasingly from normality (Fig. 3, 4). This is 
mainly evident in April where length at age distributions 
of 3- and 4-yr-old females are bimodal and perfectly 
superimposed (Fig. 3). Furthermore, for both males and 
females, length at age distributions of 2- and 4-yr-olds are 
completely overlapped by 3-yr-old distributions, and 
modes of these distributions are practically the same 
(Fig. 3, 4). 

As cape lin grow older, there in an increasing departure 
from normality in length at age distribution and this 
corresponds exactly with the increasing overlaps between 
ages in age-length keys. 

ENHANCED AGE-LENGTH KEYS 

Length at age distributions are normalized when the 
enhanced age-length keys are applied to length frequency 
distributions. Compared to original age-length keys, 
enhanced keys for adult capelin show that overlaps 
between ages are greatly reduced (Table 2). Overlaps 
between ages 3 and 4 extend only from 160 to 175 mm for 
females, and from 165 to 190 mm for males. Capelin 
belonging to age 2 are completely eliminated from length 
groups over 135 mm. The application of enhanced age
length keys of adult capelin (Table 2) to their own 
monthly length frequency distributions shows normal or 
near-normal distributions of length at ages 3 and 4 

0 
0 
0 
0 
0 
0 
0 
0 
0 

Age 

2 3 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

33 0 
58 9 
75 25 
75 25 
83 17 

100 0 
83 17 
83 17 
77 23 
78 22 
55 45 

(Fig. 3, 4). There are still overlaps between length at age 
distributions, but modes of these distributions are 
significantly different. 

AGE-RELATED PARAMETERS 

Important changes occur in age-related parameters 
following the use of enhanced age-length keys instead of 
original keys. 

The first change is the difference in proportion of fish 
at age (Table 3). The use of the enhanced keys produces 
the following results: for females - 3-yr-olds are 711/o less 
abundant in April and 4 and 7%, respectively more abun
dant in May and June; 4-yr-olds are 9% more abundant 
in April and 2 and 5% less abundant in May and June; 
and 2-yr-olds, which are not presented in Table 3, are 
1.5% less abundant for the 3 mo; for males - propor
tions of 3-yr-olds remain approximately similar for all 
months; 4-yr-olds are 5% more abundant in April and 
May and remain the same in June; and 2-yr-olds are not 
present. 

The second and most important change observed is the 
difference in mean length at age. For both males and 
females, the application of the enhanced keys gives 
smaller mean length at age for the 3-yr-olds and higher 
mean length at age for the 4-yr-olds (Table 3). This is 
mainly evident for 4-yr-old females which have a higher 
mean length of 5 mm in April, 11 mm in May, and 
13 mm in June. Original keys produce mean length at 
age, which decreases from April to June. In most cases, 
mean length at age shows a decrease of 4-5 mm and up to 
9 mm for females of age 4. The use of enhanced age
length keys produces mean length at age much more sta
ble which length decreases only by 3 mm between April 
and June. 
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The third effect is the difference in mean weight at age. 
Since weight is directly related to length (Fig. 5), 
tendencies observed for mean length at age are reflected 
in mean weight at age. However, spawning occurs during 
the April-June period, and length-weight relationships 
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FIG. 2. Age-frequency distributions of juvenile capelin obtained 
from original age-length key. Chaleur Bay-Miscou area, May 
1981. The following lines represent: 1-yr-olds (--), 2-yr-olds 
(----),and 3-yr-olds (o--o). 

I 
" "' 0 

" .0 

E 
::> 
z 

240 

200 

240 

200 

160 

120 

BO 

40 

240 

200 

160 

120 

BO 

40 

APRIL 

125 140 155 170 185 125 140 

Tolar renglh r5mm rengrh group! 

FIG. 3. Age-frequency distributions of female capelin obtained 
from original (a) and enhanced (b) age-length keys. Isle Verte, 
1981. The following lines represent: 2-yr-olds (o--o), 3-yr
olds (-), and 4-yr-olds (----). 



change. Consequently, for similar length at age from 
April to June, weight at age decreases. 
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FIG. 4. Age-frequency distributions of male capelin obtained 
from original (a) and enhanced (b) age-length keys. Isle Verte, 
1981. The following lines represent: 2-yr-olds (o-o), 3-yr
olds (--), and 4-yr-olds (----). 

Discussion 

Length frequencies at age should normally agree well 
with observed peaks in length frequency distributions if 
length at age has a normal distribution. However, follow
ing the application of original age-length keys to the 
length frequency distributions, length at age distributions 
increasingly depart from normality as capelin grow older. 

At first glance, this nonnormality of length at age 
distribution of older capelin could be related to biological 
events. For instance, one might assume that fast-growing 
capelin belonging to a particular year-class mature as 
3-yr-olds, and the slow-growers of this same year-class 
mature only as 4-yr-olds. Since most capelin die after 
spawning (Winters and Campbell 1974), the bulk of ma
ture capelin should be represented by only 2 year-classes: 
the fast-growing 3-yr-olds and slow-growing 4-yr-olds. 
Consequently, the mean length of these 3- and 4-yr-olds 
could be quite similar, and this would produce important 
overlap between their age distributions. However, this 
cannot explain why there are two length modes of 3-yr
olds and two modes of 4-yr-olds among mature capelin. 
For a particular year-class, these two modes could be 
biologically explained only by the presence of two stocks 
which have different growth rates or two hatching periods 
well apart. However, adult capelin caught at Isle Verte 
between April and June are probably part of the same 
stock. A study of morphometric and meristic characters 
(S. S. M. Labonte and L. Savard, unpublished data.) 
shows that all mature capelin caught in that area between 
April and June 1980 belonged to the same group. On the 
other hand, in the estuary and western Gulf of St. 
Lawrence, capelin spawn during a short period beginning 
in late April and ending in early June. The observations 
presented here show that there is only one normal length 
distribution representing 1-yr-olds in the Baie des 

TABLE 3. Proportions, mean length, and mean weight at age resulting from the application of original (a) and enhanced (b) keys. 
Adult capelin- Isle Verte, April-May-June 1981. 

April May June 

Age a b a b a b 

Proportion 3 79.6 72.0 85.7 89.9 87.1 94.2 
(OJo) 4 18.6 27.4 11.4 9.2 10.6 5.7 

Mean 3 157.2 154.7 153.9 152.5 153.0 152.2 
Females Length (mm) 4 168.1 173.5 159.2 170.5 157-3 170.6 

Mean 3 20.3 19.3 18.2 17.8 15.8 15.6 
Weight (g) 4 25.7 29.9 19.9 23.6 17.1 21.6 

Proportion 3 81.9 80.0 82.8 79.5 86.8 88.0 
(%) 4 15.0 20.0 14.9 20.5 11.1 12.0 

Mean 3 171.5 170.1 172.0 170.1 166.1 166.3 
Males Length (mm) 4 175.1 177.0 175.3 177.7 171.3 174.9 

Mean 3 29.0 28.3 29.3 28.3 24.6 24.7 
Weight (g) 4 31.0 32.1 30.9 32.2 26.7 28.3 
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FIG. 5. Length-weight relationships for capelin in April, May, and June 1981. Isle Verte. 

Chaleurs-Miscou area. One-year-old capelin collected 
from other areas of the Gulf also show a unique normal 
distribution (Labonte, unpublished data) and this tends to 
confirm that there is only one hatching period. 

Consequently, it seems reasonable to assume that the 
nonnormality of length at age distributions of older 
capelin results from incorrect aging. Following the 
absence of effective aging procedure for older capelin, 
length frequency samples were treated as a mixture of 
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normal distributions of length at age with one component 
per year-class. Doubleday's (1975) method enables us to 
normalize length at age distribution and reduce overlaps 
between age in age-length keys. 

The enhanced age-length keys may introduce impor
tant changes in age-related parameters. Results presented 
for capelin show that proportions of fish at age may vary 
by lOo/o following the use of enhanced age-length keys. 
Such variations could be extremely important in pop-



ulation analysis mainly when the number of age-classes in 
the fishery is low. Capelin in the estuary and western Gulf 
of St. Lawrence are a typical case, with 3- and 4-yr-olds 
representing more than 95o/o of the fishable stock. Mean 
length at age also shows noticeable changes following the 
use of the enhanced keys. Due to extensive overlap in the 
original keys, mean length at age was biased positively for 
age 3 and negatively for age 4 and this resulted in similar 
mean length at age for both ages. Reduced overlap in the 
enhanced keys gives significant difference between mean 
length at ages 3 and 4. These changes may be extremely 
important since growth parameters will be affected. On 
the other hand, since weight is directly related to length, 
mean weight at age follows a similar trend. Consequently, 
biomass at age will change and yield per recruit calcu
lation may show a significant difference. 

Conclusion 

In this particular study, the effects of enhancement 
occur mainly on 4-yr-olds, which are relatively few in 
number; therefore, the enhancement may seem unneces
sary. However, bias may be introduced by imprecise age
length keys, and for other species, the types of bias 
identified in this study could be much more important 
and even lead to inaccurate assessment of certain fish 
stocks. 

When normality of length at age is respected, only one 
stock is involved and length distributions of age groups 
do not overlap for biological reasons alone; the method 
presented can considerably improve the reliability of age
length keys and the estimations of age-related par
ameters. With the computer science techniques available 
today, this exercise can be performed very rapidly and 
may increase the reliability of stock assessment. 
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Estimation of Catch at Age and its Variance for Groundfish Stocks 
in the Newfoundland Region 

S. GAVARIS AND C. A. GAVARIS 1 
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GAVARIS, S., AND C. A. GAVARIS. 1983. Estimation of catch at age and its variance for groundfish 
stocks in the Newfoundland region, p. 178-182. In W. G. Doubleday and/et D. Rivard 
[ed./ed.] Sampling commercial catches of marine fish and invertebrates/L'echantillon
nage des prises commerciales de poissons et d'invertebres marins. Can. Spec. Pub!. Fish. 
Aquat. Sci./Publ. spec. can. sci. halieut. aquat. 66. 

The age composition of the commercial catch forms an important basis for the assess
ment of the status of a stock. An estimate of the variance of catch at age is derived so 
that the reliability of such data may be evaluated. The effect of this imprecision on catch 
projections can then be examined. In the case study, the cod stock in NAFO Area 4RS + 3Pn 
in 1981, present sampling levels resulted in estimates of catch at age with low variability 
such that the projected yield in 1983, assuming other input parameters known, had a co
efficient of variation of 3%. For this stock, other factors contributing to variability in 
the projected yield estimate, such as average weight at age, may be a more significant 
source of error. 

GAVARIS, S., AND C. A. GAVARIS. 1983. Estimation of catch at age and its variance for ground
fish stocks in the Newfoundland region, p. 178-182. In W. G. Doubleday and/et D. Rivard 
[ed./ed.] Sampling commercial catches of marine fish and invertebrates/L'echantillon
nage des prises commerciales de poissons et d'invertebres marins. Can. Spec. Pub!. Fish. 
Aquat. Sci./Publ. spec. can. sci. halieut. aquat. 66. 

La composition par age des prises commerciales represente un element important de 
!'evaluation de l'etat d'un stock. On procede ici a !'evaluation de Ia variance des prises 
pour chacun des groupes d'age afin d'obtenir une mesure de Ia precision de telles don
nees. L'incidence d'une faible precision sur les prises projetees peut alors etre etudiee. 
Dans le cas etudie, soit le stock de morue des divisions 4RS et 3Pn de l'OPANO en 1981, 
les niveaux d'echantillonnage actuels ont entralne des estimations des prises relativement 
precises pour chacun des groupes d'age. Ainsi en supposant les autres parametres con
nus, le rendement projete en 1983 a un coefficient de variation de 3 %. Pour ce stock, 
d'autres facteurs contribuant a Ia variabilite des projections du rendement, telle poids 
moyen estime pour chaque groupe d'iige, peuvent constituer une source d'erreur plus 
importante. 

Introduction 

The determination of the age composition of the com
mercial catch forms an important basis for the assessment 
of the status of a stock. Estimates of the numbers caught 
at age are typically used in sequential population analysis 
and in catch projections to determine possible management 
strategies. To date, the assessment of stocks in the north
west Atlantic has not regularly included estimates of the 
variance of catch at age although there have been some 
cases analyzed (Brennan and Palmer 1978). Such informa
tion would be useful in qualifying the advice given to 
managers to reflect the precision of knowledge concern
ing a stock. 

special case of stratified sampling where the stratum weights 
are unknown. A sample is taken to estimate these weights, 
the proportion at length in our case, and is then subsampled 
for the characteristic of interest, the proportion at age. 
Double sampling is generally advantageous when the 
characteristic of interest is expensive to sample. Kutkuhn 
(1963) presented a cost comparison of simple random 
sampling and double sampling for salmon. Kimura (1977) 
compared the relative precision of three strategies, simple 
random sampling, double sampling with fixed size sub
sample, and double sampling with random size subsample. 

This paper briefly outlines the commercial sampling 
design presently in use for groundfish at the Northwest 
Atlantic Fisheries Centre, Fisheries Research Branch, 
Canada. Estimates of the catch at age and its variance were 
obtained following the general procedure given by 
Southward (1976). Data for the cod stock in NAFO Area 
4RS+3Pn in 1981, as presented by Gavaris and Bishop 
(1982), were used in an example. The influence of the 
estimated variance of the catch at age on the precision of 
the projected yield is examined. 

Using the double sampling scheme outlined in Cochran 
(1963), Southward (1976) showed how the variance of the 
proportion at age could be computed and used to obtain 
the variance of the catch at age. Double sampling is a 

1Present address: 23 Howley Ave. Ext., St. John's, Nfld. 
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Methods 

NOTATION 

Basic samples, denoted by m, were classified into area
time-gear units, denoted by k (i.e. Div. 4R- January
cod trap). These units may be, and usually were, smaller 
than the area-time-gear strata to be defined later (i.e. Area 
4RS + 3Pn- 1st quarter- inshore gears). The following 
notation was used. 

nkm 
njkm 
Pjkm 

n}km 

nijkm = 
Pijkm 

number sampled for length 
number at length j in sample 
n 'k Ink proportion at length j in sample JIll Ill 

number at length j subsampled for age 
number at length j and age i in subsample 
n !.k In !k = proportion at length j and age 

I) Ill JIll 
i in subsample 
weight of sample 
weight of landing from which sample was 
taken 
Wk

11/nkm = average weight of fish in 
sample 
total weight landed in unit 
total weight landed in stratum 
average weight at length j obtained from a 
weight-length relationship 
average weight at age i and year t 
yield in weight during year t 
population numbers at age i in the begin
ning of year t 
natural mortality at age i during year t 
fishing mortality at age i during year t. 

COMMERCIAL SAMPLING DESIGN 

The landings from a particular stock are divided into 
strata defined by area, time, and gear, such that a stratum 
is homogeneous with respect to the proportion at age for 
a given length. For the example, stock area-quarter-gear 
was used to stratify. Since the entire landings for a stratum 
are not available for sampling at any one time and place, 
basic samples are taken from the individual vessel landings 
and subsequently combined. Basic samples are distributed 
over the entire stratum because the stratum is not necessar
ily homogeneous with respect to proportion at length. 

Vessels, which are assumed to return to port in a ran
dom order within strata, are selected as they land and a 
basic sample is chosen randomly as the catch is unloaded. 
The weight of the basic sample is taken and all fish in the 
sample are counted and measured for length. A subsample 
is selected for aging. Current practice dictates that a fixed, 
but not necessarily equal, subsample size be taken for each 
length in a stratum. The basic samples are classified into 
units which, for the example, were defined as NAFO 
Division-month-gear. For further details on the sampling 
procedure, see Stevenson (1983). 

ESTIMATION 

Basic samples within a stratum are combined in two 
steps. First, basic samples within a unit are combined. 

(1) nk Enkm 
m 

(2) n]k En}km 
m 

(3)1 
'EPjkmWkn/Wkm 

Pjk = m 

'EWkmlwkm 
m 

(4) Pijk = Enijkmi'En}km 
m m 

'EWkm 
(5)1 wk = Ill 

E wkmlwkm 
m 

Second, the units within a stratum are combined. 

(6) n = Enk 
k 

(7) n~ = En~k 
J k J 

'EP·kWk!Wk 
(8) Pj = k J 

'EWklwk 
k 

(9) Pu = E 'Enijk11/'E 'En}km 
k m k m 

EWk 
(10) W= k 

'EWJwk 
k 

Note that in combining the data, length frequencies and 
average weights are weighted by estimated numbers in basic 
samples (equations (3), (5)) and estimated numbers in units 
(equations (8), (10)). This is necessary because the sampl
ing design is not self weighting i.e. proportional alloca
tion is not strictly enforced. 

Estimates for each stratum can then be obtained. Finite 
population corrections for variances will be ignored since, 
in practice, these are generally negligible. Assuming that 
the proportion at length, p., is a multinomial variate and 
that subsampling for ages 

1
1s random within each length 

category, an unbiased estimate of the proportion at age is: 

(11) P; = 4 PjPij 
J 

1For some gear types in the example Wk 
11 

was not known; 
therefore samples could not be weighted. Th~ possibility of ob
taining Wk

11 
in the future for these gear types is currently being 

investigate~. 
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and the variance of Pi is given by: 

(12) Var (jj.) = E PjP/1 - Pij) + P/Pij - Pl 
1 

j:p o>O n ~ - 1 n 
lj J 

(Southward 1976) 

An approximate 1,mbiased estimate of the total number of 
fish landed and its approximate variance, found by using 
the delta method (Seber 1973), are: 

(13) 

(14) 

c = Wliii 

Var (C) = W2 Var (iii) 
iii" 

Individual fish in the samples were not weighed; therefore, 
the variance of the average weight could not be obtained 
directly. Using weight-length relationships which have been 
obtained from special studies, an approximate estimate of 
the variance of w is: 
(15) Var (iii) = 'f;npj (wj - iii)2!n(n - 1) 

J 

No account has been taken of error in the weight-length 
relationship. AssJ!ming that (;and j)i are independent and 
that the bias in Cis negligible, an unbiased estimator of 
catch at age is: 

(16) (Kendall and Stuart 1969, p. 269) 

An exact unbiased estimator of the variance of a product 
of two independent variables was derived by Goodman 
(1960). 

(17) Var(C;) = 62Var(fi;) + fi/ Var(C) - Var(fi;) Var(C) 

Total catch at age and its variance for the stock can be ob
tained by summing Ci and Var(C;) over all area-time-gear 
strata. 

PROJECTION 

Management of groundfish stocks in the northwest 
Atlantic is generally affected by the setting of catch quotas. 
These quotas are based on estimates of projected yield at 
some reference fishing mortality (i.e. F0•1). 

The projected yield for year t is given by 

(18) yl = 'I;fouFuNu(I - exp - (Fit + Mu))I(Fil + Mu) 
I 

where the summation is over all ages. The population 
numbers in the beginning of year tare found by applying 
the recursive relationship. 

(19) Nit = N; - I r - I exp - (F; - I I - I + M; - I I - I) 

Estimates of population numbers at the beginning of year 
t
0 

are obtained from the estimated catch at age in that year 
using 

(20) N.
1 

= K.
1
6. 

I 
0 I 0 I 
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TABLE 1. The catch at age (X 10 - 3) and its variance for the cod 
stock in NAFO Area 4RS + 3Pn in 1981 were computed using the 
equations developed in the text. The coefficient of variation for 
the dominant ages was Jess than 5o/o. For the ages flagged by 
as~erisks, one or more lengths had a subsample size, nj, of 1 for 
agmg. 

Age Catch Var (catch) STD. error c.v. 
2 3 2.993 1.73 0.52 
3 540 11 593.809 107.67 0.20 
4 10 382 135 992.270 368.77 0.04 
5 11 398 319 264.225 565.03 0.05 
6 23 991 494 631.808 703.30 0.03 
7 14 921 315 622.623 561.80 0.04 
8 5 076 92 919.660 304.83 0.06 
9 1 961 24 890.635 157.77 0.08 

10 670 6 709.527 81.91 0.12 
11 152 511.468 22.62 0.15 

*12 98 204.157 14.29 0.15 
*13 78 157.436 12.55 0.16 

14 38 73.330 8.56 0.22 
15 38 132.786 11.52 0.31 

*16 19 14.385 3.79 0.20 
*17 16 13.338 3.65 0.23 

18 4 17.365 4.17 0.98 
19 0.051 0.23 1.03 
20 0.283 0.53 0.74 

where 

(21) Ku. = (Fit• + Mu)!Fu. (I - exp -(Fit. + Mu)> 

In practice t
0 

is taken as the last year for which sampling 
of the commercial catch is available and projections are 
done for 1 or 2 yr ahead. Assuming that Fit and Mit are 
known without error, the variance of Nil iso estimated by 

0 

(22) Var(Nu) = Kit: Var(C;) 

Using the delta method, Rivard (1981) provided an 
estimator for the variance of Y1 which was a function 
of, among other things, Var(JVit ). Using the variance 
obtained from equation (22), which assumes Fit and Mil 
are known constants, the variance of Y1 _can °be calcu~ 
lated and the direct effect of uncertainty in Ci on the preci
sion of Y1 can be determined. 

Results and Discussion 

Following the same scheme employed by Gavaris and 
Bishop (1982), the catch at age and its variance were com
puted for cod in NAFO Area 4RS + 3Pn (Table 1). The 
coefficient of variation for the dominant ages (4-7) was 
5o/o or less. The aim of the sampling scheme was to obtain 
a fixed number of age samples at each length in each 
stratum; however, the number of age samples at each age 
peaked for ages 4-7, resulting in the lower coefficients of 
variation for these ages. The coefficient of variation ex
ceeded 20% only for those ages that formed an insignifi
cant part of the catch. For some lengths the subsample size, 
np was I. Consequently, the contribution to the variance 



TABLE 2. The contribution to the variance of the catch at age by the various 
components is given. The greatest part was due to A, the "within length" 
component. 

Variance components 
Age A B 

2 2.595 0.397 
3 11 490.470 90.656 
4 128 244.830 4 157.508 

5 315 105.163 2 946.008 

6 486 648.804 3 606.768 
7 312 187.493 2 023.256 
8 92 042.030 732.035 

9 24 663.419 198.011 

10 6 631.018 73.815 
11 493.790 17.091 
12 189.473 14.499 
13 145.598 11.685 
14 68.093 5.203 
15 129.652 3.126 
16 13.573 0.801 

17 12.456 0.872 
18 16.430 0.935 

19 0.048 0.003 
20 0.266 0.017 

P}P;/1 - P;) 
nj- 1 

B. (;2 E P/Pij - P/ 
i=Pij*o n 

C. p~ Var(C) 

D. Var(jj;) Var(C) 

c 
1.102E-3 

1.376E1 
3.597E3 
1.225E3 

4.391E3 
1.421E3 
1.482E2 

3.009E1 

4.975Eo 
6.244E-1 
1.954E-1 
I.645E-1 
4.005E-2 

1.329E-2 
1.157E-2 

1.202E-2 
1.517E-3 

1.429E-6 

1.953E- 5 

Total 
D variance 

3.031E-4 2.993 
1.o73Eo 11 593.809 
7.42oEo 135 992.270 
1.168E1 319 264.225 
1.455E1 494 631.808 
9.082Eo 315 622.623 
2.681Eo 92 919.660 
8.831E-1 24 890.635 
2.8o5E-1 6 709.527 
3.741E-2 511.468 
1.019E-2 204.157 
1.109E-2 157.436 
5.891E-3 73.330 
4.392E-3 132.786 
8.885E-4 14.385 
1.022E-3 13.338 
l.603E-3 17.365 
1.528E-6 0.051 
2.018E-5 0.283 

of the catch at age by that length could not be calculated. 
This is not a serious problem as it occurs only when the 
number caught at length in a stratum is small. 

A breakdown of the variance into its components 
(Table 2) indicated that the estimate of proportion at age 
accounted for most of the variation. A further decomposi
tion of this component showed that the within length 
variance was the dominant factor. This is mostly due to 
the size of n relative to the size of the nJs. It is necessary 
for n to be so large because of the nature of sample collec
tion. To ensure that the estimated proportion at length is 
representative of the catch, basic samples have to be 
distributed over time and area within each unit and stratum, 
resulting in a fairly large number of length measurements 
(Stevenson, personal communication). Reducing the 
number of specimens measured per basic sample would not 
reduce costs and could possibly deteriorate estimates. For 
this stock, therefore, the variance of the catch at age could 
more effectively be controlled by adjustment of the sub
sample size for aging, nj. 

assumption that the area-time-gear strata are homogeneous 
with respect to proportion at age for a given length implies 
that fish within a stratum are mixed with respect to this 
property. Consequently the method used for selecting the 
subsample (see Stevenson 1983) will be random. In prac
tice, growth is continuous over time; therefore, strata are 
not perfectly homogeneous, but the time span of strata is 
selected so as to minimize any effect. Furthermore, samples 
are generally spread over time thereby averaging small 
differences. 

The estimators for the mean and variance of the catch 
at age require that subsampling for ages be random. The 

Besides the above criterion, it is necessary for the 
estimates of proportion at length and average weight of 
fish for the area-time-gear strata to be unbiased. Equa
tions (3), (5), (8), and (10), although biased because the 
size of the sampling units is estimated, are consistent; 
therefore, for large sample size the bias is negligible. For 
the variance of the catch at age it must also be assumed 
that the proportion at length is a multinomial variate. 
Although in general this is not true for cluster sampling, 
it may be closely approximated when the sampling is 
representative and intra-class correlation within a cluster 
is small. Further study should be conducted to examine the 
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TABLE 3. A decomposition of the variance for the projected yield 
(/)of cod in NAFO area 4RS + 3Pn in 1983 shows that the variance 
of the average weight at age could potentially contribute more to 
the imprecision of estimated yield than the variance of the catch 
at age in 1981. The variance for the catch at age in 1981 was com-
puted from data for this stock while the variance for the average 
weight at age was inferred from information on an adjacent stock. 

Variance components 
Projected Average Total 

Age yield Catch weight variance 

4 808 3.8 X 106 1.9 X 1tf 4.0 X 106 
5 5 019 l.lx 106 4.3 X 106 5.3 X 106 
6 37 495 6.4 X 105 8.0 X 107 8.1 X 107 
7 16 121 3.1 X 105 3.7 X 107 3.7 X 107 
8 16 319 1.6 X 105 4.0 X 107 4.0 X 107 
9 7 474 8.1 X 104 6.1 X 106 6.2 X 106 

10 3 595 4.2 X 104 2.2 X 106 2.2 X 106 
11 1 967 4.0 X 103 9.9 X 1tf 1.0 X 106 
12 909 2.3 X 103 1.3x 1tf 1.4 X 105 
13 182 5.2 X 1o2 1.3 X 1o4 1.4 X 104 
14 141 1.8 X 1o2 1.4 X 104 1.4 X 104 

Total 90 030 6.1 X 106 1.7 X 108 1.8 X 108 

appropriateness of this last assumption for the sampling 
design being used. 

The effect that the error of the catch at age in 1981 had 
on the yield projection for 1983 was calculated using a pro
gram supplied by Rivard (1982). The projected yield for 
1983 was 90 030 t with a variance of 6.14 X 106 giving a 
coefficent of variation of 3 OJo. Remember that this variance 
is due only to error in the catch at age and it was assumed 
that all other input was known without error. The impreci
sion of the catch at age estimates for ages 4 and 5 accounted 
for about 80% of the total variance in the yield projection 
(Table 3). It is interesting to note that the coefficient of 
variation of the projected yield was approximately equal 
to the coefficient of variation of the catch at age for the 
dominant ages. 

Of other factors affecting yield projections, the average 
weight at age would be most directly affected by commer
cial sampling. Rivard (1981) found that the relative error 
in average weight at age for cod in NAFO Area 4TVn, an 
adjacent stock, ranged between 20 and 50%. These values 
included variation due to changes between years as well 
as to sampling error. Assuming similar relative errors for 
the average weight of cod in NAFO Area 4RS + 3Pn, the 
variance of the yield projection increased to 1. 77 X 108, 
or a coefficient of variation of 15%. Over 85% of the 
variance in the yield projection was due to the imprecision 
of average weight at age for ages 6-8 (Table 3). 
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In conclusion then, the sampling scheme being used 
resulted in low coefficients of variation for the estimates 
of catch at age of the dominant ages. Further investiga
tion could be directed toward determining the sampling er
ror of the average weights at age and how the sampling 
plan affects these. Additional studies could address pro
blems such as the assumption of homogeneity within strata 
with regard to proportion at length} which are age i, col
lection methods of basic samples with respect to represen
tative sampling for proportion at length or the ap
propriateness of using an average weight at length from 
a separate experiment. 
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BAIRD, J. W., AND S. C. STEVENSON. 1983. Levels of precision - sea versus shore sampling, 
p. 185-188. In W. G. Doubleday and/et D. Rivard [ed./ed.] Sampling commercial catches 
of marine fish and invertebrates/L'echantillonnage des prises commerciales de poissons 
et d'invertebres marins. Can. Spec. Pub!. Fish. Aquat. Sci./Publ. spec. can. sci. halieut. 
aquat. 66. 

Three different sampling designs involving commercial groundfish catch sampling at sea and 
on shore are considered. Levels of precision for estimated catch numbers at length based on these 
designs are calculated for a case study involving the NAFO Div. 3L American plaice fishery. The 
results indicate that the levels of precision do not differ greatly for the various sampling techniques 
described and, thus, the most desirable sampling design is probably the one that is less demanding 
on available resources. 

BAIRD, J. W., AND S. C. STEVENSON. 1983. Levels of precision- sea versus shore sampling, 
p. 185-188. In W. G. Doubleday and/et D. Rivard [ed./ed.] Sampling commercial catches 
of marine fish and invertebrates/L'echantillonnage des prises commerciales de poissons 
et d'invertebres marins. Can. Spec. Pub!. Fish. Aquat. Sci./Publ. spec. can. sci. halieut. 
aquat. 66. 

Le present rapport examine trois differentes methodes d'echantillonnage en mereta quai des 
prises commerciales de poissons de fond. Les niveaux de precision des nombres estimatifs des prises 
d'une longueur donnee, fondes sur ces methodes, sont calcules pour un cas-type, soit Ia peche de 
Ia plie canadienne dans Ia division 3L de l'OPANO. Les resultats portent a croire que les niveaux 
de precision ne different pas beaucoup pour les diverses methodes d'echantillonnage decrites. La 
methode Ia plus souhaitable est done probablement celle qui exige le moins de ressources. 

Introduction 

There are some obvious practical advantages and dis
advantages associated with both sea and port sampling pro
grams. Sampling at sea enables the collection of such 
associated set detail information as position, depth, and 
dates fished, first hand rather than through interviews with 
captains or from logbooks after a vessel lands. Where a 
vessel's catch is different from what is actually landed (i.e. 
if there is processing of the catch occurring on board or 
discarding taking place) sea sampling is obviously the more 
appropriate approach. Sea sampling also allows for a more 
extensive coverage of a particular trip in terms of the 
number of samples collected, thus reducing the possibility 
of bias in the estimate of a particular vessel's catch. Shore 
sampling, on the other hand, has the advantage of allow
ing more between vessel sampling mobility and normally 
greater control in planning and carrying out a sampling 
strategy. It is also considerably less expensive in terms of 
time and money to sample on shore when a vessel lands 
as opposed to sending an observer to sea for a 10-12-d 
fishing trip. 

Biological sampling of the groundfish catches from New
foundland's large offshore mobile fleet is currently being 
carried out through a combination of at sea and port sam
pling. All captains of vessels in this fleet are required to 
report their fishing activities daily to the Department of 
Fisheries and Oceans and to complete detailed logbooks 
on a daily basis. These reports provide sufficient informa
tion on position, depth, and dates fished to allow sampling 
to be carried out when the vessel returns to port. No ex-

tensive processing of the catch is carried out on board these 
vessels, thus allowing the sampling of either gutted or round 
fish when a vessel lands. Discard survey studies in recent 
years have shown that there are only certain sectors of the 
Newfoundland offshore groundfish fishery where discard
ing is a significant problem (e.g. Kulka 1982; Stevenson 
1982); therefore, in those particular areas, there is perhaps 
only a need to sample at sea. Taking into consideration 
that sending an observer to sea for a 10-12-d trip is gener
ally more expensive than sampling that vessel's catch when 
it lands, the extra expense of sea sampling should be 
weighed against any gain in the precision of the estimates 
obtained from sea sampling compared to port sampling. 
This paper will attempt to measure the relative precision 
of sea versus shore sampling so that such a comparison 
can be made. 

The ultimate aim of any biological catch sampling pro
gram is the elimination of all bias and the obtaining of as 
small a variance as possible commensurate with available 
resources. The question thus arises that, given a fixed 
amount of resources, which method of data collection (i.e. 
at sea or on shore) gives the optimum results? This paper 
will preclude the analysis of bias as a source of sampling 
error and compare the relative levels of precision associated 
with length composition estimates derived from sea and 
shore sampling. 

Methods 

This paper gives variance estimates for three different 
sampling techniques, one of which deals with sampling at 
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sea and two with sampling at port. The sea sampling in
volves a three-stage sampling design, and both port sam
pling designs are two-stage. The estimate of interest is that 
of a length-frequency distribution for a particular quarter, 
gear, and area. The sampling design that is generally used 
in the Newfoundland fishery is one of the two-stage port 
sampling designs. 

A major problem encountered in obtaining variance 
estimates for any of the above designs is that the popula
tion total is not known. There are in fact two estimates 
involved, one being the proportion of fish at a particular 
length, the other being the population total itself. 

The estimate of the population total 

(1) t =_If_ 
w 

W = total weight in time, area, gear stratum. 
w = average weight of fish calculated from samples. 

With approximate variance using the delta method 

(2) 

(3) 

Var f = W2 Var (w) 
W" 

(Seber 1973, p. 8) 

number of fish measured in samples. 
estimated proportion or ratio of number of 
fish at length j of all fish measured. 
weight of fish at length j from length weight 
curve. 

The estimate of the number of fish at length is now 
simply 

(4) ~ = t X Rj 

with approximate variance 

(5) Var (~) = f 2 Var Rj + RJ Var t - Var t Var Rj 

(Goodman 1960) 

The estimator for the population variance does not dif
fer for any of the three sampling designs, but the variance 
of the ratio changes with the sampling design. In all three 
designs, the estimate of Rj is the ratio of the weighted 
mean number of fish sampled at length j over the total 
number of fish measured. 

The Sampling Designs 

SEA SAMPLING (THREE-STAGE) 

In the three-stage sea sampling design, the primary 
sampling units are the vessels fishing in the area of con
cern. A number of these vessels are selected randomly, and 
a number of sets then selected from the sampled vessels. 

186 

The third stage of sampling involves taking a sample from 
the sampled sets. Since only one sample is taken from each 
set the within set variability cannot be obtained; thus, a 
conservative estimate for the variance of Rj is 

(6) 

n 
~ A 2 

1 Nz l..i (Yii - RJ() 
Var R. =-

J gz n n - 1 

(Cochran 1977, p. 288, 311-312) 

where 

N = number of vessels in the population. 
n = number of vessels sampled. 

Y ij = number of fish in ith vessel which are length j. 
X; = number of fish in ith vessel. 

PORT SAMPLING (TWO-STAGE) 

In this design the vessels again are selected randomly, 
but instead of sets being selected as the second stage units, 
227-kg (500-Ib) samples are selected. Each of these samples 
is measured in its entirety. There are two cases to be con
sidered here, one being when there is only one sample 
selected from each sampled vessel, and the other when two 
or more samples are selected. When two or more samples 
are taken the variance of Rj is 

(7) Var R. = 1 ( N2 (1 - j
1
) t (Yii- Rj(i 

1 f{2 n n - 1 

n 

+ N I; M~(l 
n 

m.- 1 
I 

(Cochran 1977, p. 311-312) 

where 

! 1 = n!N = first stage sampling fraction. 
M; = number of 227-kg samples in jth vessel. 
m; = number of 227-kg samples selected from vessel i. 
! 2; = m;fM; = second stage sampling fraction. 

Yikj = number of fish which are lengthj from sample 
k and vessel i. 

xik = number of fish from sample k and vessel i. 

Yii = I:Y;k/m;. 
xi = I;x;,;m;. 

The variance here is made up of two components: the 
between vessel variation which is the left-hand side of 
equation (7), and the within vessel variation which is the 
right-hand side of the equation. When only one sample is 
taken from each vessel the within vessel variation cannot 



be obtained, and in this case a conservative estimate for 
the variance is calculated from the primary units as in the 
sea sampling design. 
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(8) 

~ 2 

VarR. =-1- N2 E (Yij- RJ9 
J g2 n n -

(Cochran 1977, p. 155) 

f = n!N 
Y ij = number of fish at length j in vessel i. 
X; = number of fish in vessel i. 

Case Study 

The second quarter 1981 NAFO Div. 3L American plaice 
fishery was chosen for study. An experiment was designed 
in which two vessels taking part in this fishery were sampled 
both at sea and on shore. The sea sampling included length 
frequencies for 15 out of 36 and 16 out of 29 sets made 
for each of the vessels considered. A sample of -200 fish 
was selected randomly from the marketable portion of each 
sampled set and the length frequency obtained adjusted to 
the entire set. The estimates for the sampled sets were fur
ther adjusted to the turnout for the particular vessel. The 
shore sampling consisted of four samples of -350-500 fish 
each, selected at random from a total of 172 and 174 such 
samples discharged from each of the respective vessels. 
Each of the four samples chosen from a particular vessel 
was given equal weight and adjusted to the turnout for that 
specific vessel. Other data used were obtained from the 
regular port sampling program and consisted of one sample 
of -300-500 fish from each of 24 vessels fishing Div. 3L 
American plaice during the quarter. These samples were 
adjusted directly to the turnouts for each of the respective 
trips. A total of 343 vessels fished American plaice in 
NAFO Div. 3L in the second quarter of 1981. 

Results and Discussion 

The variance estimates and the coefficients of variation 
for sea sampling and the port sampling experiment are 
given in Tables 1 and 2, respectively. The precision of the 
estimated number of fish landed was adequate in both 
cases. Coefficients of variation of 15o/o or less were 
calculated for 82% of the estimated population in the sea 
sampling design and 88% in the experimental port design. 
Equation (7), used in the experimental port sampling 
design, gives the within and between vessel components of 
the variance. From this equation it was seen that the be
tween vessel component contributed much more to the total 
variance than the within vessel component (i.e. more than 
90% at most lengths). It can be inferred from this that more 
emphasis should be placed on the number of vessels 
sampled as opposed to the amount of sampling on a par
ticular vessel. 

TABLE l. Coefficients of variation for 
estimated numbers at length - sea 
sampling. 

Length Variance Estimated No. c.v. 
X 106 X 103 

18.5 39 8 0.78 

26.5 53 9 0.81 
28.5 11 4 0.83 
30.5 557 307 0.08 

32.5 62 264 1 558 0.16 

34.5 94 011 3 361 0.09 

36.5 8 667 3 772 0.02 
38.5 746 3 626 0.01 
40.5 14 977 3 108 0.04 
42.5 9 449 2 728 0.04 
44.5 299 2 106 0.01 
46.5 73 890 1 637 0.17 
48.5 9 414 1 098 0.09 
50.5 1 537 866 0.05 

52.5 13 337 623 0.19 
54.5 4 706 407 0.17 
56.5 2 603 270 0.19 
58.5 574 186 0.13 
60.5 111 53 0.20 
62.5 9 38 0.08 
64.5 120 21 0.52 
66.5 63 10 0.79 
68.5 11 4 0.83 

25 800 

Table 3 presents the results derived from present port 
sampling procedures, taking a single sample from each of 
24 vessels. In this case 83% of the population was estimated 
with C.V.'s of 15% or less. Although a great deal more 
vessels were sampled in this design, the levels of precision 
were very similar to that in the previous designs; this may 
be due to the homogeneity of the size distribution of 
American plaice in this particular area. Whether or not 
these results are applicable to other fisheries is uncertain. 
With regard to the present port sampling program, these 
results would indicate that increasing the number of 
samples taken per vessel would not significantly increase 
the precision of the estimate. 

It was seen in the discussion above that the precision of 
the estimates from the three sampling designs were all ex
tremely high and very similar. Thus, any of the described 
techniques would be adequate, if all were free from bias. 
It would appear, that this being the case, the technique to 
use would be the one that costs the least. However, fur
ther studies should be conducted to define any bias 
associated with sea and port sampling designs. 
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TABLE 2. Coefficients of variation for 
estimated numbers at length - port sam-
piing experiment. 

Length Variance Estimated No. c.v. 
X 106 X 103 

22.5 51 9 0.79 
28.5 3 244 71 0.80 
30.5 46 400 674 0.32 
32.5 186 760 2 474 0.17 
34.5 7 312 4 480 0.02 
36.5 54 253 4 542 0.05 
38.5 2 761 4 152 0.01 
40.5 99 730 3 541 0.09 
42.5 27 377 2 328 0.07 
44.5 44 908 1 953 0.11 
46.5 20 342 1 190 0.12 
48.5 577 1 047 0.02 
50.5 9 689 746 0.13 
52.5 87 559 0.02 
54.5 21 293 0.02 
56.5 255 204 0.08 
58.5 389 142 0.14 
60.5 36 44 0.14 
62.5 255 36 0.44 
64.5 51 9 0.79 
66.5 51 9 0.79 

28 503 

188 

TABLE 3. Coefficients of variation for 
estimated numbers at length - regular port 
sampling. 

Length Variance Estimated No. c.v. 
X 106 X 103 

18.5 145 9 1.34 
24.5 202 9 1.58 
26.5 173 9 1.46 
28.3 13 560 208 0.56 
30.5 53 484 814 0.28 
32.5 136 549 2 213 0.17 
34.5 100 489 3 718 0.09 
36.5 43 399 4 023 0.05 

38.5 58 972 3 770 0.06 
40.5 66 210 3 327 0.08 
42.5 61 021 2 676 0.09 
44.5 15 644 1 950 0.06 
46.5 28 533 1 595 0.11 
48.5 21 663 1 100 0.13 
50.5 9 707 755 0.13 
52.5 6 563 458 0.18 
54.5 3 933 345 0.18 
56.5 2 783 214 0.25 
58.5 2 020 169 0.27 
60.5 1 349 139 0.26 
62.5 271 46 0.36 
64.5 73 15 0.57 
66.5 81 12 0.75 
68.5 64 8 1.00 
70.5 87 6 1.55 

27 588 
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Comparison of Finfish Length-Frequency Distributions Estimated 
from Samples Taken at Sea and in Port 
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Department of Fisheries and Oceans, Marine Fish Division, Bedford Institute of Oceanography, P.O. Box 1006, 
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ZWANENBURG, K. C. T., AND S. 1. SMITH. 1983. Comparison of finfish length-frequency distribu
tions estimated from samples taken at sea and in port, p. 189-193. In W. G. Doubleday 
and/et D. Rivard [ed./ed.] Sampling commercial catches of marine fish and in
vertebrates/L'echantillonnage des prises commerciales de poissons et d'invertebres marins. 
Can. Spec. Pub!. Fish. Aquat. Sci./Publ. spec. can. sci. halieut. aquat. 66. 

Estimates of length-frequency distributions of commercial catches of finfish were obtained 
using two sampling schemes. One samples the catch on a set by set basis at sea, while the other 
samples the same catch once it reaches its port of landing. With the onboard sampling scheme 
significantly different length-frequency distributions were observed from set to set for a single species 
indicating spatial heterogeneity, or clumping of length classes in the populations being harvested. 
We compared the onboard estimates to the appropriate onshore estimate using a method that 
calculates simultaneous confidence intervals for contrasts between multinomial populations. These 
indicated that the estimates were significantly different in the majority of cases. Whether these 
differences resulted from the patchiness of the harvested populations, or some intervening onboard 
process, could not be determined from the present data. We identified four classes of onboard 
events that could result in changing the length-frequency distribution of the catch between the time 
of capture and the time of landing; discarding of selected length-classes at sea, on board fish pro
cessing procedures, onboard storage procedures such as icing or freezing, and finally the manner 
in which fish are stored and unloaded on these large offshore vessels. We concluded that onboard 
sampling for estimation of catch length-frequency distributions is sensitive to set by set variations 
imparted by the spatial distribution of length categories in the population and must be tailored 
to this variation. Onboard processing procedures can then alter or mask the catch length-frequency 
distribution prior to its estimation by onshore sampling. Several experiments designed to quantify 
these latter effects are outlined. 

ZWANENBURG, K. C. T., AND S. 1. SMITH. 1983. Comparison of finfish length-frequency distribu
tions estimated from samples taken at sea and in port, p. 189-193. In W. G. Doubleday 
and/et D. Rivard [ed./ed.] Sampling commercial catches of marine fish and 
invertebrates/L'echantillonnage des prises commerciales de poissons et d'invertebres marins. 
Can. Spec. Pub!. Fish. Aquat. Sci./Publ. spec. can. sci. halieut. aquat. 66. 

Les distributions estimatives des frequences de longueur chez les poissons captures au cours 
de peches commerciales ont ete obtenues a !'aide des deux methodes suivantes: echantillonnage 
en mer apres chaque relevage du filet et echantillonnage de Ia meme prise au port de debarque
ment. Selon les resultats generes par Ia premiere methode, les distributions des frequences de longueur 
different de fa90n significative d'une capture a !'autre pour Ia meme espece, ce qui porte a croire 
a une heterogeneite spatiale, ou groupement des classes d'tige, des populations exploitees. Nous 
comparons les evaluations obtenues a bord aux evaluations pertinentes recueillies a quai en calculant 
les intervalles simultanes de confiance pour obtenir des contrastes entre les populations multinorniales. 
Ces intervalles portent a croire que les evaluations varient de beaucoup dans Ia plupart des cas. 
Les donnees actuelles ne permettent pas de determiner si ces differences sont causees par Ia discon
tinuite des populations exploitees ou par d'autres circonstances a bord. Nous avons classe ces dernieres 
en quatre categories, soit: rejet a Ia mer de certaines classes de longueur, methodes de traitement 
des poissons a bord, procedures d'entreposage a bord telles que mise en glace et congelation, et 
methodes d'entreposage et de debarquement utilisees a bord des grands bateaux hauturiers. Ces 
circonstances peuvent modifier Ia distribution des frequences de longueur dans Ia prise entre le 
moment de Ia capture et celui du dechargement. Nous concluons que l'echantillonnage a bord pour 
evaluer les distributions des frequences de longueur chez les poissons captures est fonction des varia
tions qui se produisent d'un relevage du filet a !'autre et qui decoulent de Ia repartition spatiale 
des categories de longueur dans Ia population et, de ce fait, il faut l'ajuster a ces variations. Les 
procedures de traitement a bord peuvent done modifier ou dissimuler Ia distribution des frequences 
de longueur dans Ia prise avant son evaluation a !'aide d'un echantillonnage a quai. Nous presen
tons plusieurs experiences con9ues pour quantifier ces derniers effets. 
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Introduction 

Two major sources of information on the length and 
age-frequency distributions of commercial finfish landings 
are available. The first is a shore-based sampling program 
operating at all the major and a large proportion of the 
secondary ports of landing in Nova Scotia and New 
Brunswick. The second is generated by deployment of 
observers on domestic fishing vessels. The data gathered 
by the observer program, to date, have not been extensively 
used in stock assessment procedures but are potentially 
valuable sources of information that could be incorporated 
into the stock assessment data base. 

In this paper we compare estimates of the length
frequency distributions of several finfish landings, obtained 
both by onshore and onboard sampling procedures. The 
major difference between these two sampling regimes is 
that the onboard scheme samples the catch on a set by set 
basis, whereas the onshore scheme samples only the landed 
portion of the total catch. The emphasis in these com
parisons was to determine if the two sampling programs 
resulted in similar estimates of length-frequency distribu
tion for any one given catch. If the estimates are similar 
for both programs, this may indicate that the on board data 
could be readily incorporated into the existing stock assess
ment data base. If on the other hand these two programs 
give significantly different estimates, questions arise as to 
how these differences may be generated. 

Material and Methods 
Catches from eight Canadian trawlers operating between 

October I980 and April I98I were sampled at sea and at 
the port of landing. At sea, sampling was carried out on 
a set (catch) by set basis although not all sets made during 
a given trip were sampled. Onshore, the landings from 
these same vessels were sampled by port technicians. Due 
to operational differences, the sampling schemes for the 
two programs were not the same. 

On board the vessels an observer would obtain a ran
dom sample of a given species from a catch (a set) and 
measure each fish for length. However, upon landing, most 
species are culled into market categories (overlapping size
classes) before the port technician can take a sample. 
Therefore a weighed sample was obtained from each 
available market category and either all or a known pro
portion of the sample was measured. To estimate the length 
frequency over all size-classes, the frequencies for each 
market category were combined in the following manner. 
First define: 

I90 

nj = the total number of fish in the sample from 
market category j (j = I, ... , J). 

fu = the total number of fish measured in the sample 
at length i in market category j (i = I, ... , /). 

I J 
n E Efr = the total number of fish measured 

i j IJ over all market categories. 
I 

Ef..· s. = i lj 

J lfj the sampling fraction in market 
category j. 

we. = the total landed weight in market category j. 
W~ = the weight of the sample in category j. 

Combining across market categories and weighting the 
observations by the proportions which each category 
represents of the total weight gives 

(1) Fj = E /;· ( wcj )js. 
J=i~ wsj 1 

The estimated proportion at length i is then expressed as 

(2) F7 = ti 
},:F; 

l 

The estimated proportion at length for individual sets 
sampled on board the vessels is given by 

(3) N - nik 
ik- -~--

E nik 
i =I 

where nik the total number of fish measured at length 
i in set k(i = I, ... , I, k = I, ... , K). 

The differences between the sampling schemes used by 
the two programs complicate the choice of comparative 
techniques. In the absence of a well-defined model that 
would describe the expected behavior of length frequen
cies, the analysis is confined to exploration rather than con
firmation. As a naive approach we assumed that the length 
frequencies were realizations of a multinomial process. 
Comparisons between length frequencies were carried out 
by testing the null hypothesis that the frequencies were 
drawn from the same multinomial population. This 
hypothesis was tested using the Chi-square test in Smith 
and Maguire (I983). When differences were found, that 
is, the null hypothesis was rejected, contrast tests were 
carried out to determine which length-classes were con
tributing to the significant differences (Goodman I964; 
Smith and Maguire I983). 

Results and Discussion 

When comparing length-frequency distributions 
generated by these two sampling strategies, one must con
sider how each one samples the population and what are 
the potential sources of bias. The onshore procedure is to 
measure an assumed stratified random subsample of the 
landing. The stratification scheme is such that many differ
ent portions of the landing can contribute to the sample. 
Each individual on board sample is assumed to be a simple 
random sample taken from a single set. Each set is usually 
a relatively small subsample of the total landing. These ap
proaches are each vulnerable to a set of influences that may 
cause them to produce biased estimates of the true length
frequency distribution of a particular landing of fish. 

Estimates of length-frequency distribution derived from 
onshore sampling and those derived from sampling a single 
set should show no differences if the following conditions 
are met. The original fish population being harvested must 
have a very uniform length distribution in space and time; 



TABLE 1. Comparison of length-frequency distributions derived from the on
board sampling procedure. The number of significant contrasts refers to the 
total number of length-classes for which significant differences between estimates 
were observed. 

Vessel name Species Number of sets Number of length-classes 
sampled showing significant contrasts 

Cape LaHave Haddock 
Pollock 

Cape Hunter Cod 
Pollock 
Haddock 

Cape Beaver Redfish 
Cape Wrath Cod 
Gulf Georgetown Cod 

no processes that alter the original length distribution (i.e. 
discarding or on board processing) should be operating. If 
one or both of these conditions are not satisfied then the 
probability of these two sampling strategies estimating dif
ferent length-frequency distributions for a single landing 
is increased. 

We could estimate the spatial variation of size-classes 
within the population being harvested by comparing 
consecutive estimates of length-frequency distributions 
obtained on board. If set to set variation in these estimates 
is minimal, then we may assume that the population has 
the same length distribution from sample to sample. If the 
set to set variation is large, this would indicate a popula
tion with a clumped length distribution. Table 1 summarizes 
the set to set contrasts for each trip where more than one 
set was sampled. These results show that, in most cases 
observed, significantly different estimates of length
frequency distribution were found on a set to set basis. In 
other cases, no significant contrasts were observed. On the 
basis of the small number of sets sampled for most trips, 
it would be presumptuous to draw any firm conclusions 
regarding the actual spatial patterns of these populations. 

3 
2 
2 
3 
2 
3 
2 
6 

1 
1 
0 
1 
0 
8 
0 
4 

In addition, the small number of sets sampled were usually 
sampled consecutively in time, thus minimizing their access 
to the range of potential variability. Given these caveats 
it suffices to note that significant contrasts between set to 
set estimates do occur. 

Given that we had observed significant set to set varia
tion in estimates of length-frequency distributions, the ques
tion arose as to the magnitude of these differences. Since 
our objective was to determine whether or not these two 
sampling schemes result in different estimates of length
frequency distribution for a single landing, we next com
pared the individual onboard estimates to the onshore 
estimates for each trip. Table 2 summarizes these contrasts. 
From these comparisons we noted that the variation 
observed between sets is perpetuated in comparisons be
tween sets and onshore samples. For this analysis and the 
previous set of contrasts (Table 1), no consistent pattern 
of contrasts was observed, that is differences were not con
fined solely to particular length-classes. 

We attributed the variations in length frequencies 
observed between sets to spatial heterogeneity within the 
population; however, the differences observed between 

TABLE2. Comparisons of length-frequency distributions obtained by sampling single landings both 
on board and on shore. For these comparisons the shore-based sample is compared to each individual 
sample taken on board. The number of significant contrasts refers to the number of length-classes 
showing a significant difference. 

Number of sets 
Number of significant 

Vessel name Species sampled 
x2 df p contrasts with set no. 

1 2 3 4 5 6 

Cape York Haddock 1 49.52 17 0.00005 1 
Redfish 1 64.96 19 0.00000 2 

Cape LaHave Haddock 3 79.69 42 0.00040 1 0 
Pollock 2 122.94 34 0.00000 2 5 
Cod 1 21.34a 19 0.31854 0 

Cape Hunter Cod 2 104.82 40 0.00000 3 3 
Pollock 3 152.58 54 0.00000 1 1 3 
Haddock 2 60.55 26 0.00014 1 1 

Cape Charles Haddock 1 20.71a 18 0.29405 0 
Cape Beaver Redfish 3 477.95 87 0.00000 8 3 9 

Cod 1 73.77 22 0.00000 1 
Bedeque Redfish 1 138.60 26 0.00000 9 
Cape Wrath Cod 2 69.15 46 0.01520 1 0 
Gulf Georgetown Cod 6 474.66 168 0.00000 5 6 5 2 3 0 

aNot significant (5%). 

191 



individual onboard and onshore estimates are not so readily 
categorized. It may be that all the variation is attributable 
to the clumped length distributions within the population 
being harvested. Conversely, some processes that occurred 
between the time of capture and sampling of the landing 
could be the reason for the observed differences. These 
intervening processes could be in the form of selective 
discarding at sea, fish processing techniques that alter the 
lengths of individual fish, or storage and unloading 
practices which preclude equal accessibility to all portions 
of the catch for onshore sampling. 

Discarding practices would likely be evidenced by con
sistent differences in the smaller length-classes since these 
are most often discarded. Examination of the onshore and 
onboard length-frequency distributions for all trips showed 
no evidence of consistent differences at any length-classes 
for any of the species observed. Although we concluded 
that discarding did not result in the differences observed 
for these trips, the possibility that it may occur on other 
trips is not precluded and should be considered as a 
potential source of bias. 

The influences of any onboard fish processing procedures 
are less readily ascertained. Fish caught by these large off
shore vessels are gutted within a very short time of being 
caught. The gutting procedures used aboard these vessels 
are reasonably standard between vessels. Both automated 
and manual gutting procedures begin by opening up the 
body cavity with an incision running from the isthmus, 
located on the ventral midline between the opercular flaps, 
to approximately the level of the anus. Next, all internal 
organs are removed and the gutted fish are placed in 
holding pens with crushed ice. Removing the internal 
organs makes the carcass much less rigid. In particular it 
allows the head, which is now only narrowly attached to 
the vertebral column, to move more freely. The flexible 
carcasses are then frozen semi-solid in the holds where they 
take on a variety of shapes from the pressure of the other 
fish. Measuring these fish once the vessel is unloaded can 
be difficult. Curved carcasses have to be straightened, heads 
that remain attached only by the skin need to be arranged 
on the body, etc. The combined effects of these procedures 
could be responsible for generating some of the observed 
variability between onboard and onshore estimates of 
length-frequency distribution. Besides these gross changes 
in fish morphology, more subtle changes such as shrinkage 
due to dehydration or swelling due to excessive hydration 
may cause changes to the length-frequency distribution. 

With the present data, it was not possible to separate 
this process or storage induced variability from that of the 
spatial heterogeneity of the harvested population. This 
source of variation could be quantified by measuring and 
tagging samples of fish immediately after they are brought 
aboard and then remeasuring this sample once the vessel 
lands. 

Another potentially major source of variability relates 
to the manner in which fish are stored and removed from 
the holds of the fishing vessel. Since we have observed that 
the fish populations demonstrate some degree of patchiness 
with regard to length frequencies, this patchiness may be 
reflected in the pattern of length frequencies in the hold 
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of the vessel. In most modern offshore fishing vessels, fish 
caught at different times during a trip are stored in separate 
pens in the hold. If this is the case, the section of the hold 
from which an onshore sample is taken could contain 
certain size-classes of fish in proportions that differ sig
nificantly from their overall proportions in the entire lan
ding. If we examine the contrasts for the Gulf Georgetown 
samples, we find that the onshore sample shows significant 
contrasts with all but one set (Table 2). The set that shows 
no differences was sampled on the final day of fishing. The 
trip record indicates that in 5 of the 6 d in which sets were 
sampled for cod, the vessel was fishing to a depth of 
100-140 m. On the final day it fished in 40 m of water. 
Comparing the sets taken on the first 5 d with those taken 
on the sixth resulted in a greater number of significant 
contrasts than comparing the first five sets amongst 
themselves. The similarity between the onshore estimate 
of length-frequency distribution and that of the final set, 
and their collective difference from the previous five sets, 
seems to indicate that in this case sampling conducted 
onshore was nonrandom. This results in the length
frequency distribution of that final day's catch being used 
to characterize the previous days' catches even though these 
are shown to differ significantly. The limitations of the 
present data set preclude this form of analysis for the other 
trips but this one instance does raise the question of whether 
or not the present shore-based sampling program can, at 
all times, obtain a truly random sample of a landing for 
a particular species. This is particularly important in sam
pling large vessels that store many days catch in the hold 
prior to landing. 

It would be informative to investigate and quantify this 
source of variation. Its potential for creating biased 
estimates of length frequencies is large since these large 
vessels often account for very large proportions of the total 
yearly landings for a particular species. Erroneous 
characterization of such a large portion of a species' total 
landing could have major consequences on estimates of its 
abundance. 

Since most modern offshore vessels do store their catches 
separated on a day to day basis, the variability between 
various sections of the hold could be quantified by sam
pling each section separately. 

Summary and Conclusions 

We have identified several processes which could poten
tially alter finfish length-frequency distribution between the 
time of capture and landing. Given the present data, detect
ing the occurrence of all but discarding at sea, is improb
able. Experiments designed to establish the effects of 
onboard fish processing procedures on estimates of popula
tion length frequencies are relatively simple. Determining 
the extent of variation in length-frequency distributions 
within the hold of the vessel presents much greater prob
lems, most of a logistic nature. We feel that studies into 
this latter source of bias will be most fruitful in improving 
our estimates of population length-frequency distributions 
from sampling of commercial landings. 



From this study, we have concluded that the onboard 
and onshore sampling procedures, presently employed, 
resulted in estimating different length-frequency distribu
tions for a single landing in the majority of cases observed. 
The most probable reasons for these differences relate to 
patchiness in the harvested fish populations. As a result, 
onboard estimates of length-frequency distributions are 
highly variable between sets. If the length frequency of the 
landing is to be described using these onboard data, all or 
a large proportion of the sets containing the species of in
terest must be sampled to ensure that all the potential varia
tion is observed. These individual estimates must then be 
combined into a composite estimate describing the total 
catch of a particular species. Since each set captures a 
unique proportion of the total amount of a species caught 
during a trip, each estimate must be weighted by that pro
portion. At present, procedures used to estimate the weight 
of fish caught in any one set are not sufficiently accurate 
to allow these weights to be used as weighting factors. No 
alternative weighting factor has as yet been identified. 

We have also presented some evidence which indicates 
that the patchiness of the harvested population is reflected, 
to some degree, in the distribution of length-classes in the 
hold of the vessel. Studies should be undertaken to deter
mine the extent of this, and to establish onshore sampling 
procedures that will alleviate this problem. 
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The International Pacific Halibut Commission (IPHC) samples landings from commercial 
catches of Pacific halibut at ports along the coast of the northeast Pacific Ocean to construct 
detailed information about age composition, average fish weight, and catch numbers by age. This 
paper provides an overview of current sampling procedures with emphasis on factors considered in 
annual evaluations of sampling representativeness. Statistical formulae are presented for esti
mating parameters for each month-region stratum based on a representative sample of fish lengths 
and random subsample of ages within each length category. Two methods of combining data over 
strata are compared. The first method projects age composition estimates to the total fish caught 
in the stratum and adds across strata (project-and-add). The second method pools raw data first 
and then projects to the total fish caught in all strata (add-and-project). The estimator from the 
first method is unbiased but generally more variable. Certain conditions are given which must be 
satisfied for the second method to be unbiased. The methods are illustrated with data from IPHC 
regulatory area 2. The project-and-add method is preferred for Pacific halibut data because sig
nificant differences are found in age and length distributions between months and regions, and 
there is not a great increase in variability as compared to the add-and-project method. However, 
the project-and-add method requires determination of a minimum sample size for aging and a 
missing data algorithm for unsampled strata. Sample size formulae to achieve four criteria of pre
cision result in a requirement of 600 otoliths to be aged per stratum. 

QuiNN, T. J., II, E. A. BEST, L. BIJSTERVELD, AND I. R. McGREGOR. 1983. Port sampling for age 
composition of Pacific halibut landings, p. 194-205. In W. G. Doubleday and/et D. Rivard 
[ed./ed.] Sampling commercial catches of marine fish and invertebrates/L'echantillon
nage des prises commerciales de poissons et d'invertebn!s marins. Can. Spec. Pub!. Fish. 
Aquat. Sci./Publ. spec. can. sci. halieut. aquat. 66. 

Le personnel de Ia Commission internationale du fletan du Pacifique (CIFP) echantillonne les 
debarquements des prises comrnerciales de fletan du Pacifique dans les ports le long de Ia cote 
nord-est de !'ocean Pacifique afin d'obtenir des donnees detaillees sur Ia composition par age, le 
poids moyen des poissons et les prises par classe d'age. Le present rapport resume les methodes ac
tuelles d'echantillonnage, en mettant !'accent sur les facteurs etudies Iars des evaluations annuelles 
du caractere representatif de l'echantillonnage. Les auteurs donnent des formules statistiques pour 
evaluer des parametres pour chaque strate correspondant a un mois et a une region particuliere, 
selon un echantillon representatif des longueurs de poisson et un sous-echantillon des ages choisi 
au hasard dans chaque categorie de longueur. On compare deux methodes d'association des 
donnees en fonction des strates. La premiere methode applique les evaluations de Ia composition 
par age au total des prises dans Ia strate et additionne les strates (projection et addition). La deuxi
eme methode rassemble d'abord les donnees brutes puis les applique au total des prises dans toutes 
les strates (addition et projection). L'evaluation generee par Ia premiere methode est sans biais 
mais generalement plus variable. Le rapport donne certaines conditions a satisfaire pour eliminer 
tout biais de Ia seconde methode. Les methodes sont illustrees a I' aide de donnees recueillies dans 
Ia zone 2 de Ia CIFP. On prefere Ia methode de projection et d'addition pour les donnees sur le 
fletan du Pacifique parce que des differences significatives sont presentes dans les distributions 
age-longueur entre les mois et les regions et parce qu'il n'y a pas d'augmentation marquee de Ia 
variabi!ite par rapport a Ia methode d'addition et de projection. Toutefois, Ia methode de projec
tion et d'addition requiert Ia determination de Ia taille minimale de l'echantillon pour connaltre 
!'age et d'un algorithme pour les donnees manquantes des strates non echantillonnees. Afin de 
realiser les quatre criteres de precision, il faut lire 600 otolithes pour chaque strate. 

Introduction 

Port sampling, the collection of biological data from 
commercial fishery landings, was started by the Interna
tional Pacific Halibut Commission (IPHC) in 1933 to pro
vide detailed information about size and age composition 

and average fish weight of the catch. Initially, only land
ings at the port of Seattle were sampled which came from 
two "indicator grounds" thought to be representative of 
IPHC's two principal regulatory areas (areas 2 and 3). As 
landings shifted northward into British Columbia and 
Alaska, additional ports were added. Currently, samples 
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FIG. 1. IPHC regions, regulatory areas, and sampled ports, 1981. 

are obtained at nine ports: Seattle and Bellingham, 
Washington; Vancouver and Prince Rupert, British Co
lumbia; and Petersburg, Sitka, Excursion Inlet, Seward, 
and Kodiak, Alaska (Fig. 1). 

This report is an overview of current port sampling pro
cedures used by IPHC, and provides a description of fac
tors considered in annual evaluations of sampling repre-

sentativeness. The basic sampling methodology is two
stage or double sampling (Cochran 1963), where a sample 
of fish lengths is taken in the first stage and a subsample 
of the length sample is taken for aging in the second stage. 
Formulae are given for estimates of age composition, 
average fish weight and catch in numbers by age derived 
in Quinn et a!. (1983). Methods are presented for com-

TABLE 1. Number of landed trips/sampled trips over 5000 lb by port and region, 1980. 

Region 

Port Col Van Ch/Out Ch/In SEin SEOu Yak Kod Chi Shu Ale BSea 

•vancouver 4/1 19/4 100/22 4/1 1/0 
Port Hardy 22 
Namu 1 4 

a Prince Rupert 17/6 102/32 14/5 1/0 11/4 1/0 
Masset 3 

•seattle 1 11/2 2/1 13/6 24/8 1/1 
• Bellingham 2 4/1 1/1 1/0 13/6 10/1 3/0 
Ketchikan 5 2 
Metlakatla 1 1 

•Petersburg 30/8 10/5 24/4 14/4 
Wrangell 21 1 2 

•sitka 2/2 32/11 44/12 
Juneau 12 2 10 
Hoonah 5 8 
Excursion 

Inlet 12 12 
•Pelican 7/0 2/0 34/9 1/1 
Cordova 23 16 

•seward 14/5 44/15 1/0 2/0 
Homer 33 

•Kodiak 4/3 31/8 8/6 8/3 

All others 2 6 8 

•Indicates a port sampled at some time in 1980. 
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bining data over basic month-region strata to obtain esti
mates for regions (basic biological units) and regulatory 
areas (basic management units) shown in Fig. I. Two 
methods are compared theoretically and by application to 
Pacific halibut data from regulatory area 2: (I) project
and-add (project age composition to stratum total catch; 
add across strata); and (2) add-and-project (pool data 
across strata; project to the total catch). 

Port Sampling Design 

The current design for port sampling has evolved out of 
results of past evaluations (Hardman and Southward 
I965; Southward and Hardman I973; Southward I976; 
Quinn eta!. I983). The large number of vessels fishing for 
halibut (IPHC I98I, table 3) and lack of space for sam
plers aboard commercial vessels preclude the sampling of 
commercial catches at sea. Landings from vessels occur at 
ports along the coast of the northeast Pacific Ocean. At 
the beginning of each year, a list of ports for sampling 
that anticipates the distribution of landings from regions 
of the coast is compiled. Landings at ports do not 
necessarily come from the closest fishing region, but 
regions with major catches are generally represented in 
samples collected at current ports (Table I). Samples are 
obtained in rough proportion to the landings, as shown by 
I980 data (Table I). Logbook information is collected 
from sampled trips in order to assign regions. 

For the most part, the rate of sampling, the proportion 
of collected otoliths to total number of fish, is set at 1/18 

(5.607o) of landings over 1000 lb in areas 2 and 3 for these 
ports. Smaller trips are an insignificant portion of the 
total fishery. This rate represents an overall sampling rate 
of about 3% of the total landings at all ports. However, 
landings from area 4 are sampled at the rate 1/J, because 
these landings are subdivided into six different regions 
and generally involve a smaller number of total fish. If 
necessary, these rates are increased on a port by port basis 
to ensure that sufficient samples are collected from re
gions of low catch: currently Columbia, Vancouver, 
Shumagin, and Aleutian. 

The commercial fishery is made up of vessels fishing 
with hook-and-line gear exclusively. Although there are 
different types of hook-and-line gear, samples are taken 
from all gear types in proportion to their landing frequen
cy. Thus, the pooled samples are properly weighted with 
respect to gear type for estimating length and age com
position of the total catch. The sampling rate is to be 
achieved individually for four trip size classes (I000-4999, 
5000-I4 999, I5 000-39 999, 40 000+ lb) to prevent 
samplers from choosing smaller trip sizes. 

Fish are .unloaded from the vessel at port in slings, or 
tubs, or with straps. The sampling is carried out by se
lecting a vessel and taking a systematic random sample of 
slings. Otoliths (ear stones) from all fish in the sampled 
sling are taken (discounting broken or crystallized oto
liths, or missed fish). Fish unloaded with tubs and straps 
are also sampled systematically. For the I000-4999 class 
the vessel sampling rate is set at 1/9 and the sling samplin~ 
rate is set at 1/z, resulting in the desired overall rate of 1!18, 
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For the other classes, the vessel sampling rate is 1/3 and the 
sling sampling rate is 1/6. For area 4 landings, the vessel 
sampling rate is set at 1/1 (all vessels) and the sling sam
pling rate is 1/3. The starting sling is chosen at random and 
subsequent slings are chosen based on the sling sampling 
rate. 

Although the vessel sampling rate should be the same 
throughout the fishing season, this ideal is difficult to 
achieve in practice due to manpower limitations and con
centrated fishing periods. The peak number of trips is 
landed at the end of a fishing period and the maximum 
vessel sampling rate per day is generally lower than the 
desired rate that can be achieved at that time. Hence, the 
sampling rate in practice must be met on a cumulative 
rather than a daily basis by oversampling trips before the 
period closes and adjusting the daily rate at the end of the 
period to obtain the overall vessel sampling rate. For ex
ample, in the port of Sitka, I980, trips 5000 lb and over 
were sampled at a rate of about 1/2 in the beginning of 
each period, but the large number of trips landed at the 
end of the period resulted in the desired overall rate of 1/3 

(Fig. 2). The desired overall rate for trips I000-4999 lb, 
If9, is easier to obtain because fewer trips to be sampled 
are involved. These samples are obtained as time permits 
during the period (Fig. 2). 
. Besides otoliths from sampled trips, other information 
IS collected to evaluate the sampling procedure, including 
the total number of slings in the trip, the number of sam
pled slings, and the number of fish unloaded by other 
means. A new method of estimating average fish weight 
involves extrapolation of the total number of fish from 
the number of otoliths in a trip; this requires information 
on the number of missed fish and otoliths in sampled 
slings, and if possible sling counts from nonsampled slings 
(McGregor and Quinn I982). These trip estimates permit 
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annual evaluation of fish weight relationships described 
below. 

After processing in Seattle, the samples are grouped 
into month-region strata, because there is too much 
variability in the estimated age composition of a single 
trip (Southward 1976). Each fish's length and weight are 
predicted from otolith weight using established relation
ships (Quinn eta!. 1983). A subsample of 600 otoliths for 
aging, if available, is taken from each stratum based on 
formulae for sample size requirements given below. No 
direct information by sex is available from port sampling, 
because fish are eviscerated at sea. However, a study has 
been initiated to determine whether discriminant analysis 
on otolith measurements can be used to predict sex ratio. 

The sampling design should result in a representative 
sampling of regions of the coast over months of the year. 
However, the overall sampling rates obtained are not ex
actly equal to specified levels because of logistical pro
blems and shifts in the distribution of landings among 
ports and/ or regions. For example, sampling rates for re
gions in IPHC regulatory area 2 in 1980 are higher than 
average in the regions Charlotte-Inside, Charlotte
Outside, and SE-Alaska Outside and lower in the other 
regions (Table 2). On the other hand, month-region strata 
with large catches are well sampled, which implies the 
bulk of the catch is represented by the sampling. Thus, 
although the goal of exact proportional sampling is not 
achieved in practice across months and regions, the dis
crepancies in sampling rate are not considered a major 
problem. 

Within-Stratum Estimation 

CATCH NUMBERS 

For each stratum i, the total catch in weight Ti is known 
from landing records, and the average of the predicted 
weights Wi from otoliths is calculated, assuming the sam
ple of otoliths is representative of the total catch. The 
estimate of the total catch in numbers 

(I) C; = T/W; 

is approximately unbiased for a large sample size. 
The estimated variance from the delta method (Seber 
1973, p. 9) is 

(2) s2(C;) = Cfs2( W ;)I wf 
where s( W i) is the typical standard error of the mean. 
Although otoliths are collected with a systematic samQ!!_ng 
design, its variance estimator cannot be used for s2(Wi), 
because otoliths are not kept separate by sling during sam
pling. However, as long as fish are loaded randomly into 
slings, the standard error estimator from simple random 
sampling is valid. 

AGE COMPOSITION 

Estimation of age composition is based upon two in
herent specifications in the sampling design (Southward 

"""'"' o-B 
.;=: 

0 0 
zc; 

"""'"' o-B 
• :=1 

0 0 
zc; 

00 ..... 

I 8 ;1; I I 

1
\000 
~s:; 

COON 

I ~8 8i I I 
;:!; ..... 

I I ~ 3! I 

r-
o\ ..... 

0 
00 
\0 

)El 

!'<) 
00 
\0 ..... 

197 



1976): (1) the length frequency of the samples for each 
stratum is proportional to that of the total catch; and (2) a 
random subsample of otoliths for aging is taken from 
each length category. Generally, the number aged in each 
length category is either constant or proportional to the 
length frequency, although any random sample is suffi
cient for estimation. IPHC uses proportional selection. 
This sampling framework is known as two-stage or dou
ble sampling (Cochran 1963). A good treatment of age 
composition estimation is found in Kutkuhn (1963). 

The estimated proportion of age k fish in length category 
j is 

(3) IJijk = Au,/Au 

where A represents the number of aged otoliths categor
ized by subscripts, and a lack of a subscript implies sum
mation over the subscript. The estimated proportion of 
otoliths in length category j is 

(4) 

where L is the number in the length sample categorized by 
subscripts. Then, the estimated proportion of age k fish 
is obtained by projecting the age distribution within length 
category to the total length frequency (Southward 1976), 
which results in 

(5) 0ik = '2; ~)i ijk = '2; r ijk 
1 1 

with estimated variance 

(6) 

+ 'l;~u<Ouk- Oik)21L; = ~Var(ruk). 
1 1 

The estimators Oijk' &.;p and O;k are unbiased (Quinn eta!. 
1983). Finally, total catch in numbers by age is estimated by 

<7) cik = c lik 

with estimated variance from Goodman (1960) 

(8) s2(C;k) = Cyk[C.V.2(C;) + C.V.2(0;k) 

- C.V.2(C;)C.V. 2 (O;k)J 

where C.V .2 is the squared coefficient of variation. The 
last term in (8) is usually small and ignored. 

The estimation of average weight by age can be con
structed in similar fashion (Quinn eta!. 1983), which results 
in an approximately unbiased, weighted average 

(9) wik = r,rijkwijk;oik 
j 

where Wijk is the average of the predicted weights of 
otoliths in category ijk. The estimated variance from the 
delta method of an estimator t = I:,w.TII:,w., where the , d I I I 
W; s an T;'s are both random variables, is 

(10) 
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s2('f) = I:,[w~s2CT;) + (T; - t)2s2(w;)]I(I:,w/ 

(Quinn et al. 1983, appendix 1). 

Hen~e, noting that Oik = I:,rijk' the estimated variance 
of wik is 

(11) s2(JVik) = ~ [rtks
2
(Wijk) + (Wijk- Wik?s2(rijk)]!Ofk 

1 

where s( W ijk) is _ _!he typical standard error of the 
mean. In practice W ijk is not a function of age in the pre
diction relationship and is replaced by Wu in (9) and (11). 

Combined-Strata Estimation 

PROJECT-AND-ADD 

For this method, combined estimates are obtained by 
projecting to each stratum catch and adding over strata. 
Thus, total catch of age k fish is estimated by 

(12) ck ~ r,tioik = r, cik 
i i 

(which weights each stratum's age composition by estimated 
catch numbers) with estimated variance 

(13) sz(Ck) = I:,s2(Cik). 
i 

Similarly, the estimated total catch in numbers is 

with estimated variance 

(15) s2(C) = I:, s 2(C;). 
i 

The estimated percentage of age k fish over strata is 

(16) ok = c,;c = r, cioi,;c 
i 

with estimated variance, using the general equation (10), 

(17) s2(0k) = '2; [Cys 2(0;k) + (O;k - Ok)2s2(C;)]IC2 
I 

= O~[C.V.2(Ck) + C.V.2(C) 

- 22:, C/':;kC.V.2(C;)ICCk]. 
i 

Estimated average weight of the catch is 

(18) w = TIC 

with the same coefficient of variation as C. 

Average weight at age is estimated by weighting by catch 
numbers, or 

- -
(19) w k = r,cikwi,;ck 

i 

with estimated variance, using the general equation (10), 

(20) s2(W k) = I:,[CTk s 2(Wik) + (Wik - W Ys2(C;k)]IC~. 
i 

The estimators are approximately unbiased for a large 
sample size, because each component is approximately or 
exactly unbiased. 



ADD-AND-PROJECT 

For this method, estimates are obtained by pooling 
("adding") all samples together across strata and pro
jecting to the total of all strata, which essentially treats the 
data as coming from a single stratum. Thus, the estima
tion framework for add-and-project is the same as that 
for within-stratum estimation deleting the stratum sub
script i. 

The add-and-project estimates are biased in general, 
but under certain conditions derived in Quinn et a!. 
(1983), they are approximately unbiased. The estimator of 
catch numbers (C*) is approximately unbiased, if either 
average weight or the sampling rate of otoliths (in the first 
stage) is the same for all strata. The pooled proportion of 
otoliths (aj) is unbiased for the true proportion of the 
catch in each length category j if either the length-frequency 
distribution or the sampling rate of otoliths is the same for 
all strata. The pooled proportion of otoliths of age k within 
length category j (fJ~k) is unbiased if the distribution of 
ages within each len~th category is the same for all strata. 
The estimated proportion of age k fish (fJ;) is unbiased 
only if both a: and o:k are unbiased. Furthermore, the 
amount of biafin add!and-project estimates is a function 
of differences between strata and deviations from the 
sampling rate. 

COMPARISON OF METHODS 

The project-and-add method produces nearly unbiased 
estimators, assuming that all strata are sampled. In prac
tice, some strata may not be sampled or may not have 
large sample sizes. These problems are unimportant as 
long as strata with large catches have large sample sizes, 
because project-and-add estimators are weighted by 
catch. The add-and-project method produces biased esti
mators, but they may be less variable than project-and
add estimators because of the pooling. The add-and
project estimator of the proportion of age k fish o; 
requires no information on catch numbers in contrast to 
project-and-add, which may be desirable if catch sampling 
data are processed before landing data (as is true for 
IPHC). The trade-offs in bias and variability between the 
two methods can be best addressed in application to data. 

PRECISION OF COMBINED STRATA ESTIMATES 

If the coefficient of variation for catch at age is set 
below a prescribed limit P for each stratum, then general 
results can be derived for the C. V. of the combined-strata 
estimate using project-and-add methodology. The add-and
project estimate is generally more precise than the limits 
established below because of data pooling. From equation 
(13) and assuming C.V.2(C;k)$.p2; 

C.V.2(Ck) = r;s2(C;k)IC~ 
i 

(21) I;C;fkC.V.2(C;k)I(I;C;J 
i i 

:s: [I;0/<I;C;k)2Jp2:s;p2, 
i ; 

because a sum of squares is less than a square of sums of 
non-negative terms. Thus, the precision of a combined
strata estimate is always greater or equal to the precision 
set for a stratum, with equality if and only if the catch 
comes from a single stratum. 

Furthermore, the Cauchy-Schwarz inequality yields 

<r; c;k)2 :s: sr; c~ 
i i 

where Sis the number of strata, and assuming C.V.(C;k) 
P in (21), the following lower bound is obtained: 

P 2!S :s: C.V.2(Ck) 

with equality if and only if cik is the same for all strata. 
Thus, the C.V. of a combined-strata estimate may be as 
low as Pl..jS for an individual stratum C.V. of P. For 
example, the combined C.V. is one-half of individual 
C.V.'s for four strata with equal catches at age. 

Application to Pacific Halibut 

The analysis of age composition data is illustrated by 
use of data from regions in regulatory area 2 (Fig. 1) in 
1980. Auxiliary studies (Quinn et a!. 1983) with Pacific 
halibut data show differences in sampling rates, length 
frequency, and age distribution within length category 
between months and regions. Three methods of combi
ning data based on project-and-add and add-and-project 
methodology are used: 

1. Project-and-add over months and regions (project
and-add method); 

2. Add-and-project over months within region, 
project-and-add over regions (combined method); 

3. Add-and-project over months and regions (add-and-
project method). 

The ordering represents an increasing amount of data 
pooling. The first two methods have missing data in some 
month-region strata; a missing data algorithm has been 
developed to fill in strata (Quinn et al. 1983). 

Estimates of average weight from the three methods for 
1980 area 2 data are 27.43lb (C.V. 0.0086), 27.70 lb (C.V. 
0.0086), and 28.11lb (C.V. 0.0080). The add-and-project 
estimate is significantly different from the project-and-add 
estimate (P = 0.04). The apparent reason for the dif
ferences is that the region SEAK-Inside was undersampled 
in 1980 (Table 2) and had a relatively small average weight. 
Hence, the add-and-project estimate is biased upward, 
which results in an underestimate of the number of fish 
in the catch. Data from other years and areas show that 
the add-and-project method has the lowest C.V. because 
of data pooling, followed by the combined and project
and-add methods. 

Age composition estimates from the three methods are 
shown in Fig. 3 and C.V.'s are shown in Fig. 4. Estimates 
for the three methods are very close, except for ages 7-11, 
which unfortunately, represent the bulk of the catch. The 
C.V.'s for the bulk of the catch are lowest for the add
and-project method, followed by the combined method and 
then the project-and-add method, although differences in 
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FIG. 3. Estimated catch at age for area 2 in 1980 using three methods of combining data. 

C.V.'s between methods are not large. These trends are 
generally true for other areas and years (Quinn eta!. 1983). 
Estimates of average weight at age have the same order 
of precision as estimates of catch at age. 

These results suggest that it makes little practical dif
ference which method is used to estimate age composi
tion. Most of the catch across months and regions is sam
pled adequately, and although the samples are not taken 
in exact proportion to landings, the discrepancies are not 
large. Theoretical considerations favor the project-and
add method, because it produces unbiased estimates 
without substantial increase in variability as compared to 
the other two methods. However, it is desirable to specify 
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minimum sample size requirements to ensure control of 
variability, which is the subject of the next section. Be
cause average weight may increase during the season and 
because age and length distributions may de different be
tween strata, age composition discrepancies may occur in 
combining data with the combined method or the add
and-project method. The project-and-add method pro
vides a safeguard against these problems. 

Sample Size Requirements 

Average weight of the commercial catch is predicted 
from all otoliths collected from port sampling. Several 
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thousand otoliths are collected each year, which means that 
the C. V. of estimated average weight is generally small. 
For all month-region strata between 1975 and 1980, 
estimates of average weight and C. V. were calculated, and 
C. V. is plotted versus number of otoliths (L;) in Fig. 5. 
A few sample sizes greater than 3000 otoliths were not plot
ted and their C. V. 's were under I Ofo. Precision increases 
as sample size increases. The C.V. is under 5% when over 
200 otoliths are collected, which is true of most strata. 
However, the variance component for predicting weight 
is not included, so that the C. V. 's are underestimates of 
true C.V.'s. 

To assess precision of catch at age estimates, estimates 
C;k and C.V.(C;k) were calculated for all strata between 
1975 and 1980. The age with the lowest percentage of the 
catch above 5% was isolated for each stratum and its C. V. 
is plotted versus the number of otoliths aged (A;) in 
Fig. 6. The lower limit of 5% is used as a benchmark of 
important ages in the catch because C. V. goes to infinity 
as the percentage goes to zero. The C. V. declines sharply 
as the aging sample size increases. The variability in C. V. 
stabilizes at 250 otoliths aged, which sets C. V. to under 
25%. When more than 600 otoliths are aged, C.V. is 
generally under 17%. These results suggest that a minimum 
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of 250 otoliths is needed to define age composition of the 
catch in a stratum. 

There are formulae for determining the size of the sub
sample of otoliths to be aged to achieve a specified level 
of precision given a fixed sample size of otoliths. One for
mula is based on the assumption that the age subsample 
is taken proportionally to the length sample, which is true 
for the IPHC aging system. From Kutkuhn (1963), the 
C.V.2 of the estimated proportion (}ik of age k fish in 
stratum i from (6) can be rewritten 

(22) c.v.2{o;k> = < W;,/A; + B;,/ L;)IOTk 
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where W;k and B;k are within- and between-length cate
gory variances, respectively. For a specified C.V. the 
required age sample size by solving (22) for A; is 

A;= W;,/(IJTkC.V. 2 
- B;/L;). 

The larger the length sample is, the smaller need be the ag
ing sample, although the relationship is not linear. Using 
several values for the length sample size, the minimum 
length sample size which requires complete aging is 
found. In application to Pacific halibut data, increasing 
the length sample size above this minimum value does not. 
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substantially decrease the subsample size for aging, be
cause B;k is generally negligible. 

Four criteria are used to find the sample size necessary 
to achieve an acceptable level of precision of the age com
position estimates: 

Criterion 1: Ensure that at least one age achieves a coef
ficient of variation of 100Jo or less. 

Criterion 2: Ensure that all ages between 8 and 15, in
clusive, achieve a coefficient of variation of 20% or less. 

Criterion 3: Ensure that all ages that make up at least 
0.1 OJo of the catch achieve a coefficient of variation of 
50% or less. This criterion ensures that the age composi
tion estimates are significantly different from zero. 

Criterion 4: Ensure that each age that makes up at least 
5% of the catch achieves a coefficient of variation of 20% 
or less. This is a modification of Criterion 2 to adjust for 
differences in age composition. 
The levels of precision in the criteria are arbitrary but pro
vide a useful standard for evaluating the sampling program. 

The necessary sample sizes to achieve these four criteria 
are shown in Table 3 for strata sampled in 1980. About 
500-600 otoliths are needed to achieve Criterion 1 and 
about 400-500 are needed to achieve Criterion 4. The 
sample sizes needed to achieve the other two criteria are 
quite variable between strata, because the coefficient of 
variation is unstable for small percentages. The median 
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TABLE 3. Sample size requirements to achieve four criteria, landings, and actual length and age 
sample sizes for month-region strata sampled in 1980. 

Sample size• to achieve 
Landings L; A; 

(thousands Length Age 
Month Regionb Criterion 1 Criterion 2 Criterion 3 Criterion 4 of lb) sample sample 

4 11 600 1100 3000 500 84 1116 702 
4 12 800 2200 500 74 814 699 
5 3 600 400 1000 500 311 448 448 
5 4 500 1500 800 500 1002 1439 698 
5 5 500 1300 500 500 2346 1358 696 
5 6 600 300 600 500 981 1063 701 
5 7 500 600 3000 400 4848 5588 702 
5 8 500 800 3100 400 4518 3414 699 
7 3 600 600 200 400 208 144 144 
7 4 500 600 2000 400 1498 1468 698 
7 7 600 400 1400 400 1175 925 701 
7 8 500 700 500 400 1393 889 702 
8 3 700 700 500 500 189 240 240 
8 4 600 600 400 400 979 1443 698 
8 11 800 3400 700 500 209 456 456 
8 12 900 2300 200 500 50 167 167 
9 2 1000 200 23 54 54 
9 3 95 26 26 
9 4 500 800 400 500 611 1686 702 

11 3 500 600 800 400 22 178 178 
11 4 600 700 500 44 166 166 

a "-" means that sample size cannot be computed from data. 
b 2: Vancouver, 3: Charlotte-Outside, 4: Charlotte-Inside, 5: SEAK-Inside, 6: SEAK-Outside, 

7: Yakutat, 8: Kodiak, 11: Aleutian, 12: Bering Sea. 

value over strata for both of these criteria is 700. Overall, 
the sample size required for a month-region stratum to 
achieve these four criteria is 600. 

The required sample sizes are compared to the actual 
length and age sample sizes in Table 3. Month-region 
strata with large landings have large sample sizes and vice 
versa. Generally, the sample sizes are sufficient to meet 
the criteria because in 1980, the number of otoliths aged 
was increased from 350 to 700 based on sample size re
quirements from the previous year's data. Some strata 
had under 250 otoliths available, but these generally had 
small landings. These strata are pooled with adjacent 
strata until the 250 otolith limit is obtained; otherwise, 
estimates from other strata are used. In 1981, the sample 
size was reduced to 600 otoliths per stratum based on sam
ple size requirements shown in Table 3. 

Discussion 

IPHC's sampling program is evaluated in two stages. 
First, the design of the sampling program is reviewed to 
ensure that sampling is representative of the bulk of the 
catch. Factors considered at this stage include selection of 
ports, vessel sampling rate, trip size, trip date, and sys
tematic sampling within trips, details of which were 
reported earlier. 

The second stage is the statistical analysis of age com
position data. Data are pooled into month-region strata 
and approximately unbiased estimates of catch numbers, 
catch at age, and weight at age are obtained using methods 
outlined above. The sampling rate selected in the first 
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stage is chosen to have sufficient sample sizes for the 
length sample and age sub sample in each stratum. A sam
ple size of 600 otoliths for aging in each stratum ensures 
that the coefficient of variation of catch at age for the im
portant ages is under 200Jo. Project-and-add methodology 
is used to build estimates for regions and regulatory areas 
from individual strata. The project-and-add estimators of 
catch at age are additive across strata and hence unbiased. 
The precision of the combined-strata estimators is gener
ally much greater than the individual stratum estimators. 

The distinctive feature of IPHC's sampling program is 
the use of otoliths for aging and predicting individual 
length and weight of aged fish from otolith weight. The 
accuracy of the predictions most strongly influences esti
mates of total catch numbers and average weight at age. 
Periodic evaluation of the accuracy of the predictive rela
tionships is necessary to ensure the accuracy of estima
tion. Relative age composition estimates are not affected 
by the predictive relationships, because the predicted 
length is used only as a stratification variable. Because 
fish length and otolith weight have a 1-1 correspondence, 
stratification on either variable produces identical results, 
except that classes may be defined differently in the ex
tremes of the distributions. However, potential errors in 
aging can affect relative age composition estimates. Pre
liminary studies suggest that aging errors are not large for 
Pacific halibut, although further verification is being con
ducted. 

The age composition and average weight estimates play 
a prominent role in IPHC's qualitative and quantitative 
assessment of the halibut population. In particular, 



cohort analysis and related variants use the catch-age esti
mates to estimate population numbers and age structure. 
These estimates and average weight at age estimates are 
then used to estimate population biomass and annual sur
plus production. The third stage of IPHC's evaluation of 
catch-age data is an analysis currently in progress of the 
sensitivity of the estimates of surplus production to age
structured models and estimates. The completion of this 
stage will establish a link of quality from initial data col
lection to final evaluation of population condition. 
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Use of Length and Age Data for Estimating the Age Structure of a Collection of 
Fish 

DAVID A. FOURNIER 
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FouRNIER, D. A. 1983. Use of length and age data for estimating the age structure of a collection 
of fish, p. 206-208. In W. G. Doubleday and/et D. Rivard [ed./ed.] Sampling commer
cial catches of marine fish and invertebrates/L'echantillonnage des prises commerciales 
de poissons et d'invertebres marins. Can. Spec. Publ. Fish. Aquat. Sci./Publ. spec. can. 
sci. halieut. aquat. 66. 

A method is presented for using length-frequency data together with length and age data from 
a colJection of fish to estimate the proportions of fish at age in the collection. The relative merits 
of aging random and stratified samples are compared. It is concluded that for the situation con
sidered here, stratified sampling is superior. 

FouRNIER, D. A. 1983. Use of length and age data for estimating the age structure of a colJection 
of fish, p. 206-208. In W. G. Doubleday and/et D. Rivard [ed./ed.] Sampling commer
cial catches of marine fish and invertebrates/L'echantillonnage des prises commerciales 
de poissons et d'invertebres marins. Can. Spec. Publ. Fish. Aquat. Sci./Publ. spec. can. 
sci. halieut. aquat. 66. 

Le present rapport decrit une methode permettant d'estimer les pourcentages de poissons a 
un age donne dans l'echantillon a partir des donnees sur Ia frequence des longueurs combinees 
aux donnees relatives a I' age et a Ia longueur d'un ensemble de poissons. On compare Ia valeur 
relative de Ia determination de l'iige des poissons dans des echantillons preleves au hasard ou stratifies 
et l'on conclut que, pour Ia situation etudiee, l'echantillonnage stratifie est preferable. 

Introduction 

The attempt to use length-frequency modes to identify 
distinct age groups in a population dates back to Peterson 
(1892). Because of the computational difficulties inherent 
in such analysis, a statistically rigorous solution to the 
general problem could not be obtained before the advent 
of modern computers. Hasselblad (1966) described such 
a method. More recently, MacDonald and Pitcher (1979) 
and Schnute and Fournier (1980) showed how variations 
of Hasselblad's methods could be applied to the analysis 
of fish length-frequency data. 

When using the above methods, it is always advisable 
to age a small sample of the fish when possible to deter
mine the number of age-classes present in the sample or 
to avoid gross errors such as misaging all the fish by 1 yr. 

Since it is advisable to obtain this information in any 
case, it is reasonable to incorporate it in a statistically 
rigorous manner into the entire estimation procedure. This 
practice has several advantages. First, the best use is made 
of the information contained in all the available data. Sec
ond, it is possible to compare the relative merits of dif
ferent sampling procedures for obtaining the aging data. 
Two such sampling procedures which could be used are 
random sampling of the collection and sampling that is 
stratified by length. 

The purpose of this paper is to demonstrate how the in
formation from the sampling procedures can be incorpo
rated into the overall estimation procedure and compare 
their relative merits in a particular case. 
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Description of the Model 

In a population with Mage-classes, let m;, t;, and P; 
denote respectively the mean length, standard deviation in 
length, and proportion of the fish in the ith age-class. Sup
pose that when a fish is measured, its length is determined 
to lie in one of the N length intervals 

j = 1, ... , N; 

where 

xj = x1 + U - l)w 

is the midpoint of the ith interval and every interval has 
width w. 

Let qij be the probability that a fish from age-class i has 
a length lying in length interval j. In terms of the q ij and 
the P; we define several probabilities which will be of use 
in the following discussion. 

piqij is the probability that a fish picked at random 
belongs to age-class i and has a length lying in length in
terval j. 

M 
Qj = E P;qu is the probability that a fish picked at 

i = I random has a length lying in length in
terval j. 

P;q;/Qj is the probability that a fish picked at 
random from those fish whose lengths lie 
in length interval j will belong to age
class i. 



Description of the Sampling Procedure 

To collect the data for the model, a total of three dif
ferent kinds of samples - any one of which may in prin
ciple be empty- will be taken from the catch. They are: 
(I) random sample for which only lengths are taken; (2) 
random sample for which lengths and ages are taken; and 
(3) sample stratified by length for which ages are taken. 

It is assumed that these three samples are independent 
of each other. Since the sampling is done from a finite 
population without replacement, the model assumptions 
are not strictly satisfied. The deviation from model assump
tions are small, however, and should not cause trouble 
except in one case. 

The stratified sample must not be a subsample of the 
length-frequency sample. However, if the stratified sample 
used must be a subs ample of the length-frequency sample, 
the likelihood function used in the model could easily be 
modified to take this into account. 

Let fj be the number of fish from sample (1) whose 
lengths lie in the jth length interval, 'u be the number 
of fish from sample (2) belonging to age-class i whose 
lengths lie in the jth length interval, and sij be the number 
of fish in sample (3) picked from length mterval j which 
belong to age-class i. 

Description of the Log-Likelihood Function 

It follows from the above discussion that the log
likelihood function for the above samples is given by ex
pression (I) which consists ofthree parts labeled as (I. I), 
(1.2), and (1.3). 

(1.1) 

(1.2) 

(1.3) + ~.sii Iog.(P/1;/Q) 
I, J 

If any sample is empty, the corresponding part of the log
likelihood function is ignored. 

Incorporating the Parametric Assumptions 

The unrestricted maximum likelihood estimates P; and 
qij for the age structure are found by maximizing 
expression (1) for the unknown parameters P; and qii' 
There are M - I p;'s (they must sum to I) and MN qii s 
or a total of M- I + MNparameters in all. It is possible 
to solve this problem, but the presence of such a large 
number of parameters requires that the number of fish aged 
be rather large to obtain useful estimates of the p;'s. Since 
we are interested in properties of these estimates for small 
aging samples, this "nonparametric" form of the model 
will not be considered further; instead we shall introduce 
three assumptions which will reduce the number of para
meters in the model. The assumptions are: (1) for each age
class the lengths are normally distributed around their mean 

length; (2) the standard deviations f; are a quadratic func
tion of age-class, so that 

where a, b, and care unknown parameters determining the 
quadratic relationship; and (3) the mean lengths m; are 
themselves normally distributed around an unknown von 
Bertalanffy curve with standard deviation rF. 

Assumption (I) implies that 

qij(m, t) = 11(~2-Trt;) i exp(- 112(x - milt/) dx J 
X + IV/2 

xi- w/2 

where we have written qu(m, t) to emphasize that the MN 
parameters qij now depend only on the M + 3 parameters 
ml' ... , mN, a, b, and c. 

Assumption (2) is included here to illustrate how addi
tional structure can be included into the model. The reader 
who is uncomfortable with this assumption should be 
assured that it can easily be modified if desired. 

Assumption (3) was first discussed in Foucher and Four
nier (I982). It represents a relaxation of the assumption 
in Schnute and Fournier (I980) where it was assumed that 
the mean lengths actually lie on an unknown von Bertalanf
fy curve. 

The adoption of assumption (3) has the effect of adding 
an extra term to the log-likelihood function, expression 
(1.4) given by: 

M 

(1.4) - M Ioge(rF) - E [m; - L 1 - (LM - L 1) 

i ~I 

where k = exp(- K), K representing the usual quantity 
in the von Bertalanffy growth curve (von Bertalanffy I938). 
This parameterization of the von Bertalanffy curve in terms 
of Lp LM, and k rather than the conventional L, K, and 
t0 is discussed in Schnute and Fournier (I980). 

Maximizing the Log-Likelihood Function 

The log-likelihood function for the problem consists of 
the terms I. I-I.4. It depends on the parameters pi, a, b, 
c, m;. Lp LM, k, and rF. The parameter rF was not 
estimated but was set equal to I. The log-likelihood func
tion was maximized with respect to the other parameters 
by using a quasi-Newton method, a subroutine FMIN sup
plied by the computing center of the University of British 
Columbia. 

Description of the Simulated Data 

In order to compare the merits of random and stratified 
sampling, two groups of simulations were performed. Each 
group consisted of three sets of simulations consisting of 
IOO simulations of data for length frequencies alone, length 
frequencies with random sampling for age, and length fre
quencies with stratified sampling for age. In all cases, the 
length frequencies were generated by simulating a random 
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TABLE 1. Summary of results of first and second groups of simulations. 

Group 1 

Set I No aging information 
estimated proportions 0.21 0.31 0.24 0.13 

Standard deviation of 
estimated proportions 0.05 0.04 0.05 0.05 

Mean of estimated 
standard deviations 8.12 7.82 7.42 7.00 

Set 2 Random aging 
estimated proportions 0.20 0.38 0.25 O.D7 

Standard deviation of 
estimated proportions 0.03 0.04 0.04 0.03 

Mean of estimated 
standard deviations 8.48 9.03 8.44 7.67 

Set 3 Stratified aging 
estimated proportions 0.20 0.39 0.25 O.D7 

Standard deviation of 
estimated proportions 0.03 0.04 0.04 0.03 

Mean of estimated 
standard deviations 8.31 9.24 8.53 7.55 

sample of 500 fish, and the aging data by simulating the 
appropriate sample of 25 fish. 

The simulated data were generated for a hypothetical 
population consisting of six age-classes. The mean lengths 
of the age-classes were 20, 45, 65, 80, 90, and 95 for the 
first group of simulations, and 20, 46, 62, 80, 87, and 95 
for the second group of simulations. In all cases, the stan
dard deviations for the distribution of the lengths around 
their means were 9, 10, 9, 8, 7, and 6. The proportions 
of each class present in the sample were 0.20, 0.40, 0.25, 
0.07, 0.05, and 0.03. 

For both groups of simulations, the mean lengths do not 
lie exactly on a von Bertalanffy curve, and the standard 
deviations do not exactly follow a quadratic trend. The 
mean lengths for the first group deviate only slightly from 
a von Bertalanffy growth pattern, while those of the second 
group deviate substantially from a von Bertalanffy growth 
pattern. This was done to investigate the model's robustness 
with respect to deviations from these hypotheses. 

Conclusion 

The results from the first group of simulations are sum
marized in Table I. 

With no aging data, there is a strong negative bias in 
the estimate for the proportion corresponding to the second 
age-class. This appears to be due to the inability of the 
model to detect the curvature in the trend of the standard 
deviations. 

The estimates for the first two age-classes are very similar 
for both the random and stratified samples. It is evident, 
however, that the stratified sampling procedure performs 
significantly better for the last two age-classes as indicated 
by the smaller standard deviation of these estimates. 
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Group 2 

0.02 0.09 0.17 0.21 0.32 0.15 0.05 0.09 

0.03 0.03 0.04 O.D7 0.05 O.D7 0.04 0.04 

6.57 6.14 7.19 7.05 7.04 7.04 7.06 7.08 

0.05 0.04 0.20 0.39 0.23 0.07 0.05 0.04 

0.04 0.03 0.03 0.06 0.06 0.03 0.02 0.02 

6.79 5.85 8.60 9.04 8.53 7.87 7.13 6.33 

0.06 0.03 0.22 0.41 0.23 O.D7 0.05 0.03 

0.02 0.01 0.04 0.06 0.06 0.03 0.02 0.01 

6.43 5.23 8.61 8.73 8.24 7.58 6.90 6.18 

The superiority of the stratified sampling procedure 
seems to be due to the fact that the random sample picks 
too many younger fish. For these fish the length separa
tion alone provides good information as to their age. It 
is necessary to use a stratified sampling procedure to ob
tain enough information about the length at age of the older 
fish for which the length separation is poor. 

The results for the second group of simulations are also 
summarized in Table I. As would be expected, the results 
are slightly poorer than the corresponding results for the 
first group as indicated by the larger standard deviations 
of the parameter estimates. The only qualitative difference 
is that it is now not clear whether the random sample or 
the stratified sample of aged fish produces better estimates. 
It remains clear, however, that aging of some kind pro
duces a marked improvement in the estimates obtained. 
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The Sampling Program for Herring and Capelin in Newfoundland 
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CARSCADDEN, J. E., D. S. MILLER, J. A. MOORES, AND B.S. NAKASHIMA. 1983. The sampling pro
gram for herring and capelin in Newfoundland, p. 209-216. In W. G. Doubleday and/et D. 
Rivard [ ed./ ect.] Sampling commercial catches of marine fish and invertebrates /L'echan
tillonnage des prises commerciales de poissons et d'invertebres marins. Can. Spec. Pub!. 
Fish. Aquat. Sci./Publ. spec. can. sci. halieut. aquat. 66. 

The sampling performance of the domestic herring and capelin fisheries in the Newfoundland 
region, 1975-81 is reported, as compared to the recommended NAFO (formerly ICNAF) mini
mum requirements. Although the type of samples collected from these fisheries did not always cor
respond to the recommended type, the herring and capelin fisheries appear to be reasonably well 
sampled, especially when the relatively small and diffuse nature of the fisheries is considered. 

CARSCADDEN, J. E., D. S. MILLER, J. A. MOORES, AND B.S. NAKASHIMA. 1983. The sampling pro-
gram for herring and capelin in Newfoundland, p. 209-216. In W. G. Doubleday and/et D. 
Rivard [ ed./ ed.] Sampling commercial catches of marine fish and invertebrates/ L'echan
tillonnage des prises commerciales de poissons et d'invertebres marins. Can. Spec. Pub!. 
Fish. Aquat. Sci./Publ. spec. can. sci. halieut. aquat. 66. 

Le present rapport porte sur le succes de l'echantillonnage des prises can~diennes ~e .hareng et 
de capelan dans Ia region de Terre-Neuve de 1975 a 1981, par rapport aux ex1gences m1mmales re
commandees par l'OPANO (anciennement CIPANO). Quoique le genre d'echantillons recueillis 
de ces peches ne corresponde pas toujours au genre recommande, les peches du hareng et du 
capelan semblent etre assez bien echantillonnees, surtout quand on considere Ia nature restreinte et 
diffuse de ces peches. 

Introduction 

There are two major fisheries for pelagic species in the 
Newfoundland area - the herring and capelin fisheries. 
Although both fisheries have been in existence for a 
number of years, it has been only within the last decade 
that the fish stocks supporting the fisheries have been 
scientifically assessed and the fisheries formally managed. 
To properly assess the status of these stocks it is necessary 
to sample adequately the catches from the fisheries. This 
paper presents an assessment of the sampling ''perfor
mance'' related to the Canadian herring and capelin fish
eries in the Newfoundland region, 1975-81. 

Methods 

We have assessed the performance of the commercial 
sampling of the herring and capelin fisheries in the New
foundland area using the minimum sampling require
ments recommended by NAFO (formerly ICNAF) as a 
baseline; this recommended minimum requirement is one 
sample of 200 fish for length-frequency analysis per 1000 t 
of catch per NAFO division per gear type per quarter. 
Therefore, performance estimates < 1 indicate that the 
minimum requirement was not met, while estimates ;;::: 1 in
dicate that the minimum requirement was met or ex
ceeded. The actual samples taken from both the herring 
and capelin fisheries have not always corresponded to the 
minimum of 200 fish suggested by NAFO; however, this 
is explained in the appropriate species section. 

I Authorship determined alphabetically. 

Results 

HERRING 

Herring fisheries have been conducted in Newfound
land waters for centuries both for food and bait purposes. 
The level of annual landings has been highly variable due 
to the influences of availability of the resource and 
market conditions. Intensive research into the biology and 
population dynamics of the Atlantic herring (C/upea 
harengus harengus) in the Newfoundland area by the De
partment of Fisheries and Oceans, St. John's, coincides 
with the boom in the Newfoundland herring fishery in the 
mid-1960s. This boom was created by two key factors: (1) 
a failure of the British Columbia herring fishery, and (2) 
the recruitment of two extremely large year-classes 
into the Gulf of St. Lawrence herring stocks. This led to 
the development of an intensive meal fishery during the 
winter along the southwest coast of Newfoundland and 
during the summer in the southern Gulf of St. Lawrence. 
To support this fishery a large purse-seine fleet was form
ed. As the abundance of herring declined, the thrust of 
the fishery switched from meal to food processing, and a 
reduction in the overall size of the purse-seine fleet oc
curred. Concurrent with the decline in the Gulf fishery 
there was an increased demand for food herring such that 
during the 1970s, there was a major expansion of herring 
fisheries along the west and southeast coasts of New
foundland and finally on the east coast of Newfoundland. 
With increased demand came increased prices to the 
fishermen such that rather than being primarily a purse
seine fishery, it encompassed several gear types including 
ring nets, gill nets, bar seines, traps, etc. 
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Research on herring generally paralleled the develop
ment of the commercial fisheries. The southwest and 
southeast coasts of Newfoundland were the first to be in
tensively examined and they were placed under manage
ment control in 1973; these regulations also applied to 
part of the west coast of Newfoundland. However, in 
1977, the west coast of Newfoundland management area 
was created, separate from the southern Gulf of St. Law
rence. The east coast of Newfoundland was first assessed 
and placed under management in 1976. 

In the following analyses the data have been combined 
into three geographic areas rather than NAFO divisions: 
(1) west coast (Cape Bauld to Cape Anguille), (2) south
east coast (Cape Race to Pass Island), and (3) east coast 
(Cape Bauld to Cape Race). While the west coast repre
sents a distinct management area, the southeast coast en
compasses two stock areas and the east coast, four stock 
areas. The fishery along the southwest coast of New
foundland was based on the southern Gulf of St. Law
rence herring stock and was sampled intensively by the 
Newfoundland region. This fishery has not been signifi
cant since the early 1970s, with the main fishery occurring 
in the southern Gulf of St. Lawrence where the respon
sibility for sampling is held by the maritime region. This 
area therefore has not been included here. For consistency 
in examining sampling performance, 1975-81 was selected 
as this period corresponds to the expansion in the fishery 
along the east and west coasts of Newfoundland. 

The Pelagic Section of Fisheries Research Branch, St. 
John's, has been solely responsible for the collection of 
herring samples in the Newfoundland area. The nature of 
herring fisheries in Newfoundland is such that they tend 
to occur simultaneously in all areas, for example, during 
the spring on prespawning concentrations. As insufficient 
research personnel are available to cover all areas, a sys
tem of collectors has been developed in conjunction with 
field sampling. These are generally plant personnel who 
with the approval of plant managers collect samples from 
the commercial fishery and store them in a frozen state 
for pickup at a later date. Besides plant personnel, bait 
depot operators or fisheries officers act as collectors in 
particular areas. Deep freezers are provided in areas 
where no freezing facilities are available. These collectors 
are instructed as to the proper manner of sample collec
tion and the level of sample collection required. 

In all cases, the type of sample collected is a random 
sample consisting of 50 fish each. The random sample is 
more suitable to the logistics of the Newfoundland situa
tion than a stratified sampling scheme due to its ease of 
collection and handling for storage, thereby allowing a 
more extensive coverage of the commercial fishery than 
would be otherwise possible. 

Southeast Newfoundland - During the last decade 
catches were highest during the early 1970s and have been 
in decline since 1973 reaching a low of 700 tin 1981 (Fig. 
1). In the 7-yr period since 1975, seventy-two cases of a 
catch by a gear and quarter have been reported (Table 1). 
In 49 cases (680Jo), sampling has been adequate while in 
the cases of sampling performance less than 1.0, only 
twice was the catch in excess of 100 t. 
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FIG. 1. Newfoundland herring landings for the southeast, west, 
and eastern coasts of Newfoundland. 

West coast of Newfoundland- With the exception of 
the large catch in 1973, catches in the early 1970s were 
generally less than 5000 t. Catches increased in the second 
half of the 1970s increasing from 10 000 t in 1976 to 
19 000 tin 1980 and declining to 12 200 tin 1981 (Fig. 1). 
Catches by gear and quarter since 1975 have been re
ported for 83 cases (Table 1) of which 42 cases (51%) have 
had sampling performance greater than 1.0. Of the re
maining cases (41) only two occurred in cases when a 
catch exceeded 100 t. 

East coast of Newfoundland- Herring landings along 
the east coast increased from 1300 tin 1970 to 26 400 tin 
1979 (Fig. 1). Due to the decline in abundance and ex
tended quota regulations, catches declined to 12 400 t in 
1980 and to 11 000 t in 1981. For these areas there were 
101 cases of a catch by gear and quarter since 1975 and of 
these 71 (71%) were adequately sampled. Of the 30 re
maining cases, 16 were represented by catches of less than 
100 t. Details of the herring sampling performance by gear 
and quarter are given in Appendix A. 

CAPE LIN 

For decades there has been a capelin fishery for food, 
fertilizer, and bait in the Newfoundland area; this fishery 
prosecuted capelin near the spawning beaches during June 
and July. Prior to the 1950s, annual nominal catches were 
estimated to have averaged 20 000-25 000 t (Templeman 
1968). These catches declined during the 1950s and 1960s 
but they have increased in recent years due to market de-



TABLE 1. Summary of sampling performance for herring in the 
three management areas of Newfoundland, 1975-81. Numbers 
in parentheses indicate the number of cases with catches below 
100 t. 

Total no. No. cases No. cases 
Area Year of cases ~ 1.0 <1.0 

Southeast coast 1975 11 10 (4) 1 (1) 
1976 11 9 (3) 2 (2) 
1977 12 8 (3) 4 (4) 
1978 11 8 (2) 3 (3) 
1979 9 5 (0) 4 (3) 
1980 9 6 (2) 3 (2) 
1981 9 3 (1) 6 (6) 

Total 72 49 (15) 23 (21) 

West coast 1975 9 4 (1) 5 (4) 
1976 8 6 (1) 2 (2) 
1977 11 5 (0) 6 (5) 
1978 14 8 (3) 6 (6) 
1979 13 7 (2) 6 (6) 
1980 15 6 (1) 9 (9) 
1981 13 6 (1) 7 (7) 

Total 83 42 (9) 41 (39) 

East coast 1975 17 16 (5) 1 (1) 
1976 15 12 (0) 3 (2) 
1977 14 10 (1) 4 (1) 
1978 15 10 (0) 5 (1) 
1979 14 7 (0) 7 (4) 
1980 13 9 (2) 4 (2) 
1981 13 7 (2) 6 (5) 

Total 101 71 (10) 30 (16) 

mand in Japan for roe capelin. During the early 1970s, an 
offshore foreign fishery developed in Div. 2J3KLNO with 
nominal catches rising sharply, peaking in 1976 at about 
370 000 t and declining rapidly. It was during the decline 
of the offshore fishery in the late 1970s that the inshore 
Canadian fishery developed. Also during the late 1970s, 
catches in Div. 4R (all Canadian) increased to take advan-
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FIG. 2 Total nominal catches of capelin in Division 2J3K, 
1970-81. Inshore (Canadian) landings less than 2500 tare sym
bolized by X. 

~ 60 

~ 50 

~ 40 
, 
-5 30 

u 
20 

0 Offshore catches 

fm Inshore landings 

1970 '71 '72 '73 '74 '75 '76 '77 '78 ' 
Y~ar 

FIG. 3 Total nominal catches of capelin in Div. 3L, 1970-81. In
shore (Canadian) landings of less than 1000 t are symbolized by 
X. 

tage of the Japanese market for roe capelin. Details of the 
pattern of the nominal catches are given for Div. 2J3K, 
Div. 3L, Div. 3NO, and Div. 4R in Fig. 2-5, respectively. 
All Canadian catches were assumed to have occurred in 
the inshore area of Newfoundland. 

Generally speaking, the sampling of the offshore com
mercial catches by foreign vessels was minimal at best. 
Even with extension of Canadian jurisdiction in January 
1977, the sampling did not improve markedly apparently 
because of an initial start-up period that coincided with a 
decline of the fishery. The offshore fishery was suspended 
in the south (Div. 3LNO) in 1979 and in the north (Div. 
2J3K) in 1980. There was an experimental fishery in Div. 
2J3K in 1980 and 1981, operating in the same manner as 
the former commercial fishery, and this fishery has been 
well sampled by the Foreign Observer Program/Foreign 
Cooperative Research Section. 
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This summary addresses only the performance of the 
sampling of the Canadian catches. As previously noted, 
the inshore Canadian capelin fishery has developed rapid
ly since 1977. Most of the fishing activity has occurred in 
Div. 3L, with smaller catches reported from Div. 3K and 
Div. 4R. Most of the fishing occurs during June and di
minishes rapidly in July. Although this fishing period 
spans the second and third quarters, we have combined 
catches and samples into the second quarter results. 

The method of collecting the samples is the same as that 
outlined for herring. Since the fishery is quite short and 
spread over a wide area and there is insufficient research 
personnel to cover all areas, collectors in plants usually 
freeze samples for later pickup. 

Prior to 1978, all capelin samples were random samples 
of 50 fish. From 1978 to the present, all samples are ran
dom samples of 200 fish for length frequencies with two oto
liths per 0.5 em per sex collected for aging. For the pur
poses of this appraisal for capelin, no distinction was 
made between random and stratified samples. 

In Div. 3L and Div. 3K, three gear types are used in the 
capelin fishery: bar or beach seines, trap nets and ring 
nets. The large purse-seiners fished this area only in 1978. 
The sampling performance for Div. 3L exceeded mini
mum requirements in 15 of 20 cases (750Jo), while in the 
other five cases, no samples were collected (Table 2). In 
Div. 3K, the performance has not been as good, with 39% 

212 

TABLE 2. Summary of sampling performance for capelin fish-
eries in Div. 3L, 3K, and 4R, 1975-81. Numbers in parentheses 
indicate cases where catches were less than 100 t. 

No. cases 

Area Year No. of cases :2::1 <1 
Div. 3L 1975 2 1 1 

1976 2 2 0 
1977 3 1 2 
1978 4 3 1 
1979 3 2 1 
1980 3 3 0 
1981 3 3 0 
Total 20 15 5 

Div. 3K 1975 2 2 (1) 0 
1976 2 1 1 
1977 2 2 0 
1978 3 1 2 (1) 
1979 3 0 (1) 3 
1980 3 1 2 
1981 3 0 3 
Total 18 7 (2) 11 (1) 

Div. 4R 1975 1 0 1 (1) 
1976 1 0 1 (1) 
1977 2 1 1 
1978 2 2 (1) 0 
1979 2 1 1 (1) 
1980 3 1 2 (1) 
1981 3 2 1 (1) 

Total 14 7 (I) 7 (5) 

of the cases exceeding minimum requirements and the re
mainder having no samples collected (Table 2). However, 
in this case, catches are low (4 out of 18 had catches ex
ceeding 1000 t) both in categories where samples were col
lected and categories where no samples were collected. 

In Div. 4R, the fishery is dominated by large purse
seiners. In this area, minimum NAFO requirements were 
exceeded 50% of the time; in the remaining instances, no 
samples were collected (Table 2). However, in the purse
seine fishery, which accounted for more than 89% of the 
catches, minimum sampling requirements were met. 

Details of the capelin sampling performance are given 
in Appendix A. 

Discussion 
It should be noted that in this analysis no effort was 

made to determine the adequacy of the recommended 
minimum sampling requirements of NAFO and the sam
ples collected for herring and capelin did not always cor
respond to the type of samples recommended. However, 
based purely on a numerical comparison, the herring and 
capelin fisheries are being reasonably well sampled, espe
cially when the relatively small and diffuse nature of the 
fisheries is considered. 

References 

TEMPLEMAN, W. 1968. Review of some aspects of capelin bio
logy in the Canadian area of the northwest Atlantic. Rapp. 
P.-V. Reun. Cons. Int. Explor. Mer 158: 41-53. 



Appendix A 
TABLE AI. Details of herring catch and sampling performance by gear type and quarter, southeast Newfoundland (includes Fortune Bay and St. Mary's-
Placentia Bay stocks), 1975-81. 

Quarter 1 Quarter 2 Quarter 3 Quarter 4 

Year Gear Catch No. samples Performance Catch No. samples Performance Catch No. samples Performance Catch No. samples Performance 

1975 Purse-seine 3544 36 10.1 925 5 5.4 
Ring net 711 I 1.4 
Gill net 50 2 40.0 1048 36 34.4 6 0.0 39 128.2 
Bar seine 20 4 200.0 786 14 17.8 54 18.5 
Trap 431 2 4.6 
Other 

1976 Purse-seine 2165 17 7.9 
Ring net 437 8 18.3 655 26 39.7 
Gill net 5 3 600.0 542 24 44.3 16 0.0 9 111.1 
Bar seine 143 2 14.0 561 14 25.0 6 0.0 
Trap 25 I 40.0 
Other 

1977 Purse-seine 928 20 21.6 
Ring net 525 24 45.7 1126 20 17.8 4 0.0 
Gill net 45 10 222.2 578 24 41.5 0.0 7 2 285.7 
Bar seine 33 1 30.3 566 20 35.3 
Trap 32 0.0 2 0.0 
Other 

1978 Purse-seine 187 9 48.1 474 2 4.2 
Ring net 1936 42 21.7 134 20 149.3 65 14 215.4 
Gill net 16 0.0 713 23 32.3 16 187.5 
Bar seine 86 0.0 863 13 15.1 
Trap 36 0.0 
Other 

1979 Purse-seine 644 8 12.4 
Ring net 2149 64 29.8 312 16 51.3 
Gill net 106 0.0 602 18 29.9 0.0 
Bar seine 23 0.0 954 13 13.6 
Trap 10 0.0 
Other 

1980 Purse-seine 97 4 41.2 182 2 11.0 
Ring net 1383 44 31.8 154 3 19.5 
Gill net 5 2 400.0 771 0.0 4 0.0 
Bar seine 290 17.2 
Trap 42 0.0 
Other 

1981 Purse-seine 
Ring net 311 6 19.3 44 14 318.2 
Gill net II 0.0 294 8 27.2 0.0 4 0.0 
Bar seine I 0.0 37 0.0 
Trap 1 0.0 

~ Other .... 



N -.;:.. TABLE A2. Details of herring catch and sampling performance by gear type and quarter, west coast of Newfoundland (Div. 4R), 1975-81. 

Quarter I Quarter 2 Quarter 3 Quarter 4 

Year Gear Catch No. samples Performance Catch No. samples Performance Catch No. samples Performance Catch No. samples Performance 

1975 Purse-seine 3495 12 3.4 
Ring net 
Gill net 322 4 12.4 899 2 2.2 272 0.0 
Bar seine 2 0.0 2 0.0 I 0.0 
Trap 2 2 1000.0 
Other 0.0 

1976 Purse-seine 8022 27 3.4 184 6 32.6 
Ring net 
Gill net 754 4 5.3 754 6 8.0 334 9.0 
Bar seine 2 0.0 
Trap 44 0.0 15 66.7 
Other 

1977 Purse-seine 16 0.0 7281 43 5.9 2155 6 2.8 
Ring net 12 0.0 
Gill net 0.0 549 3 5.5 1086 21 19.3 1013 12 11.9 
Bar seine 9 0.0 4 0.0 160 0.0 
Trap 
Other 

1978 Purse-seine 7289 17 2.3 2636 25 9.5 
Ring net 
Gill net 1350 7 5.2 2657 14 5.2 1525 7 4.6 
Bar seine 27 0.0 I 0.0 5 0.0 
Trap 27 2 74.1 13 0.0 
Other 2 0.0 22 2 90.9 55 2 36.4 3 0.0 

1979 Purse-seine 7160 25 3.5 2829 8 2.8 
Ring net 
Gill net 12 0.0 4339 17 3.9 2183 16 7.3 1666 7 4.2 
Bar seine 3 0.0 
Trap 12 0.0 3 0.0 
Other 18 0.0 85 4 47.1 4 250.0 7 0.0 

1980 Purse-seine 6938 22 3.2 2672 30 11.2 
Ring net 18 0.0 
Gill net 13 0.0 5145 30 5.8 3343 22 6.6 847 7 8.3 
Bar seine 36 0.0 7 0.0 
Trap 23 0.0 3 0.0 
Other 15 0.0 45 17 377.8 7 0.0 8 0.0 

1981 Purse-seine 5211 37 7.1 1855 23 12.4 
Ring net 
Gill net 37 0.0 2933 33 11.3 1124 13 11.6 903 2 2.2 
Bar seine I 0.0 4 0.0 
Trap 13 0.0 18 55.6 
Other 95 0.0 29 0.0 4 0.0 



TABLE A3. Details of herring catch and sampling performance by gear type and quarter, Newfoundland east coast (includes: Notre Dame-White Bay, 
Bonavista Bay, Trinity Bay and Conception Bay- Southern Shore), 1975-81. 

Quarter I Quarter 2 Quarter 3 Quarter 4 

Year Gear Catch No. samples Performance Catch No. samples Performance Catch No. samples Performance Catch No. samples Performance 

1975 Purse-seine 357 4 11.2 I 2 2000.0 4918 31 6.3 
Ring net 6 0.0 99 4 40.4 2982 34 !1.4 1092 15 13.7 
Gill net 5 1000.0 1126 18 16.0 874 12 13.7 1986 15 7.6 
Bar seine 213 14 65.7 480 4 8.3 51 I 19.6 
Trap 308 19 61.7 472 12 25.4 43 3 69.8 
Other 

1976 Purse-seine 
Ring net 2236 39 17.4 497 18 36.2 7020 80 11.4 
Gill net 66 0.0 1685 33 19.6 390 15 38.5 1518 16 10.5 
Bar seine 2 0.0 659 31 47.0 168 0.0 343 5 14.6 
Trap 459 17 37.0 277 II 39.7 273 5 18.3 
Other 258 9 34.9 

1977 Purse-seine 
Ring net 5535 52 9.4 1475 4 2.7 8640 50 5.8 
Gill net 366 10 27.3 1791 19 10.6 176 0.0 1048 0.0 
Bar seine 3191 28 8.8 25 0.0 2399 14 5.8 
Trap 549 4 7.3 243 32.9 60 2 33.3 
Other 236 0.0 

1978 Purse-seine 
Ring net 304 5 16.5 3208 23 7.2 3491 1.4 4756 51 10.7 
Gill net 843 2 2.4 6160 49 8.0 242 0.0 1868 5 2.7 
Bar seine 5 0.0 1434 18 12.6 144 0.0 104 0.0 
Trap 430 8 18.6 148 6.8 271 0.0 
Other 

1979 Purse-seine 
Ring net 3496 53 15.2 798 3.8 3619 24 6.6 
Gill net 1951 9 4.6 8709 77 8.8 72 0.0 2530 I 0.4 
Bar seine 19 0.0 4210 30 7.1 8 0.0 56 0.0 
Trap 380 6 15.8 353 0.0 262 0.0 
Other 

1980 Purse-seine 
Ring net 2016 25 12.4 17 2 117.7 2624 27 10.3 
Gill net 930 2 2.2 3682 20 5.4 249 I 4.0 952 10 10.5 
Bar seine 5 0.0 1676 34 20.3 4 0.0 116 0.0 
Trap 132 0.0 10 2 200.0 
Other 

1981 Purse-seine 
Ring net I 0.0 43 23.3 2420 60 24.8 
Gill net 1000.0 3147 25 7.9 95 0.0 1500 5 3.3 
Bar seine 1012 16 15.8 2 0.0 475 11 23.2 
Trap 41 0.0 9 0.0 116 0.0 
Other 
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TABLE A4. Details of Canadian catch and sampling TABLE AS. Details of Canadian catch and sampling TABLE A6. Details of Canadian catch and sampling 
performance by gear type for capelin taken in Div. 3L, performance by gear type for capelin taken in Div. 3K, performance by gear type for capelin taken in Div. 4R, 
second quarter, 1975-81. second quarter, 1975-81. second quarter, 1975-81. 

No. No. No. 
Year Gear Catch (t) samples Performance Year Gear Catch (t) samples Performance Year Gear Catch (t) samples Performance 

1975 Bar seine 1413 10 7.1 1975 Bar seine 613 1.6 1975 Bar seine 52 0 0 
Trap net 792 0 0 Trap net 86 11.6 Trap net 
Ring net Ring net Ring net 
Purse-seine Purse-seine Purse-seine 

1976 Bar seine 1 614 2 1.2 1976 Bar seine 1519 3 2.0 1976 Bar seine 92 0 0 
Trap net 953 7 7.3 Trap net 162 0 0 Trap net 
Ring net Ring net Ring net 
Purse-seine Purse-seine Purse-seine 

1977 Bar seine 2 557 0 0 1977 Bar seine 1892 3 1.6 1977 Bar seine 105 0 0 
Trap net 1 009 6 6.0 Trap net 245 1 4.1 Trap net 
Ring net 1 703 0 0 Ring net Ring net 
Purse-seine Purse-seine Purse-seine 1409 2 1.4 

1978 Bar seine 3 782 6 1.6 1978 Bar seine 1948 0 0 1978 Bar seine 83 2 24.1 
Trap net 1 632 2 1.2 Trap net 447 8 17.9 Trap net 
Ring net 916 0 0 Ring net 25 0 0 Ring net 
Purse-seine 1 193 4 3.4 Purse-seine Purse-seine 8121 50 6.2 

1979 Bar seine 3 469 18 5.2 1979 Bar seine 461 0 0 1979 Bar seine 33 0 0 
Trap net 5 552 14 2.5 Trap net 42 0 0 Trap net 
Ring net 3 295 0 0 Ring net 168 0 0 Ring net 
Purse-seine Purse-seine Purse-seine 5705 10 1.8 

1980 Bar seine 1 347 6 4.5 1980 Bar seine 654 0 0 1980 Bar seine 112 0 0 
Trap net 5 661 10 1.8 Trap net 139 0 0 Trap net 2 0 0 
Ring net 7 439 16 2.2 Ring net 560 2 3.6 Ring net 
Purse-seine Purse-seine Purse-seine 4661 13 2.8 

1981 Bar seine 1 348 17 12.6 1981 Bar seine 469 0 0 1981 Bar seine 236 4 17.0 
Trap net 7 896 20 2.5 Trap net 282 0 0 Trap net 
Ring net 15 249 44 2.9 Ring net 1027 0 0 Ring net 1 0 0 
Purse-seine Purse-seine Purse-seine 1923 8 4.2 

-------- -----
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and invertebrates/L'echantillonnage des prises commerciales de poissons et d'invertebres 
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The adequacy of the sampling of the landings from the 4X haddock fishery was evaluated 
for the 1968-81 period. Examination of fleet catch trends and gear composition indicated the presence 
of six sampling strata which needed to be covered. Identification of these strata was confirmed 
through analysis of landings age-size data. During the review period, only two of the strata were 
sampled to any degree. These represented landings from large (tonnage classes 4 and 5) otter trawlers 
and longliners. It was determined that due to the nature of the fishery, a shift of the current sam
pling effort to the undersampled strata, i.e. those involving landings from small draggers, would 
lead to a 500Jo reduction in the overall landings covered. Within particular strata, variation in the 
size composition of the landings was high, due to the incidental presence of samples with large 
numbers of small fish. Removal of these samples increased stratum homogeneity of variance 
dramatically. To determine the causal factors for these aberrant samples, more background data 
on the fishing activity are required, which can be obtained through enhancement of existing data 
collection systems. 

O'BOYLE, R., L. CLEARY, AND J. McMILLAN. 1983. Determination of the size composition of the 
landed catch of haddock from NAFO Division 4X during 1968-81, p. 217-234. In W. 
G. Doubleday and/et D. Rivard [ed./ect.] Sampling commercial catches of marine fish 
and invertebrates/L'echantillonnage des prises commerciales de poissons et d'invertebres 
marins. Can. Spec. Pub!. Fish. Aquat. Sci./Publ. spec. can. sci. halieut. aquat. 66. 

On evalue ici Ia qualite de l'echantillonnage des debarquements, de 1968 a 1981, pour Ia peche 
a l'aiglefin du 4X. L'analyse des tendances des prises pour Ia flotte et l'examen des engins de peche 
utilises suggerent que six strates d'echantillonnage doivent etre couvertes. Une analyse des donnees 
d'age et de taille obtenues sur les debarquements confirme l'identite de ces strates. Pour Ia peri ode 
couverte par cette revue, seulement deux de ces strates ont fait !'objet d'un effort d'echantillon
nage notable : ces deux strates correspondent aux debarquements des gros chalutiers a panneaux 
(classes 4 et 5) et des palangriers. L'etude demontre que, a cause de Ia nature meme de cette peche, 
un deplacement de !'effort d'echantillonnage vers Ies strates sous-echantillonnees, i.e. celles qui 
couvrent les debarquements des petits chalutiers, menerait a une diminution de 50% du nombre 
total des debarquements devant faire !'objet d'echantillonnage. A l'interieur d'une strate particuliere, 
Ia variation des debarquements - relativement a leur composition en taille - etait grande : cette 
grande variation est liee a Ia presence occasionnelle d'echantillons ayant un grand nombre de petits 
poissons. La suppression de ces echantillons a augmente de fa9on significative l'homogeneite de 
Ia variance a l'interieur de chaque strate. Afin de determiner quelles etaient les causes de ces echan
tillons aberrants, on doit obtenir des donnees additionnelles sur les activites de peche : ces donnees 
peuvent etre obtenues en ameliorant les systemes existants pour Ia collecte des donnees. 

Introduction 

A large class of mathematical models presently being 
used in fisheries management requires a knowledge of the 
age-size structure of a resource's yield. Sequential popula-

tion analysis procedures such as Virtual Population 
Analysis (Gulland 1965) and Cohort Analysis (Pope 1972) 
have been and are being used extensively in fisheries 
management organizations such as CAFSAC and ICES to 
determine both historical and current fish population sizes. 
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Indeed, Rivard and Doubleday (1979) point out that cur
rent year estimates of population size using these pro
cedures are almost wholly dependent on the accuracy of 
the catch-at-age data for that year. This in turn affects the 
accuracy of projected yield. These projections themselves 
are normally carried out using exploitation criteria defined 
by models such as yield per recruit (Ricker 1975) which re
quire good catch age-size data. The use of these types of 
models in fisheries management is thus critically dependent 
on the generation of accurate age-size composition of the 
yield. 

The importance of sampling in the stock assessment 
process has stimulated much research into how best to con
duct large-scale sampling programs. Early work by Pope 
(1956), Gullartd (1962), and Mackett (1973) emphasized the 
need for adequate stratification while later works by 
Kimura (1977) and Westrheim and Ricker (1978) examined 
the use of age-length keys in the sampling process. Unfor
tunately there is a notable lack of studies on the identifica
tion of sampling strata and optimization of available sam
pling effort both within and among strata. For this reason, 
existing sampling protocols (Beckett 1983) have generally 
been established through a combination of statistical rigor 
and operational practicality. 

The fishery for haddock in NAFO Division 4X has been 
sampled since the early 1950s. Coverage of the fleets in
volved increased substantially during the mid-late 1960s. 
It was thought worthwhile to review the sampling history 
of this fishery since 1968. Particular emphasis was placed 
on the identification of sampling strata and the variability 
so far observed within each stratum. This knowledge was 
used to make recommendations on the improvement of 
sampling coverage, intensity, and data quality. 

Description of the Fishery 

The first step in the evaluation of a sampling program 
is a simple description of the fleets involved in the fishery 
along with their activities over the sampling period. This 
will allow identification of major sampling strata within 
which sampling effort can be evaluated. 

THE VESSELS 

Prior to the mid-1960s, landings by countries other than 
Canada represented a substantial portion of the catch 
(O'Boyle 1981). However since that time, Canadian vessels 
operating from Nova Scotia ports have been the exclusive 
exploiters of this stock. These vessels range in size from 
about 20 gross tons up to 600 gross tons. For convenience, 
they have been categorized as tonnage class 1 (0-24.9 gross 
tons), tonnage class 2 (25-49.9 gross tons), tonnage class 
3 (50-149.9 gross tons), tonnage class 4 (150-499.9 gross 
tons), or tonnage class 5 (500 + gross tons) vessels. 

Three types of vessels are involved in the fishery. The 
first is the otter trawler which deploys a trawl either over 
the stern or side of the vessel while underway. Within this 
fleet, there are three main groups: 

1) tonnage class 1 vessels which restrict their activities 
to within 15 mi of the coast; 
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2) tonnage class 2 and 3 vessels which make 1-3-d trips 
throughout 4X; and 

3) tonnage class 4 and 5 vessels owned by the big fishing 
companies which make 10-d trips in the area but 
never enter the Bay of Fundy. 

The second major fleet to be involved in the fishery is 
that of the longliners. These vessels rarely range larger than 
tonnage class 3. They deploy line gear over the side rather 
than towed gear. At present there is not enough informa
tion to determine intrafleet fishing behavioral differences. 

The last set of gear employed in the fishery is that of 
the small coastal fishermen who generally use gill nets, 
traps, and other miscellaneous fishing apparatuses. As with 
the longliners, the information on this fleet is not suffi
cient enough to allow further characterization of subfleet 
activity. 

FLEET ACTIVITY DURING 1968-81 

Much of the yield from the resource has been taken by 
the otter trawler fleet (Table 1). The reported catches by 
these vessels have also been the main cause for fluctuations 
in the total landings. Catches by the longliners and 
miscellaneous gears have remained fairly constant. 

TABLE 1. Reported nominal catches (t round) of haddock from 
unit areas 4Xm-r for Canadian (Maritimes and Quebec) fishery 
by gear type. 

Otter trawl Miscellaneous 
Year (Side & stern) Longline gears Totals 

1968 24 128 1 907 1 244 27 279 
1969 23 752 2 322 1 339 27 413 
1970 11 395 2 867 1 298 15 560 
1971 12 001 3 112 954 16 067 
1972 7 491 3 967 933 12 391 
1973 6 050 5 785 70I I2 536 
I974 5 572 6 I62 509 I2 243 
I975 IO 500 4 943 548 15 99I 
I976 IO 492 4 637 I I65 I6 294 
I977 I4 530 4 035 996 I9 56I 
I978 I7 305 6 049 I 946 25 300 
I979 I8 504 4 348 I 435 24 287 
1980 20 095 5 7I7 2 403 28 2I5 
198I 2I 246 6 995 I 9I5 30 156 

Within the otter trawler fleet, the relative contribution 
to overall yield made by the various tonnage classes has 
changed over time. Prior to 1973, the tonnage class 4 and 
5 vessels reported the majority of the landed each (Table 
2). However, since that time, their overall importance to 
the fishery has waned to the point that in 1980-81, the ma
jority of the catch of 4X haddock is being reported by ton
nage class 2 and 3 otter trawlers. Landings of the tonnage 
class 1 vessels have also dramatically increased in recent 
years. 

Description of the spatial movement of the various fleets 
is dependent on compilation of data gleaned from ship's 
fishing logs. According to the Canadian Fisheries Act, all 
vessels greater than 25 gross tons are required to complete 
logs stating where they were fishing and how much they 



TABLE 2. Reported nominal catches (t round) of haddock from unit areas 4Xm-r for 
Canadian otter trawl fishery by tonnage class. 

Tonnage class 

Year 0-24.9 25-49.9 50-149.9 150-499.9 500+ Total 

1968 850 3 537 5 904 
1969 489 2 037 3 755 
1970 196 1 728 2 970 
1971 174 1 511 2 604 
1972 145 977 1 619 
1973 105 786 931 
1974 208 1 914 I 827 
1975 316 2 391 3 384 
1976 310 1 452 2 586 
1977 456 2 196 3 533 
1978 930 3 399 4 884 
1979 880 3 693 5 297 
1980 2 136 4 417 6 102 
1981 2 021 6 415 6 163 

caught. A complete description on how this information 
is handled by government data processing groups is given 
by J. McMillan and R. O'Boyle (Marine Fish Division, 
Bedford Institute of Oceanography, Dartmouth, N.S., per
sonal communication). It is sufficient here to say that the 
smallest area of resolution presently available is that of the 
unit area, of which there are nine in 4X - designated as 
4X1, 4Xm, 4Xn, 4Xo, 4Xp, 4Xq, 4Xr, 4Xs, and 4Xx 
(Fig. 1). The activities of the tonnage class 1 vessels, since 
they are not required to carry logs, are known generally 
but not specifically. Therefore the data given in Table 3a 
are derived from purchase slip information which, although 
not as reliable as log derived data, provide a general pat
tern of fleet activity. 

Tonnage class I otter trawlers (Table 3a) restrict their 
major fishing activity to the April-October period in those 
unit areas bordering the coastline (4Xo, 4Xq, and 4Xr). 
Much higher catches are reported from the Bay of Fundy 
than elsewhere. This pattern has not changed dramatical
ly since 1968. As stated above, these vessels only have hold 
capacity and fuel for 1-d trips. Most of them operate out 
of ports stretching from the tip of southwest Nova Scotia 
up into the Bay of Fundy. Reports from fisheries person
nel in the area suggest that these vessels also carry trawls 
with codend meshes smaller than those used by the larger 
vessel fleets. This has yet to be confirmed. 

The tonnage class 2 and 3 vessels (Table 3b) operating 
out of southwest Nova Scotia ports fish predominantly dur
ing February-November. Prior to the closure to fishing of 
the Brown's Bank spawning grounds in 1970, these vessels 
would operate in this area during February-May and then 
slowly shift their activity into the Bay of Fundy where they 
would fish for the rest of the year. Closure of the spawn
ing grounds led to increased fishing activity in unit area 
4Xn, particularly since 1979. The shift of the fishing to 
the Bay of Fundy still persists. These vessels presently ap
pear to use a range of codend mesh sizes between 115 and 
130 mm and fish both close to shore and on the offshore 
banks. 

The tonnage class 4 and 5 otter trawlers (Table 3c) from 
ports further up the Nova Scotia coast historically expended 

10 560 3 275 
9 695 7 776 
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FIG. 1. Canadian fisheries statistical unit areas in NAFO Division 
4X. Vertical line shading indicates closed area to groundfishing 
during March, April, and May of 1970-present. Dash-line shading 
indicates major banks and stippel shading indicates major basins. 

most of their fishing effort on spawning concentrations of 
haddock on Brown's Bank during the late winter-early 
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TABLE 3a. Reported nominal catch (t round) of 4X haddock from unit areas m-r, u for Canadian 
otter trawl fishery (TC 1) by month and year. 

Unit 
Year area J F M A M J J A s 0 N D Total 

1968 m 
n 
0 20 27 24 22 28 22 6 150 
p 
q 6 39 12 117 13 2 189 

4 2 14 71 197 129 61 30 ~ 511 
u 

1972 m 
n 
0 4 6 10 
p 
q 12 9 19 8 3 51 

3 15 24 8 11 8 I 5 5 81 
u 

1976 m 
n 
0 2 4 19 12 26 8 72 
p 
q 12 17 14 15 44 7 109 

26 38 21 8 24 I 7 5 131 
u 

1977 m 
n 
0 

p 
q 
r 
u 19 35 134 84 74 54 21 35 457 

1978 m 3 I 9 3 2 19 
n 7 7 
0 5 28 23 8 24 39 34 7 23 2 3 196 
p 13 I 14 
q 22 98 130 120 76 29 476 

9 3 35 76 28 30 25 9 215 
u 

1979 m 2 4 6 
n 5 I 6 
0 14 16 92 65 67 23 40 8 326 
p 
q 2 58 123 82 56 52 27 8 408 

I 16 45 19 23 23 3 2 132 
u 

1980 m 4 3 9 
n 21 21 
0 3 2 26 40 37 115 79 39 35 51 18 20 465 
p 
q 29 2 35 104 212 257 202 95 61 997 

2 2 2 116 236 131 75 61 17 640 
u 

1981 m 5 5 
n 10 10 
0 29 48 30 27 61 122 120 39 58 34 12 12 592 
p 
q 4 39 168 180 199 169 100 8 867 

16 !57 148 88 88 28 18 2 546 
u 
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TABLE 3b. Reported nominal catch (t round) of 4X haddock from unit areas m-r, u for Canadian otter trawl 
fishery (TC 2 and 3) by month and year. 

Unit 
Year area 1 F M A M 1 1 A s 0 N D Total 

1968 m 
n 3 4 5 25 7 4 48 
0 61 35 106 273 217 68 62 28 4 6 6 864 
p 4 13 223 948 268 20 33 1 7 27 5 3 1552 
q 32 27 126 137 224 49 68 174 67 39 9 2 954 

46 99 43 80 970 1216 993 1134 863 304 186 85 6019 
u 1 4 5 

1972 m 
n 23 15 21 37 28 13 138 
0 3 18 4 6 22 9 13 75 
p I 335 22 13 371 
q 27 5 31 73 108 110 57 33 39 8 2 493 
r 21 5 6 17 270 280 268 222 242 142 37 12 1522 
u 

1976 m 9 3 2 4 3 1 22 
n 14 34 5 47 33 50 29 58 28 16 314 
0 20 51 16 26 38 21 20 82 36 47 6 363 
p 40 18 5 6 91 87 60 19 3 329 
q 3 19 219 219 126 51 205 107 53 20 1022 

12 15 249 455 597 223 217 127 71 10 1976 
u 5 8 13 

1977 m I 1 
n 26 2 80 76 42 71 64 27 2 390 
0 411 92 50 63 24 25 52 40 11 8 777 
p 44 12 4 800 176 261 127 52 13 1490 
q 5 53 121 263 185 165 219 86 15 1112 

1 27 161 189 166 243 174 348 111 2 1423 
u 22 23 14 26 101 48 31 61 111 87 534 

1978 m 1 10 11 
n 58 61 15 296 282 37 33 9 6 797 
0 65 455 93 224 469 35 26 11 3 6 10 11 1408 
p 51 105 51 43 1556 419 304 25 9 15 9 2578 
q 3 5 139 272 156 234 268 177 138 36 1428 
r 5 38 171 288 265 274 460 189 102 3 1795 
u 34 26 16 46 31 58 20 32 4 1 2 270 

1979 m 2 3 5 
n 5 495 801 150 28 27 93 55 21 11 1686 
0 32 20 183 176 83 30 25 48 21 98 81 18 815 
p 8 40 74 120 3 876 339 177 28 99 32 3 1799 
q 22 46 605 469 335 424 338 294 31 6 2570 

2 39 402 295 186 267 295 176 147 9 . 1818 
u 29 2 12 53 31 92 84 303 

1980 m 1 I I 4 1 8 
n 8 268 495 1058 476 81 99 55 73 76 12 52 2753 
0 38 138 26 127 103 31 96 108 145 398 135 124 1469 
p 20 167 9 5 6 484 177 93 50 3 73 1087 
q 2 11 53 79 495 395 407 406 489 236 70 58 2701 

15 7 2 19 346 389 403 418 328 331 77 12 2347 
u 7 17 3 11 5 2 39 59 15 2 160 

1981 m 27 6 3 1 2 2 41 
n 272 775 1177 555 520 143 70 90 60 76 2 4 3744 
0 254 356 83 72 458 143 151 121 104 88 11 12 1853 
p 74 379 5 14 898 208 31 9 27 7 7 1659 
q 4 8 31 152 251 381 311 821 224 9 9 2201 
r 4 11 6 76 217 271 526 501 465 578 58 19 2732 
u 6 11 23 16 71 25 39 72 71 11 6 351 
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TABLE 3c. Reported nominal catch (t round) of 4X haddock from unit areas m-r, u for Canadian otter trawl 
fishery (TC 4 and 5) by months and year. 

Unit 
Year area J F M A M J J A s 0 N D Total 

1968 m 7 5 2 5 1 8 28 
n 332 790 1039 402 301 47 29 84 177 73 706 118 4098 
0 747 636 132 152 49 9 3 8 3 6 26 6 1777 
p 276 518 1226 1938 1048 808 319 401 218 286 138 163 7339 
q 110 107 5 26 100 78 37 23 13 46 545 

6 3 1 3 2 17 15 47 
u 

1972 m 2 6 8 
n 178 514 210 171 81 333 28 29 28 49 67 10 1698 
0 344 386 194 57 125 157 23 22 19 44 17 8 1396 
p 108 249 56 424 142 182 64 40 24 7 1296 
q 10 20 6 so 150 28 9 8 12 2 325 

14 10 24 
u 

1976 m 35 16 7 1 7 9 5 so 
n 219 752 980 26 626 492 507 147 51 79 21 30 3930 
0 200 148 185 8 43 141 140 67 130 105 224 93 1484 
p 7 25 51 54 251 113 13 20 5 1 1 541 
q 6 32 40 7 1 4 16 106 

3 4 
u 1 1 

1977 m 5 28 29 9 10 17 7 5 1 17 128 
n 378 970 793 388 363 164 38 91 93 301 427 19 4025 
0 274 474 260 145 201 174 26 127 50 155 436 25 2347 
p 293 204 92 21 669 23 32 229 154 15 1732 
q 4 3 14 8 3 9 41 

u 31 34 4 69 

1978 m 5 71 8 59 63 2 208 
n 153 444 389 473 1157 525 279 39 5 7 347 3818 
0 398 123 266 43 57 143 108 13 17 659 1827 
p 152 61 32 3 648 361 124 3 2 1 199 1586 
q 22 14 7 49 12 6 7 117 

u 27 44 72 109 271 13 536 

1979 m 15 21 28 22 6 3 3 35 46 77 256 
n 321 427 1734 404 195 12 16 43 191 214 384 791 4732 
0 880 108 53 36 45 4 2 18 83 286 344 799 2658 
p 67 238 101 51 114 22 42 32 32 94 793 
q 16 8 12 13 3 52 

u 30 41 7 3 63 144 

1980 m 5 33 145 23 11 1 13 56 287 
n 605 979 635 167 179 98 130 41 41 275 154 425 3729 
0 194 190 43 3 11 8 33 23 89 257 723 648 2222 
p 8 312 103 68 57 3 33 116 27 405 1132 
q 7 1 19 8 3 38 
r 
u 5 2 22 29 

1978 m 27 49 13 17 1 42 26 8 184 
n 198 1128 1435 1142 231 58 46 148 67 138 48 4639 
0 99 140 14 3 114 66 5 24 11 16 336 553 1381 
p 25 139 17 1 46 1 4 3 156 392 
q 1 1 
r 
u 37 10 47 
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TABLE 4. Reported nominal catch (t round) of 4X haddock from unit area m-r, u for Canadian longline fishery 
(all TC's) by months and year. 

Unit 
Year area 1 F M A M 1 1 A s 0 N D Total 

1968 m 1 2 11 1 2 17 
n 4 34 80 29 7 4 2 7 12 10 189 
0 30 24 104 55 96 81 55 48 98 202 77 23 893 
p 12 80 129 46 4 5 2 10 4 1 294 
q 2 6 2 3 13 
r 31 67 133 124 119 25 500 
u 

1972 m 3 3 6 8 8 7 27 20 6 88 
n 6 6 83 85 28 8 23 27 17 25 15 6 329 
0 194 91 89 69 85 158 306 427 607 562 126 133 2847 
p 67 76 3 26 17 29 8 26 5 257 
q 11 17 18 30 71 11 5 20 7 6 2 12 210 

1 2 24 44 43 60 29 22 9 3 237 
u 4 

1976 m 4 2 2 5 5 2 7 6 8 9 25 11 86 
n 98 212 92 45 50 43 68 47 72 51 18 29 825 
0 88 207 Ill 117 115 441 662 462 431 194 119 71 3018 
p 51 274 42 16 8 17 10 4 9 1 432 
q 22 23 31 28 23 29 8 7 172 
r 1 18 42 13 8 4 88 
u 10 1 3 2 3 19 

1977 m 1 1 7 19 3 2 1 5 39 
n 117 145 113 134 40 69 84 24 36 38 28 16 844 
0 52 112 22 10 13 29 20 12 21 43 30 17 381 
p 14 274 19 1 7 49 8 17 17 4 6 416 
q 18 45 32 5 100 

u 92 176 36 77 78 233 361 308 308 334 169 85 2257 
1978 m 2 13 4 5 2 2 1 7 5 34 35 20 130 

n 118 331 154 119 34 45 23 61 Ill 96 62 52 1206 
0 229 427 17 63 129 281 489 630 685 246 195 84 3475 
p 97 365 15 3 119 30 67 103 42 19 9 869 
q 2 3 1 9 46 23 29 52 93 14 272 
r 7 4 22 32 1 66 
u 7 1 12 7 27 

1979 m 28 2 16 16 12 8 28 21 30 65 60 46 332 
n 105 62 327 69 16 69 33 101 28 64 38 13 925 
0 71 5 44 60 95 327 431 536 514 260 162 79 2584 
p 82 90 3 1 22 3 20 14 5 19 3 262 
q 23 19 31 61 24 20 4 1 183 

3 17 9 11 11 6 1 58 
u 3 3 

1980 m 21 17 34 44 43 32 19 16 67 98 78 82 551 
n 83 279 80 142 46 74 41 68 72 189 94 216 1384 
0 97 200 47 128 213 345 409 431 466 429 111 114 2990 
p 42 247 9 20 21 16 17 25 6 403 
q 14 7 20 39 70 91 8 7 256 
r 1 11 31 37 19 11 4 114 
u 5 3 1 3 1 6 19 

1981 m 25 26 63 14 28 34 42 83 75 235 165 89 879 
n 267 356 159 19 29 21 29 93 75 110 44 57 1259 
0 219 359 139 111 122 261 333 622 433 633 235 94 3561 
p 214 554 52 9 6 16 5 24 15 26 11 5 937 
q 4 5 15 25 42 17 2 8 118 

15 8 30 35 15 6 110 
u 7 14 12 53 39 128 
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spring. Early in the 1970s, the bank was closed to fishing 
during March-May as a conservation measure. Also the 
allocation given to these vessels has declined in recent years 
in line with departmental policy. Generally these vessels 
are now allowed to fish both early and late in the year to 
minimize competition with the smaller vessels. This is a ma
jor reason why landings by these vessels are lowest in May
September. 

The longline fishery (Table 4) has been operating dur
ing most months of the year with peak activity occurring 
during July-November. The majority of this fishing effort 
has been expended in unit areas 4Xn and 4Xo. Relatively 
little longliner activity appears to occur in the Bay of 
Fundy. 

Identification of Sampling Strata 

In this section, the patterns described above, as well as 
known biological characteristics of the haddock popula
tion are combined to determine a sampling stratification 
scheme necessary to ensure adequate coverage of the fleet's 
landings. For the moment the level of sampling within each 
stratum is not considered. It will, in general terms, be some 
function of landings, although there are caveats in this ap
proach, to be described later. In the next section, the 
historical pattern of sampling is compared to the derived 
stratification scheme to evaluate the adequacy of sam
pling coverage. 

Based on gear differences alone, sampling levels of ot
ter trawlers, Iongliners, and miscellaneous gears should be 
determined separately. Within the otter trawler fleet, two 
groups are immediately obvious- the tonnage class 1 and 
tonnage class 4 and 5 vessels. These two groups use 
dramatically different fishing methods to exploit the stock. 
The situation with the tonnage class 2 and 3 vessels is more 
complex. They can fish in areas where both the smallest 
and largest vessels operate. The tonnage class 3 vessels are 
slightly more mobile than the tonnage class 2 vessels in this 
regard. Preliminary evidence shows that this fleet compo-

nent exploits both small and large fish in the Bay of Fun
dy but always large fish when on Brown's Bank. Therefore, 
until further results are available, it is proposed to stratify 
sampling of these vessels by two areas - 4Xmnop and 
4Xqr. 

Splitting of the longliner and miscellaneous gear com
ponents by either size of vessel or area fished appears 
unwarranted. 

Therefore the 6 sampling strata described are: 
1) otter trawl, TC 1 
2) otter trawl, TC 2-3 with landings from 4Xmnop 
3) otter trawl, TC 2-3 with landings from 4Xqr 
4) otter trawl, TC 4-5 
5) longline 
6) miscellaneous gears. 

STRATA COVERAGE 

During 1968-81, an average of 48 samples was collected 
annually (Table 5a). Much of this sampling has been 
focused on the tonnage class 4 and 5 otter trawlers. For 
these vessels, the tons landed per sample have averaged 317 
(Table 5b) which exceeds considerably the ICNAF/NAFO 
guidelines of 1000 t per sample (Beckett 1983). Sampling 
of the longliner fleet has also been good. Coverage of the 
remaining four strata has, however, been poor, particularly 
so for the tonnage class 1 vessels. 

Another way of looking at sampling coverage is to deter
mine the percentage contribution that the landings from the 
sampled vessel make towards the total landings of that 
fleet component. In other words, if a vessel reporting a 
landing of 50 t is sampled while the entire fleet catch for 
the time involved was 500 t, then the sampling was represen
tative of lOOfo of the total landings. Analysis of the 1977-78 
otter trawler fleet data, on a monthly basis, indicated that 
the trip by trip landings of the tonnage class 4 and 5 vessels 
were very well sampled and samples for the smaller vessels 
were almost nonexistent (Table 6). 

All the above analyses point to an inadequacy of sampl
ing coverage of the landings made by the smaller vessels. 

TABLE Sa. Reported nominal catch (t round) of 4X haddock by proposed sampling strata and 
year. Parentheses indicate number of samples taken by MFD sampling group. 

Otter trawl fleet 

TC I TC 2& 3 Longliner Miscellaneous 
Year mnop qr TC 4& 5 fleet gear 

1968 850 2 468 (3) 6 973 (9) 13 835 (36) 1 907 I 244 
1969 489 1 828 (6) 3 964 (4) 17 471 (46) 2 322 I 339 
1970 196 (I) 2 316 (I) 2 382 (2) 6 500 (22) 2 867 1 298 
1971 174 (I) 1 865 (2) 2 250 (3) 7 712 (20) 3 ll2 (3) 954 
1972 145 583 (2) 2 013 (2) 4 750 (22) 3 967 (9) 933 (I) 
1973 105 184 1 533 (6) 4 228 (15) 5 785 (9) 701 
1974 208 (2) 187 3 554 (6) 1 623 (5) 6 162 (II) 509 (I) 
1975 316 (3) 1 919 (7) 3 856 (9) 4 409 (28) 4 943 (8) 548 (I) 
1976 310 1 041 (I) 2 997 (3) 6 144 (33) 4 637 (5) 1 165 (3) 
1977 456 3 196 (3) 2 533 (3) 8 345 (65) 4 035 (9) 996 
1978 930 5 064 3 219 8 093 (48) 6 049 (10) I 946 (4) 
1979 880 4 604 (2) 4 386 8 634 (33) 4 348 (12) 1 435 (2) 
1980 2 136 5 473 (10) 5 046 (2) 7 440 (23) 5 717 (17) 2 403 (4) 
1981 2 021 (I) 7 647 (i3) 4 931 (17) 6 647 (7) 6 995 (25) 1 915 (8) 
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TABLE5b. Reported nominal catch (t round) per sample by proposed sampling 
strata and year. 

Otter trawl fleet 

TC 1 TC 2 & 3 
Longliner Miscellaneous 

Year mnop qr TC 4 & 5 fleet gear 

1968 823 775 384 
1969 305 991 380 
1970 196 2316 1191 295 
1971 174 933 750 386 1037 
1972 292 1007 216 441 933 
1973 256 282 643 
1974 104 592 325 560 509 
1975 105 274 428 157 618 548 
1976 1041 999 186 927 388 
1977 1065 844 128 448 
1978 169 605 487 
1979 2302 262 362 718 
1980 547 2523 323 336 601 
1981 2021 332 290 950 280 239 

X 520 930 887 317 569 553 

TABLE 6. Percentage (total weight sampled/total weight Unfortunately, a simple reallocation of sampling effort 
landed) of the 1977 and 1978 4X haddock otter trawler land- does not appear possible. Baird and Stevenson (1983) point 
ings observed by MFD sampling personnel. out that between vessel variation of size composition is 

Tonnage class 
greater than within vessel variation. Within the 4X had-
dock fishery, there are considerably more tonnage class 1, 

Year Month 2 4 5 Total 2, and 3 vessels operating than those in the larger size 
categories. Thus a shift to sampling of the smaller vessels 

1977 J 22 21 21 may result in an overall increase in size composition varia-
F 4 30 87 47 tion if sampling effort is not increased. This is above and M 79 92 78 beyond the operational problems involved in sampling hun-A 36 13 17 

dreds of small boats operating out of as many ports. M 38 3 11 
J 48 6 11 An appreciation of the impact of sampling more heavily 
J within the smaller vessel stratum can be realized by exam-
A 50 10 ining the 1977-78 otter trawler realized average trip weights-
s 8 16 27 14 per-sample (Table 7). In these 2 yr, about 26 000 fish were 
0 10 19 8 measured and 3700 otoliths read. The average catch per 
N 17 12 11 trip for the tonnage class 2 and 3 sampled vessels was 12.1 
D 25 16 and 17.8 t, respectively. This compares with 45.9 and 

Total 2 38 39 23 
62.9 t per trip for the tonnage class 4 and 5 sampled vessels. 
On a trip by trip basis, sampling coverage was about 190Jo 

1978 J 67 15 29 for the entire fleet. The figures in Table 8 were generated 
F 37 57 20 using the total catch landed for each tonnage class 
M 35 31 28 (Table 7), selecting an arbitrary coverage level of 10% and 
A 9 2 dividing that 10% value by the average catch weight per 
M 23 28 12 trip (Table 7) to obtain the probable number of samples 
J 74 12 16 required. The numbers measured and aged in Table 8 were 
J 120" 53 37 calculated using the average values per sample of Table 7. A 

Interestingly, the number of specimens measured and aged s 64 
0 remain about the same. Thus the trade-off would be re-
N duced overall coverage, from 19 to 10%, for a more even 
D <1 coverage of the sample strata. 

Total 45 21 15 
Before examining intrastratum variation, it was con-

aThere appears to be an error in the catch statistics for sidered worthwhile to verify that the stratification scheme 
this month. proposed earlier had some basis in the size-frequency data. 
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TABLE 7. Average trip weight for the 1977-78 4X haddock otter trawl samples. 

Tonnage class 

Year 2 3 4 5 Total 

1977 Catch (t)• 456 2 217 3 543 3 639 4 656 14 561 
Catch/trip (t) 12.1 17.8 42.2 58.5 47.2 
Number of samples 2 4 33 31 70 
No. measured 400 884 7 132 6 700 15 116 
No. aged 59 88 I 094 993 2 234 
OJocoverageb 1.1 2.0 37.8 38.9 22.7 

1978 Catch (t)a 931 3 441 4 936 3 860 4 233 17 400 
Catch/trip (t) 49.6 67.3 54.4 
Number of samples 35 13 48 
No. measured 8413 2 800 II 213 
No. aged 2 097 337 I 434 
OJo coverageb 45.0 20.7 15.0 

Mean Catch/trip (t) 12.1c 12.1 17.8 45.9 62.9 50.8 
No. measured sample 200 200 221 124 216 22.5 
No. aged/sample 30 30 22 32 30 31 
OJo coverageb 1.1 2.0 41.4 29.8 18.9 

•Total annual catch for that tonnage class. 
bNumber of trips sampled/total number of trips. 
cAssumed tonnage class 2 conditions. 

Length-frequency data for the otter trawler and longliner 
fleets fishing in 4Xm-q were compared for the 1975-80 
period (Fig. 2). In general, longliners landed considerably 
larger fish than did otter trawlers. This difference is par
ticularly evident in 1975 when the modes were 47 and 
62 em for the otter trawler and longliner samples, respec
tively. 

The size composition data for the tonnage class 2 and 
3 otter trawlers fishing both inside and outside the Bay of 
Fundy were examined for the 1970-80 period, excluding 
1977-79 (Fig. 3) when no data were available. In all years 
except 1980, the landings from 4Xr contained a substan
tially higher proportion of fish smaller than those landed 
from 4Xm-p. Although not shown here, samples from 4Xq 
compared more closely to those from 4Xr than those from 
4Xm-p (O'Boyle eta!. 1981). These comparisons were by 
no means consistent over years. This may be due to dif
ferential areal fishing within 4Xq, i.e. nearshore fishing 
in 4Xq produces small fish while fishing further offshore 

produces large fish. Unfortunately, available log record 
data do not provide positional information to fine enough 
resolution to assist in interpretation of this situation. This 
problem clearly points to a need for the collection of posi
tional information to a much finer degree of accuracy than 
is now the case. 

These observations indicate that fish smaller then 40 em 
total length are concentrating in the Bay of Fundy area. 
This is in general agreement with previous observations on 
the fishery (O'Boyle 1981; O'Boyle eta!. 1981). Preliminary 
reports from 1982 field operations indicate that vessels 
fishing closer to shore use smaller mesh gear. 

Unfortunately, there is not enough data to examine the 
landings of the tonnage class 1 vessels. However, 
preliminary reports from 1982 field operations indicate that 
these vessels are catching fish comparable in size to those 
being caught by tonnage class 2 and 3 vessels operating in 
the Bay of Fundy. Thus there may be no need to have a 
separate stratum for this fleet component. 

TABLE 8. Sampling intensity required to maintain a IOOJo even (across all tonnage classes) 
coverage of the 1977 and 1978 4X haddock otter trawler fisheries, assuming catch condi
tions outlined in Table 7. 

Tonnage class 

Year 2 3 4 5 Total 

1977 Catch (t) 456 2 217 3 543 3 689 4 656 14 561 
Total catch sampled (t) 46 222 354 369 466 2 456 
Number of samples 4 18 20 8 7 57 
No. measured 748 3600 4 420 992 1 512 II 272 
No. aged 120 540 440 256 210 1 566 

1978 Catch (t) 931 3 441 4 936 3 860 4 233 17 400 
Total catch sampled (t) 93 344 494 386 423 1 740 
Number of samples 8 28 28 8 7 79 
No. measured 1 600 5 600 6 188 3472 I 512 18 372 
No. aged 240 840 616 256 210 2 162 
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FIG. 2. Length-frequency compositions (percent) for the 1975-80 
4X haddock longliner and otter trawl landings samples collected 
in 4Xm-q. Plot with closed circles indicates otter trawlers and plot 
with open circles indicates longliners. 

In summary, analysis of the historical data set supports 
the stratification scheme proposed in the previous section. 
The in-depth study conducted during the 1982 fishing 
season once analyzed will provide valuable information on 
strata boundaries and may lead to changes in the proposed 
stratification scheme. 

SIZE COMPARISONS WITHIN STRATA 

The most extensive data set for the 1968-81 period is 
that of the tonnage class 4 and 5 trawlers operating in 
4Xm-p during 1977 and 1978. Sampling in February and 
March 1977 was particularly good, with 10 and 11 samples 
being collected, respectively. This data set was examined 
in detail to describe the level of variation present within 
the defined strata. 

The method used was that developed by Smith and 
Maguire (1983). Full details on the method are given in that 
document. The method was first applied to the 10 length
frequency samples of the February otter trawler (tonnage 
class 5) fishery. Of the 45 comparisons, 25 were found to 
be significantly different at the 50Jo level by the paired com
parisons test in Smith and Maguire (1983). The results are 
expressed in Table 9 as the number of significant com
parisons for a particular sample and length group. For sam
ple number 31, out of nine possible comparisons with the 
other samples, six (67%) were found to be significantly dif
ferent in the 40.5-cm group and seven (78%) in the 42.5-cm 
group. Using this technique, it is readily apparent that many 
of the significant comparisons in the data set are due to 
one sample, number 31. When this sample is removed and 
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FIG. 3. Length-frequency compositions (percent) for 1970-80 4X 
haddock otter trawl {TC 2-3) samples collected in 4Xm-q and 4Xr. 
Plot with open circles is always 4Xr. 

the analysis repeated, the number of significant differences 
drops dramatically (Table 9). Figure 4 shows the individual 
length-frequency curves for these samples. Sample number 
31 has a size distribution substantially skewed towards the 
smaller lengths. 

The reason for this is not immediately apparent. 
K. Zwanenburg (Marine Fish Division, Bedford Institute 
of Oceanography, Dartmouth, N.S., personal communica
tion) recorded an instance where a sample was considerably 
different in size composition from those collected from 
other vessels in the same area. It transpired that the vessel 
had been fishing near shore just before coming in to port 
and the port technician had fortuitously sampled the par
ticular part of the hold containing the most recent catch. 
It is impossible to state here without more data whether 
or not this occurred in the 1977 data. Analysis of the ship's 
log records would be useful in this regard. 

Analyses of the February tonnage class 4 and March ton
nage class 5 data sets resulted in comparable conclusions 
(Tables 10, 11). In both cases, one sample was found to 
be comprised of substantial numbers of small fish (sam
ple number 102 in the March tonnage class 5 samples and 
sample number 38 in the February tonnage class 4 samples). 

The March tonnage class 4 samples were generally very 
similar to each other (Table 11) and no one sample could 
be seen to be causing high variance in the comparisons. 
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TABLE 9. Enumeration of number of significant chi-square comparisons by length group (em) for samples of landings by the February 
1977 tonnage class 5 otter trawl fishery operating in 4Xm-p. 

A. NUMBER OF SIGNIFICANT COMPARISONS. B. PERCENTAGE OF SIGNIFICANT COMPARISONS. 

1) With sample 31. 1) With sample 31. 

Sample number Sample number 

1) 31 33 46 67 35 47 48 65 66 68 31 33 46 67 35 47 48 65 66 68 

32.5 0 0 0 0 0 0 0 0 0 0 32.5 0 0 0 0 0 0 0 0 0 0 
34.5 0 0 0 0 0 0 0 0 0 0 34.5 0 0 0 0 0 0 0 0 0 0 
36.5 9 1 1 1 1 1 1 1 1 1 36.5 100 12 12 12 12 12 12 12 12 12 
38.5 9 1 1 1 1 1 1 1 1 1 38.5 100 12 12 12 12 12 12 12 12 12 
40.5 6 0 1 1 1 1 1 0 0 1 40.5 67 0 12 12 12 12 12 0 0 12 
42.5 7 1 1 1 2 1 1 0 1 1 42.5 78 12 12 12 23 12 12 0 12 12 
44.5 2 1 0 0 2 0 0 0 0 1 44.5 23 12 0 0 23 0 0 0 0 12 
46.5 0 0 0 0 0 0 0 0 0 0 46.5 0 0 0 0 0 0 0 0 0 0 
48.5 1 0 0 2 2 2 3 0 0 0 48.5 12 0 0 23 23 23 34 0 0 0 
50.5 0 1 1 1 1 6 2 1 1 0 50.5 0 12 12 12 12 67 23 12 12 0 
52.5 2 0 4 0 1 3 1 1 0 2 52.5 23 0 45 0 12 34 12 12 0 23 
54.5 4 1 0 0 1 1 0 0 0 1 54.5 45 12 0 0 12 12 0 0 0 12 
56.5 3 1 0 0 2 1 1 0 0 0 56.5 34 12 0 0 23 12 12 0 0 0 
58.5 4 3 3 0 1 3 3 0 3 0 58.5 45 34 34 0 12 34 34 0 34 0 
60.5 2 1 1 0 5 1 0 1 0 1 60.5 23 12 12 0 56 12 0 12 0 12 
62.5 3 0 1 0 0 0 0 1 0 1 62.5 34 0 12 0 0 0 0 12 0 12 
64.5 2 0 0 1 0 0 1 0 0 0 64.5 23 0 0 12 0 0 12 0 0 0 
66.5 0 0 0 0 0 0 0 0 0 0 66.5 0 0 0 0 0 0 0 0 0 0 
68.5 0 0 0 0 0 0 0 0 0 0 68.5 0 0 0 0 0 0 0 0 0 0 
70.5 0 0 0 0 0 0 0 0 0 0 70.5 0 0 0 0 0 0 0 0 0 0 
72.5 0 0 0 0 0 0 0 0 0 0 72.5 0 0 0 0 0 0 0 0 0 0 
74.5 0 0 0 0 0 0 0 0 0 0 74.5 0 0 0 0 0 0 0 0 0 0 
76.5 0 0 0 0 0 0 0 0 0 0 76.5 0 0 0 0 0 0 0 0 0 0 

2) Without sample 31. 2) Without sample 31. 

Sample number Sample number 

2) 33 46 67 35 47 48 65 66 68 33 46 67 35 47 48 65 66 68 

34.5 0 0 0 0 0 0 0 0 0 34.5 0 0 0 0 0 0 0 0 0 
36.5 0 0 0 0 0 0 0 0 0 36.5 0 0 0 0 0 0 0 0 0 
38.5 0 0 0 0 0 0 0 0 0 38.5 0 0 0 0 0 0 0 0 0 
40.5 0 0 0 0 0 0 0 0 0 40.5 0 0 0 0 0 0 0 0 0 
42.5 0 0 0 1 0 0 0 1 0 42.5 0 0 0 12 0 0 0 12 0 
44.5 1 0 0 1 0 0 0 0 0 44.5 12 0 0 12 0 0 0 0 0 
46.5 0 0 0 0 0 0 0 0 0 46.5 0 0 0 0 0 0 0 0 0 
48.5 0 0 2 2 2 2 0 0 0 48.5 0 0 25 25 25 25 0 0 0 
50.5 1 1 1 1 6 2 1 1 0 50.5 12 12 12 12 75 25 12 12 0 
52.5 0 4 0 1 2 1 1 0 1 52.5 0 50 0 12 25 12 12 0 12 
54.5 0 0 0 0 0 0 0 0 0 54.5 0 0 0 0 0 0 0 0 0 
56.5 0 0 0 1 1 0 0 0 0 56.5 0 0 0 12 12 0 0 0 0 
58.5 3 2 0 0 3 2 0 2 0 58.5 37 25 0 0 37 25 0 25 0 
60.5 1 0 0 4 1 0 1 0 1 60.5 12 0 0 50 12 0 12 0 12 
62.5 0 0 0 0 0 0 0 0 0 62.5 0 0 0 0 0 0 0 0 0 
64.5 0 0 0 0 0 0 0 0 0 64.5 0 0 0 0 0 0 0 0 0 
66.5 0 0 0 0 0 0 0 0 0 66.5 0 0 0 0 0 0 0 0 0 
68.5 0 0 0 0 0 0 0 0 0 68.5 0 0 0 0 0 0 0 0 0 
70.5 0 0 0 0 0 0 0 0 0 70.5 0 0 0 0 0 0 0 0 0 
72.5 0 0 0 0 0 0 0 0 0 72.5 0 0 0 0 0 0 0 0 0 
74.5 0 0 0 0 0 0 0 0 0 74.5 0 0 0 0 0 0 0 0 0 
76.5 0 0 0 0 0 0 0 0 0 76.5 0 0 0 0 0 0 0 0 0 
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FIG. 4. Percentage at length plotted for the ten samples taken in 
February of 1977 (gear-OTB-2 TC 5). The corresponding number 
is the sample number. 

These results are encouraging. With the exception of 
specific samples, there was a fair degree of homogeneity 
within strata. Techniques are presently being developed to 
quantify the level of variation and thus allow establishment 
of ideal sampling levels. For the moment, however, the 
above technique is useful in determining data set outliers. 

It was felt instructive to extend this analysis to cover an 
entire year's data set. 

For the tonnage class 4 samples, both samples 18 and 
38 are substantially different from anything else present 
in the data set (Table 12). The same is true for sample 177 
(May), 228(June), and 458(September). In the tonnage class 
5 data set (Table 13), sample numbers 31 (February), 102 
(March), and 508 (October) have high numbers of signifi
cant comparisons. In all cases, these differences were due 
to substantial numbers of fish present in the lower end of 
the length frequency. 

These findings are similar to those of Dickie (1964). He 
found that a major component of between sample variance 
was contributed by one or two samples in a data series. 
The heterogeneity reflected the fact that fishing takes place 
on separate concentrations of fish with different biological 
characteristics. The analysis was carried further in Dickie 
and Paloheimo (1965) in which the authors stated that 
heterogeneity in the distribution of fish was so high as to 

preclude establishment of any reliable sampling program. 
The present authors recognize the high variability, most 
of which may be due to spatial differences. However, broad 
patterns are discernible and the definition of sampling strata 
possible. Within these, variations can be reduced by 
establishment of recording systems that can assist in the 
explanation of "aberrant" samples. 

PRESENT CONSTRUCTION OF THE CATCH AT AGE 

The previous section pointed out that there can be a fair 
amount of variation in the size composition samples of a 
commercial fleet's yield. One would think that this varia
tion obfuscates the identification of year-classes in the 
fishery. The intriguing thing is that the resultant catch at 
age matrix does show clear patterns in year-class strength 
which the fisherman will tell you are there and agree with 
groundfish research vessel results (O'Boyle 1981). 

At present, the catch-at-age matrix is being constructed 
through application of samples to the catch using the 
stratification scheme presented above. Until sampling im
proves, tonnage class 1 catches will be lumped with those 
of tonnage classes 2 and 3 for the appropriate area. As well, 
miscellaneous gear catches will be lumped with those of. 
longliners. 

Within each stratum, one age-length key is constructed 
for each quarter and applied to the respective combined 
length frequency to provide an age composition per weight 
of landed catch. 

This procedure will be used until more powerful statis
tical tools become available. McGlade and Smith (1983) 
have introduced the method of defining strata using Prin
ciple Component Analysis. As well, G. N. White III 
(Marine Fish Division, Bedford Institute of Oceanography, 
Dartmouth, N.S., personal communication) feels that Jack
knife and Bootstrap methods (Smith 1980) may be useful 
in quantifying within stratum variance. Thus, very short
ly, an array of procedures will become available which will 
allow both sample design modifications and construction 
of catch-at-age matrices based on statistical as well as prac
tical grounds. 

Summary and Recommendations 

Rivard and Doubleday (1979) determined, using sensitivi
ty analysis, that the accuracy of the current year's catch 
at age has considerable influence on the population at age 
estimates generated by cohort analysis for that year. It is 
thus of some importance that representative sampling of 
the commercial landings be conducted. Due to the com
plexities of commercial fishing operations, it then becomes 
all important to define the various fleet components and 
sample each adequately. 

In the case of the 4X haddock fishery, sampling over 
the 1968-81 period has been primarily directed at the land
ings of the tonnage class 4 and 5 otter trawlers. Historically, 
landings from this fleet sector did indeed dominate the 
catch. More recently, however, landings from the tonnage 
class 1-3 vessels have dramatically increased. These two 
fleet components tend to fish in different areas at different 
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TABLE 10. Enumeration of number of significant chi-square comparisons by length 
group- for samples of landings by the March 1977 tonnage class 5 otter trawl 
fishery operating in 4Xm-p. 

A. NUMBER OF SIGNIFICANT COMPARISONS. 

Sample number 

123 79 104 69 70 107 105 101 134 102 153 

32.5 0 0 0 0 0 0 0 0 0 0 0 
34.5 0 0 0 0 0 0 0 0 0 0 0 
36.5 0 0 0 0 0 0 0 0 0 0 0 
38.5 1 1 0 1 1 1 1 0 1 8 1 
40.5 1 2 1 2 2 1 1 5 2 10 1 
42.5 1 1 1 3 3 3 3 4 1 9 1 
44.5 4 4 0 4 4 3 1 3 2 6 1 
46.5 1 0 0 2 0 2 0 0 2 3 0 
48.5 0 0 0 0 0 0 0 0 0 0 0 
50.5 2 1 9 1 1 1 2 1 1 1 2 
52.5 3 1 3 3 1 0 4 4 4 5 0 
54.5 1 1 1 2 1 1 1 2 3 9 2 
56.5 0 1 1 1 0 0 0 1 1 5 0 
58.5 2 2 2 0 0 0 0 0 0 2 0 
60.5 4 0 1 4 1 4 2 2 0 2 0 
62.5 0 1 1 7 0 1 1 1 1 2 1 
64.5 5 2 0 4 0 2 1 2 1 2 0 
66.5 0 0 0 0 0 0 0 0 0 0 0 
68.5 2 0 0 0 0 1 0 0 1 0 0 
70.5 0 0 0 0 0 0 0 0 0 0 0 
72.5 0 0 0 0 0 0 0 0 0 0 0 
74.5 0 0 0 0 0 0 0 0 0 0 0 
76.5 0 0 0 0 0 0 0 0 0 0 0 

B. PERCENTAGE OF SIGNIFICANT COMPARISONS. 

Sample number 

123 79 104 69 70 107 105 101 134 102 153 

32.5 0 0 0 0 0 0 0 0 0 0 0 
34.5 0 0 0 0 0 0 0 0 0 0 0 
36.5 0 0 0 0 0 0 0 0 0 0 0 
38.5 10 10 0 10 10 10 10 0 10 80 10 
40.5 10 20 10 20 20 10 10 50 20 100 10 
42.5 10 10 10 30 30 30 30 40 10 90 10 
44.5 40 40 0 40 40 30 10 30 20 60 10 
46.5 10 0 0 20 0 20 0 0 20 30 0 
48.5 0 0 0 0 0 0 0 0 0 0 0 
50.5 20 10 90 10 10 10 20 10 10 10 20 
52.5 30 10 30 30 10 0 40 40 40 50 0 
54.5 10 10 10 20 10 10 10 20 30 90 20 
56.5 0 10 10 10 0 0 0 10 10 50 0 
58.5 20 20 20 0 0 0 0 0 0 20 0 
60.5 40 0 10 40 10 40 20 20 0 20 0 
62.5 0 10 10 70 0 10 10 10 10 20 10 
64.5 50 20 0 40 0 20 10 20 0 20 0 
66.5 0 0 0 0 0 0 0 0 0 0 0 
68.5 20 0 0 0 0 10 0 0 10 0 0 
70.5 0 0 0 0 0 0 0 0 0 0 0 
72.5 0 0 0 0 0 0 0 0 0 0 0 
74.5 0 0 0 0 0 0 0 0 0 0 0 
76.5 0 0 0 0 0 0 0 0 0 0 
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TABLE 11. Enumeration of number of significant chi-square comparisons by length group (em) for samples of land-
ings by the February and March 1977 tonnage class 4 otter trawl fishery operating in 4Xm-p. 

A. NUMBER OF SIGNIFICANT COMPARISONS. 

February Sample number March Sample number 

34 18 32 38 39 61 19 62 91 78 144 122 135 120 

34.5 0 0 0 0 0 0 0 34.5 0 0 0 0 0 0 0 
36.5 I 1 1 6 1 1 1 36.5 0 0 0 0 0 0 0 
38.5 1 2 1 6 1 1 2 38.5 0 0 0 0 0 0 0 
40.5 1 4 1 5 2 1 2 40.5 0 0 1 1 0 0 0 
42.5 1 4 2 2 0 1 0 42.5 0 0 0 2 1 0 1 
44.5 0 2 0 2 0 2 2 44.5 0 0 0 0 0 0 0 
46.5 0 1 0 0 0 1 0 46.5 0 0 0 0 0 0 0 
48.5 0 0 0 1 0 1 0 48.5 0 0 0 0 0 0 0 
50.5 0 0 0 0 0 0 0 50.5 0 0 0 0 0 0 0 
52.5 0 0 0 1 0 1 0 52.5 1 1 3 4 1 1 1 
54.5 1 1 2 5 1 1 1 54.5 0 0 0 0 0 0 0 
56.5 1 1 1 6 1 1 1 56.5 0 0 0 0 0 0 0 
58.5 1 0 I 3 0 0 1 58.5 0 0 0 0 0 0 0 
60.5 0 2 0 1 0 1 0 60.5 0 0 0 0 0 0 0 
62.5 0 3 1 1 0 1 0 62.5 0 0 0 0 0 0 0 
64.5 0 0 0 0 0 0 0 64.5 0 0 0 0 0 0 0 
66.5 1 6 I 1 1 1 1 66.5 0 0 0 0 0 0 0 
68.4 0 4 1 1 0 1 1 68.4 0 0 0 0 0 0 0 
70.5 0 0 0 0 0 0 0 68.5 0 0 0 0 0 0 0 
72.5 0 0 0 0 0 0 0 72.5 0 0 0 0 0 0 0 
74.5 0 0 0 0 0 0 0 

B. PERCENTAGE OF SIGNIFICANT COMPARISONS. 

February Sample number March Sample number 

34 18 32 38 39 61 19 62 91 78 144 122 135 120 

34.5 0 0 0 0 0 0 0 34.5 0 0 0 0 0 0 0 
36.5 17 17 17 100 17 17 17 36.5 0 0 0 0 0 0 0 
38.5 17 34 17 100 17 17 34 38.5 0 0 0 0 0 0 0 
40.5 17 67 17 84 34 17 34 40.5 0 0 17 17 0 0 0 
42.5 17 67 17 17 0 17 0 42.5 0 0 0 34 17 0 17 
44.5 0 34 0 34 0 34 34 44.5 0 0 0 0 0 0 0 
46.5 0 17 0 0 0 17 0 46.5 0 0 0 0 0 0 0 
48.5 0 0 0 17 0 17 0 48.5 0 0 0 0 0 0 0 
50.5 0 0 0 0 0 0 0 50.5 0 0 0 0 0 0 0 
52.5 0 0 0 17 0 17 0 52.5 17 17 50 67 17 17 17 
54.5 17 17 34 84 17 17 17 54.5 0 0 0 0 0 0 0 
56.5 17 17 17 100 17 17 17 56.5 0 0 0 0 0 0 0 
58.5 17 0 17 50 0 0 17 58.5 0 0 0 0 0 0 0 
60.5 0 34 0 17 0 17 0 60.5 0 0 0 0 0 0 0 
62.5 0 50 17 17 0 17 0 62.5 0 0 0 0 0 0 0 
64.5 0 0 0 0 0 0 0 64.5 0 0 0 0 0 0 0 
66.5 17 100 17 17 17 17 17 66.5 0 0 0 0 0 0 0 
68.5 0 67 17 17 0 17 17 68.5 0 0 0 0 0 0 0 
70.5 0 0 0 0 0 0 0 70.5 0 0 0 0 0 0 0 
72.5 0 0 0 0 0 0 0 72.5 0 0 0 0 0 0 0 
74.5 0 0 0 0 0 0 0 
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TABLE 12. Enumeration of number of significant chi-square comparisons by length group (em) for samples of landings by the 1977 tonnage class 4 otter trawl fishery 
operating in 4Xm-p. 

Jan. Feb. Mar. Apr. May June Aug. Sept. Oct. Nov. 

Sample 
no. 9 12 19 34 18 32 38 39 61 62 91 78 144 122 135 120 !54 165 166 177 176 236 227 250 228 199 354 353 458 509 541 542 

9 - 4 7 1 4 2 3 4 3 I 3 2 I I 1 6 I 
12 2 I 2 8 2 1 2 1 5 3 2 6 6 - 4 3 22 7 5 
19 - 4 - 7 1 3 2 1 4 2 - 2 1 9 4 2 
34 1 1 5 1 I 1 3 3 I 1 5 1 6 1 1 
18 5 11 7 3 3 5 5 4 4 7 I I 5 9 1 7 4 8 10 3 7 7 15 9 4 6 
32 - 5 2 4 1 1 1 2 1 1 2 1 6 1 1 2 
38 - 5 7 9 5 5 6 5 6 6 7 8 6 1 5 2 6 3 1 6 4 4 3 2 5 3 
39 1 I 1 2 6 8 1 
61 1 3 3 8 2 2 1 
62 1 4 2 2 4 6 - 2 4 9 4 1 3 
91 1 2 4 8 2 1 3 
78 2 I 1 2 6 1 1 

144 2 5 3 2 4 7 4 4 10 6 3 4 
122 3 1 3 1 1 7 1 1 1 
135 3 2 I 3 1 1 7 3 1 3 
120 3 4 1 7 
154 4 1 1 4 6 2 11 4 1 2 
165 2 6 3 2 5 9 1 2 2 9 5 2 4 
166 2 2 1 4 6 1 2 1 6 4 2 2 
177 3 1 1 4 2 5 3 
176 4 10 
236 1 7 
227 2 7 2 2 
250 1 2 6 2 1 
228 3 2 3 3 
199 7 2 2 
354 6 1 
353 6 
458 3 7 3 
509 1 
541 
542 



TABLE 13. Enumeration of number of significant chi-square comparisons by length group (em) for samples of landings by the 1977 tonnage class 5 otter trawl 
fishery operating in 4Xm-p. 

Jan. Feb. Mar. Apr. May June Oct. Nov. Dec. 

Sample 
no. 3 6 8 31 33 46 67 35 47 48 65 66 68 123 79 104 69 70 107 105 101 134 102 153 164 184 251 508 496 545 568 

3 3 2 2 2 4 4 2 3 2 3 2 4 2 2 5 2 9 2 6 
6 2 I 3 I 3 2 I I 4 I 2 6 6 
8 2 I 3 I I I I I 2 I I 3 3 2 2 I I 8 I 2 

31 4 6 5 9 5 7 3 3 8 8 4 4 10 7 2 4 3 6 3 I 4 2 4 4 2 
33 I 2 2 I 2 2 5 I I 8 5 
46 I 2 I I 2 3 2 2 2 8 3 4 4 2 9 3 7 
67 I I I I 7 2 3 I 8 3 
35 4 I 4 I 5 4 10 7 6 5 II 6 10 5 
47 4 2 I I 7 2 2 3 9 6 I 
48 2 2 I 2 9 3 5 2 10 5 7 2 
65 6 2 8 I 6 
66 I 2 2 2 2 I 7 3 2 I 8 2 7 
68 2 I I 2 8 5 4 2 9 I 8 2 

123 3 2 4 4 9 5 6 4 9 5 7 3 
79 2 3 I 5 I I 6 6 I 

104 I 2 2 I 6 I 4 3 2 7 2 8 
69 5 3 7 3 9 2 6 7 5 12 5 7 5 
70 2 3 5 4 5 3 10 8 6 4 

107 3 2 4 3 2 
105 6 3 2 2 8 5 I 
101 2 5 2 I 6 6 
134 8 5 4 4 9 I 7 3 
102 5 3 5 I 3 
153 4 3 3 10 I 6 2 
164 I 2 5 I 3 2 
184 2 4 2 2 
251 8 2 
508 8 I 5 
496 4 
545 
568 



times of the year. Consequently, continuation of sampling 
of the tonnage classes 4 and 5 to the same degree as was 
done previously could lead to substantial biases in the deter
mined catch age composition. However, it is also recog
nized that enhanced sampling of the catches by the ton
nage class 1-3 vessels could mean substantial increases in 
both field and laboratory work. 

Within the samples for the tonnage classes 4 and 5 ves
sels, high variability was observed. Much of this appeared 
to be due to the causal presence of samples containing large 
numbers of fish at the lower end of the length frequency. 
There are a number of possible reasons for this. First is 
the area fished. If the vessel had fished close to shore, such 
a distribution might be expected. Also, trawl codend mesh 
size is a factor. The small vessels fishing in 4Xr use co
dend meshes less than 120 mm and catch substantially 
smaller fish than those using 130 mm. Another factor is 
the onboard processing practices. In the large "company" 
ships, these should be fairly standard. However, the degree 
of culling aboard smaller vessels may vary substantially. 
Finally, onshore sampling may not be representative of the 
vessel's catch (Belzile 1978). 

The first three items can at least be partially addressed 
by enhancing the existing data gathering systems. Port 
samplers could ask the vessel's skipper about gear 
characteristics, catch processing, areas of capture, etc., to 
obtain background information useful in interpretation of 
the sampling data. As well, the log book information 
should be standardly computerized and linked with the 
sample data base. J. M. McGlade (Marine Fish Division, 
Bedford Institute of Oceanography, Dartmouth, N .S., per
sonal communication) carried out this process manually 
and showed quite dramatically how useful such a link could 
be. 

The last item, that of representative sampling of a par
ticular vessel's landings, requires more information on how 
the vessel stores its catch. Some categorization of this pro
cess would aid the statisticians in determining the best 
method of sampling. Thus, port samplers could have more 
specific instructions on sampling, tailored more closely to 
the storage method employed by the vessel. 

The construction of the catch-at-age matrix is presently 
being carried out using the stratification scheme outlined 
in this document. The enhancement of this method will 
have to await the development of statistical methods 
necessary for the comparison of age-length keys. Along 
with these procedures will hopefully come variance 
estimates that will allow decisionmaking on the required 
level of sampling effort. 
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McGLADE, J. M., AND S. J. SMITH. 1983. Principal component methods for exploratory data 
analysis of commercial length-frequency data, p. 235-239. In W. G. Doubleday and/et 
D. Rivard [ed./ed.] Sampling commercial catches of marine fish and invertebrates/L'echan
tillonnage des prises cornrnerciales de poissons et d'invertebres marins. Can. Spec. Pub!. 
Fish. Aquat. Sci.!Publ. spec. can. sci. halieut. aquat. 66. 

Length-frequency data from 26 unculled samples of pollock (Pollachius virens L.) in the 1981 
fishery were examined with a principal component analysis. A visual analysis of the plot of the 
first and second prinicipal component scores for each sample showed that the associated mean lengths 
were distributed in an anticlockwise pattern, from small (51.71 ern) to large (74.18 ern). This pat
tern could not be simply explained by the temporal succession of samples. Rather, anomalies in 
the associated temporal patterns could be attributed to the influx of juvenile pollock to offshore 
aggregations of adult fish, as inferred from the age composition of the fish in each sample. This 
observation concurs with the known biology of the species. The implications of this event are that 
any assumption of randomness in the reconstruction of ages in the catch is violated. It was con
cluded that principal component analysis is an invaluable exploratory tool that can be used to identify 
spatial and temporal patterns amongst length-frequency data. 

McGLADE, J. M., AND S. J. SMITH. 1983. Principal component methods for exploratory data 
analysis of commercial length-frequency data, p. 235-239. In W. G. Doubleday and/et 
D. Rivard [ed./ed.] Sampling commercial catches of marine fish and invertebrates/L'echan
tillonnage des prises cornrnerciales de poissons et d'invertebres marins. Can. Spec. Pub!. 
Fish. Aquat. Sci./Publ. spec. can. sci. halieut. aquat. 66. 

On applique ici !'analyse des cornposantes principales a des donnees sur les frequences de lon
gueurs, representant 26 echantillons de goberges (Pollachius virens L.) pechees en 1981. L'inspec
tion visuelle d'un graphique dont les axes representent les premiere et deuxierne cornposantes prin
cipales revele que les echantillons ont tendance a se ranger par ordre croissant par rapport a Ia 
longueur rnoyenne, se repartissant du plus petit (51,71 ern) au plus grand (74,18 ern) dans le sens 
contraire des aiguilles d'une rnontre. Cet arrangement ne peut s'expliquer sirnplernent par Ia suc
cession ternporelle des echantillons. Plutot, des anomalies dans !'ordonnance ternporelle peuvent 
etre irnputees a un influx de goberges juveniles dans les concentrations hauturieres de goberges 
adultes, tel que suggere par Ia composition en lige des poissons dans chaque echantillon. Cette obser
vation concorde avec notre connaissance de Ia biologie de cette espece et suggere que I' hypothese 
de distribution aleatoire, qui est sous-jacente a Ia reconstruction des ages presents dans Ia prise, 
n'est pas realisee. On conclut que !'analyse des cornposantes principales est un outil exploratoire 
inestimable, pouvant etre utilise pour identifier les ordonnances spatiales et ternporelles presentes 
dans les donnees sur les frequences de longueurs. 

Introduction 

The analytical models currently used to assess many of 
the fish stocks in the northwestern Atlantic have as their 
underpinning, data in the form of length frequencies. In 
the Marine Fish Division, port technicians collect these data 
from samples of the annual commercial fish catch. These 
samples are obtained throughout the fishing season and 
are putatively representative of catches taken by the various 
fishing gears in all sectors of the fishery (Smith and Maguire 
1983). The fish in each sample are measured for fork length 
and a subsample has its otoliths removed for subsequent 
age determination. 

estimate is constructed implicitly assumes two things: 
(1) that the length-frequency data are correct; and (2) that 
each sample is a random sample from the same 
population. 1 Apart from the checks made for obvious er
rors when the data are entered into the computer, there 
is at present no system in the Marine Fish Division that 
can be used to verify these assumptions. For stocks2 where 
large numbers of samples are collected, visual examination 
of each length frequency can be a time-consuming task. 
It would be useful therefore to have a technique or tech
niques to explore efficiently large numbers of length
frequency samples for patterns and irregularities. 

At the end of the year, the length frequencies and 
associated age data are combined and used to estimate the 
age structure of the catch. The process by which this 

1The term population is used to describe the data universe 
rather than a group of randomly mating individuals. 

2Defined in terms of uniformity of a management regime 
rather than a biological entity. 
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FIG. 1. Map of NAFO fishing areas on the Scotian Shelf and Georges Bank. 

In this paper we investigate the multivariate method of 
principal component analysis as a tool for exploration of 
length-frequency data. Principal component analysis has 
often been used to provide a more parsimonious descrip
tion of the dependence structure of multivariate data (Mor
rison 1976). Rao (1964) has also shown that this technique 
can be used to scrutinize the data for outliers and identify 
groups or clusters of similar observations. 

For the application presented here, 26 length-frequency 
samples collected from the pollock (Pollachius virens L.) 
fishery in 1981 for NAFO (Northwest Atlantic Fisheries 
Organization) Divisions 4VWX (Scotian Shelf) and NAFO 
Subarea 5 (northern Georges Bank) were used. Each length
frequency sample was envisaged to be an observation from 
a p-character (variable) system (Sneath and Sokal 1973), 
where each character was defined as one of the 3-cm groups 
used in reporting pollock length-frequency data. Hence the 
variables for each sample were the frequencies in each 3-cm 
group. 

Materials and Methods 

Unculled samples of pollock, taken in 1981, were col
lated and separated into mixed and single catch locations. 
Only single location samples were used (Table 1; Fig. 1); 
these were checked against the original log records and pur-
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chase slips, to verify all entries. Each 3-cm entry was con
sidered to be a separate character; a total of 24 character 
codes were thus assigned for the entire data set. 

The data were analyzed by BMDP4M (Biomedical Com
puter Programs P-Series) (Frane and Jennrich 1977) to ob
tain the principal components. Principal component 
analysis (PCA) is a multivariate technique in which sets 
of linear combinations of the variables are extracted which 
explain progressively smaller portions of the total sample 
variance. An extensive data set can thus be reduced to a 
small number of variables which will encapsulate and sum
marize the information content of the original data. The 
components can be interpreted geometrically as the variates 
corresponding to the principal axes of the scatter of obser
vations in space (Morrison 1976). Thus, a plot of the 
sample coordinates on the axes of the first and second com
ponents was used to interpret the pattern of associations 
amongst length-frequency vectors. Each observation was 
successively labeled by fishing area, quarter of the year, 
and mean length and age of fish in the sample. 

Results 

A total of 26, single location, length frequencies were 
used in the analysis. The majority of these samples came 
from divisions 4X and 5Ze (Table 1). In several instances, 



TABLE 1. Sample number, fishing area, date of sample, and sample statistics for commercial samples of pollock taken in 1981. 

Sample Date of sample No. of fish Mean Range of Range of Age-classes (> 150Jo of sample) 
no. Fishing area and quarter sampled length (em) lengths (em) Mean age ages (OJo) 

1 Pollock Shoals 4XQ 25.03.81 1 252 67.27 49-97 6.19 3-12 6(42) 
2 Pollock Shoals 4XQ 4.03.81 1 205 65.09 49-91 5.47 3-8 5(25) 6(37) 
3 Roseway Bank 4XQ 23.02.81 1 251 68.56 55-103 6.79 4-11 6(42) 7(28) 
4 SW Browns Bank 4XP 15.01.81 1 308 72.82 40-103 7.17 3-13 6(22) 7(42) 
5 Pollock Shoals 4XQ 27.03.81 1 280 63.07 37-88 5.36 2-10 5(34) 6(23) 
6 4XN 03.04.81 2 220 56.52 40-76 5.67 2-7 5(39) 7(40) 
7 Pollock Shoals 4XQ 18.06.81 2 297 56.47 40-79 4.30 2-8 3(28) 5(55) 
8 The Cowpen 4WH 30.06.81 2 220 64.49 37-97 6.13 2-12 6(41) 7(34) 
9 W. Emerald Bank 4WL 15.06.81 2 207 55.61 46-85 4.84 2-7 3(29) 6(25) 

10 Yankee Bank 4XS 05.06.81 2 200 74.18 46-103 7.10 5-11 7(40) 8(24) 
11 W. Emerald Bank 4WL 05.06.81 2 237 61.75 49-88 5.68 3-9 6(35) 7(28) 
12 W. Emerald Bank 4WL 19.05.81 2 204 58.40 43-76 5.71 2-7 5(25) 6(34) 7(28) 
13 The Cowpen 4WH 13.05.81 2 192 69.47 58-103 6.83 5-9 6(28) 7(17) 8(25) 
14 W. German Bank 4XQ 30.04.81 2 271 64.70 43-94 5.64 3-10 5(26) 6(27) 
15 Pollock Shoals 4XQ 02.04.81 2 210 62.41 46-82 6.08 3-8 5(40) 6(22) 
16 W. German Bank 4XQ 09.04.81 2 208 61.48 46-79 5.59 3-7 5(24) 6(40) 
17 W. German Bank 4XQ 13.04.81 2 219 71.53 49-97 6.65 3-12 6(25) 7(32) 8(21) 
18 W. German Bank 4XQ 23.06.81 2 217 55.79 40-79 4.56 2-7 3(31) 5(27) 6(27) 
19 W. German Bank 4XQ 26.06.81 2 252 51.71 40-94 3.72 2-8 3(60) 
20 4XM 17.06.81 2 200 61.64 52-82 6.00 3-9 6(65) 7(20) 
21 Pollock Shoals 4XQ 07.08.81 3 230 55.27 43-76 4.44 2-7 3(24) 4(25) 5(31) 
22 Pollock Shoals 4XQ 06.08.81 3 216 70.80 46-100 6.36 3-12 5(20) 6(27) 
23 Pollock Shoals 4XQ 10.08.81 3 206 72.91 49-100 7.10 3-13 6(25) 7(28) 
24 Pollock Shoals 4XQ 31.08.81 3 205 56.76 43-73 4.18 2-7 3(40) 5(25) 
25 Georges Bank 5ZeJ 10.11.81 4 184 71.09 46-106 5.98 2-13 5(28) 6(28) 
26 Western Gully 4WJ 01.12.81 4 228 71.74 55-100 6.89 3-10 6(33) 8(23) 
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FIG. 2. Plot of sample coordinates by first and second com
ponents. Points labeled by sample number and quarter of the year 
(Table 1). 

a single vessel, with catches from the same fishing ground, 
was repeatedly sampled throughout a quarter. Thus parts 
of the data set provided an effective source for comparisons 
to be made. 

The results of the PCA show that 76!1fo of the total 
variance is explained by the first two principal 
components.3 No obvious trends can be observed in the 
plot of the first (abscissa) and second (ordinate) prinicipal 
components when the samples are labeled by quarter 
(Fig. 2) or fishing area. 

The variables used in the PCA were defined by size
classes; thus if any spatial or temporal patterns exist, they 
should be size related, as the principal components repre
sent linear combinations of these variables. In Fig. 3, the 
samples are labeled by their mean length and age, and there 
is clearly an anticlockwise trend from the smallest mean 
length and age, in the lower right-hand quadrant, to the 
greatest mean length and age, in the lower left-hand 
quadrant. This pattern explains in part, the apparent 
heterogeneity amongst samples labeled by quarter of the 
year. 

To explore the ramifications of this patterning, samples 
in the second quarter (April-June) were examined. Of the 
15 samples, seven were collected in Division 4XQ, while 
the remainder were taken from divisions 4XN, 4W, and 
5ZE. Moreover, six of the seven samples taken from Divi
sion 4XQ were from the same vessel off the same fishing 
ground; thus direct comparisons between samples are 
clearly valid. 

3Both the relative frequencies and absolute frequencies were 
analyzed in this manner. The results were identical for our study 
although large variations in sample size may be better dealt with 
by using relative frequencies only. 
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FIG. 3. Plot of sample coordinates by first and second com
ponents. Points labeled by mean length (cm)/mean age of sample. 

The positions of the seven samples from Division 4XQ 
on a plot of the first and second principal components are 
shown (Fig. 4); each point is labeled by the temporal suc
cession of capture within each month, and by its associated 
mean length and age. The samples collected in April (A) 
increase in mean length and age over the course of the 
month, whilst those in June (J) decrease. This apparent 
anomaly can in part be explained by the mean age of each 
sample, which decreases in June and increases in April 
(Fig. 4). However, this observation must be qualified, 
because two points (A1 and Jl) represent catches from 
Pollock Shoals in Division 4XQ, whilst the rest come from 
German Bank. In both instances, the mean age of the 
samples from Pollock Shoals indicate that the fish from 
this area are either larger at age compared to German Bank 
and/or that there are large numbers of younger fish in the 
area. This is particularly clear in the case of samples AI 
and A2 which were taken by the same vessel within 5 d 
of each other, on the two fishing grounds. 

The age composition of the samples provides a key to 
this anomaly (Table 1). In the case of A1 and A2, the 
catches are predominated by fish of ages 5 and 6, respec
tively: in the case of J1 and J2, the catches are 
predominated by fish of ages 3/5 and 5/7, respectively. 
Moreover the preponderance of one or two age-classes in 
any one catch, plus radical shifts in age composition sup
port the hypothesis of age-specific schooling in pollock. 

Discussion 

The results of this analysis clearly indicate that the 
method of principal components is a powerful exploratory 
analysis tool for length-frequency data. It allows the 
variance structure to be examined, such that the com
ponents explaining the largest proportion can be identified. 
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FIG. 4. Plot of sample coordinates by first and second com
ponents for samples taken in April (A) and June (J) in area 4XQ. 
Points labeled by sequence in which they were taken, plus 
associated mean length (cm)/mean age. Arrowed line indicates 
direction of increasing mean length. 

Moreover, a plot of the most informative components, in 
this case the first and second, can be visually assessed, 
especially if the points are labeled by an appropriate set 
of characteristics. In this example, spatial and temporal 
patterning were obtained indirectly by looking at the mean 
length and mean age of the fish in each sample. The 
heterogeneity amongst samples taken in the same month 
(viz. April 4XQ) could in part be explained by growth. In 
June, however, the average size decrease is indicative of 
an influx of younger fish into the fishery during the latter 
part of the month. This is entirely consistent with the 
known biology of the species which suggests an offshore 
migration of juveniles during the summer months (Steele 
1963). These results concur with those cited previously in 
an analysis of mackerel, cod, and silver hake (Doubleday 
1976). 

This behavior has serious ramifications for estimating 
the age structure of the catch and that of the population. 
If one assumes that the individual samples provide 
reasonable estimates of the structure of the catches from 
which they were taken, then it appears that a size-related 

temporal-spatial pattern exists, which clearly complicates 
a direct estimate of the structure of the entire catch. That 
is, if age groups are not randomly assorted in space and 
time, some are more likely to be caught than others ac
cording to when and where the fishery is prosecuted. Thus 
one needs to know the distribution of fish and the inten
sity and time of fishing in each area to account for the 
availability of fish when estimating the age structure of the 
catch. Further, the samples on hand may not adequately 
estimate the catches from those time periods and areas of 
the fishery not sampled. The question of how these pat
terns could affect the assessment of pollock stocks is 
beyond the scope of this paper, and will be considered 
elsewhere. The main point made here, is that the method 
of principal components is very effective in recognizing the 
existence of spatial and temporal patterns in length
frequency samples and hence age structure of the catch. 
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Commercial Catch Sampling: A Review of its Usage in the Management of 
Contagiously Distributed Subtidal Mollusc Species 
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Department of Fisheries and Oceans, Pacific Biological Station, Fisheries Research Branch, Nanaimo, B.C. V9R 5K6 

JAMIESON, G. S. 1983. Commercial catch sampling: a review of its usage in the management of 
contagiously distributed subtidal mollusc species, p. 240-247. In W. G. Doubleday and/et 
D. Rivard [ed./ect.] Sampling commercial catches of marine fish and invertebrates 
/L'echantillonnage des prises commerciales de poissons et d'invertebres marins. Can. 
Spec. Pub!. Fish. Aquat. Sci./Publ. spec. can. sci. halieut. aquat. 66. 

The quality and usage in management of commercial catch sampling data are discussed for 
three major Canadian subtidal mollusc fisheries: sea scallop, abalone, and geoduc. Atlantic sea 
scallop catch data have been collected since 1970, but the frequent inability to identify the precise 
fishing location of a subsample and the lack of a statistically rigorous sampling design impedes 
data usage. In British Columbia, both abalone and geoduc fisheries are relatively recent, and little 
catch sampling has occurred. The potential, value, and usage of commercial catch data in all three 
fisheries are discussed, and it is suggested that with present programs, commercial catch sampling 
of these species should be of low priority. 

JAMIESON, G. S. 1983. Commercial catch sampling: a review of its usage in the management of 
contagiously distributed subtidal mollusc species, p. 240-247. In W. G. Doubleday and/et 
D. Rivard [ed./ect.] Sampling commercial catches of marine fish and invertebrates/ 
L'echantillonnage des prises commerciales de poissons et d'invertebn!s marins. Can. 
Spec. Pub!. Fish. Aquat. Sci./Publ. spec. can. sci. halieut. aquat. 66. 

Le present rapport examine Ia qualite et !'utilisation gestionnelle des donnees d'echantillon
nage recueillies sur les prises commerciales de trois peches importantes de mollusques habitant les 
zones infratidales des eaux canadiennes, soit le petoncle, l'ormeau et le geoduck. On recueille 
depuis 1970 des donnees sur les prises de petoncle de I' Atlantique, mais l'incapacite fn!quente 
d'identifier l'endroit precis de Ia peche d'un sous-echantillon et !'absence d'un modele d'echantil
lonnage bien etaye du point de vue statistique en empechent I' utilisation. En Colombie-Britanni
que, Ia peche de l'ormeau et du geoduck est recente et a fait !'objet de peu d'echantillonnage. 
L'ouvrage etudie Ia valeur potentielle et !'utilisation des donnees sur les prises commerciales de ces 
trois peches, et conclut que, dans le cadre des programmes actuels, l'echantillonnage des prises 
commerciales de ces especes devrait avoir une faible priorite. 

Introduction 

The degree to which commercial catch size-frequency 
data is employed in the development of optimal fisheries 
management strategies is largely a function of two fac
tors: the quality and nature of the data that can be ob
tained, and the priority given to obtaining commercial 
catch data as opposed to carrying out basic research on 
species biology or population dynamics. This paper re
views the collection, quality, and use of commercial catch 
data in the major benthic mollusc fisheries from the east 
and west coasts of Canada. 

mobility, may be either type of fishery. Because type (1) 
fisheries are usually capital-intensive and high profile, and 
can be more readily subsampled by fewer personnel, the 
recent tendency with limited federal resources has been to 
emphasize commercial catch sampling in these fisheries. 
Recent support from the Nova Scotia government has 
allowed extensive commercial catch sampling of some 
Nova Scotian type (2) fisheries, but this may not be a 
long-term commitment. 

Invertebrates as a group have widely different, often 
poorly understood biologies, and in many fisheries high 
priority has been applied recently to the characterization 
of species' life history phenomena and the determination 
of species' distributions. Without such knowledge, the in
terpretation of commercial catch size-frequency data is 
difficult, and its subsequent usage in management is of 
questionable value. 

Fisheries can be broadly grouped into two types: (1) 
deep-water or offshore fisheries, which involve large 
vessels fishing from a limited number of ports; and (2) 
shallow water or inshore fisheries, which involve small 
vessels, often fishing from a large number of ports. In
vertebrate fisheries such as snow crab (Chionoecetes 
opilio), shrimp (Panda/us borealis), and offshore lobsters 
(Homarus americanus) and sea scallops (Piacopecten 
magellanicus) are type (1) fisheries, while inshore lobsters, 
Northumberland Strait sea scallops, abalone (Haliotis 
kamatschatkana), most clams, and Irish moss (Chondrus 
crispus) are type (2) fisheries. Squid, because of their 

240 

Species Mobility and Distribution 

Although most sedentary mollusc species are capable of 
movement, their range of dispersal as adults is generally 
limited, varying from a few metres for clams, to a few 
kilometres for scallops and abalone. After settlement, 
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many benthic molluscs cannot readily optimize the en
vironmental conditions which they experience, and so the 
ocean climate experienced by these species is primarily 
characterized by geographical location. Thus, scallops on 
the Scotian Shelf experience less optimal conditions for 
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growth in contrast to those from Georges Bank (Jamieson 
et a!. 1981a), only 80 km away, as shown by different 
meat yield and growth rates (Fig. 1, 2). 

Mollusc population parameters including growth rate, 
age of sexual maturity, asymptotic size, and natural mor
tality are influenced by site-specific environmental fac
tors. Abiotic factors, such as substrate type, current velo
city, and temperature often change significantly over 
short geographical distances, making it essential for the 
accurate interpretation of commercial mollusc catch data 
to document the precise fishing location of the catch 
sample data being analyzed. If age is inferred from weight 
or size data, a number of appropriate regressions for data 
transformation may be required to characterize a region's 
mollusc age structure. However, since environmental va
riation exists over the ranges of all exploited species pre
sent, do analytical processes used for mollusc catch data 
adequately accommodate this variability, and how does 
such variability influence the use and value of commercial 
mollusc catch data in general? 

DEFINITION OF MANAGEMENT UNIT 

Many species only occur in commercial quantities in a 
few geographical locations. Thus, for example, while sea 
scallops occur from the Strait of Belle Isle south to Cape 
Hatteras (Posgay 1957), continuous commercial fisheries 
exist in Canadian waters only on Georges Bank; off 
Digby, Nova Scotia, in the Bay of Fundy; in the 
Northumberland Strait, and in Port au Port Bay, New
foundland. Sporadic fisheries occur on the Scotian Shelf 
and St. Pierre Bank. Each "stock" is either exploited by a 
different fleet of vessels or is sufficiently isolated by geo
graphy or bathymetry to permit management as a distinct 
biological unit. 

With inshore species, socioeconomic factors may result 
in further division of a biological management unit. Land 
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FIG. 2. Von Bertalanffy growth curves for offshore scallop stocks. 
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reference is convenient, and management subunits may be 
provinces, statistical districts (e.g. abalone, geoduc), or 
districts established for other fisheries. An example of the 
latter is the usage of lobster districts to establish manage
ment units for Northumberland Strait scallops. Seasonal 
closures may also separate a continuous fishing ground 
into management subunits, as occurs with Bay of Fundy 
scallops off Digby, Nova Scotia. In this instance, during 
May to September inclusive, no scallop fishing is allowed 
within 6 mi (9.7 km) of shore in an effort to preserve scal
lops for near-port exploitation in the harsher fishing 
climate of the winter months. 

TREATMENT OF ENVIRONMENTAL VARIABILITY 

While in the broad sense the use of management sub
units may reduce biological parameter variance for a 
population, microenvironmental differences causing con
siderable population variability may still be a major con-

cern. Parameters such as growth rate and yield will vary 
even within a subunit as a result of both abiotic and/or 
biotic (e.g. species density, interspecific competition) ef
fects. The resulting variance may mask real differences in 
population parameters which might be expected from 
such factors as season or subunit location. This is demon
strated with scallop yield at size at varying distances from 
shore off Digby, Nova Scotia. Yield is inversely correlated 
with distance from shore (Jamieson et al. 198lb), and 
while the biological explanation for this is unclear, and 
when data analysis does not reflect this fact, overall popu
lation age structure can easily be estimated inaccurately 
(Table 1). Commercial fishing vessels in the Bay of Fundy 
frequently fish at varying distances from shore during the 
same fishing day, and since the scallop meats fished at 
each location are not kept separate, average "inshore" 
and "offshore" regressions are presently used to age 
scallops from individual meat weights. The presence of a 
seasonal area closure makes this distinction practical, but 

TABLE I. Analysis of height-frequency data from the Bay of Fundy off Digby, Nova Scotia, to demonstrate the effect of both distance 
from shore and presently used aging regressions in age-frequency analysis. 

A. Age analysis B. Age frequencies 

Ageb (yr) with 
Meat wt (g) Ageb (yr) weighted no weighting Estimated no. at age 

at distance (km) for distance (km) for distance (km) 
from shore from shore from shore Weighted No weighting 

Height Age for distance for distance 
(mm) Frequency 3,91 9.7• 19.3• 3.9 9.72 9.73 19.3 9.72 9.73 & 19.3 (yr) from shore from shore 

9. 72 km from shore 

59.7 I 3.00 2.67 2.07 2.9 2.8 3.6 3.3 2.9 3.8 2 I I 
65.5 15 4.00 3.56 2.76 3.3 3.1 4.1 3.7 3.3 4.3 3 2798 1076 
70.4 236 5.00 4.45 3.45 3.6 3.4 4.5 4.1 3.6 4.8 4 6935 7690 
7.47 825 6.00 5.34 4.14 3.9 3.7 5.0 4.4 3.9 5.3 5 1731 2337 
78.5 1722 7.00 6.23 4.83 4.1 3.9 5.4 4.7 4.1 5.7 6 267 528 
82.0 2375 8.00 7.12 5.52 4.4 4.2 5.8 5.1 4.4 6.2 7 67 138 
85.1 2102 9.00 7.96 6.21 4.6 4.4 6.2 5.4 4.6 6.7 8 15 44 
88.1 1491 10.00 8.90 6.90 4.9 4.6 6.7 5.7 4.9 7.2 

9. 73 km from shore 

90.8 967 11.00 9.79 7.59 5.1 4.8 7.1 6.0 5.1 7.7 3 I I 
93.4 666 12.00 10.68 8.28 5.4 5.0 7.6 6.3 5.4 8.3 4 251 251 
95.9 413 13.00 11.57 8.97 5.6 5.3 7.1 6.7 5.6 8.9 5 4922 2547 
98.2 291 14.00 12.46 9.66 5.9 5.5 8.6 7.0 5.9 9.6 6 3573 4477 

100.4 209 15.00 13.35 10.35 6.1 5.7 9.1 7.4 6.1 10.4 7 1633 2458 
102.5 !52 16.00 14.24 11.04 6.3 5.9 9.8 7.8 6.3 11.2 8 704 1079 
104.5 96 17.00 15.13 11.73 6.6 6.1 10.5 8.1 6.6 12.3 9 361 291 
106.5 71 18.00 16.02 12.42 6.8 6.3 11.3 8.6 6.8 13.6 

19.3 km from shore 

108.3 62 19.00 16.91 13.11 7.1 6.6 12.2 9.0 7.1 15.4 3 16 I 
110.2 38 20.00 17.80 13.80 7.4 6.8 13.3 9.5 7.4 18.5 4 2783 251 
111.9 25 21.00 18.69 14.49 7.6 7.0 14.8 10.0 7.6 5 5968 2547 
113.6 13 22.00 19.58 15.18 7.9 7.3 17.0 10.5 7.9 6 2046 4477 
115.2 16 23.00 20.47 15.87 8.2 7.5 21.3 11.1 8.2 7 652 2458 
116.8 13 24.00 21.36 16.56 8.5 7.7 11.8 8.5 8 167 1079 
118.4 15 25.00 22.25 17.25 8.8 8.0 12.6 8.8 9 100 291 

•weight = weight! * [(18.50- (0.34 * distance (km)))/17.18] (Jamieson eta!. 1981b). 
bDerived from the parameters in Table 5B: 3.9 and 9.72 km: inside summer closure zone parometers; 9.73 and 19.3 km: outside 

summer closure zone parameters. 
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present techniques for determining population age struc
ture in this fishery are still not optimal. A major problem 
remains the abrupt difference in average subunit growth 
rates at the 6-mi (9.7-km) closure line, which transects 
highly productive scallop ground. 

Calculation of population parameters for management 
units or subunits generally fails to weight for inherent 
biological variability. It is usually assumed that areas of 
highest species CPUE will be sampled most heavily. While 
the resulting bias will overestimate the magnitude of 
average population parameter values, management 
strategy would still be conservative for the most produc
tive ground, i.e. that area which predominantly supports 
the fishery. This is probably a reasonable assumption if 
the locations of high abundance or yield for a species were 
always the same and were positively biased in sampling. 
However, these conditions seldom apply. The locations of 
pelagic larval settlement are determined by unknown fac
tors and appear to be randomized within a broad geo
graphical area. Limited species' mobility often confines 
later life stages to these areas. Furthermore, data samples 
are generally obtained from randomly located stations in 
stratified resource surveys. When estimates of a conta
giously distributed population's average yield and growth 
are calculated from samples collected randomly over a 
variety of microhabitats, as with scallops (Haynes 1966; 
Jamieson 1979; Jamieson eta!. 1981a; Posgay 1962), then 
the bias may be to underestimate considerably the ex
ploited population's average characteristics. An unknown 
number of samples might come from areas that were not 
optimal for survival or growth. This could result in un
warranted management restriction of a fishery which in 
fact was centered for economic reasons in areas of high 
species yield, or growth. These locations are frequently 
difficult to identify and sample before exploitation is 
complete. 

Fishery Characteristics 

The value and usage of commercial catch data are in
fluenced by the specific nature of a fishery. Three major 
Canadian mollusc fisheries are discussed in detail to 
demonstrate this effect. 

THE OFFSHORE SCALLOP FISHERY 

Description - Scallops are unique among Canadian in
vertebrate fisheries in that the catch is both sorted and 
processed at sea; only the scallop's adductor muscle 
(meat) is landed. A daily log of fishing location, catch, 
and expended effort is kept by fishermen, but because of 
a meat count regulation, the catches from different fish
ing locations are often mixed. Once shucked, scallop meat 
is held in tubs in seawater until a sufficient quantity has 
accumulated to warrant its being placed in 18.2-kg (40-lb) 
cotton bags that are then iced until the vessel's return to 
port. Specific fishing locations generally yield only one 
scallop age-class in abundance, and little culling occurs. 
Because the meat count regulation requires that the 
average number of meats in randomly selected 500-g sub-

samples from the bags not exceed a specific value (pre
sently 44 meats/500 g), blending of meat sizes from dif
ferent fishing locations before bagging is common. The 
bags are color-coded with thread to designate what third 
of the trip (maximum: 12 d duration, dock to dock) they 
were filled in. Vessels often mix scallop meats from the 
Scotian Shelf and Georges Bank in the same bag. 

Contact with freshwater ice during holding may in
crease meat weight at landing by as much as 17o/o (Caddy 
and Radley-Walters 1972). However, in recent studies 
(unpublished) that document more precisely the weight 
change during holding, variance in water content between 
controls was significant, presumably due to different am
bient salinities at capture; subsequent analysis has become 
complex and is not yet complete. 

Fishery data collection - Offshore scallops are largely 
landed in four Nova Scotia ports (Table 2): Lunenburg, 
Riverport, Yarmouth, and Saulnierville. Prior to 1979, no 
personnel were assigned specifically to collect commercial 
mollusc fishery catch data. Since 1979, a port sampler has 
been stationed in both Halifax and Yarmouth to coordi
nate sampling of all invertebrate species; most recent 
commercial fishery data have been collected by summer 
students under federal supervision but employed by the 
Nova Scotia Department of Development (Provincial 
Employment Program). Landings by month for 1972-81 
(Table 3) indicate considerable annual bias in sampling. 
Seasonally, average landings from April to October inclu
sive have been proportionately undersampled, whereas 
landings in January and December have been over-

TABLE 2. Atlantic Coast (excluding Gulf of St. Lawrence) scallop 
landings by statistical district for the years 1978 and 1979. 

Scallop landings 

Statistical t (round) 

district Main ports 1978 1979 

04 Big Bras d'Or 1 
06 Alder Point 1 34 
07 Louisbourg, Glace Bay 122 148 
09 St. Peters 4 
19 Ecum & Secum Bridge, 

Port Dufferin 10 13 
26 Lunenburg, Riverport 68 047 57 314 
28 Liverpool, Port Mouton 9 329 5 859 
29 Lockeport 346 
31 Shelburne 18 61 
33 Pubnico 120 
34 Yarmouth 8 203 4 829 
36 Saulnierville 13 816 11040 
37 Centreville, Westport 996 475 
38 Digby 5011 5 876 
39 Victoria Beach, 

Parker's Cove 186 184 
40 Black Rock 1 
44 Advocate 1 1 
50 Grand Manan 84 205 
51 Campobello Island 16 
52 Back Bay 14 28 

Total 106 304 86 309 

243 



TABLE 3. Distributions (OJo) of commercial scallop fishery samples (S) and landings• (L) by month for 1972-81 inclusive, and the per
centages of the total catch sampled. 

Month 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

1972 

S L 
1973 

S L 
0 5 

0 2 0 

0 6 17 7 

3 10 17 12 

3 14 11 13 

0 16 8 15 

2 12 5 13 

21 12 4 9 

30 9 7 9 

6 10 9 

2 9 10 6 

38 3 6 5 

1974 

S L 
0 

0 3 

0 3 

8 7 

18 15 

5 13 

17 15 

6 14 

5 7 

3 9 

13 7 

25 7 

1975 

S L 
0 

3 2 

4 3 

10 6 

II 12 

9 18 

8 14 

9 12 

II II 

17 8 

8 6 

10 6 

1976 

S L 
4 0 

2 2 

5 5 

12 15 

17 13 

14 14 

6 13 

4 9 

9 12 

10 7 

Jl 7 

6 3 

1977 

S L 
5 0 

9 3 

9 4 

10 11 

9 3 

11 13 

15 11 

8 12 

5 10 

7 8 

5 9 

9 5 

1978 

S L 
4 

5 6 

6 4 

3 11 

11 13 

II 15 

4 8 

9 13 

6 10 

8 10 

23 6 

11 3 

1979 

S L 
0 

0 0 

6 9 

5 12 

19 17 

24 13 

20 12 

II 10 

6 9 

6 8 

3 7 

0 3 

1980 

S L 
0 0 

4 

0 2 

3 14 

17 15 

24 15 

25 13 

13 II 

7 10 

3 8 

4 4 

2 3 

1981 

S L 
0 

4 

4 5 

0 6 

18 20 

24 .20 

16 12 

17 10 

6 9 

4 5 

6 5 

3 2 

Average (SD) 

S L 
1.8 

(2.4) 
2.1 

(2.9) 
5.1 

(5.2) 
7.1 

(5.2) 
13.4 
(5.2) 
13.0 
(8.5) 
11.8 
(7.8) 
10.2 
(5.5) 
9.2 

(7.5) 
8.1 

(4.0) 
8.5 

(6.2) 
11.0 

(I 1.8) 

0.7 
(0.5) 
2.7 

(1.7) 
4.8 

(2.1) 
10.4 
(3.2) 
13.5 
(4.4) 
15.2 
(2.3) 
12.3 
(1.9) 
11.2 
(I. 7) 
9.6 

(1.4) 
7.8 

(1.5) 
6.6 

(1.6) 
4.0 

(1.6) 
Wt sampled (t) 
Commercial 

landing ( t) a 

OJo sampled 
Avg. count 

/500 g 

0.043 0.102 0.072 0.099 0.110 0.095 0.133 0.704 1.603 1.221 
4161 4228 6138 7414 10384 13176 12216 9638 6694 8013 

0.0010 0.0024 0.0012 0.0013 0.0011 0.0007 0.0011 0.0073 0.0239 0.0152 0.0055 
(0.0079) 45.2 44.9 38.5 42.7 31.4 34.3 26.4 29.4 38.1 44.9 

•Landings for all fishing locations (from log records). 

sampled. The harsher winter climate can restrict the 
number of locations that can be readily fished, and hence 
catch proportions from different grounds may show con
siderable seasonal variation. Season significantly affects 
meat yield from animals of the same shell size from the 
same region (Haynes 1966). Catch sampling has also been 
biased by port, and although the entire offshore fleet 
fishes primarily the same general resource, the average 
size of scallop exploited is smaller for Lunenburg and 
Riverport vessels ( = Lunenburg fleet) than for Yarmouth 
and Saulnierville vessels (= Yarmouth fleet) (Table 4). 
Why this difference exists is not clear, as shucking small 
scallops is more tedious and difficult per unit of meat ob
tained. Both fleets are harvesting scallops on average 
below the size giving maximal Y I R. For Georges Bank 
scallops, this meat weight is 35 g ( = 7.8 yr-old animals) 
(Brown eta!. 1972). 

Port sampling procedures since 1979 have required that 
three 500-g samples be obtained randomly from each 
third of a sampled vessel's trip. During the summer, 
almost every scallop vessel is sampled in the Lunenburg 
fleet, although if more than 5-6 vessels land at once, some 
may be missed. With the Yarmouth fleet, regular sam
pling is more difficult, as fishermen occasionally land at 
odd hours (e.g. late at night), without advance notice. 
During the winter months, sampling occurs whenever pos-
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sible, often when bad weather forces a number of vessels 
to come in together. Trips are often broken (i.e. of short
ened duration) and so fewer samples may be obtained per 
vessel trip. 

TABLE 4. Average scallop meat weight and sample size by month 
and fleet for the year 1979. The Yarmouth fleet includes Yar
mouth and Saulnierville vessels, whereas the Lunenburg fleet in
cludes Lunenburg, Riverport, and Liverpool vessels. 

Month 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Annual 

Lunenburg fleet 

Avg. wt 
(g) No. meats 

14.55 
16.23 
14.61 
15.06 
17.72 
17.77 
13.35 
12.20 
15.20 

15.52 

0 
0 

2441 
1742 
7763 
8115 
4939 
3626 
1668 
1006 
591 

0 

3!891 

Yarmouth fleet 

Avg. wt 
(g) No. meats 

23.26 
31.65 
22.65 
23.99 
23.40 
17.71 
18.04 
17.51 

22.06 

0 
0 
0 

449 
186 

1699 
3231 
1088 
553 

1588 
497 

0 
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TABLE 5. Meat weight-shell height regressions (A) and Von Bertalanffy growth parameters (B) for 
sea scallops by management units. 

A: Meat weight (W)- shell height (H) regressions 
Management unit Regression Source 

Georges Bank 
October 
November-March 
April-September 
All months 

In W = -10.2516 + 2.785 In H 
In W = -11.7472 + 3.1311n H 
In W = -10.9926 + 2.995 In H 
In W = -10.8421 + 2.949 In H 

Haynes ( 1966) 
Haynes (1966) 
Haynes (1966) 
Haynes (1966) 

Scotian Shelf 
Browns Bank 
German Bank 

In W = -13.35 + 3.41 In H 
In W = -11.48 + 2.99 In H 

Jamieson et al. (1981a) 
Jamieson et al. (1981a) 

Bay of Fundy (off Digby, N.S.) 
Inside summer closure In W = -12.367 + 3.236 In H Jamieson et al. (1981 b) 

zone (9.7 km from shore) 
Outside summer closure 

zone (9.7 km from shore) 
Northumberland Strait 

In W = -11.299 + 2.925 In H Jamieson et al. (1981 b) 

All regions In W = -10.72 + 2.919 In H Jamieson et al. (1981c) 

B: Von Bertalanffy growth parameters 
w H to 

Management unit (g) (mm) K (yr) Source 

Georges Bank 46.66 145.36 0.38 1.5 Brown et a!. ( 1972) 
Scotian Shelf 

Browns Bank 14.04 108.80 0.36 1.6 Jamieson et al. (1981a) 
German Bank 19.06 124.60 0.28 1.6 Jamieson et al. (1981a) 

Bay of Fundy (off Digby, N.S.) 
Inside summer closure zone 42.33 145.44 0.22 0.5 Jamieson et al. (1981b) 
Outside summer closure zone 21.01 134.89 0.23 0.6 Jamieson et al. (1981 b) 

Northumberland Strait 
Eastern region 32.73 127.97 0.19 -1.1 Jamieson ( 1979) 
Central region 23.64 114.82 0.28 -0.2 Jamieson (1979) 
Western region 32.56 127.78 0.22 -0.5 Jamieson (1979) 
All regions 32.12 126.17 0.21 -0.4 Jamieson (1979) 

Prior to 1979, trip and bag sampling bias were greater, 
samples were fewer in number and were collected irregu
larly during the season. Samples to be measured were 
bought; in return for weighing the meats individually as a 
personal service, the sampler was allowed to keep the 
meats. There was thus a tendency to sample only the 
freshest scallop meats, i.e. those animals most recently 
fished. Less effort was made to sample randomly. 

Catch data analysis - Because only the adductor 
muscle of scallops is landed, meat weight-age regressions 
are required to determine commercial exploitation at age. 
The meat weight-shell height regressions presently in use 
for Georges Bank (Table 5) were determined from 1957 to 
1962 scallop data (Haynes 1966), in which Georges Bank 
was subdivided into four areas (northern edge, Great 
South Channel, eastern part, and southeast part). Signi
ficant differences in yield between seasons were reported, 
but not between sexes or areas. However, present analyses 
do not weight data for seasonal effects. Von Bertalanffy 
growth parameters (Brown et al. 1972) are used to extra
polate scallop meat weight or shell height to age (Table 5). 

Potential sources of error in the extrapolation of off
shore scallop meat weights to age are: 

1) meats are of unknown geographic origin, and hence 
the wrong regression is utilized; 

2) meats may not be entire or complete because of poor 
processing technique; shell height and age are under
estimated; 

3 ) meat weight may have increased during holding be
cause of freshwater uptake from melting ice; shell 
height and age are overestimated; 

4 ) incorrect extrapolation to age or shell height because 
of use of inappropriate seasonal or location regres
sions; transition between seasons or management 
subunits is not knife edge (e.g. Table 1). 

The effects of such errors are likely to be minimized 
with the younger age-classes because of the relatively large 
differences between average age-class meat weights. 
However, as age increases and annual growth increments 
decline, the magnitude of error increases (e.g. Table 1). 

Management and catch data usage - Landings by the 
offshore scallop fleet are regulated by fleet size restriction 
and vessel quotas for both trip and 4-mo. period. Biologi
cal recommendations have received little weight in estab
lishing landing restrictions. Yield per recruit analyses 
(Brown et al. 1972; Jamieson et al. 198lb) suggests op
timal ages of first exploitation, and this has been con
verted to meat yield and number of meats per unit weight 
(i.e. meat count). Present meat count regulations for 
Georges Bank are well above the optimal value. 
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In the absence of quota management, there is no direct 
management need to know total biomass or annual catch 
at age. Rather, fishery catch data are anticipated to be 
most useful in determining how a resource of estimated 
abundance at age should be exploited optimally through 
blending of meats of different sizes. While efforts are 
presently underway to develop methods to do this ana
lytically, commercial catch data at age will indicate cur
rent levels of performance. Understanding how a resource 
is exploited will allow better evaluation of the impact of 
alternate or modified management measures such as 
lower meat counts on landings. It is this unknown econo
mic impact that has prevented in part a decrease in regu
lated meat count to more optimum levels. Sufficient re
source survey and commercial catch data may now be 
available to accomplish this evaluation and so the priority 
given to the collection of new commercial catch data at 
this time should be reassessed. 

THE ABALONE AND 0EODUC FISHERIES 

Description - Abalone and geoducs first became ex
ploited in quantity in the mid-1970s when markets for 
both species were developed in Japan. Abalone landings 
increased dramatically from an annual average of 50 t 
(1973-75) to 410 t (1977-78), but recent regulations have 
restricted this fishery to about 90 t (Breen 1980). Magni
tude of geoduc landings has increased more gradually to 
the 1981 level of 2084 tin the south coast and 375 tin the 
north coast. Both species are exploited by divers, with 
animals retained whole until onshore processing. 

Abalone are either frozen or kept alive until landing, 
depending upon how frequently the vessel returns to port. 
Geoducs are difficult to hold alive and because of their 
large size and the vessels involved, freezing at sea is im
practical. Maximum holding duration for live abalone is 
about 1 wk. To maintain an acceptable product quality, 
geoducs are usually landed daily. In both species, landings 
are made at the nearest port with convenient access for the 
buyers. Abalone are rapidly shipped to Japan once they 
are landed; hence, commercial catch sampling is most 
convenient while the vessels are at sea. In contrast, most 
geoducs are processed in one of four Canadian plants, 
and geoducs are most easily sampled at these locations. 

Fishery catch sampling - Landings from the commer
cial abalone fishery have never been sampled; all size-fre
quency data for select populations have come from re
source surveys. 

Seven geoduc samples from commercial landings were 
obtained for the first time in 1981. Whole weight and shell 
length were measured, and the shells were numbered and 
retained for subsequent age analysis. Samples averaged 
229 animals (SD = 93) and were fished from sites prima
rily around Vancouver Island. 

Catch data analysis - With so little data collected, 
routine procedures have yet to be established for data 
analysis. Abalone cannot be aged accurately by counting 
annual shell rings, and no other satisfactory technique has 
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been developed for individual aging. Rather, analytical 
approaches are being investigated (e.g. Schnute and Four
nier 1980) to identify age-classes from population 
length-frequency data. In contract, geoduc shells can be 
aged by counting internal growth lines in acetate peels of 
cross sections of the shell (Shaul and Goodwin 1982). 
Geoduc growth does not appear to fit most conventional 
growth models in that there is .no apparent asymptotic 
size; growth appears to be composed of two stanzas, 0-10 
yr of age and >10 yr of age. This species is very long-lived, 
with average exploited age for a population frequently of 
30-50 yr and some individuals in excess of 100 yr old. 

Management and catch data usage- Both abalone and 
geoduc fisheries are regulated by licence restrictions and 
catch quotas for each statistical district. Fishing log re
cords are required to be completed, and there is a 
minimum legal size (shell length of 100 mm) for abalone. 
Realistic management quotas require that knowledge of 
the size of the exploitable resource and commercial re
moval at age be available. Annual resource surveys are 
not carried out in either fishery, and present quotas are 
derived in part from rough estimates through resource 
surveys of the virgin biomass and theoretical models of 
stock-recruitment relationships (Breen 1980; P. Breen, 
personal communication). Considerable harvesting in 
both fisheries is being carried out in previously unfished 
areas. 

While commercial size-frequency data might be used to 
determine growth and exploitation rates, the fact that 
culling occurs underwater by commercial divers prevents 
any information of prerecruit abundance from being ob
tained. Nevertheless, catch data for the recruited stock 
may be valuable, especially in the geoduc fishery where 
average exploited age is great. Since only one site is usu
ally fished in a day, age frequencies may provide a record 
of relative year-class abundance variability in the past, 
and annual growth increments, as with tree rings, may 
provide an indication of past ocean climate events that 
significantly affected growth. It is anticipated that 
regional sampling of commercial catch data in the geoduc 
fishery will increase in the near future to characterize 
region-specific age frequencies, although routine annual 
sampling of a specific stock may not be supported. 

Discussion 

Commercial catch at age data has been used little in the 
past in routine evaluations of mollusc population charac
teristics and in the refinement of management recom
mendations. Many mollusc species, particularly intertidal 
ones, support largely recreational fisheries that have been 
both of low management priority in comparison to com
mercial fisheries and relatively difficult to sample effec
tively. Among commercial, sedentary, subtidal moilusc 
fisheries, those for abalone and geoduc have only been 
established recently, and initial research emphasis in these 
fisheries has been largely directed towards resource sur
veys and the characterization of growth and yield rates. 
Sea scallops, which have been exploited offshore for three 



decades, have the most extensive commercial catch data 
base among Canadian mollusc fisheries, but even here 
data quality in some years has been poor. Caddy and 
Jamieson (1977) have used commercial catch data in 
cohort analysis in an effort to determine exploitation rate 
at age, but such analyses have little significance with pre
sent management approaches. Thus the priority for future 
extensive collection of commercial sea scallop catch data 
should be low. 

This should not imply that commercial catch data have 
no potential role in the management of sedentary mollusc 
fisheries. Rather, new, innovative approaches to the 
analysis and use of such data are needed. The mixing of 
individuals from different geographic locations exploited 
by a fishery, and the fishing of specific locations at certain 
times, pose difficulties in the broad interpretation of ob
servations. Nevertheless, limited resources may make 
commercial catch sampling a relatively cost-effective 
method to study some aspects of population dynamics 
and exploitation strategies. If analytical procedures be
come more refined, the ultimate value of a statistically de
signed, commercial catch data base for specific sites may 
be high. 
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BECKETT, J. S. 1983. Standards used for the sampling of commercial catch under ICNAF/NAFO, 
p. 251-254. In W. G. Doubleday and/et D. Rivard [ed./ed.] Sampling commercial catches 
of marine fish and invertebrates/L'echantillonnage des prises commerciales de poissons 
et d'invertebres marins. Can. Spec. Pub!. Fish. Aquat. Sci.! Pub!. spec. can. sci. halieut. 
aquat. 66. 

The development is reviewed of the ICNAF, and subsequently NAFO, minimum sampling 
standard that "the ICNAF sampling requirement should be specified at one sample per 1,000 tons 
of fish caught for each division, quarter of year, and gear. As an approximate guideline, such sam
ples should consist of 200 fish from the entire length range for length composition and one fish per 
centimeter length group for age composition." This minimum has been recognized as minimal, 
and sampling of individual stocks has been carried out at much higher levels, but no new general 
standard has been developed. 

BECKETT, J. S. 1983. Standards used for the sampling of commercial catch under ICNAF/NAFO, 
p. 251-254. In W. G. Doubleday and/et D. Rivard [ed./ed.] Sampling commercial catches 
of marine fish and invertebrates/L'echantillonnage des prises commerciales de poissons 
et d'invertebres marins. Can. Spec. Pub!. Fish. Aquat. Sci./ Pub!. spec. can. sci. halieut. 
aquat. 66. 

Le present rapport porte sur !'elaboration des normes minimales d'echantillonnage de 
l'OP ANO, anciennement le CIP ANO, voulant que les exigences d'echantillonnage devraient etre eta
blies a un echantillon par 1 000 tonnes de poissons captures pour chaque division, trimestre, et 
type d'engin. A titre de ligne directrice approximative, ces echantillons devraient consister en 200 
poissons repartis sur toutes les classes de longueur pour Ia composition par longueur et un poisson 
par groupe de longueur (intervalle de 1 centimetre) pour Ia composition par age. Cette norme est 
reconnue comme minimale et l'echantillonnage des stocks individuels a ete effectue a des niveaux 
plus eleves. Cependant aucune nouvelle norme generale n'a encore ete elaboree. 

Introduction 

The importance of sampling commercial catches was 
recognized very early in the deliberations of the Interna
tional Commission for the Northwest Atlantic Fisheries 
(ICNAF). As early as 1953, the passage following: 

an important synthesis of current practice and made a 
number of recommendations for standardizing and im
proving sampling activity (Anon. 1958, p. 117). 

"In order to recognize the effect of fishing, it is 
necessary to record the lengths of the fish in adequate 
samples of catches, showing fish discarded and fish 
retained. This is considered essential for all the fishe
ries for the important species by all the participating 
countries throughout the Convention Area. The total 
range of fish caught can be sampled only at sea by 
specially trained observers. The sea sampling of the 
sizes retained should be supplemented by samplings 
of landings ashore." 

was included in A fishery research program for the north
west Atlantic, that was adopted by the Commission in 
that year (Anon. 1953, p. 23). 

At its 5th Annual Meeting, the Commission agreed 
(Anon. 1955, p. 13) that a meeting of the Committee on 
Research and Statistics should be held in Biarritz, France, 
in March 1956, to, amongst other tasks, specify the abso
lutely essential information necessary for predicting the 
effects of fishing and compare and resolve differences in 
field and laboratory techniques. This meeting produced 

Each year rather pious statements were recorded in the 
Proceedings of the ICNAF Commission Meetings re
questing improvement by member countries of their sam
pling programs. The same situation existed in other areas 
and, in commenting on a resolution taken in the North
east Atlantic Fisheries Commission in 1971, the Liaison 
Committee (the forerunner of the Advisory Committee 
for Fisheries Management) of the International Council 
for the Exploration of the Seas, drew particular attention 
to deficiencies in biological sampling programs (Anon. 
1972a). This commentary was used by ICNAF's Standing 
Committee on Research and Statistics (STACRES) at its 
May 1972 meeting to underline to the Commission their 
own concerns (Anon. 1972b, p. 7). In the following year, 
the Commisssion accepted the recommendation of 
STACRES (Anon. 1973, p. 44-46) that a special Working 
Group be established to consider improvements in the 
ICNAF data base, including "a detailed study of the sam
pling methods used by member countries for estimating 
age-length compositions of catches ..... "The Working 
Group met initially in Rome in January 1974, and, 
amongst its conclusions (Anon. 1974, p. 51) was an 
agreement that "there was a need to establish guidelines 
for all kinds of biological sampling and, where possible, 
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to develop standard methodology for sampling length and 
age distributions and other biological characteristics of 
the stocks." 

Sampling Coverage Requirements 

The work of this Working Group was not completed by 
the time of the Annual Meeting of STACRES in June 1974, 
but a review of proposed minimum and desirable levels of 
sampling led to the adoption of a recommendation "that 
an ICNAF sampling requirement should be specified at 
one sample per 1 ,000 tons of fish caught for each division, 
quarter of year, and gear. As an approximate guideline, 
such samples should consist of 200 fish from the entire 
length range for length composition and one fish per cen
timetre length group for age composition" (Anon. 1974, 
p. 70-71). 

STACRES, through its Subcommittee on Statistics and 
Sampling, coordinated studies of variances associated 
with sampling (Anon. 1975, p. 131) but the minimum 
standard remained unchanged despite considerable debate 
in subsequent years. A minor early clarification to the 
standard referred to the need for age samples by sex where 
this was recorded separately. An ad hoc Working Group 
of ST ACRES on Standardization of Reporting Proce
dures for Sampling Data met in Bergen in November 1978 
and noted, in a review of the current sampling situation, 
that some fisheries were not being sampled at the mini
mum level while others were being sampled at a much 
h!gher rate. Furthermore, coastal states were requiring 
higher standards of commercial sampling from countries 
fishing in their fisheries zones, e.g. USA requirement of 
one sample per 1000 t of catch per month per 30' x 30' 
unit area, and Canadian requirements of a minimum of 
10 samples per stock per year, whether subject to a di
rected fishery or not. 

Additionally, coastal states were placing observers on 
the vessels of other countries in the zones of extended 
jurisdiction, with these observers also sampling catches 
(Anon. 1979, p. 21). 

Thus, while it has long been widely recognized that the 
existing minimum sampling requirements are indeed mini
mum, and much greater coverage should be, and has 
been, achieved for many fisheries, no new general 
standard has been adopted. Indeed, the standard was 
adopted unchanged by the Northwest Atlantic Fisheries 
Organization (NAFO), when this body took over from 
ICNAF in 1979-80. 

Coordination of Techniques and Reporting 
Format 

A great deal of attention has been paid to coordinating 
and standardizing both sampling techniques and the re
porti.ng formats. Both the Biarritz meeting and the Bergen 
meetmg already referenced made very important contribu
tions in these areas. A complete summary of the ICNAF/ 
NAFO Sampling Program may be found in Anon. (1981, 
p. 7-13). Some aspects are discussed further below. 
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SOURCES OF SAMPLING REQUIREMENTS 

The ICNAF/NAFO sampling program has included sti
pulations that samples must be drawn from catches by 
commercial vessels if they are to be applied against 
nominal catc~es. Where samples are taken from landings, 
then sampling of discards has been particularly 
encouraged, and where samples are taken from research 
vessel catches, it has been required that they be so 
identified, even if taken in a manner comparable to 
commercial fishing activity. It has been recommended 
that measurements be on "round fresh" fish in order to 
avoid bias due to length variation during sto;age. 

AGE SAMPLING 

The body parts used most frequently for aging studies 
are the otoliths, with scales the next most common. There 
have been a number of cases where the results obtained 
from these two sources are in disagreement, and compara
tive s~udies were needed to reconcile them. The aging 
matenal normally used is given in Table 1. 

Such material can be collected on a random basis or on 
a stratified basis. The latter is much more effective than 
~andom sampling for compilation of age-length keys used 
m assessments because, by selecting a certain number of 
fish from specified length intervals, the entire length range 
of the catch is covered, and it reduces the number of in
dividuals that need be sampled to adequately cover the 
catch. 

LENGTH REPORTING STANDARDS 

The length measurements required to be reported to 
ICNAF/NAFO and the form for reporting them have 
evolved with time, with the most recent revision being car
ried out in 1974, and minor changes being made since 
then. The lengths and size groupings to be reported, and 
whether the data should be separated by sex are sum
marized in Table 1. The actual measurements taken in 
the field may be on a finer scale than these requirements 
and subsequently combined. These more detailed mea
surements may be used for individual studies, and their 
collection is illustrated by current practice of scientists of 
the Canadian Department of Fisheries and Oceans 
(Table 1). The current definitions of the various lengths 
(Anon. 1981) are as follows: 

Fork length - from the tip of the snout to the apex of 
the V forming the fork of the tail, for species with forked 
tails. 

Total length - from the tip of the snout to the tip of 
the longest lobe of the tail when the lobe is extended pos
teriorly in line with the body. This is sometimes referred 
to as greatest total length. For fishes with nonforked tails 
only total length is appropriate. ' 

Other (to be specified) - for example, mantle length 
for squids, upper valve greatest diameter for scallops 
carapace lengths for shrimps, etc. ' 
while the method of recording may be as follows: 

Nearest centimetre (rounded) - measurements are 



TABLE 1. NAFO reporting requirements and current Canadian practice. 

Species Length Length Sexes Aging Current practice by Canadian 
group separate material scientists at sea 

Atlantic cod (Gadus morhua) fork length 3cm No otoliths nearest em 
Pollock ( = Saithe) (Pollachius virens) fork length 3 em No otoliths nearest em 
Cusk (Brosme brosme) total length 3 em No otoliths nearest em 
White hake (Urophycis Ienius) total length 3 em No otoliths nearest em 
Wolffishes (Anarhichas sp.) total length 3cm No nearest em 
Roundnose grenadier (Macrourus rupestris) pre-anal length 1/2 em No otoliths nearest 112 em 
Haddock (Melanogrammus aeglefinus) fork length 2cm No otoliths nearest em 
Greenland cod (Gadus ogac) total length 2cm No nearest em 
Red hake (Urophycis chuss) total length 2cm No otoliths nearest em 
American Plaice (Hippoglossoides platessoides) total length 2cm Yes otoliths nearest em 
Witch flounder (Glyptocephalus cynoglossus) total length 2cm Yes otoliths nearest em 
Yellowtail flounder (Limanda jerruginea) total length 2cm Yes otoliths nearest em 
Greenland halibut (Reinhardtius hippoglossoides) total length 2cm Yes otoliths nearest em 
Winter flounder (Pseudopleuronectes americanus) total length 2cm Yes otoliths nearest em 
Redfish (Sebastes sp.) fork length 1 em Yes otoliths nearest em 
Silver hake (Merluccius bilinearis) fork length 1 em Yes otoliths nearest em 
Atlantic herring (Clupea harengus) total length 1 em No otoliths nearest em or nearest 1/2 em 

or nearest 10 rom group 
Atlantic mackerel (Scomber scombrus) fork length I em No otoliths nearest em or nearest 1/2 em 
Alewife (Alosa pseudoharengus) total length 1 em No scales nearest em or nearest 112 em 
Atlantic argentine (Argentina situs) total length 1 em No otoliths nearest em or nearest 112 em 
Squids (lllex and Loligo) mantle length 1/2 em No length• nearest 1/2 em sexed 
Capelin (Mallotus villosus) total length 1/2 em Yes otoliths nearest 1/2 em 
Sea scallops (Placopecten magellanicus) shell height 1/2 em No length nearest 112 em 
Northern deepwater prawn (Panda/us borealis) carapace length 1 rom Yes length nearest 1 rom or nearest 0.5 rom 

below also nearest rom rounded 
down. sexed. nearest 0.1 rom 
by 0.3 rom grouping sexed 

Atlantic salmon (Salmo salar) fork length 1 em Yes scales nearest rom 
Atlantic lobster (Homarus americanus) carapace length 1 em No length nearest rom rounded down. 

sexed 
nearest 0.1 rom by 0.3 rom 

grouping sexed 
Snow crab (Chionoecetes opi!io) carapace width I em No nearest rom 

Other species not listed above should initially be reported by 1-cm length groups. 

•statoliths being examined. 



recorded to the nearest centimetre (i.e., fish in the length 
range 29.5-30.4 em are actually recorded as 30 em). 

Centimetre below (truncated) - measurements are 
recorded to the centimetre below (i.e. fish in the length 
range 30.0-30.9 em are recorded as 30 em). 

Other (to be specified) - for example, capelin are to be 
measured in half-centimetre units, and should be recorded 
to the nearest half centimetre below. 

REPORTING FORMAT 

The actual format for reporting has also evolved with 
time. Currently, NAFO receives individual rather than 
aggregated sample data for inclusion in the data base. 
Examples of the reporting forms may be found in Anon. 
(1981). 

Other Agencies 

The ICNAF/NAFO sampling requirements do not 
cover those species in the Northwest Atlantic that are 
under the mandate of the International Commission for 
the Conservation of Atlantic Tunas. The body has esta
blished requirements for the sampling of tunas, billfishes, 
and sharks. The standard length is fork length (upper jaw, 
except lower jaw for billfish) by 1-cm below grouping up 
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to 40 em fork length and by 2-cm below grouping there
after. The recommended national sampling level is 500 fish 
monthly for each gear type/unit area (unit depends on 
fishery). 
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KULKA, D. W., ANDD. WALDRON. 1983. The Atlantic observer programs- a discussion of sam
pling from commercial catches at sea, p. 255-262. In W. G. Doubleday and/et D. Rivard 
[ed./ed.) Sampling commercial catches of marine fish and invertebrates/L'echantillon
nage des prises commerciales de poissons et d'invertebres marins. Can. Spec. Pub!. Fish. 
Aquat. Sci./Publ. spec. can. sci. halieut. aquat 66. 

A brief history of the observer programs in the Atlantic region, a summary and analysis of 
sampling effort, and program benefits are presented. Since 1977 when technicians were first sent 
to sea as observers of commercial operations, the program had grown to where, in 1981 about 
12 500 fishing days were covered. Nearly 2 million lengths were collected from a large and very 
complex fishery for use in stock assessments. Set by set sample extraction, the strategy used at 
sea by observers resulted in more representative catch at age data. Sampling efficiency (expressed 
as samples per 1000 t) for overall commercial activity has certainly increased with the introduction 
of the observer programs. The problems raised by sample removal in the commercial environment 
and the duality of the observer's role are discussed and solutions to these problems presented. Along 
with its many other functions, the programs present a cost effective way to obtain much needed 
commercial data. 

KuLKA, D. W., AND D. WALDRON. 1983. The Atlantic observer programs- a discussion of sam
pling from commercial catches at sea, p. 255-262. In W. G. Doubleday and/et D. Rivard 
[ed./ed.] Sampling commercial catches of marine fish and invertebrates/L'echantillon
nage des prises commerciales de poissons et d'invertebres marins. Can. Spec. Pub!. Fish. 
Aquat. Sci./Publ. spec. can. sci. halieut. aquat. 66. 

Le present rapport fournit un bref historique des programmes d'observateurs et leurs avan
tages dans Ia region de I' Atlantique ainsi qu'un resume et une analyse de !'effort d'echantillon
nage. De ses debuts en 1977, quand les premiers techniciens ont ete envoyes en mer pour observer 
Ies operations commerciales, le programme s'est amplifie jusqu'a en venir a couvrir 12 500 jours 
de peche en 1981. Pres de deux millions de donnees sur Ia longueur, utili sees pour les evaluations 
des stocks, ont ete recueillies au cours de cette peche importante et tres complexe. La strategic utilisee 
en mer par les observateurs, so it le prelevement d' echantillons a pres chaque mouillage, a genere 
des donnees plus caracteristiques sur Ia composition en age des prises. L'efficacite de l'echantillon
nage (nombre d'echantillons par 1000 t) pour les activites commerciales globales s'est amelioree 
par suite de Ia mise en oeuvre des programmes d'observateurs. L'article couvre Ies problemes souleves 
par Ie prelevement d'echantillons dans un contexte commercial et Ia dualite du role de l'observateur, 
et presente egalement des solutions. En plus de ses nombreuses autres fonctions, Ie programme 
constitue un moyen rentable d'obtenir des donnees tres utiles sur Ia peche commerciale. 

Introduction 

The concept of placing fisheries observers aboard foreign 
trawlers off the coast of Canada to collect data was con
ceived in 1976 during a meeting of the International Com
mission for the Northwest Atlantic Fisheries (ICNAF). The 
program's prime objective was to evaluate the impact of 
small mesh fisheries on the Scotian Shelf; however, it was 
not untill977 that specific bilateral agreements were struck 
with countries taking part in the fisheries, particularly, the 
USSR and Cuba. This experimental program resulted in 
several papers based on the data collected. The usefulness 

of these documents demonstrated a need for such a pro
ject to continue in future years. Not only was the program 
a source of information for assessing silver hake and squid 
resources, it also provided a means to evaluate current gear 
and mesh regulations in a quantitative manner. Plans were 
formulated in the fall of 1977 to incorporate and apply the 
concepts of data collection and vessel monitoring to the 
French fleet scheduled to fish in the Gulf of St. Lawrence 
in early 1978. Because the program was initiated under very 
pressing time constraints, the overall success of this early 
program was questionable; it did lay, however, the ground
work for what was to follow. This initial experience aided 
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in the eventual creation of a full-scale, ongoing scheme. 
Establishment of a joint Biological and Enforcement 

Observer Program took place in the spring of 1978. The 
basic aim was to provide the department with a tool to assist 
in both the assessment and management of the fishery 
within the extended zone of fisheries jurisdiction. The pro
gram was to provide a source of reliable data for all off
shore commercial species and to act as an effective method 
of monitoring the compliance of foreign and domestic fleets 
to current regulations. 

In 1980, an expansion of foreign fleet coverage and an 
extension to domestic offshore vessels took place. In the 
same year, the program was converted into a third party 
company contract system to replace the individual personal 
services contracts previously used. The effects of these ma
jor changes will be discussed. 

Until 1981, these operations were administered by the 
Newfoundland and Scotia-Fundy components of the 
Department of Fisheries and Oceans, the former respon
sible for coverage in the Northwest Atlantic Fisheries 
(NAFO) for subareas 0, 2, and 3, the latter responsible for 
NAFO subarea 4, with overlapping coverage between 
regions for the Gulf of St. Lawrence. In 1981, the Gulf 
Region Observer Program was introduced with jurisdic
tion in the Gulf including NAFO subareas 4R, S, T, and 
3Pn on the domestic and the French fleet. The three pro
grams, in conjunction with the existing shore sampling 
systems, now represent a very comprehensive commercial 
fisheries data acquisition system. 

The object of this paper is to elucidate the scope of the 
program, describe its various functions, present a historical 
perspective of the biological portion of the activity since 
1979 (the first full year of operation), define the fundamen
tal objectives, and discuss benefits to the various users and 
operational shortcomings and their solutions. Particular 
areas to be focused on are: the success of techniques 
developed to obtain and process quality data in a commer
cial environment, the implications of personnel having a 
dual role (sampling and enforcement) as it pertains to the 
validity of data collected, and the effect of a fluctuating 
administrative structure. Also included is a general descrip
tion of the collection and processing system. 

Materials and Methods 

The observer is responsible not only for the collection 
of biological samples but also for recording catch-effort, 
enforcement, and a variety of other data. This paper deals 
only with the sampling function. The attainment of 
representative samples from commercial catches is a par
ticularly difficult process as populations and their 
parameters are unevenly distributed and ever changing en
tities. Fish populations exhibit annual and other cycles, but 
with many anomalies. These biological patterns alone 
would affect attempts to sample catches, but the job of 
the observer is further confounded by the nature of the 
workplace. The observer must work alone on a constantly 
moving platform where the primary aim of the ship's crew 
is to catch and process fish as quickly as possible. Each 
vessel presents a unique set of logistical problems to be 
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overcome in order to obtain valid samples; hence, flexibility 
is the operative concept. 

To ensure that the observer is able to carry out the data 
acquisition duties in a competent manner, a comprehensive 
training course must be completed before the first deploy
ment. The training includes multispecies sampling techni
que sessions in the laboratory, at fish plants, and finally 
at sea. Each stresses the theory of random sampling and 
outlines the barriers encountered in attaining such samples 
in the commercial environment. All techniques taught are 
laid down in manuals and/or instruction pamphlets. In 
these documents, each species and category is dealt with 
in detail so that observers have a written reference to deal 
with any problems encountered at sea. Further instruction 
is given at the briefing session just prior to a trip, along 
with specific sample requirements for that particular 
fishery. At this time, new techniques can also be taught 
if there are any special data needs. A sampling strategy is 
then devised using reports from past trips. Finally, the 
government and the contracted company utilize monitoring 
techniques and a disciplinary system to improve the work 
of their employees. Such feedback acts as a monitor and 
results in a continual upgrading of the data generated from 
the program. 

When at sea, the observer must first assess the vessel 
layout and processing system to determine the best sampl
ing plan. In consultation with the vessel's captain or pro
cessing foreman, a sampling position is selected where fish 
can be randomly removed from the catch with minimum 
interference to production. Since culling by the crew can 
be quite a subtle procedure, the whole sampling operation 
must be planned carefully by the observer to eliminate ef
fects that can lead to sampling bias. 

To date, the observer programs have concentrated on 
vessels employing the otter trawl, gillnet, or longline gears. 
These vessels use a basic processing design regardless of 
vessel type. Situated in the vicinity where the gear is re
trieved, is a series of holding pens and/or a hole that ac
cesses the below-deck processing operation. Once the net 
is retrieved after the fishing operation, it is emptied either 
into the pens or directly down the chute to a larger pen 
or hold. 

Sampling small catches from deck pens is done by visual
ly sectioning the pen and sampling all the fish in one sec
tion. Sampling large catches (>4 t) from deck pens can 
be rather difficult. The system of partitioning and sampl
ing all the fish in one section is not practical. If the fish 
are to be processed below decks, the observer is encourag
ed to sample from that area. However, if processing oc
curs on the deck, the observer is confronted with the logistic 
operation of collecting samples. Under those circumstances, 
sampling can be achieved by subsampling during the pro
cessing operation by taking fish at the beginning, middle, 
and end of the production period. 

A randomizing technique is used in the selection of the 
sampling units or baskets, usually about 5-8 to avoid 
removing fish from a small, possibly nonrepresentative 
subsection of the catch. This is important because in
dividuals of a population can be segregated or stratified 
by size or sex. Since only about 200Jo of all sets coming 



on board are sampled, those chosen must reflect time and 
area fished because there can be radical differences in size 
and ratio of sex between areas and time of day. Certainly, 
the sampler's judgment plays a large part in the ap
propriateness of data obtained from commercial operations 
at sea. The result is a more representative combined sam
ple for a given time period and stock. 

To make the one person operation at sea more efficient, 
a number of techniques or types of equipment were con
sidered. Such devices as keyboards or punch sheets used 
in the laboratory for recording data did not present any 
advantage to the commercial sampler and were not prac
tical at sea. Also, voice recorders were used to record data 
but again they did not save time and were often unreliable. 
Most observers prefer to record the data directly on com
puter tally sheets or on white plastic strips attached to the 
sampling board. This latter device eliminates the need to 
handle paper at the sampling station. Alternatively, water
proof forms have been successfully used. 

From time to time, limited access to fish, very poor work
ing conditions (as encountered on small side trawlers in the 
winter), and very small catches severely limit the size and 
number of samples that can be taken. These situations are 
encountered most often within the Canadian fleet. No prac
tical solutions exist and this can lead to a certain amount 
of undersampling. Fortunately such difficult situations oc
cur relatively infrequently. 

Typically, sampling can be applied to the landings (usual
ly culled animals), the catches, or the discards. The op
portunity to sample discards and unculled catches is the 
major advantage to sea sampling. At shore-based plants, 
only landings could be sampled. Frequencies obtained from 
unculled catches are obviously the most useful form of 
length data in that they represent the total removals. When 
discarding or reduction occurs, the shore sampling would 
bias the estimate of the frequency distribution. If it is not 
possible to obtain samples of the catch, then samples of 
discards should be taken. 

Landings are, in general, the target of most sampling 
programs for the following reasons: (1) access to unculled 
catches is often a problem, and (2) the amounts of discards 
are very difficult to estimate accurately. This last problem 
leads to only rough estimates of removals at length. The 
ideal situation on Canadian vessels (or for that matter in 
any commercial operation where discarding takes place) 
is to take catch samples, accurately determine both the 
landed and discard weight, add these two values to a total 
catch weight, and adjust the frequencies to this result. If 
amounts of discards and their lengths were known, then 
the landing samples taken at the plant could also be ad
justed in a similar manner. This procedure is not possible 
in practice, particularly where there is substantial discar
ding, because it is impractical for one observer to estimate 
precisely the amount of fish that is being dumped. the pro
cedure used now is to sample landed fish (after discarding) 
and ignore the resulting bias. The observer, however, is 
able to take samples of discarded fish when requested to 
accompany the best estimate of discards. In this way, the 
manager has an approximate idea of the size of the 
problem. 

The selection of fisheries or specific vessels to be sam
pled for removals at length is based on the overall re
quirements of the program, not just scientific needs. The 
observer deployment strategy has been determined from 
the following three factors (in ascending order of impor
tance): (1) the acquisition of catch, effort, and operational 
data, (2) attainment of representative scientific samples 
from the offshore sector, and (3) collection of other specific 
biological and technological data. Deploying observers to 
cover departmental needs (given a mandate and money for 
about 200Jo domestic and about 80% foreign coverage) is 
largely a random process with the general aim of obtain
ing roughly equal coverage per stock except in special cases 
where the need for more operational data are greater. The 
strategy generally satisfies basic sampling needs because 
of the relative randomness that vessels within a fleet are 
selected for observation. 

To illustrate this point, commercial statistics for the three 
full years of operation were compiled using foreign catch 
statistics supplied by FLASH (Foreign Licensing and 
Surveillance Hierarchical Information System) or the 
NAFO Statistical Bulletin, and domestic statistics collected 
by the Department of Fisheries and Oceans. Relative sampl
ing efficiencies were calculated by taking the number of 
samples extracted for each fishery divided by the correspon
ding catch, and multiplying by 1000. The value rounded 
to the nearest whole number represents the NAFO stan
dard of number of samples per 1000 t of fish caught. Any 
values less than 1 would represent an undersampled 
stratum. In certain instances, observed catch exceeded 
reported catch. In such cases, the observed catch was used 
to carry out the sampling efficiency calculations. 

Results 

Table 1 is a condensed historical summary of sampling 
performance which combines the effort of the two Atlan
tic Observer Programs (Newfoundland and Scotia-Fundy). 
Detailed sampling statistics from which this condensed ver
sion was derived can be found in D. W. Kulka (Depart
ment of Fisheries and Oceans, Research and Resource Ser
vices, St. John's, Nfld.) and D. W. Waldron (Department 
of Fisheries and Oceans, Marine Fish Division, Bedford 
Institute of Oceanography, Dartmouth, N.S. 1982, un
published data). It is these detailed tables stratified by coun
try, species, NAFO division, gear and quarter that form 
the basis for discussion of sampling efficiency. The strategy 
used when collecting data was to sample by division and by 
month, in order to produce a relatively even coverage over 
the stocks. This is the general format of the detailed tables 
although in certain cases the data have been combined by 
stock to reduce the volume. Not included are the small 
amounts of data collected in 1981 by the newly formed Gulf 
Region Program or limited data collected in 1978 by the 
other two regions. For the years 1979-81, Table 1 lists the 
relative sampling performance by country, species, and 
quarter. 

For this paper, a relative efficiency level of less than 1 
is considered inadequate, although as discussed later one 
sample per 1000 t may not yield a satisfactory data set. 
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TABLE 1. Quarterly sampling efficiency and percentage observed catches, 1979-81. 

1979 Efficiency 1980 Efficiency 1981 Efficiency 

% % % 
Country Species 2 4 observed 2 4 observed 2 4 observed 

Bulgaria Cod 0 200 
Haddock Ill 29 0 
Red fish 0 0 3 
Silver Hake 13 23 73 82 27 44 
Ill ex 57 10 56 40 43 
Capelin 0 0 0 

Canada Cod <I <I <I 2 6 5 3 <I I 10 17 6 9 4 36 
Haddock <I <I <I <I I 5 I 0 4 10 13 7 0 10 24 
Red fish <I <I I I I 10 3 2 7 6 29 9 3 II 21 
Pollock I <I 0 I I 3 0 0 I 7 3 4 3 3 13 
Silver Hake 17 23 59 
Ill ex 0 78 
Am. Plaice 0 <I <I 2 I 5 4 4 3 8 38 120 109 10 109 
Witch 0 0 14 2 0 9 4 51 9 9 24 68 0 18 19 
Yellowtail 0 2 0 I 7 5 I I I I 1000 26 57 103 44 
Turbot 0 2 0 2 0 3 I 19 9 83 289 0 123 
Shrimp 119 33 0 902 200 648 125 0 >1000 843 992 209 

Cuba Cod 34 0 100 0 82 77 71 255 97 83 176 0 53 
Haddock 91 333 0 >1000 >1000 140 333 >1000 78 
Red fish 78 <I <I 3 0 141 13 0 
Pollock 0 0 0 0 32 >1000 109 0 98 
Silver Hake 34 34 15 43 125 90 94 136 228 125 
Ill ex 0 19 62 40 610 37 70 280 346 816 
Argentine 100 0 0 667 150 
Capelin 0 0 109 

Denmark Shrimp 0 0 396 173 0 0 <I 25 35 2 

Faroe Islands Shrimp 209 150 227 42 
Porbeagle 0 87 2 0 14 133 150 0 70 
Cod 0 24 116 38 50 
Turbot 0 0 

France Cod 10 23 0 0 31 25 23 I 0 54 14 18 0 0 60 
Haddock 71 175 0 0 I 48 20 333 0 2 
Red fish 69 78 0 0 18 250 23 10 0 5 378 0 0 0 26 
Ill ex 19 99 69 106 0 0 100 
Shrimp 0 0 0 957 99 
Pollock 87 0 0 29 34 12 
Herring >1000 0 
Am. Plaice 265 529 0 0 0 667 II 18 5 >1000 0 0 
Witch 286 >1000 0 56 28 
Yellowtail 0 0 0 0 6 0 0 0 0 

Fed. Rep. Ger. Cod 23 0 63 10 29 26 67 
Redfish 29 0 0 0 0 0 0 
Pollock 0 0 
Ill ex 17 101 
Turbot 0 0 0 0 0 0 
Am. Plaice 0 0 0 
Witch 0 0 

GDR Cod 14 6 15 27 16 0 0 29 76 26 37 
Redfish 44 8 0 0 0 0 0 0 63 0 3 12 
Turbot 60 Ill 0 0 692 0 0 0 0 
Roundnose Grenadier 40 49 14 68 0 17 79 
Am. Plaice 333 0 0 
Witch. 150 0 0 

Greenland Shrimp 0 0 0 0 0 

Ireland lllex 10 98 

Italy Silver Hake 200 50 
Ill ex 2 87 86 
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TABLE 1. (Concluded). 

1979 Efficiency 1980 Efficiency 1981 Efficiency 

% % % 
Country Species 4 observed 4 observed 2 4 observed 

Japan Cod 0 0 >1000 1000 42 0 0 333 >1000 1665 667 >1000 5 720 
Haddock 667 444 0 516 169 37 >1000 200 100 
Redfish 0 0 !54 0 0 0 >1000 947 3 >1000 0 43 225 
Pollock 63 333 0 240 87 65 250 0 92 
Silver Hake 179 >1000 219 817 >1000 99 777 0 104 
lllex 18 16 60 0 55 59 87 35 14 58 
Argentine 0 19 54 45 0 27 74 27 64 0 21 
Am. Plaice 0 0 3 >1000 100 
Albacore 0 42 16 10 ll 80 49 27 
Big Eye 0 14 18 4 15 21 14 23 
Yellowfin 667 59 57 
Blue Fin 1000 2800 6 30 27 8 34 
Swordfish 7 29 39 15 46 

Norway Cod 0 0 0 0 0 0 32 66 90 
Shrimp 0 0 28 22 2 0 266 326 108 
Turbot 0 0 0 

Poland Cod 19 60 66 73 45 21 0 360 4 64 32 0 750 3 54 
Red fish 183 183 40 250 0 5 0 0 0 46 0 0 0 70 
lllex 8 3 20 73 0 97 42 92 
Am. Plaice 4 >1000 333 0 0 0 0 0 0 0 0 0 0 0 
Witch 29 57 389 33 21 74 0 101 65 47 0 0 92 
Turbot 38 37 72 70 51 0 417 24 0 0 23 32 140 14 77 

Portugal Cod 17 13 4 20 14 29 ll 30 83 62 275 71 87 
Red fish 72 0 0 10 8 0 1 6 0 4 2 22 
Silver Hake 200 0 60 
lllex 9 17 63 72 18 134 
Turbot 0 0 0 0 0 227 233 72 0 
Am. Plaice 14 23 0 98 0 8 !52 0 24 0 7 
Witch 34 10 0 0 3 0 0 0 0 0 50 
Yellowtail 0 0 0 
White Hake !00 

Romania Cod 0 0 
Red fish 0 1 
Silver Hake 1000 0 
lllex 19 ll6 
Am. Plaice 0 0 
Witch 0 0 

Spain Cod 0 30 6 8 0 32 16 28 38 
Red fish 636 71 0 
lllex 5 49 27 56 
Turbot 0 0 
Am. Plaice 188 0 0 145 l!O 0 0 
Silver Hake 800 200 21 

United Kingdom Cod 23 68 46 ll3 
Redfish 65 0 
Turbot 82 95 
Am. Plaice 0 0 
Witch 45 0 

USSR Cod 23 68 46 ll3 
Haddock !56 33 0 0 266 >1000 72 424 859 84 
Red fish 0 3 21 0 5 0 14 1 0 22 6 0 0 38 
Pollock 0 0 0 34 23 49 45 7 14 
Silver Hake 0 7 ll 28 24 19 200 45 22 21 50 
lllex 28 2 <I 6 60 12 200 44 97 21 30 
Argentine 22 20 71 68 69 333 67 171 34 21 
Am. Plaice 0 0 0 2 0 636 133 77 0 0 0 
Witch 0 0 0 0 0 77 50 10 67 53 0 28 
Yellowtail 0 0 0 
Capelin 0 10 41 9 5 95 0 0 78 
Roundnose Grenadier 0 24 7 8 0 0 3 30 "[ 40 
Turbot 10 39 124 >1000 0 46 392 457 
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Generally, Table 1 shows that where sampling effort does 
take place, number of samples per 1000 t considerably ex
ceeded the minimum value, implying a properly sampled 
stratum. ·In addition and particularly in 1979 and 1980, 
substantial numbers of by-catch samples were taken. These 
are useful especially where there is considerable species 
overlap such as in the squid/silver hake/argentine complex 
on the Scotian Shelf. 

The overall foreign coverage of fishing days by observers 
amounted to about 55% of that reported in 1979 although 
deployments were well spread over the various fisheries. 
Of approximately 125 strata (by NAFO division) where 
catches exceeded 100 t, 80% were sampled at the minimum 
efficiency level or better. Many of the small catches were 
covered as well. For the 20% of strata not sampled, only 
28% had catches in excess of 300 t indicating that almost 
all of the major fisheries were covered adequately. 

Strata where redfish was the directed species are excluded 
from the calculations because only limited samples were 
collected in those years. In 1979, observer sampling effi
ciency for the Canadian fishery was very low because 
domestic coverage was limited in the first year of opera
tion. Consequently, only about 20% of the strata were 
sampled efficiently. In that year, the shore sampling pro
gram (see Stevenson 1983) produced the bulk of the off
shore domestic data. The observer program contributed 
for the first time to the overall domestic data base. 

In 1980, sampling efficiency of foreign catches changed 
little from the previous year with 23% of the strata 
missed. Again only 29% of those missed, exceeded 300 t 
indicating good overall coverage, particularly in the larger 
fisheries. The most significant change occurred in the 
domestic sector where 55% of the strata (from about 20% 
of days observed) were sampled in excess of the minimum 
efficiency level. Particular gains were for shrimp stocks that 
previously went unsampled. Stevenson (1983) examined the 
combined efficiencies of the 1980 shore and sea sampling 
and his data indicated fairly complete coverage. 

In 1981, foreign sampling efficiencies decreased slightly 
to 76o/o in spite of the slight increase in coverage. This drop 
was due mainly to large USSR fisheries in December which 
were poorly covered. Domestic sampling was up from the 
previous year. As in the other years, the only stocks in
adequately sampled were of minor commercial importance, 
those outside 200 mi or those deemed less important in the 
context of surveillance needs. 

Since the introduction of the observer program, sam
pling in both the foreign and domestic sectors has been 
greatly improved. The ratio of expenditures to sample 
returns is starting to reach a plateau because the small 
fisheries are less accessible and more expensive to cover. 
This is particularly the case in the foreign fisheries where 
coverage is high. Further expansion in the domestic off
shore sector would, however, yield improvements in the 
sampling efficiency for certain stocks. 

Discussion 

The need for observers at sea as collectors of biological 
data was recognized long before the existence of such a 
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program. Paulsen (1956) made the following comment in 
the context of sampling salted cod: "The method does not 
offer a reliable substitute for sampling at sea by means of 
observers. The sampling by observers, although more ex
pensive (in money and time), must continue to be our main 
way of studying size-distributions. Our efforts to carry out 
and develop this kind of sampling should not in any way 
be lessened through the adoption of the method of measur
ing landed, salted cod.'' More recently T. Williams stated 
in Gulland (1977) that "Large well-equipped laboratories 
complete with costly research vessels and highly qualified 
staff, attempt to carry out quantitative studies of fish stocks 
without utilizing the enormous amount of information 
relatively cheaply obtainable from the operations of the com
mercial fishing fleet .... A properly organized program of 
work at sea on commercial fishing vessels and onshore at 
fish markets and in processing plants provides the basic 
data for removals by the fishery and also information on 
the abundance, distribution, migrations and mortality of 
the exploited fish stocks.'' Certainly the need for a large 
scale in situ program has long been realized. In 1977, coin
ciding with the extension of jurisdiction to 200 mi, Canada 
put such a program in place. 

The observer programs from all three Atlantic regions aim 
at the surveillance of the fisheries and the collection of 
scientific data. Such an approach is very efficient because 
each task performed by the observer requires only a por
tion of the working day. Hence all aspects together can 
be done by a single observer per vessel. This is further en
chanced since in most circumstances, both surveillance and 
scientific objectives are similar. A common criticism of at 
sea commercial data collection, as noted by Paulsen (1956), 
is the expense, but the cost effectiveness of the Atlantic 
program has been demonstrated by internal studies on 
several occasions for the surveillance aspects alone. The 
multiaspect approach supplies much needed information 
and reliable data to various groups within management, 
at little or no extra cost to the users. 

The observers' direct access to catches yields set by set 
estimates accompanied by detailed effort and age-length 
data. Age, length, and other demographics can be extracted 
in as detailed a manner as is deemed necessary and can even 
be taken from subsets of the catch such as discards, land
ings, or size-culled fish depending on the use to which they 
are to be put. They can be recombined into any specified 
strata, properly weighted at each level. For example, length
age sampling of catches at a rate of 1-2 sets per d can be 
easily done in conjunction with other duties. With a 25% 
deployment on Canadian offshore vessels, about 3% of 
all sets were sampled in 1981, an unprecedented level of 
coverage. On foreign vessels, where deployment averages 
about 85%, the portion of sets sampled was about 10%. 

Examination of individual sample frequencies of a par
ticular species taken in the same area and by the same vessel 
over a short period of time reveals that there can be con
siderable difference in both size and sex composition at the 
set level. This is due to the complicated and characteristic 
clumping in areal distribution of fish by size and sex 
(Zwanenburg and Smith 1983). Previously, all Canadian 
commercial length-age samples were extracted from land-



ings on shore, where generally, single samples per vessel 
were taken. It is possible that a single sample may not be 
representative if it includes fish from only a small propor
tion of the fish retained. Hence the daily sampling of sets 
at sea (about 7 per vessel per trip) represents an improve
ment in sampling design. 

Presently, the impact of sample error on the stock assess
ment process is uncertain and the amount of samples re
quired is unknown for this area. Since biological data are 
the basis for management, they must be as accurate as 
possible and sampling must be as intense as is practically 
possible. Regardless of whether the sea sampling strategy 
represents an improvement in sample design, this fairly ex
tensive scheme considerably enhances the overall data base 
and also allows for the statistics to be weighted on a set 
by set basis. 

The expense of obtaining these samples is low in rela
tion to other existing sampling programs. Certainly the pit
fall of oversampling adds unnecessary cost but undersam
pling can lead to misinterpretations of the state of various 
stocks, is much more serious and, in the long run, is a much 
costlier problem. 

Presently there are about 40 stocks (15 species) fished 
by 16 countries in the offshore sector composing about 220 
strata. This commercial operation presents an immensely 
large sampling problem because catches from each stock 
must be sampled adequately by gear, quarter, or month. 
The observer program provides an opportunity to ac
complish such a task. Prior to 1978, Canadian managers 
depended on data supplied to ICNAF (NAFO) by each 
country either from sampled landings or from sea samples 
done by technicians from each of the countries. Deficiently 
sampled or unsampled stocks were not uncommon par
ticularly in the foreign sector and the scientists responsi
ble for assessment had little or no way of controlling sam
ple quantity, quality, or distribution (Anon. 1979). Between 
country differences in measuring and recording methods 
for a number of species often made the data incompatible 
or at best difficult to combine with other sets. One exam
ple was the different ways in which roundnose grenadier 
were measured, i.e. total, anal, or anal fin length 
(Atkinson 1981). With a single collection agency, the 
observer program, the sampling techniques are standard
ized. 

In 1979, prior to observer coverage, Rivard et al. (1980) 
showed that 300Jo of all stocks fished by the domestic fleet 
in the Atlantic were not sampled adequately in terms of 
the NAFO minimum standard of one sample per 1000 t 
landed. It should be noted that this standard is arbitrary, 
not based on statistical analyses, and may represent a level 
that is less than adequate. Presumably, when extracting a 
reasonably large sample (200+ individuals) from 1000 t 
of a relatively homogeneous catch, a single sample would 
likely be representative of that group of fish. This ideal 
situation, however, does not occur because the fish are 
removed from a widespread area where size distribution, 
sex ratio, and even size at age might vary. In this situa
tion, larger numbers of small samples would be a more ap
propriate sampling strategy. It is exacty this kind of sam
pling scheme that is executed by the observer program. 

The program has only been in existence since 1978; 
therefore the value of data in assessment studies is just now 
being investigated. It is usual to work with an appropriately 
long time series of commercial data to obtain useful answers 
to management questions. The utilization of data has 
recently expanded rapidly and the information has 
proved to be quite beneficial for many users. Both catch 
and effort and length-age data are used regularly in stock 
assessments for a wide variety of species. It has also 
proved useful in quite a number of circumstances where 
only in situ observations could reveal a given problem. 

In certain cases and particularly the foreign sector, 
observer data are the only source of information and 
therefore are indispensable. For example, all of the com
mercial shrimp, large pelagic data, and much of the silver 
hake and squid data used for stock assessments have been 
collected by observers. Nearly 100% of all porbeagle sharks 
and associated by-catch species landed by the Faroes were 
measured for several morphometric characteristics, sexed, 
and weighed, yielding an unprecedented amount of com
mercial and biological data from a fishery with considerable 
potential. 

Acquisition of such data would not have been possible 
without an observer program. The program data provided 
the basis for 1980 and 1981 4VWX silver hake assessments 
and were a major source of flSSessment and other biological 
data on squid and argentine stocks (Waldron and Wood 
1980; Waldron and Sinclair 1980; Waldron 1981). The 
limited deployment on domestic vessels has also provided 
data valuable to stock assessment. In particular, data on 
the 1980 4VN winter cod fishery played a key role in the 
assessment of that stock for 1981. 

From time to time, it becomes quite useful to know the 
size composition of fish being discarded, and only in situ 
observations allow for such data to be collected. For ex
ample, in 1980, the observer data base allowed the 
reconstruction of the removals-at-age for 1- and 2-yr-old 
cod in 4VsW (discards). This data assisted in raising the 
TAC by almost 400% over what it would have been using 
landed data only (Maguire 1981). Another situation oc
curred during the 1981 foreign fishery on the Scotian Shelf 
where several vessels encountered large concentrations of 
juvenile haddock. Existing regulations forbid haddock 
retention of more than 1% of total weight on board but 
this regulation is only sensitive to weights and not numbers 
removed. In a matter of hours, these vessels caught almost 
70 t of small haddock. Observer communications with DFO 
provided immediate input to management and the situa
tion was quickly rectified. Without the presences of the 
observers, very large numbers of juvenile haddock could 
have been removed. The action taken by the Government 
of Canada was based on the presence and ability of the 
observer to estimate fish quantities and fulfill sampling 
protocols. 

Knowledge gained on by-catches in small-mesh gear 
fisheries on the Scotian Shelf has established that such 
removals were one of the most significant factors in reduced 
cod and haddock yields during the late 1960s and early 
1970s (Waldron 1980). The monitoring and the control of 
small-mesh fisheries are essential to protection of the pro-
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ductivity of resources which are of great importance to the 
Canadian fishing industry. The inability to identify and 
quantify this problem through boarding and fishery officer 
inspection testifies to the need for, and value of the observer 
programs. Certainly, it has helped fill one major gap in 
our knowledge- the impact of foreign fishing- a prob
lem that has created major uncertainties in stock assess
ment work in the past. These are but a few of the many 
examples where observer data contributed in a special way 
to management. 

The concept of an observer program was accepted by 
the Government of Canada mainly as a deterrence to both 
foreign and domestic non-compliance to regulations. In 
these presentations, dealing only with offshore surveillance, 
the scientific role of the program was seen as a secondary 
benefit. On the operational level in the regions, however, 
the program is definitely managed as both a surveillance 
and scientific program with equal emphasis on both func
tions. The program has been operating with these two man
dates since its inception and both the scientific and enforce
ment personnel involved are quite satisfied with the ar
rangement. As outlined above, the scientific component 
of the observer program offers many advantages for ob
taining data to be used in stock assessment; however, it 
also has a set of unique problems associated with it. Once 
most of these problems were overcome, an extensive and 
reliable data base was made available to the managers. 

Aside from its present usefulness in assisting with stock 
assessment, the data being collected are leading to a better 
understanding of the biology of many species as well as 
a better understanding of the various fisheries. Perhaps new 
and more precise assessment techniques will be developed 
now that more detailed data are available. Also, data for 
presently underutilized but potentially commercial species 
are being collected and may well play a role in developing 
new fisheries. Certainly an ongoing observer program will 
add valuable knowledge and improve the fisheries manage
ment scheme. 
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The Gulf region is a new administrative unit of Canada's Department of Fisheries and 
Oceans, responsible for the management of fisheries in the Gulf of St. Lawrence. Creation of this 
new organization permits designing a sampling program from the top down; the present paper 
outlines elements to be incorporated into an eventual sampling plan for the region. Landings of 
groundfish and pelagic fish were mapped by statistical area/gear/quarter strata and sampling 
effort was allocated to these strata via the "NAFO criterion" to determine the general distribution 
and intensity of sampling effort required in the region. An assumption underlying this approach is 
that sampling should be spread geographically in proportion to landings; this assumption would 
appear important in the Gulf where marked intraregional differences in fisheries exist. Sampling 
effort should be concentrated in three major areas: western Newfoundland/Quebec lower north 
shore; Gaspe peninsula/northeast New Brunswick; and Prince Edward Island/ Magdalen Islands. 
Sampling bases will be established in these areas to maximize sampling efficiency. 

PowLES, H. 1983. Planning the sampling of commercial catches in the Gulf region, p. 263-267. In 
W. G. Doubleday and/et D. Rivard [ed./ed.] Sampling commercial catches of marine 
fish and invertebrates/L'echantillonnage des prises commerciales de poissons et 
d'invertebres marins. Can. Spec. Pub!. Fish. Aquat. Sci./Publ. spec. can. sci. halieut. 
aquat. 66. 

La region du Golfe est une nouvelle unite administrative du Ministere des Peches et Oceans du 
Canada, ayant comme responsabilite Ia gestion des peches du Golfe Saint-Laurent. La creation de 
ce nouvel organisme a permis !'organisation d'un programme d'echantillonnage nouveau; cet 
article presente un apen,:u de quelques elements qui seront incorpores dans un eventuel plan 
d'echantillonnage pour Ia region. Les debarquements de poissons de fond et de poissons 
pelagiques ant ete alloues a des strates de region statistique/engin de capture/trimestre et 
cartographies. On a ensuite alloue !'effort d'echantillonnage aces strates en se servant du «critere 
de l'OPANO» afin de determiner Ia distribution et l'intensite de !'effort d'echantillonnage. Une 
supposition men ant a cette approche est que I' effort d' echantillonnage do it etre distribue geogra
phiquement en proportion aux debarquements, supposition qui semble importante dans le Golfe, 
ou des differences importantes existent entre les peches des parties de Ia region. L'effort d'echan
tillonnage devrait etre concentre dans trois aires majeures: ouest de Terre-Neuve I basse Cote-Nord 
du Golfe; Gaspesie/nord-ouest du Nouveau-Brunswick; et lie-du-Prince-Edouard/Iles-de-la
Madeleine. On etablira des bases d'echantillonnage dans ces regions afin de maximiser l'efficacite 
d' echantillonnage. 

Introduction Sampling will be the responsibility of a section within the 
research organization. 

The Gulf region is a new administrative entity of the 
Department of Fisheries and Oceans which has responsi
bility for managing fisheries in the Gulf of St. Lawrence. 
Fisheries research is one activity of this new entity; its 
basic objective is to provide the biological advice 
necessary to manage the fisheries of the Gulf of 
St. Lawrence to achieve optimum social and economic 
benefits. 

As part of this fisheries research activity, commercial 
catches must be sampled to provide the data required for 
stock assessment and other research projects. The 
objective of this paper is to outline elements to be 
incorporated into a sampling plan for the region. 

Before creation of the Gulf region, sampling was 
carried out by the Maritimes region and Newfoundland 
region in areas bordering the Gulf of St. Lawrence 
(reviewed in other papers presented at this workshop). 
Quebec region, where fisheries research began in 1978, 
has had sampling programs directed at snow crab 
(reviewed by Bailey 1983) and at pelagic fishes. These 
various components will be replaced by the Gulf sampling 
program. Other sources of fishery biological data in the 
Gulf are the Direction generale des pikhes maritimes of 
Quebec province (sampling program reviewed by Lussiaa
Berdou et al. 1983) and the Domestic Observer program 
begun by the Quebec region of DFO in 1981. This latter 
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program directed some 200 observer days at groundfish, 
shrimp, and herring purse seiner fisheries in 1981. 

The overall objectives of the sampling plan are: (1) to 
achieve effective sampling of catches - that is, to supply 
data with defined limits of precision, coverage, and inten
sity such that stock assessments of acceptable accuracy 
and precision can be conducted; and (2) to achieve 
efficient sampling - that is, to minimize costs of 
attaining objective (1). 

Description of the Area 

The Gulf of St. Lawrence (Fig. 1) is bordered by five 
provinces: Quebec, New Brunswick, Prince Edward 
Island, Nova Scotia, and Newfoundland. Major research 
laboratories involved with Gulf stocks are located at 
Moncton and Quebec. Sampling of 14 "stocks" is 
required (Table 1); although other species are fished in 
the Gulf, these are the major species for which quotas are 
required. 

Several characteristics of the region add complexity to 
the problem of efficiently sampling catches. Fisheries are 
characterized by a mixture of many vessels and gear 
types, and a high proportion of catches is taken by coastal 
gears (traps, longlines, gill nets, etc.). Partly in conse
quence, landings are to a large extent decentralized, 
rather than being concentrated at a few major ports. 
Sociocultural diversity is high; besides incorporating the 
two major language groups (English and French), the 
region is inhabited by subgroups (Quebec and Acadian 
French-speaking groups; Newfoundland and Maritimes 
English-speaking groups), and these groups may be 
further subdivided (e.g. federalist and separatist 
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quebecois). On some wharves in Quebec, federal govern
ment personnel may have limited success in obtaining 
samples. The impact of this diversity on sampling is 
difficult to assess quantitatively but it appears evident 
that efficiency will be greatest when sampling personnel 
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TABLE 1. Stocks which Gulf region sampling plan must cover, 
and within-Gulf landings for 1979 ('000 t). (Source - NAFO 
1981 and regional statistics offices.) 

Groundfish 

Cod - 4RS I 3Pn 
Cod- 4T I 4Vn 
Redfish- 4RST 
American plaice - 4T 
Witch -4RS 
Greenland halibut - 4RS 

Pelagic fish 

Herring - 4RS 
Herring- 4T 
Mackerel- 4RST 
Capelin - 4RST 

Invertebrates 

Snow crab (western Gulf, Cape Breton) 
Shrimp (northern Gulf, Esquiman Channel) 
Scallops (southern Gulf, Strait of Belle Isle) 
Lobster (southern Gulf except Quebec, 

western coast Newfoundland) 

Landings 

60.6 
46.7 
15.0 
13.0 
4.6 
8.8 

18.8 
47.7 

6.6 
9.1 

17.8 
7.7 
3.4 

11.8 
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FIG I. The Gulf region, showing NAFO divisions, statistical areas and laboratory loca
tions referred to in this paper. 



are of the same sociocultural group as fishermen and 
industry personnel. Finally, the area is geographically 
"fragmented" so that travel between major fishing areas 
can be lengthy or expensive or both. 

Under the former administrative setup, where Gulf 
research was carried out by organizations in Newfound
land, the Maritimes, and Quebec, these constraints were 
present but were of somewhat less importance than under 
the new organization. For example, Newfoundland west 
coast sampling was conducted from St. John's, mini
mizing sociocultural and travel constraints. 

Objectives and Strategy for the Commercial 
Sampling Program 

EFFECTIVENESS 

The intensity and distribution of sampling required to 
produce data on the accuracy and precision required for 
stock assessments and other projects must be determined 
prior to the field organization of the sampling program. 
Since the results of this workshop will influence this 
aspect of the sampling program for the Gulf, I have used 
the "NAF0" 1 criterion (one sample/quarter/gear 
component/ 1000 t landed) as a preliminary criterion for 
determining sampling intensity. In addition, I have 
assumed that catch sampling should be distributed 
geographically among landing areas in proportion to 
landings to accommodate geographic variability in stock 
distribution and fishery characteristics. For some species, 
some strata (area/gear/quarter combinations) may have 
insufficient landings to require a sample (i.e. landings 
< 500 t), but the sum of such strata over area may give 
landings sufficient to require taking of a sample. In such 
cases samples can be obtained wherever convenient from 
a gear I quarter combination. Application of the NAFO 
criterion to landings provides a general picture of 
sampling distribution required which can be considered 
the basis of the sampling plan. 

The final sampling plan will depend on results of this 
workshop and on stock or area-specific considerations 
that come to light with experience. Biologists responsible 
for individual stocks must be involved in sampling 
program planning. It would appear essential, to permit 
response to changing fishery or stock events, that the 
sampling program be fully reviewed annually. 

EFFICIENCY 

Minimization of cost (dollars and person-days) will 
require consideration of the constraints mentioned above. 
Travel costs would appear fairly easy to estimate, but in 
fact their estimation may be complex. In particular, 
choice of a sampling cycle (length of sampHng trips, 
basing of samplers) affects costs per sample. Sociocul
tural differences may increase sampling costs (since more 
time in the field may be required of a "stranger" than of 
a "local" to obtain a given number of samples), but this 

1Northwest Atlantic Fisheries Organization. 

is difficult to estimate. Changes in fishing patterns, i.e. 
uncertainties as to temporal and seasonal distribution of 
landings, may also increase costs. These factors are 
considered in the paper by Silvert and Powles (1983). 

STRATEGY 

The general approach envisaged for development of the 
Gulf sampling plan, and that taken in the rest of this 
paper, can be outlined as follows: 

1) Landings by species, area, gear, and quarter are 
mapped for districts of the Gulf region, for the most 
recent year for which data are available. 

2) A sampling intensity criterion (for this paper, the 
"NAFO criterion") is applied to the landings 
distribution. 

3) Number of samples required by species, gear, 
quarter, and district, generated from 1) and 2), is 
mapped. 

4) The preliminary plan thus generated is modified, 
through consultation with biologists or otherwise, to 
provide a final sampling plan. 

5) Resources are deployed in such a way as to 
minimize costs while meeting objectives of the sampling 
plan. 

6) The plan is modified during the year as necessary 
to adjust for changes in fishery patterns. 

7) The cycle is repeated for the succeeding year. 

Example - the 4RS/3Pn Cod Stock 

Data from 1979 indicated total landings in Gulf region 
ports to be 60 562 t. Many gear types were used, but 
bottom trawls, gill nets, and longlines accounted for the 
greatest proportion of the landings (Table 2). Significant 
landings from this stock were made outside the Gulf 
region (in southeast Newfoundland); however, these are 
not included in the Gulf region sampling plan since 
sampling is performed by the region in which landings are 
made. 

Landings for 1979 were used to develop a map of 
sampling intensity and distribution for this stock. 
Landings by gear, quarter, and area were supplied by 
statistics branches in the three former administrative 
regions (Newfoundland, Maritimes, and Quebec). 
Landings by gear, by quarter were mapped on a 

TABLE 2. Landings (t) of 3Pn/4RS cod by gear type in Gulf 
region - 1979. (Source - Newfoundland and Quebec statistics 
branches). 

Bottom trawls (side and stern) 
Midwater trawls 
Shrimp trawls 
Traps 
Gill nets 
Longlines and handlines 

Total 

Landings (t) 

23 802 
890 

2 260 
2 780 

13 394 
17 436 

60 562 
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schematic map of the Gulf of St. Lawrence (Fig. 2 shows 
the map generated for bottom and midwater trawls). The 
"NAFO criterion" was applied to the landings maps to 
generate number of samples required by gear I quarter I 
area, and number of samples from all gears were then 
summed to obtain number of samples required by 
quarter I area for this stock (Fig. 3). 

Sampling Intensity and Distribution for 
Groundfish 

Total samples required for groundfish stocks were 
mapped by quarters (all gears combined), based on 1979 
landings data (Fig. 4). Number of samples required (127) 
in gear I area/ quarter strata is lower than total number 
estimated from total landings within the Gulf (ca. 
150 000 t, Table 1). This is due to insufficient ( < 500 t) 
landings in a number of strata. This shortfall could in 
practice be made up by sampling non-area-specific 
gear/quarter combinations; these are species-specific and 
not listed in detail here. In any case, sampling intensity 
will in practice undoubtedly be higher than indicated by 
the preliminary plan generated in this way. 

A sampling plan based on these data would concentrate 
sampling in three major areas (southwest Newfoundland, 
northeast New Brunswick, and Gaspe peninsula) and 
three "minor" areas (northern Newfoundland/Quebec 
lower north Shore, Prince Edward Island, and Magdalen 
Islands). As expected, sampling should be concentrated in 
the second and third quarters except in southwest 
Newfoundland where first quarter landings are high. 

Sampling Intensity and Distribution - All Finfish 

Sampling maps for pelagic species (Fig. 5) were devel
oped and summed with the map for groundfish to provide 
an overall finfish sampling map (Fig. 6). It should be 
noted that sampling intensity for pelagics (particularly 
herring) has generally been considerably higher than what 
the NAFO criterion would require, and this will 
undoubtedly continue. Again, however, the map gives a 
general overview of sampling distribution required. 

Invertebrates have not been considered in this plan; 
sampling schemes will be developed by sections and 
carried out either by biologists or sampling personnel. 

Efficiency of Sampling 

Two general options for deployment of sampling 
resources were considered early in planning sampling for 
this region: 

I) All catch sampling to be done by technicians based 
at the major centers (Quebec and Moncton), traveling out 
to fishing areas. 

2) Sampling to be at least partly decentralized to 
"forward bases" in or near fishing areas. 

Additional costs associated with each option can be 
enumerated: basing sampling at central laboratories 
increases costs resulting from sociocultural differences, 
less rapid response time to changes in fishing patterns and 
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increased travel costs, while setting up forward bases 
involves costs for their maintenance and for possible 
seasonal underemployment of sampling personnel. These 
options are further considered in the paper by Silvert and 
Powles (1983). 

As indicated in that paper, the option of basing sam
pling technicians near the fishing areas appears more 
cost-effective and this approach will be used in the Gulf 
sampling plan. A sampling base will be set up in 
Cornerbrook, west Newfoundland, from which personnel 
will be able to cover west coast fisheries. Further analysis 
is required to determine seasonal allocation of sampling 
effort in western Newfoundland but based on Fig. 4, 
sampling will be required in all four quarters, with a peak 
of effort required in the second quarter. Sample 
distribution for the area to be covered by this base 
(Newfoundland coast and Quebec lower north Shore) is: 
first quarter, 14; second, 26; third, 16; and fourth, 8. 

Basing of seasonal sampling personnel in northeast New 
Brunswick (to cover the Gaspe peninsula as well), in the 
Magdalen Islands and in Prince Edward Island, which 
was done by Maritimes region, will probably be 
continued. 

Discussion and Conclusions 

Implementation of the Gulf region has provided an 
opportunity to examine planning for sampling "top
down," i.e. for setting up an ideal program to achieve 
overall objectives. This paper has laid out elements of an 
eventual sampling plan. Implementation of the plan will 
follow synthesis of the results of this workshop and 
further work by the region's sampling section. 

An advantage of the general approach to planning 
sampling distribution used here is that it could probably 
be programmed easily. The input data consist of matrices 
of landings that are divided by a sampling intensity factor 
to produce a matrix of samples required. It should be 
possible to program this procedure so as to update the 
sample plan easily, through incorporation of revised 
sampling intensity criteria or updating of landings 
subsequent to changes in fishing plans. 
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Sampling programs are carried out in order to come up with numbers to help in the manage
ment of fish stocks. Good sampling programs give more precise estimates than do poor programs, 
and precise estimates are more useful to fisheries managers. Operations research can help by designing 
sampling programs that use limited resources as effectively as possible. This paper presents a 
theoretical basis for the optimization of sampling design and illustrates the methodology by calcula
tions based on the cod fishery in the northern Gulf of St. Lawrence. 
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Les programmes d'echantillonnage sont effectues afin de generer Ies donnees qui aideront a 
Ia gestion des stocks de poissons. Un bon programme permet des estimations plus precises qu'un 
programme mediocre et des estimations precises sont plus utiles aux gestionnaires des peches. Une 
recherche sur les operations peut aider a Ia conception de programmes d'echantillonnage qui 
utiliseront les ressources disponibles, qui ne sont pas sans limite, aussi efficacement que possible. 
Le present rapport decrit une base theorique pour !'optimisation du processus d'echantillonnage 
et illustre Ia methode par des calculs bases sur Ia peche de Ia morue dans Ia partie septentrionale 
du golfe Saint-Laurent. 

Introduction 

Fisheries managers, in order to meet their objectives, 
need certain numerical information such as stock sizes, 
maximum sustainable yields, and year-class strengths. What 
they get are not exact numerical values for these 
parameters, but rather joint probability distributions for 
sets of parameters. These joint distributions in turn are ob
tained by analysis of raw data, and the amounts of dif
ferent types of data that are obtained depend on the sam
pling design. A different sampling design means a different 
distribution of the sampling effort, and this generally means 
that the joint distribution of the parameter values changes 
as well. One of these distributions is likely to be more useful 
than the other, and thus the sampling design on which this 
distribution is based is preferable. Design of an optimal 
sampling program means the specification of a distri
bution of sampling effort which leads to the most useful 
possible probability distribution for the estimates of the 
parameter values needed by management. Operations 
research is a branch of applied mathematics concerned with 
the solution of this type of problem, and in this paper we 
show how optimal sampling can be formulated as a 

mathematical problem and solved. This is illustrated by an 
example based on the sampling situation in the Gulf of 
St. Lawrence. 

The concept of optimal sampling is not a new idea. The 
problem of optimizing the size of trawl samples is con
sidered by Taylor (1953) who in turn cites papers going back 
to 1936. The type of analysis used in this paper was 
developed by Ackoff (1962), and similar studies have been 
carried out in other areas of marine science, such as the 
work by Kelley and McManus (1969) on sediment sam
pling which was subsequently extended to upwelling studies 
(Kelley 1971). Kelley's work has been applied to benthic 
sampling (Saila eta!. 1976) and to ichthyoplankton surveys 
(Smith 1978). 

This paper deals with sampling design on a fairly broad 
scale, but operations research methods can also be used 
for relatively detailed research planning. Leming and 
Holley (1978) have developed a computerized system for 
optimizing the cruise tracks of groundfish surveys, and 
Ibanez (1980) describes a linear programming approach for 
optimizing the daily sampling schedule of a research vessel. 
The type of sampling design problem described in this paper 
describes a particular application of operations research 
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to fisheries sampling, but it must be remembered that many 
other kinds of applications are possible. 

Statement of the Problem 

The process described in the Introduction is shown in 
Fig. 1. The problem is to put in the feedback loop 
represented by the dashed line, and to vary the sampling 
design in such a way that it approaches the optimum. 

In order to do this we need some way to assess the value 
of a particular joint distribution of parameter estimates 
from the viewpoint of management. For a single parameter 
this is relatively simple to do; the broader the distribution, 
the less useful the information is likely to be. However, 
when several parameters have to be estimated, then the 
shape as well as size of their mutual confidence region can 
change, and it is necessary to balance improvements in the 
confidence limits on one parameter against broadened con
fidence limits for another. For example, in assessing the 
stock sizes for two species of fish when one is of much 
greater commercial value than the other, managers will seek 
the best information possible on the commercially impor
tant stock even at the expense of information on the other 
species. 

The evaluation of a set of estimates in terms of how well 
they contribute to achieving management objectives must 
clearly reflect the factors that determine these objectives, 
and these include economic, social, and even political con
siderations as well as biological factors. It is essential that 
we be prepared to provide a quantitative measure of the 
adequacy for management purposes of any particular joint 
distribution function for the parameter estimates. In a 
fisheries context the adequacy of a set of parameter 
estimates is measured by the probable "regret" associated 
with possible errors in assessments and allocations (White 
1983). The definition of regret is basically the responsibility 
of the managers; this is how they tell the scientists how ad
equate their assessments are. In fact, perhaps the greatest 
single contribution of operations research to management 
science has been the insistence that managers must specify 
an "objective function" to be maximized or minimized, 
since if this is not done, there is no meaningful way in which 
to compare different options; certainly the historical record 
shows that the failures of operation research can almost 
invariably be traced to inadequate or incorrect specifica
tions of the objectives. 

Once the objective function has been determined, the op
timization of the sampling design is conceptually simple 
and straightforward; one simply compares all possible 
strategies and selects the best one, namely the design that 
minimizes probable regret. Actually it is almost always im
possible to enumerate all possible strategies, so one has to 
resort to mathematical shortcuts. Because the mathematical 
techniques involved tend to be very complex and 
sophisticated, operations research has developed a forbid
ding mystique that may discourage prospective users from 
attempting to implement it. Some discussion of the 
mathematics is inevitable, but in the following discussion 
we have focused less on rigor and generality than on clar
ity of presentation. 
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FIG. 1. Illustration of the problem of optimal sampling design. 
The boxes connected by solid arrows represent the assessment pro
cess. The problem is to put in the feedback loop represented by 
the dashed arrow. 

Optimization Techniques 

In some cases one can actually carry out optimization 
by discrete enumeration of all possible choices. For exam
ple, suppose that a fishery scientist visits a remote Pacific 
atoll and is asked to make a single-handed estimate of the 
number of fish in the lagoon. He has an outrigger canoe 
equipped with butterfly nets for catching fish, and he 
decides to use catch per unit area to estimate biomass B. 
In order to estimate the number of fish, N, he also needs 
to subsample the catch to obtain a figure for the weight 
of individual fish, W. Once he has estimated the two 
parameters Band W, the number is given by N = BIW. 
To obtain the most precise possible estimate of N, he 
therefore needs to maximize the precision of the estimates 
of both B and W, which means maximizing both the 
amount of fishing effort and the number of fish measured. 
This is only meaningful if we impose some constraints on 
the total amount of time available. We will assume that 
he only has 3 d to carry out the work before his airplane 
leaves, and we also assume that each day is devoted en-
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tirely either to fishing or to measuring the fish (the time 
required to weigh the catch and to carry out the calcula
tions is considered negligible). This leaves him with four 
possible choices. The first choice, which is to do no fishing 
at all, is pointless because there would not be any fish to 
measure. The other extreme alternative, which is to spend 
all 3 d fishing, would give him the best possible estimate 
of biomass but no information at all on the size of the fish. 
He is thus left with a choice between 1 d fishing with 2 
d measuring, or 2 d fishing and 1 d measuring. The final 
selection of one of these two alternatives would depend on 
calculating the probable precision of the estimate of Bl W 
in each case. 

If we make this problem continuous by allowing the 3-d 
assessment period to be divided in any ratio between fishing 
and measuring, then we have an infinite number of sam
pling strategies to choose from, and simple enumeration 
of the alternatives is no longer possible. However, this 
problem does not require difficult mathematics. If B and 
Ware lognormally distributed, then we obtain an estimate, 
N, for the number of fish from the equation log N = log 
jj - log W, where log jj and log W are the means of all 
measured values of log Band log W, respectively. Since 
the probable error in using the mean of n observations to 
estimate the center of a normal distribution is proportional 
to n- Ill, we can infer that the probable errors in the 
estimates log jj and log W are inversely proportional to 
the square roots of the times spent on each type of measure
ment, Tn and W w~Jf we define the regret to be the square 
of the error in log N, its expectation value can be written as 

<regret> = E~ + E~ 

where En = ani ..JT; and E w = a w 1.JT;;. Thus the 
mathematical formulation of the problem is to find two 
sampling times Tn and T w which minimize the probable 
regret 

while satisfying the constraint 

T8 + T w ::53 d. 

In the present case we can find the optimal sampling design 
by elementary calculus; from the constraint equation let 
T w = (3 d) - Tn and substitute in the expression for 
regret. Minimization of regret with respect to Tn requires 
simply that we set its derivative equal to zero. An alter
nate and more general technique is to use the method of 
Lagrange multipliers (Wagner 1975); we define the new 
function 

L = <regret> + g(T8 + T w> 

where g is a constant known as the Lagrange multiplier. 
We then find the optimal strategy by solving the 
simultaneous equations 
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auar8 = auar w = o 

aua
8 

::s; 3d. 

Using either approach we find that the fraction of total 
sampling time to be spent fishing is anl(an + aw), and 
the ratio of the two times is TniT w = unlaw. This has 
a reasonable interpretation in that it means that more time 
should be spent sampling the quantity which exhibits the 
largest standard deviation. 

This example has been worked out in some detail because 
it illustrates several aspects of the application of operations 
research to sampling design. First of all, as stressed 
previously, one cannot carry out mathematical optimiza
tion without an objective function to maximize or 
minimize. Second, one must take into account constraints 
on the sampling strategy such as those imposed by cost, 
manpower, shiptime, and other factors. The method of 
Lagrange multipliers and its generalizations enable any 
number of such constraints to be taken into account. Third, 
we need to be able to estimate errors arising from the finite 
size of the samples and to be able to calculate how these 
errors propagate through the calculation of the desired 
parameter values. This is relatively simple to do if the 
variables are all normally distributed and the calculation 
uses only linear models, but most statistical distributions 
encountered in fisheries are not normal and many models 
are nonlinear, so the latter point requires some elaboration. 

Sample Size and Measurement Error 

Suppose that we want to measure some quantity x, but 
that there are errors in our measuring apparatus. Given 
a set of measurements Xp x2, ... , xn we want to obtain an 
estimate of x. The problem of finding the best estimate of 
x occupies a large proportion of the statistical literature 
and will not be considered in this paper, since we are con
cerned only with the size of the probable errors in these 
estimates. For example, if the errors are normally 
distributed with standard deviation a , then the best 
estimate of x is the arithmetic mean (x1 + x2 + ... 
+xn)!n, and the probable error of this estimate is ai..Jil 
(Gelb 1974). If the errors are not normally distributed, then 
some other estimate of xis usually preferable, such as the 
median (Huber 1981 ). However, a general property of most 
robust estimators is that even though errors in the in
dividual measurements may not be normally distributed, 
the probable error of the estimator is usually at least asymp
totically normal with a standard deviation proportional to 
n- 112 (Huber 1981; C. Field, personal communication). 
This property is extremely useful and facilitates the develop
ment of a general approach to optimal sampling design. 

To illustrate this, suppose that we want to design a sam
pling program to estimate the percentage weight of gonads 
in a spawning fish stock. The measurements clearly can
not be normally distributed, since a normal variate is un
bounded while the quantity we are measuring falls between 
0 and lOOOJo; in fact, the distribution is likely to be bimodal 
if we sample without regard to sex. However, the estimator 
that we obtain from a set of n measurements generally has 
a normal distribution with a standard deviation propor
tional to n- 112, at least for large values of n. 

We can generalize this result to continuous observations, 
such as towing a net for a specific length of time. If we 



think of such a tow as a set of discrete 1-s tows, then n is 
simply the duration of the tow measured in seconds, and 
the probable error in the result of such a tow (e.g. fish den
sity) should be proportional to the inverse square root of 
the duration of the tow. If we treat the number of fish in 
the tow as a Poisson variate, then the fish density is basical
ly the parameter of the distribution; the maximum 
likelihood estimate of this parameter is NIT, where N is 
the number of fish caught in time T, and the probable er
ror of this estimate is (NIT) 112• Whether we measure 
sample size in discrete observations or in terms of a con
tinuous variable like sampling time, we can still speak in 
general terms of a quantifiable amount of sampling. For 
practical purposes we can conclude that the probable er
ror in the estimation of a quantity from a single set of 
measurements is inversely proportional to the square root 
of the sample size, which we call the ''sample size 
assumption.'' 

Sensitivity Analysis of Assessment Models 

In our original characterization of the assessment pro
cess shown in Fig. 1, the process of deriving a set of 
parameter estimates from the raw data was identified as 
a single step vaguely labeled "analysis." The examples 
given above show that this process is better illustrated by 
Fig. 2, in which data analysis is broken down into two com
ponents: one first derives a set of values characterizing the 
population from which the samples are taken, which are 
then used as input for a computational model of the desired 
parameter estimates. In our first example, the two sam
pling techniques were fishing and the measurement of in
dividual fish; one measured biomass B, and the other the 
weight W. Let B and W represent the estimates of these 
two quantities obtained from the raw data; these are "in
put parameter" estimates used in computation of the "out-

OUTPUT 
PARAMETERS 

Qj 

t~coM. 'PUTAT/ONAL MODEL 

INPUT 
PARAMETERS 

pi 

t~EST. !MAT/ON THEORY 

RAW DATA 

FIG. 2. Expanded representation of the process labeled "analysis" 
in Fig. 1, which obtains a joint parameter estimate from the raw 
data. An intermediate set of input parameters is computed which 
is assumed to have an asymptotically normal error distribution, 
even though the raw data may not be normal. 

put parameter" N, which is the quantity need for manage
~ent J?U!J>OSes. T.J!e comptgational_model in this case is 
N = BIW, or log N = log B - log W. From the additive 
form of this model we see that the probable error in the 
estimate N is given by EJt = E1 + E'fv, as discussed 
earlier. What we have in effect done is carry out a sensitivity 
analysis of the computational model to see how the 
distribution of the estimate of the output parameter 
depends on probable errors in the input parameters, which 
are in turn determined by the sizes of the different samples. 
This is basically how one determines the effect of sampling 
design on precision in any assessment model, although of 
course the calculations may not be equally straightforward 
in every case (see Rivard 1983 for a more detailed 
discussion). 

We now turn to a more general analysis of how the preci
sion of an assessment can be estimated from a set of 
samples. Let Pi denote the input parameters, each of 
which is obtained as the result of ni separate measurements 
(ni can also represent sampling time or any other measure 
of sample size). Using the sample size assumption intro
duced before, each of the estimates of Pi is subject to a 
probable error (V/ni) 112 where Vi is some constant (for 
normal distributions Vi is the variance). From the 
estimates Pi of these input parameters we nee~ to compute 
estimates of the desired ougmt parameters Qp and from 
the probabl~ errors in the Pi we need _!:o estimate the er
rors in the ~· The calculation of the Qj can be expressed 
as some system of equations of the form 

and, if we assume that the errors in the Pi are uncorrelated 
and that they are small enough for us to use linear sen
sitivity analysis, we obtain 

for the expectation values of the variance-covariance matrix 
of the errors Ej (but see White 1983 for a discussion of 
possible problems with linear sensitivity analysis). From 
this we can in turn compute the joint probability distribu
tion of the set of parameter estimates Ql' Q2, ... , so that 
from a given sampling design represented by the 
measurements_np n2, etc., we can calculate the probable 
errors in the Pi, then _!he variance-covariance matrix for 
the errors Ei in the Qj, and finally the probable regret 
associated With the joint estimate. In our previous exam
ple of estimating the number of fish we have a single out
put parameter, Q1 = log N, and two input parameters, 
P 1_= log B_anc!P2 =_log Jf; the computational model 
is Q1 = / 1 (Pp P2) = P 1 - P2, and the mean squared er
ror is <Et> = V/n 1 + V/n2• This is the same as the 
equation we obtained before for probable regret, which il
lustrates that these equations are simply a generalization 
of the calculation we carried out before. 
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Constraints 

Since the probable regret can be estimated, given a sam
pling design, it can be written in a functional form as 
F(npn2, ... ). The optimal sampling problem is to minimize 
this function subject to constraints on the ni which we 
shall assume can be expressed as linear inequalities of the 
form 

In particular, we often find that several of the input 
parameters Pi are determined by the same measurement, 
as when a size-frequency distribution is obtained by measur
ing a given sample of fish. In this case, let n1 be the 
number of fish in the sample and P1, P2, etc. the fraction 
of fish in each size-class. All we have to do to cover this 
very common situation is include the constraint n1 = n2 
= ... ,which can always be written as a set of inequalities 
such as n1 -n2 $0, -n1 + n2 $0, and so on. Although 
this method is cumbersome, it does facilitate the develop
ment and use of powerful and general computer packages 
for the solution of optimization problems. In particular, 
we can use the method of Lagrange multipliers described 
previously to help carry out the constrained maximization; 
we define 

L = F(nl' n2, ••• ) + I: gm J;,cm;n; 
m 1 

where gm are the Lagrange multipliers, and solve the 
system of equations 

Although these equations may appear forbidding, there is 
a wealth of useful literature on nonlinear optimization to 
turn to, and many applicable computer packages exist as 
well (Wagner 1975). 

When there is only one constraint to be satisfied, the 
solution of the above equations is relatively easy to inter
pret. Since 

in this case, we see that the ratios (8F /ani)lci are all 
equal. If we interpret ci as the unit cost of measuring P., 
then this quantity is the marginal decrease in probabie 
regret due to a unit expenditure on this aspect of the 
sampling program. In other words, if one has an optimal 
sampling design and invests an additional sum of money, 
or of manpower or shiptime or whatever else is the 
operative constraint, the reduction in regret should be the 
same no matter how the additional resource is allocated. 
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An alternate way to viewing this result is that the transfer 
of a small amount of resources from one part of the 
sampling program to another should not affect the prob
able regret associated with the assessment. 

Case Study of the Gulf of St. Lawrence 

Some preliminary calculations related to the sampling 
program for cod in subarea 4RS of the Gulf of St. 
Lawrence illustrate the application of these ideas to the 
design of a sampling program. There are three major land
ing regions within this subarea: these are southwest New
foundland (NJ), northern Newfoundland (NN), and the 
Gaspe peninsula (QB), as described by Powles (1983). 
Landings within these three regions account for a large ma
jority of all landings from 4RS, so it should not be dif
ficult to generalize these results to include the rest of the 
subarea. Our original intention was to compare two types 
of sampling strategies, one of which would be to do all 
sampling from a centralized location (Moncton); the other 
was to have several small sampling teams located in for
ward bases close to the sampling areas (such as Corner
brook and Caraquet). To carry out this comparison we 
needed to estimate the costs of the two options, and in 
doing so we took both time (person-days) and money (in
cluding travel costs) into account. For simplicity we decided 
to estimate a set of fixed costs per sample, even though 
this does not adequately reflect the actual cost structure; 
when travel costs are taken into account, clearly the cost 
of two samples taken on the same trip is less than twice 
the cost of a single sample. The details of the cost estimates 
are contained in Appendix A and the results are given in 
Table 1. 

The first part of the optimization analysis is trivial, once 
the costs for the different sampling strategies have been 
determined. It is evident by inspection of Table I that the 
costs of centralized sampling, the quantities given in paren
theses, are in every case higher than the costs associated 
with sampling from forward bases. Thus the localized 
sampling program is clearly preferable, and it is not 
necessary to carry out any sophisticated mathematical 
analysis to reach this conclusion. This is not an unusual 
occurrence in applications of operations research; quan
tification of the costs and objectives is generally the most 
critical part of the analysis, and once this has been ac-

TABLE I. Costs of locally based versus centralized sampling in 
three Gulf regions. The first entries correspond to sampling from 
Cornerbrook and Caraquet, the entries in parentheses to centralized 
sampling from Moncton. 

Person-days 
per sample 

NJ 

1.0(1.2) 

Region 

NN QB 

1.5(1.9) 1.8(2.1) 

Cost per sample $52($94.25) $67.50($152.50) $91.50($157.00) 



complished the actual optimization, if not actually trivial, 
is a straightforward application of suitable mathematical 
techniques. To illustrate these techniques, we shall assume 
that the forward-based sampling option has been adopted, 
and we consider the problem of obtaining an optimal 
distribution of samples from the three regions. There is a 
considerable range in sampling costs among the three 
regions, with the Gaspe being the most expensive area in 
which to sample and southwest Newfoundland being the 
least costly. 

We first consider the problem of estimating a stock 
population parameter such as size at age which can be 
assumed constant throughout the region. In this case we 
do not need to sample in all three regions, and given the 
much lower costs of sampling in southwest Newfoundland 
we could conserve both time and money by doing all of 
the sampling there. However, this is an unusually simple 
problem in that both the time and dollar costs in NJ are 
lower than anywhere else. If the cost per sample in NJ were 
increased to $100, then the choice between NJ and NN 
would depend on whether time or money was the more im
portant constraint. For example, under the constraints that 
the total number of person-days must not exceed 33 and 
a budget of $2000, then by maximization of the total 
number of samples nNJ + nNN subject to 

!.OOnNJ + l.50nNN :S 33.00 

100.00nNJ + 67.50nNN :s 2000.00 

we find that the optimal sampling in nNJ = 16 and 
nNN = 9 for a total of 25 samples. If we sample in only 
one location then the best that we can do is 22 samples in 
NJ or 20 samples in NN. Thus even in this trivial case a 
very simple calculation can lead to a reduction in the 
variance of the estimate of over lOOJo. 

In this first calculation we sought simply to maximize 
the total number of samples taken without concern for 
where the samples were taken, with the result that there 
was no sampling at all in the Gaspe. Usually one cannot 
assume that population parameters are uniform, so it is 
necessary to sample at all ports. Consider for example the 
problem of estimating the number of new recruits landed 
in subarea 4RS by sampling in the specified regions sub
ject to constraints on the total time available and on the 
budget. Futhermore, assume that two types of gear are 
used, trawls and gill nets. Since age selection characteristics 
of the gear types are different and the age structure of the 
population may vary from one location to another, sam
pling effort must be spread over regions and gear types to 
obtain an accurate estimate of total new recruits landed. 
Although this is a relatively simple problem, the solution 
is not obvious, and therefore we shall work it out in some 
detail to illustrate the operations research methods used. 

The estimation problem itself is a classical ball-and-urn 
problem involving straightforward but messy combinatorial 
analysis. It turns out that if we measure n samples from 
a very large population in which the fraction of new recruits 
is R , then the fraction of new recruits in the samples, r, 

is the maximum likelihood estimator for Rand has a prob
able error proportional to R(1-R)!n112• Thus the prob
able error is very small when the fraction is close to zero 
or one, and it is inversely proportional to the square root 
of the sample size as we would expect from the sample size 
assumption discussed earlier. 

If we denote the quantities corresponding to each of the 
three regions and two gear types by a single index i run
ning 1-6, the estimated number of recruits in the entire 
catch would be 

N = '£Nr. 
i II 

with probable mean squared error 

E'fv = "I;,NfR;(l - R;)ln; 
I 

to within some multiplicative factor depending on the 
number of fish in each sample. Since we are again only 
trying to estimate a single quantity, the definition of regret 
is not critical and we can define it to be the squared error 
of the estimate. The optimal sampling design is therefore 
that which minimizes the mean squared error E'fv subject 
to constraints on total cost and total sampling time. 

To estimate the quantities N; and Ri we can use 
historical data on the fishery, and some 1979 figures are 
given in Tables 2 and 3. Table 2 contains data for landings 
in the three regions by gear type; actually the figures given 
are biomasses, but for simplicity we have assumed that the 
mean weight of the fish is 1 kg, which turns out to be quite 
close to the correct mean value. The factors NfRP -Ri) 
are shown in Table 4, and it is clear that the trawl fishery 
in southwest Newfoundland is the most critical region in 
terms of its role in the sampling design. 

To establish constraints for calculation of an optimal 
sampling design, we first used the cost figures given in Table 
1 to calculate the resources required for a sampling scheme 
based on the "NAFO criterion" requiring one sample for 
every thousand tonnes of fish landed (Beckett 1983). Table 
5 shows the NAFO sampling design, which is based directly 

TABLE2. Total landings in three Gulf regions, selected 1979 data 
(see Appendix A). Units are 106 kg. 

Trawls 
Gill nets 

NJ 

13.10 
0.412 

NN 

5.76 
4.83 

Region 

QB 

3.86 
1.38 

TABLE 3. Fractions of new recruits landed in three Gulf regions, 
selected 1979 data (see Appendix A). 

Trawls 
Gill nets 

NJ 

8.660Jo 
1.5% 

Region 

NN 

9.93% 
3.16% 

QB 

7.66% 
3.24% 
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on the values in Table 2. Using the figures from Table 1 
we obtain a total cost of 42.3 person-days and $2071.50. 
The sampling design which minimizes the probable squared 
error E'fv subject to the constraints that the costs must not 
exceed these values is shown in Table 6. There are more 
samples in NJ, and in fact over half of the total number 
of samples come from the NJ trawl fishery. The number 
of samples in northern Newfoundland and the Gaspe is cor
respondingly reduced from 17 to 15, and this shift from 
NN and QB to NJ reflects the greater cost of sampling in 
these locations, which is an important factor in the op
timization procedure but is ignored in the NAFO sam
pling protocol. There is also a shift from gillnet samples 
to trawl samples because of the higher value of R for the 
trawl fishery shown in Table 4. Finally, the expected value 
of E'fv is 7o/o lower for the optimal sampling scheme than 
for the design based on the NAFO criterion. 

Summary 

In the first part of this paper we defined the concept of 
optimal sampling design in terms of maximizing the value 
of estimates for management purposes given constraints 
on the total sampling effort. This requires specification of 
an objective function which can be used to specify the utility 
or adequacy of a set of parameter estimates. This objec
tive function, which we term the "regret" of the estimates, 

TABLE 4. Factors N2 R (1 - R) for three Gulf regions, where N 
is the total landings in kg from Table 2 and R is the fraction of 
new recruits in the landings from Table 3. Units are 1012 kg2• 

Trawls 

Gill nets 

NJ 

13.57 

0.0025 

NN 

2.97 

0.71 

Region 

QB 

1.05 

0.060 

TABLE 5. NAFO sampling design for three Gulf regions in 1979 
based on landings in Table 2 (see Appendix A). Costs are 42.3 
person-days and $2071.50. 

Trawls 

Gill nets 

NJ 

14 

NN 

6 
5 

Region 

QB 

4 
2 

TABLE 6. Optimal sampling design for three Gulf regions, based 
on constraints of 42.3 person-days and $2071.50. 

Trawls 

Gill nets 
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NJ 

17 

I 

NN 

7 

3 

Region 

QB 

4 

depends on how the estimate will be used in management 
decisionmaking and must be obtained through consulta
tion with the managers themselves. Similarly, the con
straints on manpower, budget, ship time, and other 
resources must realistically reflect management policy. Thus 
the formulation of optimal sampling design cannot be 
undertaken by scientific or technical staff without de
tailed input from those responsible for using their results 
to formulate management policy. 

Once the optimal sampling design problem has been 
clearly stated and the objectives as well as the constraints 
are specified, the determination of the optimal distribu
tion of effort is a straightforward although sometimes dif
ficult technical task. We have not dwelt on the technical 
difficulties in this paper, because we think that they tend 
to be overstated and are not really relevant to problems 
in the design of optimal sampling programs. For example, 
the calculations we carried out for the northern Gulf of 
St. Lawrence cod fishery involve the branch of operations 
research known as nonlinear integer programming, and 
such problems are notoriously difficult to solve. However, 
the mathematical problems encountered are strictly 
technical, and often it suffices to find a better solution by 
trial and error without having a rigorous proof that it is 
the true optimum. The central idea behind the approach 
is that when given a choice between several sampling 
strategies, the design that will probably cause the least regret 
should be chosen; the use of mathematical optimization 
techniques is simply a way of broadening the choice. 

Since the 4RS cod example used in this paper is con
siderably simpler than the actual situation in the Gulf of 
St. Lawrence, one can question how realistic the predicted 
7% improvement in the probable squared error of the 
estimate is, and whether this level would be achieved in 
practice. This depends very much on the range of such fac
tors as cost constraints, which are taken into account in 
the operations research approach but are ignored in the 
NAFO sampling criterion. In fact, we used a model ap
propriate for large sample numbers which required that at 
least one sample be taken for each gear-region combina
tion, when a better model might have indicated that sam
pling of the gillnet landings in NJ and QB was superfluous. 
The question of whether at least one sample is required 
if there are any landings at all is a significant one, since 
most of the divisions in the Gulf do not land large quan
tities of fish (Powles 1983). An operations research ap
proach might provide an effective way to deal with this 
question. The question of sampling different size classes 
is another important question (Beckett 1983), and optimiza
tion of stock assessments based on sensitivity analysis of 
age-structured population models (Rivard 1983) may be the 
best way to resolve this issue. 

Optimization is a bit like motherhood, in that one can
not readily quarrel with the idea of trying to do one's best. 
Consequently the only reason for not using optimization 
techniques is that they are not applicable to the problem 
at hand. We have tried to show that operations research 
can play a useful role in the design of field sampling pro
grams and can lead to appreciably better assessments in 
realistic situations. 
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Appendix A 

Sample Data and Cost Calculations 

In order to apply the operations research model 
developed here, data on landings, sample values for the 
variables to be estimated, and estimates of resources re
quired to obtain a sample were necessary. This appendix 
outlines the sources of the data used. The situation to which 
the data apply approximates that of cod in NAFO subdivi
sions 4RS; however, the situation has been considerably 

simplified to permit clear demonstration of the utility of 
the model (only three landing ports and two gear types, 
simplified cost per sample estimates, etc.). 

The sampling plan proposed here assumes that sam
pling should be spread geographically over the area of 
fishery for the target stock, in proportion to areal distribu
tion of landings. This sampling criterion has not always 
been used in past sampling programs but would appear to 
be important in an area such as the Gulf of St. Lawrence 
where fishery characteristics vary considerably from place 
to place. 

LANDINGS 

Landings data (1979) from three areas (northern New
foundland, southwest Newfoundland, Gaspe peninsula) 
and from two gear types (gill nets, otter and midwater 
trawls combined) were used (Table A1). Statistical areas 
correspond to areas used by Powles (1983). 

SAMPLE VALUES FOR VARIABLE TO BE ESTIMATED 

The variable to be estimated by the sampling program 
is proportion of a single year-class (recruiting fish) in the 
catches. Sample values are given in Table 1. Each value 
represents a single vessel landing or trip. 

COST PER SAMPLE 

Cost per sample is determined by the number of samples 
that can be taken in a given period of time and by the total 
cost of taking that number of samples. The number of 
samples that can be obtained per unit time is dependent 
on (among other things) degree of concentration of the 
fishery (more samples per day can be obtained when land
ings are concentrated at a single point than when landings 
are dispersed over a number of small landing points), and 
"predictability" of the fishery (much field time can be 
wasted waiting for vessels to return to port, etc.). 

What steps are involved in getting one cod sample (in 
this case taken to consist of 100 lengths and 50 ages from 
otoliths) onto a form ready for computer entry? Activities 
can be divided into five categories: field support; collec
tion of data and samples; transport; laboratory analyses; 
and administrative activities. 

Field support includes all activities required to put a 
sampler into the field and maintain him there. Two field 
support options have been used in the past and are con
sidered in this section: basing samplers at landing ports and 
basing samplers at a central laboratory from which they 
travel to landing ports. Field support activities for samplers 
based at the ports are minimal, involving daily travel to 
plants, equipment maintenance, etc. Field support for cen
trally based technicians includes travel to the sampling area 
(by vehicle or air in the case of the Gulf of St. Lawrence), 
food and lodging in the sampling area, and shipment of 
equipment and materials. 

Administrative activities may also differ depending on 
whether samplers are field based or centrally based. Cen
trally based technicians are in regular contact with super-
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TABLE AI. Landings and percent of "recruits" for individual trips, by area and gear. 

SOUTHWEST NEWFOUNDLAND 
Otter trawls Total landings 13 100 t 

Trip landings (t) 10.2 7.8 19.3 15.4 5.6 20.7 5.9 9.2 
o/o recruits 13.3 11.5 5.0 3.2 15.2 5.6 5.8 15.8 
Trip landings (t) 10.5 9.8 11.1 9.1 8.3 10.0 
% recruits 12.3 10.0 12.2 5.3 7.5 10.0 

Gill nets Total landings 412 t 

Trip landings (t) 6.3 
% recruits 1.5 

NORTHERN NEWFOUNDLAND 
Otter trawls Total landings 5 760 t 

Trip landings (t) 8.9 12.3 9.2 7.5 6.3 8.0 
% recruits 10.5 15.8 9.2 9.8 2.0 7.5 

Gill nets Total landings 4 830 t 

Trip landings (t) 3.5 6.4 5.8 2.1 3.9 1.5 
% recruits 1.8 3.9 4.8 2.7 1.9 0.8 

GASPE PENINSULA 
Otter trawls Total landings 3 860 t 

Trip landings (t) 15.3 12.5 7.8 10.2 6.8 9.8 
% recruits 5.6 8.2 7.5 11.3 12.0 3.5 

Gill nets Total landings 1 380 t 

Trip landings (t) 5.3 3.5 
% recruits 4.8 2.8 

visors and other technicians; thus sampling, planning, 
reporting, training, etc. can be ongoing processes. It is not 
suggested that these activities are insignificant for central
ly based technicians, but that they can be combined with 
other program activities; thus, costs chargeable to the 
sampling program can be minimized. However, for field
based technicians, isolated from regular contact with the 
other research program components, administrative 
systems are required to ensure communication, monitor
ing of progress toward targets and training to ensure that 
quality standards are met. Thus, a regular (e.g. weekly) 
reporting system, an annual training and goal-setting ex
ercise, and regular (e.g. every quarter) visits by supervisory 
personnel to the field location must be organized and ac
counted for in terms of costs. 

Sample and data transport from the field to central 
laboratories for processing may differ for field-based and 
centrally based technicians. Centrally based technicians can 
accompany or hand-carry materials, while field-based 
technicians must ship materials (unless arrangements for 
hand-carrying can be made). Since at least part of these 
materials (unread otoliths) are irreplaceable, security is an 
important consideration. 

Collection and laboratory analysis activities are essen
tially identical for field-based and centrally based techni
cians. Collection of one cod age sample involves: 
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1) contact with plant personnel to organize collection of 
samples and ancillary data (e.g. landing weight); 

2) contact with the vessel captain for ancillary data 
(fishing area, landing weight); 

3) obtaining a random length frequency sample on a 
specified weight or number of fish (e.g. 400 !b); 

4) obtaining a stratified otolith sample (e.g. 3/3 em length 
group); 

5) entry of length-data on a data form; 
6) manipulation of otoliths to storage with associated 

data (e.g. in envelopes); 
7) ensuring that a random sampling procedure for lengths 

is used (stratified random in many cases, where fish are 
sorted into market categories prior to landing); and 

8) final verification and coding of data form. 
Laboratory activities for cod involve primarily otoliths, 
which must be prepared (breaking or cutting, mounting) 
and read (preferably twice, by different readers). Final 
coding and verification of data prior to entry on data pro
cessing systems are also carried out at the laboratory. 

Based on the general description of sampling activities 
given above, and using several assumptions on the form 
and organization of sampling activities, costs were 
estimated for obtaining a cod age sample in each of three 
areas of the Gulf of St. Lawrence for use in the optimiza
tion calculations and for evaluation of the relative cost ef
fectiveness of centrally based and field-based samplers. 



Several general considerations governing this exercise 
should be noted. First and most important is that although 
the cost figures given are intended to be as realistic as possi
ble, they represent relatively simple sampling cycles and 
are subject to improvement; the purpose of this exercise 
is to provide a clear description of rationale which can be 
modified for particular situations and improved by incor
poration of past experience. Limited experience with field
based sampling programs means that costs are difficult to 
estimate. Second, it was assumed that for centrally based 
samplers, "goodness" of results (i.e. accuracy, precision, 
clarity of data) would be inversely proportional to length 
of sampling trips; thus trips were kept as short as possible 
consistent with reasonable costs. Third, a simple sampling 
cycle was used. The technician samples all species (not on
ly the target species), and total costs (vehicle, food, and 
lodging) are divided by the number of samples obtained 
to give mean cost per sample. 

TABLE A2. Unit costs for sample cost estimates. 

I sample = 100 length frequencies + 50 otolith ages 

FIELD SAMPLING ITEMS 
Daily expenses, field-based sampler 
Transport, per sample 
Equipment, per sample 
Kilometrage 

Daily expenses, travel status 
Meals and incidentals 
Lodging 

Overtime equivalents 
1st d overtime per week 
2nd d overtime per week 

LABORATORY ANALYSIS ITEMS 
Otoliths read (2 readings) 
Person-days per sample (50 otoliths) 
Equipment + overhead per sample 

$10.00 
5.00 
5.00 
0.25/km 

$30.00 
35.00 

1.5 person-day 
2.0 person-day 

I 00/person-day 
0.5/person-day 

$10.00 

Cost per sample(Tables A2, A3) was calculated for three 
sampling situations such as might be encountered in the 
Gulf, ranging from considerable concentration and pre
dictability to considerable dispersion and unpredictabili
ty. These three situations correspond approximately to 
conditions in southwest Newfoundland, northern New
foundland, and the Gaspe peninsula. 

Sampling in southwest Newfoundland involves few land
ing facilities so that a high sampling rate is possible (2 
samples/d) and little in-area travel is required (20 km/d). 
For the centrally based technician, travel is by air from 
Moncton to Deer Lake and by vehicle from Deer Lake to 
the sampling area. A 2-wk sampling trip is used for 
calculations. 

In northwest Newfoundland, landing ports are more 
dispersed and 1 sample/d can be obtained. The centrally 
based technician travels to Deer Lake by air and by vehi
cle to the sampling area. A 3-wk sampling trip is used. 

For the Gaspe peninsula, ports are dispersed and pre
dictability of landings is low, so that a 0.75 sample/d can 
be obtained. For the centrally based technician, travel is 
by vehicle from Moncton and a 4-wk sampling cycle is used. 

These cost estimates represent a first attempt and ap
pear fairly representative of the relative expense of sam
pling the different kinds of areas to be found in the Gulf 
region. However, increasing the accuracy and precision of 
sampling cost estimates will require considerable experience 
with a sampling program for the region. Relative effec
tiveness of the two situations (field based and centrally 
based) is particularly difficult to estimate: one can imagine 
that a field-based sampler should be more proficient at tim
ing his activities with those of the fleet than a centrally 
based technician, but that distance from the supervisory 
system might reduce efficiency of field-based personnel 
over the long term. In addition, periodic underemployment 
in sampling (i.e. at times when landings are low due to 
weather, fishery patterns, etc.) may affect efficiency of 
field-based samplers (who may not have alternative work) 
more adversely than centrally based technicians (who can 
perform other technical work at the laboratory when sam
pling needs are at a low level). Thus refinement of these 
cost estimates will require time and experience. 
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TABLE A3. Basis for cost estimates (pd = person-day). 
Cost per sample (field-based): 1a) + 2 + 3 
Cost per sample (centrally based): 1 b) + 2 

Southwest Nfld. Northwest Nfld. Gaspe peninsula 

Item 
(2 samples/d) (l sample/d) (0. 75 sample/d) 

(sampling rate) ($) (pd) ($) (pd) ($) (pd) 

l. FIELD COLLECTION 
a) Field-based samplers 

Equipment/d 10.00 5.00 3.75 
Transport/d 10.00 5.00 3.75 
km/d 5.00 12.50 25.00 
Expenses/d 10.00 10.00 10.00 

Total daily 35.00 1.0 32.50 1.0 42.50 1.0 

Cost/sample 17.50 0.5 32.50 1.0 56.67 1.3 

b) Centrally based samplers 
Sampling trip length (d) (12) (19) (26) 

(i) Days sampling (10) (15) (25) 
(ii) Days traveling (2) (3) (l) 

(iii) Days overtime (2) (4) (6) 

Total cost (d) 
i + ii + iii (1.5) 13.5 22 30.5 

2 

Travel to area 
Airfare 400.00 400.00 
Kilometrage 100.00 150.00 75.00 
(airport-port) 

Equipment shipment 200.00 160.00 187.50 

Expenses in area 
Food + incidentals 360.00 570.00 780.00 
Lodging 385.00 630.00 875.00 

Equipment, sample 
transport, kilometrage 250.00 360.00 812.50 

in area (see 1a)) 

Total costs 1695.00 2270.00 2730.00 

Cost/sample 84.25 0.675 142.50 1.375 147.00 1.63 

2. ANALYSIS (LABORATORY) 
Cost/Sample 10.00 0.5 10.00 0.5 10.00 0.5 

3. ADMINISTRATION (FIELD-BASED SAMPLING PROGRAM) 
a) Travel by program supervisor to sampling area: $1200/yr 

Apply to 100 samples - $12.00/sample 
b) Training: 1 training trip/yr, $700 

Apply to 100 samples - $7.00/sample 
c) Reporting: long-distance, postage, duplicating, etc. $600/yr 

Apply to 100 samples - $6.00/yr 

Total cost/sample 25.00 25.00 25.00 
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Problematique de l'echantillonnage du crabe des neiges (Chionoecetes opilio) et du 
homard (Homarus americanus) et analyse du systeme d'echantillonnage au Quebec 

P. LAMOUREUX, P. DUBl~, P. E. LAFLEUR ET J. FRECHETTE 

Ministere de /'Agriculture, des Pecheries et de /'Alimentation, 
Direction de Ia recherche scientifique et technique, 

Sainte-Foy, Quebec G1P 3W8 

LAMOUREUX, P ., P. DuB!;;, P. E. LAFLEUR ET J. FRECHETTE. 1983. Problematique de l'echantil
lonnage du crabe des neiges (Chionoecetes opilio) et du homard (Homarus americanus) 
et analyse du systeme d'echantillonnage au Quebec, p. 279-290. Dans W. G. Doubleday 
and/et D. Rivard [ed./ed.] Sampling commercial catches of marine fish and inverte
brates/L'echantillonnage des prises commerciales de poissons et d'invertebres marins. Can. 
Spec. Pub!. Fish. Aquat. Sci./Publ. spec. can. sci. halieut. aquat. 66. 

Les variations de taille, Ia periode de ponte et les niveaux saisonniers de PUB, chez le homard 
des Iles-de-la-Madeleine, justifient Ia delimitation de deux grandes regions d'echantillonnage a cet 
endroit. Les variations de taille a l'interieur de chacune de ces deux regions necessitent une frag
mentation additionnelle du territoire en sous-regions. Les habitudes de peche appuient egalement 
cette fragmentation. Chez le crabe des neiges, des variations importantes tant au niveau de Ia structure 
de taille que de l'abondance de crabe mou et de Ia PUB justifient Ia regionalisation actuelle de 
l'echantillonnage. Les variations intra-regionales de structure de taille sont faibles. Pour des popu
lations fortement exploitees, un echantillonnage au debut et a Ia fin de Ia saison de pllche permet 
habituellement d'obtenir une image adequate de Ia structure de taille et du recrutement. Par con
tre, chez les populations peu exploitees, lorsque Ia structure de taille et Ia mue sont encore mal 
connues, il devient necessaire d'accroitre Ia frequence d'echantillonnage. L'echantillonnage en mer, 
plutot qu'au debarquement, permet d'ameliorer Ia qualite des donnees sur le pre-recrutement. En 
plus, chez le crabe, il permet une meilleure estimation de l'abondance de crabe mou. 

LAMOUREUX, P., P. DUBE, P. E. LAFLEURET J. FRECHETTE. 1983. Problematique de l'echantillon
nage du crabe des neiges (Chionoecetes opilio) et du homard (Homarus americanus) et 
analyse du systeme d'echantillonnage au Quebec, p. 279-290. Dans W. G. Doubleday 
and/et D. Rivard [ed./ed.] Sampling commercial catches of marine fish and 
invertebrates/L'echantillonnage des prises commerciales de pofssons et d'invertebres marins. 
Can. Spec. Pub!. Fish. Aquat. Sci./Publ. spec. can. sci. halieut. aquat. 66. 

Variations in size, spawning period, and seasonal levels of catch per unit effort of the lobster 
in the Magdalen Islands justify the definition of two large sampling areas in that region. Varia
tions in size within these two areas require further division into subareas. Fishing practices also 
support this splitting up. In the snow crab fishery, significant variations in size class structure, abun
dance of soft-shell crabs and catch per unit effort vindicate the present regionalization of sam
pling. Size class variations within regions are low. For heavily fished populations, sampling at the 
beginning and at the end of the fishing season usually generates an adequate picture of size class 
structure and recruitment. On the other hand, it is necessary to increase sampling frequency of 
lightly harvested populations where size class structure and molting are not well known. At-sea 
sampling generates better quality prerecruitment data than dockside sampling. Furthermore, in crab 
populations, it gives a better estimate of the abundance of soft-shelled individuals. 

Introduction 

HISTORIQUE DE L'ECHANTILLONNAGE 

Homard- « Les premiers travaux de recherche sur la 
biologie du homard au Quebec furent entrepris par les 
scientifiques de la station biologique du Saint-Laurent en 
1939, ala demande du ministere provincial des Pecheries » 
(Tremblay 1943 cite par Bergeron 1967). Entre 1939 et 1981, 
on peut distinguer quatre periodes qui refletent I' evolution 
des travaux d'echantillonnage du homard au Quebec. 

Periode 1940-1947- Corrivault et Tremblay (1948) rap
portent que pres de 30 ()()() homards furent mesures durant 
cette periode et ce, principalement dans la region de Gaspe 
et de la Baie des Chaleurs, et de fa~on moins intensive aux 
Iles-de-la-Madeleine et a l'lle d' Anticosti. Un des objec
tifs de l'echantillonnage est alors de caracteriser par la taille 
les populations et d'evaluer le degre d'homogeneite entre 
les differents secteurs : on cherche aussi a savoir si le 
homard est sedentaire dans chacune des localites, s'il appar
tient a des populations differentes ou si, au contraire, I' en
semble des homards des differentes regions constitue un 
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stock unique. Depuis lors, les principaux tra'¥aux vont se 
poursuivre aux lles-de-la-Madeleine. A cette epoque, Ia lon
gueur du homard est mesuree de Ia pointe du rostre jusqu'a 
l'extremite du telson. 

Periode 1950-1959- Bergeron (1967) note que plus de 
44 000 homards ont ete mesures autour de l'archipel et dans 
les lagunes des Yles-de-la-Madeleine. II distingue trois perio
des d'echantillonnage : avant, pendant et apres Ia saison 
de peche. Tous les homards, soit ceux de taille commer
ciale et non commerciale sont mesures, sauf pendant Ia sai
son de peche, oil seuls le sont les homards de taille legale. 
Puisque cet echantillonnage est le premier a etre realise sur 
!'ensemble des aires de peche, l'objectif principal est alors 
de mettre en evidence les caracteristiques regionales des 
populations. Dans cette optique, on observe !'evolution an
nuelle du pourcentage de homard de taille non-commerciale 
dans les captures afin d'identifier des zones propices au 
recrutement. On observe aussi le pourcentage de femelles 
oeuvees, le sexe-ratio et Ia taille moyenne des individus. 
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C'est aussi durant cette periode que Ia taille legale actuelle 
de 76 mm est progressivement mise en force et que !'on 
commence a utiliser Ia longueur du cephalothorax pour 
decrire Ia taille (Montreuil 1959). 

Periode 1962-1967- L'echantillonnage est effectue seu
lement durant Ia saison de peche, soit au debut, au milieu 
eta Ia fin. Pour chaque periode et chaque region, on pro
cede alors simultanement a deux types d'echantillonnage: 

1 ) Echantillonnage des captures completes : un pecheur 
rapporte au quai tous les homards captures, soit ceux 
de taille commerciale ou non commerciale. 

2) Echantillonnage des captures commerciales : un 
pecheur est choisi au hasard et seuls les homards de 
taille legale sont mesures. Le nombre de regions 
echantillonnees varie de sept a treize. Pour chaque 
aire echantillonnee, les statistiques de captures et 
d'efforts de peche sont cumulees. L'objectif princi
pal est de suivre, d'annee en annee, !'evolution de 
Ia peche en tenant compte a Ia fois des structures des 

60 

i 

I 
I I 

a Tab 

~ 1'0 ·A, ~-
/.j_ .- ' . .--·1 ''> ._: -~ ·.·· 

~) 

7 
.·. 

" ~--

. ' ~ . 

'·-
' 

a~ 

~ 
.. · 

· . .. 

{ 

r 

I 
If 
f\ 

57 
52 

'"-<---

j: 

50 

li ..... 

-~ 
\_~ 20- ~~ ~--r-· ~-

-11 ~ 
v- r----

v· v G~spe 

"•• .Th ~ I 

i 

Gr nde-R vier -,_r 

~ ~ asz 2_f 4 ,.. 

~\-~ ,..J , .... 
··y ,..r 

i I L 
6 

48 

! I 2 I ' 
I NouivEAUI- ; 

1 
siRuNslwlcKI if· 1/i ' I i 

I J ~ t..___.J ·\-..... ! 

- ;;t.rt--=f.j-h~-"tr::- I - -

I I 
! j • ~; ... ,v~i -~ ~-

'· ' ' ~·I j 

_l I I 
1 ' ... ; .. ·;· _,_. ;:J l l 

64 

_,;:.? 

lt'Cjlp aux- eule . 
7 

/ l 
1 

·" 
91~~~ :je~ I ,_ 

' '-· 

60 

/_ <J 
1/ 

/ 

ll ~ )-
! 

I i 

I 

I I 

48 

l~~ 
I 

I 
I 

46 
57 

Fro. I. Identification des regions d'echantillonnage pour le crabe des neiges dans le golfe du Saint-Laurent, de 1975 a 1981. 
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populations et des rendements de peche (Bergeron 
1964; Carbonneau 1965, 1966, 1967). 

Periode 1979-1981- Nous avons effectue les memes types 
d'echantillonnage que ceux decrits pour Ia periode prece
dente, sauf que l'echantillonnage des captures completes 
s'effectue en mer. 

L'echantillonnage en mer des captures completes s'est 
poursuivi durant ces trois annees, tandis que l'echantillon
nage des captures au debarquement a ete interrompu a par
tir de 1980. 

Crabe des neiges- Les premiers debarquements impor
tants de crabes de neiges au Quebec remontent a 1968. Face 
a l'abondance accrue du crabe mou dans les captures, un 
systeme d'echantillonnage au debarquement fut mis sur 
pied en 1975. Ace moment, les debarquements se faisaient 
uniquement dans les ports de Grande-Riviere et Sainte
Therese, en Gaspesie. Par Ia suite, les ports suivants s'ajou
terent : Gascons, en Gaspesie, en 1979; en 1980, Cap-aux
Meules et Havre-Aubert, aux Iles-de-la-Madeleine et 
Riviere-au-Tonnerre, Sept-lies et Mingan sur Ia Moyenne
Cote-Nord. 

L'echantillonnage au debarquement fut effectue de fa<;:on 
a couvrir !'ensemble des fonds visites par les crabiers du 
Quebec. Les fonds furent divises en uncertain nombre de 
regions, tel qu'illustre a Ia figure 1. En 1981, l'echantil
lonnage au debarquement fut abandonne au profit de 
l'echantillonnage en mer. 

L'echantillonnage en mer vise, de Ia meme fa<;:on que 
celui au debarquement, a couvrir !'ensemble du territoire 
de peche visite par les crabiers du Quebec. En 1980, les 
observations ont porte uniquement sur les captures obte
nues par les casiers des pecheurs. Ces casiers possedent une 
maille de 130 mm (maille etiree). En 1981, nous avons pris 
entente avec ces capitaines afin qu'ils utilisent des casiers 
a mailles de 50 mm que no us leur fournissons durant leurs 
operations normales de peche. 

Les observations prises depuis 1975, autant en mer qu'au 
debarquement, ont porte sur !a taille determinee par !a lar
geur maximale de Ia carapace et Ia durete de carapace des 
crabes males. Les donnees sur Ia durete de Ia carapace 
furent prises afin de determiner Ia periode de mue. Les 
femelles furent denombrees uniquement. Leur presence 
dans les captures commerciales est reduite, etant donne que 
leur taille est beaucoup plus faible que celle des males, 
ce qui les rend d'ailleurs impropres a !'exploitation. Notons 
enfin que Ia taille legale est de 95 mm chez le crabe des 
neiges. 

0BJECTIFS DE L'ECHANTILLONNAGE 

L'echantillonnage des captures commerciales de homard 
et de era be vise a evaluer !'impact de !'exploitation sur les 
stocks et a prevoir le recrutement a Ia peche. La prise de 
donnees sur les captures cherche a atteindre les objectifs 
suivants : 

a) obtenir des donnees sur !'ensemble des populations 
exploitees par Ia flotte quebecoise; 

b) obtenir une image precise de Ia structure de taille de 
chacune des populations, afin d'evaluer l'effet de Ia 
peche sur les stocks. Cette information, jointe aux 
donnees de captures et d'efforts provenant de Ia fiche 
de peche, permettra d'obtenir une image g!obale des 
stocks et de leur exploitation; 

c) o btenir des donnees sur le pre-recrutement, princi
palement au niveau des populations fortement 
exploitees, afin de prevoir a court terme le recrute
ment a Ia peche; 

d) obtenir des donnees qui eventuellement serviront a 
etablir une estimation de Ia mortalite et de Ia 
croissance; 

e) obtenir si possible des donnees de base sur !a biolo
gie de l'espece. 

Delimitation des regions d'echantillonnage et 
variations regionales 

ETABLISSEMENT D'UN SYSTEME D'ECHANTILLONNAGE 

REGIONAL POUR LE HOMARD DES lLES-DE-LA-MADELEINE 

Identijicaticn des deux regions de gestion- Les recap
tures obtenues en 1979 et 1980 a partir des 12 000 homards 
marques en 1978 dans les regions de Pointe-aux-Loups, 
Grosse-lie, Grande-Entree et Havre-aux-Maisons, ont mon
tre qu'il n'y a que tres peu d'echanges entre le homard des 
parties nord et sud de l'archipel (P. Dube et J. Frechette 
1980, donnees inedites). 

Deux grandes regions furent delimitees de part et d'au
tre d'une ligne tracee selon !'axe de l'archipel, a partir de 
Ia pointe de !'Est jusqu'au bassin de Havre-Aubert : Ia 
region nord et Ia region sud (fig. 2). 

La figure 3 illustre l'une des differences importantes ren
contrees entre les regions nord et sud de l'archipel. Les gros 
homards sont relativement plus abondants au nord qu'au 
sud. Cette caracteristique a ete observee a maintes repri
ses aux lles-de-la-Madeleine (Bergeron 1967; Axelsen et 
Dube 1978). 

D'autres differences importantes existent, telles Ia 
periode de ponte, et !'evolution des PUB au cours de Ia 
saison. Dans Ia region sud, les PUB sont plus elevees durant 
Ia premiere semaine et dirninuent progressivement jusqu'a 
Ia fin de Ia saison de peche, tan dis que dans Ia region nord, 
les PUB augmentent jusqu'au milieu de Ia saison et dimi
nuent par Ia suite (fig. 4). 

Variations regionales- A l'interieur de chacune de ces 
deux grandes regions, des variations regionales peuvent etre 
observees. La figure 5 montre les distributions de taille 
observees au debut de Ia saison de peche de 1979, dans trois 
sous-regions de Ia partie sud de l'archipel. Pour les sous
regions de Grande-Entree, Havre-aux-Maisons et de Ia baie 
de Plaisance, Ia proportion de pre-recrues (63-76 mm) est 
respectivement de 33 o/o, 47 % et 63 %. Ceci semble indi
quer une segregation des classes de taille le long de Ia cote. 
II existe done des variations locales dont il faut tenir compte 
dans l'etablissement d'un systeme d'echantillonnage. 
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FIG. 2. Identification des regions d'echantillonnage nord et sud aux Iles-de-la-Madeleine. 

Identification des sous-regions d'echantillonnage -
D'autres facteurs incitent a une fragmentation de l'echan
tillonnage. Aux Yies-de-la-Madeleine, Ia flotte des homar
diers est peu mobile, les bateaux pechant en majorite sur 
des fonds situes a proximite de leur port d'attache. Une 
aire de peche n'est dans Ia plupart des cas, visitee que par 
les bateaux qui operent a partir d'un meme port de debar
quement. C'est pourquoi Ia division de l'aire de peche en 
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sous-regions d'echantillonnage est definie a partir de l'aire 
d'influence de ces ports. De plus, les statistiques generales 
de debarquement et d' effort de peche sont cumulees a partir 
de chacun des ports. 

Pour fin d'analyse eventuelle des captures par port, Ia 
determination de sous-regions d'echantillonnage devra 
done tenir compte, en plus des caracteristiques biologiques, 
des habitudes de peche. 
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regions nord et sud aux Iles-de-la-Madeleine, en mai 1979. 

LE CRABE DES NEIGES DU SUD-OUEST ET DU NORD-OUEST DU 
GOLFE 

Identification des regions d'echantillonnage- L'etablis
sement de regions specifiques s'est surtout appuye sur les 
differences geomorphologiques du fond (fig. 1). Les pro
babilites de melange entre les populations de crabe de Ia 
Baie des Chaleurs, celles du bane de l'Orphelin et celles 
du bane Bradelle sont faibles (Watson et Wells 1970). Ces 
grands secteurs ont ete redivises afin de tenir compte de 
caracteristiques particulieres a certaines regions. D'une 
part, Ia baie de Gaspe possedait une population dont les 
individus etaient de taille beaucoup plus faible. La presence 
de coulees plus profondes de part et d'autre du bane Bra
delle nous incita a etablir les regions 5 et 6. Par contre, 
les regions 1 et 2 dans Ia Baie des Chaleurs refletaient 
davantage les besoins d'une gestion distincte pour les era
biers de Gascon d'une part, et ceux de Grande-Riviere et 
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FIG. 4. Prise hebdomadaire par unite d'effort chez les homardiers 
de Grosse-lie, Pointe-aux-Loups et Etang du Nord (region nord), 
et Grande-Entree, Havre-aux-Maisons et lie d'Entree (region sud) 
aux iles-de-Ia-Madeleine en 1979. 

Sainte-Therese d'autre part. En 1980, Ia region 7 fut intro
duite pour inclure les fonds nouvellement exploites a !'est 
des Iles-de-la-Madeleine. 

Des differences, tant au niveau de Ia structure de taille 
que de l'abondance de crabe mou et de PUB justifient 
Ia delimitation de ces regions. 

A Ia figure 6 nous illustrons Ia structure de taille des 
populations des regions 1' 4, 5 et 6 dans le sud-ouest du 
golfe du Saint-Laurent en 1981. Des differences marquees 
sont egalement observees entre les populations des regions 
13, 14 et 15 sur Ia Moyenne-Cote-Nord en 1981 (fig. 7). 

Nous observons egalement de fortes variations d'abon
dance de crabe mou dans les differentes regions designees 
anterieurement (tableau 1). 

Enfin, on note la presence de niveaux variables de PUB 
dans le sud-ouest du golfe. Ainsi, les regions 1, 2, 4, 5 et 
6 montraient en 1981 des niveaux moyens respectifs de PUB 
de 24,0, 34,8, 44,1 et 54,2 (Lamoureux 1981). 

Des variations importantes tant au niveau de Ia struc
ture de taille que de l'abondance de crabes mous et de Ia 
PUB justifient Ia delimitation des regions 13 (Sept-Iles), 
14 (Riviere-au-Tonnerre) et 15 (Mingan) sur Ia Moyenne
Cote-Nord, a partir de 1980. En 1981, nous ajoutions Ia 
region 18 (La Tabatiere) sur Ia Basse Cote-Nord. 
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FIG. 5. Distribution de fn!quence de taille chez le homard de 
Grande-Entree, Havre-aux-Maisons et Baie de Plaisance aux Iles
de-la-Madeleine, en mai 1979. 

Variations intra-regionales de Ia structure de faille -
Nous avons verifie s'il y avait des differences importantes 
de structure de taille a l'interieur d'une meme region. A 
cette fin, nous avons utilise des donnees de 1981 prove
nant de Ia region de Riviere-au-Tonnerre. On y observe de 
faibles variations de Ia structure de taille entre trois sous
echantillons obtenus a partir de trois jours consecutifs 
d'echantillonnage dans Ia region 14 (fig. 8). Ces sous
echantillons s'etalent successivement d'ouest en est Ie long 
de Ia cote. Ces donnees bien que partielles, sont !'indica
tion d'une faible variabilite intra-regionale, du moins au 
niveau des structures de taille. Elles indiquent cependant 
que Ia determination des regions d'echantillonnage est pro
bablement adequate dans ce secteur. Les donnees de 1982 
semblent egalement indiquer que Ies variations intra-
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regionales de structure de taille sont egalement faibles dans 
Ie sud-ouest du golfe (P. Lamoureux, donnees per
sonnelles). 

Periode et frequences optimales d'echantillonnage 

Au moment de choisir un type particulier d'echantillon
nage, pour Ie homard ou Ie crabe des neiges, nous pou
vons etre en presence de populations exploitees a des 
niveaux variables. Ainsi, Ie homard des Iles-de-Ia-Madeleine 
est soumis a une forte exploitation (Belzile et Frechette 
1983). C'est Ie cas egalement des populations de crabe du 
sud-ouest du golfe du Saint-Laurent. Par contre, certai
nes populations de crabe de Ia Cote-Nord sont peu 
exploitees. 

PROBLEMATIQUE D'UNE POPULATION FORTEMENT 
EXPLOITEE : LE HOMARD DES lLES-DE-LA-MADELEINE 

Depuis 1978, trois periodes d'echantillonnage furent eta
blies : Ie debut, Ie milieu et Ia fin de Ia saison de peche. 
Le premier echantillonnage se Iimitant aux cinq premiers 
jours de peche, il se deroule dans une periode qui repre
sente environ 10 OJo de Ia duree totale de Ia saison de peche. 
C'est pourquoi nous considerons que ce premier echantil-
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lonnage peut donner une image assez juste de la structure 
de population, avant !'exploitation. L'(!chantillonnage 
effectue au milieu de la saison a surtout servi, jusqu'ici, 
a accumuler des informations sur !'evolution de la ponte 
et sur la quantite de femelles porteuses d'oeufs. La troi
sieme periode, en plus de fournir des renseignements com
plementaires sur les femelles oeuvees, nous montre l'effet 
de la peche sur la population initiale. La figure 9 montre 
qu'il existe, entre autres pour la region de Havre-aux
Maisons, une difference marquee entre les structures de 
population au debut et a la fin de la peche. Cette particu-
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TABLEAU I. Pourcentage de crabe a carapace moUe et in
termediaire (duretes 1 et 2), dans le sud-ouest du golfe du Saint
Laurent et sur Ia Moyenne-Cilte-Nord, en juillet 1980. L'echan
tillonnage des captures commerciales fut effectue en mer. 

Region 

Sud-Ouest du golfe 

Baie des Chaleurs-ouest (reg. 1) 
Baie des Chaleurs-est (reg. 2) 
Bane de l'Orphelin (reg. 4) 
Bane BradeUe-ouest (reg. 5) 
Bane BradeUe-est (reg. 6) 
Cap Saint-Laurent (reg. 7) 

Moyenne-Cilte-Nord 

Sept-'i'les 
Riviere-au-Tonnerre 
Mingan 

(reg. 13) 
(reg. 14) 
(reg. 15) 

Pourcentage de crabe a 
carapace moUe et 
intermediaire (OJo) 

83,7 
81,3 
49,7 
31,5 
58,5 
43,8 

12,0 
46,3 
38,3 
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larite pourrait eventuellement nous permettre d'evaluer la 
mortalite par la peche. Idealement, l'echantillonnage 
devrait etre effectue avant et a pres la saison de peche afin 
d'obtenir une image plus fidele des structures de taille de 
la population avant et apres !'exploitation. 

SYSTEME D'ECHANTILLONNAGE ET NIVEAUX 

D'EXPLOITATION: LE CRABE DES NEIGES 

Chez Ies populations de crabe fortement exploitees, lors
que les caracteristiques de la mue sont assez bien connues, 
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un echantillonnage en debut et fin de saison suffira habi
tuellement a I' obtention des donnees essentielles ala ges
tion de la ressource. L'echantillonnage de fin de saison, 
juxtapose a celui de debut de saison, nous informera sur 
l'abondance relative des crabes de taille legale(~ 95 mm) 
et des pre-recrues. Cet element de prediction des captures 
sera d'autant plus utile s'il peut etre assode a des indices 
d' abondance (P. U .E.) et eventuellement a des estimations 
de biomasse. 

Nous illustrons, a la figure 10, l'effet typique d'une 
exploitation intensive sur la structure de taille d'une popula
tion de la Baie des Chaleurs (region 1). Cette region est 
particulierement favorable a une telle illustration, etant 
donne qu'il n'y a pas eu de mue importante durant la saison 
de peche 1981 (P. Lamoureux, donnees personnelles). On 
y observe une diminution import ante de la proportion d'in
dividus de taille legale, en fin de saison. 

Lorsque la mue et la structure de taille sont encore mal 
connues, comme c'est le cas habituellement en presence de 
populations peu ou pas exploitees, il sera avantageux d'ins
taurer un echantillonnage plus frequent. Au cours des pre
mieres annees d'observation, il sera interessant de tenter 
de cerner !'evolution saisonniere de la mue. A cette fin, 
nous crayons qu'un echantillonnage en debut, milieu et fin 
de saison de peche demeure un minimum. II y a habituel
lement accumulation de vieux individus chez de telles popu
lations. II est alors important de connaitre l'abondance rela
tive des pre-recrues, afin d'eviter un epuisement rapide de 
la population, advenant une intensification de la peche. 
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Selectivite des engins 

L'estimation du pre-recrutement est un objectif impor
tant de recherche autant chez le crabe que le homard. On 
peut se demander si les casiers actuellement en usage pour 
la peche donnent une image juste de l'abondance des pre
recrues tenant compte de leur selectivite. 

SELECTIVITE DU CASlER COMMERCIAL A HOMARD 

Chez le homard, la largeur du cephalothorax est plus 
petite que sa hauteur. Ayant observe qu'un homard peut 
passer de cote a travers une ouverture rectangulaire, Nulk 
(1978) suggere que la largeur du cephalothorax est le fac
teur de selection qui intervient au niveau de la retention 
exercee par un easier. La relation entre la longueur et la 
largeur du cephalothorax permet alors de predire la taille 
inferieure a partir de laquelle la majorite des homards 
seront retenus par une ouverture rectangulaire. 

Nous avons etabli une relation semblable pour des ho
mards captures a Etang-des-Caps, aux 'fles-de-la-Madeleine, 
en 1981 (P. Dube 1982, donnees inedites). En 1980, nous 
avons mesure la distance entre la premiere et la deuxieme 
latte, et entre la deuxieme et la troisieme latte de 600 casiers 
appartenant a douze pecheurs des Iles-de-la-Madeleine. Les 
distances moyennes observees varient de 27,8 mm (a= 0,8) 
a 33,5 mm (a= 2,1). En supposant qu'un homard puisse 
passer a travers une ouverture egale ou superieure ala lar
geur de son cephalothorax, l'intervalle de prediction de 
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FIG. 11. Distribution de frequence de taille chez le crabe des neiges dans le sud-ouest du golfe du 
Saint-Laurent, pour des casiers dont le temps d'immersion et Ia maille variaient, durant Ia periode 
mai-juin 1981. 
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notre regression (a = 0,95) entre !a longueur et !a largeur 
du cephalothorax, indique que !a majorite des homards 
dont !a taille exd:de 63 mm est retenue par les casiers echan
tillonnes. 

Les recaptures de homards marques en 1978 ont mon
tre que l'accroissement !ineaire du cephalothorax au cours 
de !a mue est independant de !a taille et ega! a 13 mm pour 
les sexes combines (Dube et Frechette 1980, donnees 
inedites). Puisque !a taille legale est de 76 mm aux l!es-de
la-Madeleine, le homard pre-recrue mesurerait entre 63 et 
76 mm, en supposant qu'il n'y a qu'une seu!e mue par 
annee (Dube et Frechette 1980, donnees inedites). Comme, 
theoriquement, ce homard est presque entierement retenu 
par les casiers, l'echanti!lonnage en mer pourrait nous 
permettre d'evaluer le pre-recrutement pour differentes 
regions et periodes de temps. 

SYSTEME D'ECHANTILLONNAGE ET SELECTIVITE DU CASlER 
A CRABE 

L'un des objectifs essentiels de l'echantillonnage des cap
tures provenant de !'exploitation du crabe demeure !'esti
mation du pre-recrutement. Dans cette optique, il convient 
d'analyser les n!sultats obtenus a partir des engins utilises 
par !a peche commerciale. On cons tate en premier lieu que 
!a maille de 130 millimetres dont est muni le easier com
mercial a crabe, retient principalement les classes de taille 

TABLEAU 2. Avantages respectifs de l'echantillonnage au debar
quement et en mer, pour le homard et le crabe. 

Echantillonnage au debarquement 

I. Permet de mieux couvrir une 
region donnee. 

2. Permet d'obtenir un volume 
important de donnees. 

3. N'impose pas de contraintes 
logistiques. 
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Echantillonnage en mer 

I. Permet d'obtenir une 
meilleure image de Ia 
structure de taille de 
Ia population et 
notamment d'estimer 
le pre-recrutement. 

2. Au niveau du crabe, 
permet d'obtenir un 
estime non biaise de 
Ia proportion de 
crabe mou. 

3. Presente Ia possibilite 
d'obtenir des donnees 
complementaires 
(observation sur les 
femelles, prises acces
soires, temperature, 
profondeur). 

4. Permet de situer pre
cisement le lieu 
d'echantillonnage. 

5. Permet de connaitre 
avec precision le 
temps d'immersion 
des casiers (era be 
surtout). 

6. Permet de verifier Ia 
validite de !'infor
mation provenant de 
Ia peche. 

commerciale (fig. lla), ceci meme si les pre-recrues sont 
relativement moins abondantes dans !a region de Bradelle
est (fig. II b) que dans !a Baie des Chaleurs (fig. lid). Par 
ai!leurs, !a proportion de pre-recrues retenues par le easier 
muni de mailles de 130 mm pourra varier selon !a duree 
d'immersion; elle sera plus ou moins elevee lorsque le temps 
de peche est moins de 24 h (fig. lie), mais diminuera 
considerablement si !a periode d'immersion augmente 
(fig. lla.). On pourrait done emettre !'hypothese que, pen
dant une peri ode de moins de 24 h de peche, les differences 
observees au niveau de !a quantite de pre-recrues capturees 
puissent refleter !a duree effective d'attraction exercee par 
I'appat. 

Les resultats obtenus a !'aide de l'engin de peche com
merciale ne permettent done pas d'obtenir une estimation 
satisfaisante du pre-recrutement, ce qui nous a menes a 
utiliser un engin modifie. On a done muni le easier rectan
gulaire traditionnel d'un mail!age de 50 mm, afin d'etre 
en mesure d'estimer !'importance relative de !a classe pre
recrutee. Ainsi, en s'assurant que les casiers soient suffisam
ment disperses a l'interieur du territoire de peche visite, 
on peut obtenir une bonne representation de !'ensemble des 
individus matures d'une population (fig. lid). De plus, on 
observe que le temps d'immersion ne semble plus repre
senter un facteur aussi contraignant, au niveau de !a struc
ture de !a population observee, lorsqu'on utilise une maille 
plus fine (fig. llb). 

Echantillonnage en mer et echantillonnage au 
debarquement 

Pour un grand nombre d'especes exploitees commerciale
ment, l'echanti!lonnage des captures commerciales effec
tue dans Ies ports de debarquement permet d'atteindre les 
objectifs vises par !a strategie d'echantillonnage. Toutefois, 
chez plusieurs especes, notamment le homard et le crabe 
des neiges, !a prise de donnees realisee en mer contribue 
a augmenter de fa<;:on marquee !a qualite de !'information 
obtenue, en particulier en regard de l'objectif principal qui 
est !'evaluation du pre-recrutement. 

Le tableau 2 represente, pour le homard et le crabe des 
neiges, les avantages respectifs de l'echantillonnage au 
debarquement et en mer. D'une maniere generale, Ia prise 
de donnees au port de debarquement offre l'avantage de 
fournir une information relativement abondante avec un 
minimum de contraintes logistiques. Toutefois, en regard 
des objectifs vises par l'echantillonnage, !'information 
recueillie est nettement insuffisante. II n'est en effet pas 
possible d'estimer le pre-recrutement avec ce mode de col
lecte de donnees, tant chez le homard que chez le crabe, 
etant donne que les pecheurs rejettent a !a mer Ia majorite 
des captures de taille illegale. De plus, en particulier chez 
le crabe des neiges, l'echantillon preleve au debarquement 
amene une estimation biaisee de !a proportion de crabe mou 
dans !a population, etant donne !'interdiction de debarquer 
ces individus. Ainsi, en 1980, l'echantillonnage au debar
quement effectue en Gaspesie montrait une proportion de 
crabe mou de 30,6 f1Jo a!ors que les donnees en mer mon
traient 44,6 f1Jo de crabe mou dans les echantillons. On peut 



done affirmer que l'echantillonnage au debarquement ne 
peut contribuer a obtenir des donnees valables sur Ia mue 
chez Ie crabe des neiges. 

La prise de donnees effectuee en mer offre egalement 
Ia possibilite d'obtenir des donnees complementaires a 
!'etude stricte du stock exploite. Chez le homard comme 
chez Ie era be des neiges, on peut recueillir des donnees sur 
Ies femelles (homard : donnees sur Ies femelles oeuvees; 
crabe : abondance des femelles, stade de maturite des 
oeufs), de meme que sur Ies prises accessoires capturees 
par Ies casiers. Par ailleurs, on peut obtenir de !'informa
tion sur Ie milieu physique (conditions atmospheriques, 
temperature de l'eau, profondeur) Iors de sorties en mer. 
Enfin, I'echantillonnage realise en mer offre comme avan
tage de pouvoir determiner precisement Ia provenance des 
captures et Ie temps d'immersion des casiers. II permet en 
plus au personnel scientifique de verifier Ia precision de 
!'information issue de Ia fiche de peche, en rapport avec 
!'identification precise des lieux de peche telle que fournie 
par Ies pecheurs. 

L'echantillonnage des captures commerciales effectue 
en mer s'ajuste tres mal aux techniques conventionnelles 
d'echantillonnage au hasard. D'une part, cet echantillon
nage entralne un biais, etant donne que le choix du bateau 
ne peut se faire au hasard. D'autre part, Ia disponibilite 
du personnel limite Ie nombre de sorties possibles dans Ies 
differentes regions determinees. 

L'echantillonnage des captures commerciales effectue en 
mer impose de plus des contraintes logistiques dont !'im
portance peut parfois influencer Ia bonne marche des 
travaux. Ces contraintes logistiques deviennent beaucoup 
plus restrictives Iorsque Ies objectifs de I'echantillonnage 
imposent !'utilisation d'un engin de peche modifie (maille 
de 50 mm), tel qu'on Ie realise presentement chez Ie crabe 
des neiges. Toutefois, la qualite de !'information obtenue 
selon ce mode d'echantillonnage permet de compenser pour 
Ies efforts relativement importants requis pour !'acquisi
tion des donnees. 

Conclusion 

L'echantillonnage du crabe des neiges et du homard est 
different dans ses besoins et ses objectifs comparativement 
aux poissons marins. L'extreme difficulte de determina
tion de !'age chez Ies specimens empeche Ia production de 
series de donnees sur Ies captures a l'il.ge et done partielle
ment !'utilisation de techniques usuelles d'estimation de 
stocks telle !'analyse de population virtuelle et !'analyse de 
cohortes. Aucune structure anatomique ne permet d'estimer 
!'age comme chez Ies poissons; de plus, !'interpretation con
ventionnelle en terme d'age sur Ia polymodalite des distribu
tions de frequence de taille, technique utilisee chez d'autres 
crustaces comme la crevette Panda/us borealis, n'est que 
tres difficilement applicable chez le crabe et specialement 
chez Ie homard. Une telle particularite rend, de plus, tres 
difficile Ia production d'estimes de mortalite et plus 
specialement d'estimes de croissance. 

Toutes ces particularites, que partagent a divers degres 
Ie crabe des neiges et Ie homard, expliquent que !'evalua
tion du pre-recrutement devienne un des objectifs premiers 

de l'echantillonnage au niveau de Ia gestion des stocks. La 
poursuite d'un tel objectif implique un echantillonnage en 
mer, puisque ces deux especes sont reglementees par une 
taille legale limite au-dessous de Iaquelle Ies specimens sont 
rejetes a Ia mer. L'echantillonnage au debarquement, face 
a cette limitation, ne permet que !'observation de Ia com
position en taille des captures effectivement debarquees. 

De plus, particulierement chez Ie crabe des neiges, Ie 
temps d'immersion des casiers commerciaux a mailles de 
130 mm joue un role tres important dans Ia retention des 
pre-recrues. II devient alors necessaire d'utiliser une maille 
plus petite si !'on veut obtenir un echantillonnage non biaise 
en mer, puisque Ies temps d'immersion des casiers sont tres 
variables. 

Les variations considerables observees entre Ies dif
ferentes regions, telles que delimitees actuellement pour 
l'echantillonnage du homard et du crabe dans Ie golfe du 
Saint-Laurent, semblent justifier le maintien de ces regions. 
Ces variations sont presentes au niveau de Ia structure de 
taille de Ia population et de la PUE chez Ies deux especes. 
Chez Ie crabe des neiges on note en plus des variations dans 
l'abondance des individus a carapace molle (post-mue) 
d'une region a !'autre. Toutefois, l'appariement des 
donnees d'echantillonnage aux donnees recueillies sur Ies 
captures et !'effort de peche necessitent Ia fragmentation 
additionnelle des regions d'echantillonnage pour fin de 
compilation. 

Les periodes d'echantillonnage et leur frequence devront 
varier selon Ies objectifs vises. Ainsi, si !'on tend qu'a con
naltre l'abondance relative des pre-recrues, un echantillon
nage en debut et en fin de saison de peche suffira habituelle
ment. Par contre, si !'on doit tracer en plus !'evolution de 
Ia mue durant la saison de peche, ii faudra evidemment 
accroitre cette frequence d'echantillonnage. Cette situation 
se presentera surtout chez Ies populations de Crabe des 
neiges encore peu connues. Chez Ie Homard, comme Ia 
periode de mue change peu dans Ie temps d'une annee a 
!'autre et qu'elle se situe apres la saison de peche, cet ele
ment prend moins d'importance. 

Face aux techniques conventionnelles d'echantillonnage 
au hasard qui donnent habituellement une image represen
tative de Ia structure du stock, l'echantillonnage en mer 
comporte certaines limitations. Ainsi, ii entraine des con
traintes dans Ie choix des pecheurs et des sites d'echantillon
nage. En plus, ii ne permet pas Ia cueillette de donnees aussi 
abondantes dans chacune des regions visees. 
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