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ABSTRACT 

blahon, R .  1985 led.]. Towards t h e  Inclusion of Fishery In te rac t ions  i n  idanagement Advice. Proceedings of 
a Workshop a t  t h e  Bedford I n s t i t u t e  of Oceanography (October 30 - November 1, 1984). Can. Tech. Rept. 
Fish. Aquat. Sci. No. 1347. 

This repor t  contains the  proceedings and contr ibuted papers of a workshop on the  incorporat ion of 
f i shery  i n t e r a c t i o n s  i n t o  management advice. The main top ics  vrere: technological o r  by-catch i n t e r a c t i o n s ;  
i d e n t i f i c a t i o n  of f ishery systems f o r  model l ing  and appl ica t ion  of ex i s t ing  techniques; and t h e  Scot ian 
Shelf as  a system. Conclusions were: t h a t  immediate s t e p s  could be taken t o  explore t h e  f e a s i b i l i t y  of 
accounting f o r  technological in te rac t ions  i n  management; t h a t  l a rge  sca le  models such as t n e  ICES 
mult ispecies  v i r tua l  population ana lys i s  were a t  present  n e i t h e r  f e a s i b l e  i n  t h e  Canadian At lan t ic ,  due t o  
resource l i m i t a t i o n s ,  nor appropriate ,  due t o  theore t ica l  d i f f i c u l t i e s ;  t h a t  incorporat ion of species  
i n t e r a c t i o n s  could only be i n i t i a t e d  by considering small systems of species  with possible  key i n t e r a c t i o n s  
e.g. cod-capeli n, s i l v e r  hake-haddock. In general ,  d i s soc ia t ion  of biological from socioeconanic advice, 
and of these from the a l loca t ion  process were considered t o  be problem areas in  moving towards a m r e  
inc lus ive  approach t o  f i shery  management. 

f-lahon, R. 1985 Ced.7. Towards t h e  Inclusion of Fishery In te rac t ions  i n  Management Advice. Compte-rendu 
d'un a t e l i e r  qui s ' e s t  d6roul6 i 1 ' I n s t i t u t  Oceanographique de Bedford (30 octobre - l e r  novembre 
1984). Can. Tech. Rept. Fish. Aquat. Sci.  No. 1347. 

Le present  rapport con t ien t  l e  compte-rendu d'un a t e l i e r  sur  l ' incorpora t ion  des in te rac t ions  
ha l ieu t iques  dans l e s  conse i l s  r e l a t i f s  5 l a  gest ion,  a ins i  que l e s  exposes prGsent6s i c e t t e  occasion. Les 
p r i  nci pal e s  questions t r a i  t i e s  ont  i t 6  l e s  suivantes  : in te rac t ions  technologiques ou des ptches 
accesso i res ;  i d e n t i f i c a t i o n  des systGmes hal ieut iques pour 1 'e laborat ion de mdGles e t  1 'appl icat ion des 
techniques exi s t a n t e s ;  l e  plateau Scotian cons idere comme un sy ~ t e m e .  Les conclusions sui vantes ont  6t6 
t i r 6 e s  : on peut prendre immediatement des mesures pour determiner s ' i l  e s t  f a i s a b l e  de rendre compte des 
i n t e r a c t i o n s  technologiques dans l a  gestion; l e s  modeles I grande Gchelle comme l ' a n a l y s e  de l a  population 
v i r t u e l l e  multispGcifique de CIEM ne sont i 1 'heure a c t u e l l e  ni appl icables  dans la  region canadienne de 
l l A t l a n t i q u e ,  2 cause des ressources l imitges,  ni appropriees, i cause de cer ta ines  d i f f i c u l t &  theoriques;  
l ' incorpora t ion  des in te rac t ions  touchant l e s  e s p k e s  comportant des i n t e r a c t i o n s  c l e s ,  par exemple, 
morue-capelan, merlu argentg-aiglef in.  En general ,  on considGre que l e  f a i t  de d i s s o c i e r  l e  conseil 
biologique de consei l  socio-icomonique e t  l e  Fa i t  de d i ssoc ie r  ces  derniers  du processus de r e p a r t i t i o n  
cons t i tuen t  des zones de p r o b l h e s  qui gPnent l a  marche vers une approache plue complete ?i l a  gest ion de la  
p6che. 



PREFACE 

The 3ar ine  i n v i r o n w n t  and Ecosystem Subcommittee (I,IEES) i s  one of seven subcommittees of the  Canadian 
At lan t ic  S c i e n t i f i c  Advisory Committee (CAFSAC). The ro les  of the others  (e.g. Groundfish, Invertebrates  
and l-larine 21anrs) a re  more c l e a r l y  defined inasmuch as they usually provide advice k i c h  has been requested 
by the  f i shery  manacers. 

The ro le  of i1EES has oeen d i f f e r e n t ,  i t s  terms of reference are:  

- consider  t h e  e f f e c t s  of environmental changes, ecosystem in te rac t ions ,  o r  human in te rven t ions  on Canadian 
At lan t ic  f i s h e r i e s  and provide the  s c i e n t i f i c  bas i s  f o r  CAFSAC advice; and 

- provide a  forum for  in te rd i sc ip l inary  discussion of ecosystems and environmental top ics  i n  r e l a t i o n  t o  
Canadian At lan t ic  f i s h e r i e s .  

Previous top ics  reviewed by MEES have included the  e f f e c t s  of the  Canso causeway, the  possible  impacts 
of offshore o i l  and gas development on f i s h e r i e s ,  and cur ren t  knowledge of the  Scot ian Shelf Ecosystem. 
There was a  l u l l  i n  t h e  a c t i v i t i e s  of MEES following the  Scotian Shelf workshop i n  fa1 1 1981. Indeed, there  
was some question about whether ilEES could play a  useful managerrent role .  Nhen t h e  subcommittee met again 
i n  mid 1983 t h e r e  was concensus t h a t  t o  play a  useful role  MEES should address more spec i f ic  p rac t ica l  
matters rrhich could feed d i r e c t l y  in to  the  ex i s t ing  system for  management of f i s h e r i e s  and f i shery  
ecosystems. To achieve t h i s  i t  was agreed t h a t  MEES should attempt t o  function more i n  t h e  manner of the 
f ishery s p e c i f i c  subcommittees. The members i d e n t i f i e d  "multispecies" problems a s  being the  f i r s t  broad 
area of ccncern and t h i s  workshop was planned. The s ta ted  object ives were: 

a )  rev iec  and evaluate  the methods of resolving problems due to i n t e r a c t i o n s  i n  f i s h e r i e s ;  

b)  formulate recomnendations t o  CAFSAC regardi ng the  incorporation of systems re1 ated advice in to  the 
advi sory process; and 

C )  formulate recommendations on management based on t h e  workshop resu l t s .  

These ob jec t ives  were de l ibera te ly  broad in t h e  expectation t h a t  t h i s  workshop would lead MES i n t o  
more s p e c i f i c  areas  i n  which t o  develop an ongoing process f o r  including f ishery in te rac t ions  and 
environmental i  nfl uences in  management advice. 



WORKSHOP R E P O R T  



SESSION I :  HISTORICAL OVERVIEW 

CHAIRIIF,N: R .  Yahon 
R4PPORTEUR : 5. Campana 

it-e incorporation of multi species  
considerat ions i n t o  the  management advisory 
process has been a matter of growing concern t o  
f i shery  managers and researchers  over the l a s t  
decade (Mercer 1962). Gwing t o  the complexity of 
marine f ishery ecosystems, and the d i f f i c u l t y  of 
studying them, there  have been very few cases in  
which research has progressed t o  the point  where 
t h e  r e s u l t s  can be applied. Furthermore, when 
these  r e s u l t s  do become ava i lab le  and a r e  
formulated a s  advice, i t  i s  not a t  a l l  c l e a r  t h a t  
e x i s t i n g  management s t ruc tures  wil l  be able  t o  
accomodate the advice. 

The broad object ive of t h i s  workshop i s  t o  
iden t i fy  the  areas  of f i shery  management where t h e  
most benef i t  could r e s u l t  f ran  taking f ishery 
i n t e r a c t i o n s  i n t o  account, and to advise on t h e  
appropriate  route  t o  take i n  doing so. More 
s p e c i f i c a l l y  the object ives were defined a s :  
review and evaluate  the methods of resolving 
problems due t o  i n t e r a c t i o n s  i n  f i s h e r i e s ;  
formulate recommendations t o  CAFSAC regardi ng the 
i  ncorportion of systems re la ted  advice i n t o  t h e  
advi sory orocess and; f o n u l  a t e  recommendations on 
manaqement based on the workshop r e s u l t s .  In f a c t  
i t  was an t ic ipa ted  t b a t  r e a l i z a t i o n  of these 
ob jec t ives  would be an ongoing function of t h e  
mem~ership of t h e  Marine Environment and Ecosystem 
Subcommittee of CAFSAC, and t h a t  t h i s  workshop 
would. be a s t a r t i n g  ~ o i n t .  

Tke remainder of t h i s  session was conpri sed 
of two review papers. The f i r s t ,  by R. Halliday 
and A .  Pinhorn, gave an overview of present  
management s t r a t e g i e s .  The paper indicated t h a t  
i n  a limited number of cases some account has been 
taken of species  in te rac t ions .  In the  case of cod 
and capel in t h i s  sillply takes the  form of se t t ing  
low e x ~ l o i t a t i o n  ra tes  fo r  capel in i n  recognition 
of i t s  importance a s  forage f o r  ccd. A more 
o u a n t i t a t i v e  attempt was t r i e d  i n  the  case of 4T 
cod where the  e f f e c t  of mackerel biomass on cod 
recruitment was modelled. The model f a i l e d  t o  be 
pred ic t ive  and i t s  use was discontinued a f t e r  two 
years .  The general conclusion of the  paper i s  
t h a t  the  recent  t rends i n  groundfish abundance and 
catch ra tes  have been cons i s ten t  with the overall  
s t a t e d  object ives of management, whereas those in 
pelagic  f i s h  stocks have not. Squid f i s h e r i e s  a r e  
i n  general too recent  f o r  conclusion. The point 
i s  made t h a t  f a i l u r e  t o  achieve managewnt 
ob jec t ives  does not necessar i ly  mean t h a t  t h e  
s t r a t e g y  and models applied were inadequate. 
Espec ia l ly ,  i t  does not mean t h a t  they were 
inadeqtiate because they f a i l e d  t o  include species  
i n t e r a c t i o n s .  This remains t o  be demonstrated, 

I n  the discussion the point was made t h a t  
managers have r e s i  sted more complex, e.g. 
mu1 t i  species ,  approaches. I f  t h i s  a t t i t u d e  i s  t o  
be changed, the  next generation of mu1 t i s p e c i e s  
~ o d e l s  must be mathematically c o r r e c t ,  i n t u i t i v e l y  

sound and provide a c l e a r  advantage over 
unispecies assessments. This job may be e a s i e r  
now than i n  the  past .  The unispecies models t h a t  
have been successful in  rebui lding the  Scotian 
Shelf stocks from record low l e v e l s ,  may be l e s s  
successful now t h a t  the  s tocks a r e  c l o s e r  to  
equilibrium leve l s .  

In  t h e  second paper, by J .  Anderson and 6 .  
Li l ly ,  in te rac t ions  reported for  t h e  Newfoundland 
Region (NAFO Subdivisions 2 and 3 )  were reviewed 
to determine the  types t h a t  have occurred and t h e  
extent  t o  which they have posed management 
problems. Most i n t e r a c t i o n s  were of two types - 
biological , involving predat ion,  o r  technological , 
involving species  by-catch. Predation was f u r t h e r  
subdivided - t h e  e f f e c t s  of prey on predators and 
t h e  e f f e c t s  of predators on prey. The possible  
influence of reduced cape1 i n abundance on 
predators ( p r i n c i p a l l y  At lan t ic  cod, At lan t ic  
salmon, s e a l s ,  puf f ins )  was c l e a r l y  t h e  a rea  of 
most concern. Although t h e r e  a r e  ind ica t ions  t h a t  
capeli n abundance a f f e c t s  growth (cod) ,  natal i ty 
( p u f f i n s )  and feeding migrations (cod, whales), 
the  data a r e  inconclusive. Studies of how 
predation on pre-recrui ts  a f f e c t s  r e c r u i t m n t  have 
a l so  been inconclusive. No c l e a r  s t a t m e n t s  
regarding s i g n i f i c a n t  e f f e c t s  of predatorjprey 
dynamics on the  f i shery  have emerged. !dhat i s  
c l e a r  i s  t h a t  t o  answer such quest ions s p e c i f i c  
s tudies  must be c a r r i e d  out.  

Technological i n t e r a c t i o n s  a r e  a recur ren t  
management problem. The concern has been most1 y :  
do by-catches of one species  i n  a directed f i shery  
f o r  another represent  a s i g n i f i c a n t  source of 
f i sh ing  mortal i ty? Some of these have been deemed 
as  having important e f f e c t s  whereas most have not. 
By-catch problems were gear not s p e c i f i c  b u t  most 
of ten occurred with changing f i sh ing  s t r a t e g i e s  
involving an expanding f i shery  or  t h e  introduct ion 
of new gear types. Infonnation on species  
d i s t r i b u t i o n s  i s  important as  t h e  degree of 
overlap of ten  determines when and where by-catches 
will be high. 

These s tud ies  understate  t h e  i m p o r t a ~ c e  of 
problems in data qua l i ty  and quant i ty  &ich i s  
usual l y  i  ndequate f o r  c l e a r  conclusions. There i s  
a lack of data co l lec ted  s p e c i f i c a l l y  to  answer 
questions of the s ign i f icance  of by-catch. As 
with biological in te rac t ions ,  few s p e c i f i c  s t u d i e s  
have been s e t  up. 

SESSION 11: HARVESTING INTERACTIONS 

CHAIRMAN: W.B. Brodie 
RAPPORTEUR : D . B .  Atki nson 

This  session d e a l t  with topics  pertaining t o  
the harvest ing of mult ispecies  f i shery  resources.  
Papers presented covered such areas  as  
i n t e r p r e t a t i o n  and ana lys i s  of mult ispecies  
f ishery da ta ,  case s tud ies  on t h e  Scot ian She l f ,  
and implications of mult ispecies  management on 
Canada's e a s t  coas t  f i s h e r i e s .  There were four  
presentations each followed by discussion.  



2.B. Brodie reviewed methods and data used in 
analyzing multispecies f isheries interactions 
including interpretation of catch data from 
commercial f i sher ies  and thei r  use in models such 
as general production and l i  near programming. 
Research vessel survey data as well as observer 
data were also considered. Discussion centered on 
the l imitat ions of by-catch data and the problems 
in i n t e n r e t i n g  what actually constituted the 
main-species. The possible use of l inear 
programming techniques to establish a two-tier 
quota system was pointed out, as was the 
sens i t iv i ty  of these types of analyses to  changes 
in h is tor ic  by-catch patterns. 

Next, D.E.  Waldron and A.F. Sinclair  
presented an analysis of by-catches observed in 
the Scotian She1 f foreign fishery and discussed 
thei r  impact on domestic f i sher ies  specifically 
the by-catch of major cmmercial groundfish 
species (cod, haddock, pollock) in the small mesh 
gear f i sher ies  fo r  s i lve r  hake and squid. 
Geographic distribution of by-catches supported 
the  placement of the small msh gear l ine .  The 
paper showed that  low by-catch levels of the major 
groundf ish species are due to  enforcement of the 
exist ing regulations and that  cessation of the 
foreign fisheries would provide no appreciable 
increase in domestic yield of these species. 

The question of changing mesh sizes In 
relat ion to the s i lve r  hake population was 
discussed. I t  was indicated tha t  a significant 
increase in mesh s ize  would bring about an 
increase in the e f fo r t  required to catch the i r  
allocations. The amount of ef for t  required would 
be unattainable. As a resul t ,  s i lver  hake biomass 
would increase, with the possibil i ty of a 
detrimental impact on other species. The 
res t r ic t ion  in area fished plus a reduction of 
e f f o r t  in the squid and s i lve r  hake fisheries in 
recent years was an important factor in the low 
by-catch levels of groundfish. 

A l inear programming analysis of Scotian 
Shelf offshore f i sher ies  by A.F. S incla i r  used 
catch and ef for t  data collected by DFO f i sher ies  
observers frcm Canadian TC 4 & 5 o t t e r  trawlers to 
evaluate techno1 ogical interactions within th i s  
f l e e t .  The f i sher ies  were defined using c lus ter  
analysis. The l inear programming solutions 
indicated that ,  except fyr  4X cod, a l l  quotas for 
vessels greater than 100 , could be taken 
together. The solutions obtained under the 
objectives of maximising total catch or total  
revenue were identical .  However, certain "money 
losing" f i sher ies  were dropped from the optimal 
solutions under the objective of maximising net 
revenue. The predicted ef for t  distr ibutions 
differed greatly fran those observed in 1982 and 
1983. The addition of further constraints to  the 
models may produce more r ea l i s t i c  solutions. 

The discussion noted that  the optimal 
solutions proposed by the l inear  programming model 
indicated that  the f l ee t  did not appear to be 
following optimal patterns. This was a t  l eas t  
par t ia l ly  due to the fac t  tha t ,  in rea l i ty ,  the 
f l e e t  never takes a l l  of each quota. Redfish and 
f l a t f i s h  quotas are usually undercaught. I t  was 
fur ther  noted that  the economic terms used in the 

analysis were highly simp1 i f ied  and did not 
necessarily represent real conditions. 

Finally, R .  O'Boyle discussed the 
implications of multispecies principles for 
Canada's eas t  coast f isheries management. Before 
effective incorporation of multispecies managemnt 
principles could occur, some changes relat ing to 
the division of labor between sc i en t i s t s  and 
managers should be considered. The move i s  viewed 
as desirable, b u t  changes in the existing 
structure should be practical as well a s  
theoretically sound. Techno1 ogica? interactions 
can be addressed a t  present, b u t  biological 
interactions pose a much greater problem. 

The discussion of t h i s  paper raised the point 
that  these interactions should f i r s t  be considered 
a t  levels other than biological, such as industry 
problems, f l ee t  interactions etc. There was some 
discussion of the concept of system management, 
and how man's involvement in various systems could 
be compared with predator-prey interactions. 

SESSION 111: METHODS FOR IDENTIFICATION OF 
MULTISPECIES SYSTEMS 

CHAIRMAN: W .  Sil vert 
RAPPORTEUR: S. Murawski 

Five presentations concerning the problem of 
multispecies system identif ication were made 
during the session. The f i r s t  four (Schwi nghamer, 
Murawski, Rice, and Myers) were nethodol ogical , 
describing techniques tha t  have been applied to 
system identif ication problems in  marine ecology. 
Sil vert  reviewed the process of hypothesis 
generation and test ing and commented on some of 
the fundamental problems of model ident i f ica t ion 
and validation in l ight  of the ins t i tu t ional  
hesitancy to u t i l i s e  resul ts  of mdels tha t  d i f f e r  
from current practices in the fishery management 
process. This hesitancy i s  understandable since 
i t  has previously been frustrat ingly d i f f i cu l t  t o  
construct multispecies fishery models and verify 
them empirically as a basis for future fishery 
management deci sions . 

P .  Schwinghamer described the  use of path 
analysis (causal analysis)  as a basis for 
identifying significant relat ionships among 
species and environmental variables in ecosystems 
under study. Path analysis "provides a method of 
assessing the validity of causal interpretation by 
canparison of correlations among variables 
calculated from the result ing path diagram with 
those observed in the data se t" .  In t h i s  way i t  
i s  possible, by i tera t ion,  to se l ec t  hypothetical 
models tha t  are biological ly acceptable and 
s t a t i s t i c a l l y  most consistent with the data". The 
technique involves the construction of a 
structural map "path diagram" among the components 
of an ecosystem. The degree of correlat ion among 
various species/environmntal variables i s  then 
assessed by applyi ng regression techniques to the 
available ecological data. Finally, se ts  of 
regressors are chosen for  part icular models of the 
system. The adequacy of a part icular model 
("path'" i s  "based upon choosing a parsimonious, 



bio log ica l ly  sens ib le ,  and s t a t i s t i c a l l y  
s i g n i f i c a n t  regression model in  which a l l  of t h e  
regressors  con t r ibu te  pos i t ive ly  t o  the  overal l  
s igni  f icance of the equation". Schwi nghawr 
described the  app l ica t ion  of path ana lys i s  
techniques t o  model the re la t ionsh ips  of 
exogeneous and endogenous variables  i n  nearshore 
benthic ecosystems. 

S. Murawski reviewed appl ica t ions  of c l u s t e r  
ana lys i s  t o  mdltispecies ecological data. The 
most prevalent  use of c l u s t e r i n g  i n  t h e  
mu1 t i  speci es f i shery  context  has been t o  iden t i fy  
species  o r  s i t e  groups from bottom trawl survey 
data ,  or multi species landings information. Other 
potent ial  appl icat ions of c l u s t e r  ana lys i s  f o r  
mult ispecies  systems i d e n t i f i c a t i o n  a r e  t o  
describe t h e  grouping of species  in  r e l a t i o n  t o  
t h e i r  environmental determinants of d i s t r i b u t i o n  
(e .g. ,  temperature and depth) ,  t o  examine t h e  
organizat ion of ichthyoplankton communities, and 
t o  e luc ida te  feedi ng i n t e r r e l a t i o n s h i p s  among 
species  by c l u s t e r i n g  dietary data. Murawski 
cautioned t h a t  although c lus te r ing  may be useful 
f o r  reducing the dimensions of mu1 t i  speci es  data 
s e t s  to  a cmprehensible  l e v e l ,  r e s u l t s  must be 
caut iously i n t e r p r e t e d ,  may be ambiguous, and a r e  
not an adequate s u b s t i t u t e  f o r  a mechanistic 
understanding of system organizat ion.  

J . Rice examined various ordinat ion 
techniques employed t o  analyze mul t ivar ia te  data. 
His p resen ta t ion  was h i e r a r c h i c a l ,  emphasizing 
t h a t  various techniques a r e  appl icable  t o  
d i f f e r e n t  s i t u a t i o n s  depending on t h e  nature of 
multi var iable  data avai l  able ,  and the  research 
quest ion posed. Reasons f o r  caut ious use of 
discr iminant  functions ana lys i s  were presented. 
For t r u e  ordinat ions,  d i r e c t  gradient  analyses, 
multidimensional scal ing,  correspondence a n a l y s i s ,  
and principal  component ana lys i s ,  among o ther  
techniques, a r e  useful f o r  reducing t h e  dimensions 
of data s e t s ,  displaying re la t ionsh ip  among taxa 
and s i t e s  and f o r  analysing re la t ionsh ips  among 
speci es and envi ronmental var iables .  

R. Myers compared t h e  use of t r a d i t i o n a l  
cor re la t ion- type  analyses and t ime-ser ies  (ARIMA) 
models f o r  describing the  re la t ionsh ip  of two or  
more var iab les  t h a t  a r e  measured i n  a time 
sequence. His presentat ion emphasized t h a t  t h e  
app l ica t ion  of regression-type analyses t o  such 
var iab les  (e.g.,  water temperature and salmon 
abundance) monitored over time can lead t o  
spurious conclusions regarding causal mechanisms. 
Time-series techniques ( i  . e . ,  Box-Jenkins 
analyses)  allow for  the examination of t h e  
dependancy of two variables  measured i n  a time 
sequence, and f o r  s t a t i s t i c a l  modeling and 
pred ic t ion  based on the  re la t ionsh ip .  

W .  S i l  ve r t  concluded the  session with a 
discussion of model uniqueness and a summary of 
the previous presentat ions i n  the  session.  S i l v e r t  
emphasized t h a t  ecosystems a r e  inherent ly 
d i f f i c u l t  t o  model because fundamental ecological 
r e l a t i o n s h i p s  a r e  poorly defined,  i n  f a c t  very few 
a1 t e r n a t i  ve hypotheses of how systems a r e  
organized and reac t  e x i s t .  Since several a l t e r -  
nat ive hypotheses may describe avai l  able empirical 
data  gathered f r m  an ecosystem, eco log is t s  and 

managers a r e  faced w i t h  the  problem of model - uniqueness. Only through an i t e r a t i v e  approach t o  
model iden t i f i ca t ion- tes t ing  and v e r i f i c a t i o n  can 
we el iminate  inva l id  hypotheses and avoid 
ambiguities. However, f ishery managers a r e  
notably unsympathetic toward the  i n a b i l i t y  of 
s c i e n t i s t s  t o  discern between conf l ic t ing  
hypotheses, and they a r e  unlikely t o  undertake 
experimental management i n  order  t o  t e s t  
hypotheses. S i l  ve r t  proposed t h a t  given t h i  s 
i n s t i t u t i o n a l  hesitancy we have t o  develop 
s t r a t e g i e s  f o r  using s u i t e s  of m d e l s  i n  t h e  
management process r a t h e r  than el iminat ing 
hypotheses one-by-one. 

SESSION IV: THE SCOTIAN SHELF EXPERIENCE 

CHAIRMAN: R. O'Boyle 
RAPPORTEURS: J .  Neilson and R. Stevenson 

This session concentrated on t h e  Scotian 
Shelf t o  see  i f  and how mult ispecies  p r inc ip les  
could be applied there.  The f i r s t  group of papers 
i n  t h e  session examined t h e  b io log ica l ,  
environmental and f i shery  c h a r a c t e r i s t i c s  of t h e  
Scotian Shelf .  

The f i r s t  two papers by R. Mahon and E.  
Sandeman explored t h e  d i s t r ibu t ion  of groundfi sh 
assemblages through c l u s t e r  analysis .  Breaks i n  
species  d i s t r i b u t i o n s  were cons i s ten t ly  i d e n t i f i e d  
a t  t h e  t a i l  of t h e  Grand Banks, i n  t h e  cen t ra l  
Scotian Shelf and near Cape Cod. These papers 
suggested t h a t  t h e  assemblages corresponded 
cl osely to  known environmental pat terns.  On t h e  
Scotian Shelf t h e  spa t ia l  pat terns of species  
d i s t r i b u t i o n  were p e r s i s t e n t  i n  each summer from 
1970 t o  1981. Similar ly,  the re  were recur ren t  
groups of species. This spatio-temporal 
persis tence was considered t o  be potent ial  l y  
useful in  managing techno1 ogical i n t e r a c t i o n s .  
However, t h e  pat terns could not be readi ly 
extended t o  the t rophica l ly  based assemblage 
regi on/assemblage production u n i t  approach 
described by Tyler and co-workers i n  t h e  S t .  
John's workshop on "Mu1 t i  speci es Approaches t o  
Management Advice". 

During the  subsequent discussion,  t h e  po in t  
was made t h a t  biological groups of spec ies ,  o r  
areas  defined by c l u s t e r  ana lys i s  may not be 
useful f o r  management. Other f a c t o r s ,  such a s  
f i sh ing  e f f o r t  need t o  be considered. However, i t  
was pointed out t h a t  the  ex i s t ing  management 
boundaries a r e  i n  broad agreement with t h e  
analysis .  Further comment was made on t h e  u t i l i t y  
of using presencefabsence data  r a t h e r  than 
abundance, and on o ther  method01 ogical aspects .  

R .  T r i t e s  and R .  Loucks presented a br ief  
review of Scotian Shelf oceanography. Since t h e r e  
i s  evidence t h a t  l a rge  scale  processes play an 
important r o l e  i n  defining local  condit ions on t h e  
Scotian She l f ,  they went on t o  examine la rge  sca le  
pa t te rns  in  sea surface temperature (SST) 
v a r i a b l i t y  i n  the  Northwest At lan t ic .  Using 
empirical orthogonal function (EOF) ana lys i s  they 
showed t h a t  the  most important p a t t e r n  i n  t h e  data  



i s  a r e l a t i v e l y  uniform increase ( o r  decrease)  i n  
SST coherently on a large geographic scale .  The 
second mode of the EGF, however, shows t h a t  the  
Srand Banks area varies  with opposite phase t o  t h e  
nid At lan t ic  Bight a rea ,  w i t h  t h e  Gulf of ilaine 
positioned in the region of the  swing over. They 
hyoothesi sed t n a t  SSTs a r e  in f l  uenced di rec t ly  and 
i n d i r e c t l y  by meteorological forcing. Winter 
winds consi t u t e  an imoortant di r e c t  inf luence.  
The i n d i r e c t  pathways involve r i v e r  runoff and 
s i i o s e q ~ ~ e l t  a l t e r e d  s t a b i l i  tj of t h e  coastal  water 
on the one hand, and the  broad ocean gyres and t h e  
meanders and r ings of t h e  Gulf Stream on the  
other .  

There was some discussion on the nature of the 
second mode of t h e  empirical orthogonal function 
ana lys i s  presented i n  t h i s  paper. As work i s  
continuing nothing f ina l  could be specif ied.  The 
s ign i f icance  of w a n  core eddies off t h e  southern 
Scotian Shelf was high1 ighted. During t h i s  
discussion i t  was pointed out t h a t  rings a l so  
occur off of t h e  Southern Grand Banks. Future 
analyses of ecosystem s t r u c t u r e  in  these areas  
should consider the  e f f e c t s  of these r ings.  

T. Koslow presented the  hypothesis t h a t  
e ~ v i r o n r e n t a l  e f f e c t s ,  such as  those suggested by 
T r i t e s  and Loucks, a r e  the  main determinants of 
recruitment v a r i a b i l i t y  i n  t h e  idorthwest At lan t ic .  
Ahere biological  in te rac t ions  occur, t h e i r  
importance i s  minimal. The hypothesis i s  
supported by pa t te rns  of recruitment observed f o r  
ilorthwest At lan t ic  f i s h  stocks. Recruitment i s  
highly cor re la ted  within species ,  par t i cu la r ly  cod 
and haddock, over l a rge  spa t i  a1 sca les ,  suggesting 
t h a t  recruitment i s  driven by la rge  sca le  
environmental fac tors .  S a l i n i t y  and winds as  we1 1 
a s  sea surface temperature tend t o  be cor re la ted  
over l a rge  s p a t i a l  scales  in the  region. These 
~ n y s i c a l  var iab les  explain a s i g n i f i c a n t  f r a c t i o n  
of the  v a r i a b i l i t y  in  recruitment t o  most cod, 
haddock and herr ing stocks i n  t h e  ilorthwest 
4 t l a n t i c .  

Discussion following t h i s  paper was l i v e l y  
s ince v i r t u a l l y  no biological feedbacks a r e  
admitted. There were opinions t h a t  recruitment 
f a i l u r e  in  the e a r l y  1970s could have been due t o  
recruitment overf ishing ra ther  than the  
environment, t h a t  possible stock-recruitment 
relat ior lshios should be considered more f u l l y ,  and 
t h a t  t h e  accuracy of c e r t a i n  VPA recruitment 
est imates  i s  auest iona3le;  but t h e  f a c t  i s  t h a t  
the l a t t e r  a r e  the best  avai lable .  

F i n a l l y ,  4. S i n c l a i r  presented t h e  f ishery 
d i s t r i b u t i o n  on t h e  Scotian Shelf as  defined by 
species  cmpos i t i o n  i  n t h e  comrnerci a1 catch. 
Consistent with Mahon and Sandeman's work, he 
showed a marked dichotomy between the species  mix 
in the st-allow waters of the  eastern and western 
Scotian Shelf .  Cod and f l a t f i s h  dominated i n  t h e  
eastern area whereas haddock and pollock dominated 
in the west. In deeper a reas  the  f ishery i s  
dominatei by redf i sh .  The cod, hadaock, redf i sh  
and pollock f i s h e r i e s  dere very clean with 80% of 
the catct- being the t a r g e t  species .  O n  the 
eas te rn  shelf  there  was a mixed f ishery f o r  
f l a t f i s h ,  ano on Georges Bank one for  cod, haddock 
and r~ol lock.  

The discussion of t h i s  paper centered on 
comparing these r e s u l t s  to  those presented by 
Mahon and Sandeman. In general ,  s i m i l a r  pa t te rns  
emerge, considering t h a t  fishermen search f a r  t h e  
highest  catch ra te .  The a b i l i t y  of fishermen t o  
make clean catches appears t o  be area s p e c i f i c .  

In senera1 these papers presented evidence 
for  the  dominant inf luence of environmnt on t h e  
Scotian Shelf system. L i t t l e  in t h e  way of 
biological in te rac t ions  was suggested. 

The second group of papers examine past ,  
present and possible fu ture  modeling exercises  fo r  
the  Scotian Shelf .  The f i r s t ,  by R. O'Boyle, 
reviewed the two t i e r  approach of ICNAF (1974-77) 
which placed a second overal l  TAC a s  a l i m i t  to  
the  stock s p e c i f i c  ones. This was intended t o  
account f o r  biological and technological 
in te rac t ions .  I t  was introduced i n t o  a d i f f i c u l t  
internat ional  forum and i s  not l i k e l y  t o  be 
e f f e c t i v e  today: fewer, not more, regulat ions a r e  
required. Other TAC s t ruc tures  might be more 
appropriate but were not discussed. 

The second oaper, by R. C'Boyle, J .  Rice, and 
J .J .  Maguire reviewed t h e  ICES approach explored 
i n  the  1984 Multispecies Workshop i n  Copenhagen. 
The model used mult ispecies  VPA (:,lSVPA) which has 
been under development s ince  1979. However, i t  
requires  large amounts of data ,  and a t  present 
suf fe rs  from theore t ica l  drawbacks. Even when 
these a r e  worked out ,  i t  may not be useful in our 
area due t o  the  dramatic difference i n  catch-age 
composition on both s i d e s  of the  Atlant ic .  The 
main object ive of MSVPA i s  t o  def ine  age 0 and 1 
predation mor ta l i t i es  f o r  t h e  i n d u s t r i a l  f i s h e r i e s  
of the  North Sea. There a r e  no f i s h e r i e s  on these  
age groups i n  our waters. The s ing le  l a r g e s t  
problem with t h e  MSVPA a t  present  i s  t h a t  i t  i s  
age, ra ther  than s i z e  s t ructured.  Although t h e  
Georges Sank model (George), which i s  s i z e  
s t ruc tured ,  could be used in l ieu of MSVPA, much 
f a t a  on prey s ize  and s e l e c t i v i t y  i s  lacking and 

George "as been she1 ved temporarily. Regarding 
MSVPA, tuning the ana lys i s  i s  s t i l l  an unaddressed 
question. 

The l a s t  paper, by J .  McGlade and P .  Allen, 
looked a t  the  fu ture  in  terms of t r e a t i n ?  the 
f ishery as a complex system. One of t h e  most 
important points ,  which they ou t l ine ,  i s  t h e  f a c t  
t h a t  ecosystem i s  probably the  most s t a b l e  point 
of t h e  overall  system, i n  t e n s  of i d e n t i f i a b l e  
cycles ,  and t h a t  many of t h e  perturbat ions 
observed in contemporary f i s h e r i e s  a r e  t h e  r e s u l t  
of human in te rven t ion ,  both i n  t h e  demands placed 
on t h e  system i t s e l f ,  and t h e  po l ic ies  used to 
govern t h a t  a c t i v i t y .  By accepting t h e  concepts 
of evolution, conpl exi ty  and t h e  r o l e  of 
f luc tua t ions  a t  c r i t i c a l  points  i n  t h e  system, 
McGlade and A1 len suggest t h a t  i t  i s  possible  t o  
iden t i fy  t h e  evolutionary t r a j e c t o r i e s  t h a t  a r e  i n  
place, and f u r t h e r  predict  areas  where 
perturbat ions are  most l i k e l y  to  s h i f t  one 
component on t o  an a l t e r n a t i v e  t r a j e c t o r y ,  much 
l i k e  moving through the  branches of a t r e e .  
Moreover, they s t r e s s  the  importance of exanining 
the impacts of management decisions t h a t  a r e  made 
t o t a l l y  outwith the  ecosystem, but vhich may have 
many unforseen inp l ica t ions  i n  t e n s  of fu ture  



resources. They a l so  show the  problems t h a t  ensue 
when the  s tochas t ic  e f f e c t s  of f luc tua t ing  
parameters, such as  b i r t h  r a t e ,  and natural and 
f i sh ing  n o r t a l i t j  r a t e s ,  a r e  ignored, and conclude 
by asking questions about the  fiindanental role  of 
f i s h e r i e s  nangement. 

The high1 i g h t s  of t ~ e  day ' s  t a l k s  reduce t o  
(1) t h e  s imilar ixy between the  pat terns of f i s h  
soec ies  d i s t r i b u t i o n  and the  physical environment 
on t h e  East Coast,  ( 2 )  the influence of the  
environment on recruitment and d i s t r i b u t i o n ,  and 
( 3 )  our a b i l i t y  to  define technological 
i n t e r a c t i o n s  but not biological ones. Papers 
presented thus f a r  have shown t h a t  on theore t ica l  
grounds, maximization of the y i e l d  of a l l  
resources simultaneously was impossible. 
Cer ta in ly ,  mult ispecies  considerat ions a re  needed. 
This led to  the  observation t h a t  one should r e f e r  
t o  t h i s  next s tep a s  multisystem ra ther  than 
mult ispecies  management, as we a r e  managing an 
industry not j u s t  a  segment of i t .  The work of 
'4cSl ade and A1 len suggest t h a t  b i fu rca t ion  theory 
may be aporopriate .  The system may not be 
revers ib le .  Such an approach would a l so  take a  
longer  view of system dynamics t h a t  i s  now 
lacking. 

Parameterization of conpl ex system models i s  
s t i l l  i n  the  future.  The obvious question i s  -- 
what can we do now? Whereas, progress has been 
made i n  many aspects  of mult ispecies  research,  
oapers presented i n  t h i s  session a t t e s t  t o  t h i s ,  
app l ica t ion  to managerent problems has seldom 
occurred. Fishery managers need t o  be educated 
regarding new approaches. One way t o  i n i t i a t e  t h e  
process of including vul t i s p e c i e s  p r inc ip les  i n t o  
management advice would be t o  begin with well 
def ined,  technological in te rac t ion  problems. 

SESSION V: GENERAL DISCUSSION AND 
RECOMMENDATIONS 

CHAlR:.IAI.I: R .  Mahon 

In order t o  focus t h e  discussion,  t h i s  f ina l  
session was broken i n t o  th ree  topic  areas:  pas t  
performance, technol ogi cal in te rac t ions ,  and 
biological  in te rac t ions .  Spec i f ic  recommendations 
a r e  l i s t e d  a t  the  end. 

a )  Pas t  performance 

iihereas, the  cur ren t  management s t ra tegy  
and associated techniques have been successful 
i n  rebuilding many stocks,  mainly groundfish, 
others  have not recovered. Recent events 
suggest t h a t  as  we approach h i s to r ica l  stock 
l e v e l s  and attempt to manage a t  equilibrium 
l  evels the methods wil 1  not be s u f f i c i e n t l y  
orecise  to  provide s a t i s f a c t o r y  r e s u l t s .  

Although there  was general agreement t h a t  
technol ogical and biological i n t e r a c t i o n s  
could be causing some of the  problems, i t  was 
f e l t  t h a t  we s t i l l  did not know whether the  
poor ~ e r f o r n a n c e  of models cur ren t ly  i n  use 
was due to:  t h e i r  being the wrong s ing le  

species  models, t h e i r  being wrong because they 
were s ing le  species  models; o r  inadequacies i n  
t h e  data  be'ng used as  inout. In the  l a t t e r  
case refinement of data co l lec t ion  and model 
spec i f ica t ion  would be the  appropr ia te  routes  
and already subsume much of t h e  time spent  on 
assessing stocks. lays of addressing t h e  
second of the above possible causes of 
d i f f i c u l t y  a r e  covered i n  t h e  next two 
sec t ions ,  but f i r s t  the re  was area of ~ n e r a l  
concern t o  par t i c ipan ts .  

This  concern was about t h e  r o l e  of t h e  
b i o l o g i s t  ( inc ludes  research s c i e n t i s t )  i n  t h e  
assessment process. In general i t  appears 
t h a t  managers a r e  not asking s u f f i c i e n t l y  
s p e c i f i c  questions o r  attempting t o  explore 
the implications of various managemnt 
scenarios .  Bio log is t s  cannot give answers to 
a l l  possible  quest ions,  and must there fore  
a n t i c i p a t e  management questions. One opt ion 
would be for  b io log is t s  to provide general 
models which t h e  managers could manipulate t o  
answer t h e i r  own questions. Another would be 
t o  increase  the  degree of i n t e r a c t i o n  b e b e e n  
managers and b io log is t s .  The l a t t e r  option 
was considered most desirable  s ince  management 
decis ions frequently influence the  ki nds o f ,  
and qua l i ty  o f ,  data  avai lable  t o  b io log is t s .  
There was a  general feel ing t h a t  although 
b i o l o g i s t s  should not be d i r e c t l y  responsible  
for  management policy and decis ions,  they a r e  
present ly too f a r  removed from the  process. 
There was agreemnt t h a t  a  socio-economic 
advisory system para1 l e l  to  CAFSAC could 
provide an appropriate forum f o r  exchange with 
t h e  biological advisory process ( s e e  
Recommendation 5 1. 

b )  Techno1 ogical i n t e r a c t i o n s  

I t  was f e l t  t h a t  techniques fo r  analysing 
technological in te rac t ions ,  and f o r  providing 
advice on how to deal with them, were a t  a  
s tage of devel opment which warranted 
discussions on t h e i r  t r i  a1 app l ica t ion .  
I n i t i a t i o n  of discussion with managers was 
f e l t  t o  be par t i cu la r ly  important s ince 
app l ica t ion  of these techniques would requi r e  
some adaptat ions i n  the a l loca t ion  process 
( see Recommendation 2 ). 

c )  Biological in te rac t ions  

A t  t h i s  meeting, no models of biological  
i n t e r a c t i o n s  which were developed t o  t h e  point 
where they would be applied came forward. 
Fur thermre  i t  was c l e a r  t h a t  t h e r e  has been 
no cons i s ten t  forum in h i c h  t o  discuss  t h e  
progress of such models and to expose them t o  
t h e  peer review process which charac te r izes  
s i n g l e  species  a s s e s s w n t s .  The 
i d e n t i f i c a t i o n  and ongoing review of a  few 
l i k e l y ,  two or th ree  species  systems (key 
i n t e r a c t i o n s )  w i t h  potential management 
implicat ions was seen a s  an appropriate  
d i r e c t i o n  t o  take i n  moving towards 
incorporat ing biological i n t e r a c t i o n s  i n  
management advice ( s e e  Recmsenda t i o n  3 1. 
These small,  operat ional ly defined systems 
would serve as the  s t a r t i n g  po in t  f o r  



i t e r a t i v e  ana lys i s  and redef in i t ion  of t h e  
system. In a nu tshe l l ,  s t a r t  small and bui ld 
on i t .  I t  was pointed out t h a t  taking such 
subsystems out of context  could lead t o  
unpredictable  consequences and t h a t  there  was 
therefore an element of experimental 
management i n  moving t h i s  way a t  any time in 
t h e  fu ture .  

There was a concensus among p a r t i c i p a n t s  
on the f ina l  day t h a t  l a rge  rnultispecies 
models such as  those being explored by ICES or 
by National Marine F isher ies  Service, 
Northeast F i sher ies  Center f o r  Georges Bank . 
were beyond the  scope of the  resources and 
manpower of individual At1 a n t i c  Region 
labora tor ies .  

Simple, whole system models were 
considered b r i e f l y  from the point of view of 
using system production cons t ra in t s  t o  modify 
s ing le  species  advice. Examples of these  a r e  
overal l  surplus production models and p a r t i c l e  
s i z e  d i s t r i b u t i o n  models. They were 
considered inappropriate  a t  t h i s  time f o r  the  
following reasons: a )  our i n a b i l i t y  t o  
iden t i fy  systems adequately, b)  t h e  outputs  
a r e  of ten i n  terms which do not r e l a t e  t o  t h e  
c u r r e n t ,  o r  forseeable management regimes i . e .  
catches of individual species ,  c )  there  was as  
y e t  no evidence t h a t  these  approaches could 
provide usable information on t o t a l  system 
performance. 

Throughout the  discussion t h e r e  was 
continual reference t o  the  r o l e  of MEES. MEES 
should begin t o  funct ion more e x p l i c i t l y  as  a 
forum f o r  peer review of top ics  and s t u d i e s  of 
po ten t ia l  management importance. Such topics  
come up from time t o  time i n  assessment 
meetings of o ther  subcmmittees  but o f ten  do 
not get  the  review they deserve owing t o  time 
cons t ra in t s .  4n annual meeting of NEES would 
be one possible  forum for  advance review of 
these s tud ies  and recanmendations concerning 
t h e i r  s u i t a b i l i t y  f o r  appl icat ion i n  t h e  next 
round of assessments. Envi ronmental 
inf luences on catch and recruitment i s  one 
c l a s s  of topics which f a l l s  i n  t h i s  category. 
:-lore s p e c i f i c a l l y  there  was discussion t h a t  
t h e  implicat ions of recent  work by Koslow and 
pas t  work by S u t c l i f f e  and colleagues should 
be explored i n  the  near fu ture  ( see  
Recommendation 1).  

Recommendations 

The workshop recmmended t h a t  in  general MEES 
funct ion as  a forum f o r  peer review of multi- 
spec ies  and envi romental  information which could 
be of potenti a1 importance i n  modifying s c i e n t i f i c  
advice to  management. To achieve t h i s  MEES should 
hold an annual meeting w i t h ,  i n  each year ,  a few 
main focal areas  i n  which progress could be 
reviewed. 

Towards t h i s  end t h e  following a c t i v i t i e s  
were suggested: 

modelling mixed f i s h e r i e s  (technological 
i n t e r a c t i o n s )  t o  modify s ing le  species  advice, 
and report  t o  MEES a t  the  next annual 
meeting. 

b )  That a few spec i f ic  small systems of potent ial  
management importance be i d e n t i f i e d  and t h a t  
progress i n  these  be reviewed annually unt i l  
the r e s u l t s  can be incorporated i n t o  the 
s c i e n t i f i c  advice. I n i t i a l l y ,  t h e  cod-capeli n 
system and t h e  s i l v e r  hake-haddock system were 
i d e n t i f i e d  requir ing c l o s e r  a t t e n t i o n .  

c )  That t h e  subcommittee review t h e  po ten t ia l ly  
important area of t h e  inf luence of enviromnent 
on recruitment. More s p e c i f i c a l l y :  recent  
work on broad s c a l e  enviromental  pa t te rns  and 
t h e i r  possible  inf luence on recrui  t m n t ;  and 
p a s t  models by S u t c l i f f e  and how well they 
have performed i n  re t rospec t .  

Final l y ,  the  Workshop expressed a general 
concern over the lack of an appropriate  forum f o r  
in te rac t ion  of biologi s t s  w i t h  exper t i se  i n  
relevant  socio-economic f ie1  ds. 

In summary, i t  appears t h a t  the  f i r s t  two 
object ives of the workshop have been met but t h a t  
no speci f i c  management recmirendations were 
possible  on the basis  of t h e  ava i lab le  
information. This was primarily due t o  t h e  broad 
scope of the  workshop. However, t h e  subcommittee 
could foresee  such recommendations c m i  ng forward 
i n  the  near fu ture  from a working group on 
technological in te rac t ions .  There was agreement 
on a s t ra tegy  f o r  br ing systems r e l a t e d  advice 
i n t o  t h e  advisory process. 

a )  That a working group consider the  p r a c t i c a l i t y  
of using some of the ava i lab le  nethods of 
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Present Management Strategies i n  Canadian At1 antic Marine Fisheries, Their 
Rationale and the Historical Context i n  Which Their Usage Developed 
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R .  Mahon Ced.1 Towards the Inclusion of Fishery Interactions in Management Advice. Can. Tech. Rep. 
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Management strategies currently in use in Canadian Atlantic m r i n e  fisheries are  described using 
groundfish, herring, capelin, and squid to i l l u s t r a t e  specific points. The biological basis of various 
s t ra tegies ,  including mesh size regulations, size l imits,  TACs and ef for t  regulations, i s  out1 i ned and the 
history of the i r  development i s  described. Mesh s ize  regulations based on the Beverton and Holt yield per 
recrui t  model are currently in use for  groundfish and total  allowable catch ( T A C )  regulation f o r  
groundfish, capelin, and herring based on e i ther  Beverton and Holt yield per recruit  model o r  Schaefer 
model. A number of invertebrate species are regulated by size l imit ,  whereas squid are  managed by a 
combined TAC and ef for t  regulation. These s t ra tegies  appear to have been successful in rebuilding depleted 
groundfish resources but have not been successful in preventing severe declines in pelagic resources. 
Xanagement of squid resources i s  too short to draw conclusions. 

Introduction 

This paper i s  an account of the present 
s t a tus  of marine fisheries management in Atlantic 
Canada in a biological context, and of the 
process by which we have arrived a t  t h i s  
si tuation.  I t  i s  intended to provide a basis 
from which discussion of new, presumably better ,  
approaches can proceed. The paper concentrates 
on describing management strategies which have 
been put to practical use, and the context of 
t h e i r  implementation, f i r s t l y  with regard to 
the i r  biological basis and secondly with regard 
t o  pertinent historical  and poli t ical  
circumstances. 

The definition of management strategies and 
dist inctions between s t ra tegies ,  objectives, 
t ac t i c s ,  issues,  policies, regulatory actions or 
mechanisms and management tools,  are f e r t i l e  
ground for semantic argumnts. How matters are 
viewed depends much on the standpoint of the 
beholder. 'cle will use the terms objectives, 
s t ra tegies  and tac t ics .  Objectives are the goals 
to be achieved by manageing fisheries and can be 
defined in economic, soci a1 and poli t ical  terms. 
in the present context of biological aspects of 
f i sher ies  management, we think that  strategies 
should be defined as relat ing to control of the 
distr ibution of fishing mortality, F a  
Distribution i s  used here in a broad sense to 
encompass control of F over species, stocks, time 
and size of f i sh .  The word tac t ics  will be used 
here to define actions taken to achieve the 
defined distr ibution of mortality i .e. the 
management (usually regui atory) tools 

(mechanisms) employed. These control mechanisms 
can re la te  to control of input, i .e .  the amount 
and characterist ics of the f ishing e f fo r t  which 
i s  available to be deployed, control of behaviour 
of fishing units a t  sea e.g. with regard to time 
and area fished, and control of outputs, i.e. 
s ize,  quantity and condition of f i sh  landed. 

The effective practice of f i sher ies  
management requires development of integrated 
packages of objectives, strategies and tactics.  
As stated in a recent DFO policy document 
"effective management i s  the a r t  of the possible" 
(DFO,  1981). Biologists have a role to play in 
a l l  three aspects of management but they are 
primarily purveyors of s t ra tegies .  Based on 
the i r  unders tandi ng of the factors affecting f i sh  
production, i t  i s  they who specify how F should 
be distr ibuted to produce resul ts  consistent with 
objectives. This is" the primary topic of th i s  
paper. I t  cannot be dealt with in an historical  
context without reference to  objectives and 
availabil i  ty of management tools ( implementable 
t ac t i c s )  - the s t ra tegies  can be fu l ly  understood 
only in the context of the whole package. 

New strategies which ref lec t  new knowledge 
and greater insight into the factors control ling 
f i sh  production can be developed in isolation,  
b u t  run the risk of being of l i t t l e  practical 
u t i l  i  ty. Efforts should concentrate on 
development of strategies which have some 
prospect of being implementable. Support for  
research into new s t ra tegies  i s  dependent on the  
expectation of increased benefits, viz. tha t  



presen t  o b j e c t i v e s  w i l l  be more e f f e c t i v e l y  
a t t a i n e d  o r  more ambi t i o u s  o b j e c t i v e s  can be 
espoused. Demonstrat ion o f  t he  va lue  o f  t h e  
research r e q u i r e s  an e v a l u a t i o n  o f  t h e  
e f f e c t i v e n e s s  o f  p resen t  s t r a t e g i e s  i n  meet ing  
objectives and a  prognos is  t h a t  development o f  
new s f r a t e g i e s  w i l l  be c o s t  e f f e c t i v e .  These 
t o p i c s  a r e  l a r g e l y  o u t s i d e  t h e  scope o f  t h e  
p resen t  paper b u t  t he  e f f e c t i v e n e s s  o f  p resen t  
s t r a t e g i e s  i s  addressed i n  t h e  d iscuss ion.  

B i o l o g i c a l  Bas i s  o f  P resen t  Management S t r a t e g i e s  

The S ing le-Spec ies  Constant  Parameter Approach 

Hanagernent s t r a t e g i e s  r e l a t e  t o  
d e t e r m i n a t i o n  o f  the  d i s t r i b u t i o n  o f  F  - t h e  
l e v e l  (amount) o f  F  a p p l i e d  t o  d i f f e r e n t  species,  
o v e r  d i f f e r e n t  s i zes  (ages) o f  animals o f  t h e  
same species,  and over t ime - w i t h  t h e  i n t e n t i o n  
o f  o p t i m i z i n g  f i s h i n g  y i e l d s  i n  r e l a t i o n  t o  some 
p a r t i c u l a r  o b j e c t i v e .  The phrase01 ogy used t o  
a r t i c u l a t e  managemelt s t r a t e g i e s  has been h e a v i l y  
dependent on t h e  p a r t i c u l a r  rnat i le~nat ica l  models 
used by b i o l o g i s t s  f o r  de te rm ina t i on  o f  resource 
s t a t u s  and p o t e n t i a l  y i e l d s .  Models wh ich  
r e q u i r e  i n p u t  parameters f o r  on l y  one species,  
i .e. s i  ng le-spec ies  models, have rece i ved  much 
more use than have m u l t i - s p e c i e s  models. Thus, 
f rom the  s ing le -spec ies  dynamic pool  
y i e l  d -pe r - rec ru i  t model (Sever ton and Hol t, 1957) 
and t h e  genera l  p roduc t i on  model (Schaefer,  1954) 
have been d e r i v e d  the most commonly used 
re fe rence  p o i n t s  i n  f i s h e r i e s  management, Fmax 
and F,.i and FmSy and 2/3 F  , r e s p e c t i v e l y .  It 
i s  the  y i e l d - p e r - r e c r u i t  ( ~ 7 8 3  model wh ich  has 
p rov ided  t h e  bas i s  o f  s t r a t e g i e s  conce rn ing  
re lease  [ o r  avoidance o f  capture1 o f  smal l  f i s h  
and i t  i s  normal p r a c t i c e  t o  r e f e r  t o  s t r a t e g i e s  
conce rn ing  t h e  mean s ize ,  1  ( o r  age - t c )  a t  
f i r s t  capture ,  t he  Y/R mode? termino logy , when 
d i scuss ing  t h i s  t o p i c .  

F i g u r e  1, showing the  y i e l d  curves d e r i v e d  
based on the  models r e f e r r e d  t o  above, i s  
e x t r a c t e d  f rom the  r e c e n t  DFD d i scuss ion  paper on 
A t l a n t i c  f i s h e r i e s  p o l i c y  (DFO, 1981). T h i s  
f i g u r e  a l s o  i n t roduces ,  i n  i t s  s i m p l e s t  form, t he  
concept  o f  F  ( f i s h i n g  mor ta l  i t y  g i v i n g  maximum 
economic y i e T $ $ ,  de f i ned  as t h e  p o i n t  on t h e  
y i e l d  curve where the d i f f e r e n c e  between t h e  
va lue  o f  t he  ca tch  ( p r o p o r t i o n a l  t o  y i e l d  o r  Y/R) 
and the c o s t  o f  ca t ch ing  ( p r o p o r t i o n a l  t o  f i s h i n g  
e f f o r t  o r  f i s h i n g  m o r t a l i t y )  i s  maximum. FmS i s  
t h e  F  g i v i n g  t h e  maximum s u s t a i n a b l e  y i e l d  an4 
F  i s  t h e  F  g i v i n g  the  maximum 
yT2Pd-per - recru i t .  ~f r e c r u i t m e n t  i s  n o t  
a f f e c t e d  by f i s h i n g ,  Fmax and Fmsy w i l l  co inc ide .  

Fg. i s  t he  l e v e l  o f  F  a t  which t h e  i nc rease  i n  
y i e f d  (marg ina l  y i e l d )  by adding one inore u n i t  o f  
f i s h i n g  e f f o r t  i s  10% o f  t h e  i nc rease  i n  y i e l d  
t h a t  would have been a t t a i n e d  by adding tine same 
u n i t  o f  e f f o r t  when t h e  s tock  was l i g h t l y  
e x p l o i t e d .  The l e v e l  o f  F generated by 
two - th i  r d s  the  f i s h i n g  e f f o r t  r e q u i r e d  t o  
generate MSY (2/3 FmS,) i s  an a r b i t r a r i l y  chosen 
F  l e v e l  assoc ia ted  w i t h  t he  general  p r o d u c t i o n  
model (Doubleday, 1976) which i s  cons idered about 
e q u i v a l e n t  t o  F,. f rom t h e  Y/R model. 

R e g u l a t i o n  o f  mean s i z e  a t  f i r s t  cap tu re  i s  
based on max im iza t i on  o f  y i e l d  i n  Y/R 
c a l c u l a t i o n s .  F o r  any g i ven  mean s i z e  a t  f i r s t  
cap tu re  t h e r e  i s  a  c h a r a c t e r i s t i c  Y/R cu rve  
(F ig .  2) .  The model t y p i c a l l y  de f i nes  a  maximum 
Y/R a t  i n t e r m e d i a t e  lc and F  va lues.  

A  more general  te rmino logy can be (and 
sometimes has been) used which encompasses these 
re fe rence  p o i n t s  as spec ia l  cases. F o  i s  
s imply  t h e  opt inum F, OSY i s  t he  opt inEm 
s u s t a i n a b l e  y i e l d  and F  i s  t h e  F  which g i ves  
the OSY. Once "optirnumRS$as been de f i ned ,  t h e  
l e v e l  o f  y i e l d  and F  assoc ia ted  w i t h  i t  can be 
def ined.  

I m p l i c i t  t o  t h e  above s t r a t e g i e s  i s  t he  i dea  
o f  managing f o r  a  cons tan t  l e v e l  o f  F. 
S t r a t e g i e s  a r e  a l s o  r e q u i r e d  f o r  d e a l i n g  w i t h  
t r a n s i t i o n s .  T r a n s i t i o n s  have u s u a l l y  i n v o l v e d  
moving f rom a  s i t u a t i o n  o f  h i g h  F t o  a  l ower  
value, say F,. which i s  cons idered t o  be a  more 
s u i t a b l e  va lue  i n  r e l a t i o n  t o  o b j e c t i v e s .  The 
converse has a l s o  had t o  be d e a l t  w i t h ,  however, 
i n  cases o f  stock recovery .  I n  t h e  Nor thwest  
A t l a n t i c ,  s t r a t e g y  f o r  r e d u c t i o n  i n  F  has u s u a l l y  
been t o  a d j u s t  F  f u l l y  i n  one year,  max imiz ing 
immediate l osses  w h i l e  moving as q u i c k l y  as 
p o s s i b l e  t o  t he  de f i ned  op t ima l  s i t u a t i o n .  The 
i m p l i c a t i o n s  o f  t h i s  approach were desc r i bed  by 
ICNAF1s Stand ing Committee on Research and 
S t a t i s t i c s  (STACRES1 i n  1975. The f i g u r e  they  
used (ICNAF 1976a) i s  reproduced he re  as F ig .  3. 
The l e n g t h  o f  t he  t r a n s i t i o n  p e r i o d  i s  a  f u n c t i o n  
o f  t h e  number o f  years-c lasses making a  
s i g n i f i c a n t  c o n t r i b u t i o n  t o  the  f i s h e r y .  I n  t h e  
No r theas t  A t l a n t i c ,  i n  c o n t r a s t ,  adv i ce  f rom ICES 
has f r e q u e n t l y  been couched i n  terms o f  phased 
reduc t i ons ,  and hence l onge r - t e rm ad jus t l t en t  
pe r i ods .  Stock recovery  s i t u a t i o n s  i n  t h e  
Nor thwest  A t l a n t i c  have u s u a l l y  been d e a l t  w i t h  
by a  phased i nc rease  i n  F  t o  t h e  d e f i n e d  optimum 
i n  r e c o g n i t i o n  o f  t h e  h i g h  u n c e r t a i n t y  which 
p e r t a i n s  i n  such s i t u a t i o n s .  F o r  example, t h e  
TACs f o r  Div.  4VsW and Div .  4TVn cod were s e t  
below l e v e l s  cor respond ing t o  f i s h i n g  a t  F  . 
d u r i n g  t h e i r  recovery  phase from t h e  low s tock  
s i zes  o f  t h e  mid-1970s. I n  t he  case o f  Div.  
2J3KL cod, TACs were s e t  which corresponded t o  
es t ima ted  F  = 5.16, 805 o f  t h e  Fo.l l e v e l ,  t o  
promote f a s t e r  s tock  r e b u i l d i n g .  



F i g u r e  3 a1 so i l l u s t r a t e s  the imp1 i c a t i o n s  
o f  moving from a  h igh  e x p l o i t a t i o n  r a t e  down t o  
ib . ,  versus Fma,. The i m e d i a t e  r e d u c t i o n  i n  
c a t c h  i s  p r o p o r t i o n a l  t o  t he  r e d u c t i o n  i n  
e x p l o i t a t i o n  r a t e ,  b u t  t he  long- term ca tch  a t  
FJ . l  i s  n o t  much l e s s  (about  10%) than t h a t  a t  
Fmqx. Stock s i z e  increases more r a p i d l y  a t  Fo.  
an t o  a  h i g h e r  l e v e l  than when f i s h i n g  a t  Fma,. 
The t r a n s i t i o n  p e r i o d  does, o f  course, remain t h e  
same, 

Long-term s t r a t e g i e s  based on v a r i a b l e  F 
have a l s o  rece i ved  d i scuss ion  b u t  have seldom 
been adopted i n  p r a c t i c e .  F i s h i n g  a  s tock  
h e a v i l y  when biomass i s  h i g h  due t o  good 
r e c r u i t m e n t  and f i s h i n g  a t  a  lower  l e v e l  o r  
ceas ing t o  f i s h  when b ionass i s  low, has been 
termed "pu l se  f i s h i n g " .  Th is  Has t h e  f i s h i n g  
s t r a t e g y  adopted by d i s t a n t  water  f l e e t s  o f  
eas te rn  European c o u n t r i e s  p r i o r  t o  i m p o s i t i o n  o f  
f i x e d  F management s t r a t e g i e s .  Pu lse  f i s h i n g  i s  
a  s t r a t e g y  w e l l  s u i t e d  t o  max imiz ing u t i l i z a t i o n  
of  l a r g e  mob i l e  f a c t o r y  t r a w l e r s  ~ i t h  c a t h o l i c  
t a s t e s  i n  p roduc t  w h i l e  cons tan t  F s t r a t e g i e s  
??nd s t a b i l i t y  t o  small boa t  f i s h e r i e s  based on a  
f e d  l o c a l  resources. There has r e c e n t l y  been a  
suggest ion  t h a t  an i o r  even rO'  1, s t r a t e g y  
c o n t r i  bu tes  t o  growtg  o v e r f  i s h i n g  I n  s tocks  
s u b j e c t  t o  h i g h  r e c r u i t m e n t  v a r i a b i l i t y  
{ S i n c l a i r  e t  a l . ,  1983). The s o l u t i o n  i s  
presumably adop t i on  o f  a  form o f  pu lse  f i s h i n g  
s t r a t e g y .  S t r a t e g i e s  based on h a r v e s t i n g  s u r p l u s  
p roduc t i on  o r ,  converse ly ,  m a i n t a i n i n g  an optimum 
spawning s tock  s i z e  a re  a l s o  v a r i a b l e  F  
s t r a t e g i e s ,  b u t  these a r e  d i  scussed be1 ow under 
s t o c k - r e c r u i t m e n t  cons ide ra t i ons .  

The S ing le-Spec ies  Approach I n c o r p o r a t i n g  
Dens i  t y  -Dependence 

S i n g l e  species dynamic pool  models which 
t a k e  i n t o  account densi ty-dependent responses i n  
r e c r i i i  t inent, 3rowtn and n a t u r a l  mor ta l  i ty a r e  
a v a i l a b l e  based on a  v a r i e t y  o f  hypotheses 
concern ing t h e  forio e f  the  dens i  ty-dependent 
re1 a t i o n s h i p s .  D e f i c i e n c i e s  i n  obse rva t i ona l  
da ta  have n o t  a1 1  owed d i s c r i m i n a t i o n  among 
hypotheses and hence have d iscouraged widespread 
p r a c t i c a l  a p p l i c a t i o n  of such models i n  t h e  
adv i so ry  process. (A1 though general  p r o d u c t i o n  
models t h e o r e t i c a l l y  t ake  i n t o  account t h e  
comp lex i t y  o f  e c o l o g i c a l  i n t e r a c t i o n s ,  they  have 
not ,  i n  p r a c t i c e ,  been cons idered t o  p r o v i d e  
s u f f i c i e n t l y  p r e c i s e  answers and dynamic pool  
models have been p r e f e r r e d  whenever s u f f i c i e n t  
da ta  e x i s t  f o r  t h e i r  u t i l i z a t i o n .  ) 

I n  c o n t r a s t  t o  n a t u r a l  m o r t a l i t y ,  growth i n  
f i s h  s tocks  i s  r e a d i l y  measured. There i s  c l e a r  
e v i  dence f o r  dens i  ty-dependent grovrth i n ,  f o r  
example, Nor tnwest  A t l a n t i c  cod s tocks  (Seacham, 
1982; L e t t  and Doubleday, 1975; Wells, MS 19841, 

b u t  t h i s  has no t  been taken i n t o  account i n  the  
s tock  assessment models r o u t i n e l y  used t o  
generate s c i e n t i f i c  adv ice .  It has, however, 
been taken i n t o  account i n  two o t h e r  ways. 
Growth parameters used i n  Fa). c a l c u l a t i o n s  a r e  
long- term average va lues w h ~ c k  a r e  more 1  i k e l y  t o  
approximate those which c o u l d  p r e v a i l  a t  stock 
s i zes  assoc ia ted  w i t h  f i s h i n g  a t  F,. t han  a r e  
those assoc ia ted  w i t h  t h e  much lovrer s tock  s i zes  
which have p r e v a i l e d  i n  more r e c e n t  h i s t o r y .  On 
t h e  o t h e r  hand, mean & e i g h t s  a t  age used fot-  
sho r t - t e rm  p r o j e c t i o n s  a re  t h e  average o f  t h e  
most r e c e n t  2-3 y e a r s  and thus  they shou ld  t r a c k  
f a i r l y  c l o s e l y  ( w i t h  some l a g )  changes r e s u l t i n g  
f rom s tock  d e n s i t y  e f f e c t s .  These procedures do 
not,  and o t h e r  procedures which m i g h t  t a k e  
dens i  ty-dependent growth  more d i r e c t l y  i n t o  
account may no t ,  change t h e  management s t r a t e g y  
adopted which, f o r  cod, i s  f i s h i n g  a t  i They 
w i l l  a l l o w  more accu ra te  d e f i n i t i o n  o f  ?he F 
which corresponds t o  F,. 1. 

Stock s i z e  and r e c r u i t m e n t  a r e  a l s o  f a i r l y  
e a s i l y  measured f o r  f i s h  s tocks  b u t  t h e  
r e l a t i o n s h i p  between them i s  complex and 
confounded by the  l a r g e  e f f e c t  o f  environment on 
l e v e l s  o f  r ec ru i tmen t .  As a  r e s u l t ,  
r e l a t i o n s h i p s  based on e m p i r i c a l  da ta  have n o t  
proved s u f f i c i e n t l y  conv inc ing  t o  be used as a  
b a s i s  f o r  management advice.  When t h e  major  
f i n f i s h  s tocks  i n  t h e  Nor thwest  A t l a n t i c  a r e  
f 1  u c t u a t i  ng w i t h i n  t h e i r  h i  s t o r i  c a l  range and 
t h e r e  i s  no c l e a r  ev idence o f  d e c l i n e s  i n  
p r o d u c t i v i t y ,  i t  has no rma l l y  been assumed t h a t  
t h e r e  i s  no r e l a t i o n s h i p  between s tock  s i z e  and 
r e c r u i t m e n t  w i t h i n  t h a t  range o f  s tock  s i z e s  ( o r  
t h e  ques t i on  has been ignored,  wh ich  amounts t o  
t h e  same t h i n g ) .  Nonetheless,  w h i l e  mathematical  
models i n c o r p o r a t i n g  s t o c k - r e c r u i t  r e l a t i o n s h i p s  
a re  n o t  i n  use f o r  these major f i n f i s h  stocks,  
d e c l i n i n g  t rends  i n  s tock  s i z e  and r e c r u i t m e n t  
o u t s i d e  h i s t o r i c a l  ranges have evoked s e r i o u s  
concerns over  p o t e n t i a l  impa i raen t  o f  s tock  
p r o d u c t i v i t y .  A  management s t r a t e g y  o f  
m i n i m i z i n g  F has been adopted on occas ion f o r  
severa l  major  s tocks  o f  cod, haddock, h e r r i n g  and 
cape1 i n .  The d e c i s i o n  t o  move t o  a  c o n s e r v a t i v e  
s t r a t e g y  has thus been more r e a c t i v e  than 
a n t i c i p a t o r y ,  and judgments have been based on 
i n t u i t i o n  r a t h e r  than mathematical  c a l c u l a t i o n .  
Var ious  gu i  de l  i nes have been proposed f o r  when 
spawning s tock  s i z e  c o n s i d e r a t i o n s  wou ld  
o v e r - r i d e  y i e l d  c o n s i d e r a t i o n s  i n  de te rm in ing  
management s t ra tegy .  These have p r i m a r i l y  
concerned r a t i o s  o f  p resen t  ( o r  p r e d i c t e d )  
spawning s tock  s i z e  t o  maxinum h i s t o r i c a l  
spawning s tock  s i z e  c a l c u l a t e d  f rom a v a i l a b l e  
data s e r i e s ,  r a t i o s  o f  0.05-0.25 hav ing  been 
considered. Such r a t i o s  have been cons idered i n  
t h e  d e c i s i o n  making process b u t  a  r i g i d  approach 
based on a  p a r t i c u l a r  r a t i o  has been avoided. 

There a re  severa l  cases where management 
s t r a t e g i e s  are  ( o r  have been) based on 
i n a i q t a i n i n g  an "optimun" spawning s tock  s ize .  I n  
t h e  case o f  Div. 2J3KL cod, p a r t  of t he  s tock  
recovery  s t r a t e g y  i n  t he  1 a t e  1970s-ear ly  1980s 



was t o  i nc rease  spawning s tock  s i z e  t o  w i t h i n  t he  
range 1.2-1 -8 mi 11 i o n  tons w i t h  1.5 mi 11 i o n  tons 
as t h e  re fe rence  p o i n t  (ICNAF 1977). T h i s  has 
been achieved by s , ? t t i n g  TACs cor respond ing t o  
F ' s  below F and the management s t r a t e g y  has 
now r e v e r t e d ' t o  one o f  F,. . The stock s i z e  
s t r a t e g y  f o r  Div.  2J3Ki cod was based on the  
s imp le  obse rva t i on  t h a t ,  h i s t o r i c a l l y ,  these 
s tock  s i zes  had corresponded w i t h  good 
r e c r u i t n e n t .  I n  c o n t r a s t ,  s i m u l a t i o n  models 
i n c o r p o r a t i s g  complex s t o c k - r e c r u i t  r e1  a t i o n s h i p s  
were developed f o r  Div.  4TVn cod ( L e t t ,  1980 and 
e a r l i e r  papers) and these were b r i e f l y  used as a  
b a s i s  f o r  adv i ce  on optimum s tock  s izes.  The 
models were found t o  have l i t t l e  p r e d i c t i v e  
c a p a b i l i t y  (Doubl eday and Beacham, 1982) and f e l l  
i n t o  d isuse a f t e r  1978. 

I n  t he  case o f  species which d i e  a f t e r  
spawning, spawning stock s i z e  cons ide ra t i ons  a re  
p a r t i c u l a r l y  re1 evant .  A t l a n t i c  salmon a r e  
managed on t h e  b a s i s  o f  a  minimum r e q u i r e d  
spavrni ng escapement s t r a t e g y .  Required spawning 
escapement i s  based on c a l c u l a t e d  egg d e p o s i t i o n  
r e q u i r e d  f o r  f u l l  u t i l  i z a t i o n  o f  f r eshwa te r  
r e a r i n g  area. T h i s  i s  presumed t o  maximize 
r e c r u i  t ~ e n t  and hence f u t u r e  y i e l d s  f rom s u r p l u s  
p roduc t i on .  S i m i l  a r  s t r a t e g i e s  c o u l d  be appl  i e d  
t o ,  say, c a p e l i n  b u t  o t h e r  cons ide ra t i ons  have 
taken precedence (see be1 ow). 

Snow crabs p rov ide  a  case i n  some ways 
s i m i l a r  t o  salmon, a l t hough  they do n o t  d i e  a f t e r  
spadning as do salmon. S i ze  a t  f i r s t  cap tu re  f o r  
snow crab has been s e t  s u f f i c i e n t l y  h i g h  ( f o r  
marke t i ng  purposes) t h a t  no females a re  cap tu red  
and males a re  o n l y  captured a f t e r  be ing p e r m i t t e d  
t o  spawn a t  l e a s t  once, t hus  ensu r i ng  f u l l  
u t i l i z a t i o n  o f  egg p r o d u c t i o n  p o t e n t i a l  ( E l n e r  
and Robichaud YS 1983). E x p l o i t a t i o n  o f  t h e  
r e c r u i t e d  p o p u l a t i o n  (males) a t  50-60% (Fp. 1) 
apoears t o  r e s u l t  i n  c l o s e  t o  f u l l  f e r t i l i z a t i o n  
and t h e  o v e r a l l  s t r a t e g y  c l e a r l y  avo ids  
r e c r u i t m e n t  o v e r f i s h i n g  whereas i t may o r  may n o t  
<naximi ze r e c r u i  t aen t ,  and hence useable f i s h e r y  
y i e l d s .  

Squid, bo th  I l l e x  and L o l i g o ,  a re  among t h e  
most s h o r t - l i v e d  ~ c o l n m e r c ~ e c i e s  ( l e s s  than 
2 y e a r s )  and spawning s tock  s i z e  has been o f  
ma jo r  c o n s i d e r a t i o n  i n  deve lop ing management 
s t r a t e g i e s .  As s t o c k - r e c r u i t  r e l a t i o n s h i p s  a re  
n o t  known, ones were chosen on t h e o r e t i c a l  
grounds which gave moderate dependence o f  
r e c r u i t m e n t  on s tock  s i z e  (ICNAF 1975e, 1976b). 
P r a c t i c a l  methods ( t a c t i c s )  f o r  c o n t r o l  o f  annual 
escapement were n o t  a v a i l a b l e  and hence t h e  
chosen s tock  r e c r u i t m e n t  r e 1  a t i o n s h i p s  were 
i n c o r p o r a t e d  i n  t h e  p o p u l a t i o n  models o f  
S i  ssenwi ne and T i b b e t t s  (1977).  These i n d i c a t e d  
t h a t  an e x p l o i t a t i o n  r a t e  of  about 40% would g i v e  
maximum sus ta inao le  y i e l d ,  and t h i s  e x p l o i t a t i o n  
r a t e  has thus been adopted as t he  management 
s t r a t e w  f o r  bo th  species.  

The Mu1 ti spec ies  Approach 

To t h e  p resen t  authors ,  a  m u l t i s p e c i e s  
approach t o  f i s h e r i e s  management adv i ce  i s  s imply  
one which u t i l i z e s  know1 edge concern ing more than 
one species.  A  m u l t i s p e c i e s  approach has been 
used most commonly i n  address ing ha rves t i ng ,  o r  
t e c h n o l o g i c a l ,  i n t e r a c t i o n s  - p r i m a r i l y  bycatch 
problems. B i o l o g i c a l  i n t e r a c t i o n s ,  i n  t h e  fo rm 
of p reda to r /p rey  re1 a t i o n s h i p s ,  have a1 so 
rece i ved  some cons ide ra t i on .  Taken t o g e t h e r ,  
techno1 o g i c a l  and b i o l o g i c a l  i n t e r a c t i o n s  have 
been r e f e r r e d  t o  as spec ies  i n t e r a c t i o n s ,  and 
t h i s  has f r e q u e n t l y  tended t o  obscure t h e  n a t u r e  
of t h e  m a t t e r  under d i scuss ion .  Cons ide ra t i on  o f  
b i o l o g i c a l  i n t e r a c t i o n s  on some comprehensive 
b a s i s  g i ves  an eco-system approach, whereas a  y e t  
b roader  view, i n c l u d i n g  economic and s o c i o l o g i c a l  
cons ide ra t i ons ,  g i ves  what c o u l d  be c a l l e d  a  
f i she r i es -sys tem approach. 

Ha rves t i ng  i n t e r a c t i o n s  can a r i s e  f rom 
phys i ca l  c o n f l i c t s  between gear types f i s h i n g  f o r  
d i f f e r e n t  ( o r  t h e  same) spec ies  i n  t h e  same area 
and these a re  r e f e r r e d  t o  as gear c o n f l i c t s .  The 
more common and troublesome i n t e r a c t i o n s  a r i s e  
f rom t h e  use o f  gears such as t r a w l  ne ts ,  
however, which a re  p o o r l y  s e l e c t i v e  w i t h  rega rd  
t o  species caught.  

The management s t r a t e g y  c o n s i s t e n t l y  adopted 
i n  rega rd  t o  such problems has been t o  m in im ize  
i n t e r a c t i o n s ,  a  s t r a t e g y  c o n s i s t e n t  w i t h  a  
s i ng le -spec ies  management approach. Gear 
c o n f l i c t s  can on l y  be r e s o l v e d  by 
s p a t i a l  / temporal  sepa ra t i on  o f  t h e i r  f i s h i n g  
opera t ions ,  and t a c t i c s  f o r  do ing t h i s  a re  
no rma l l y  q u i t e  e f f e c t i v e .  Bycatch problems a r e  
more u b i q u i t o u s  and l e s s  t r a c t i b l e .  I n  a  
r e g u l a t o r y  c o n t e x t  they  f i r s t  arose w i t h  
i m p o s i t i o n  o f  t r a w l  mesh s i z e  r e g u l a t i o n s .  The 
bas i c  t a c t i c  adopted has been t o  a l l o w  an 
i n c i d e n t a l  c a t c h  of mesh-regulated spec ies  i n  
non- regu la ted f i s h e r i e s ,  u s u a l l y  10% o f  t h e  t o t a l  
ca t ch  i n  a  p a r t i c u l a r  area. I n  t h e  sou the rn  h a l f  
o f  t h e  NAFO Area (Subareas 4-61 small-mesh t r a w l  
f i s h e r i e s  have been o f  such a  l a r g e  s c a l e  t h a t  
a d d i t i o n a l  measures have been adopted t o  p r o t e c t  
t h e  p r o d u c t i v i t y  of large-mesh-regul  a t e d  species.  
Small -mesh-gear f i s h e r i e s  a re  a1 lowed on l y  i n  
r e s t r i c t e d  season/area boxes. I n t r o d u c t i o n  o f  
TAC r e g u l a t i o n s  i n t roduced  a  new element t o  
bycatch problems when a l l o c a t i o n s  o f  v a r i o u s  
species t o  p a r t i c u l a r  s e c t o r s  of t h e  f l e e t  d i d  
n o t  correspond t o  t r a d i t i o n a l  c a t c h i n g  p a t t e r n s .  
Th i s  has been addressed bo th  i n  t he  a l l o c a t i o n  
process and aga in  th rough bycatch r e g u l a t i o n s .  
Fo r  severa l  yea rs  p r i o r  t o  ex tens ions o f  
f i s h e r i e s  j u r i s d i c t i o n  ICNAF e s t a b l i s h e d  a  
second - t i e r  TAC fo r  Subareas 5-6 f i s h e r i e s  wh ich  
was l e s s  than t h e  sum of i n d i v i d u a l  spec ies  TACs 
- a  measure intended, among o t h e r  t h i ngs ,  t o  
encourage a  more d i r e c t e d  f i s h i n g  p a t t e r n .  

The b i o l o g i c a l  b a s i s  f o r  adv ice  on s o l u t i o n  
o f  h a r v e s t i n g  i n t e r a c t i o n s  i s  knowledge o f  
temporal  / s p a t i a l  d i s t r i b u t i o n s  o f  t h e  spec ies  



involved and the degree of mixing in commercial 
catches.  Observations on the l a t t e r  a r e  
p a r t i c u l a r l y  d i f f i c u l t  to  i n t e r p r e t ,  however, as  
commercial catches r e f l e c t  a combination of 
f i sh ing  s t ra tegy  and f i s h  d i s t r ibu t ion .  

Bi 01 ogi cal i  n te rac t i  ons have received qu i te  
extensive debate in the s c i e n t i f i c  advisory 
process and t h i s  has influenced advice given, b u t  
has, as y e t ,  seldom resu l ted  in  adoption of 
management s t r a t e g i e s  which e x p l i c i t l y  take 
bi 01 ogi cal i n t e r a c t i o n s  i n t o  account. Le t t  (1980 
and e a r l i e r  papers) developed mathematical model s 
postul a t ing  various i  nteract ions between herr ing,  
mackerel and cod in the Southern Gulf of S t .  
Lawrence. Management s t r a t e g i e s  f o r  herr ing and 
mackerel continued t o  be based on the  
sing1 e-species Y/R model nonetheless. 
Yanagement s t r a t e g i e s  fo r  cod in the  period 
1976-78 were, however, based on a model which 
incorporated an influence of mackerel biomass on 
cod recruitment b u t ,  as mentioned above, these 
imodels proved t o  have l i t t l e  p red ic t ive  
capabi l i ty  (Doubl eday and Beacham 1982) and an 
F , . l  management s t ra tegy  for  Div. 4TYn cod was 
reverted t o  in  1979. 

Evidence has been brought forward concerning 
predator-prey in te rac t ions  which appear of 
s u f f i c i e n t  importance t h a t  they should perhaps 
inf luence management s t r a t e g i e s  of cod versus 
American p la ice  and snow crab i n  the Gulf of 
S t .  Lawrence ( s e e  e.g. Bailey MS 1981; gaiwood 
and Yjajkowski 19841, and shrimp versus cod and 
Green1 and ha1 i b u t  off Labrador ( see  e.g. Parsons 
MS 1983). They have not as  y e t  done so. The 
t rophic  in te r - re la t ionsh ips  associated w i t h  
cape1 i n  have received the most extensive study 
and i t  i s  one case where the importance of a 
species  as prey for  o ther ,  commercially more 
important,  species  has been e x p l i c i t l y  recognized 
i n  the management s t ra tegy  adopted. A low 
explo i ta t ion  r a t e  s t ra tegy  was adopted f o r  
capel in from the i n i t i a t i o n  of directed f i sh ing  
f o r  i t  and, when ana ly t ica l  stock assessments 
became possible ,  t h i s  t rans la ted  i n t o  an 
explo i ta t ion  r a t e  of 10%. I t  was s p e c i f i c a l l y  
s ta ted  in  1981 by the NAFO S c i e n t i f i c  Council 
t h a t  t h i s  exp lo i ta t ion  r a t e  "recognizes t h a t  
capel in a re  an important source of food f o r  
predators ,  especi a1 l y  cod. " (NAFO 1981). The 10% 
explo i ta t ion  r a t e  i s  not based on a q u a n t i t a t i v e  
m u ?  t i - spec ies  model incorporat i  og t rophic  
dynamics; i t  i s  e n t i r e l y  a r b i t r a r y  but i s  
nonetheless e x p l i c i t  recognition of biological  
i  n te rac t i  ons i n  an imp1 emented management 
s t ra tegy .  

Management s t r a t e g i e s  fo r  harp and hooded 
s e a l s  have been based on y i e l d  and stock s i z e  
considerat ions whereas management of harbour 
s e a l s  (through a bounty system) was concerned 
with reducing in te r fe rence  w i t h  inshore f i s h e r i e s  
based on a s t ra tegy  of reducing population s ize.  
Management considerat ions for  grey s e a l s  i n  
recent  years  have centred around biological  
i n t e r a c t i o n s  between grey sea l s ,  seal worm and 

cod. The s t ra tegy  proposed f o r  management of 
grey sea l s  has been t o  reduce population s i z e  
perhaps t o  t h a t  of the l a t e  1960s, a level  of 
half o r  l e s s  of cur ren t  l eve l s  (CAFSAC 19821, b u t  
no act ion has y e t  been taken. The biological 
basis  f o r  the proposed s t ra tegy  again i s  not a 
quant i t a t ive  model of in te rac t ions .  

The major expansion of internat ional  
f i s h e r i e s  in  the 1960s-early 1970s resul ted i n  
development of management s t r a t e g i e s  based on 
ecosystem considerat ions (ICNAF 1973d, 1975d). 
The r e s u l t a n t  t a c t i c s  were imposition of 
second-tier TAC regulat ion in Subareas 5-6 and 
f i sh ing  e f f o r t  regulat ion i n  Subareas 2-4. The 
underlying bi 01 ogi cal bas i s  was heavily dependent 
on mu1 ti species  general production model s (Brown 
e t  a l .  1976; Halliday and Doubleday 1976; Pinhorn 
1976) b u t  the Subareas 5-6 considerat ions 
included a mult ispecies  Y / R  model and the  
re la t ionsh ip  of primary t o  f i n f i s h  production ( A u  
MS 1973). Extensions of f ishery j u r i s d i c t i o n  
created conditions under which control of 
internat ional  f i sh ing  e f f o r t  a t  about the level  
giving MSY from the ecosystem as a whole was no 
longer the focus of management a t t e n t i o n ,  and 
these e a r l i e r  attempts were not persued. More 
complex system models have not y e t  generated t h e  
development of management s t r a t e g i e s  which have 
received appl ica t ion ,  and hence they a r e  not t h e  
basis  f o r  "present"  management s t r a t e g i e s ,  

History o f  Present  Management S t r a t e g i e s  

In t rac ing  the  h i s to ry  of management 
s t r a t e g i e s  present ly in  use, we wi l l  r e s t r i c t  the  
discussion to groundfi sh, pelagic (herr ing and 
cape1 i n ) ,  and squid resources, which i l l  u s t r a t e  
highl ights  i n  the  development of s t r a t e g i e s  t o  
manage marine resources i n  the Northwest 
Atlant ic .  Discussion wil l  include the  r a t i o n a l e  
f o r  the  manageinent s t r a t e g i e s  adopted a t  the  time 
as well as the h i s t o r i c a l  context in  which t h e i r  
usage developed. 

A .  Groundfish 

The groundfish f i shery ,  one of the 
01 dest  f i s h e r i e s  in  the Northwest At1 a n t i c ,  
has been prosecuted by European fishermen 
from the  time of the  very ear ly  set t lement  
of eas te rn  Canada. I n  f a c t ,  Newfoundland 
was s e t t l e d  in  the beginning because of t h e  
d e s i r e  of European fishermen t o  catch the 
abundant cod i n  Newfoundland waters. 
Fishing i n  the ea r ly  days of set t lement  and 
un t i l  the middle of t h i s  century was almost 
solely with bai ted hooks on the offshore 
banks from schooner-type vesse l s  and with 
bar seines,  cod t r a p s ,  and cotton g i l l n e t s  
in  inshore a reas  from small inshore boats. 
With the  ea r ly  1940's came the advent of t h e  
o t t e r  t rawler  and by the l a t e  1940's i t  
became obvious t h a t  f i sh ing  pressure on the  
groundfish s tocks i n  the area was rapidly 
building. The United S ta tes  of America 



convened a  conference o f  11 c o u n t r i e s  i n  
Xashington i n  January 1949 t o  cons ide r  
problems a f f e c t i n g  t h e  f i s h e r i e s  o f  t h e  
Northwest A t l a n t i c .  The work of t h i s  
conference r e s u l t e d  i n  t h e  opening f o r  
s i gna tu re  on 8 February,  1949 of t he  
I n t e r n a t i o n a l  Convent ion f o r  t he  Nor thwest  
A t l a n t i c  F i s h e r i e s .  !dith t he  s i g n i n g  o f  
t h i s  Convent ion t h e  I n t e r n a t i o n a l  Commission 
f o r  t h e  Worthwest At1  a n t i c  F i s h e r i e s ,  ICNAF, 
came i n t o  be ing+  The area f o r  which ICNAF 
had r e s p o n s i b i l i t y  i s  shown i n  F ig .  4. 
Des ignated areas (e.g. 231, known as 
D i v i s i o n s ,  were e s t a b l i s h e d  on t h e  b a s i s  o f  
s tock  boundar ies  and served t o  subd i v i de  t h e  
area f o r  purposes o f  c o l l e c t i o n  o f  f i s h e r i e s  
s t a t i s t i c s .  The 200 m i l e  l i m i t  i s  a l s o  
shown on t h i s  map. 

As p o i n t e d  ou t  above, f o r  a  g i ven  1  eve1 
o f  f i s h i n g  m o r t a l i t y ,  t h e r e  e x i s t s  an age 
( s i z e )  a t  f i r s t  cap tu re  which maximizes 
y i e l d  per  r e c r u i t  f o r  a  g i ven  spec ies  and 
which depends on t h e  n a t u r a l  m o r t a l i t y  and 
g ro * th  r a t e  o f  t h a t  species. I n  t h e  e a r l y  
days o f  f i s h i n g  i n  t he  tdorthwest A t l a n t i c ,  
l e v e l s  o f  e f f o r t  were moderate and even i n  
t h e  t he  e a r l y  1950 's  ICNAF was concerned 
p r i m a r i l y  w i t h  reduc ing  wastage o f  smal l  
f i s h  s t  sea. In 1953 ICNAF in t roduced  t h e  
f i r s t  r e g u l a t i o n s  r e s t r i c t i n g  t he  s i z e  o f  
mesh used i n  t he  codend o f  t h e  o t t e r  t r a w l ,  
so t h a t  mesh s i zes  below a  c e r t a i n  s p e c i f i e d  
s i z e  c o u l d  n o t  be used (minimum mesh s i z e  
r e g u l a t i o n s ) .  I n  i t s  f i r s t  15 years ,  ICNAF 
e s t a b l  i s t ied  some 20 r e g u l a t i o n s ,  a l l  
concerned w i t h  mesh s i z e  (and t raw l  
c o n s t r u c t i o n )  1  i m i t a t i o n s .  The b i o l o g i c a l  
b a s i s  f o r  these r e g u l a t i o n s  was p rov ided  by 
ICMAF's Stand ing Committee on Research and 
S t a t i s t i c s  (STACRES) and i s  l a r g e l y  
summarized i n  Bever ton and Hodder (1962).  
F i s h i n g  p ressu re  i nc reased  very  r a p i d l y  i n  
t h e  l a t e  1950 's  and throughout  t he  1960 's  
however (F ig .  5 ) ,  r e s u l t i n g  i n  s u b s t a n t i a l  
inc-eases i n  F  so t h a t ,  even i n  t h e  few 
cases where these minimum mesh s i z e s  were 
be ing  r i g o r o u s l y  enforced,  mesh s i z e  was 
be1 ow t h e  optimum f o r  t h e  p r e v a i l i n g  l e v e l  
o f  F, Therefore ,  t h e  b e n e f i c i a l  e f f e c t  o f  
mesl  s i z e  r e g u l a t i o n  was n o t  f u l l y  r e a l i z e d ,  
even though t h e  minimum mesh s i z e  was 
i nc reased  th roughou t  t h e  1960 's  and e a r l y  
1970's.  

IGNAF r e a l i z e d  a t  an e a r l y  stage t h a t  
i n a d d i t i o n  t o  mi nimum mesh s i z e  
r e g u l a t i o n s ,  some c o n t r o l  would have t o  be 
p laced  on t h e  amount o f  f i s h  be ing  removed. 
STACRES warned t h e  Commission i n  1964 t h a t  
f u r t h e r  r e g u l a t o r y  measures were r e q u i r e d  t o  
check the  r a p i d  expansion o f  f i s h i n g  e f f o r t  
i n  the  ICNAF Area (ICNAF, 1964a). As a  
r e s u l t  t he  Commission asked f o r  a  rev iew o f  
" t h e  va r i ous  k inds  o f  a c t i o n  which m i g h t  be 
taken by t h e  Commissiorl f o r  the purpose o f  
m a i n t a i n i n g  t h e  s tocks  o f  f i s h  i n  t h e  

Convent ion Area a t  a  l e v e l  a t  which they can 
p rov ide  maxinum sus ta ined  y i e l d s  "(ICNAF, 
1954b). The conc lus ion  from t h e  rev iew by 
Templeman and Gul land (1955) Mas t h a t  t h e r e  
must "be some d i r e c t  c o n t r o l  o f  t h e  amount 
o f  f i s h i n g .  A l l  methods o f  do ing t h i s  r a i s e  
d i f f i c u l t i e s ,  b u t  t h a t  p r e s e n t i n g  l e a s t  
d i f f i c u l t i e s  i s  by means o f  ca t ch  quotas.  
There must be separa te  quotas f o r  each stock 
o f  f i s h ,  e.g. f o r  cod a t  Uest  Greenland, and 
p r e f e r a b l y  be a l l o c a t e d  sepa ra te l y  t o  each 
s e c t i o n  o f  t he  i n d u s t r y " .  ICNAF b a s i c a l l y  
agreed b u t  launched i n t o  d e t a i l e d  s tudy 
through i t s  Working Group on J o i n t  
B i o l o g i c a l  and Economic Assessment o f  
Conservat ion  Ac t i ons  ( i n  c o n j u n c t i o n  w i t h  
FAO, NEAFC, and DECD) (ICNAF, 19681, and i t s  
own Stand ing Committee on Regula tory  
Measures (STACREM). The f i r s t  c a t c h  1  i m i  t s  
( c a l l e d  t o t a l  a l l o w a b l e  catches, TACs) were 
agreed t o  i n  1969 f o r  a p p l i c a t i o n  t o  haddock 
on the  southern  Sco t i an  S h e l f  and Georges 
Bank i n  1970. 

These were o v e r a l l  ca t ch  l i m i t s  o r  
" g l o b a l "  TACs i n  t h a t  c o u n t r i e s  were n o t  
a l l o c a t e d  shares. A l l  c o u l d  f i s h  u n t i l  t h e  
TAC was taken. T h i s  presented obv ious 
enforcement d i f f i c u l t i e s ,  p o t e n t i a l  economic 
i n e q u i t i e s ,  and t h e  promise o f  f i s h e r i e s  
d i s r u p t i o n ,  a l l  o f  wh ich  were w e l l  
recognized, b u t  ICNAF was c o n s t r a i n e d  by i t s  
conven t i on  which a l l owed  on l y  o v e r a l l  ca t ch  
1  i m i t s  {and, i n c i d e n t a l l y ,  espoused t h e  
o b j e c t i v e  o f  ach iev ing  t h e  "maximum 
sus ta ined  ca tch " ) .  The Commission, a l s o  i n  
1969, i n i t i a t e d  r e v i s i o n  o f  i t s  convent ion  
which a l l owed  " - - -app rop r i a te  proposa ls - - -  
designed t o  ach ieve t h e  optimum u t i l i z a t i o n  
o f  t h e  stocks---" .  T h i s  amendment a l s o  
i n c l  uded economic and t e c h n i c a l  
cons ide ra t i ons ,  as w e l l  as s c i e n t i f i c ,  as a  
b a s i s  f o r  r e g u l a t o r y  proposals.  I n  a d d i t i o n  
t o  changing the  o b j e c t i v e  o f  t h e  Commission 
f rom MSY t o  OY, t h i s  amendment a? 1 owed 
n a t i o n a l  a l l o c a t i o n  o f  ca t ch  quotas.  I t  
came i n t o  e f f e c t  on 15 December 1971 and was 
u t i l i z e d  i n  February,  1972 w i t h  agreement on 
ca tch  quotas and n a t i o n a l  a1 l o c a t i o n s  f o r  
h e r r i n g  i n  Subareas 4  and 5 (ICNAF 1972a). 
T h i s  "broke the  dam" o f  r e s i s t e n c e  t o  TAC 
r e g u l a t i o n  and ca tch  c o n t r o l s  were i n  e f f e c t  
i n  1973 f o r  t h e  ma jo r  g round f i sh  s tocks  i n  
t h e  Canadian A t l a n t i c  area (ICNAF 1972b) and 
by 1974 a l l  g round f i sh  s tocks  had come under 
TAC r e g u l a t i o n s  (ICNAF 1973a). Therefore,  
ICNAF had achieved i n t e r n a t i o n a l  agreement 
on t h e  l e v e l  o f  TACs t o  be s e t  on a l l  major  
s tocks  w i t h i n  i t s  j u r i s d i c t i o n ,  as w e l l  as 
t h e  sha r i ng  o f  these TACs among member 
c o u n t r i e s .  T h i s  represented a  ma jo r  
breakthrough i n  i n t e r n a t i o n a l  f i s h e r i e s  
n e g o t i a t i o n s .  

These f i r s t  TACs were based on adv i ce  
p rov ided  by STACRES (ICNW 1972c, 1973b). 
The management s t r a t e g y  i m p l i e d  by t h i s  



adv i ce  up t o  1977 was f i s h i n g  a t  Fm o r  
Fmsy, dependi ~g on whether t he  s tocc  was 
assessed u s i n g  t h e  y i e l  d -pe r - rec ru i  t o r  
general  p roduc t i on  models r e s p e c t i v e l y .  I n  
o t h e r  swords, t h e  t a r g e t  f i s h i n g  mor ta l  i t y  
was t o  be s e t  t o  e x t r a c t  every t o n  o f  f i s h  
p o s s i b l e  f rom the  s tock .  (A1 though the  
Commission's o b j e c t i v e  became OY i n  1971, 
t h i s  cont inued t o  oe t r a n s l a t e d  as meaning 
MSY) . 

A1 though an i n t e r n a t i o n a l  i n s p e c t i o n  
scheme was i n  p lace  w i t h i n  t he  ICNAF regime, 
whereby i n s p e c t o r s  f rom one coun t r y  c o u l d  
board  vesse ls  o f  another  coun t r y  and i n s p e c t  
t h e i r  catch,  t h e  i n s p e c t i o n  e f f o r t  was so 
low t h a t  a  t r u e  p i c t u r e  o f  t h e  t o t a l  f i s h  
caught  was n o t  p o s s i b l e  by t h i s  nethod. 
Ins tead,  i t  was e s s e n t i a l l y  l e f t  t o  each 
i n d i v i d u a l  coun t r y  t o  en fo rce  i t s  own 
a l l o c a t i o n  and r e p o r t  i t s  catches t o  ICNAF. 
There i s  s u f f i c i e n t  evidence t o  conc lude 
t h a t  n a t i o n a l  enforcement e f f o r t s  were 
f r e q u e n t l y  l e s s  than adequate. 

Judged on the  bas i s  t h a t  t he  d e c l i n e  i n  
c a t c h  r a t e s  r e s u l t i n g  f r om a d e c l i n e  i n  t h e  
abundance o f  s tocks ,  which began i n  t h e  mid  
1960is,  was n o t  a r r e s t e d  by t h e  TACs imposed 
by ICNAF i n  1973-76 (F ig .  61, t h e  o v e r a l l  
management system p u t  i n  p lace  was n o t  
e f f e c t i v e .  Since the catches r e p o r t e d  were 
l e s s  than comple te ly  accurate,  t he  accuracy 
o f  assessments o f  the  s t a t e  o f  s tocks  on 
which t h e  TACs were based was adverse ly  
a f f e c t e d ,  b u t  o t h e r  problerns such as t i n e  
l a g s  i n  o b t a i n i n g  data  and i n s u f f i c i e n t  da ta  
a1 so c rea ted  s tock  assessment problems. 
Whether assessment o r  enforcement 
d e f i c i e n c i e s  were t o  blame f o r  t he  l a c k  o f  
response by t h e  e c o l o g i c a l  system was n o t  
c l e a r .  However, i n  r e c o g n i t o n  o f  these 
apparent  shortcomings i n  t he  F  ( o r  Fm ) 
s t r a t e g y ,  STACRES a t  i t s  1976 !%ual 14ee%ng 
(ICI-IAF 1976a) based i t s  adv ice  f o r  TACs f o r  
1977 on f i s h i n g  a t  Fo.., n o t  Fmax, Several  
reasons f o r  managing s tocks  a t  a  l e v e l  o f  
f i s h i n g  m o r t a l i t y  l e s s  than F xor  F were 
p o i n t e d  ou t .  These were (ICN!@ 1976!?! 

i )  E r r o r s  assoc ia ted  w i t h  TACs can be 
l a r g e ,  and l osses  from o v e r - e x p l o i t i n g  
a  stock a re  l i k e l y  t o  be much g r e a t e r  
than any l osses  due t o  
under-expl  o i  t a t i o n .  

i i )  F i s h i n g  a t  h i ghe r  l e v e l s  o f  f i s h i n g  
m o r t a l i t y  reduces the  number o f  age 
groups i n  t h e  stock w i t h  t h e  r e s u l t  
t h a t  t he  f i s h e r i e s  (and t h e  c a l c u l a t e d  
TACs) a re  h e a v i l y  dependent on 
r e c r u i t i n g  age-groups. Th i s  i nc reases  
the  p r o b a b i l i t y  o f  e r r o r  i n  t h e  TACs. 

i i i )  A1 though i t  adas t o o  e a r l y  t o  f u l l y  
assess t h e  e f f e c t s  o f  r e g u l a t i o n s  i n  
r e c e n t  yea rs  based on F,, , i t  was 
e v i d e n t  i n  many cases tj;fa$ t he  s tocks  
were c o n t i n u i n g  t o  dec l i ne .  

Implementa t ion  o f  TACs a t  t h e  F3. i  
l eve1 r e s u l t e d  i n  s i g n i f i c a n t  reduc t i ons  i n  
TACs f o r  most s tocks  (eg. f o r  D i v ,  2J3Ki cod 
the  TAC a t  F  i n  1976 was 300,000 t w h i l e  
a t  F,.i i n  1g?? it was 160,000 t, a 
reduc t r  on o f  a lmost 50%). As Hay e t  a7 . 
(1980) p o i n t e d  out,  t h e  e x t e n t  t o  which 
acceptance o f  these reduced TACs represented 
agreement among t h e  member n a t i o n s  t h a t  t h i s  
was a  more a p p r o p r i a t e  management s t r a t e g y  
i s  hard  t o  d iscern .  Agreement may have been 
h e a v i l y  i n f l u e n c e d  by t h e  f a c t  t h a t  reduced 
TACs were s t r o n g l y  advocated by an 
i n f l u e n t i a l  c o a s t a l  s t a t e ,  Canada, on t h e  
eve o f  h e r  ex tens ion  o f  j u r i s d i c t i o n .  (The 
announcement by Canada t h a t  f i s h e r i e s  
j u r i s d i c t i o n  would be extended t o  200 m i l e s  
was made j u s t  b e f o r e  t h e  1976 ICNAF Annual 
Meet ing)  . 

The move t o  f i s h i n g  a t  F,.; was 
sponsored by Canada. Canadian suppor t  was 
based on economic reasons, eg. increased 
catch r a t e s ,  1 a rge r  f i s h ,  1  ower p rocess ing  
cos ts ,  as w e l l  as t h e  conse rva t i on  reasons 
g iven by s c i e n t i s t s .  Canada a l s o  took  
another  ma jo r  i n i t i a t i v e  d u r i n g  t h e  l a s t  
yea rs  of ICNAF - i n s t i t u t i o n  o f  f i s h i n g  
e f f o r t  c o n t r o l  f o r  g round f i sh  i n  Subareas 
2-4. The Canadian proposa l  was i n t r o d u c e d  
a t  t h e  1975 Annual Mee t i ng  o f  t h e  Commission 
(ICNAF 1975a) and c a l l e d  f o r  a  r e d u c t i o n  i n  
f i s h i n g  e f f o r t  on g r o u n d f i s h  s tocks  i n  
Subareas 2, 3, and 4  i n  1976 o f  40% from t h e  
1973 l e v e l .  The proposa l  r e c e i v e d  i n t e n s e  
debate a t  t h e  Seventh and E i g h t h  Spec ia l  
Meet ings i n  September 1975 (ICNAF 19756) and 
January 1976 (ICNAF 39764) and was 
implemented f o r  1976 by agreement a t  t h e  
meet ing  o f  t h a t  January. The proposal  
r e c e i v e d  many m o d i f i c a t i o n s  b e f o r e  
implementa t ion  and, i n  any case, exc luded 
r e d u c t i o n s  i n  e f f o r t  f o r  coas ta l  s ta tes .  
Thus, t h e  expected o v e r a l l  impact i n  te rms 
o f  r e d u c t i o n  i n  f i s h i n g  e f f o r t  was 
s u b s t a n t i a l l y  l e s s  than 40% from t h e  1973 
l e v e l .  (The a c t u a l  impact  has n o t  been 
eva lua ted  b u t  F ig .  5 suggests t h a t  a  
r e d u c t i o n  by perhaps as much as o n e - t h i r d  
occur red between 1973 and 1976 i n  
Subareas 2-41, Nonetheless,  Canada h e l d  t h e  
v iew i n  t h e  m id  1970 's  t h a t  n o t  on l y  was 
s ing1 e-species Fmax management inadequate t o  
"op t im ise "  Nor thwest  At1  a n t i c  f i s h e r i e s ,  b u t  
t h a t  a  much lower  e x p l o i t a t i o n  r a t e  was 
r e q u i r e d  f o r  each major  species and t h a t  
c o n t r o l  o f  t o t a l  e x p l o i t a t i o n  r a t e ,  a t  l e a s t  



o f  t h e  g round f i  sh component o f  t he  
ecosystem, was a1 so requ i red .  

I n  the  !meantime, t h e  T h i r d  Un i t ed  
Na t i ons  Conference on the  Law o f  t h e  Sea had 
been d i scuss ing  aspects o f  i n t e r n a t i o n a l  1  aw 
r e l a t i n g  t o  t he  oceans o f  the  wor ld,  among 
these be ing  coas ta l  s t a t e s '  r i g h t s  t o  
renewasle resources o f f  i t s  shores. The 
d i scuss ions  w i t h i n  the  Law o f  t h e  Sea 
Conference had reached such a  stage by 1976 
t h a t  Canada was i n  a  p o s i t i o n  t o  dec la re  a  
200 m i l e  F i s h e r i e s  Zone, e f f e c t i v e  1  
January,  1977. Canada's p o s i t i o n  a t  t he  Law 
o f  t h e  Sea( l0S)  Conference was i n  f a c t  an 
e x t e n s i o n  o f  c o a s t a l  s t a t e  j u r i s d i c t i o n  t o  
t h e  edge o f  t h e  c o n t i n e n t a l  s h e l f  b u t  t h i s  
was n o t  suppor ted by t he  conference as a  
whole. D e c l a r a t i o n  o f  a  200 m i l e  F i s h e r i e s  
Zone neant  t h a t  Canada, as a  coas ta l  s ta te ,  
had the  r i g h t  t o  determine t h e  a p p r o p r i a t e  
h a r v e s t  l e v e l s  f o r  f i s h e r i e s  o c c u r r i n g  
w i t h i n  200 m i l e s  o f  i t s  coast1  i n e  and had 
f i r s t  o p t i o n  on y i e l d s  f rom s tocks  o f  f i s h  
w i t h i n  i t s  zone. The d r a f t  LOS t e x t  
r e q u i r e d  t h a t  f i s h  su rp lus  t o  Canadian needs 
be a l l o c a t e d  t o  o the r  c o u n t r i e s .  T h i s  
d e c l a r a t i o n  o f  a  290 m i l e  F i s h e r i e s  Zone 
a l l owed  Canada n o t  on ly  t o  s e t  TACs (and 
o t h e r  r e g u l a t i o n s )  w i t h i n  i t s  zone and t o  
a l l o c a t e  shares o f  these TACs t o  va r i ous  
c o u n t r i e s ,  b u t  t o  i n s t i t u t e  c o n t r o l s  i n  t h e  
f o r m  o f  1  icences t o  f o r e i g n  vessels,  w i t h  
numbers o f  days a l lowed w i t h i n  t he  zone, and 
beg inn ing  and end ing dates,  s p e c i f i e d  f o r  
i n d i v i d u a l  vesse ls .  Th i s  ensured t h a t  
ca tches taken w i t h i n  t h e  zone would be 
w i t h i n  t h e  l i m i t s  o f  a l l o c a t i o n s  given. 

The s t r a t e g i e s  adopted by Canada on 
e x t e n s i o n  o f  j u r i s d i c t i o n  d i d  n o t  d i f f e r  
f rom those developed i n  t h e  l a s t  days of 
iCNkF h u t  t h e  e f f e c t i v e n e s s  o f  c o n t r o l s  
( r e g u l a t o r y  e f f e c t i v e n e s s )  increased 
g r e a t l y .  That  t h i s  r e s u l t e d  i n  more 
e f f e c t i v e  management o f  g roundf ish  s tocks  
w i t h i n  t h e  200 m i l e  zone i s  suggested by t h e  
f a c t  t h a t  ca t ch  ra tes ,  which reached a  
minimum i n  1975 i n  t he  Canadian A t l a n t i c  
area, have r e t u r n e d  t o  l e v e l s  p r e v a l e n t  i n  
t h e  1950 ' s  (F ig .  6 ) .  Also, a l though t o t a l  
tonnage o f  vesse ls  decreased by 40% i n  t h e  
p e r i o d  f rom 1977 t o  1980 (F ig .  51, catches 
i nc reased  by 12% i n  t he  same p e r i o d  
( F i g .  6 ) .  

The 200 m i l e  l i m i t  d i d  n o t  i n c l u d e  a l l  
o f  t h e  c o n t i n e n t a l  she1 f o f f  Canada's coast ,  
bu t ,  i n  f a c t ,  exc luded a l l  o f  F lemish Cap 
{ D i v .  3M) and p o r t i o n s  o f  t he  Grand Banks, 
known as the  "nose" o f  t h e  Bank i n  Div.  31  
and the  " t a i l "  o f  the  Bank i n  Div.  3t4 
(F ig .  4) .  A new i n t e r n a t i o n a l  commission, 
known as the  Northwest A t l a n t i c  F i s h e r i e s  
3 r g a n i z a t i o n  (NAFO), was formed i n  1979, t o  
deal  w i t h  f i s h e r i e s  i n  these areas o u t s i d e  
200 m i l es ,  dh i ch  are s t i l l  s u b j e c t  t o  

i n t e r n a t i o n a l  r e g u l a t i o n  as i n  t h e  days 
p r i o r  t o  1977. Canada has one vo te  among 13 
c o u n t r i e s  concern ing TAC l e v e l s  and n a t i o n a l  
a1 1  o c a t i  ons f o r  those s tocks  compl e t e l j  
o u t s i d e  i t s  zone i n  t h e  F lemish Cap area. 
For  s tocks  which ex tend o u t s i d e  t h e  200 m i l e  
l i ~ i t  i n  t he  area o f  t h e  Grand Bank, Canada 
has c o n t r o l  on l y  over  t h e  p o r t i o n s  o f  these 
s tocks  which a re  i n s i d e  200 m i l es .  
There fore ,  i t  has a t tempted as a  member o f  
fAF0 t o  m a i n t a i n  u n i f o r m i t y  il r e g u l a t i o n s  
i n s i d e  and ou ts ide  the  zone and has 
p a r t i c i p a t e d  i n t e r n a t i o n a l l y  th rough NAFO i n  
the  s e t t i n g  o f  TACs f o r  over1  app ing s tocks .  

E f f e c t i v e n e s s  o f  Canadian c o n t r o l  
w i t h i n  i t s  200 m i l e  l i m i t  s i n c e  1977, 
compared t o  t h e  i n t e r n a t i o n a l  c o n t r o l  
p r a c t i c e d  o u t s i d e  200 m i l es ,  i s  suggested by 
t h e  r a p i d  i nc rease  i n  t h e  abundance o f  cod 
s tocks  i n s i d e  200 m i l e s  compared t o  t h e  l a c k  
o f  i nc rease  on t h e  F lem ish  Cap and the  very 
slow r e b u i l d i n g  on t h e  southern  p a r t  o f  t h e  
Grand Banks *here cod o v e r l a p  t h e  200 m i l e  
l i m i t .  

3. He r r i ng  

H e r r i n g  s tocks  i n  Div.  5Z+SA6 (Georges 
Bank), D iv .  5Y ( G u l f  o f  Maine) and Div .  4WX 
(Nova S c o t i a )  were t h e  f i r s t  t o  be s u b j e c t e d  
t o  TACs w i t h  n a t i o n a l  a l l o c a t i o n  i n  1972. 
Th is  major  breakthrough i n  i n t e r n a t i o n a l  
f i s h e r i e s  n e g o t i a t i o n s  was t h e  r e s u l t  o f  a  
r e c o g n i t i o n  t h a t  t h e  h e r r i n g  s tocks  i n  t h e  
southern  Canadian and n o r t h e r n  U.S.A. areas 
were depleted. A1 though i n  r e t r o s p e c t  
ac tua l  TACs were s e t  t o o  h i g h  and i n  f a c t  
were s e t  h i g h e r  than t h e  s c i e n t i f i c  adv i ce  
a t  t h e  t ime  (ICNAF 1 9 7 2 ~ )  , t h e  f a c t  t h a t  
TACs were s e t  a t  a l l  i n  t h e  i n t e r n a t i o n a l  
c l i m a t e  p r e v a i l i n g  a t  t h e  t ime  i s  
remarkable. It was a t  t h i s  t ime  a l s o  t h a t  
t he  concept  o f  F  .1 f o r  Fo as i t  was f i r s t  
known) was in t roauced,  i n i f i a l l y  t o  deal  
w i t h  t h e  s i t u a t i o n  i n  h e r r i n g  where y i e l d  
per  r e c r u i t  curves a re  t y p i c a l l y  f l a t - t o p p e d  
and thus Fm i s  i l l - d e f i n e d  ( i .e .  f o r  
t e c h n i c a l  r a t t e r  than management reasons) 
(ICNAF 1972d). 

A t  t h e  Spec ia l  ICNAF Meet ing  i n  1973 
(ICNAF 1 9 7 3 ~ 1 ,  a  t a r g e t  biomass l e v e l  was 
a l s o  e s t a b l i s h e d  f o r  Georges Bank and G u l f  
o f  Maine s tocks  and t h i s  may have been t h e  
f i r s t  i n t e r n a t i o n a l  r e g u l a t i o n  o f  i t s  k i n d .  
The t e x t  f rom t h a t  meet ing  read as f o l l  ows 
f o r  Georges Bank h e r r i n g  (page 28) :  

"That  t h e  Commi s s i  on 
e s t a b l i s h  t h e  l e v e l  o f  
ca t ch  f o r  1974 which w i l l  
r e s u l t  i n  t he  r e s t o r a t i o n  
of t ne  a d u l t  s tock  t o  a t  



l e a s t  225,000 MT by t h e  
end o f  1974, i t be ing  
unders tood t h a t  i n  any 
event  t h e  l e v e l  o f  ca t ch  
f o r  1974 w i l l  n o t  be 
increased above t h a t  f o r  
1973 un less  t h e  a d u l t  
s tock  s i z e  a t  t h e  end of 
1973 has reached a  l e v e l  
dh i ch  w i l l  p r o v i d e  the  
maximum s u s t a i n a b l e  y i e l d  
by t he  end o f  1974". 

That these management measures were n o t  
successfu l  i n  a c h i e v i n g  t h e  d e s i r e d  
o b j e c t i v e  i s  evidenced by t he  d e c l i n e  i n  
TACs ( r e f l e c t i n g  d e c l i n i n g  s tock  s i z e )  f o r  
Georges Bank h e r r i n g  f rom 150,000 t i n  1975 
t o  60,000 t i n  1976 and e v e n t u a l l y  t o  zero  
a f t e r  1977 and f o r  G u l f  o f  Maine h e r r i n g  
f rom 25,000 t i n  1974 t o  16,000 t i n  1975, 
7,000 t i n  1976 and s c i e n t i f i c  adv i ce  f o r  
zero  TAC i n  1977 (ICNAF 1976b).  4 l though 
unsuccessfu l ,  t h i s  rep resen ted  t h e  f i r s t  
a t t emp t  a t  m a i n t a i n i n g  a  minimum t a r g e t  
biomass w h i l e  f i s h i n g  biomass su rp lus  t o  
t h i s .  O f  course, subsequent t o  1977, G u l f  
o f  Saine h e r r i n g  have been managed by t h e  
i i n i t e d  S ta tes  and Sco t i an  S h e l f  h e r r i n g  by 
Canada, under t h e i r  200 m i l e  j u r i s d i c t i o n s ,  
whereas management o f  Georges Bank h e r r i n g  
has been i n  d i spu te .  Since ex tens ion  o f  
j u r i s d i c t i o n  S c o t i a n  She1 f and G u l f  o f  blai ne 
s tocks  have been f i s h e d  by Canada and U.S.A. 
r e s p e c t i v e l y  b u t  no d i r e c t e d  f i s h e r y  f o r  
h e r r i n g  has been p e r m i t t e d  on Georges Bank 
because o f  a  t o t a l  s tock  c o l l a p s e  and no 
s i g n  o f  recovery .  

C .  Cape l i n  

Al though c a p e l i n  had been harvested f o r  
c e n t u r i e s  by coas ta l  f i shermen f o r  b a i t  and 
garden f e r t i l i z e r ,  i t was n o t  u n t i l  1971 
t h a t  a  commercial f i s h e r y  developed on t h e  
southeast  shoal o f  t h e  Grand Bank (D iv .  3H) 
when USSR vesse ls  caught  750 t [!tiinters and 
Carscadden 1978).  T o t a l  catches i nc reased  
f rom 3,000 t i n  1971 t o  71,000 t i n  1972 and 
t o  nea r l y  270,000 t i n  1973 (ICNAF 1976b). 
Secause o f  t h i s  r a p i d  i nc rease  i n  catch,  
ICNAF i n s t i t u t e d  a  TAC f o r  c a p e l i n  i n  1974 
a t  a  l e v e l  o f  about  250,000 t (an a c t u a l  TAC 
was n o t  se t  b u t  coun t r y  a l l o c a t i o n s  summed 
t o  258,000 t w i t h  t h e  p r o v i s o  t h a t  any 
coun t r y  w i t h o u t  a  s p e c i f i c  a l l o c a t i o n  would 
be l i m i t e d  t o  10,000 t )  (ICNAF 1974a). 
Al though the  scanty s c i e n t i f i c  evidence a t  
t h e  t ime i n d i c a t e d  a  much l a r g e r  ca t ch  c o u l d  
be harvested (as much as 750,000 t )  (ICNAF 
1973b),  t h e  TAC was s e t  a t  t h i s  l ower  l e v e l  
t o  a1 low f o r  a  slow development o f  t he  
f i s h e r y  b u t  a1 so r e c o g n i z i n g  t h a t  cape1 i n  
rep resen t  perhaps the  major fo rage spec ies  
i n  t he  Nor thwest  A t l a n t i c ,  be ing  preyed on 
by a  wide v a r i e t y  o f  f i s h  species,  mammals 

and seab i rds  (:di n t e r s  and Carscadden 1978).  
The f o l l o w i n g  y e a r  (1975) t h e  s c i e n t i f i c  
adv i ce  was f o r  500,000 t (300,000 t i n  
SA2+Oiv, 3K and 200,000 t i n  3LNOPs) (ICNAF 
197451 b u t  t h e  ICNAF Commission, a l t hough  
agree ing t o  200,000 t i n  t h e  southern  area, 
s e t  t h e  TAC i n  t h e  n o r t h e r n  area 
(SAZ+Div. 3K) by a l l o c a t i n g  160,000 t t o  
USSR and a maximdm o f  10,000 t t o  each 
coun t r y  w i  t t i o u t  a  s p e c i f i c  a l l o c a t i o n  
(ICNAF, 1 9 7 5 ~ ) .  Th i s  i n  f a c t  r e s u l t e d  i n  a  
ca t ch  i n  SAZ+Div. 3K i n  1975 o f  199,000 t. 
The s c i e n t i f i c  adv ice  f o r  t h e  f o l l o w i n g  y e a r  
(1976) was t o  s e t  t he  TAC a t  300,000 t i n  
SA2+Div. 3K and 200,000 t i n  D iv .  3LNOPs and 
ma in ta in  i t  a t  t h i s  l e v e l  f o r  t h r e e  y e a r s  
u n t i l  s u f f i c i e n t  s c i e n t i f i c  da ta  cou ld  be 
c o l l e c t e d  t o  p r o p e r l y  assess t h e  s t a t u s  o f  
t h e  s tock  (ICNAF 19754) . T h i s  s c i e n t i f i c  
adv i ce  was repeated f o r  1977 and 1978 (ICNAF 
1976b and 1977). T h i s  t h e  Commission d i d  
and the  TACs remained a t  300,003 t i n  
SA2+Div. 3K and 200,000 t i n  D iv .  3LNOPs f o r  
t he  yea rs  1976-78. U n f o r t u n a t e l y ,  by t h e  
t ime  s u f f i c i e n t  s c i e n t i f i c  da ta  had been 
c o l l e c t e d  t o  adequately assess t h e  s tocks  i n  
1979, t he  abundance o f  c a p e l i n  had d e c l i n e d  
from n a t u r a l  f l u c t u a t i o n s  i n  r e c r u i t m e n t  so 
t h a t  t h e  s c i e n t i f i c  adv i ce  f o r  1979 was f o r  
a  75,000 t TAC i n  SA2+Oiv. 3K, 16,000 t i n  
Div.  3L and no d i r e c t e d  f i s h i n g  i n  Div.  3N0 
(ICNAF 1979). The TACs f o r  1979 were 
a c t u a l l y  s e t  a t  75,000 t f o r  SA2+3K (CAFSAC 
1984b) and 10,000 t f o r  D iv .  3LN0 (NAFO 
19791. The TAC i n  Div.  3LN0 was a c t u a l l y  
f o r  Div.  3L o n l y  s i nce  no d i r e c t e d  f i s h e r y  
was p e r m i t t e d  i n  Div.  3N0. The TAC adv ised 
f o r  Div. 31 recogn ized t h a t  cape1 i n  
popu la t i ons  w i l l  e x h i b i t  l a r g e  f l u c t u a t i o n s  
i n  biomass and s ince  they a r e  impor tan t  i n  
t h e  d i e t  o f  many species,  d u r i n g  pe r i ods  o f  
poor rec ru i tmen t ,  t he  e x p l o i t a t i o n  r a t e  
shou ld  be low t o  p r o t e c t  t h e  s p a ~ n i n g  s tock  
(ICNAF 1979). Thus, t h e  adv i ce  was based on 
a  conse rva t i ve  e x p l o i t a t i o n  r a t e  o f  10% o f  
t h e  es t ima ted  biomass i n  D iv .  31. T h i s  
management s t r a t e g y  f o r  c a p e l i n  has 
p r e v a i l e d  t o  t h e  p resen t  and t h e  1985 TACs 
were i n  f a c t  adv ised on t h e  b a s i s  o f  t h e  105 
e x p l o i t a t i o n  r a t e  ( d i r e c t e d  f i s h i n g  f o r  
c a p e l i n  i n  D iv .  3N0 has n o t  resumed s i n c e  
i t s  c l o s u r e  i n  1979). 

Thus, management s t r a t e g i e s  f o r  cape l i n ,  
as noted i n  t h e  p rev ious  sec t i on ,  n o t  o n l y  
recogn ized t h e  importance of m u l t i s p e c i e s  
i n t e r a c t i o n s  i n  managing f i s h e r i e s ,  wh ich  
has been known f o r  many decades, b u t  f o r  t h e  
f i r s t  t ime ( a t  l e a s t  i n  t he  Nor thwest  
A t l a n t i c )  r ep resen ted  d i r e c t  a c t i o n  t o  
account f o r  such i n t e r a c t i o n s  i n  managing 
f i s h e r i e s .  



D. Squid ( I l l e x )  (Suba rea3+4)  

L i k e  c a p e l i n ,  squ id  had been ha rves ted  
by coas ta l  f ishermen f o r  b a i t  purposes f o r  
c e n t u r i e s ,  especi  a1 l y  i n  t he  Newfound1 and 
area. However, i t  was n o t  u n t i l  1975 t h a t  a  
commercial f i s h e r y  f o r  squ id  commenced when 
catches i nc reased  t o  18,000 t. Regular  
i nc reases  occur red t o  1979 when catches 
reacned 102,000 t (Subareas 3+4). Catches 
then d e c l i n e d  t o  70,000 t i n  1980, 32,000 t 
i n  1981, 13,000 t i n  1982, and t o  o n l y  400 t 
i n  1983. Such f l u c t u a t i o n s  i n  catches a re  
t y p i c a l  o f  t he  squ id  f i s h e r y  and r e f l e c t  
1  arge f l u c t u a t i o n s  i n  abundance caused by 
v a r i a t i o n s  i n  rec ru i tmen t .  Since squ id  a re  
b e l i e v e d  t o  l i v e  on l y  one yea r  (ICNAF 1978), 
f l u c t u a t i o n s  i n  r e c r u i  t x e n t  a re  r e f l e c t e d  
p r o p o r t i o n a t e l y  i n  f l u c t u a t i o n s  i n  abundance 
i n  t h e  same year .  Th i s  p e c u l i a r i t y  o f  squ id  
b i  o l  ogy makes i t  imposs ib le  t o  p r e d i c t  
abundance any e a r l i e r  than severa l  months 
b e f o r e  t he  f i s h e r y .  Thus, i t i s  n o t  
poss ib le ,  as i t  i s  f o r  g roundf ish ,  t o  
es t ima te  a  TAC assoc ia ted  w i t h  a  p a r t i c u l a r  
f i s n i n g  m o r t a l i t y  i n  any g iven y e a r  f o r  t h e  
f o l l  owing year .  Recogniz ing t h i s ,  ICNAF 
imposed pre-empt ive TACs o f  25,000 t i n  
1975-77 (ICCIAF 1974c, 1975a, 1 9 7 6 ~ ) .  
However, i n  1978 and 1979 TACs were 
c a l c u l a t e d  based on the  abundance o f  squ id  
i n  t h e  p rev ious  y e a r  and a  40% e x p l o i t a t i o n  
r a t e ,  which was deemed t o  be t h e  a p p r o p r i a t e  
l e v e l  o f  e x p l o i t a t i o n  f rom y i e l d  p e r  r e c r u i t  
s t u d i e s  (see e a r l i e r  s e c t i o n )  (ICNAF 1978, 
1579).  I n  d i scuss ion  a t  t he  1980 meeting, 
NAFO r e a l i z e d  t h e  f u t i l i t y  of such an 
approach when squ id  abundance v a r i e s  so 
g r e a t l y  f rom y e a r  t o  year .  There fore ,  i n  
1980, NAFO dev ised management t a c t i c s ,  
whereby a  TAC o f  150,000 t would be s e t  
r e g a r d l e s s  o f  t he  abundance o f  
squ id  i n  a  g iven year .  Th i s  TAC was d e r i v e d  
by r e l a t i n g  TAC l e v e l s  o f  100,000 t, 
150,000 t, and 200,000 t t o  es t imates  of  
biomass f o r  t he  yea rs  1968-1979. It 
appeared t h a t  a  TAC o f  150,000 t would n o t  
be assoc ia ted  w i t h  a  se r i ous  r i s k  o f  
excess ive  e x p l o i t a t i o n  ( i e .  g r e a t e r  than 
40%) i n  most yea rs  (XAFO, 1980). I m p o s i t i o n  
o f  such a  TAC i n  1980 was combined w i t h  
e f f o r t  r e g u l a t i o n  whereby the numbers o f  
days a  coun t r y  was l i c e n s e d  t o  f i s h  was 
c a l c u l a t e d  on i t s  share o f  t he  TAC i n  1980 
and i t s  ca tch  r a t e  i n  1979 when squ id  
abundance was known t o  have been h igh.  T h i s  
management s t r a t e w  thus had a  b u i l t - i n  
sa feguard  i n  t h a t  i f  the  abundance o f  squ id  
i n  a  g i ven  yea r  Mas very  much lower  than i n  
t h e  p rev ious  yea r ,  t he  o f f s h o r e  f i s h e r y  
would n o t  be a b l e  t o  ma in ta in  h i g h  ca tch  
r a t e s  and the  l i m i t a t i o n  o f  f i s h i n g  e f f o r t  
based on the  p rev ious  y e a r ' s  ca t ch  r a t e  
would ensure t h a t  f i s h i n g  q o r t a l  i t y  would 
n o t  g r e a t l y  i nc rease  desp i t e  reduced 
abundance. The p r i c e  p a i d  t o  ensure no 
overexp l  o i  t a t i o n  by t he  o f f s h o r e  f l e e t  i n  

yea rs  o f  low abundance i s  s u b s t a n t i a l  
u n d e r e x p l o i t a t i  on i n  yea rs  o f  h i g h  
abundance. Since t h e  i nsho re  f i s h e r y  i s  
b a s i c a l l y  s e l f - r e g u l a t i n g ,  h i g h  e f f o r t  be ing  
expended when squ id  are abundant and 
v ice-versa,  i t  was f e l t  t h a t  excess ive  
e x p l o i t a t i o n  would n o t  occur  i n  t h e  i n s h o r e  
f i s h e r y .  

Thus, t he  management t a c t i c s  adopted f o r  
squ id  a t tempted t o  deal w i t h  managing a  
species,  which shows wide f l u c t u a t i o n  i n  
abundance, w i t h o u t  hav ing t h e  c a p a b i l i t y  o f  
p r e d i c t i n g  such f l u c t u a t i o n s  i n  advance of 
t h e  f i s h i n g  yea r .  It i s  apparent  t h a t  t h e  
s q u i d  resource i s  now i n  a  s t a t e  o f  reduced 
abundance, as has happened severa l  t imes i n  
t h e  recorded h i s t o r y  o f  t h i s  f i s h e r y .  
Vhether t he  management s t r a t e g y  o f  adop t i ng  
a  t a r g e t  e x p l o i t a t i o n  r a t e  and t h e  t a c t i c s  
f o r  p reven t i ng  t h i s  t a r g e t  f rom be ing  
g r e a t l y  exceeded, have been successful  i n  
p r o t e c t i n g  t h e  p r o d u c t i v i t y  o f  t h e  s tock  
w i l l  be judged by whether squ id  abundance 
con t i nues  t o  f o l l o w  the  same c y c l e s  o f  
abundance as i n  t h e  p a s t  and thus i nc reases  
i n  abundance aga in  i n  t he  n o t  t o o  d i s t a n t  
f u t u r e .  

Discussion 

There i s  a  p e r c e p t i o n  i n  some sec to rs  o f  t h e  
s c i e n t i f i c  community t h a t  p resen t  management 
s t r a t e g i e s  have an inadequate s c i e n t i f i c  b a s i s  
and t h a t  t h e  f i s h e r i e s  management o b j e c t i v e s  
be ing s t r i v e d  f o r  cannot  be a t t a i n e d  through 
t h e i r  use. On t h e  o t h e r  hand, f i s h e r i e s  managers 
on t h e  whole appear t o  pe rce i ve  re1  a t i v e l y  few 
d e f i c i e n c i e s  w i t h  t h e  p resen t  s c i e n t i f i c  b a s i s  
f o r  management and, i n  p a r t i c u l a r ,  a r e  n o t  
conv inced t h a t  a  m u l t i - s p e c i e s  approach t o  
management w i l l  p r o v i d e  b e n e f i t s  commensurate 
w i t h  research c o s t s  invo lved.  To ach ieve t h e  
widespread a p p l i c a t i o n  o f  t he  p resen t  s c i e n t i f i c  
b a s i s  f o r  management, i t  was a  p r e r e q u i s i t e  t o  
b u i l d  c l i e n t  conf idence i n  t he  product .  Th is ,  
and t h e  apparent successes i n  g round f i sh  
management i n  terms o f  stock recove r i es  i n  r e c e n t  
years ,  have combined t o  produce a  f a i r l y  h i g h  
l e v e l  o f  conf idence i n  f i s h e r i e s  managers f o r  
p resen t  products.  ( T h i s  i s  n o t  t o  be confused 
w i t h  express ions o f  d i s s a t i s f a c t i o n  by t h e  
f i s h i n g  i n d u s t r y  a t  Departmental  e f f o r t s  as a  
whole.) T h i s  may be l ooked  upon as a  mixed 
b l e s s i n g  by those l o o k i n g  f o r  a d d i t i o n a l  f u n d i n g  
t o  i n v e s t i g a t e  new m u l t i - s p e c i e s  o r  ecosystem 
approaches. Recent h i s t o r y  has shown, however, 
t h a t  management systems i n  t h e  Nor thwest  A t l a n t i c  
have been h i g h l y  adaptab le  t o  e v o l v i n g  s c i e n t i f i c  
ph i l osoph ies  o f  f i s h e r i e s  management. Presumably 
t h i s  d i l l  con t i nue  and, once t h e  p r a c t i c a l  
b e n e f i t s  o f  new approaches have been 
demonstrated, a d d i t i o n a l  suppor t  w i l l  be 
a t t r a c t e d .  



The perception among some s c i e n t i s t s  t h a t  
present  managerneqt s t r a t e g i e s  have an inadequate 
s c i e n t i f i c  basis  needs more examination t o  p u t  
the s i t u a t i o n  in perspect ive.  Limitations of 
present ly u t i l  ised population models a re  
uni versa1 ly recogni sed, b u t  in  a p rac t ica l  
management context ,  the question i s  not how good 
( r e a l i s t i c )  they a r e ,  b u t  whether they a re  good 
enough. Adequacy i s  to be judged in the context  
of the pronlem being addressed. In making a 
judgelnent about management s t r a t e g i e s  i t  i s  a l s o  
necessary t o  t r y  t o  dis t inguish success o r  
f a i l u r e  of s t r a t e g i e s  themselves from success or 
f a i l u r e  in  t h e i r  appl icat ion i .e. in  t a c t i c s .  
Thus, while success of management as a whole may 
be judged on the end r e s u l t s  in  terms of catches,  
catch r a t e s ,  s t a b i l i t y ,  e t c . ,  o r  on more general 
condit ions of economic v i a b i l i t y  of industry 
s e c t o r s  and l e v e l s  of employment produced by 
them, ascr ibing causes requires  de ta i led  
inves t iga t ion .  

Present day Canadian Atlant ic  f i s h e r i e s  
management approaches developed very largely in  
the context  of Northwest Atlant ic  in te rna t iona l  
f i s h e r i e s  in the 25 year period from 1950. In 
t h i s  l  arge uncontrolled experiment in  f i s h e r i e s  
management, i t  i s  d i f f i c u l t ,  and no doubt in  some 
cases impossible, t o  separate  out p a r t i c u l a r  
cause and e f f e c t  relat ionships.  The qua l i ty  of 
information used t o  describe events i s  var iab le  
and even some l a r g e  scale  events could have been 
obscured due t o  def ic ienc ies  in  s t a t i s t i c a l  
report ing.  Detailed s c i e n t i f i c  observations on 
the dynamics of the major stocks seldom extend 
back pr io r  t o  1960 - a br ie f  period in r e l a t i o n  
t o  the time sca les  over which stocks can be 
expected t o  show major f luc tua t ions  o r  cycles  in  
product ivi ty  and these natural cycles could 
confound i n t e r p r e t a t i o n  of the e f f e c t s  of 
management ac t ions .  Thus, a1 though the record of 
t h i s  period froin 1950 deserves t o  be thoroughly 
s i f t e d  for  ins igh ts  i n t o  the impacts of 
management ac t ions ,  the ana lys i s  will  inevi tably 
tend t o  be speculat ive and the r e s u l t s  
i  nconcl usi ve. Despite these many caut ions,  i t  i s  
i n s t r u c t i v e  t o  look a t  overall  r e s u l t s  of 
management to  see what major questions come t o  
l  igh t .  

The groundfish story i s  summarised i n  Fig. 5 
and 6, which show a subs tan t ia l  decrease i n  
vessel tonnage and f ishing e f f o r t  from about 
1974, minimum Canadian t rawler  catch r a t e s  in  
1975 w i t h  subsequent increase t o  the highest  
values on record by 1981, and an accompanying 
increase in  t o t a l  catches from a minimum i n  1977. 
The predominant groundfish species i s  cod and 
trends for  groundfish in t o t a l  follow q u i t e  
c lose ly  trends f o r  Canadian cod s tocks,  which 
have previously been documented by !"iy e t  a l .  
(1980).  Yonetheless, the re  i s  evidence, a t  l e a s t  
f o r  t h e  southern half of the NAFO area (Subareas 
4-6),  t h a t  tne groundfish community has tended to 
return to a species  composition, d i s t r i b u t i o n ,  
and abundance not great ly d i f f e r e n t  from t h a t  
before the heavy f ishing pressure of the 1963s 

and ear ly 1970s (Brown and Halliday 1983). These 
resul t s  correspond f a i r l y  closely with the kind 
of r e s u l t s  aimed for  when management measures 
were adopted. I t  i s  possible  t o  argue t h a t  there  
was a natural increase in  resource product ivi ty  
coincident with implementation of management 
measures and t h a t  the improvements i n  resource 
s t a t u s  a re  fo r tu i tous .  Environmental t rends show 
coherence over l a rge  par t s  of the Northwest 
At lan t ic  ( see  e.g. T r i t e s  1982) and i t  i s  
possible ,  f o r  example, t o  e r e c t  hypotheses 
concerning envi romental inf luences on f i s h  
production which a re  supported by high 
s t a t i s t i c a l  cor re la t ions  between environmental 
s igna ls  and production (e.g, recruitment) indices  
( see  e.g. S u t c l i f f e  e t  a l .  1977). To whatever 
degree i t  may prove t o  be the case t h a t  
environmental fac tors  or f ishery regulatory 
ac t ions  have been responsible f o r  h i s t o r i c a l  
resource t rends,  i t  i s  unlikely t h a t  the  benef i t s  
from the recent  increase i n  groundfish abundance 
would have been rea l i sed  i n  terms of improved 
catch r a t e s ,  ra ther  than i n  a temporary increase  
i n  catches,  without management in te rven t ion .  

Pelagic  f i s h  stocks give ra ther  a d i f f e r e n t  
s tory.  The major species which occur from 
Georges Bank north, (her r ing ,  mackerel, and 
cape1 i n )  a1 1 supported 1 arge in te rna t iona l  
f i s h e r i e s  f o r  br ief  periods. (The only other  
l a rge  f ishery f o r  a pelagic species  i n  the 
Northwest At lan t ic  i s  t h a t  f o r  menhaden, and the 
f ishery and i t s  management has been e n t i r e l y  a 
USA concern. I t  occurs primarily i n  the  Middle 
At lan t ic  Bight.) I n i t i a l  concentration on 
herr ing resu l ted  in peak catches i n  1969. 
Emphasis then switched t o  mackerel and then t o  
capel in with peak catches in  1973 and 1975 
respect ively.  In t o t a l ,  catches of the t h r e e  
species  were s t a b l e  between 1968 and 1975 a t  
1 .O-1.2 mil l ion tons (Fig. 7 ) .  Provisional 
catches f o r  1983 of these th ree  spec ies  a r e  
232,000 t. I t  does not seem l i k e l y ,  from 
ava i lab le  evidence, t h a t  the  f ishery was 
subs tan t ia l  enough to great ly inf luence t h e  
dynamics of capel in stocks and t h e  simultaneous 
col lapse of the major stocks has been ascribed t o  
natural recruitment f a i l u r e .  Most recent  
evidence suggests t h a t  a resurgence may be 
underway (e.g. NAFO, 1983) b u t  t h i s  i s  not y e t  
re f lec ted  i n  catches. In con t ras t ,  mackerel 
s tocks were heavily exploi ted in t h e  ea r ly  19705, 
stock s i z e  was great ly reduced and, although 
recent  Fs have been low, stock s i z e  has remained 
a t  a r e l a t i v e l y  low level (CAFSAC 1984a). The 
long-term h is to ry  of mackerel f i s h e r i e s  i n  the 
Northwest Atlant ic  suggests,  however, t h a t  
periods of very high abundance such as  t h a t  which 
occurred i n  the ear ly 1970s a r e  f a i r l y  widely 
spaced temporally (Anderson and Paciorkowski 
1980). Present stock s i z e  i s  roughly t h e  same a s  
t h a t  in  the ea r ly  1960s and i t  i s  too soon t o  
prognosticate a f ishery induced stock f a i l u r e .  
Herring s tocks have, i n  most cases ,  a his tory of 
heavy explo i ta t ion  and substant ial  stock dec l ine ,  
during the l a t e  1960s and t h e  1970s. In the  
extreme, Georges Bank no longer supports 



a herr ing stock and f ishing pressures appear t o  
be a primary cause of i t s  demise. Coastal 
tiewfoundland s tocks,  a t  the northern end of the 
s ~ e c i  es  range, receive only occasional good 
recrui t aen t .  Recrui tnent  f a i l u r e  in  these 
norttiern stocks throughout the 1970s has been the 
fundamental cause of stock decl ines,  low t o  
moderate f i sh ing  pressure only acce le ra t ing  the 
process. Coastal iiiaine and 3ay of Fundy stocks 
are  the only ones &ich a re  maintaioing 
product ivi ty  close t o  long-term expectations. In 
t o t a l ,  the overall  abundance of herring i n  the  
iiorthwest At lan t ic  i n  the ea r ly  1980s i s  a t  i t s  
lowest i n  the  period which can be documented. 
This i s  not cons i s ten t  with management ob jec t ives  
of the l a s t  decade. 

I t  would appear from the above t h a t  there  
have been major t rends in  to ta l  pelagic f i s h  
biomass in the Northwest Atlant ic  and we have put 
together  a composite t ab le  of biomass est imates  
[Table 1) as a basis  fo r  inves t iga t ing  these 
t rends.  Stock s i z e  est imates  for  herr ing and 
mackerel in  the Northwest Atlant ic  are 
coraprehensive and re1 iab le  a t  l e a s t  as f a r  as  
general trends a re  concerned. Table 1 excludes 
small herr ing resources i n  Div. 4S and on p a r t  of 
the Scotian Shelf only. Capelin abundance i s  
l e s s  well measured. A var iety of assumptions 
concerning acoust ic  abuodance indices ,  
i qte rca l  i b r a t i  ons among ind ices ,  in te rpo la t ions  
and ex t rapola t ions  were required of the present  
authors  to  produce the numbers in  Table 1 f o r  the  
,aajor capel in stocks. Smaller capel in s tocks i n  
the  Gulf of St .  Lawrence a r e  not included. 
Table 1 a l so  excludes the major pelagic resources 
represented by menhaden and a r c t i c  cod 
(Boreogadus sa ida)  which overlap the southern and 
northern p a r t s s p e c t i v e l y  of the range of the  3 
species  which are  considered in the t ab le .  
Nonetheless, Table 1 gives a broad overal l  
impression of trends in  pelagic f i s h  biomass i n  
Subareas 2-5 and these a re  a l s o  shown in Fig. 8. 
(Although mackerel over i~ in te r  par t ly  in  
Subarea 6, most of t h e i r  feeding and reproduction 
occurs fu r ther  north.) These data support the 
t h e s i s  t h a t  pelagic biomass reached a minimum in 
1979. Recent l e v e l s  are  l i k e l y  higher, e n t i r e l y  
a s  a r e s u l t  of increased capel in abundance, but 
s t i l l  much beloa those in the mid-1970's. I f  one 
assumes t h a t  capel in abundance i n  Oiv. 3LN0 was 
s imi la r  i n  the ear ly 1970's t o  t h a t  i n  the  
mi d-1970's, then pelagic abundance in the  ea r ly  
1970's i s  not l i k e l y  t o  have been any higher than 
i n  1975-75. Also in t h i s  circumstance, biomass 
in the northern par t  of the area (Subareas 2-31,  
which was almost en t i re ly  capel in,  would have 
reached a peak in 1975 and a minimum in 1979. In 
the  southern par t  (Subareas 4-51, there has been 
continuous decl ine from 1970 to 1982, the most 
recent  data point.  One could a l so  speculate  t h a t  
the pelagic biomass was perhaps not great ly 
d i f f e r e n t  between the northern and southern areas  
around 1970, b u t  has, on average, been higher in  
the  north during the  1970's.  

To round out the p ic ture ,  i t  i s  i n t e r e s t i n g  
t o  note t h a t  there was an expansion of offshore 
inver tebra te  f i s h e r i e s  (shrimp, squids, and snow 
crab)  in  the 1970s which was apparently supported 
by an increase in  abundance of these resources. 
This increase was coincident  with the decreases 
i n  groundf i s h  and pel agics .  Management s t rategy 
has been t o  control exp lo i ta t ion  r a t e  of each 
stock a t  an "optimal" level .  I t  would be 
d i f f i c u l t  to  evaluate  the success o r  otherwise of 
these measures a t  t h i s  ear ly stage. I t  i s  
tempting to speculate  t h a t  t rophic re la t ionsh ips  
between groundfish and inver tebra tes  
[ p a r t i c u l a r l y  snow crab and shrimp) alluded t o  
above lop. c i t . )  may prove of g rea te r  
s ignif icance t o  management than optimi si ng y i e l d s  
from f ishable stocks. 

The most general questions which come t o  
mind based on t h i s  kind of review, and which a r e  
not addressed i n  any way by present  management 
s t r a t e g i e s ,  a re  the ones just noted concerning 
the  future of inver tebra te  f i s h e r i e s  given 
current  s t r a t e g i e s  f o r  groundfish management, and 
the  fu ture  of pelagic f i s h e r i e s .  In p a r t i c u l a r ,  
the response of herr ing s tocks has been q u i t e  
d i f f e r e n t  from t h a t  of cod stocks desp i te  
appl icat ion of qu i te  s imi la r  management 
s t r a t e g i e s  f o r  over 10 years .  Circumstantial 
evidence suggests t h a t  the l a rge  f i s h  - low 
explo i ta t ion  r a t e  s t ra tegy  f o r  groundfish has 
resul ted in  benef i t s  much a1 ong the 1 i nes 
predicted. This claim requires  de ta i led  
examination t o  es tab l  i sh  i t s  val i d i  ty  and see  
what lessons can be learned. 

In summary, we have described the  biological 
basis  fo r  present management s t r a t e g i e s  and the 
h i s to r ica l  context  i n  which these  s t r a t e g i e s  were 
developed and applied. We have gone on t o  
describe the  major f i s h e r i e s  t rends during the 
period of t h e i r  app l ica t ion  but cautioned aga ins t  
hasty o r  super f ic ia l  judgements of the  u t i l i t y  of 
present management s t r a t e g i e s .  We do so because 
i t  i s ,  of course, important t o  iden t i fy  c lea r ly  
the  nature of problems before devising so lu t ions  
t o  them. In t h i s  case, i t  i s  not s u f f i c i e n t  t o  
simply i l l u s t r a t e  the theore t ica l  1 imitat ions of 
the  population models underlying present  
s t r a t e g i e s  as  a basis  f o r  denial of t h e i r  
u t i l i t y .  Neither i s  f a i l u r e ,  o r  success, of 
overall  management e f f o r t s  necessar i ly ,  of 
i t s e l f ,  a basis  f o r  judgement of management 
s t r a t e g i e s .  
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D i scuss ion  P e r i o d  

S i l v e r t :  My unders tand ing o f  wnat you a re  s a y i n g  
is managers be? i e v e  t h a t   in^? t i spec ies  
i n t e r a c t i o n s  are  impor tan t  and cons ide r  them 
qua1 i t a t i  v e l y  i n  management, b u t  t n a t  t h e r e  has 
been no way o f  deve lop ing adequate, q u a n t i t a t i v e  
p r e d i c t i v e  mu1 ti species models. Consequently, 
managers have been unab le  t o  i n c l u d e  t h i s  
i n f o r m a t i o n  about i n t e r a c t i o n s  e x p l i c i t l y  i n  
t h e i r  p lans .  There fore ,  our  main ques t i on  h e r e  
shou ld  n o t  be whether we need m u l t i s p e c i e s  
models, b u t  how we shou ld  s e t  about deve lop ing  
them. One c l u e  t o  what we shou ld  be do ing i s  i n  
y o u r  s ta tement  t h a t  models have been proposed, 
b u t  they r e q u i r e d  t o o  many parameters. So I am 
i n c l i n e d  t o  focus on some way o f  c o n s t r u c t i n g  
models t h a t  a r e  n o t  much more data  i n t e n s i v e  t han  
e x i s t i n g  s i n g l e  species models. 

P inhorn :  I agree w i t h  t h a t .  I t  seems we have 
t w o s ,  one i s  t o  develop t h e  type o f  model 
you have j u s t  descr ibed, t h e  o t h e r  i s  t o  s e l l  
these types of  models t o  t he  managers. t4y 
exper ience w i t h  a  p rev ious  a t t emp t  was t h a t  t h e  
management system cou ld  n o t  cope w i t h  complex 
models. 

Mahon: I n  rega rd  t o  another  p o i n t  which was 
made, 1 would observe t h a t  ou r  success i n  t h e  
p a s t  w i t h  t h e  models we now use has been l a r g e l y  
i n  t he  r e b u i l d i n g  o f  dep le ted  stocks.  I suspect 
t h a t  as we a t t emp t  t o  manage nearer  e q u i l i b r i u m  
l e v e l s ,  we a re  n o t  go ing  t o  be successful .  I n  
f a c t  some recen t  r e t r o s p e c t i v e  analyses o f  ou r  
performance tend t o  suggest t h a t  we were q u i t e  
f a r  off t he  mark even d u r i n g  the  r e b u i l d i n g  
phase. 

P inhorn :  F o l l o w i n g  on f rom t h a t  i t  i s  obv ious 
that a r e  t r y i n g  t o  do t h e  imposs ib le ,  we a re  
t r y i n g  t o  manage a l l  t h e  s tocks  ou t  t h e r e  a t  an 
F, , l e v e l .  Var ious  i n t e r a c t i o n s  may make t h i s  
imFoss ib le  and i f  we m a i n t a i n  t h e  s t r a t e g y  for  
t he  nex t  10-15 yea rs  we w i l l  p robab ly  be i n  f o r  
some su rp r i ses .  

S i l v e r t :  You r e f e r r e d  severa l  t imes t o  
p r e a i c t i v e  power. Cou ld  you c l a r i f y  what you  
mean by t h a t ?  

Pinhorn:  I was r e f e r r i n g  s p e c i f i c a l l y  t o  t h e  
Southern  G u l f  cod model which was used i n  
management and f a i l e d  t o  p r e d i c t ,  over  seve ra l  
years ,  what was happening t o  t h e  s tock .  

D i c k i e :  I t  seems t o  me i n  l i s t e n i n g  t o  
7 i T E i h o r n ' s  t a l k  t h a t  he has made a  s t r o n g  case 
f o r  one aspect  o f  t he  m u l t i s p e c i e s  problem. When 
we c l a s s i f y  a l l  t he  s tocks  as e i t h e r  g round f i sh  
o r  p e l a g i c  and we do see a  d i f f e r e n t  response t o  
management, we a re  accept ing ,  and perhaps t h e  
managers are  too,  t h a t  t h e r e  i s  a c l a s s i f i c a t i o n  
where the  animals i n  one group have more i n  
common w i t h  each o the r  than they do w i t h  those o f  
t h e  o t h e r  group. It seems t h a t  t h e r e  shou ld  be 
some k i n d  o f  general  model t h a t  would r e f l e c t  
t h i s  i n n e r  cons is tency and e x t e r n a l  d i f f e r e n c e .  



Table 1. Estimates O F  stock hiolnass ( t  x 10 -j) for capelin (approx. age 3'1, mackerel (age 1') and herring (age 2') in the Northwest Atlantic,  1970-83. 
Capelin estimates are For September, others for January. 

*&.A, 

Species Area 1970 1971 1972 1973 1914 1975 1916 1471 1978 1979 1980 1981 1 B 2  1983 Source 

Capelin 2,J3K 1055 2160 1987 2251 1848 4025 2843 1474 434 428 1108 1853 1541 2891 Derived froin Carscadden e t  a l .  1984 for 2J3K 
3 I. - 1400 1200 1400 800 2000 1800 1300 600 550 1100 600 600 and from data provided by Carscadden 
3N0 - 1050 685 1000 0 0 72 144 446 190 (pers.  corrtm.) for 3L and 3NO. Intercal ibrat ions 
Total - 5875 5527 4274 1734 1028 1730 3097 2587 3681 between data se r ies  and interpolations for 

missing data are by the present autliors. 

Mackerel 3-6 1755 1606 1566 1075 849 731 525 475 517 525 463 407 422 366 Maguire(pers.comtn.) 

Herring E .  NFld. 384 449 470 453 404 338 275 212 157 118 79 58 41 41 Wheeler e t  a l .  (MS 1984) 
S . N f l d .  94 98 87 64 50 38 30 27 23 18 13 9 10 10 M o o r e s e t a l . ( M S 1 9 8 1 ) .  B i o m a s s 1 9 8 1 - 8 3 p r o j e c t e d .  
4 11 295 344 335 286 244 217 196 166 152 136 114 94 70 - Tremblay e t a l .  (MS 1983) 
4 T 728 425 297 246 213 159 164 138 123 91 82 104 85 85 Oerivedfro~nCleary (MS1982,MS1983) 
4WX+5 837 611 610 669 807 752 509 461 455 528 606 616 603 - FogartyandClark (MS1983) 
Total 2338 1927 1799 1718 1718 1504 1174 1004 910 891 894 881 809 - 

All Species 
Total - 8110 7226 5753 3161 2444 3087 4385 3818 - 
2-3 - - 6251 5832 4513 1914 1164 1822 3164 2638 3732 Assumes no mackerel in 2-3. 
4-6 3615 2986 2808 2276 2113 1859 1394 1240 1247 1280 1265 1221 1180 - 



Fishing mortal i ty 

Fishing e f fo r t  

F i g .  1 .  The two most commonly used y ie ld  curves i l l u s t r a t i n g  some strategy 
options. The cost l ines  are given as a range to  emphasize the point that  the 
precise location o f  "maximum economic yield" on the yield curve varies with 
cos ts .  Fmey points outsi de the range i  11 ustrated are a1 so possible. 

A .  General production type curve with Fmsy and 2/3 Fmsy i l l u s t r a t e d .  

B .  Yield per r ec ru i t  type curve with Fma, and FO,l i l lu s t r a t ed .  (Modified 
from DFO, 1981). 



- 
Fishing effort 

F i g .  2 .  Y i e l d  as a  f u n c t i o n  o f  f i s h i n g  e f f o r t  when: A )  ca t ch ing  s r~a ' l l  f i s h ,  
B )  ca t ch ing  medium s i z e  f i s h ,  C )  c a t c h i n g  l a r g e  f i s h .  



Size I 

19 76 Time --+ 

3Q. Stock Size 
(Fo.i) 

3Q. Stock Size 
(Fmax) 

SQ.  catch(^,,) 
CQ. C a t ~ h ~ F ~ . ~ )  

F ig .  3. Changes i n  stock s i z e  and ca tch  w i t h  t ime given a  p o l i c y  o f  
i na in ta in ing  constant  F. S o l i d  l i n e s  r e f e r  t o  f i s h i n g  a t  Fma, and dash l i n e s  t o  
f i s h i n g  a t  FOm1, EQ. means e q u i l i b r i u m  ( f rom ICNAF 1976a). 



F -' . 1 9 .  4. t4ap o f  N o r t h w e s t  A t l a n t i c  s h o w i n g  iJAFO D i v i s i o n s  a n d  C a n a d i a n  200 m i l e  
1 i r n i i .  



1950 '60 & I  b2 '63 '64 '65 '66 '67 '68 '60 '70 '71 '72 '73 '74 '75 '76 '77 '78 '79 '80 '81 '82 
Y E A R  

F i g .  5. T o t a l  tonnage o f  vesse ls  2 5 0  gross tons f i s h i n g  i n  t h e  Northwest  
A t l a n t i c  and standard days f i shed  by these vessels,  1959-82. Coasta l  s t a t e  
tonnage i s  underest imated as  many vesse ls  were < 50 gross tons,  s tandard  days 
f i s h e d  i s  f o r  Subareas 2-4 o n l y  and i s  c a l c u l a t e d  f rom F ig .  6 by d i v i d i n g  t o t a l  
ca tch  by ca tch  per  day f i shed  of Canadian o t t e r  t r a w l e r s ,  151-500 GRT. 



A CANADIAN ATLANTIC AREA 

/ \  (SUBAREAS 2 - 4 I 

F ig .  6 .  Tota l  Groundfish c a t c h  by a l l  c o u n t r i e s  and g roundf i sh  c a t c h  p e r  day 
f i s h e d  by Canada o t t e r  t r a w l e r ,  151-1000 GRT, i n  Canadian A t l a n t i c  a r e a ,  
1960-83. Catch pe r  day f i s h e d  i s  c a l c u l a t e d  from t o t a l  c a t c h  and t o t a l  days 
f i s h e d  by Canadian vesse l  s af 151 -1 000 GRT i r r e s p e c t i  ve of  tonnage c l  a s s ,  
r eg ion  of o r i g i n ,  o r  Subarea f i s h e d  bu t  c o r r e c t e d  f o r  e r r o r s  i n  Canada (MQ) 
1977-78 and Canada ( M )  1979-80 f i s h i n g  e f f o r t  r epo r t ed  i n  ICNAF/NAFO S t a t .  
B u l l s .  Yol. 27-30. 



500-1 Mackere l  

,,,j Cape l in  

F i g .  7 .  Nominal catches of herring, mackerel, and capelin in the NAFO 
Convention Area, and t h e i r  t o t a l ,  1960-83. 
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Fig .  8. Trends  i n  s t ock  biomass f o r  cape1 i n  ( app rox .  age 3+) ,  mackerel 
( a g e  1+) and h e r r i n g  ( a g e  2+) i n  t h e  Northwest At1 a n t i c ,  1970-83. See Tab1 e  1 
f o r  s o u r c e s  o f  da t a .  
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A review of reported biological  and technological in te rac t ions  occurring i n  marine f i s h e r i e s  of the  
Newfoundland Region indicated i n t e r a c t i o n s  f e l l  i n t o  one of two categories:  predation e f f e c t s  and 
by-catches. The inf luence of reduced cape1 i n  abundance on predators has been t h e  area of g r e a t e s t  concern. 
Although there  a r e  ind ica t ions  t h a t  v a r i a b i l i t y  i n  capel in abundance a f f e c t s  growth i n  cod, n a t a l i t y  i n  
puf f ins ,  and feeding migrations of cod and whales, the  r e s u l t s  remain inconclusive. Other s t u d i e s  have 
examined the e f f e c t s  of predator-prey i n t e r a c t i o n s  on recru i  tment and have produced i n i t i a l  es t imates  of  
consumption b u t  no c l e a r  statements regarding predation a s  having s i g n i f i c a n t  e f f e c t s  on t h e  f i s h e r y  have 
emerged. Some s tud ies  of species  by-catch have indicated cause for  concern while most have not.  Increases 
i n  species  by-catch may be brought about by changing abundances, d i s t r i b u t i o n s  o r  envi romnental e f f e c t s ,  
b u t  most of ten i t  i s  due t o  changing f i s h i n g  s t r a t e g i e s .  These s t r a t e g i e s  can involve changes in  g a r  
technology as  well a s  areas  f i shed .  By-catch concerns a r i s e  so le ly  due t o  the  s ing le  species approach to 
f i s h e r i e s  management and, as  such, these a r e  usually bi-species  problems. 

Introduct ion 

Multispecies management of commerci a1 marine 
spec ies  has received continued a t t e n t i o n  a s  t h e  
most promising management option f o r  the  f u t u r e  
(May e t  a1 . 1979; Mercer 1982). I t  has proven 
somewhat e a s i e r  t o  conceptualize the problem than 
i t  has been t o  suggest pragmatic implementations 
of management s t r a t e g i e s .  Some options have been 
proposed based on species  in te rac t ions  i n  t h e  
North Sea (Andersen and Ursin 1977; Ursin 19821 
and mixed f i shery  considerat ions on Georges Bank 
(Murawski 1984). In At lan t ic  Canada there  have 
been suggestions f o r  mult ispecies  management of 
cod and redfish i n  NAFO Subarea 2 and Div. 3K 
(Pope 19751, and cod and mackerel i n  Div. 4T 
( L e t t  1978). A recent  n u l t i s p e c i e s  workshop i n  
S t .  J o h n ' s ,  Newfoundland addressed the  sub jec t  i n  
a broad context and suggested guidel ines fo r  
research program planning towards provision of 
mult ispecies  management advice (Mercer 1982). 
However, while t h e  groundwork has been l a i d ,  
s p e c i f i c  recommendations for  managing the  
At1 a n t i c  f i s h e r i e s  i n  a mu1 t i s p e c i e s  context a r e  
lacking. As a basis  of discussion f o r  t h i s  
workshop i t  was f e l t  t h a t  a review of reported 
i n t e r a c t i o n s  'experienced' i n  our area would be 
useful - t h e  pas t  should point  t h e  way t o  the  
fu ture .  Incumbent on our reasoning i s  t h a t  
management of s ing le  species  cannot be undertaken 
without considerat ions (management) of t h e  
in tegra l  production system (Dickie and Kerr 1982; 
Tyler  e t  a l .  1982). 

In a mult ispecies  context ,  i n t e r a c t i o n s  can 
be c l a s s i f i e d  as  one of two types - biological  or 
techno1 ogical (Anderson 1975; Murawski 1984.) We 
will  def ine an i n t e r a c t i o n  as  an event t h a t  has a 
p o s i t i v e  or negative e f f e c t  on the  population 

biomass of t h e  species in  quest ion.  Biological 
i n t e r a c t i o n s  can be subdivided i n t o  several 
ca tegor ies  (Odum 1971). Here we consider  
categories  of predation, competition and 
parasi ti sm as bei ng important. Technol ogical 
in te rac t ions  a r e  mostly associ ated ni t h  gear  
by-catches i n  a directed f i shery  of one o r  m r e  
species  of commerci a1 value. 

Our  approach was t o  survey a1 1 GAFSAC 
Research Documents (1977-841, various ICNAF/NAFO 
publicat ions (Research Documents 1970-84, 
Selected Papers, Council S tud ies ) ,  t h e  Journal of 
Northtest  At lan t ic  F i sher ies  Science and a s e r i e s  
of key words i n  t h e  Canadian Journal of F i s h e r i e s  
and Aquatic Sciences (1965-84). Due t o  the  
unpublished nature of many of t h e  s t u d i e s  
reported a s  ICNAFlNAFO or  GAFSAC research 
documents, study r e s u l t s  and conclusions reported 
here may be open t o  some i n t e r p r e t a t i o n .  As 
such, some of these conclusions a r e  t e n t a t i v e  and 
may be revised w i t h  time. We have not included 
'known' in te rac t ions  not s p e c i f i c a l l y  reported 
(e.g. haddock-ye1 lowtail flounder on t h e  Grand 
Bank), food and feeding s t u d i e s  o r  method01 ogical 
papers. For purposes of t h i s  review we have 
concentrated on t h e  Newfoundland Region due both 
t o  our f a m i l i a r i t y  with t h i s  region and t h e  f a c t  
m r e  i n t e r a c t i o n s  have been reported f o r  t h i s  
region than f o r  e i t h e r  t h e  Scotian Shelf-Bay of 
Fundy o r  Gulf of St .  Lawrence areas .  While our 
examples a r e  drawn from t h i s  region (Subareas 2 
and 3 )  we feel  t h a t  general izat ions and 
conclusions would la rge ly  apply t o  t h e  e n t i r e  
At lan t ic  region. 

A11 of the  reported i n t e r a c t i o n s  in  t h e  
Newfoundland f i s h e r i e s  were c l a s s i f i e d  as  to  type 
and summarized i n  Tables 1 and 2. Addit ional ly,  



each study has been summarized i n  an annota ted 
b i b l i o g r a p h y  (Appendix 1 )  w h i l e  an o v e r a l l  
summary and e v a l u a t i o n  i s  g i ven  below. 
I n t e r a c t i o n s  b a s i c a l l y  f e l l  i n t o  one o f  two 
c a t e g o r i e s  - p r e d a t i o n  o r  by-catch. Thus, t he  
h i s t o r y  o f  r e p o r t e d  i n t e r a c t i o n s  i n d i c a t e s  t h e  
t ypes  o f  problems t h a t  can be expected i n  
managing mu1 ti spec i  es f i s h e r i e s  can be c o n f i n e d  
t o  these two ca tego r i es .  

Predator -Prey  I n t e r a c t i o n s  

Predator -prey  i n t e r a c t i o n s  i n v o l v i n g  
commerc ia l ly  i m p o r t a n t  marine species a r e  common 
and u s u a l l y  e a s i l y  i d e n t i f i e d .  An i n t e r a c t i o n  
may become a concern t o  management i f  t h e  f i s h e r y  
f o r  one of t h e  p a r t i c i p a n t s  a l t e r s  t he  behav iour  
o r  dynamics o f  another  and the  a f f ec ted  spec ies  
has commercial importance, commercial p o t e n t i a l  
(eg. sand l ance ) ,  o r  a e s t h e t i c  va lue (eg. 
seab i rds ,  wha les) .  It i s  conven ient  t o  c l a s s i f y  
these i n t e r a c t i o n s  i n t o  those i n  which we a r e  
concerned about  changes i n  prey  abundance 
a f f e c t i n g  t h e  p r e d a t o r  and those i n  which we a r e  
concerned about changes i n  p reda to r  abundance 
a f f e c t i n g  t h e  prey  (Tab le  1 ) .  Of course, i n  many 
i ns tances  bo th  p reda to r  and prey  a re  f i s h e d  and 
we may be concerned about an op t ima l  e x p l o i t a t i o n  
o f  t he  tW3 spec ies .  

I n f l u e n c e  o f  p r e y  on p reda to r  

Changes i n  abundance o f  a  species may cause 
changes i n  a  p r e d a t o r ' s  energy i n take ,  which may 
i n  t u r n  r e s u l t  i n  changes i n  m o r t a l i t y ,  growth 
r a t e ,  r e p r o d u c t i v e  success, and so on. Changes 
i n  prey  abundance may a l s o  cause changes i n  t h e  
p r e d a t o r ' s  f o r a g i n g  behaviour.  

The mu1 t i s p e c i e s  i n t e r a c t i o n s  o f  ma jo r  
concern  i n  Newfoundland waters  a t  p resen t  i n v o l v e  
cape1 i n  and i t s  lnany p reda to rs .  Concern arose i n  
t h e  1970 's  w i t h  t ne  i n i t i a t i o n  o f  a  l a r g e  
o f f  shore f i s h e r y  i n  1972-73 and t h e  subsequent 
r a p i d  d e c l i n e  i n  c a p e l i n  biomass i n  t he  l a t e  
1970 ' s  f o l l o w i n g  a  succession o f  poor 
yea r - c l asses  (Carscadden 1984). Desp i t e  t h e  
l a r g e  change i n  c a p e l i n  abundance, no 
re1 a t i o n s h i p  was found between cape1 i n  biomass 
and e i t h e r  g r o ~ t h  r a t e  of cod (Akenhead e t  a l ,  
1982) o r  smol t -c lass  success i n  salmon 
(Carscadden and Reddin 1982). The au tho rs  o f  
bo tn  s t u d i e s  noted t h a t  t h e  data a v a i l a b l e  were 
inadequate  o r  i n a p p r o p r i a t e  f o r  t e s t i n g  t h e  
hypotheses. Brown and N e t t l e s h i p  (1984) 
desc r i bed  reduced breed ing success o f  p u f f i n s  
when c a p e l i n  were scarce o r  absent du r i ng  t h e  
c h i c k - r e a r i n g  stage, b u t  Carscadden (1983) 
cha l l enged  some o f  t h e i r  analyses and 
conc lus ions .  Cape l i n  are  a l s o  a  major prey  f o r  
harp sea l s  (Sergeant 1973) and baleen whales 
( i i n t e r s  and Carscadden 19781, b u t  the  
re1  a t i  onships between cape1 i n  abundance and 
p o p u l a t i o n  dynamics o f  these species have n o t  
been i n v e s t i g a t e d .  

Plany c a p e l i n  p reda to rs ,  such as cod ( L i l l y  
1984a; L i l l y  and Rice 1983) and harp sea l s  (Bowen 
19811, feed on a  wide v a r i e t y  o f  o t h e r  prey,  and 
i t  has been suggested t h a t  such p reda to rs  m igh t  
n o t  be t i g h t l y  l i n k e d  t o  cape l i n .  A  r e d u c t i o n  i n  
cape1 i n  abundance m igh t  n o t  r e s u l t  i n  g r e a t l y  
i nc reased  mor ta l  i t y  o r  decreased n a t a l  i t y  i n  
these species,  b u t  m igh t  be man i fes ted  i n  more 
s u b t l e  e f f e c t s  such as reduced growth ra te ,  
increased age-a t -matur i ty ,  and decreased 
fecund i t y ,  a l l  o f  which i n d i c a t e  reduced 
product ion .  Other  predators ,  such as p u f f i n s  and 
murres, m igh t  have fewer a l t e r n a t e  prey  (Brown 
and N e t t l e s h i p  1984) and i n  these spec ies  t h e  
e f f e c t s  o f  reduced c a p e l i n  abundance may be more 
acute. The r e l a t i o n s h i p  between cape1 i n  
abundance and t o t a l  food consumption has n o t  been 
adequately s t u d i e d  f o r  any predator .  L i l  l y  
(1984a and b )  found t h a t  t h e  r a t e  o f  p r e d a t i o n  on 
c a p e l i n  by cod i n  Div.  2J+3K i n  autumn d i d  vary  
w i t h  cape1 i n  abundance. Increased p r e d a t i o n  on 
a l t e r n a t e  prey  on l y  p a r t i a l l y  compensated f o r  t h e  
r e d u c t i o n  i n  p r e d a t i o n  on cape1 i n .  

There has a l s o  been concern t h a t  a  r e d u c t i o n  
i n  c a p e l i n  abundance m igh t  a f f e c t  t h e  i n s h o r e  cod 
f i s h e r y  because t h e  p r o p o r t i o n  o f  t h e  cod stock 
f o l l o w i n g  cape1 i n  toward shore would be reduced. 
There i s  weak evidence t h a t  t n i s  has been t h e  
case (Akenhead e t  a l .  19821, a l t hough  more 
d e t a i l e d  s t u d i e s  a re  requ i red .  There i s  a l s o  an 
hypothes is  t h a t  an i nc rease  i n  whale c o l l  i s i o n s  
w i t h  i nsho re  f i s h i n g  gear i n  t h e  l a t e  1970's was 
due t o  a  change i n  whale f o rag ing  p a t t e r n s .  I t  
i s  thought  t h a t  decreased abundance o f  c a p e l i n  
o f f s h o r e  r e s u l t e d  i n  a  h i g h e r  p r o p o r t i o n  o f  
whales coming i n s h o r e  where spawning 
c o n c e n t r a t i o n s  o f  cape1 i n  c o u l d  s t i l l  be found, 
b u t  t he  data  have n o t  been examined tho rough l y  
(Carscadden 1984). 

Other examples o f  t h e  i n f l u e n c e  of t h e  prey  
on the  p reda to r  a re  probab ly  n o t  of  concern t o  
management a t  p resent .  L i l l y  (1980) hypo thes i zed  
t h a t  growth r a t e  o f  cod on t h e  F lemish Cap i s  
re1  a ted t o  t h e  abundance of j u v e n i l e  r e d f i s h ,  and 
Mercer (1975) r e p o r t e d  t h a t  peaks i n  l a n d i n g s  o f  
squ id  and p i l o t  whales were c o i n c i d e n t a l ,  which 
i s  evidence t h a t  t he  whales f o l l o w  t h e  squid.  

I n f l u e n c e  o f  p reda to r  on p r e y  

Fo r  convenience, t h e  i ns tances  o f  p r e d a t i o n  
on commercial spec ies  have been d i v i d e d  i n t o  two 
ca tego r i es :  (1  ) those i n  which t h e  p reda to r  
preys  on l y  on p r e - r e c r u i t s  and t h e r e f o r e  o n l y  
a f f e c t s  t h e  s t r e n g t h  of year -c lasses as they 
e n t e r  t he  f i s h e r y ,  and ( 2 )  those i n  which t h e  
p r e d a t o r  preys on p r e - r e c r u i t s  b u t  a l s o  competes 
d i r e c t l y  w i t h  t h e  f i s h e r y  f o r  i n d i v i d u a l s  which 
have r e c r u i t e d  t o  commercial gear. 

The i n f l u e n c e  of p reda to rs  on p r e - r e c r u i t s  
has rece i ved  increased a t t e n t i  on i n  r e c e n t  yea rs .  
Feeding s t u d i e s  i n  t h e  N o r t h  Sea have shown t h a t  
m o r t a l i t y  r a t e s  of young f i s h  (ages 0-2) a re  very  



h i g h  (3aan 19831, and i n v e s t i g a t o r s  a t  Yoods Hole  
(eg. Cohen e t  a l .  19841 have presented evidence 
f rom Georges Bank t h a t  post-1 a r v a l  mor ta l  i t y  
r e g u l a t e s  y e a r - c l  ass s t r e n g t h  i n  most years .  The 
o n l y  s t a t i s t i c a l  examinat ions  f o r  such e f f e c t s  i n  
biewfoundl a ~ d  waters  i n v o l v e  s h o r t - f i n n e d  squid,  
which a r e  h i g h l y  v a r i a b l e  i n  t h e i r  abundance a t  
Ne.vfoundland. C o r r e l a t i o n  a n a l y s i s  was used t o  
t e s t  t h e  hypo thes i s  t h a t  squ id  abundance i s  
i n v e r s e l y  re1  a t e d  t o  y e a r - c l  ass s t r e n g t h  i n  
A t l a n t i c  cod, c a p e l i n  and h e r r i n g  (Dawe e t  a l .  
1981; Dawe e t  a l .  1983). The o n l y  s i g n i f i c a n t  
r e l a t i o n s h i p  found was f o r  D iv .  2+3K cape l i n ,  
assuming squ id  p rey  on c a p e l i n  age-groups 0+1 
(Dawe e t  a l .  1981 ) ,  and even t h i s  r e l a t i o n s h i p  
may be n o n - s i g n i f i c a n t  i f  more recen t  data  a re  
added (Carscadden 1984). There i s  a l s o  evidence 
t h a t  cod consume l a r g e  numbers o f  small r e d f i s h  
on t h e  F lemish Cap ( L i l l y  and Gavar is  1982; L i l l y  
19831, b u t  t h e  e f f e c t  o f  t h i s  p r e d a t i o n  on 
y e a r - c l a s s  s t r e n g t h  w i l l  be d i f f i c u l t  t o  
de ie rm i  ne wi t i o u t  es t ima tes  of abso lu te  abundance 
d u r i n g  the  e a r l y  j u v e n i l e  stages o f  r e d f i s h .  
Other i ns tances  o f  p r e d a t i o n  on p r e - r e c r u i t s  
i n c l u d e  p r e d a t i o n  on snow c rab  ( L i l l y  and R ice  
1983; L i l l y  1984b), an i n t e r a c t i o n  which has been 
s t u d i e d  more tho rough l y  i n  t h e  southern  G u l f  o f  
S t .  Lawrence (Zaiwood and Majkowski 1984). Cod 
and Greeqland ha1 i b u t  p rey  on j u v e n i l e  
g r o u n d f i  sh, i n c l u d i n g  cod, Greenland ha1 i b u t  and 
American p l a i c e  ( L i l l y  1983, 1984a; Bowering e t  
a l .  1984), b u t  no a t tempts  have been made t o  
determine t h e  e f f e c t  of t h i s  p r e d a t i o n  ( i n c l u d i n g  
cann iba l  ism) on y e a r - c l a s s  s t reng th .  

I ns tances  i n  which p reda to rs  and t h e  f i s h e r y  
t a k e  i n d i v i d u a l s  o f  t h e  same s i z e  have r e c e i v e d  
cons ide rab le  a t t e n t i o n .  Again, t h e  spec ies  
a t t r a c t i n g  most a t t e n t i o n  has been cape1 i n .  
Win ters  and Carscadden (1978) produced a  s u r p l u s  
p r o d u c t i o n  model wh ich  was i n tended  t o  p r o v i d e  a  
f i r s t  es t ima te  o f  p o t e n t i a l  l o n g  term annual 
y i e l d  o f  cape l i n .  They es t ima ted  the  annual 
consumption o f  c a p e l i n  by p reda to rs  i n  t h e  1950 's  
and 1950 's  and aga in  a f t e r  p reda to r  popu la t i ons  
.+ere reduced i n  t h e  1970's,  and c a l c u l a t e d  by 
d i f f e r e n c e  t h e  q u a n t i t y  o f  c a p e l i n  which was i n  
excess o f  p r e d a t o r  requ i rements  i n  t he  1970's and 
would t h e r e f o r e  be a v a i l a b l e  f o r  a  f i s h e r y .  
Other  es t imates  o f  consumptionof c a p e l i n  have 
Seen made f o r  cod (M ine t  and Perdou 1978; Turuk 
1978; L i l l y  e t  a1 . 1981 1, sea ls  (Sergeant 1973) 
and mar ine b i r d s  (Brown and N e t t l e s h i p  1984).  
The es t ima tes  a re  based i n  a l l  i ns tances  on 
inadequate  sampl i ng o f  p reda to r  stomachs, 
inadequate  i n f o r m a t i o n  on p r e d a t o r  r a t i o n  and, i n  
most ins tances,  inadequate  es t imates  o f  t h e  s i z e  
o f  p reda to r  popu la t i ons .  The consumption by 
o t h e r  p reda to rs ,  such as Greenl  and ha1 i b u t  (Lear  
1970) and American p l a i c e  ( P i t t  19731, has n o t  
been es t imated.  There has been no a t t emp t  t o  
compare c a p e l i n  p r o d u c t i o n  i n  a  s p e c i f i c  y e a r  
w i t h  c a p e l i n  consumption by a l l  p redators ,  and 
t h e r e  has been no examinat ion  o f  annual 
v a v i a b i l i t y  i n  c a p e l i n  consumption by a  s p e c i f i c  
p reda to r .  

Other  p l a n k t i v o r o u s  f i s h  which have 
commercial p o t e n t i a l  a re  sand l ance  and A r c t i c  
cod. Sand l ance  i s  a  major  prey  o f  cod on the  
:rand Banks (Popova 1962; L i l l y  and R ice  19831, 
and Winters  (1983) has found a  nega t i ve  
c o r r e l a t i o n  between cod biomass and sand l a n c e  
biomass. A r c t i c  cod a r e  prey  f o r  bo th  cod and 
Greeqland h a l i b u t  o f f  Labrador and n o r t h e a s t  
Newfoundland (Bowering e t  a l .  1984; L i l l y  
1984a), b u t  l i t t l e  i s  known about changes i n  i t s  
abundance. 

Two i n v e r t e b r a t e s ,  shr imp and squid,  a re  
preyed upon b e f o r e  and a f t e r  they  e n t e r  t h e  
f i s h e r y .  Bowering e t  a l .  (1984) made gross 
es t ima tes  o f  t h e  consumption o f  shr imp by 
Greenland h a l i b u t  and cod on shr imp grounds o f f  
Labrador, b u t  t h e  es t imates  need t o  be r e f i n e d  
and shou ld  be compared w i t h  shrimp p roduc t i on ,  
which i s  n o t  known. Cod prey  on squ id  ( L i l l y  and 
Osborne 19841, b u t  aga in  any es t ima te  o f  
consumption by t h e  cod p o p u l a t i o n  would b e  
very  gross w i t h  p resen t  i n fo rma t i on .  Mercer 
(1975) p rov ided  some order-of-magni t ude  es t ima tes  
o f  annual squ id  consumption by p i l o t  whales. 

General c o n s i d e r a t i o n s  

I n  aqua t i c  systems t h e  r o l e s  o f  p reda to r  and 
prey  a re  l a r g e l y  a  m a t t e r  o f  r e l a t i v e  s i ze ,  and 
i n  severa l  i ns tances  t h e r e  a r e  r e v e r s a l s  o f  r o l e  
d u r i n g  ontogeny. Fo r  example, squ id  consume 
smal l  cod (Dawe e t  a l .  1983) and l a r g e  cod e a t  
squ id  ( L i l l y  and Osborne 1984). Both cod an3 
Greenl and ha1 i b u t  prey upon j u v e n i l e s  o f  t h e  
o t h e r  spec ies  (Bowering e t  a l .  1984; unpub l ished 
data) .  Cod, Greenland h a l i b u t  and squ id  a re  
c a n n i b a l i s t i c  ( L i l l y  1983; Bowering e t  a l .  1984; 
Dawe e t  a l .  1983). Because t h e  r o l e  o f  each 
species i n  t h e  food web may change d u r i n g  
ontogeny, any examinaton o f  p reda to r -p rey  
i n t e r a c t i o n s  must cons ide r  t h e  s i z e  s t r u c t u r e  o f  
t h e  i n t e r a c t i n g  popu la t i ons .  

A1 though the  predator -prey  i n t e r a c t i o n s  
reviewed i n  t h i s  paper i n v o l v e  a  r e s t r i c t e d  p a r t  
o f  a  food web (eg. c a p e l i n  and i t s  p reda to rs ;  
shrimp and i t s  p reda to rs ) ,  any management 
de l  i b e r a t i o n s  shou ld  i n c l u d e  i m p l i c a t i o n s  f o r  
species somewhat removed i n  t h e  food web. F o r  
ins tance,  t h e  p resen t  p o l i c y  w i t h  r e s p e c t  t o  
h a r v e s t i n g  c a p e l i n  i s  t o  be conse rva t i ve  (10% 
e x p l o i t a t i o n  r a t e ) ,  p a r t l y  i n  r e c o g n i t i o n  o f  t h e  
importance o f  c a p e l i n  t o  p reda to rs  (Anon 1982). 
Thus, we l i m i t  t h e  ca t ch  o f  c a p e l i n  t o  ensure 
t h a t  a  h i g h  biomass o f  cod can be susta ined,  y e t  
a  h i g h  cod biomass may reduce t h e  y i e l d  f rom 
o t h e r  commercial species such as shr imp and 
crabs. 

The annota ted b ib1  iography (Appendix 1 ) 
i nc ludes  b r i e f  statements o f  any problems o r  
1  i m i t a t i o n s  noted by t he  authors ,  and Carscadden 
(1983) d iscusses many 1  i m i t a t i o n s  s p e c i f i c  t o  
s tud ies  i n v o l v i n g  cape1 i n .  Some o f  t h e  problems 
a re  as f o l l o w s :  



1 )  A comment frequent ly made by inves t iga tors  
who wished t o  t e s t  spec i f ic  hypotheses 
regarding multispecies in te rac t ions  i s  t h a t  
the information ava i lab le  froin present 
sampling programs i s  often i n s u f f i c i e n t  or 
inappropriate .  Carscadden (1983) has 
suggested t h a t  such in te rac t ions  be the 
subject  of d i rec ted ,  we1 1 -planned, 
i  dependent s tud ies .  

2) A major problem i s  obtaining accurate  
measures of population s i z e s  of both 
predator and prey, and determining the 
spa t ia l  and temporal sca les  of overlap 
between the species .  

3 )  Stomach content information i s  inadequate. 
Even for  the  cod-capelin in te rac t ion ,  which 
has been s tudied more thoroughly than any 
o ther ,  there i s  no est imate,  based on 
adequate seasonal and spa t ia l  sampling, of 
the contr ibut ion of capel in t o  the t o t a l  
food consumption of a s ing le  cod stock in a 
given year .  There i s  very l i t t l e  
information on annual v a r i a b i l i t y .  

4) Inform3tion on metabolic r a t e  and g a s t r i c  
evacuation r a t e ,  required f o r  ca lcu la t ion  of 
consumption r a t e ,  remains inadequate o r  
non-exi s t e n t  fo r  most predators. 

5 )  idortal i ty  r a t e s  of juveni les  cannot be 
ca lcu la ted  because there  a re  no measures of 
abundance during ear ly juveni le  stages. 
This i s  a problem even in the NAFO Flemish 
Cap study, which i s  d i rec ted  a t  examining 
f a c t o r s  a f fec t ing  recruitment. 

6 )  Foraging behaviour of a l l  predators i s  
poorly understood, so i t  is d i f f i c u l t  t o  
p red ic t  how the predators will  r eac t  t o  
changing prey a v a i l a b i l i t y .  

Competitive In te rac t ions  

There i s  ~o indicat ion in s tud ies  reviewed 
here t h a t  species competition, whether through 
d i r e c t  in te r fe rence  or resource use, has been a 
concern i n  f i s h e r i e s  management. In f a c t ,  
competition may not be a concern i n  the context  
of mult ispecies  management. In natural 
s i t u a t i o n s  species  wil l  evolve towards pos i t ive  
i n t e r a c t i o n s  (Odum 1971) and hence a host of 
mutual i s t i c ,  symbiotic, commensal re la t ionsh ips .  
While competition ul t imately cannot be ignored, 
p a r t i c u l a r l y  in  heavily f ished areas  where the  
'balance '  may be upset ,  there i s  no c l e a r  
evidence t h a t  i t  e x i s t s  in marine systems (Dickie 
and Kerr 1982). In the case where stocks 
c o l l  apse,  suc4 as Ca l i fo rn ia  sardine,  
re-col onization has not taken pl ace possibly due 
t o  competitive in te rac t ions .  Such man-induced 
competition t h a t  i s  not desirable  prompts the 
obvious management response - do not f i s h  stocks 
t o  commercial ex t inc t ion .  

P a r a s i t i c  In te rac t ions  

Studies of paras i tes  have largely been 
descr ip t ive  and re la ted  t o  considerat ions of 
stock i d e n t i f i c a t i o n  (e.g. Pippy 1969; Bourgeois 
and Ni 1983). One study examined the e f f e c t  of 
harbour seal bounty k i l l s  on cod worril i n f e s t a t i o n  
(Xi les  1969). While the  conclusion was t h a t  
there  was no not iceable reduction in i n f e s t a t i o n  
i t  was pointed out t h a t  the bounty k i l l  data came 
from areas not known f o r  cod worm i n f e s t a t i o n s  
and t h a t  harp and grey s e a l s  had been ignored i n  
terms of t h e i r  e f f e c t  on i n f e s t a t i o n .  I t  appears 
p a r a s i t i c  in te rac t ions  a r e  not important although 
t h i s  may not be the case elsewhere (cf Mansfiel d 
1981; Brodie and Beck 1983). 

Gear In te rac t ions  

Management concerns raised i n  by-catch 
s tud ies  i n  t h e  Newfound1 and Region have 1 a rge ly  
involved removals of a species  of commercial 
importance during a directed f ishery f o r  another  
species .  The question most of ten posed i s :  do 
these by-catches represent a s i g n i f i c a n t  source 
of f i sh ing  mortal i ty? I t  i s  probably f a i r  t o  say 
most d i rec ted  f i s h e r i e s  produce a by-catch of one 
or more species .  These range from 
non-signif icant  catches (Bowering 1981a, 1982) t o  
f i s h e r i e s  t h a t  a r e  best described as mixed 
f i s h e r i e s  (Brodie 1981, 1983) and may range t o  
such things as  the  swordfishery off  Nova Scot ia  
which can be more apt ly described as ". . . a 
shark f i shery  with a by-catch of swordfish" 
(Brodie and Beck 1983). The s tud ies  reported 
here have been mostly a management response to  
f i sh ing  concerns t h a t  a s i g n i f i c a n t  by-catch of a 
p a r t i c u l a r  commercial species  i s  not being 
accounted f o r  ( i  .e. managed). This of ten occurs 
with changing f i sh ing  s t r a t e g i e s  a1 though i t  i s  
not s p e c i f i c  t o  gear type, having been reported 
for  t rawls ,  t r a p  nets  and g i l l  nets ,  but may a1 so  
occur with changi ng environmental conditions and 
species  abundances. 

Of the nine s tud ies  considered here four  
reported there  were no major by-catches or 
concerns while four  reported there  were and one 
indicated not a t  the  present time (Table 2 ) .  
Only i n  one case were the data considered wanting 
t o  the analysis  (Stevenson e t  a l .  19841, but 
conclusions regarding the  importance of the 
by-catches were reached nevertheless. In no case 
was a s t a t i s t i c a l  t e s t  of s ign i f icance  reported. 
This alone points t o  one of the major 
shortcomings of t e s t i n g  f o r  s i g n i f i c a n t  
i n t e r a c t i o n s  from avai lable  data ,  i t  i s  not 
s tochas t ic .  The reason most of ten given f o r  a 
non-interaction was geographic separat ion of t h e  
two species  in  question with respect  t o  the 
a rea(s1  in  which the f ishery was car r ied  out .  
For example, ye1 1 owtail flounder were not 
considered t o  be a major by-catch in  the d i rec ted  
f i shery  for  American plaice as t h i s  has l a rge ly  
been car r ied  out in  Div. 3L in recent years  where 
ye1 lowtail are  l e s s  abundantly d i s t r ibu ted  



(3 rod ie  1933). In con t ras t ,  Greenland ha l ibu t  
has increased as  a by-catch in  the roundnose 
grenadier  f ishery apparently due t o  decreasing 
watsr temperatures 1400-1000 m depth) and 
increasing abundance of Greenl and ha1 i b u t  moving 
i n t o  areas  previously occupied by the grenadier 
(Chumakov and Savvatimsky 1983, 1984). This 
points t o  the importance of geographical 
d i s t r i b u t i o n s ,  migrations and i n  p a r t i c u l a r  how 
these may change. 30th seasonal and yearly 
pa t te rns  will  be important and i t  therefore 
becomes obvious more information on these 
d i s t r i b u t i o n s  wil l  be necessary i n  managing 
mu1 t i s p e c i e s  f i s h e r i e s .  Another observation i s  
t h a t  by-catch concerns reported invariably have 
d e a l t  with two species  only, and never has 
considerat ion been given t o  species  of 
non-commercial importance. This begs the  
question of how "multi" our approach t o  
mult ispecies  management must be. Are we t o  
expect most in te rac t ions  wil l  occur between two 
species  o r  i s  t h i s  an a r t i f a c t  of avai lable  data 
and past  observations? The f a c t  t h a t  changes in  
a by-catch s i t u a t i o n  may occur i s  demonstrated by 
both the ye1 lowtai l  -pl a i c e  and ha1 ibut-grenadier  
by-catches mentioned previously. One was due t o  
a changing f i sh ing  s t ra tegy ,  t h e  second t o  
changing envi ronmental and abundance conditions. 
In ne i ther  case does there appear t o  be 
s i g n i f i c a n t  species  competition, due t o  both 
geographical and environmental separat ions,  
respect i  vely . 

The study of Greenland ha l ibu t  by-catches i n  
the roundnose grenadier f i shery  by Chumakov and 
Savvatiinsky (1983, 1984) has pointed out the  
importance of observational scales .  Their study 
ind ica ted  by-catches varied with geographic area 
( l a t i t u d e )  , season and year. By-catches were 
higher i n  northern areas ,  moving south t o  north 
from NAFO Div. 3K t o  Subarea 0. Seasonally, 
by-catches were higher during the sumner/autumn 
period due t o  tine migration of grenadier up the  
slope with warmer na te rs .  F ina l ly ,  the annual 
increases  i n  by-catches during recent years  
appeared to be due t o  higher water temperatures 
a t  depths normally occupied by Greenland ha1 i b u t  
and t o  population increases i n  Greenland 
ha l ibu t .  

The by-catch of Greenland ha1 i b u t  averaged 
about 50% and ranged as high as 80"hver the  
years  1970-83 (Chumakov and Savvatimsky 1983, 
1984). Canadian research trawl data indicated 
by-catches ranging from 20 t o  60% i n  Div. 2GH3K 
(Bowering 1983). The problem s t a t e d  for  t h i s  
f i shery  i s  t h a t  by-catch r e s t r i c t i o n s  f o r  
Greenl and ha1 i but (210%) has 1 imi ted catches f o r  
grenadier  be1 ow projected leve l s .  The solut ion 
appears t o  be a management one - allow higher 
by-catches of Greenland ha1 i b u t  and d i r e c t  
f i sh ing  for  grenadier iq to  those areas where 
r e l a t i v e  by-catches a re  lowest. I t  i s  de ta i led  
information on species habi ts  and movements t h a t  
wil l  provide f o r  know1 edgeabl e management choices 
t h a t  a r e  e f f e c t i v e .  

Underlying a l l  of these s tud ies ,  though 
seldom e x p l i c i t l y  addressed, a r e  the kinds and 
qua1 i t y  of data ava i lab le  with which t o  carry out 
these analyses. These of ten involve lack of 
d i s t r i b u t i o n a l  information, both seasonally and 
f o r  d i f f e r e n t  years .  !.lore d i r e c t l y  they involve 
lack of adequate numerical data  with which t o  
t e s t  the s ignif icance of by-catch data .  This 
would involve s t a t i s t i c a l  t e s t s  f o r  properly 
con t ro l led  experiments b u t  a l s o  adequate 
q u a n t i t a t i v e  data t o  r e l i a b l y  express f r a c t i o n s  
caught. In other  words, i t  may not always be 
necessary t o  demonstrate a s t a t i s t i c a l  d i f fe rence  
but more r e l i a b l e  est imates  of species  abundances 
and occurrences a r e  necessary t o  measure 
associat ions and by-catches with a higher degree 
of confidence. For example, while the study of 
cod by-catches in  capelin nets  (Stevenson 1984) 
indicated negl igible  proportions were caught 
compared t o  the s ize  of the  2J3KL cod stock 
complex e f f e c t s  on local populations may be much 
more pronounced. In add i t ion ,  est imates  of young 
cod caught and subsequently discarded a l i v e  
versus dead were based on visual observations and 
t h i s  r e l i e d  heavily on the  experience of the 
observer. Standardization of observer, es t imates  
was not done nor a re  the ' q u a n t i t a t i v e  est imates  
v e r i f i a b l e  without comparison t o  the observers 
used in t h i s  study. 

Possibly the best  study examining the  
importance of by-catches was snow crab caught i n  
t h e  cod g i l l n e t  f ishery (Mi l le r  and Hoyles 1973). 
This was a spec i f ic  study s e t  up and c a r r i e d  out  
over two years. I t  demonstrated crab by-catch, 
which was discarded with approximately 40% 
mor ta l i ty ,  represented - 60% of the landed crab 
catch and 201 of the estimated MSY f o r  snow crab. 
This problem was perpetrated by the increased use 
of cod g i l l  nets  during the  period 1961-72, 
Additionally, t h i s  by-catch was la rge ly  
commercial s ized crab and there fore  represented a 
d i r e c t ,  and subs tan t ia l ,  l o s s  t o  the  crab 
f ishery.  The value of t h i s  study lay not simply 
i n  quantifying a subs tan t ia l  and s i g n i f i c a n t  
by-catch b u t  a l so  i n  proferr ing management 
so lu t ions  t o  the problem. Here the most 
promi sing solut ion was a techno1 ogi cal one 
suggesting the development of a g i l l  ne t  t h a t  was 
suspended - 1 f t  off the bottom and there fore  did 
not catch snow crabs. Thus, the solut ion was 
gear development t h a t  would make the cod g i l l  ne t  
f i shery  more 'd i rec ted '  . 

All but one or  two of these s tud ies  can be 
considered as  management responses t o  an observed 
s i t u a t i o n .  As such i t  i s  an approach t o  
f i s h e r i e s  management t h a t  responds t o  s i t u a t i o n s  
o r  problems as  they a r i s e .  No considerat ion has 
been given t o  questions such a s  changing 
production of species assemblages with changing 
r e l a t i v e  abundance of species  (cf. Tyler e t  
a l .  1982) or stock re-building, espec ia l ly  f o r  
pelagic species .  The conclusion i s  t h a t  
generally by-catch i s  not a problex, and when i t  
i s  changing f ishing s t r a t e g i e s  will reduce i t  t o  
acceptable l eve l s .  We think t h i s  can be improved 



upon b o t h  i n  t he  k i n d s  and q u a l i t y  o f  data t h a t  
a re  used t o  assess by-catch and i n  t he  range o f  
p o s s i b l e  s o l u t i o n s  (management o p t i o n s )  t h a t  
would i nvol  ve b i  o l  o g i  c a l  , techno l  og i ca l  and 
env i ronmenta l  cons ide ra t i ons .  

As wi t h  b i  o l  o g i  ca l  i n t e r a c t i  ons, s t u d i e s  
r e p o r t e d  here  have been summarized i n  t h e  
anno ta ted  b i b 1  iography (Appendix 1) .  From these 
obse rva t i ons  management concerns re1  a t i  ng t o  
spec ies  by-catch can be summarized: 

1. By-catch i s  n o t  s p e c i f i c  t o  gear t ype  o r  
area. By-catches have been r e p o r t e d  f o r  
t r a w l s ,  t r a p  ne ts  and g i l l  ne t s  and f o r  b o t h  
t h e  i nsho re  and o f f s h o r e  f i s h e r i e s .  I n  
o t h e r  words, by-catch appears t o  be an 
u b i q u i t o u s  problem t o  a management approach 
based on d i r e c t e d ,  s i n g l e  species f i s h i n g  
e f f o r t .  

2. The degree o f  species ove r l ap  and how t h i s  
v a r i e s  seasona l ly  and between yea rs  i s  t h e  
most impor tan t  f a c t o r  de te rm in ing  t h e  degree 
o f  by-catch f o r  h i s t o r i c a l  f i s h e r i e s .  These 
d i  s t r i  b u t i o n s  can be a f f e c t e d  by 
env i ronmenta l  c o n d i t i o n s  and changing 
spec ies  abundances. 

3.  Changing f i s h i n g  s t r a t e g i e s  have a pro found 
i n f l u e n c e  on the  degree o f  species by-catch. 
T h i s  w i l l  occur  as a r e s u l t  o f  changes i n  
gear t echno l  ogy, an i nc reased  f i s h e r y  , 
change o f  l o c a t i o n  o f  a f i s h e r y  o r  
development o f  a new f i s h e r y .  

4. The management approach so f a r  has been one 
o f  response t o  a problem as i t  a r i ses .  T h i s  
can take t h e  form o f  changing e f f o r t ,  
s e t t i n g  by-catch r e s t r i c t i o n s ,  c l o s i n g  areas 
o r  m o d i f y i n g  t h e  f i s h i n g  gear. I n  no case 
has a n t i c i p a t i o n  o f  by-catch been b u i l t  i n t o  
t h e  management process f o r  spec ies  i n  t h i s  
reg ion .  It should be noted, h o ~ e v e r ,  ICNAF 
imposed a t w o - t i e r  ca t ch  quota system d u r i n g  
1974-77 i n  Subareas 5 and 6 based on 
p r o j e c t e d  by-catch l e v e l s  and a n t i c i p a t e d  
b i  01 o g i c a l  i n t e r a c t i o n s  ( 0 '  Boyle 
t h i s  vo l  umei . 

5. By-catch s tud ies  mos t l y  have been l i m i t e d  t o  
two species,  a1 though t h i s  appears t o  be a 
r e s u l t  o f  t h e  s i n g l e  spec ies  management 
approach. Simple r a t i o s  o f  by-catch have 
formed t h e  bas i c  a n a l y t i c a l  t o o l .  I n  on l y  
one case (B rod ie  1981) has r e g u l a t i o n  o r  
management o f  t h ree  o r  more species,  
s imul taneous ly ,  been at tempted. I n  t h i s  way 
'mu1 t i s p e c i e s '  o f t e n  reduces t o  
' b i - s p e c i e s ' .  

6. I n  most cases data  qual  i t y  and q u a n t i t y  a r e  
l a c k i n g  from which t o  draw c l e a r  
conc lus ions,  t e s t  s t a t i s t i c a l  d i f f ,  ~ r e n c e s  o r  
even make recommendations w i t h  a degree o f  
conf idence.  I n  most cases the  obse rva t i ona l  
sca les  ( t ime i space )  were t o o  coarse. Only 

i n  two cases were s p e c i f i c  data  c o l l e c t i o n  
programs set-up t o  assess by-catch problems. 
F u t u r e  progress  i n  e f f e c t i v e  management 
i n v o l v i n g  techno log i ca l  i n t e r a c t i o n s  
i n e v i t a b l y  wi 1 1 r e q u i r e  inore s p e c i f i c  
s t u d i e s  improv ing data  qual  i t y .  

References 

Akenhead, S. A., J. Carscadden, H. Lear, G. R. 
L i l l y ,  and R. Wel ls.  1982. Cod-cape l in  

i n t e r a c t i o n s  o f f  n o r t h e a s t  Newfoundland and 
Labrador,  p. 141-148. I n  M. C. Mercer Eed.1 
Mu1 ti spec i  es app roaches70  f i s h e r i e s  
management advice.  Can. Spec. Publ. F i sh .  
Aquat. Sc i .  59. 

Andersen, K. P. and E. Urs in .  1977. A 
m u l t i s p e c i e s  ex tens ion  t o  t h e  Sever ton and 
H o l t  t heo ry  o f  f i s h i n g ,  w i t h  accounts o f  
phosphorous c i r c u l a t i o n  and p r imary  
p roduc t i on .  Medd. Danm. Fisk.-og. 
Havunders., 7 :  319-435. 

Anderson, L. G. 1975. A n a l y s i s  o f  open-access 
commercial e x p l o i t a t i o n  and maximum economi c 
y i e l d  i n  b i o l o g i c a l l y  and t e c h n o l o g i c a l l y  
i n te rdependen t  f i s h e r i e s .  J. F ish .  Res. 
Board Can., 32: 1825-1842. 

Anonymous. 1982. Nor thwest  A t l a n t i c  F i s h e r i e s  
Organ iza t ion ,  S c i e n t i f i c  Counci l  Reports,  
1982. P a r t  A. Repor t  o f  S c i e n t i f i c  
Counc i l ,  Main S c i e n t i f i c  Meeting, June 1982. 
p 34. 

Bourgeois,  C. E., and I-H. N i .  1983. Metazoan 
~ a r a s i  t e s  o f  nor thwest  A t l a n t i c  r e d f i  shes 
(Sebastes sp. I .  NAFO SCR Doc. 83/95, 
Ser. No. N763. 12 p. 

Bowen, W. D. 1981. Harp sea l s  and t h e i r  foods: 
How do they i n t e r a c t ?  NAFO SCR Doc. 81/154, 
Ser. No. N461. 8 p. 

I n  press. Harp seal  f eed ing  and 
i n t e r a c t i o n s  w i t h  commercial f i s h e r i e s  i n  
t h e  Nor thwest  A t l a n t i c .  i n  
J. R. Beddington, R.J.H. z v e r t o n  and 
D. M. Lav igne Led.] I n t e r a c t i o n s  between 
a a r i n e  mammals and f i s h e r i e s .  George A l l e n  
and Unwin Pub l i she rs ,  London. 

Bowering, W. R. 1981a. Wi tch  f l o u n d e r  o f  St .  
P i e r r e  Bank - a by-catch f i s h e r y .  CAFSAC 
Res. Doc. 81/54. 12 p. 

1981b. Wi tch  f l o u n d e r  i n  NAFO 
D i v i s i o n s  25 and 3KF - another  by-catch.  
CAFSAC Res. Doc. 81/53. 16 p. 

Bowering, W. R. 1982. An examinat ion  o f  t h e  
w i t c h  by-catch f i s h e r y  i n  NAFO D i v i s i o n s  23 
and 3KL. CAFSAC Res. Doc. 82/28. 22 p. 



Bowering, V. R .  1983. By-catch leve l s  of 
Gree?l and ha1 i but i n  the roundnose grenadier 
d i rec ted  f ishery of NAFO Subareas 2+3. NAFO 
SCR Doc. 83/28, Ser. No. N680. 4 p. 

Sowering, W. R . ,  D. G.  Parsons, and G. R .  L i l ly .  
1984. Predation on shrimp 
(Panda1 us boreal i s )  by Green1 and ha1 i but 
(Reinhardti us hi p ~ o g l  osso ides )  and At1 a n t i c  
cod (Gadus morhuai otf  Labrador. ICES 
~ 1 3 0  p. 

Brodie. P. .  and B. Beck. 1983. Predation by 
sharks on the  grey seal (Hal ichoerus grypus 
in  eastern Canada. Can. 2 .  i-ish ~ q u a r  
S c i . ,  40: 267-271. 

Brodie, !#. B. 1981. By-catches of f i v e  Grand 
Bank groundfi sh f i s h e r i e s .  CAFSAC Res. Doc. 
31/68. 18 p. 

Brodie, Y. B .  1983. By-catches of yel lowtai l  i n  
the  American plaice f ishery i n  NAFO 
Divjsions 31, 3:4 and 30. CAFSAC Res. Doc. 
83/72. 54 p. 

Srown, R . G . R . ,  and D. N. Net t leship.  1984. 
Capelin and seabirds i n  the northwest 
At lan t ic ,  p .  184-194. in D. N. Net t leship,  
G .  A. Sanger and P. F. SijFinger [ed.] Marine 
o i  rds: t h e i r  feeding ecology and commerci a1 
f i s h e r i e s  re la t ionsh ips .  Proc. P a c i f i c  
Seabird Group Symposium, S e a t t l e ,  
:dashington, 6-8 January 1982. Can. Wildl. 
Serv. Spec. Publ. 

Carscadden, J .  E. 1983. Capelin as a forage 
species: a review of se lec ted  s tud ies .  
NAFO SCR DOC. 83/72, Ser. NO. N738. 7 p. 

Carscadden, J .  E .  1984. Capelin i n  t h e  
Northwest At lan t ic ,  p. 170-183. In 
D .  N .  Ne t t l esh ip ,  6. A. Sanger, and 
P. F. Springer fed.] iilarine birds:  t h e i r  
feeding ecology and commercial f i s h e r i e s  
re1 a t ionsh i  ps. Proceedings of the Pac i f ic  
Sea3i rd Group Symposium, S e a t t l e ,  
Xashington, 6-8 January, 1982. 

Garscadden, J .  E . ,  and D. G. Reddin. 1982, 
Salmon-capel i n in te rac t ions .  Here today, 
gone tomorrow. CAFSAC Res. Doc. 82/23, 
10 p. 

Chumakov, A. K .  and P. I .  Savvatimsky. 1983. O n  
t h e  Greenland Halibut by-catch i n  the  
di rected f i shery f o r  Roundnose Grenadier on 
t h e  Labrador continental slope and in Davis 
S t r a i t  (NAFO Subarea 0, 1, 2 and 3K). NAFO 
SCR Doc. 83/91, Ser. No. N757. 12 p. 

Chumakov, A. Y,, and P. I .  Savvatimsky. 1984. 
Roundnose grenadi er-Green1 and ha1 i but r a t i o  
i n  battom trawl catches taken in NAFO area 
i n  1976-1983. MAFO SCR Doc. 84/37, Ser. No, 
ti822. 15 p.  

Cohen, E. B. ,  G. C.  Laurence, and W. G. Smith, 
1984. The role  of s ta rva t ion  and p r e d a t i o ~  
i n  regulat ing year-cl a s s  s t rength i n  several 
f i sh  stocks on Georges Bank. ICES C . Y .  
1984/G:32. 18 p. 

Daan, N. 1983. The ICES stomach sampling pro jec t  
i n  1981: aims, o u t l i n e  and some r e s u l t s .  
NAFO SCR Doc. 83/93, Ser ia l  No. N759. 
24 p. 

Dawe, E ,  G , ,  G. R ,  b i l l y ,  and H .  J ,  Drew. 1983. 
Predation by shor t - f i  nned squid 
( I1  l ex i l l ecebrosus)  i n  Newfoundl and inshore 
waters. NAFO SCR Doc. 83/74, Ser. 
No. N740. 16 p. 

Dawe, E. G . ,  G. R. L i l l y ,  and J .  A. Moores. 
1981 . An examination of the inf luence of 
squid ( I 1  lex i l l  ecebrosus) on recruitment i n  
several-ii?ifish stocks of f  eas te rn  
Newfoundland and Labrador. NAFO SCR Doc. 
81/25, Ser. No. N304. 14 p* 

Dickie, L. M.,  and S. R. Kerr. 1982. 
A1 t e r n a t i v e  approaches t o  f i s h e r i e s  
management. p. 18-23. In M. C. ivlercer 
[ed.] Mu1 t i  species  A p p r o a e s  t o  F i sher ies  
Management Advice. Can. Spec. Publ. Fish 
Aquat. Sci.  59. 

Lear. W. H. 1970. The biology and f i shery  of 
the Greenland ha1 i b u t ,  Reinhardtius 
hippogl ossoides (Hal baum) , i n  the 
Newfoundland area. M.Sc. Thesis,  Memorial 
ilniversi ty  of Newfound1 and, 132 p, 

L e t t ,  P. F. 1978. A mu1 t i s p e c i e s  simulation f o r  
the  management of the southern Gulf of St.  
Lawrence cod stock. CAFSAC Res. Doc. 78/21. 
50 p. 

Lien, J . ,  and S. Gray. 1980. Net loss .  Nature 
Canada. 9: 5-9. 

L i l l y ,  G. R .  1980. Year-class s t rength of 
redfish and growth of cod on Flemish Cap. 
ICNAF Sel .  Pap. 6: 35-40. 

L i l ly ,  G. R. 1983. The food of cod on Flemish 
Cap i n  winter 1983. NAFO SCR Doc. 83/65, 
Ser. No. N726. 7 p. 

L i l l y ,  G. R. 1984a. Annual v a r i a b i l i t y  in  the 
d i e t  of At lan t ic  cod (Gadus morhua L.) off  
southern Labrador and northeast  Newfoundland 
(Div. 2J+3K) in autumn, 1977-82. NAFO SCR 
Doc. 84/79, Ser. No. N868. 12 p. 

1984b. Predation by At lan t ic  cod on 
shrimp and crabs off northeastern 
Newfoundland in autumn of 1977-82. ICES 
C.M. 1884/G:53. 

L i l l y ,  G. R . ,  and C.  A. Gavaris. 1982. 
Dis t r ibu t ion  and year-class  s t rength of 
juveni le  redf i sh ,  Sebastes sp.,  on Flemish 



Cap in the winters of 1978-82. J .  Northw. 
Atl .  Fish. Soc. 3: 115-122. 

L i l l y ,  6 .  R., and D. R .  Osborne. 1954. 
Predation by Atlant ic  cod (Gadus morhua) on 
shor t - f i  nned squid (I1 1 ex i'rlecebrosus j off 
eastern N e w f o u n d l a n d T i n  the northeastern 
Gulf of S t .  Lawrence. NAFO SCR Doc. 
84/108, Ser. No. i1905. 16 p. 

L i l l y ,  G. R . ,  and J .  C. Rice. 1983. Food of 
At lan t ic  cod (Gadus m r h u a )  on the northern 
Grand Bank i n  spr'ing.0 SCR Doc. 83/87, 
Ser. No. N754. 35 p. 

L i l l y ,  G. R . ,  R. Wells, and J .  Carscadden. 1981. 
Estimates of the possible  consumption of 
capel in by the cod stocks i n  Div. 2J+3KL and 
3NO. NAFO SCR Doc. 81 /8 ,  Serial  No. N272. 
9 P. 

Mansfield, A. W. 1981. (Chairman) In te rac t ion  
bebdeen grey seal populations and f i s h  
species ,  p. 1-16. In Cooperative research 
repor t  151. I n t .  E u n c .  Explor. Sea, 
Copenhagen, Denmark. 

Wercer, M.C. 1975. i4odified Leslie-DeLury 
population model s of the 1 ong-fi nned pi 1 o t  
whale (Gl obicephala me1 aena) and annual 
production of the s h m n e d  squid ( I l l e x  
i l l ecebrosus)  based upon t h e i r  in te rac t ion  
a t  Newfoundland. J. Fish. Res. Board Can. 
32: 1145-1154. 

Wercer, M. C. 1982. Multispecies approaches t o  
f i s h e r i e s  management advice: workshop 
repor t ,  p. 1-15. In M. C.  Mercer Ced.1 
:lul t i  species  A p p r o a e s  t o  F i sher ies  
liianage~nent Advice. Can. Spec. Publ. Fish. 
Aquat. Sci.  59. 

Xi11 e r ,  R .  J . ,  and J .  9. Hoyles. 1973. Loss of 
co~nmercial snow crabs to  cod g i l l n e t s  in  
Newfoundl and. Fish. Res. Board :an. Tech. 
Rep. No. 429. p. 21. 

Minet, J .  P . ,  and J .  B. Perodou. 1978. 
Predation of cod, Gadus mrhua ,  on cape l in ,  
Ma1 1 otus  v i l l  osus , T e a s t e r n  Newfoundl and 
and in the Gulf of St .  Lawrence, ICNAF Res. 
Bull.  13: 11-20. 

:+drawski , 5. A. 1984. Mixed-species 
y i e l  d-per-recrui t  analyses accounting f o r  
technological in te rac t ions .  Can. J .  Fish. 
Aquat. Sc i . ,  41: 897-916. 

Naidu, K .  S . ,  and J .  T. Anderson. 1984. Aspects 
of scal lop recruitment on St .  P ie r re  Bank 
i n  re1 a t i  on t o  oceanography and imp1 i c a t i  ons 
f o r  resource management. CAFSAC Res. Doc. 
84/29. 15 2. 

Hakashima, B. S. 1954. Collect ion 2nd 
i n t e r p r e t a t i o n  of catch and e f f o r t  data from 
the Division 3L inshore capelin f i shery .  
CAFSAC Res. Doc. 84/24, 17 p. 

Odum, E .  P. 1971. Fundamentals of Ecology. i i .  
B. Saunders Co. Phil adel phia, London, 
Toronto. 

O'Boyle, R. 1985. Multisoecies Kanagement 
i r -  the  Northwest At lan t ic  - The 
ICNAF Experience. p. - . In: R .  
Mahon ed. Towards the  I n c l u s i E i  of 
Fishery In te rac t ions  in  Manaqement 
Advice. Can. Tech. Rep. Fish. Aquat. 
Sci .  Elo. 1347. 

Perkins, J . ,  and P. Beamish. 1979. Net 
entanglements of baleen whales i n  t h e  
inshore f ishery of Newfoundland. J .  Fish 
Res. Board Can., 36: 521-528. 

P i a t t ,  J .  F., D. N. Net t leship,  and W. T h r e l f a l l .  
1984. Net mortal i ty  of common murres and 
At1 a n t i c  puffins i n  Newfoundland, 1951-81. 
In D. N. Net t leship,  G. A. Sanger and P. r. 
%ringer [ed. 1 Marine birds:  t h e i r  feeding 
ecology and commercial f i s h e r i e s  
re1 at ionships.  Minister of Supply and 
Services Canada 1984. Cat. 
NO.  CW66-65/1984, ISBNO-662-13311-0. 

Pippy, J.H.C. 1969. Pomphorhynchus laevi  s 
(Zoeqa) Muller, 1776 ( A c a n t h o c e p w i  n 
At lan t ic  salmon (Salmo s a l a r )  and i t s  uses 
as a biological t T J . F i s h .  Res. Board 
Can., 26: 909-919. 

P i t t ,  T. K. 1973. Food of American p l a i c e  
( H i  ppoglossoi des pl a tesso i  des) from t h e  
Grand Bank, Newfoundland. J .  Fish Res. 
Board Can. -30: 1261-1273. 

Pope, J .  G. 1975. The appl icat ion of mixed 
f i s h e r i e s  theory t o  the cod and redf i sh  
stocks of Subarea 2 and Division 3K. ICNAF 
Res. Doc. 75/126. Ser. No. 3677. 13 p. 

Sergeant,  D. E.  1973. Feeding, growth, and 
product ivi ty  of northwest At1 a n t i c  harp 
sea l s  (Pagophilus groenlandicus) J .  Fish. 
Res. Board Can. 30: 17-29. 

1976. The re la t ionsh ip  between harp 
sea l s  and f i s h  populations, ICNAF Res. Doc. 
76/125, Ser. No. 4011. 5 p. 

Stevenson, S. C. ,  A. D. Murphy and R. B. Stead. 
1984. Report on the cod by-catch i n  the  
1981-83 Newfoundland capel in t r a p  f i s h e r i e s .  
Can. Tech. Rep. Fish. Aquat. Sci .  
1310: i v  + 15 p. 

Tyler ,  A. V . ,  W .  L. Gabriel,  and W.  J .  Overholtz. 
1982. Adaptive management based on 
s t r u c t u r e  of f i s h  assemblages of northern 
continental shelves, p. 149-156. In M. C .  
Mercer [ed. Mu1 t i  species  ApproacheTto 
F isher ies  Management Advice. Can. Spec. 
Publ. i i s h  Aquat. Sci.  59. 

T u r u k ,  T. N. 1978. The feeding of Labrador and 
Newfoundland cod on capel in.  Trudy PIEJRO 
1 :  67-73 (Can. Transl.  Fish. Aquat. Sci.  
r580, 1979). 



Ursin, E. 1982. %ul t i spec ies  f i s h  stock and 
y i e l d  assessments in  ICES. p. 39-47. In  
M. C.  Mercer [ed] Multispecies ~ p p r o a c h e r t o  
Fi sher ies  t4anagement Advice. Can. Spec. 
Publ. Fish. Aquat. Sci. 59. 

Waiwood, Y., and J .  Majkowski. 1984. Food 
consumption and d i e t  coinposi t ion  of cod, 
Gadus morhua, inhabi t ing '  the  southwestern 
~ o ~ ~ a w r e n c e .  Env. Sio'l. Fish II: 

g i l e s ,  3, 1958. Possible  e f f e c t s  of the  harbour 
seal bounty on codworm i n f e s t a t i o n s  of 
At lan t ic  cod in the Gulf of St .  Lawrence, 
the  S t r a i t  of Belle I s l e  and the Labrador 
Sea. J .  Fish. Res. Board Can. 
25: 2749-2753. 

idinters, G. H .  1983. Analysis of the biological  
and demoqraphic parameters of the northern 
sand lance,'Ammodytes dubius, from the  
Vewfoundland Grand Ban=. J .  Fish. 
Aquat. Sci.  40: 409-419. 

l i n t e r s ,  G. Y . ,  and J .  E.  Carscadden. 1978. 
Revied of cape1 i n  ecology and est imation of 
sum1 us y i e l d  form predator dynamics. ICNAF 
Res. Bull.  13: 21-30. 

Discussion Period 

S i l v e r t :  There i s  one thing I found somewhat 
disturb'ing. I t  i s  t h a t  in  discussing t h e  
predator-prey in te rac t ions  you rely very heavily 
on correl  a t i  ons between predator and prey, 
However, when you look a t  even the s implest  food 
chain model s they do not p red ic t  cor re l  a t i  ons 
between predator and prey. They pred ic t  the  
c o r r e l a t i o n s  wil l  skip a t rophic l e v e l .  For 
example you get  s i g n i f i c a n t  cor re la t ions  between 
primary b i o m a s s  and carnivore l eve l s  and you 
ge t  s t r u c t u r a l  changes in  the intermediate  
herbivore l eve l .  Furthermore, t h i s  i s  supported 
by s tud ies  ca r r ied  out by liinnologists i r  
r ese rvo i r s  where they may introduce f i s h  t o  t h e  
system and f ind t h a t  the c o r r e l a t i o n  skips the  
intermediate  l e v e l .  So the method of looking f o r  
predator-prey cor re la t ions  does not have a s t rong 
theore t ica l  basis .  I t  does not appear t o  be 
s u f f i c i e n t  t o  simply look f o r  c o r r e l a t i o n s ,  what 
i s  necessary i s  t o  put together  a f a i r l y  complete 
model of the  ecosystem and ask, what does t h a t  
p r e d i c t  and evaluate i n t e r a c t i o n s  within the 
context  o f  an ecosystem model. 

L i l ly :  Are you saying t h a t  there  a re  f a r  more 
s u b t l e  e f f e c t s  than the d i r e c t  in te rac t ion  of 
predator and prey? 

not. If you want to  look a t  the system frorn a 
dynamical point of view theq the time sca le  of 
observation i s  c r i t i c a l .  By driving exact ly the 
same nodel a t  d i f f e r e n t  r a t e s  you could ge t  
e i t h e r  a pos i t ive  or a negative cor re la t ion .  
Furthermore, i n  saying t h a t  you expect a d i r e c t  
re la t ionsh ip  between cod and capelin abundance in 
the system you a re  assuming t h a t  there are  no 
o ther  pathways i n  the system. 

L i l ly :  In f a c t  we did look a t  other  pathways, i n  - 
terms of changes in predation l e v e l s  on other  
prey in the system. However, we have the problem 
of not being able  t o  iden t i fy  changes i n  
abundances of those o ther  prey. In re la t ion  t o  
your e a r l i e r  point  one would think t h a t  the 
logical place t o  s t a r t  would be with the  d i r e c t  
in te rac t ion  of predator and prey, then t o  look a t  
other  possible  in te rac t ion  e f f e c t s .  

S i l v e r t :  Yet i f  the models do not p red ic t  a 
m t i o n ,  why look f o r  i t ?  

L i l ly :  There i s  a l o t  of l i t e r a t u r e  which 
-cts d i r e c t  e f f e c t s  between predator and prey 
in both d i rec t ions .  

Kerr: This would be expected in the  - 
non-equilibrium s i t u a t i o n ,  and the cod-capelin 
system i s  patent ly non-equil ibrium. 

Mohn: You showed a dramatic change in stomach 
m n e s s  of cod from year t o  year .  Does i t  
express i t s e l f  i n  the somatic growth? 

Li l ly :  We have some data with which t o  look a t  
t h a t q u e s t i o n ,  but have not analysed i t  y e t .  

S i l v e r t :  No, what I am saying i s  t h a t  in  a 
t rophic  model the steady s t a t e  response of a 
change a t  one level skips a l eve l .  If you 
increase  primary production there  i s  a short-term 
surge i n  herbivore production b u t  carnivores  
adapt and the herbivores returq to  t h e i r  previous 
1 eve1 ; then producti o~ increases b u t  biomass does 



Tab1 e  1 .  Summary of p r e d a t o r - p r e y  i n t e r a c t i o n s  i d e n t i f i e d  i n  m a r i n e  w a t e r s  of 
t h e  Newfoundland Region .  R e f e r e n c e  numbers  r e f e r  t o  numbers i n  4 p p e n d i x  1. 

P r e y  P r e d a t o r  
R e f e r e n c e s  

D-aini c s  ~ i s t r % ~ ~ ~  

A .  I n f l u e n c e  of p r e y  on p r e d a t o r  

iiedf i sh 

S q u i d  

Cod 
Salmon 
S e a b i r d s  
B a l e e n  w h a l e s  
Harp s e a l  

Cod 

P i l o t  whale  

3 .  I n f l u e n c e  of  p r e d a t o r  on p r e y  

- -- - - - - -- - - -- 
P r e d a t o r  P r e y  R e f e r e n c e s  

2 r e d a t i  on p r i m a r i l y  on p r e -  r e c r u i  ts 

S q u i d  Cod, c a p e 1  i n ,  h e r r i n g  11 ,14 ,15  

Cod Redf i  s h  1 8 , 2 0  

Cod Snow c r a b  1 9 , 2 2  

Cod, G r e e n l  and 
ha1 i  b u t  

Cod, G r e e n l  and 
h a l i b u t ,  A m .  p l a i c e  

D r e d a t i o n  on b o t h  p r e - r e c r u i  t s  and r e c r u i t e d  i n d i v i d u a l s  

Cod, G r e e n l  and 
ha1 i b u t ,  s e a b i r d s ,  
n a r i  ne mammal s  

Cod Sand l a n c e  2 2 , 3 4  

Cod, G r e e n l  and 
ha1 i b u t  

Cod, G r e e n l  and 
ha1 i  b u t  

A r c t i c  cod 5 , 1 9  

Shr imp 

Cod, p i l o t  w h a l e  S q u i d  21,24 
---- 



T a b l e  2 .  Summary of r e p o r t e d  b y - c a t c h  s t u d i e s  i n  t h e  Newfoundland Region .  
R e f e r e n c e  numbers  r e f e r  t o  numbers  i n  Appendix 1 .  

-- - -- - - ---- - 

B y - c a t c h  s t u d y  I n t e r a c t i o n  S o u r c e  

$ r e e l ?  and ha1 i  b u t  i n  r o u n d n o s e  g r e n a d i e r  
f i s h e r y  ( S u b a r e a s  3 ,  2 and D i v i s i o n  3K) 

Snow c r a b s  c a u g h t  i n  cod g i l l n e t  f i s h e r y  
( S u b a r e a  3  i n s h o r e )  

Y e l l o w t a i l  f l o u n d e r  i n  American p l a i c e  
f i s h e r y  ( D i v i s i o n s  3LNO) 

Witch f l o u n d e r  i n  c o d ,  r e d f i s h  and 
American p l a i c e  f i s h e r y  ( D i v i s i o n s  25,  
3K, 3 P s )  

Cod, r e d f i s h ,  American p l a i c e ,  w i t c h  and 
y e l l o w t a i l  f i s h e r i e s  on t h e  Grand Bank 
( D i v i s i o n s  3iNO ) 

J u v e n i l e  cod i n  c a p e l i n  t r a p  f i s h e r y  
( 7 i v i s i o n  3 1 )  

S i a n t  and I c e ' a n d  s c a l l o p s  i n  S t .  P i e r r e  
s c a l l o p  f i s h e r y  ( D i v i s i o n  3 P s )  

B a l e e n  w h a l e s  and h a r b o u r  p o r p o i s e  i n  cod  
t r a p  f i s h e r y  and sa lmon and cod g i l l n e t  
f i s h e r i e s  ( S u b a r e a s  0, 3  and D i v i s i o n  2 5 )  
i n s h o r e  

A l c i  ds  (corninon m u r r e ,  A t l a n t i c  p u f f i n s )  
c a u g h t  i n  f i s h i n g  n e t s  ( S u b a r e a  3 )  

Y e s  5 ,13 

Yes 2 5 

N o ( D i v . 3 L )  8 
Yes ( D i v .  3NO) 

Yes 1 6 , 3 0  

Yes 2 9 



APPENDIX 1 

1. Akenhead, S. A., J .  Carscadden, H. Lear, G.  R. L i l l y ,  and R.  Wells. 1982. Cod-capelin i n t e r a c t i o n s  
off  northeast  Newfoundland and Labrador, p. 141-148. In M. C. Mercer [ed.] Multispecies 
approaches t o  f i s h e r i e s  management advice. Can. Spec.Tub1. Fish. Aquat. Sci . 59. 

This paper reviewed the d i s t r i b u t i o n ,  f i shery ,  and population t rends f o r  2J3KL cod and 2+3K 
cape1 in ,  and described b r i e f l y  the seasonal pa t te rns  of predation by cod on cape1 in in  2J3KL. 
-he e f f e c t s  of f l u c t u a t i o n s  in  capel in biomass on cod growth and the inshore cod f i shery  were 
tes ted  by cor re la t ion  ana lys i s ,  There were no s t a t i s t i c a l l y  s i g n i f i c a n t  re1 at ionships between 
cod growth and capel in biomass, cod biomass, and water temperature. The re la t ionsh ip  between 
index of a v a i l a b i l i t y  of cod t o  t r a p s  and one of the two ava i lab le  indices  of mature capel in 
biomass was s i g n i f i c a n t .  

There were many uncer ta in t ies  i n  the avai l  able  data. Differences between the two avai 1 able  
est imates  of capel in abundance could not be resolved; annual determinations of cod length-at-age 
were made during the  feeding and growth period ra ther  than a t  the end; differences in  indices  of 
growth of cod from d i f f e r e n t  areas  could not be resolved; the  index of inshore cod migration was 
catch r a t h e r  than catch per e f f o r t ;  and temperatures were ava i lab le  from only one s i t e .  

The authors cautioned aga ins t  acceptance of the findings because of t h e i r  s t rong 
reservat ions about the appropriatness of the data. However, they noted t h a t  production of 
At lan t ic  cod may not be s t rongly l inked to capel in,  and t h a t  other  prey might provide adequate 
forage during periods of low capel in abundance. With respect  to  the cod inshore migration, they 
suggested t h a t  s i  te-speci f i c  s tud ies  be conducted, with emphasis on the local  abundance and 
movement of both cod and capel in in  re la t ion  t o  changes i n  oceanography. 

2. Bowen, W. D. 1981. Harp s e a l s  and t h e i r  foods: How do they i n t e r a c t ?  NAFO SCR Doc. 81/154, Ser. 
No. N461. 8 p. 

In press .  Harp seal  feeding and i n t e r a c t i o n s  with commercial f i s h e r i e s  i n  the  Northwest 
At lan t ic .  In J .  R. Beddington, R.J.H. Beverton, and D. M. Lavigne Eed.1 In te rac t ions  between 
marine m a i m s  and f i s h e r i e s .  George Allen and Unwin Publishers, London. 

The second paper expands themes developed in the f i r s t .  

The author noted the concern about the possible  impact of reduced capel in abundance on 
marine mammals in general and harp s e a l s  in  par t i cu la r .  He reviewed information on the food of 
harp s e a l s  and concluded t h a t  the r e l a t i v e  proportions and seasonal and annual var ia t ions  of 
d i f f e r e n t  foods in the  d i e t  was poorly known. However, harp sea l s  do feed on a variety of f i s h  
and crustacea,  so they might feed on other  prey when capel in stocks a re  reduced. I t  was 
suggested t h a t  the impact of f l u c t u a t i n g  prey populations be s tudied by i n d i r e c t  methods, such as 
monitoring condit ion,  mean age a t  sexual maturity, and pregnancy ra te .  

The major drawback of such an approach i s  t h a t  i t  does not address the casual mechanisms of 
the in te rac t ions .  I t  was a1 so concluded t h a t  the annual food consumption by the seal population 
could not be ca lcu la ted  w i t h  precis ion because of uncertainty about d i e t ,  feeding r a t e ,  and 
oopulation s ize.  Estimation of the  potent ial  loss  in  y i e l d  t o  comnercial f i s h e r i e s  due t o  
~ r e d a t i  on by s e a l s  i s  f u r t h e r  compl i ca ted  by uncer ta in i ty  regarding re1 a t ionsh ips  with other  
species ,  both competitors and prey. 

3. Bowering, W. R. 1981a. Witch flounder of S t .  P ie r re  Bank - a by-catch f i shery .  CAFSAC Res. Doc. 
81/54. 12 p. 

This study indicated t h a t  witch flounder catches a re  e s s e n t i a l l y  by-catches in  the cod, 
redf i sh  and American plaice f i s h e r i e s  in NAFO Division 3Ps. Commercial landings (1963-80) 
indicated witch flounder by-catches were low ( 1000 t annually) while research biomass surveys 
(1972-81) ind ica ted  abundance has changed l i t t l e .  The f i shery  has removed f i s h  12 y r  age but 
has taken an average of about 1/3 of the  t o t a l  allowable catch annually s ince 1974. I t  was 
concluded there was no s i g n i f i c a n t  by-catch of witch a f fec t ing  the stock s ize .  



4. Bowering, W. R. 1982. An examination of the  witch by-catch f i shery  i n  NAFO Divisions 25 and 3KL. 
CAFSAC Res. Doc. 82/28. 22 p. 

This study examined the f ishery f o r  witch flounder i n  NAFO Divisions 2J3KL in an attempt t o  
assess  the stock biomass and s ign i f icance  of the by-catch. T h i s  was an update of an ana lys i s  
done the previous year  [Bowering 1981b). Commercial landings from 1967-31 indicated a decl ine t o  
around 3000 t as the f ishery moved from a d i rec ted  g i l l n e t  ( inshore)  and o t t e r  trawl f i shery  
(of f shore)  to  one of l a rge ly  by-catch in recent years .  Witch occurs as  a by-catch i n  cod, 
American plaice and p a r t i c u l a r l y  i n  Greenland ha l ibu t  and redfish f i s h e r i e s  where the  by-catch 
can be "s ign i f ican t"  i n  terms of proportion of catch.  Due t o  low landings, the by-catch nature 
of the witch f i shery  and a shor t  time s e r i e s  of research data i t  was d i f f i c u l t  t o  assess  
mortal i ty  and biomass est imates  f o r  the "stock area",  apparently made up of a t  l e a s t  t h r e e  
separate  breeding s tocks.  I n s u f f i c i e n t  data on f i s h i n g  e f f o r t ,  recruitinent o r  natural mortal i ty  
1 imi ted ana lys i s  and i n t e r p r e t a t i o n .  No d e f i n i t e  conclusions were reached. 

5, Bowering, W. R. 1983. By-catch l e v e l s  of  Greenland ha1 i but i n  t h e  roundnose grenadier  d i r e c t e d  
. - f i s h e r y  of NAFO Subareas 2+3. NAFO SCR Doc. 83/28, Ser. No. N680. 4 p. 

Reduced catches of roundnose grenadier due t o  a 104 by-catch r e s t r i c t i o n  f o r  Greenland 
ha l ibu t  lead t o  an examination of data  ava i lab le  from the Canadian Foreign Observer Program and 
research vessel data .  These data covered the years  1981-82 and 1977-82, respect ively,  By-catch 
of Greenland ha l ibu t  in  the commercial data ranged from 5 t o  41% and i n  the research trawl data 
from 20 t o  60%. I t  was concluded best  catches of grenadier occurred i n  depths > 1000 m and in 
more northerly areas. There was no assessment of the s ign i f iance  of t h i s  by-catch on Greenland 
ha1 ibu t  stocks. 

6. Bowering, W. R.,  D. 6. Parsons, and 6. R. L i l l y .  1984. Predation on shrimp (Pandalus b o r e a l i s )  by 
Green1 and ha1 i but  (Reinhardti us hippoglossoides) and At1 a n t i c  cod (Gadus m o r h u a l o f f  Labrador. 
ICES C.M.l984/G:54. 30 

-- 
P. 

This paper described the prey spectrum and stomach f u l l n e s s  of Greenland ha l ibu t  and cod i n  
Hopedal e and Cartwri ght  Channels off  Labrador, and made gross est imates  of the  annual consumption 
of shrimp (Panda1 us boreal is)  by these predators. 

Shrimp and small Greenland ha l ibu t  were the major prey of both predators. Both predators 
fed on the f u l l  s i r e  range of shrimp, so they not only compete with the f ishery for  l a rge  shrimp 
b u t  a l s o  reduce recruitment t o  the f i shab le  population. In July 1981 Greenland ha l ibu t  were 100 
times more abundant than At lan t ic  cod in Hopedale Channel and 25 times more abundant i n  the more 
southerly Cartwright Channel. However, the At lan t ic  cod were of a l a r g e r  average s i z e  and a t  a 
given body length had more shrimp i n  t h e i r  stomachs. Consequently, Atlant ic  cod were s i g n i f i c a n t  
predators in  Hopedale Channel but not as important a s  Greenland ha l ibu t ,  whereas in  Cartwright 
Channel Atlant ic  cod appeared t o  be the more important predator. Gross est imates  of po ten t ia l  
shrimp consumption by the  two predators  in  1981 indicated t h a t  predation mortal i ty  might be low 
i<iO", r e l a t f v e  t o  est imates  of minimum shrimp biomass i n  Hopedale Channel, b u t  g rea te r  (about 
60%) in  Cartwright Channel. 

The estimate of shrimp removal by the two predators might be improved with addi t ional  
information on the following: seasonal and annual var ia t ion  in  abundance or predators and prey; 
r a t e  of evacuation of shrimp from predator stomachs a t  low temperature (2-4 C ) ;  functional 
feeding response; prey preference. In addi t ion,  mortal i ty  due t o  predation should be compared 
with shrimp production, not shrimp biomass, so an assessment of the  impact of predation a l s o  
requires  information on shrimp growth r a t e  and post-larval recruitment. 

7. Bradie, W. B. 1981. By-catches of f i v e  Grand Bank groundfish f i s h e r i e s .  CAFSAC Res. Doc. 81/68. 
18 p. 

This study examined the degree of by-catch in  f i v e  directed f i s h e r i e s  on the Grand Bank 
13iNO), t o  est imate the  d i rec ted  catch in  1981, having accounted f o r  by-catch using a l i n e a r  
programming model. By-catch r a t i o s  were determined f o r  cod, redf i sh ,  American plaice,  witch and 
yel lowtai l  from catch data fo r  the years  1976-79. The r e s u l t s  indicated t h a t  estimated d i rec ted  
catches f o r  1981 varied with the r e l a t i v e  proportions of annual catches (1976-791, but t h a t  
by-catch was always s u f f i c i e n t l y  high t o  account f o r  to ta l  permitted catch f o r  each of the  f i v e  
soecies .  The highest by-catch r a t i o s  were cons i s ten t ly  fo r  American p la ice  i n  eacn of the cod, 
witch and ye1 1 owtail directed f i s h e r i e s .  In t h i s  regard tnese f i s h e r i e s  a re  more cor rec t ly  
c l a s s i f i e d  as mixed f i s h e r i e s ,  as opposed to d i rec ted .  Due t o  the inter-annual v a r i a b i l i t y  i n  
tne catch data i t  riould be d i f f i c u l t  t o  use tnese r e s u l t s  i n  project ing by-catch regulat ions,  



8. Brodie, W. B. 1983. By-catches of ye l lowta i l  i n  t h e  American p l a i c e  f i shery  i n  NAFO Divisions 3L, 3N 
and 30. CAFSAC Res. Doc. 83/72. 54 p. 

This study examined tne t rend in by-catches of yel lowtai l  and American plaice in  t h e i r  
respect ive directed f i s h e r i e s  on the  Grand Bank (3LNO). Data exainined included Canadian 
commercial t rawler  log books (1974-81), observer information from Canadian TC 5 t rawlers  
(1979-811 and research vessel surveys (1971-82). Sy-catches of yel lowtai l  i n  the d i rec ted  
f ishery for  American plaice had decreased during the period 1977-81. This was shown t o  be due t o  
a change in f ishery s t ra tegy  t h a t  favoured catches of American plaice over ye l lowta i l .  Due t o  
d i s t r ibu t iona l  d i f fe rences  of these species on the  Grand Banks the f ishery was directed towards 
p l a i c e  (Division 3F) and away from yel lowtai l  (Division 3Y 1. Considering the  decreased 
by-catches and t h a t  TAC's f o r  yel lowtai l  were not being f i l l e d ,  i t  was concluded there  was no 
by-catch problem, as  such. F ina l ly ,  considering ye1 1 owtail by-catch, as  a percent of d i rec ted  
ye l lowta i l  catch,  ranged from 20 t o  106% and averaged 47% over 8 years  i t  is  most f e a s i b l e  t o  
consider t h i s  a mixed, versus s ingle-species ,  f i shery .  This i s  par t i cu la r ly  t rue  f o r  Div. 3N. 

9. Brown, R.G.B., and D. N. Net t leship.  1984. Capelin and seabirds i n  t h e  northwest At lan t ic ,  p. 
184-194. In D. N. Net t leship,  G. A. Sanger and P. F. Springer  Ced.1 Marine birds: t h e i r  feeding 
ecology anTcommercia1 f i s h e r i e s  re1 at ionships.  Proc. P a c i f i c  Seabird Group Symposium, S e a t t l e ,  
Washington, 6-8 January 1982. Can. Wildl. Serv. Spec. Publ. 

This paper reviewed the feeding habits and population s izes  of seabirds  off Newfoundland and 
Labrador and estimated the annual consumption of capel in by seabirds t o  be about 250,000t. 

The importance of capelin t o  seabirds  was demonstrated by reduced breeding success of 
puf f ins  when cape1 i n  were scarce or  absent during the chick-rearing stage. Capelin were the 
pr incipal  prey brought t o  puffin chicks on Great Is land,  Witless Bay, i n  1968-69, but the young 
b i rds  were fed mainly on small gadids i n  1981. In 1981, chicks received an average of only 
13.47glday f a g a i n s t  44.64 i n  1965-691, fledged a t  an average body weight of 217.09 ( a g a i n s t  
261.51, and fledging success was only 45.0% ( a g a i n s t  50.3%). I t  was concluded t h a t  capel in i s  an 
essen t ia l  par t  of the d i e t  and t h a t  there i s  no a l t e r n a t i v e  prey, of comparable s i z e ,  abundance, 
and nd t r i t iona l  value, ava i lab le  within range of Witless Bay. 

I t  was acknowledged t h a t  i t  i s  not c l e a r  t o  what extent  the scarc i ty  of capel in off Witless 
Bay in 1981 was an e f f e c t  of the capel in f ishery.  However, i t  was suggested t h a t  any ser ious 
decl ine i n  the capel in stocks would have adverse e f f e c t s  on the principal predators. 

(See Carscadden (1983) f o r  a more detai led review. ) 

10. Carscadden, J. E. 1983. Capelin as a forage species:  a review o f  se lec ted  s tud ies .  NAFO SCR Doc. 
83/72, Ser. No. N738. 7 p. 

This paper reviewed those s tud ies  dhich examined ava i lab le  data t o  determi ne whether changes 
i n  capel in abundance e f f e c t  detectable  changes i n  the dynamics or behaviour of cod, salmon, and 
seabirds.  

O f  p a r t i c u l a r  i n t e r e s t  i s  the revier, of the capel in-seabird study by Brown and Nett leship 
(1984). For example, with respect  t o  the puffin study a t  Witless Bay, Carscadden pointed out  
t h a t  the est imates  of ch ic t  feeding r a t e  were based on only three days each year  during a period 
near the end of fledging and well a f t e r  the peak of cape1 in spawning. In addi t ion,  the  
observation t h a t  the fledging r a t e  declined from 60.3% in 1968-69 t o  45.0% i n  1981 i s  misleading, 
because in  f a c t  the fledging success was 43.2% in 1968 and 6 6 . 9 W n  1969. The low f ledging 
success in  1968, before i n i t i a t i o n  of a capel in f i shery ,  demonstrates t h a t  fac tors  o ther  than a 
cape1 in f ishery influence puffin breeding success. 

Carscadden noted t h a t ,  in  each of the cape1 i n-predator re1 at ionships,  information on t h e  
oreda tor ' s  d i e t  i s  l imited s p a t i a l l y  and temporally, and thus there  i s  much uncertainty involved 
in determining the importance of capel in i n  the d i e t .  Because both predator and prey f l u c t u a t e  
i n  abundance, feeding s tud ies  should be conducted over a number of years. 

The author noted t h a t  data required for  addressing spec i f ic  hypotheses regarding 
mult ispecies  in te rac t ions  dere usually found to be non-existent o r  unsuitable. He suggested t h a t  
such in te rac t ions  be the subject  of directed,  well-planned, independent s tud ies .  



11. Carscadden, J. E. 1984. Capelin i n  t h e  Northwest At lan t ic ,  p. 170-183. In D. N. Net t leship,  
G. A. Sanger, and P. F. Springer  led.] Marine birds:  t h e i r  feeding ecology and commercial 
f i s h e r i e s  re la t ionsh ips .  Proceedings of t h e  P a c i f i c  Seabird Group Symposium, S e a t t l e ,  
Washington, 6-8 January, 1982. 

This paper b r ie f ly  reviewed s tud ies  of the re la t ionsh ips  between capelin and squid, cod, 
salmon, whales, and seabirds.  

The author pointed out  t h a t  the negative cor re la t ion  between squid abundance and year -c lass  
success i n  capel in,  reported by Dawe e t .  a l ,  1981, may have disappeared with the  addi t ion of 
data  fo r  1979, since i n  t h a t  year  squid &ere very abundant and the year -c lass  s t rength in capel in 
was very high. 

The author a l so  mentioned the c o r r e l a t i o n  noted between the increase i n  whale c o l l i s i o n s  
with inshore f i sh ing  gear in  Newfoundland and the decl ine in  capelin abundance i n  t h e  l a t e  
1970's.  I t  has been postulated t h a t  decreased abundance of capelin offshore would r e s u l t  i n  
increased migration of whales t o  inshore waters where capel in would be concentrated f o r  spawning. 
An assessment of the data relevant  t o  t h i s  re la t ionsh ip  has not y e t  been published. 

12, Carscadden, J.  E., and D. 6. Reddin. 1982. Salmon-capelin in te rac t ions .  Here today, gone tomorrow. 
CAFSAC Res. Doc. 82/23. 10 p. 

The poor sea survival of the  1977 smolt-class of salmon during i t s  f i r s t  winter a t  sea was 
a t t r i b u t e d  in  the popular press  t o  a decl ine i n  capel in abundance due t o  overf ishing.  In t h i s  
and an e a r l i e r  paper (Reddin and Carscadden 1981. CAFSAC Res. Doc. 81 /2) ,  the  authors of the 
present paper reviewed information on salmon d i s t r i b u t i o n  and feeding and tes ted  with c o r r e l a t i o n  
ana lys i s  many possible  hypotheses regarding a negative re la t ionsh ip  between cape1 i n abundance and 
salmon survival .  Approximately 19% of the b io log ica l ly  possible  re1 at ionships between post-smol t 
salmon, adu l t  salmon, and capel i n were s t a t i s t i c a l l y  s i g n i f i c a n t .  When these re la t ionsh ips  were 
recalculated using more recent and revised information, a l l  were no longer s i g n i f i c a n t .  

13. Chumakov, A. K., and P. I. Savvatimsky. 1984. Roundnose grenadier-Greenland h a l i b u t  r a t i o  i n  bottom 
trawl catches taken i n  NAFO area i n  1970-1983. NAFO SCR Doc. 84/37. Ser. No. N822. 15 p. 

This study examined the by-catch of Greenland ha l ibu t  in  the roundnose grenadier  f ishery of 
NAFCI Subarea 2 and Division 3 K .  This was prompted by increased Greenland h a l i b u t  by-catches i n  
recent  years  and l imi ta t ions  i n  grenadier catches due t o  by-catch regulat ions.  From commercial 
ships (1973-19811 and research ships (1970-1983) Greenland ha1 i but by-catches averaged 40.9% and 
48.4%, respect ively.  By-catch was found t o  vary with: l a t i t u d e ,  season and years .  In general,  
by-catch was highest  in  northern areas during the summer-autumn period and had increased i n  
recent  years .  Increased by-catches during recent  years  was thought t o  be due t o  increased 
Greenland hal ibut  abundance and cooler  water temperatures in  the 400-1100 m depth range. There 
was no s i g n i f i c a n t  increase i n  ha l ibu t  by-catch with increasing depth in  the 403-1100 m depth 
range. I t  was concluded t h a t  by -catch regul a t i  ons were 'Ympedi ng" the catches of roundnose 
grenadier.  

14. Dawe, E. G . , G .  R. L i l l y ,  andH. J .  Drew. 1983. P r e d a t i o n b y  shor t - f innedsquid  ( ~ i l l e c e b r o s u s )  
i n  Newfoundland inshore waters. NAFO SCR Doc. 83/74, Ser. No. N740. 16 p. 

This paper provided data on prey spectrum and stomach fu l lness  of squid i n  inshore 
Hewfoundland waters in  1980 and 1981. Hajor prey were f i s h  and squid. Fish o t o l i t h s  were almost 
e n t i r e l y  from gadoi ds, presumably At1 a n t i c  cod. Correlat ion analysis  was used t o  t e s t  whether 
t h e r e  was a negative re la t ionsh ip  between inshore squid abundance and year -c lass  s t reng th  i n  the  
2J+3KL, 3N0, and 3Ps cod stocks, assuming t h a t  squid prey on cod during the year  of hatching, 
during the year  a f t e r  hatching, o r  during the  two years  combined. No s i g n i f i c a n t  re la t ionsh ips  
were found. Host of the problems i d e n t i f i e d  during an e a r l i e r  study (Dawe e t . a l .  1981) were 
again noted. 

15. Dawe. E. 6.. G. R. L i l l v .  and J. A. Moores. 1981. An examination of t h e  inf luence of sauid 
( ~ l l e x ~ i l l e c e b r o s u i j  on recruitment i n  several f i n f i s h  s tocks o f f  eas te rn  ~ewfoundland and 
L3FEfor. N m  Doc. 81/25, Ser. No. N304. 14 p. 

Because squid [migrate t o  Newfoundland waters in very large numbers i n  some years ,  feed on 
f i s h ,  and grow very rapfdly, i t  has been speculated t h a t  they might s i g n i f i c a n t l y  reduce the 



abundance of some commercial f i s h  species. The annual abundance of squid a t  Newfoundland 
f luc tua tes  dramatical ly ,  so the authors hypothesized t h a t  predation by squid on f i sh  juveni les  
dould be manifested in an inverse re la t ionsh ip  between squid abundance and year-class  s t rength.  

Correlat ion ana lys i s  was used t o  t e s t  the hypothesis t h a t  there  was a negative c o r r e l a t i o n  
between squid abundance and year-class  s t rength in one cod stock, 4 herring s tocks,  and 2 capel in 
s tocks,  assuming t h a t  squid prey on 0-group or 0-group plus 1-group juveni les .  A s i g n i f i c a n t  
re la t ionsh ip  was found only f o r  Div. 2+3K capelin assuming predation on age-groups 3+1. (This 
cor re la t ion  may not be s i g n i f i c a n t  i f  data from inore recent  years  a re  added (Carscadden 1984) ) .  

The authors noted several problems with the analysis .  For example, there i s  no ob jec t ive  
index of squid abundance, the actual consumption of any given prey species  in  a p a r t i c u l a r  year  
could not be ca lcu la ted ,  and the ages of the prey were not known. The major problem was the tack 
of population est imates  f o r  p re - recru i t s ,  so squid abundance could be compared only with the  
year-cl ass  s t rength of the youngest age-group avai lable  from cohort an1 ays i s ,  r a ther  than with 
mortal i ty  ra tes .  

16. Lien, J., and S. Gray. 1980. Net loss .  Nature Canada. 9: 5-9. 

A marked increase in  whale entrapments (by-catch) i n  inshore f ishery gear during 1979-80 
prompted a study of i t s  e f f e c t s  on fishermen. A program was s e t  up with fishermen t o  c o l l e c t  
information on whale entrapments and t o  develop a whale release program. The increase i n  whale 
entrapments Mas concluded t o  be a r e s u l t  of reduced capel in biomass offshore and increased 
inshore f i sh ing  e f f o r t .  A program which devel oped and t ra ined  f i siiermen t o  re1 ease trapped 
rsihales resul ted in l e s s  gear damage and f i sh ing  down-time. In addi t ion,  development of 
low-frequency underdater alarms was undertaken to reduce c o l l i s i o n s .  However, i t  was f e l t  t h e  
F i r s t  s tep in  reducing co i l  i s ions iqas t o  enhance recovery of cape1 i n  s tocks and thereby 
r e d i s t r i b u t e  the whales offshore. This program has concentrated on understanding the  nature of 
the  problem, par t i cu la r ly  as t h i s  a f f e c t s  fishermen, and providing solut ions.  As such the 
in te rac t ion  i s  a man-whale in te rac t ion .  

17. L i l l y ,  G. R. 1980. Year-class s t reng th  of redf i sh  and growth of  cod on Flemish Cap. ICNAF Sel .  Pap. 
6: 35-39. 

This paper presented the hypothesis t h a t  the growth r a t e  of cod on Flemish Cap i s  dependent 
on the abundance of prey of a s u i t a b l e  s ize ,  b u t  provided no new data. 

i t  das noted t h a t  the Flemish Cap lacks l a rge  res iden t  populations of f i s h  species  whose 
a d u l t s  are  of a s i z e  s u i t a b l e  as  prey f o r  a d u l t  cod. The growth r a t e  of cod increased i n  t h e  
1960's and ear ly 1970's compared with the 1940's and 1950's. This increase coincided with t h e  
appearance of highly successful year-classes  of redfish.  I t  was hypothesized t h a t  juveni le  
redfish provided the energet ical ly-favourable forage needed for  high growth r a t e  of adu l t  cod. 

S ign i f ican t  changes in prey composition occurred between 1978 and 1983 ( L i l l y  1983) b u t  
t h e r e  has been no examination of annual changes in feeding and growth t o  determine whether a 
close link between the two can be demonstrated. The rapid decl ine i n  cod abundance during t h e  
l a t e  1970's will  complicate the analysis .  

18. L i l l y ,  6. R. 1983. The food of cod on Flemish Cap i n  win te r  1983. NAFO SCR Doc. 83/65, Ser. No. 
N726. 7 p. 

This paper presented data on predation by cod on smaller cod and small redfish on t h e  
Flemish Cap in winter  1983. The cod were preying on the  t h r e e  most recent  year-classes  of 
redfish and tine two most recent year-classes  of cod. The age and number of prey increased with 
predator  s ize.  

I t  was noted t h a t  estimation of the number of ind iv idua ls  of each species consumed by t h e  
cod could not be r e l i a b l y  estimated because of inadequate seasonal information on cod feeding, 
par t i cu la r ly  in  the autumn when 0-group juveniles are  f i r s t  becoming ava i lab le  t o  demersal 
predators. tiowever, even i f  removal r a t e s  due t o  cod predation could be re l i ab ly  estimated, 
mortal i ty ra tes  could not be calculated without independent measures of abundance. 



19. L i l l y ,  6. R. 1984a. Annual v a r i a b i l i t y  i n  the  d i e t  of A t l a n t i c  cod (Gadus morhua L.) o f f  southern 
Labrador and nor theas t  Newfoundland (Div. 2Jt3K) i n  autumn, 1977-82. NAFO SCR Doc. 84/79, Ser. 
No. N868. 12 p. 

1984b. Predation by At lan t ic  cod on shrimp and c rabs  o f f  northeastern Newfoundland i n  
autumn of 1977-82. ICES C.M.1984/G:53. 25 p. 

These two papers described the  prey spectrum and stomach fu l lness  of cod i n  Div. 2J+31( 
during tbe au tums  of 1977-82 t o  determine whether there  had been anncial v a r i a b i l i t y  in feeding 
associated with the dramatic changes i n  capelin abundance durinq t h i s  period. The NAFO document 
concentrated on cape1 i n whereas the  ICES document concentrated on shrimp (Panda1 us boreal i s )  and 

.crabs {Chi onoectes opi l i 01. 
-- 

The major prey were cape1 in ,  shrimp, crabs, hyperiid amphipods and Arctic cod. The r a t e  of 
predaton by Atlant ic  cod on cape1 i n  did vary with cape1 i n  abundance. During the  period of low 
capel in abundance in the l a t e  1970's At lan t ic  cod did not compensate fo r  reduced predation on 
capel in by preying more intensively on shrimp, crabs,  or other  benthic inver tebra tes ,  but there  
was increased predation on Arctic cod and hyperiids. This increased predation on a l t e r n a t e  prey 
only p a r t i a l l y  compensated f o r  the reduction in predation on capel in,  

Cod growth data co l lec ted  during the surveys have not y e t  been examined t o  determine whether 
growth responds t o  changes in  the a v a i l a b i l i t y  of capelin. 

20. L i l l y ,  6 .  R., and 6. A. Gavaris. 1982. Dis t r ibu t ion  and year-class  s t reng th  of juven i le  redf i sh ,  
Sebastes sp., on Flemish Cap i n  t h e  winters  of 1978-82. J. Northw. Atl. Fish. Sci .  
m 2 2 .  

This paper presented information on r e l a t i v e  abundance of juveni le  redfish in  trawl catches 
and cod stomachs during January-February of 1978 t o  1982. The 1977 and 1979 year-classes  were 
very weak as 1-year-olds. The 1978 year -c lass ,  which appeared t o  be abundant in cod stomachs and 
moderately abundant i n  trawl catches in  January-February, 1979, was very weak in subsequent 
years ,  ind ica t ing  t h a t  mortal i ty  of juveni le  redfish can be high. The intense predation on t h i s  
year -c lass  by cod in February, March, and May of 1979 i s  evidence t h a t  predation may have been a 
s i g n i f i c a n t  component of the mortal i ty  during 1979, a1 though other  fac tors  such as inadequate 
food supply and unfavourabl e environmental conditions may have contr ibuted.  

The 1980 year-class  was abundant as 1-year-olds but,  unlike the  1978 year-class ,  i t  survived 
i n  large numbers a s  2-year-olds. If predation i s  the major cause of mortal i ty  in  juveni le  
redf i sh ,  success of the 1980 year-class  may have been due to 1) t h e i r  survival in  s u f f i c i e n t l y  
l a r g e  numbers from the la rva l  s tage as  t o  swamp the ingest ive capaci ty of predators ,  or 2) 
decreased predation on ear ly juveni les  a s  a r e s u l t  of a s i g n i f i c a n t  decl ine i n  cod abundance and 
the appearance of a s t rong succeeding year-class  as  a l t e r n a t e  prey. The authors noted t h a t  i t  i s  
unlikely t h a t  such o o s s i b i l i t i e s  can be dis t inguished without est imates  of absolute  abundance, 
espec ia l ly  a t  the ear ly demersal s tage ,  and seasonal information on removals due t o  predation. 

21. L i l l y ,  6 .  R. ,  and D. R. Osborne. 1984. Predation by At lan t ic  cod (Gadus morhua) on short-finned 
squid ( I l l e x  i l l ecebrosus l  o f f  eas te rn  Newfoundland and i n  the  northeastern Gulf of  St.  Lawrence. 
NAFO S C m .  84/108, Ser.  No. N905. 16 p. 

This paper presented information t o  show that  i n  years  of high abundance the short-f inned 
squid was a common prey of cod in summer and autumn in both inshore and offshore waters of 
eastern Newfoundland. The frequency of occurence of squid in  cod stomachs and the number of  
squid per stomach increased with cod length. The i n t e n s i t y  of predaton by cod on squid was low 
compared with peak predation on capel in and sand lance. Nevertheless, there i s  evidence t h a t  
squid in  years  of high abundance provide an increase i n  t o t a l  food a v a i l a b i l i t y ,  espec ia l ly  f o r  
l a rge  cod. 

22. L i l l y ,  6.  R:, and J.  6. Rice. 1983. Food of At lan t ic  cod (Gadus morhua) on t h e  northern Grand Bank -- 
i n  spring. NAFO SCR Doc. 83/87, Ser. No. N754. 35 p. 

This paper presented an analysis  of the stomach contents of cod col lected on the northern 
Grand Bank i n  Yay-June, 1979. The major prey were sand lance,  cape1 i n ,  snow crab, a toad crab,  
and an euphausiid. The importance of capelin 1151: by weight) was low compared with the r e s u l t s  
of other  s tud ies  off eastern Newfoundland and Labrador. Var iab i l i ty  in  stomach contents  was 



a t t r i b u t a b l e  i n  p a r t  t o  d i f fe rences  i n  d i s t r i b u t i o n  o f  the various prey and t o  a gradual change 
i n  d i e t  w i th  increasing cod length.  Sowever, there was no strong preference f o r  any o f  the major 
prey types. 

The paper introduced the use o f  c l u s t e r  analys is  i n  conjunct ion w i th  s imulat ions o f  
c l u s t e r i n g s  based on various neutra l  models t o  t e s t  s p e c i f i c  hypotheses about feeding behaviour. 

23. L i l l y ,  6. R., R. Wells, and J. Carscadden. 1981. Estimates o f  t h e  poss ib le  consumption o f  cape1 i n  by 
the  cod stocks i n  D i v .  2J+3KL and 3N0. NAFO SCR Doc. 81/8, Ser. No N272. 9 p. 

This paper b r i e f l y  reviewed the seasonal pa t te rn  o f  feeding by cod on capel i n  i n  the area 
from southern Labrador t o  the southern Grand Bank, and described previous est imates o f  the 
consumption o f  cape1 i n  by cod. 

Two methods were used t o  est imate the probable consumption o f  cape l in  by cod i n  1981. The 
f i r s t  assumed t h a t  publ ished values o f  the annual consumption o f  cape1 i n  per u n i t  biomass o f  cod 
could be app l ied  t o  the average biomass o f  cod p ro jec ted  f o r  1981. The second method invo lved  
est imat ion o f  the product ion and t o t a l  food consumption by cod i n  1980-81. A p o r t i o n  of the 
t o t a l  consumption was assigned t o  capel in  on the basis o f  previous observations o f  the occurrence 
o f  cape1 i n  i n  cod stomachs. Estimates ranged from 1155 t o  4391 X 103 t. 

It was noted t h a t  inadequate in format ion was ava i lab le  f o r  several steps i n  the est imat ions.  
This  inc luded s p a t i a l ,  seasonal, and annual v a r i a b i l i t y  i n  cod feeding; g a s t r i c  evacuation r a t e  
i n  cod; annual product ion by cod, p a r t i c u l a r l y  the gonadal par t ;  and metabol ic r a t e  o f  cod a t  low 
temperature. 

24. Mercer, M. C. 1975. Mod i f ied  Leslie-DeLury populat ion models o f  the  long- f inned p i l o t  whale 
(Globicephal a me1 aena) and annual product ion o f  the  s h o r t - f i  nned squid ( I l l e x  il lecebrosus) based 
upon t h e i r  i n t m n  a t  Newfoundland. J. Fish. Res. Board Can. 32: 11%-1154. 

I n  Newfound1 and inshore waters the long- f i  nned p i l o t  whale feeds almost exc lus ive ly  on 
shor t - f inned squid. Seasonal occurrences o f  the  two species inshore are near ly  co inc iden ta l ,  and 
annual landings o f  the two species i n  Newfoundland between 1952 and 1972 were p o s i t i v e l y  
corre la ted.  These observat ions support the hypothesis t h a t  the whales f o l l  ow the squid. 
Assuming a mean body weight (B.14.) of  830 kg, a d a i l y  feeding r a t e  o f  4-6%BB.., a per iod  o f  
feeding on squid o f  100-365 days, and populat ion est imates o f  50,000-80,000 i n d i v i d u a l  s, the 
annual consumption o f  squid by p i l o t  whales would be between 0.17 and 1.45 m i l l i o n  tons. 

25. M i l l e r ,  R. J., and J. R. Hoyles. 1973. Loss o f  commercial snow crabs t o  cod g i l l n e t s  i n  
Newfoundland. Fish. Res. Board Can. Tech. Rep. No. 429: 21 p. 

This study was undertaken t o  assess the magnitude o f  the annual l oss  o f  snow crabs t o  t h e  
g i l l n e t  f i s h e r y  f o r  f l a t f i s h  o f f  NE Newfoundland and t o  i d e n t i f y  areas o f  the g rea tes t  concern. 
Data were c o l l  ected during 1972 and 1973 and included: 1 aboratory measurements o f  su rv iva l  
f o l l  owing i n j u r y ;  i n te rv iews  w i t h  fishermen; commercial observat ions aboard crab boats; and, CPUE 
( 1  andings/boat/yr) . This was an excel l e n t ,  ob jec t i ve  study examining technological i n t e r a c t i o n s  
d i t h i n  a f i s h e r y  which produced c l e a r  resu l t s ,  conclusions and poss ib le  so lu t ions  t o  the problem. 
Results ind ica ted  crab loss  due t o  by-catch i n  the g i l l n e t  f i shery  was s i g n i f i c a n t  a t  2 x l o 6  
1Ssfyr compared t o  1972 landings o f  3.3 x l o 6  l b s  (61%) and a i4SY o f  9 x l o 6  l b s  (22%). Among 
suggestions f o r  a l l e v i a t i n g  the problem, development o f  a g i l l  ne t  t h a t  f i shes  - 1 f t  o f f  the  
bottom t o  reduce crab by-catches was f e l t  t o  h o l d  the most promise. Changing f i s h i n g  s t r a t e g i e s  
w i t h  changing densi t ies o f  crab populat ions were a lso  discussed. 

26. Minet,  J. P., and J. B. Perodou. 1978. Predat ion o f  cod, Gadus morhua, on capel in, 
Ma l lo tus  v i l l o s u s ,  o f f  eastern Newfoundland and in t h e m  Lawrence. ICNAF Res. Bu l l .  

This paper presented data on the food o f  cod i n  Div. 23,3KL i n  summer and w in te r .  

Assuining t h a t  cod ate i n  d isc re te  meals, the mean weight o f  cape l in  i n  a meal was est imated 
from einpir ical data. The number o f  meals of capel i n  per year &as est imated from pub1 ished 
in format ion on g a s t r i c  evacuation rate.  From t h i s  in fo rmat ion  i t  was ca lcu la ted  t h a t  the average 
cod consilmes, a t  a minimum, 0.76 t o  1.27 times i t s  body weight i n  cape1 i n  annually. Thus, i n  



1965-59, when the cod bionass averaged 2.6 million tons ,  the cod ingested 2.0-3.4 million tons,  
annually. (See Li l ly  e t  a l .  (1981) f o r  a inore de ta i led  discussion of the assuinptions in  these  
calcul a t i o n s l  . 

27, Naidu, K. S., and J .  T, Anderson. 1984. Aspects of s c a l l o p  recrui tment  on S t .  P i e r r e  Bank i n  
r e l a t i o n  t o  oceanography and implicat ions f o r  resource management. CAFSAC Res. Doc. 84/29. 
15 p. 

This study considered various aspects  of scal lop recruitment on St .  P i e r r e  Bank in r e l a t i o n  
t o  management s t r a t e g i e s .  The scal lop f ishery i s  largely d i rec ted  f o r  the g ian t  ( o r  sea)  sca l lop  
which in turn i s  dependent on successful recruitment. The co-occurrence of g ian t  and Icelandic 
sca l lop  on the N W  portion of S t .  P ie r re  Bank and the nature of rec ru i tnen t  ( i n t e r n a l  vs e x t e r n a l )  
ra i ses  several questions regarding competition and resource p a r t i  t i  oni ng between these species .  
By-catch, as such, i s  not considered as  a problem. 

28. Perkins, J .  S., and P. C. Beamish. 1979. Net entanglements of baleen whales i n  t h e  inshore f i s h e r y  
of Newfoundland. J. Fish. Res. Board Can. 36: 521-528. 

Whale entanglements around Newfoundland were monitored from 1973-77. Estimates of both 
entanglement and death indicated approximately 3 minke, 3 humpback and <I finback whale become 
entrapped yearly and t h a t  of these approximately 2 minke, 2 humpback and <1 finback d ie  every 
year  as a r e s u l t .  The general nature of the problem was out l ined in terms of the timing and 
locat ions including the associat ion of whales, capel in and cod i n  inshore waters. The need f o r  

~ 1 o n .  preventat ive measures was out l ined with net  alarms probably being the  most e f f e c t i v e  solu"'  
Final ly,  i t  was pointed out t h i s  was very much a whale-fishermen in te rac t ion  problem. Data t o  
assess  the impact of mortal i ty  on whale populations was not ava i lab le .  

29. P i a t t ,  J .  F., D. N. Net t leship,  and H. T h r e l f a l l .  1984. Net mor ta l i ty  of common murres and A t l a n t i c  
puff ins  i n  Newfoundland, 1951-81. In  D. N. Net t leship,  G. A. Sander, and P. F. Springer Ted.] 
Marine birds:  t h e i r  feeding ecol orand commercial f i s h e r i e s  re1 a t ionsh i  ps. Minister  of  Supply 
and Services  Canada 1984. Cat. No. CW66-65/1984. ISBNO-662-13311-0. 

An i n i t i a l  attempt was made t o  est imate mortal i ty  of cominon murres and Atlant ic  puff ins  a s  
by-catches i n  f i sh ing  nets.  Their ca lcu la t ions  indicated net mor ta l i ty  around the kiitless 3ay 
bird sanctuary may have ranged from 3-20% of the local breeding population of common murres, 
By-catch of adu l t  At1 a n t i c  puff ins  was low, never exceeding 1.6% of the  breeding population. 
However, there a r e  a number of assumptions and biases inherent  i n  these est imates  t h a t  were not  
accounted f o r  and resul t s  should be t r e a t e d  as  preliminary. 

30. Sergeant,  0. E. 1973. Feeding, growth, and product ivi ty  of northwest At lan t ic  harp s e a l s  (Pagophilus 
groenlandicus). J.  Fish. Res. Board Can. 30: 17-29. 

1976. The r e l a t i o n s h i p  between harp s e a l s  and f i s h  populations. ICNAF Res. Doc. 76/125, 
Seri  a1 No. 401 1. 5 p. 

The f i r s t  paper presented data on the food of harp s e a l s ,  demonstrating t h a t  the  food 
spectrum i s  wide. The major prey were small pelagic f i s h ,  espec ia l ly  capel in,  and both pelagic 
and benthic crustaceans. An annual t o t a l  consumption of about 2 mil l ion tons in  Subarea 1-4 was 
estimated from information on population s i z e  (1.33 m i l l i o n ) ,  mean body weight (B.W.) (100 kg) ,  
daily ra t ion  (5% B.W.) ,  and number of feeding days per year (300). Capelin were estimated t o  
represent  25% of the d ie t .  In the second paper i t  was noted t h a t  a dai ly ra t ion  of 3% B.W. may 
be more r e a l i s t i c  for  s e a l s  i n  the wild, so the annual consumption of capelin was revised 
downward from 0.5 t o  0.3 mil l ion tons. 

31. Stevenson, S. C., A. D. Murphy, and R. B. Stead. 1984. Report on t h e  cod by-catch i n  t h e  1981-83 
Newfoundland capel in t r a p  f i s h e r i e s .  Can. Tech. Rep. Fish. Aquat. Sci.  1310: i v  + 15 p. 

This study addressed concerns of possible  s i g n i f i c a n t  by-catches of juvenile cod caught i n  
capel in t rap  nets ,  This concern was motivated by increased capel in t r a p  landings in  1979 and 1980 
due to an expansion of t h i s  inshore f i shery .  Data were co l lec ted  during the 1951-83 capelin t r a p  
f i sh ing  seasons in  Tr in i ty  and Conception Bays where the majority of the landings occurred. This 
consisted of observer est imates  ( v i s u a l )  of: to ta l  weight of f i s h  caught f o r  each species  



(cod-capel in) ;  the amount landed; and the amount discarded. In addi t ion,  est imates  of the amount 
of f i s h  discarded a1 ive versus dead were a1 so made. While the data a r e  highly subject ive the  
r e s u l t s  suggested only i n s i g n i f i c a n t  numbers of juveni le  f i s h  were being l o s t  as a b catch of 8 - t h i s  f i shery .  While q u a n t i t i e s  of juvenile cod removed ranged from 4.4 t o  8.3 x 10 t h i s  was 
estimated t o  represent  only between 0.1-0.2% of estimated recruitment a t  age 4 t o  the 2J3KL cod 
stock complex. Local e f f e c t s  i n  Tr in i ty  and Conception bays may be considerably higher. While 
tne numbers of cod removed ranged up t o  831,000 f i s h ,  these were mostly 2-3 year-olds and 
therefore of l i t t l e  commercial value. Low by-catches of cod, in re la t ion  to  biomass of capelin i n  
t r a p  nets ,  was a l s o  reported by Nakashima (1984). 

32. Turuk, T. N. 1978. The feeding of Labrador and Newfoundland cod on capel in.  Trudy PINRO 41: 67-73 
(Can. Transl.  Fish. Aquat. Sci.  4580, 1979). 

The author  combined est imates  of feeding r a t e ,  observations on the percentage of the year  
when cod feed on cape1 i n ,  observations on frequency of occurrence of cape1 in i n  cod stomachs, and 
est imates  of cod biomass, to  ca lcu la te  t h a t  cod of f  Labrador (2GHJ) and on the southern Grand 
Bank (3NO) respec t ive ly  consume 3.8 and 6.5 times t h e i r  biomass in capel in annually. 

The source of the feeding r a t e  est imates  was not provided, several assumptions are  not 
va l id ,  and there  a re  some discrepancies between the procedures described in the t e x t  and the 
actual ca lcu la t ions  performed. (See Li l ly  e t  a l .  (1981 f o r  a more de ta i led  review). 

33. Wiles, M. 1968. Possible  e f f e c t s  of the harbour seal bounty on codworm i n f e s t a t i o n s  of At lan t ic  cod 
i n  t h e  Gulf of  St.  Lawrence, t h e  S t r a i t  of Bel le  I s l e  and t h e  Labrador Sea. J. Fish. Res. Board 
Can. 25: 2749-2753. 

This study assessed the e f f e c t s  of a federal government bounty f o r  harbour s e a l s  on cod 
worm (Porrocaecum and Anisakis) i n f e s t a t i o n s  of At lan t ic  cod in the Gulf of S t .  Lawrence 
(Divis ions 4R,S). I t  was concluded the e f f e c t  of bounty k i l l s  on in fes ta t ion  was probably small.  
This was due to: a )  a decl ine in  seal k i l l s  during the period 1952-66; b)  85% of k i l l s  
comprised were s e a l s  1 year  old in which nematode i n f e s t a t i o n  is small;  c )  hunting was not 
" intense" i n  these areas;  d )  harbour s e a l s  may only account f o r  2% of a l l  i n f e s t a t i o n s ,  w i t h  
harp and grey s e a l s  accounting f o r  the r e s t .  No recommendations were made concerning the 
cont inuat ion of the bounty program or f o r  fu ture  s tud ies .  

34. Winters, G. H. 1983. Analysis o f  the  biological and demographic parameters of the  northern sand 
lance,  Amnodytes dubius, from t h e  Newfoundland Grand Bank. Can. J. Fish. Aquat. Sci .  
40: 409-419. 

The author  examined ava i lab le  information on sand lance on the  Grand Bank to determine 
whether there  were changes at tending the decl ine in  biomass of cod during the 1970's and the 
subs tan t ia l  reduction in capel in biomass during the l a t e  1970's.  An analysis  of incidental  
catches during research bottom-trawl surveys indicated t h a t  the abundance of sand lance was 
r e l a t i v e l y  s t a b l e  a t  a low level  up t o  the l a t e  1960's and gradually increased t o  a level in  the  
l a t e  1970's which was several times higher than during the 1960's. Mortality r a t e s  decreased 
during the same period. A s i g n i f i c a n t  negative cor re la t ion  was found between sand lance 
abundance and cod biomass, supporting the hypothesis t h a t  reduced predation was responsible f o r  
the reduction in mortal i ty  and the increase in  biomass from the 1960's t o  the l a t e  1970's.  

35. Winters, G. H.,  and J. E. Carscadden. 1978. Review of capel in ecology and est imation of surplus 
y i e l d  from predator  dynamics. ICNAF Res. Bull. 13: 21-30. 

This surplus-production model was intended to provide a f i r s t  estimate of po ten t ia l  
long-term annual y i e l d  of capelin in Subareas 2 and 3. Since many capel in predators had declined 
in abundance i n  the 1950's and 1960ts ,  i t  was assumed t h a t  some capel in previously consumed by 
predators  would be ava i lab le  t o  a f ishery in  the  1970's.  I t  was estimated t h a t  annual capel in 
consumption by cod declined from 3.97 t o  3.00 mil l ion tons,  by harp s e a l s  from 0.43 t o  
0.30 mi l l ions  tons, and by f i n  whales from 0.36 to 0.25 mil l ion tons. The t o t a l  excess 
production of capel in released by the decl ine i n  abundance of major predators was estimated to be 
about 1.25 mi l l ions  tons. 

I t  was noted t h a t  these ca lcu la t ions  were extremely crude and r e l i e d  on a number of untested 
assumptions. (Adapted from review in Carscadden, 1984). 
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a rod i  e ,  'vi.3. 1984. Review o f  Methods and Data Used i n  Ana l ys ing  Mu1 ti species F i s h e r i e s  I n t e r a c t i o n s ,  
p. 55-59. I n :  R. Mahon fed.] Towards t h e  i n c l u s i o n  o f  F i s h e r y  I n t e r a c t i o n s  i n  Nanagement Adv ice .  
Can. Tech. Rep. F i sh .  Aquat. Sc i .  No. 1349. 

I n t e r p r e t a t i o n  o f  ca t ch  da ta  f rom commercial f i s h e r i e s  which catch two o r  m r e  spec ies  i s  discussed. 
Problems w i t h  d e f i n i t i o n  o f  main spec ies  data  f rom these f i s h e r i e s  a r e  examined, and i n  l i g h t  o f  these 
d i f f i c u l t i e s ,  uses of observer  as w e l l  as research vessel  survey i n f o r m a t i o n  a r e  i d e n t i f i e d .  Con t ro l  o f  
by-catches i n  m u l t i s p e c i e s  f i s h e r i e s  i s  i d e n t i f i e d  as an impor tan t  management t o o l .  P r a c t i c e s  t o  c o n t r o l  
by-catches have i n c l u d e d  t r i p  l i m i t s ,  c l o s e d  seasons, and r e s t r i c t e d  areas and these measures a r e  eva lua ted  
b r i e f l y .  Methods used p r e v i o u s l y  t o  ana lyse m u l t i s p e c i e s  f i s h e r y  data have i n c l u d e d  Schaefer models and 
l i n e a r  programming exerc ises .  Bo th  these techn iques have d e a l t  w i t h  t h e  es tab l i shmen t  o f  an  o v e r a l l  TAC o r  
MSY f o r  a l l  spec ies  i n  a  f i s h e r y  which i s  somewhat below t h e  sum o f  t h e  TAC's o r  MSY's o f  t h e  i n d i v i d u a l  
spec ies .  The l i n e a r  programming approach used i n  t h e  Subarea 5 and 6  f i s h e r i e s  i n  t h e  e a r l y  1970 's  l e d  t o  
t h e  s e t t i n g  o f  a  second - t i e r  quota, which was i n  f a c t  an o v e r a l l  m u l t i s p e c i e s  TAC. 

I n t r o d u c t i o n  

Th is  paper examines data c o l l e c t e d  f rom 
mu1 t i s p e c i e s  f i s h e r i e s  and d iscusses ways i n  
which t h i s  data can be used, a t  a  f i r s t  l e v e l ,  t o  
ana l yse  o r  i n t e r p r e t  these f i s h e r i e s .  The da ta  
cons ide red  a re  b a s i c  f i s h e r y  s t a t i s t i c s  such as 
ca t ch  l e v e l s ,  by-catch ra tes ,  etc. ,  and t h e  
ana lyses o f  m u l t i s p e c i e s  f i s h e r i e s  desc r i bed  he re  
w i l l  b e  those which a re  l i m i t e d  t o  these t ypes  o f  
da ta ,  among which a r e  general  p r o d u c t i o n  and 
l i n e a r  programming models. T h i s  paper does n o t  
deal w i t h  ana lyses r e l a t e d  t o  i d e n t i f i c a t i o n  o f  
m u l t i s p e c i e s  systems ( c l u s t e r  ana l ys i s ,  e t c .  n o r  
does i t  deal w i t h  models which r e q u i r e  da ta  
beyond the  comp lex i t y  o f  t h a t  descr ibed above 
(mu1 ti spec ies  VPA's, t r o p h i c  i n t e r a c t i o n s ,  
bioeconomic model s, e t c .  I ,  a1 though these types 
o f  analyses form a s i g n i f i c a n t  p a r t  o f  ongoing 
work on m u l t i s p e c i e s  f i s h e r i e s  systems. 

I n t e r p r e t a t i o n  o f  Data F r a n  Mu1 ti spec i  es 
F i s h e r i e s  

With t h e  i n t r o d u c t i o n  o f  t o t a l  a l l owab le  
ca tches (TAC's)  i n  t h e  mid  1970 's  f o r  many o f  t h e  
f i s h e r i e s  conducted i n  t h e  no r thwes t  A t l a n t i c ,  
came t h e  need f o r  accu ra te  ca tch  s t a t i s t i c s  t o  
e n f o r c e  t h e  TAC's and assess s tock  s ta tus .  
V i r t u a l  l y  a1 1 TAC' s  assigned i n  r e c e n t  y e a r s  have 
been f o r  i n d i v i d u a l  spec ies  w i t h  some except ions ,  
n o t a b l y  Sco t i an  S h e l f  f l a t f i s h  ( H a l l i d a y  MS 1973; 
t l e i l s o n  and Dale  6 1984) and most r e d f i s h  
s tocks ,  r here spec ies  de te rm ina t i on  i s  a  problem 
( N i  1981 ). It t h e r e f o r e  became necessary t o  
c o l l e c t  t h e  bas i c  f i s h e r i e s  i n f o r m a t i o n  on a  
spec ies  by spec ies  b a s i s  whenever p o s s i b l e .  

I n  c e r t a i n  f i s h e r i e s ,  where one d e s i r e d  
spec ies  forms v i r t u a l l y  a1 1 o f  t h e  catch, 
c o l l e c t i o n  and i n t e r p r e t a t i o n  o f  data such as 
ca t ch  pe r  day, ca t ch  p e r  t r i p ,  measurement o f  

e f f o r t ,  e t c . ,  i s  s t r a i g h t f o r w a r d .  However, i n  
f i s h e r i e s  where two o r  more spec ies  a r e  c o n t a i n e d  
i n  t h e  ca tch,  these s t a t i s t i c s  becorne m r e  
d i f f i c u l t  t o  c a l c u l a t e  on an i n d i v i d u a l  spec ies  
bas is .  D i c k i e  (1965) desc r i bes  t h e  usua l  data 
process ing system common t o  f i s h i  ng vesse ls  
r e q u i r e d  t o  keep log-books o f  ca t ch  i n f o r m a t i o n .  
I t  i s  t h e  even tua l  summary o f  such d a t a  which 
leads t o  problems o f  i n t e r p r e t a t i o n .  

Catch and e f f o r t  da ta  i s  o f t e n  ca tego r i zed ,  
by species,  under t h e  head ing of main spec ies  
f i s h e r y .  T h i s  l a b e l  i s  u s u a l l y  ass igned t o  t h e  
predominant species,  by weight,  i n  t h e  ca tch  
a f t e r  summing t h e  t o t a l s  f o r  a  vessel  o v e r  a  
p e r i o d  o f  t ime, o f t e n  1  day o r  1  t r i p .  Ca tch  
r a t e s  and e f f o r t  da ta  f o r  t h e  main, o r  d i r e c t e d ,  
spec ies  can then  be c a l c u l a t e d  (Lux 1964). These 
main spec ies  ca t ch  r a t e s  a r e  o f t e n  used as 
i n d i c a t o r s  o f  s tock  biomass l e v e l s  i n  a s s e s s m n t  
o f  stock s t a t u s  (eg. P i  tt and B r o d i e  MS 19801. 
However, D i c k i e  (1965) descr ibes  a  s i t u a t i o n  f o r  
cod and haddock f i s h e r i e s  on t h e  S c o t i a n  S h e l f  
where vesse ls  f i s h e d  b o t h  spec ies  and a t  t h e  end 
o f  c e r t a i n  t r i p s  i t  was imposs ib le  t o  d i s t i n g u i s h  
which o f  t h e  two was t h e  so -ca l l ed  main species.  
T h i s  t ype  o f  s i t u a t i o n  i s  ccmmn th roughou t  most 
m u l t i s p e c i e s  f i s h e r i e s  and rep resen ts  t h e  major  
d i f f i c u l t y  i n  d e a l i n g  w i t h  d a t a  f rom these 
f i s h e r i e s .  

To t h i s  p o i n t ,  t h e  mu1 t i s p e c i e s  f i s h e r i e s  
data  desc r i bed  has come f rom commercial f i s h i n g  
records.  Recogniz ing t h e  l i m i t a t i o n s  o f  t h i s  t y p e  
o f  i n f o r m a t i o n ,  i t  i s  o f t e n  p o s s i b l e  t o  u t i l i z e  
d a t a  f r cm o t h e r  sources, p r i m a r i l y  o b s e w e r  
reco rds  and research vessel  survey data. 
Observer i n f o n a t i o n  has one advantage i n  t h a t  i t  
i s  p o s s i b l e  t o  i d e n t i f y  a  main spec ies  sought 
ca tegory  f rom ca tch  records ,  r a t h e r  t h a n  hav ing  
t o  ass ign a  main species based on c a t c h  
summr ies .  T h i s  type o f  i n f o r m a t i o n  i s  u s e f u l  i n  
examining changes i n  ca t ch  compos i t ions  over  t i m e  



i n  c e r t a i n  f i s h e r i e s  ( 3 r o d i e  qS 1983).  Qesearch 
vessel  survey r e s u l t s  can a l s o  be used i n  
i d e n t i f y i n g  t r ends  i n  catches i n  terms o f  species 
mix,  and a d d i t i o n a l l y  can be used t o  examine 
p a r t i c u l a r  l ocaz ions  w i t h i n  a  f i s n e r y  on a  more 
d e t a i l e d  l e v e l ,  s ince com~nerc ia l  s t a t i s t i c s  a re  
u s u a l l y  on l y  a v a i l a b l e  f o r  r e l a t i v e l y  l a r g e  
areas. I n  marly ins tances (eg. Sissenwine e t  a l .  
1392; Gabr ie l  and T y l e r  1980) research vessel  
da ta  has been ilSed t o  i d e n t i f y  o r  d e f i n e  
mu? ti species popul a t i o n  i n t e r a c t i o n s .  

By-Catches and T h e i r  R e g u l a t i o n  

Often, i t  i s  no t  t he  c a t c h  o f  t h e  main 
spec ies  ( i f  indeed t h e r e  i s  one) which i s  o f  
p r imary  concern i n  a  m u l t i s p e c i e s  f i s h e r y ,  b u t  
t h e  ca tches o f  i n c i d e n t a l  spec ies ,  known as 
by-catches. Th i s  s i t u a t i o n  can range f rom t h e  
smal l  ca t ch  o f  a  va luab le  spec ies  i n  a  r e l a t i v e l y  
c l e a n  d i r e c t e d  f i s h e r y  t o  a  f i s h e r y  d i r e c t e d  a t  
seve ra l  more-or - less  e q u a l l y  va luab le  resources 
(eg. a  mixed g round f i sh  f i s h e r y ) .  Measurement 
and r e g u l a t i o n  of these by-catches i s  t h e r e f o r e  
an i n t e g r a l  p a r t  of t h e  management scheme o f  many 
f i s h e r i e s .  These by-catches a r e  o f t e n  expressed 
i n  t e r i l s  o f  a  r a t i o ,  e i t h e r  o f  t h e  by-catch 
spec ies  t o  t i l e  main species,  o r  o f  tine by-catch 
spec ies  t o  t he  t o t a l  c a t c h  i n  t h e  f i s h e r y  (Brown 
e t  a l .  YS 1973). Dramat ic  i nc reases  i n  these 
by-catch r a t i o s  w i t h i n  a  f i s h e r y  can l e a d  t o  
over runs o f  a l l o c a t i o n s  o f  t h e  by-catch spec ies  
i f  they a re  n o t  ac ted upon. The re in  1 i e s  t h e  key 
i s s u e  w i t h  rega rd  t o  h a r v e s t i n g  a  mu1 t i s p e c i e s  
resource which i s  sub jec ted  t o  a  s e r i e s  o f  s i n g l e  
spec ies  a l l o c a t i o n s :  how t o  maximize t h e  y i e l d  
f rom a l l  d e s i r e d  species w i t h o u t  exceeding t h e  
a l l o w a b l e  ca t ch  l e v e l  o f  one o r  more o f  t h e  
species.  The s i t u a t i o n  i s  comp l i ca ted  f u r t h e r  
when the  a v a i l a b i l i t i e s  o f  d e s i r e d  spec ies  d i f f e r  
by wide margins.  For  example, a  vessel  o r  f l e e t  
f i s h i n g  f o r  spec ies  A ,  which i s  very  abundant, 
gay be ~ampered  i n  i t s  e f f o r t s  t o  ach ieve i t s  
a l l o c a t i o n  by t h e  c o n s i s t e n t  by-catch o f  species 
5, dh i ch  i s  n o t  as abundant and f o r  which i t  has 
e i t h e r  a smal l  a l l o c a t i o n  o r  none a t  a l l .  When 
t h i s  t ype  o f  s i t u a t i o n  i s  spread over  severa l  
f i s n e r y  i n t e r a c t i o n s ,  management o f  a1 l o c a t i o n s  
becomes d i f f i c u l t ,  i f  no t  v i r t u a l l y  imposs ib le .  

I n  many f i s h e r i e s ,  eg. Grand Bank p l a i c e  and 
y e l l o w t a i l  ( B r o d i e  YS 19831, a  s tanda rd  p r a c t i c e  
t o  c o n t r o l  by-catch has been t o  s e t  a  l i m i t  o f  a 
c e r t a i n  percentage j u s u a l l y  10) o f  t h e  by-catch 
spec ies  o f  t h e  t o t a l  ca t ch  f o r  a  t r i p  o f  a  
vesse l .  These t r i p  l i m i t s  o f t e n  vary  d u r i n g  a  
yea r ,  depending on how f a s t  t h e  a l l o c a t i o n  o f  t h e  
by-catch spec ies  i s  be ing  used. Other  measures 
f o r  r e g u l  a t i o n  have i n c l u d e d  s tandard  management 
p r a c t i c e s  such as c l osed  seasons (Sco t i an  she1 f 
haddock), mesh r e g u l a t i o n s ,  and r e s t r i c t e d  areas, 
such as t h e  smal l  mesh gear box o f f  Nova S c o t i a  
(Waldron YS 1979).  Hogever, each o f  these 
methods has obvious disadvantages. i m p o s i t i o n  o f  
t r i p  1 i m i  t s  promotes d i s c a r d i n g  o f  p o t e n t i a l l y  
va luab le ,  b u t  i l l e g a l  , by-catches. I n t r o d u c t i o n  
of c l osed  areas o r  se3sons causes l o s s  o f  y i e l d  
from p o r t i o n s  o f  s tocks  which would n o t  no rma l l y  

be damaged by e x p l o i t a t i o n  i n  t h a t  a rea o r  
season. Also,  under any management scheme, when 
t h e  quota o f  one spec ies  i s  reached, f u r t h e r  
l and ings  of t h i s  spec ies  can be r e p o r t e d  as a  
d i f f e r e n t  species (O 'Boy le  e t  a l .  YS 1983; 
S i l v e r t  and O i c k i e  1982). These a re  some o f  t h e  
d i f f i c u l t i e s  which have a r i s e n  i n  a t te inp ts  t o  
r e g u l a t e  mu1 ti species f i s h e r i e s  which a re  
confounded by s ing1 e  spec ies  r e s t r i c t i o n s  . 

A n a l y s i s  o f  CatchfBy-Catch Data From M u l t i s p e c i e s  
F i s h e r i e s  

There have been severa l  a t tempts  a t  u s i n g  
general  p r o d u c t i o n  curves (Schaefer  1954) t o  
model mu7 t i s p e c i e s  f i s h e r i e s  over  a  w ide 
geographic area. Horwood (1976) cons ide red  a  
h y p o t h e t i c a l  two spec ies  model and Pope (1976a) 
examined t h e  cod and r e d f i s h  s tocks  i n  NAFO 
Subarea 2-Div. 3K. P inhorn  (1976) used t h e  
Schaefer approach f o r  t h e  groundf i s h  resource i n 
NAFO Subareas 2 and 3 and H a l l i d a y  and Doubleday 
(1976) used t h e  same method f o r  t he  g r o u n d f i s h  
f i s h e r i e s  on t h e  Sco t i an  S h e l f  {NAFO Div .  4YWX).  
These e f f o r t s  cons idered on l y  t h e  t o t a l  
y i e l d  t o t a l  e f f o r t  concept  and d i d  n o t  address 
any p o s s i b l e  mu1 ti spec ies  i n t e r a c t i o n s .  Pope 
(1976b) cons idered t h e  e f f e c t  o f  b i o l o g i c a l  
i n t e r a c t i o n s  between s tocks  i n  t h e  form o f  y i e l d  
models which d e a l t  w i t h  c o m p e t i t i o n  and 
p reda to r -p rey  re1 a t i onsh ips .  I n  some o f  t hese  
s t u d i e s  (P inho rn  1976; Hal 1  i d a y  and Doubleday 
1976) t h e  authors  compared t h e  maximum 
s u s t a i n a b l e  y i e !  d c a l c u l a t i o n s  w i t h  t h e  sums o f  
t h e  TACs o f  t h e  i n d i v i d u a l  species. I n  bo th  
these cases, t h e  MSY was determined t o  be l e s s  
than t h e  sum o f  the  spec ies  TAC's. Pope (1976b) 
s t a t e d  t h a t  c o n s i d e r a t i o n  o f  c e r t a i n  mixed 
f i s h e r y  models d i d  n o t  suppor t  t h e  adop t i on  o f  
t o t a l  ca t ch  quotas w i t h o u t  i n d i v i d u a l  spec ies  
l i m i t a t i o n s .  He a l s o  f e l t  t h a t  they  were o f  
some va lue  i n  i n d i c a t i n g  t h a t  t h e  i4SY o f  a  system 
may be l e s s  than t h e  sum o f  the  component MSY's 
and t h a t  they  would be o f  more va lue  i n  a  
s i t u a t i o n  where knowledge o f  i n d i v i d u a l  s tocks  
was somewhat incomplete.  

Perhaps t h e  most amb i t i ous  example o f  
p rev ious  a t tempts  a t  mu1 ti species f i s h e r y  
management d e a l t  w i t h  t h e  m u l t i n a t i o n ,  
mu1 t i s p e c i e s  f i s h e r y  which occu r red  i n  NAFO 
Subareas 5 and 6  i n  t h e  1960's and 70's.  These 
f i s h e r i e s  encompassed over  t e n  species,  and saw 
invo lvement  by more than twe l ve  na t i ons ,  w i t h  
proposed a l l o c a t i o n s  f o r  1974 t o t a l l i n g  some 
924,300 t (ICNAF 1974a). W i th  t h e  i n t r o d u c t i o n  
o f  a  n a t i o n a l  quota a l l o c a t i o n  scheme i n  1972 
(Brown e t  a l .  8s 1973) came t h e  requ i rement  t h a t  
each coun t r y  c l o s e  a  p a r t i c u l a r  d i  r e c t e d  f i s h e r y  
when needed so t h a t  t h e  sum o f  t h e  main spec ies  
ca t ch  and es t ima ted  by-catches i n  o t h e r  f i s h e r i e s  
would n o t  exceed i t s  a l l o c a t i o n  f o r  t h a t  species. 
X i t h  such a  l a r g e  number o f  spec ies-count ry  
i n t e r a c t i o n s ,  c o n t r o l  o f  quotas was ex t remely  
d i f f i c u l t .  Wi th  t h i s  i n  mind, Brown e t  a l .  (MS 
1973) dev i sed  a  method t o  analyse t h e  e f f e c t  o f  
by-catches on t h e  r e a l i z a t i o n  o f  management 
o b j e c t i v e s ,  based on n a t i o n a l  a1 l o c a t i o n s  and 
by-catch r a t e s  i n  t he  va r i ous  f i s h e r i e s .  



Their ana lys i s  &as based on l i n e a r  
progranining (Gl icksman 19631. Simply s t a t e d ,  the 
ob jec t ive  of t h e i r  liiodel was t o  maxi-nize a value 
for  the t o t a l  catch of a l l  species  by a l l  
count r ies ,  w i  t b  tine cons t ra in t  t h a t  70 individual 
species a l loca t ion  could be exceeded. This was 
determined by analyzing by-catch ra tes  and 
subsequently ca lcu l3  t i  ng the optimum level of 
catch of the main species in each directed 
f ishery.  From the main species  catches and the 
associated by-catches, the t o t a l  catches f o r  each 
species could be determined. The l i n e a r  
progralnmi ng solut ion thus revealed optimum main 
species catch level  s ,  based on previous y e a r s '  
by-catch data. However, the or iginal  so lu t ion  
was not p r a c t i c a l ,  as i t  c a l l  ed for  c e r t a i n  small 
but valuable main species catches t o  be reduced 
to zero. After addi t ional  cons t ra in t s  were added 
t o  the model, more real i s t i c  values f o r  main 
species catches were obtained. 

9nce the a b i l i t y  t o  determine optimum t o t a l  
catch l e v e l s  had been demonstrated for  the 
Subarea 3 and 6 f i shery ,  a concept known as  
two- t i e r  qugtas was introduced ( ICNAF 1974b). 
This involved the s e t t i n g  of a to ta l  quota f o r  
a11 species combined ~ h i c h  was somewhat l e s s  t h a ~  
the  suv of the individual quotas fo r  each 
species. The level a t  which t h i s  second t i e r  
quota das s e t  was determined by l i n e a r  
programming and idea l ly  should have represented 
the  maximum catch level of a l l  species ,  given 
t h a t  no individual species quota was exceeded. 
However, the second t i e r  was often s e t  above t h i s  
f igure ,  t o  allow for  f luc tua t ions  in the  by-catch 
pa t te r ss  of the  various national f i s h e r i e s .  

Since t h a t  time, there  have been numerous 
o ther  attempts a t  l i n e a r  programming so lu t ions  t o  
solve by-catch problems in mu1 t i s p e c i e s  
f i s h e r i e s .  The procedure continued t o  be used 
f o r  the Subarea 5 and 6 f i s h e r i e s  for  several 
years  (Brown e t  a l .  MS 1975, 19791, and Brodie 
(YS 1931 ) applied the same techniques t o  the 
Grand Bank groundfish f i s h e r i e s .  blurawski e t  a1 . 
(i4S 1933) used a l i n e a r  programming model t o  
analy se the mixed species f i shery  system on 
Georges Bank, with the difference t h a t  f i sh ing  
m o r t a l i t i e s  instead of catch quotas dere used as 
cons t ra in t s .  

A1 though these 1 i  near pr~gra~nming exercises  
can prsvide so lu t ions  t o  otherwise unmanageable 
by-catch problems, these solut ions are  not always 
prac t ica l .  In v i r t u a l l y  a l l  of the s tud ies  which 
empl oy t h i s  -nethodology, the authors point out 
t h e  disadvantages of using h i s to r ica l  by-catch 
data  t s  determine fu ture  f i sh ing  pat terns.  
S ign i f ican t  change in the abundance of one or  
more of tine species  in  the system can cause 
considerable f luc tua t ions  in  the by-catches i n  
c e r t a i n  f i s h e r i e s ,  resu l t ing  i n  the balance 
proposed by the 1 inear  prograinmi ng model being 
upset.  Brodie (YS 1981) a l so  poiqts out problems 
vlhich can a r i s e  in in te rpre t ing  by-catch r a t i o s  
from cer ta in  main species f i s h e r i e s  where catches 
3f two or  more species tend t o  be constant ly 
high. 4150, the d i f f i c u l t i e s  noted by 3rown e t  
a l .  0% 1973) in proposilg elimination of ce r ta in  

sinall directed f i s h e r i e s  often render ce r ta in  
solut ions impract ical .  

Summary 

In v i r t u a l l y  a1 1 mu1 t i s p e c i e s  f i s h e r i e s  
in te rac t ions  which have been s tudied,  a common 
fea ture  has Seen the exis tence of individual 
species  quotas. GIith t h i s  in  mind, 
i n t e r p r e t a t i o n  and analysis  of these mixed 
f ishery systems a re  of ten hampered by the  lack of 
aeaningful data. To speculate  on dhat  would 
happen i n  cases where management s t r a t e g i e s  were 
changed i s  extremely peri 1 ous, given the rapid 
changes known to occur i n  ce r ta in  f i s h e r i e s .  
Such a re  the problems in attempting t o  i n t e r p r e t  
mu1 t i  species  f i s h e r i e s  in te rac t ions  from within a 
s ing le  species framework. 
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D i s c u s s i o n  P e r i o d  

Yurawski  : So:neti:nes t he  s e n s i t i v i t y  o f  t h e  
models t o  the by-catch data  can n o t  be 
overemphasized. For  example, i n  Subarea 5, w i t h  
extended j u r i s d i c t i o n ,  t h e  haddock stock was low 
f o r  severa l  years ,  and then  a  good yea r  c l a s s  
came along which e s s e n t i a l l y  r e c r u i t e d  i n  one 
year .  The quota had been s e t  i n  tne  p rev ious  
y e a r  on an assiined by-catch r a t i o ,  haddock cou ld  
n o t  be avoided, and f ishermen c o u l d  n o t  m a i n t a i n  
decent  ca t ch  r a t e s  on o t h e r  species w h i l e  
avo i  d i n g  haddock. The e n t i  r e  system c o l  1 apsed 
because i t  was p r e d i c a t e d  on a  by-catch r a t i o  
f rom the p rev ious  year,  w i t h  no account taken f o r  
changes i n  s tock  s ta tus .  

O'Boyle:  My exper ience i s  t h a t  very  few 
f i s n e r i e s  a re  r e a l l y  mixed on a  s e t  by s e t  bas i s ;  
t r i p  by t r i p  perhaps, b u t  s e t  by se t ,  f i shermen 
a r e  ab le  t o  make very c l ean  catches. I do n o t  
t h i n k  t h a t  f ishermen a re  q u i t e  as much random 
u n i t s  moving around the  ocean as we sometimes 
t h i n k .  

Murawski: I would take i s s u e  w i t h  t h i s  b u t  I 
t h i n 2  t h e r e  i s  an element o f  s t o c h a s t i c i t y .  Fo r  
example, on a  t r i p  d i r e c t e d  a t  cod, t he  f i shermen 
nay f i n d  good concen t ra t i ons  o f  y e l l o w t a i l  and 
dec ide t o  make i t  a y e l l o w t a i l  t r i p .  There i s  
t h a t  e lenen t  o f  randomness. 

B r o d i e :  That a f f e c t s  i n t e r p r e t a t i o n  o f  t h e  data  
as. The f i s h i n g  e f f o r t  f o r  a  day o r  even a  
t r i p  i s  o f t e n  c l a s s i f i e d  as be ing d i r e c t e d  a t  a  
spec ies  which i n i t i a l l y  was n o t  t he  o b j e c t i v e  o f  
t he  t r i p .  

O 'Boy le :  Th is  i s  a  r e a l  i s sue  f o r  t he  managers - 
s i n c e  ~f the  f i s h  are  avo idab le ,  t h e r e  w i l l  be a  
d i f f e r e n t  s t r a t e g y  than i f  they are  unavo idab le .  
j iha t  can be determined by examining observer  
data? 

A. S i n c l a i r :  There i s  a  l o t  o f  e f f o r t  spent  
f i s h i n g  i n  areas t h a t  y i e l d  pure catches, b u t  i t  
depends l a r g e l y  on the  ci rcumstances o f  t h e  t r i p .  
Large o f f s h o r e  vesse ls  which a r e  company-directed 
a re  g i ven  a  l i s t  o f  species t o  ca tch .  Obviously,  
t h e  b e s t  day t o  o b t a i n  these i s  t o  f i s h  where the 
catches a re  pure. Sna l l  owner-operated vesse ls  
can f i s h  i n  areas dhere ca tches are  h i g h l y  mixed. 
The p a t t e r n s  are  q u i t e  v a r i a b l e  and can a f f e c t  
t h e  l i n e a r  programming models. 

B r o d i e :  There i s  a l s o  t he  problem t h a t  f o r  these 
moders, by-catch r a t i o s  a r e  summed over  l o n g  
p e r i o d s  o f  t ime,  o f t e n  an e n t i r e  year .  

emphasis i s  t o  be p laced  on one f i s h e r y  over 
another,  a  va lue c o n s t r a i n t  can be p laced  on a  
p a r t i c u l a r  f i s h e r y .  Th i s  was e v i d e n t  i n  Brown's 
a n a l y s i s  dh i ch  c a l l e d  f o r  e l i m i n a t i o n  o f  most o f  
t he  US domestic f i s h e r i e s  i n  favour  o f  
i n t e r n a t i o n a l  f i s h e r i e s  because they were 
r e l a t i v e l y  c l ean .  The f o r m u l a t i o n  w i l l  a lways 
f a v o r  t he  c l e a n e s t  f i s h e r i e s ,  b u t  t h e r e  a r e  many 
s o c i o p o l i t i c a l  r a m i f i c a t i o n s  o f  a  pure s o l  u i i  on 
l i t e  t h a t .  ! t h i n k  t h e  l i n e a r  programming 
a n a l y s i s  i s  very  amenable t o  a d j u s t i n g  t h e  
economic f a c t o r s  so i t  shou ld  n o t  be abandoned 
j u s t  because i t i s  s e n s i t i v e  t 3  by-catch l e v e l s .  

Brod ie :  Often, more complex c o n s t r a i n t s  are  - 
requl  r e d  f o r  t h e  l i n e a r  p r o g r a m i n g  models. The 
s i t u a t i o n  i s  u s u a l l y  more i n v o l v e d  than can be 
determined f rom examining catch 1  eve1 s  and 
by-catch r a t i o s .  

Murawski : I t h i n k  the  1  i n e a r  programming model 
has severa l  l i m i t a t i o n s  s i nce  i t  i s  a  
r e t r o s p e c t i v e  ana l ys i s ,  b u t  i t  i s  an i n t e r e s t i n g  
f o r m a t  t o  u t i l i z e  some o f  t h e  quest ions  o f  
f i s h e r y  economics as c o n s t r a i n t s  i n  a  bioeconomi c  
node l .  I m p l i c i t  i n  t he  f o r m u l a t i o n  i s  the  i dea  
t h a t  the b i o l o g i c a l  a n a l y s i s  can be w i g h t e d  by 
some k i n d  o f  economic s l i ppage  i n  t he  system. I f  
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Abstract  

A study t o  inves t iga te  the Scotian Shelf small mesh management policy was conducted from 1977-1982. 
From 1977 t o  1979 vessels  of Cuban and Soviet r e g i s t r a t i o n  were permitted t o  f i s h  on the she l f .  This 
provided an unique opportunity to  not only analyse the  placement of the small mesh gear l i n e  but a1 so t o  
model the  f i s h e r y ' s  impact on recruitment t o  o ther  domestic l a rge  meshed f i s h e r i e s .  

Geographic d i s t r i b u t i o n s  of by-catch f o r  cod, haddock, and pollock support the placement of the small 
mesh gear l i n e  (SMGL). In general l a rger  by-catches of a l l  species  were observed in areas  landward of the 
SXGL. Calculat ion of y i e l d s  to the domestic f i s h e r i e s  of cod and haddock which were caught by the foreign 
f l e e t s  provided ins igh t  i n t o  past  f i s h e r i e s .  Of the t o t a l  tonnage caught only 50% would have been returned 
t o  the domestic f ishery.  This was a r e s u l t  of a v a i l a b i l i t y  and tne f a c t  t h a t  natural mortal i ty  of these 
small f i s b  i s  much grea te r  than the f i sh ing  mortal i ty  which the domestic f l e e t  could exert .  

A mode? was used to evaluate  fu ture  gains t o  the domestic cod and haddock f l e e t s  i f  the foreign f ishery 
ceased. I t  showed very 1 i t t l e  benef i t .  Increasing the mesh s i z e  of the foreign f l e e t s  from 60 t o  90 mm 
resu l tea  in a 1% increase  i n  the TAC f o r  haddock and no increase in  cod TAC ( i n  f a c t  a loss  occurs) .  
However, the impact on the s i l v e r  hake stock and catch s i z e  i s  dramatic. I f  the  cur ren t  level  of f i sh ing  
e f f o r t  i s  maintained the l o s s  in  catch i s  estimated t o  be between 30-40%. In order t o  f i s h  a t  Foel 
the foreign f l e e t  must increase i t s  e f f o r t  by 30%. Within t h e  context of t h i s  paper such an increase i s  
considered an unnecessary expenditure of f i sh ing  power. There a1 so appears to  be l i t t l e  benef i t  t o  the 
s i l v e r  nake stock. Further, the re  i s  minimal reduction i n  the  cod and pollock by-catches. While haddock 
by-catches cotild be s i g n i f i c a n t l y  reduced. The by-catch of t h i s  species i s  in the order to  100-500 
tons lyear .  

In conclusion i t  would seem t h a t  the cur ren t  management of the Scotian Shelf small meshed f i shery  i s  
adequate to  minimize by-catch and permit access to  the s i l v e r  hake stock. Histor ical  haddock and cod losses  
t o  the domestic f l e e t  catch i s  minimal. Future increases i n  domestic y i e l d  of these species i s  minimal. 

Introduct ion 

The presence of a foreign f ishery using small 
mesh gear fo r  s i l v e r  hake on the Scotian Shelf 
s ince the ea r ly  1965's  has led t o  concern t h a t  
there  may be adverse e f f e c t s  on recruitment t o  the 
cod and haddock stocks. Indeed, there was 
supporting evidence, with l a r g e  haddock catches 
reported from t h i s  f ishery in  1964 and 1965. 
Recruitment and eventual ly population s i z e  
declined rapidly afterwards (Hall iday 1971; 
Waldron 1980). S imi la r i ly ,  f o r  cod i t  was 
demonstrated t h a t  by-catches of young cod (ages 
1-21 of about 4,000 t annually could account f o r  
the  reduced recruitment observed in the ear ly 
1970 ' s  (Anon. 1976a). Since then, the decl ine i n  
t h e  cod stock biomass has been a t t r i o u t e d  to  
growth overfi shing by foreign f l e e t s  (Anon. 1977a; 
'slagui r e  g s. 1982 1. 

The Standing Comm~ t t e e  on Research and 
S t a t i s t i c s  of the Internat ional  Commission for  the 
Morthwest 4t l  a n t i c  F i sher ies  (ICNAF) reviewed the 
d i s t r i b u t i o n  of the s i ' v e r  nake f ishery in  
r e l a t i o n  to  other  groundfish a t  the Ninth Special 
Gomission Neeting i n  December 1976 (Anon. 1 9 7 7 ~ ) .  

Three areas  were iden t i f i ed  a s  being ac t ive ly  
f ished f o r  s i l v e r  hake. In one area along the 
edge of the Scotian She1 f ,  Canadian research 
survey r e s u l t s  indicated the 1 e a s t  overlap of 
d i s t r i b u t i o n s  of other  important commerci a1 
species  with s i l v e r  hake. The c o r n i t t e e  noted 
however t h a t :  

"... the northern l i m i t  of t h i s  f ishery area i s  
c r i t i c a l l y  important, as  the  haddock could be 
subjected to  by-catch problems, p a r t i c u l a r l y  in 
the  winter when they a r e  aggregated i n  
prespawning and spawning concentrations. These 
aggregations can occur to  a depth of 155 m 185 
f a t h . )  i n  winter (November t o  March or April 
incl usivel ,  depending on hydro1 ogical 
condit ions.  However, i n  summer (Nay to October 
i n c l u s i v e ) ,  haddock occur i n  shallower a reas ,  
and f ishing for  s i l v e r  hake along the edge of 
the continental shelf  in depths a s  shallow as 
120 m (65 f a t h .  ) would avoid the main areas  of 
haddock d i s t r i b u t i o n " .  

(Anon. 1977b) 



Based on t h i s  advice, ICNAF agreed t o  a 
regulatory proposal a1 lowi ng f i sh ing  with small 
meshed gear (60 m m )  south and e a s t  of a l i n e  
defined along the edge of tne Scotian Shelf 
between April 15 and November 15 (Anon. 1976b). 
The l i n e  has become known as  the Small Mesh Gear 
Line (S%L] (Figure 1) .  The spec i f ic  proposal 
resu l ted  from negotiat ions between Canada, t h e  
o r ig ina t ing  nation, and the USSR and Cuba as  the 
nations primarily involved in the s i l v e r  hake 
f i shery .  

When Canada extended j u r i s d i c t i o n  t o  200 
miles offshore i n  1977 the  ICNAF regulat ion was 
accepted and codif ied i n  the  Canadian Foreign 
Vessel Fishing Regulations. In addi t ion 
regu la t ions  were introduced t o  l i m i t  by-catch of 
haddock to l e s s  than 1% and t h a t  of o ther  
important commercial species to  l e s s  than 10% of 
t h e  t o t a l  weight onboard the vessel .  Enforcement 
of these regulat ions in par t  requires  Canadian 
f i s h e r i e s  observers t rained in both the f i sh ing  
regula t ions  and in techniques of biological 
sampling. These observers a re  deployed in the  
foreign f l e e t s  t o  c o l l e c t  information v i t a l  t o  
moni to r ing  and managin9 the small meshed f i s h e r i e s  
(Kul ka and Waldron 1983). 

In tne years  immediately following 1977 t h e  
biomass of cod and haddock populat iols  rose 
rapidly providing the base fo r  a new expansion of 
the Canadian inshore and offshore groundfish 
f i s h e r i e s .  To what extent  the restrict:,on of the 
small mesh f ishery contributed t o  t h i s  boom" may 
never be known. Important management lessons a r e  
t o  be learned,  however, from exploring these  
issues.  I t  i s  the re fore  not surpris ing t h a t  
quest ions concerning the cur ren t  small meshed 
f i s h e r y  are  oeing asked. These include concerns 
over t h e  cur ren t  by-catch leve l s  and t h e i r  d i r e c t  
e f f e c t s  on Canadian f i s h e r i e s  Do the  cur ren t  
by-catch, mesh s i z e ,  and f ishing area/season 
regula t ions  effect ive1 y reduce recruitment 
overf ishing of cod and haddock stocks? Would t h e  
advancement of the s i1 ver hake f ishing season 
permit the f l e e t s  to  catch t h e i r  a1 loca t ions  
sooner, avoiding by-catches of cod and haddock 
l a t e r  in  the season? Are there  areas landward of 
the  SMGL where acceptable s i l v e r  hake catch ra tes  
with minimal by-catch could be obtained by the 
foreign f l e e t s ?  Further ,  would i t  oe more 
advantageous t o  employ the cur ren t  by-catch 
regu la t ions  on an individual vessel o r  f l e e t  
bas i s .  

This paper addresses the above i s sues  using 
data from recent  stock assessments and t h a t  
col l ec ted  by Canadian f i s h e r i e s  observers deployed 
on foreign c o m e r c i a l  f i sh ing  vessels  on the  
Scot ian Shel f .  i t  attempts to  evaluate  the 
c u r r e n t  management system i n  re la t ion  t o  i t s  
b e n e f i t s  t o  a l l  nations f i sh ing  on the Scotian 
Shel f .  

Methods 

Monthly nominal catch estimates f o r  s i l v e r  
nake, squid, cod, haddock, and pollock by Cuba, 
USSR, and Japan f o r  tne years  1977-1982 were 
obtal  ned from Northv<est At1 an t ic  F i sher ies  

Organization ( N A F O ) .  Catches in 1983 were 
obtained from the Federal Licensing and Canadian 
Survei 1 lance Hierarchical database (FLASH I .  
Monthly by-catch r a t e s  fo r  cod, haddock, and 
pol lock were calculated from data col lected 
through the Canadian Internat ional  Observer 
Program (IOP) (Kul ka and Wal dron, 1983 1. By-catch 
r a t e s  were computed a s  percent of t o t a l  observed 
catch and no d i s t i n c t i o n  was made among directed 
f i s h e r i e s .  These by-catch r a t e s  were then appl ied 
t o  reported to ta l  f i n f i s h  and squid nominal 
catches of Cuba, USSR, and Spain t o  est imate t o t a l  
catches of cod, haddock, and pollock. IOP data  
used i n  t h i s  analysis  were ava i lab le  fo r  the  
periods 1977-1979, 1982-1983. Data from the 
l a t t e r  period were extensively edi ted and 
considered f i n a l .  Data from the e a r l i e r  period 
were not as  extensively edi ted and may change with 
f u r t h e r  edi t ing.  

Cuba and the USSR took the majority of the 
to ta l  s i l v e r  hake catch on the Scotian Shelf and 
by considering only t h e i r  catch a general p ic tu re  
of the monthly d i s t r i b u t i o n  of the  s i l v e r  hake 
f i shery  was obtained. S i lver  hake catch by these 
two countr ies  was aggregated by 10 ' square and 
month over the years  aforementioned and p lo t ted .  

Shading of the boxes in  these p lo t s  i s  in  
proportion t o  the maximum aggregated value in each 
p l o t  ( i  .e. aggregated catch per box/ largest  
aggregated catch f o r  the  p l o t ) .  Squares with 
aggregated values l e s s  than 1% of the  maximum 
value were not included in the p lo t s .  

Squid catch by Japan, Cuba, and the USSR were 
aggregated and p lo t ted  in  a s imi la r  manner. These 
th ree  countr ies  cons i s ten t ly  took the  majority of 
the  to ta l  squid catch. 

By-catch r a t e s  of cod, haddock, and pol lock 
in the Cuban and USSR f i s h e r i e s  were ca lcu la ted  
from catch data aggregated by un i t s  (10 '  square)  
and month over a l l  years .  Only those squares 
where the to ta l  catch was grea te r  than or equal t o  
1% of the maximum aggregated monthly t o t a l  catch 
were plot ted.  The boxes were shaded t o  ind ica te  
c r i t i c a l  by-catch 1 eve1 s .  

The geographic d i s t r i b u t i o n  of mean age of 
haddock by-catch in  the small mesh f i s h e r i e s  was 
determined using modal lengths.  IOP 1 ength 
frequencies f o r  1982 and 1983 from Japanese, 
Cuban, and Soviet  vessels  were used. Using age 
length keys, th ree  prominent length groups were 
found corresponding t o  age 1, 2, and 3+ f i s h .  The 
thresholds used t o  determine age group were l e s s  
than 25 cm for  age 1, between 25-34 cm for  age 2 
and grea te r  than 34 cm f o r  age 3+. Individual 
length frequencies were summed by month and 30 '  of 
longitude along the she1 f edge. The mean age 
group in each case was determined and 
plot ted.  A s imi la r  ana lys i s  was not possible f o r  
cod and pollock because the f i s h  were too la rge  t o  
allow modal analysis .  Ageing of these samples was 
not extensive enough t o  allow the breakdown of age 
groups on so f i n e  a geographic sca le .  

Removal s-at-age f o r  4VsW cod (1978-1982 ) and 
4VW haddock (1977-1982) a re  from Gagn6 e t  a1 . , 
1983 and for  haddock, Mahon e t  a1 ., 1983. Fishing 



mortal i  t ies-at-age presented i n  Gagn6 e t  a1 . , 1983 
and Yahon e t  a l . ,  1983 were perturbed t o  r e f l e c t  
t h e  domestic f i shery  using the method presented in 
O'Boyle e t  a l . ,  1981. In the  context of t h i s  paper 
two f l e e t  components a r e  considered, t h e  foreign 
f i s h e r y  (1) of 0T8's using bottom trawls with 60 
mm codends and t h e  o t t e r  trawl domestic f i shery  
using 130 mm codends ( 2 ) .  

Total F can be subdivided i n t o ;  

F1 = C l  F~~~ (1 
CTOT 

f o r  f l e e t  component 1. Similar ly f o r  f l e e t  
component 2; 

F Z  = FTOT x ( C T O T - C i )  ( 2 )  
CTOT 

where C i O ~  = t o t a l  catch-at-age 
FTOT = t o t a l  F-at-age 
G1 = catch-at-age f o r  t h e  foreign f i shery  
F1 = f i sh ing  mortality-at-age f o r  t h e  

foreign f ishery 
i2 = f i sh ing  mortality-at-age f o r  t h e  

domestic f i shery  

Using t h i s  new F value (F2)  i n  Baranov's 
catch equation (Ricker, 1975) provides a  method t o  
c a l c u l a t e  t h e  expected catch by the  Canadi an 
f i shery  of f i s h  caught by foreign vessels during 
the  1977-1982 period. The method assumes no 
changes i n  a v a i l a b i l i t y  o r  increases i n  observed 
e f f o r t  ( F ) .  The mechanics of t h i s  a r e  a s  
fol 1 ows: 

Calculate  t h e  numbers of f i s h  which a r e  
present  a t  t h e  s t a r t  of the  next year: 

removals-at-age and F matr ices  f o r  both cod (Gagn6 
e t  a l . ,  1983) and haddock (Mahon e t  a., 1983 1. 
=?Fa1 recruitment f o r  only t h e  % e s t i c  f l e e t s  
were calculated,  from equation (21, as  t h e  
quot ient  of the F ' s  a t  age divided by t h e  F a t  
f u l l  recruitment. A f l a t  top par t i  a1 recrui tment  
curve was assumed a f t e r  f u l l  recruitment, which 
was age 6 f o r  both species .  

Mean weights-at-age, population and catch 
numbers-at-age f o r  1982 a s  we71 a s  the  recommended 
level of recruitment were taken f r m  the  above 
quoted papers for  both cod and haddock. These 
were used a s  input  parameters i n  t h e  ca lcu la t ion  
of a  new Y / R  using the model of Thompson and Bell 
(Ricker, 1975). Project ions a t  t h e  recmnended 
1983 F0.1 and the  new FO.l l e v e l s  f o r  
both cod and haddock (Anon. 1983) were made using 
the  MPROJECT funct ion of Rivard (1982 1. 

Change i n  haddock and cod by-catch i n  t h e  
foreign f i shery  i f  t h e  codend mesh s i z e  increased 
from 60 t o  90 mm were ca lcu la ted  a s  follows. 

O'Boyle e t  a l .  (1981) modified Pope e t  a l . ' s  
(1975) 1 o g i s t E  equat ion f o r  s e l e c t i v i t y  l e n g t h  
t o  be: 

1 

'(" = 1 + exp [a+3 ( L / L ~ O ) I  

where S(L) = f rac t ion  of f i s h  se lec ted  a t  length 
( L  

a = i n t e r c e p t  
B = slope 

L = length of f i s h  
L50 = 50% re ten t ion  length ( i n  u n i t s  of 

L 

Equation 6 can be l inear ized  as:  

where Z = (new f i sh ing  mortal i ty  calculated above) 
+ 14 (where i.1 = natural mortal i ty  = 0.2). These 
f i s h  will  be re fe r red  t o  a s  the  survivors  ( S ) .  

Calculate  the  numbers of f i s h  which a r e  
caught during the  year;  

The survivors  of year  t a r e  added to the foreign 
catch i n  year  t+l t o  give t h e  new numbers 
ava i lab le  f o r  f i s h i n g  i n  year  t+l. 

These new numbers ( N . ( ~ + ~ ) )  a r e  f ished i n  
year  j t + l )  and ca lcu la ted  i n  equation ( 3 )  where 
Ng = N i  [ t+l) .  The survivors i n  N t + l  
a r e  added to the  fore'gn removals, equation ( 5 )  
and t h e  process i s  repeated f o r  each cohort un t i l  
a l l  of the  f i s h  caught p r io r  t o  1982 have gone 
through the  f i shery .  

h'ould removing the  foreign small meshed 
f i shery  from the  Scotian Shelf have an impact on 
the  haddock and cod s tocks? This scenario was 
s tudied using equation ( 2 )  above with 

The 5m re ten t ion  lengths were determined by 
the equations of Clay (1979a): 

L50 = 3.63 m - 28.49 f o r  haddock 
L50 = 4.35 m - 87.62 f o r  cod 

where m = codend mesh s i z e  i n  mm. Values of m = 
60 and 90 were used i n  t h i s  study f o r  haddock and 
cod. 

Equation 7 was solved using s e l e c t i o n  ogives 
for cod and haddock a t  mesh s i z e s  of 76 and 100 mm 
from Hodder (1964). No ogives a t  60 and 90 mm 
were avai lable .  I t  was assumed t h a t  t h e  r a t i o  of 
s e l e c t i v i t y  a t  76 t o  t h a t  a t  100 would be s i m i l a r  
t o  the  r a t i o  of s e l e c t i v i t y  a t  60 to  t h a t  of 90 
mm. 

NAFO invest igated t h e  management option of 
increasing the  mesh used i n  t h e  s i l v e r  hake 
f i shery  from 60 t o  90 mm (Anon. 1980, 1981:. 
This paper f u r t h e r  inves t iga tes  t h i s  scenario. 
S e l e c t i v i t y  a t  length f o r  60 and 90 mrn codends 
were ca lcu la ted  using t h e  slope to  i n t e r c e p t  
values f r m  equation 7 subs t i tu ted  in  equation 6. 



Observed length frequencies from the 1977 t o  1983 
(excluding 1980) foreign small mesh f ishery were 
perturbed using the r a t i o  of select ion a t  length 
f o r  60 nun divided by se lec t ion  a t  length f o r  90 mm 
codends. Both the observed and newly perturbed 
length frequencies were converted t o  weight a t  
l  ength using wei ght / l  ength re1 at ionships from the 
foreign f ishery f o r  each year  modeled. These 
weights a t  length were summed to give an observed 
a d  perturbed weight. The r a t i o  of perturbed t o  
observed weight gives the reduction in cur ren t  
by-catch l e v e l s  f o r  cod and haddock which could be 
expected i f  the codend mesh s i z e  was increased 
from 60 t o  90 mm. 

The impact on s i l v e r  hake y i e l d s  from a s h i f t  in  
codend mesh s i z e  from 60 t o  90 mn was a1 so 
s tudied.  A new par t i a l  recruitment pat tern f o r  
s i l v e r  hake was ca lcu la ted  a s  below using data f o r  
1952 from galdron e t  a l . ,  1983. -- 

where ?RgG = S i l v e r  hake par t i a l  recruitment 
a t  age i f  the f ishery uses 90 m 
codends. 

PR60 = S i l v e r  hake par t i a l  recruitment 
a t  age calculated for  the c u r r e n t  
f i shery  which uses 60 mm codends 
(Waldron e t  a1 ., 1983). 

Sel6* = The s e l e c t i v i t y  a t  age f o r  s i l v e r  
hake when 60 mn codends a r e  used i n  
the  f ishery (Clay, 1979a). 

Se1g0 = The s e l e c t i v i t y  a t  age f o r  s i l v e r  
hake i f  90 mn codends were used in 
the f ishery (Clay, 1979a). SelgO 
i s  calculated using the  p a r t i a l  
recruitment pat tern when 40 mm 
codends were used. 

A Thompson and Be1 l y i e l d  per r e c r u i t  model 
was employed t o  ca lcu la te  a new F0.1 f o r  a 
90 mn f i shery .  Catch and population numbers i n  
1932, average recruitment, mean weights, and 

a t  60 mm u t i l i z e d  in  the Rivard (1982) 
MPROJECT program were from Waldron e t  a1 . (1983). 

Resu l t s  

S i l v e r  Hake 

Monthly catches of s i l v e r  hake by Cuba and 
t h e  USSR combined a re  given in Table 1. Since 
1977 these catches have ranged from 35,000 t t o  
59,000 t. Peak catches a re  taken in the May t o  
Ju ly  period. Since 1977, these vessels  have been 
r e s t r i c t e d  t o  f i sh ing  in the period April 15 - 
November 15. The f i r s t  two weeks of the f i sh ing  
period have been used t o  search f o r  favorable 
concentrat ions of s i l v e r  hake. Catch then 
increased through the  months of May, June, and 
e a r l y  J u i y .  By mid-duly s i l v e r  hake became l e s s  
abundant in the area seaward of the 34GL (Figure 
1) and s ~ b s e q u e n t l y  the overal l  catch of the  
species  declined. 

The geographic d i s t r i b u t i o n  of observed 
s i l v e r  hake catches by month i s  given in Figure 2. 
These p lo t s  include observation from the 1977-79 
period when se lec ted  vessels  were permitted t o  

f i s h  landward of the %GL. The monthly trend in 
catches indicated t h a t  in  April and F4ay s i l v e r  
hake were found predominantly along the edge of 
the she l f .  Good catches of hake were taken 
landward of the 94GL i n  June and J u l y  but 
most of the  catch was s t i l l  taken along the edge 
From September t o  November most of the observed 
s i l v e r  hake catch was taken on t h e  she l f .  This 
pat tern closely resembles the movement of the  
Soviet f l e e t  in  t h e  1960s (Clay 1979b)- Since 
1980 f i s h i n g  landward of the 3 4 G L  has been 
prohibi ted.  

Catches of s i l v e r  hake by Japan a r e  given in 
Table 2. For the period 1977-81 these catches 
have been by-catch in  the Japanese squid and 
argent ine f i s h e r i e s .  In 1982 and 1983 Japan had a 
national a1 1 ocation f o r  s i l  ver hake. Overall 
s i l v e r  hake catch by Japan has been minimal i n  
comparison to t h a t  of Cuban and the USSR. 

Squid - 
Monthly squid catches by Cuba and the USSR 

a r e  given in Table 3. The highest yearly catch of 
squid by the two countr ies  was in  1977 and s ince 
then t h e  catches have declined t o  very low l e v e l s .  
Since 1978 squid catches peaked l a t e  i n  the season 
following the main s i l v e r  hake f i shery .  Often the 
same vessels  remained in the area fo r  both 
f i s h e r i e s  and redirected t h e i r  f i sh ing  to t h e  
increasingly abundant squid as  s i l v e r  hake 
abundance decreased. 

Monthly squid catches by Japan a re  given in 
Table 4. The peak catch of squid by Japan was in  
1979 and catches have decreased d r a s t i c a l l y  s ince 
then. On a monthly bas i s  peak catches were 
usual ly taken in August o r  September with the 
exception of 1978 when the  highest  catch was i n  
October. 

The monthly observed catch d i s t r i b u t i o n  of 
squid by Japan, Cuba, and USSR on the Scotian 
She1 f a r e  given in Figure 3. Through the period 
April-June squid catches were much l e s s  than 
catches of s i l v e r  hake with the  highest  catches 
being taken in assoc ia t ion  with high s i l v e r  hake 
catches. In J u l y ,  squid and s i l v e r  hake were 
taken in comparable q u a n t i t i e s  and in s imi la r  
a reas  seaward of the 9 4 G L .  Landward of t h e  %GL 
squid catches were small. For the period August 
t o  November squid catches dominated s i l v e r  hake 
seaward of the SMGL and in the  extended area ( s e e  
Figure 1 1. In September-November the squid 
f i shery  was highly concentrated i n  the  extended 
area.  

To estimate t o t a l  by-catch l e v e l s  f o r  cod, 
haddock and pollock, by-catch ra tes  ca lcu la ted  
from IOP data were applied t o  to ta l  f i n f i s h  
nominal catches reported to  NAFO. Monthly t o t a l  
f i n f i s h  nominal catches for  Cuba and USSR 
combined, and Japan a r e  given i n  Tables 5 and 6 
respect ively.  

Cod - 
Monthly reported catches of cod by Cuba and 



t h e  USSR combined a r e  given i n  Table 7. The 
highest  reported catches come f r m  the months of 
June through August. Yearly t o t a l  reported 
catches ranged from 78 t i n  1982 t o  697 t i n  1979, 
Most of these catches were reported from Division 
4Y and Subdivision 4Vs. 

Monthly cod by-catch r a t e s  f o r  Cuba and the  
USSR ca lcu la ted  from IOP data a re  given i n  Tab1 e 
8. On a monthly bas i s  t h e  r a t e s  were never above 
2% and were usual ly l e s s  than 1% of the  t o t a l  
catch.  Using t h e  by-catch r a t e s  given i n  Table 8 
monthly catches of cod were estimated t o  check the  
accuracy of t h e  reported quant i t i es .  These 
est imates  a r e  given i n  Table 9. The l a r g e s t  
d i f fe rences  between reported and estimated catches 
were i n  1979 and 1981 when the  reported catches 
were 274 and 231 t g r e a t e r  than the estimated 
catch respect ively.  

Monthly reported catches of cod by Japan a r e  
given i n  Table 10. The highest  yearly reported 
catch was 14 t i n  1980 and t h e r e  was no apparent 
t rend in monthly catches across  years .  Monthly 
by-catch r a t e s  calculated from IOP data  a r e  given 
i n  Table 11. None of t h e  individual monthly 
values were above 2% and only 4 were above 1%. 
These by-catch r a t e s  and t o t a l  f i n f i s h  nominal 
catches [Table 6 )  were used t o  est imate monthly 
by-catch leve l s .  The r e s u l t s  a r e  shown i n  Table 
12. While most of the year ly  t o t a l s  f o r  estimated 
and reported catch were i n  c lose  agreement, a 
l a rge  discrepancy was found i n  1978, notably i n  
November. The estimated cod catch was 82 t while 
only 3 t were reported t o  NAFO. The t o t a l  
estimated catch f o r  1978 was 8 times t h a t  reported 
t o  NAFO. 

The monthly geographic d i s t r i b u t i o n s  of 
observed cod by-catch by Cuba and the  USSR i s  
given i n  Figure 4. In t h e  months April-July there  
were very few uni t s  where the  by-catch level  of 
cod was above 1%. Hodever, i n  August several 
squares had by-catch in  t h e  3-10% range and i n  an 
u n i t  by-catch was above 10%. By-catch was highest  
along the  she l f  edge and an area e a s t  of Emerald 
Sasin landward of the  SMGL. In the  months of 
September-November the observed by-catch l e v e l s  
were below 1% i n  most un i t s .  

Haddock 

Mosthly reported catches of haddock by Cuba 
and t h e  USSR combined a r e  given i n  Table 13. 
Yearly t o t a l  reported catches ranged from 34 t i n  
1977 t o  292 t i n  1983. Most of these catches were 
reported from Division 4W and Subdivision 4Vs. 

Monthly haddock by-catch r a t e s  f o r  Cuba and 
t h e  USSR were ca lcu la ted  from IOP data and a r e  
given i n  Table 14. The highest  by-catch r a t e s ,  i n  
Ju ly  of 1983 133.28%) and September of 1982 
(10.67%) were observed in months of comparatively 
l i t t l e  f i sh ing  a c t i v i t y  by these countr ies  (Table 
5 )  a t  a time when the  y e a r ' s  f i shery  was coming t o  
an end. Including these two months t h e r e  were 
e igh t  months when the observed by-catch r a t e  of 
Cuba and t h e  USSR was above t h e  1% regulated 
leve l .  There was a tendency f o r  haddock by-catch 
t o  be highest  i n  t h e  f i n a l  month of the s i l v e r  
hake f i shery .  

Monthly haddock catches estimated using t h e  
observed by-catch l e v e l s  (Table 14)  and m n t h l y  
reported f i n f i s h  plus  squid landings of Cuba and 
the  USSR (Table 5 )  a r e  shown i n  Table 15. The 
estimated t o t a l  catches were g r e a t e r  than t h e  
reported catches in  a l l  years. The grea tes t  
d i f fe rence  was in  1977 when t h e  reported haddock 
catch was 34 t and t h e  estimated catch was 837 t. 
Since then, t h e  l a r g e s t  d i f fe rence  was i n  1983 
when the  estimated catch exceeded t h e  reported 
catch by 289 t. 

Monthly reported catches of haddock by Japan 
a r e  given i n  Table 16. The highest  yearly 
reported catch was 50 t in 1978 followed by 47 t 
i n  1983. Monthly by-catch r a t e s  ca lcu la ted  from 
IOP da ta  a r e  given i n  Table 17. By-catch ra tes  i n  
1983, 1982, and October of 1981 were a1 1 aoove t h e  
1% regulated leve l .  The h ighes t  monthly by-catch 
level was 4.53% i n  August of 1983. These high 
by-catch l e v e l s  occurred when t h e r e  was 
comparatively l i t t l e  f i s h i n g  a c t i v i t y  by Japan 
(Table 6 )  and wnen most of the  f ishing was of an 
exploratory nature,  looking f o r  squid. 

Month1 y est imates  of haddock catches by Japan 
obtained using observed by-catch r a t e s  (Table 17) 
and reported t o t a l  catches (Table 6 )  a r e  given i n  
Table 18. The highest  yearly estimated catch was 
55 t i n  1983. The l a r g e s t  discrepancies  b e b e e n  
reported and estimated catches occurred i n  1977 
and 1981 when the  reported catches were 23 t and 
18 t l e s s  than the  estimated catches 
respect ively.  

The geographic d i s t r i b u t i o n  of haddock 
by-catch by Cuba and t h e  USSR i s  given on a 
monthly bas i s  i n  Figure 5. In April by-catch has 
been very low with only one un i t  showing a r a t e  i n  
excess of 1%. In May by-catch i n  excess of 1% was 
experienced in the  east-central  portion of t h e  
shelf  edge and in the  area of Emerald Basin. In 
June- August haddock by-ca tch between 1-10% was 
experienced i n  many areas a1 ong t h e  shelf  edge. 
The highest  l eve l s  of by-catch were found around 
Emerald Basin and t o  t h e  e a s t  of the  Emerald Basin 
landward of t h e  SMGL. In September-November 
by-catch in  a l l  a reas  decreased but there  remained 
areas  where the r a t e  was i n  excess of 1%. 

Pol 1 ock 

Monthly reported catches of pollock by Cuba 
and t h e  USSR combined i n  1977-1982 a r e  given i n  
Table 19. Most of t h e  pollock catch came fran the  
months of May and June. The highest  yearly 
reported catch was 1072 t in 1979 and t h e  lowest 
was 147 t i n  1977. 

Monthly pollock by-catch r a t e s  f o r  Cuba and 
the  USSR calculated from IOP data a r e  given i n  
Table 20. Generally pollock by-catch ra tes  were 
observed t o  be highest  i n  April-June, t h e  e a r l y  
port ion of the  s i l v e r  hake f i shery ,  and lowest i n  
the l a t e r  months. While monthly by-catch r a t e s  
were above 1% i n  14 instances t h e r e  were none 
grea te r  than 10%. 

Monthly pollock catches were estimated using 
the observed by-catch r a t e s  (Table 20) and m n t h l y  
reported f i n f i s h  plus squid landings of Cuba and 



t h e  USSR (Table 5 ) .  The r e s u l t s  appear i n  Table 
21. There was c lose  agreement between the  
reported and estimated year ly  t o t a l  catches f o r  
pollock. The l a r g e s t  difference between reported 
and estimated catches occurred i n  1983 when t h e  
estimated catch exceeded the  reported catch by 232 
t. 

Monthly reported pollock catches by Japan a re  
given i n  Table 22. The highest  yearly catch was 
107 t i n  1978 followed by 81 t i n  1980. Monthly 
by-catch r a t e s  indicated very 1 ow by-catch l e v e l s  
i n  t h i s  f i shery  (Table 23) with an increase i n  
recent  years .  All monthly values were l e s s  than 
1%. 

Monthly est imates  of pollock catches by Japan 
obtained using Tables 6 and 23 a r e  given i n  Table 
24. The h ighes t  annual estimated catch was 68 t 
i n  1978. The l a r g e s t  yearly difference between 
estimated and reported catch was i n  1978 when t h e  
reported catch exceeded the  estimated catch by 39 
t. 

The geographic d i s t r i b u t i o n  of pollock 
by-catch by Cuba and t h e  USSR i s  given on a 
monthly bas i s  i n  Figure 6. In Apri l ,  by-catches 
above 1% were observed i n  only th ree  geographic 
u n i t s .  In May and June t h e r e  were higher 
by-catches on the  shelf edge south of Emerald Bank 
and i n  the  v ic in i ty  of Emerald Basin landward of 
t h e  SMGL. In Ju ly  -September by-catch was reduced 
i n  these regions but was higher i n  the  eas te rn  
portion of t h e  SMGL around the  "Gully". 

Mean Age of Haddock By-catch 

The age d i s t r ibu t ion  of haddock by-catch 
along the she l f  edge was examined using sampling 
data from Japanese, Cuban, and USSR observer t r i p s  
i n  1982 and 1983. Modal ana lys i s  was used t o  
separa te  3 age groups, age 1, age 2, and age 3+. 
The mean age group by 30 '  of longitude was 
determined by month and p lo t ted  i n  Figure 7. The 
general trend demonstrated was t h a t  t h e  mean age 
of haddock a t  e i t h e r  end of t h e  SMGL was higher 
than i n  the middle region. Spec i f ica l ly ,  i n  t h e  
region of 61"-62Oi.1 longitude, south of Western and 
Sable Is land Zanks, the haddock tended t o  be 
younger then around 63"-64% longitude and 6 0 " ~  
1 ongi tude. 

Potent ial  Domestic Yiel ds from Foreign Removal of 
Cod and Haddock 

Foreign removals of cod and haddock have been 
predominantly from the  4VsW and 4W stocks 
respect ively.  Catch-at-age est imates  of 4VsW cod 
by t h e  USSR (1978-1982) and of 4VW haddock by a l l  
foreign countr ies  (1977-1982) a r e  given i n  Tables 
25 and 26 respect ively.  For cod the removals were 
mainly composed of ages 3-5. For haddock i n  
1977-1979 ages 2-4 dominated and f o r  1980-1982 t h e  
removals were mainly a t  age 1. 

Total f i sh ing  mor ta l i t i es  f o r  4YsW cod (Gagni 
e t  a1. 1983) and 4V!4 haddock (Mahon e t  a1 . 1983) -- -- 
were perturbed t o  represent  domestic f l e e t  
mortal i ty  only by the  procedure out1 i ned above. 
The resu l t ing  p a r t i a l  mortal i ty  t ab les  a r e  shown 
i n  Tables 27 and 28 f o r  cod and haddock 

respect ively.  Potent ial  domestic f l e e t  catches of 
the  foreign removal were ca lcu la ted  with the  
method out l ined i n  equations 4 and 5. 

From 1978-1982 the  estimated llSSR catch of 
4VsU cod was 2,173 t (Table 29). The estimated 
potent ial  domestic catch of these removals were 
1,314 t f o r  the  same time period o r  605 of the 
USSR catch. However, a f t e r  1982 t h e  survivors  
would continue to  provide y i e l d  t o  the  doinestic 
f ishery.  Assuming t h a t  f o r  1983 onward the  
domestic f l e e t  fished a t  F o a l  = .2,  t h e  
survivors  would y i e l d  an additional 1,266 t over 
t h e  next 13 years .  In t o t a l ,  i t  was estimated 
t h a t  t h e  USSR by-catch would y i e l d  2,580 t to t h e  
danest ic  f ishery over 19 years .  This i s  1.2 times 
t h e  estimated foreign by-catch f o r  1978- 1982. 

For 4VW haddock t h e  estimated foreign catch 
from 1977-1982 was 1,733 t (Table 30). Over t h e  
same period, t h e  estimated domestic catch of these 
removals was 1,006 t o r  58% of t h e  foreign catch.  
Af te r  1982, the  estimated y i e l d  of the  survivors 
t o  the  domestic f l e e t  f i sh ing  a t  FO.l = .22 
was 2,323 t. In t o t a l ,  t h e  estimated domestic 
catch of the  foreign removals was 3,329 t over 19 
years. This was 1.9 times t h e  estimated foreign 
by-catch. 

The r e s u l t s  of the  Y / R  ana lys i s  used t o  
describe a change i n  y i e l d  i f  the  foreign f i shery  
was removed a r e  presented i n  Tables 31 and 32 f o r  
haddock and cod consecutively. There i s  an 
average gain of 145 t l y e a r  f o r  haddock and an 
average l o s s  of 20 t /year  f o r  cod. The l o s s  i n  
cod catch i s  based on t h e  very c lose  s i m i l a r i Q  of 
t h e  p a r t i a l  recruitment pa t te rns  f o r  f i s h  caught 
using 60 and 130 mrn codends by t h e  foreign and 
domestic f l e e t s  respect ively.  In f a c t  very l i t t l e  
of the  foreign catch of cod would be t rans fe r red  
t o  t h e  domestic f l e e t  i f  such an increase  in  mesh 
s i z e  were t o  evolve. Overall i n  t h e  1 ong term 
project ions,  f o r  haddock t h e r e  is  a n e t  increase  
of roughly 1% and a l o s s  of l e s s  than 1% f o r  cod. 

Yield Changes f o r  t h e  4YWX S i l v e r  Hake Fishery 

I f  t h e  management measure of increasing t h e  
s i l v e r  hake f i shery  codend mesh s i z e s  from 60 mm 
t o  90 mm i s  implemented t h e  probable impacts on 
the  s i l v e r  hake f i shery  m u s t  be considered. 
Changes i n  t h e  p a r t i a l  recruitment p a t t e r n  fron 60 
t o  90 mm codends causes an increase  i n  f i sh ing  
mortal i ty  a t  FO.l of 36% (Table 3 ) .  This  
change i n  f i sh ing  m r t a l i  ty from .418 t o  ,568 
r e s u l t s  i n  an overal l  l o s s  of 6162 t i n  catch over 
8 years  (Table 34, Figure 8) .  Since r e c r u i t m n t  
i s  held constant  a t  1.46 b i l l i o n  f i s h  t h e r e  i s  
l i t t l e  difference between t h e  estimated s i z e  of 
the  population under f i sh ing  pressures  a t  t h e  two 
FOs1 leve l s  (Table 35, Figure 9 ) .  

Considering the  unlikely scenario t h a t  t h e  
f l e e t  would not increase i t s  e f f o r t  t o  a new 
F0.1 level  but remain a t  t h e  same level 
ind ica tes  the  l o s s  i s  more severe. This  1 oss i n  
catch i s  estimated a t  98,000 tons a f t e r  8 years  on 
a yearly average of 12,300 tons per year. The 
losses  of course a r e  much l a r c e r  i n  t h e  f i r s t  few 
years  ( f i g u r e  8, Table 34) .  



The p o p u l a t i o n  biomass i s  as expected under 
t h e  two new l e v e l s  o f  F0.1 ( F i g u r e  9 ) .  The 
d i f f e r e n t  s i z e  o f  t h e  p o p u l a t i o n  i nc reases  
d r a m a t i c a l l y  when t h e  F0.1 a t  60 a l d  90 mm 
was cornoared t o  f i s h i n g  m o r t a l i t y  a t  90 mm equal  
t o  t h a t  a t  F0.1 f o r  60 mm gear.  A f t e r  8  
years ,  t h e  n e t  ga in  i n  t h i s  case i s  some 273,000 t 
o r  34,200 t p e r  y e a r  (Tab le  35).  

By-catcn Reduct ion  f o r  t h e  4VWX S i l v e r  Hake 
F i s h e r y  

Est imated reduc t i ons  i n  by-catch o f  cod, 
haddock, and p o l l o c k  i f  t h e  smal l  meshed s i l v e r  
hake f i s h e r y  used 9 0  mm r a t h e r  t h a n  60 mm codends 
a r e  presented i n  F i g u r e  10. Changes i n  
s e l e c t i v i t y  a re  most  e v i d e n t  f o r  cod and haddock 
b u t  n o t  p o l l o c k .  Shape o f  these spec ies  i s  
no doubt  i n f l u e n c i n g  t h e  s e l e c t i v i t y  p a t t e r n .  Cod 
l e s s  t han  42 cm ( o r  l e s s  t han  age 2, 3 )  a r e  o n l y  
p a r t i a l l y  s e l e c t e d  w i t h  f u l l  s e l e c t i o n  o f  f i s h  
g r e a t e r  t han  42 cm i n  l eng th .  Haddock a r e  
p a r t i a l l y  s e l e c t e d  u n t i l  64  cm b u t  i n  r e a l i t y  they 
a r e  f u l l y  s e l e c t e d  a f t e r  a  l e n g t h  o f  52 cm (age 
4-51. Po l  l ock  a r e  p a r t i a l l y  se lec ted  t o  a  l e n g t h  
o f  77 cm. L i k e  haddock, they  a r e  r e a l l y  p a r t i a l l y  
s e l e c t e d  t o  a  l e n g t h  o f  53 cm (age 4-51. 

D i  scuss ion  

S ince  t h e  ex tens ion  o f  j u r i s d i c t i o n  i n  1977 
segments o f  t h e  Canadian f i s h i n g  i n d u s t r y  have 
con t i nued  t o  express  t h e  concern  t h a t  t h e  sma l l  
mesh f i s h e r y  on t h e  Sco t i an  S h e l f  s t i l l  ca t ches  
cons ide rab le  q u a n t i t i e s  o f  cod, haddock and 
po l  l o c k .  Ke have addressed t h i s  concern by 
c o l l a t i n g  t h e  o f f i c i a l  r e p o r t e d  s t a t i s t i c s ,  
examining by-catch r a t e s  f rom t h e  IOP, and 
e s t i m a t i n g  by-catches f o r  comparison w i t h  t h e  
r e p o r t e d  data. The u n d e r l y i n g  assumptions has 
been t h a t  t h e  observed m n t h l y  by-catch r a t e s  were 
i n d i c a t i v e  o f  t h e  t o t a l  f l e e t  by-catch r a t e s  and 
t h a t  t h e  t o t a l  f i n f i s h  p l u s  squ id  nominal ca tches 
r e p o r t e d  t o  NAFO a r e  accura te .  To t h e  b e s t  o f  ou r  
knowledge these a s s u ~ p t i o n s  cannot be r e j e c t e d .  

S ince 1977 t h e  smal l  mesh f i s h e r y  c a t c h  o f  
cod, haddock, and p o l l o c k  has been minimal i n  
comparison t o  t h e  t o t a l  s tock  catches. F o r  4VsW 
cod  t h e  r e p o r t e d  ca tch  i n  t h e  smal l  mesh f i s h e r i e s  
was 5% o f  t h e  t o t a l  i n  1977 and t h i s  decreased t o  
l e s s  t han  1% ( G a g 6  e t  a l .  1984) ( i n  1983 1,218 t 
were taken by P o r t u g x  Z d e r  a  non-surp lus  
n a t i o n a j  a1 l o c a t i o n  u s i n g  130 mm gear).  F o r  4VW 
haddock t h e  r e p o r t e d  smal l  mesh ca tch  ranged f rom 
1 -5 "h f  t h e  t o t a l  (Mahon e t  a1 . , 1983) w h i l e  f o r  
4VWX+5 p o l l o c k  t h e  smal l  Z s G d  ca tch  never  
exceeded 2% o f  t h e  t o t a l .  F o r  these 3  spec ies  t h e  
d i f f e r e n c e s  between r e p o r t e d  and es t ima ted  catches 
f o r  Cuba and t h e  USSR combined were never  g r e a t e r  
t han  300 t f o r  any 1 yea r .  I n  1983 t h e  es t ima ted  
haddock ca tch  was 289 t g r e a t e r  t han  t h e  r e p o r t e d  
c a t c n  (Tab les  13 and 15).  I n  1979 t h e  es t ima ted  
cod  ca tch  was 274 t l e s s  t h a n  t h e  r e p o r t e d  catch 
(Tab les  7  and 9 ) .  Given t h e  l ow  l e v e l  o f  r e p o r t e d  
c a t c h  and t h e  smal l  d i f f e r e n c e s  between r e p o r t e d  
and es t ima ted  catches r e l a t i v e  t o  t h e  t o t a l  ca t ch  
one may conclude t h a t  t h e  c u r r e n t  management 
reg ime has been successfu l  i n  l i m i t i n g  t h e  ca tch  
o f  cod, haddock and p o l l o c k  i n  t h e  smal l  mesh 

f i s h e r i  es. 

The p l o t s  o f  by-catch l e v e l s  o f  cod and 
haddock (F igu res  4 and 5 )  i n d i c a t e d  h i g h e r  
by-catches landvrard o f  t h e  SMGL. T h i s  suppo r t s  
t h e  conc lus ions  o f  ICNAF (Anon. 1977b) based on 
t $ e  r e s u l t s  o f  Canadian summer research surveys. 
Recent work by S c o t t  (1982) has i n d i c a t e d  l a r g e  
concen t ra t i ons  o f  0  and 1 group haddock on t h e  
banks j u s t  n o r t b  o f  t h e  SMGL. Thus i t  would b e  
l i k e l y  t h a t  a  nor thward movement o f  t h e  SMGL c o u l d  
r e s u l t  i n  i nc reased  by-catches o f  cod and 
haddock. 

Examinat ion  o f  t h e  mean age o f  haddock 
by-catch i n  t h e  1982 and 1983 smal l  meshed 
f i s h e r i e s  revea led  t h a t  younger f i s h  were caught  
i n  t h e  eas te rn  p o r t i o n  o f  t h e  area f i s h e d  from 
approx imate ly  62" t o  62"  l o n g i t u d e .  i t  i s  t h e  
ca tch  o f  young haddock which has t h e  g r e a t e s t  
p o t e n t i a l  impact  on Canadian f i s h e r i e s .  A t  t h e  
c u r r e n t  l e v e l s  o f  by-catch these impacts  has been 
minimal . However any increases i n  by-catch o f  
young f i s h  w i l l  o n l y  i nc rease  these p o t e n t i  a1 
impacts. 

The q u e s t i o n  o f  how much o f  t h e  f i s h  caugh t  
by t h e  f o r e i g n  f l e e t s  c o u l d  have been caught by 
t h e  domestic f l e e t s  was addressed us ing  an 
age -s t ruc tu red  m d e l .  Us ing t h i s  approach i t  was 
assumed t h a t  domest ic e f f o r t  and t h u s  f i s h i n g  
m r t a l i t i e s  would have remained t h e  same i n  t h e  
absence o f  f o r e i g n  e f f o r t ,  t h a t  t h e  f i s h  caught  i n  
t h e  f o r e i g n  f i s h e r y  woul d  have been equal l y  
a v a i l a b l e  t o  t h e  domest ic f i s h e r y ,  and t h a t  t h e  
p a r t i a l  f i s h i n g  m o r t a l i t i e s  used were i n d i c a t i v e  
o f  t h e  domestic f l e e t .  The assessments f o r  4VsW 
cod (Gag@ e t  a l .  1983) and 4VW haddock (Mahon e t  
a l .  1983) i x i z t e  t h a t  perhaps t h e  more recent- 
F"s were h i g h e r  t h a n  those  used here.  However, 
t h i s  would have a  minimal e f f e c t  on t h e  r e s u l t s .  

The p r o j e c t e d  domest ic ca tches o f  f o r e i g n  
removals i n d i c a t e d  t h a t  i n  t h e  p e r i o d  1977-1982 
the  domestic f l e e t  would have o n l y  caught  a  
f r a c t i o n  o f  t h e  we igh t  caught by t h e  f o r e i g n  
f l e e t s ,  60% f o r  4VsN cod  and 58% f o r  4VW haddock. 
F o r  4VsW cod  t h e  Canadian catch was 221,410 t f r o n  
1978-1982 and t h e  p r o j e c t e d  a d d i t i o n a l  c a t c h  f o r  
t h e  same t i m e  p e r i o d  f rom t h e  f o r e i g n  removals was 
1,314 t, an a d d i t i o n  o f  .6%. F o r  
4VW haddock t h e  Canadian catch was 60,977 t f r a n  
1977-1982 and t h e  p r o j e c t e d  a d d i t i o n a l  c a t c h  was 
1,006 t o r  1.7%. The s u r v i v o r s  i n  1982 would  
con t i nue  t o  y i e l d  c a t c h  t o  t h e  domest ic f i s h e r y  
i n t o  t h e  1990's.  I n  t h e  l ong  term t h e  USSR 
removals o f  cod were es t ima ted  t o  y i e l d  2,580 t t o  
t h e  domestic f i s h e r y  over  a  19 y e a r  pe r i od .  T h i s  
was 1.2 t imes t h e  es t ima ted  f o r e i g n  c a t c h  f o r  
1978-1982. The l o n g  te rm es t ima ted  y i e l  d  o f  t h e  
f o r e i g n  ca tch  o f  haddock was 2,323 t o r  1.9 t i m e s  
t h e  1977-1982 f o r e i g n  catch. The reason f o r  t h i s  
h i g h e r  es t ima ted  haddock y i e l d  i s  t h a t  t h e  f o r e i g n  
catch was ma in l y  o f  age 1-2 f i s h  t h u s  making t h e  
p o t e n t i a l  impact g r e a t e r  t han  f o r  cod & e r e  t h e  
USSR removals were ma in l y  age 3-5. 

The argurnent t h a t  removing t h e  f o r e i g n  
f i s h e r y  wou ld  i n c r e a s e  f u t u r e  y i e l d s  i s  d o u b t f u l .  
Th is  scenar io  was i n v e s t i g a t e d  u s i n g  an age 



structured model which employed different 
se lec t iv i ty  patterns. The increase in F0.1 
for haddock of 2'6 i s  of fse t  by an increase in the 
yield per recrui t  of 2% with a yield per uni t  of 
ef for t  increase of 4%. The overall gain to the 
fishery i s  small, only 1%, for  an increase in 
e f fo r t  of 2%. 

These ef fec ts ,  as well as those of the 
wrevious model, are so s l ight  that  the only 
conclusion one can drarr i s  tha t  there i s  l i t t l e  
ef fec t  on the haddock or cod fishery whether the 
foreign vessels f i sh  or  not. 

Clay ( 1 9 7 9 ~ )  and Clay and Halliday (1980) 
suggested that  the Scotian Shelf s i lve r  hake 
fishery could move from 60 mm t o  90 mm codends 
with a subsequent small increase in the y ie ld  per 
recrui t  and average weight of fish. Clay (1979~)  
further points out tha t  there would be a 10 to 30 
percent increase in ef for t .  The Thompson and Be1 1 
y ie ld  per recrui t  models used in our study agree 
with those observations and indicated tha t  in 
order to maintain an F0.1 fishing level ,  
e f fo r t  would need to be increased by 36%. The 
y ie ld  per recrui t  would not increase and the 
average weight would increase by only 1%. 

i4odeli ng the s i lve r  hake population a t  
d i f ferent  levels of FO. l  and mesh size 
resul ts  in the observation that  both catch and 
population biomass a t  FO*l fo r  60 and 90 mm 
codends are  similar  (Figures 8 and 9). Within the 
models abi l i ty  to predict and the f a c t  t h a t  
constant recruitment i s  assumed these estimates 
can be considered equal. No increase in  e f fo r t  
with an increase in mesh size results  in the 
population stabil izing a t  a level 10% higher than 
that  estimated for a 60 mm fishery and the catch 
s tabi l izes  a t  a level 12% below that  estimated for 
60 mm. 

The constant ef for t  case i s  an ineff ic ient  
use of  the s i lve r  have resource. Although effor t  
i s  not increased the loss in  catch i s  very large 
in the f i r s t  three years. As more f i sh  escape the 
90 mm trawl gear the  population gains in strength 
re la t ive  to tha t  estimated for  a fishery using 60 
mm gear. The impact of the increase in population 
i s  not considered within the context of t h i s  
paper. 

There seems l i t t l e  or  no benefit to the 
s i lve r  hake fishery of an increase in codend mesh 
sizes.  The only benefit may be in a reduction in 
by-catch of species such as cod, haddock, and 
pol 1 ock . 

By-catch reductions are based upon the 
se lec t iv i ty  of 60 and 90 mm gears. Both cod and 
pollock by-catches would be reduced by l e s s  than 
10% on the average. Haddock by-catches would be 
substantial ly reduced. This i s  the resul t  of the 
small meshed fishery overlapping juvenile haddock 
rearing areas. Although, to some degree, there 
maybe a relationship between recruitment and 
reduction in by-catch, there could be some link to 
fluctuations in distribution of juvenile f i sh .  
This i s  no doubt due to  an environmental 
parameter. 

If tine catch of s i lve r  hake i s  to be 
maintained a t  the current level a f t e r  a switch t o  
90 mm gear ef for t  would have to increase. This 
wotild man greater exposure of cod and haddock t o  
the gear and possibly cancel any reduction in  
by-catch due to changed selectivi  ty. 

Wal dron and Gray (1978) conducted an 
experimnt to investi gate the appropriate 
combination of area and gear which would permit a 
viable squid fishery with minimal by-catches of 
cod and haddock. Four areas were selected: 
Emerald Bank; Sable Island Bank seaward of the  
SMGL; Sable Island Bank adjacent to Sable Island; 
and Banquereau Bank. Three gear types, o t ter  
trawl, off bottom bobbin, and off bottom chain 
were compared. In an area (area 3 I to the 
landward side of the SMGL the most cod and haddock 
were caught. Otter trawls in general caught more 
of these two species with the off bottom chain 
gear catching least .  Area 3 had the larges t  
catches of cod and haddock while area 1 had the 
least .  There was in part icular a significant 
interaction between gear and area fished. Otter 
trawls fishing in area 3 (landward of the SMGL) 
caught more cod and haddock than any other gear - 
area combination. 

A1 1 gears caught more cod and haddock in 
areas landward and eastward of the SMGL (areas 2 
and 3 1 when cmpared to fishing areas inside the 
SMGL. Such results  supported the i n i t i a l  ICNAF 
reasons fo r  establishing the SMGL a s  an area which 
would reduce by-catches of domestically desirable 
ccmmerci a1 speci es. 

Interestingly, the area with the  highest 
catch rates of s i lve r  hake was area 2, eastward of 
the SMGL. Further, o t t e r  and off bottom bobbin 
trawls were very similar i n  s i l v e r  hake catch 
rates while off bottom chain trawls had a low 
catch ra te  for s i lve r  hake. Although the use of 
off bottom gear could reduce by-catches of cod and 
haddock they would a1 so reduce substanti a1 ly the 
catches of the target  s ~ e c i e s  s i l v e r  hake. 

I t  would seem most unreasonable t o  enforce a 
regulation favouring a change in gear used, f r m  
o t t e r  trawls to off bottom trawls, for the s i lve r  
hake fishery. The analysis of Waldron and Gray 
(1978) further suggests tha t  areas seaward of the  
SMGL, although pehaps not the best, have catch 
rates a i c h  are certainly adequate for  the s i l v e r  
hake fishery. 

Seasonal distr ibution patterns for  the squid 
and s i lve r  hake foreign f i sher ies  support the 
contention that  areas seaward of the S G L  have the 
best catches of both squid and s i l v e r  hake 
(Figures 2 and 3) .  In agreement with Wal dron and 
Gray (1978) the highest catches of cod and haddock 
occur in areas landward of the SMGL (Figures 4 and 
5). In those areas the by-catches can exceed the 
10% and 1% l imi ts  for  cod and haddock 
respectively. 

There i s  one other note of caution when 
considering a change in the position of the SMGL. 
Scott (1982) delineates the north and s o u t h e s t  
edge of Sable Island Bank and the shallows around 
Sable Island Bank as areas rich in juvenile 



haddock during the summer months. As there a re  
very few a d u l t  haddock present in  these areas  
Sco t t  suggests these are  spec1 f i c a l  l y  juvenile 
rear ing a reas .  The s e l e c t i v i t y  pat tern of the 
Scotian Shelf small meshed f ishery i s  such t h a t  
these juveni les  being in close proximity to  the 
s i l v e r  hake f i shery  are  vulnerable, In large 
catches of s i l v e r  hake the juveni le  haddock 
by-catch would be d i f f icu l  t to detect  due to  the 
s i m i l a r i t y  in shape, s ize ,  and colour when the two 
species  a r e  mixed together. Again such 
observations favour a s t a t u s  quo with regard t o  
the  present  placement of the S i i G L .  I t  would not 
be advisable  t o  move the SMGL fur ther  1 andwards. 

The question of advancing the season to April 
1 from April 15 hinges on by-catches of spawning 
haddock and not increased s i l  ver hake catches. 
Distr ibut ional  pa t te rns  of haddock catches in  the 
fo re ign  s i l v e r  hake f ishery do not suggest 
by-catches of haddock in excess of 1% are  a major 
problem (Figure 5, Table 1 4 ) .  In f a c t ,  pollock 
presents  many more possible  problems in t h a t  i t s  
by-catct- can be expected t o  exceed 10% (Figure 6 
and Table 20) .  

The advantages of opening the s i l v e r  hake 
f i s h i n g  season on April 1 would be t h a t  the f l e e t s  
could optimize t h e i r  catches a t  a time of year  
wnen the s i l v e r  hake catch ra tes  a re  high. This 
has the  a t t r a c t i v e  p o s s i b i l i t y  of the various 
foreign f l e e t s  a t t a i n i n g  t h e i r  quotas before the  
by-catches of haddock and cod become a major 
problem i n  July.  The authors favour a l imi ted  
experimental f i shery  to t e s t  t h i s  theory. 

The oossibi l  i t y  of managing by-catches on an 
overa l l  f l e e t  ra ther  than the current  s i t u a t i o n  on 
a per vessel bas i s  i s  a t t r a c t i v e  fo r  the f i shery  
managers. I t  could reduce the d i f f i c u l t i e s  of 
enforcing a per vessel by-catch l i m i t .  Often a 
vessel can be i n  a by-catch v io la t ion  s i t u a t i o n  
a f t e r  one or two tows. Under a s t r i c t  adherance 
t o  t h e  regu13tions t h i s  vessel should leave the 
f i s h e r y .  Pol icy now orovides the  Department of 
F i sher ies  and Oceans with the option to request 
the vessel to  leave the area of high by-catch 
( t h i s  i s  of ten done). 

The monitoring of individual vessel 
by-catches, admittedly d i f f i c u l t ,  does and has 
averted po ten t ia l ly  damaging by-catch s i t u a t i o n s .  
During the 1982 s i l v e r  hake f ishery a group of 
f i v e  vessels  encountered a large concentration of 
juveni le  haddock. Tows of 7-10 tons of juven i le  
haddock were recorded by Canadian observers. 
Before i t  was possible  fo r  the  Department of 
F i sher ies  and Oceans or the f l e e t s  to  reac t  to  the 
s i t u a t i o n ,  these vessels  were in  v io la t ion  of the 
by-catch regulat ions.  The f l e e t ,  however, was 
not. Continuation of t h i s  by-catch of juveni le  
haddock could have t rans la ted  into a major problem 
f o r  the fu ture  domestic haddock f ishery.  Instead,  
the  gepartment of F i sher ies  and Oceans exercised 
i t s  option and had the vessels  move to another 
a rea .  I n  a few days these vessels had caught 
enough s i l v e r  hake t o  reduce the r a t i o  of haddoc< 
t o  t o t a l  catch below the 1% level and thus r e m a i ~  
in the f ishery.  

This was a graphic example of the benef i t s  of 
the cur ren t  by-catch policy used by t h e  Department 
of Fisheries  and Oceans. The authors feel  t h a t  
t h i s  cur ren t  mix of regulat ion and policy be 
maintained. 
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Table 1. Catch of s i l v e r  hake in NAFO Divisions 4VVX by Cuba and USSR. 

Month 1977 1978 1979 1980 1981 1982* 1 983 * 

11 
12 
Total 

* Provisional 

Table 2. Catch of s i l v e r  hake i n  MAFO Divf sions 4VWX by Japan. 

Month 1977 1978 1979 1980 1981 1982* 1983* 

1 
2 
3 
4 
5 
6 1 3 1 
7 12 122 10 15 7 
8 5 4 53 79 76 537 490 
9 13 23 15 6 8 3 9 23 5 156 

10 16 2 7 53 5 
11 20 2 29 
12 5 5 
Total 19 161 219 239 120 92 9 64 6 

* Provisional 

Table 3. Catch of squid (11 lexi  in  EIAFO Divisions 4 V M  by Cuba and USSR. 

Month 1977 1978 1979 1980 1981 1982* 1983* 

11 5 92 86 
12 
Total 22256 8866 344 7 15 89 1830 217 6 

* Provisional 



Table 4. Catch of squid in  i n  NAFO Divisions 4VWX by Japan. 

Month 1977 1978 1979 1980 1981 1982 * 1983 * 

Total 

* Preliminary 

Table 5. Total f i n f i s h  and squid catch ( t )  i n  4VWX by Cuba and USSR reported t o  
NAFO. 

Month 1977 1978 1979 1980 1981 1982 * 1983 * 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
Total 

* Preliminary 

Table 6. Total f i n f i s h  and squid catch ( t )  by Japanese t rawlers  reported t o  
NAFO . 

Month 1977 1978 1979 1980 1981 1982 * 1983 * 

10 1689 8 713 7769 4381 298 6 
11 763 1 1683 2150 
12 215 
Total 5177 25199 23631 18540 6544 14 12 13 61 

* Prel iminary 



Table  7. Catch ( t )  of cod i n  NAFO Div i s ions  4VMX by Cuba and USSR repor t ed  t o  
NAFO. 

Month 1977 1978 1979 1980 1981 1982* 1983 * 

11 

12 
Total  120 234 697 4 93 665 78 260 

* Prel i m i  nary 

Table  8. Observed cod by-catch r a t e  ( p e r c e n t  of t o t a l  c a t c h )  f o r  Cuba and 
USSR. 

Month 1977 1978 1979 1980 1981 1982 1983 

* Prel iminary  

Table  9 ,  Est imated cod ca t ch  ( t )  i n  4VWX by Cuba and USSR. 

Month 1977 1978 1979 1980 1981 1982 1983 

12 
Total  



Table 10. Catch of cod ( t )  i n  NAFO Divisions 4 V W X  by Japan reported t o  NAFO. 

Month 1977 1978 1979 1980 1981 1982 1983 

8 
9 

10 
11 
12 
Total 

Table 11. Cod by-catch r a t e  (percent  of t o t a l  c a t c h )  f o r  Japan f i sh ing  i n  NAFO 
Divisions 4 V W X  (from observer data) .  

Month 1977 1978 1979 1980 1981 1982 1983 

Table 12. Estimated cod catch ( t )  i n  4 V W X  by Japan. 

Month 1977 1978 1979 1980 1981 1982 1983 

12 
Total 1.9 92.4 5.5 11.5 9.6 .5 5.7 



Table 13. Catch ( t )  of haddock i n  NAFO Div i s ions  4 V W X  by Cuba and USSR repor t ed  
t o  NAFO. 

Month 1977 1978 1979 1980 1981 1982* 1983* 

11 
Total  

* Prel iminary  

Table 14. Haddock by-catch r a t e  ( p e r c e n t  of t o t a l  c a t c h )  f o r  Cuba and USSR 
f i s h i n g  7:n NAFO Div i s ions  4 V W X .  (from obse rve r  d a t a ) .  

Month 1977 1978 1979 1980 1981 1982 1983 

Table  15. Est imated haddock ca t ch  in  4 V W X  by Cuba and USSR. 

Month 1977 1978 1979 1980 1981 1982 1983 

12 
Total  



Table 16. Catch of haddock - NAFO Divisions 4VUX by Japan. 

Month 1977 1978 1979 1980 1981 1982 1983 

Total 

Table 17. Haddock by-catch r a t e  (percent  of t o t a l  ca tch)  f o r  Japan f i sh ing  
i n  NAFO Divisions 4VWX (from observer da ta ) .  

Month 1977 1978 1979 1980 1981 1982 1983 

Table 18. Estimated haddock catch in  4VhX by Japan. 

Month 1977 1978 1979 1980 1981 1982 1983 

6 
7 0 2.6 7.1 2.3 
8 - 8  4.5 2.0 19.3 16.5 8.6 48.7 
9 23.1 3.5 2.0 19.3 16.9 6.3 6.5 

10 6.1 9.3 8.3 6.8 
11 22.9 .5 
12 
Total 24 .O 39.6 20.9 49.3 40.2 14.8 55.2 



Tah'o '9. Catch of pollock i n  NAFO Divisions 4V1& by Cuba and USSR. 

Month 1977 1978 1979 1980 1981 1982* 1983* 

1 
2 
3 
4 43 9 13 127 4 7 16 
5 91  109 704 54 6 114 193 352 
6 2 193 226 264 108  113 10 7 
7 11 189 101 4 3 80 75 1 2  
8 13 5 5 2 9 
9 5 2 6 

10 
11 
12  
Total 14 7 640 10 72 9 82 3 5 8  3 81 4 87 

* Preliminary 

Table 20. Pollock by-catch r a t e  (percen t  of to ta l  c a t c h )  f o r  Cuba and USSR 
f i sh ing  i n  NAFO Divisions 4VWX (from observer d a t a ) .  

Month 1977 1978 1979 1980 1981 1982 1983 

Table 21. Estimated pollock catch i n  4VYX by Cuoa and USSR. 

Month 1977 1978 1979 1980 1981 1982 1983 

7 6.8 188.9 52.1 67.1 .7 72.0 14.2 
8 14.8 52.7 5.5 10.7 
9 .6 .4 14.2 .1 

10  1.4 
11 6.3 
12 
Total 347.7 459.7 1023.8 894.6 148.7 454.8 718.9 



Table 22. Catch of pollock i n  NAFO Divisions 4 V Y X  by Japan. 

Month 1977 1978 1979 1980 1981 1982 1983 

12 2 
Total 1 110 19 81 15 2 6 

Table 23. Pollock by-catch r a t e  (percen t  of to ta l  ca tch)  f o r  Japan f i sh ing  i n  
NAFO Divisions 4VWX ( f r m  observer data).  

Month 1977 1978 1979 1980 1981 1982 1983 

Table 24. Estimated pollock catch fn 4V1& by Japan. 

Month 1977 1978 1979 1980 1981 1982 1983 

12 
Total 3.5 68.0 23.3 47.8 19.5 2 .O 6.5 



Table 25. Foreign removals a t  age (numbers ' 000)  f o r  4YsV cod. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Sum 1+ 

Table  26. Foreign removals a t  age (numbers '000) f o r  4YW haddock. 

Age 1977 1978 1979 1980 1981 1982 

1 3 7 141 1 1015 1289 805 
2 69 158 135 72 143 330 
3 55 211 147 203 19 4 4 
4 7 119 153 41  60 6 
5 12 7 43 19 32 24 
6 4 7 6 6 14 12 
7 1 2 4 1 2 3 
8 1 0 1 1 0 0 
9 0 0 0 0 1 1 

10 0 0 1 0 0 0 
11 0 0 0 0 0 0 
Sum 1+ 186 645 492 1358 1560 1225 

Table 27. P a r t i a l  f i s h i n g  m r t a l i t y  f o r  t h e  domestic f i s h e r y  of 4YsW 
cod. 

Table  28. P a r t i a l  f i s h i n g  m o r t a l i t y  f o r  the domestic f i s h e r y  of 4YW 
haddock. 

Age 1977 1978 1979 1980 1981 1982 

1 0.000 0.000 0.000 0.000 0.000 0.000 
2 0.003 0.000 0.000 0.000 0.003 0.001 
3 0.080 0.032 0.014 0.052 0.040 0.065 
4 0.191 0.264 0.066 0.246 0.159 0.172 
5 0.258 0.316 0.117 0.293 0.525 0.272 
6 0.413 0.672 0.176 0.520 0.503 0.398 
7 0.483 0.788 0.256 0.479 0.950 0.399 
8 0.595 0.704 0.095 0.396 0.564 0.399 
9 0.371 0.567 0.120 0.460 0.676 0.394 

i 0 0.841 0.441 0.135 0.309 0.782 0.400 
11 0.453 0.626 0.176 0.504 0.578 0.400 



Table 23. Projected potent ial  domestic catch ( t )  of t h e  1978-1982 9SSR catch of 
4Vs3 cod. USSR catch  eights were estimated using observed by-catch 
ra tes  and to ta l  f i n f i s h  reported catches. 

Potent ial  Cumulative 
Year USSR Catch ( t )  Domestic Catch ( t )  Domestic Catch ( t )  

1978 3 75 28 28 
1979 6 79 221 24 9 
1983 42: 332 5 81 
1981 653 3 88 96 9 
1982 45 34 5 13 14 
1983 290 1604 
19% 253 185 7 
1985 205 2062 
1986 161 2223 
1987 118 234 1 
1988 81 2422 
1989 54 24 76 
1990 3 7 2513 
1991+ 67 25 80 

Table 30. Projected potent ial  domestic catch ( t )  of t h e  1977-1982 foreign catch 
of 4VW haddock. Foreign catch weights were estimated using observed 
by-catch ra tes  and reported s i l v e r  hake catches. 

Potenti a1 Cumul a t i v e  
Year Foreign Catch ( t )  Domestic Catch ( t )  Domestic Catch ( t )  

1977 ' 134 14 14 
1978 265 67 81 
1979 4 25 61 14 2 
1980 3 25 2 60 402 
1981 304 350 752 
1982 2 83 254 100 6 
1983 211 1217 
1984 2 82 1499 
1985 348 184 7 
1986 3 63 2210 
1987 3 16 2526 
1988 24 5 2771 
1989 183 2954 
1990 133 3087 
1991s 24 2 3329 

Table 31. Long-tenn project ion of potent ial  gains i n  catch ( t )  t o  the 4VW 
haddock f i shery  i f  the foreign f l e e t s  ra i sed  t h e i r  codend mesh s i z e  
from 60 mm t o  130 mm. 

Projected Catch Potent ial  Cumulative 
Projected Catch a t  a t  F0 1 = .224 Increase in  Increase i n  
FO,l = .220 and and Foreign Yield t o  t h e  Yield t o  t h e  

Year Current Mesh Sizes  F lee t  a t  130 mrn Total Fishery Total Fishery 



Table 32. Long-ten project ion of potent ial  gains i n  catch j t )  t o  the  4VsU cod 
f i shery  i f  t h e  foreign f l e e t s  increased t h e i r  codend inesh s i z e s  from 
60 t o  130 mm. 

Projected Catch Projected Catch Potenti a1 
( t )  a t  FO.l = .I623 ( t f  a t  F0.1 = ,1621 Increase in  
and Current Codend Foreign F l e e t  a t  Yield t o  the  

Year Mesh Sizes  Codend Mesh Size Total Fishery 

Cumulative 
Increase i n 
Yi el d t o  the 
Total Fishery 

Table 33. S i l v e r  hake Thompson and Bell Y / R  ca lcu la t ions .  

Age 1 2 3 4 5 6 7 8 9 10 

W t  (kg)  0.051 0.140 0.202 0.263 0.322 0.387 0.522 0.683 0.844 0.923 
60mm PR. 0.028 0.248 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
*90mmPR. 0.024 0.174 0.678 0.674 0.711 0.838 1.000 1.000 1.000 1.000 
**Sel  0.850 0.703 0.678 0.674 0.711 0.838 1.000 1.000 1,000 1.000 
90/60 

Assume 60 mm Gear 

Fishing Catch Yield Avg. Weight Yield Per 
Mortal i ty  (Number) ( k g )  (kg) Unit Effor t  

* PRgO = PR x Se190/Se160 

** Clay, 1979a 



Table 33. Continued. 

A s s ~ l m e  90 mm Gear 

Fishing Catch Yield Avg. Weight Yield Per 
Mortal i t y  (Number) (kg)  (kg)  Unit Ef for t  

Table 34. Long-term project ions of y i e l d s  t o  t h e  4VWX s i l v e r  hake small mshed 
f i shery  i f  the current  codend mesh s i z e  of 60 mm i s  increased t o  90 mm 
i n  1983 t o  1990. 

Increase i n  Yie1 d Cumulative 
Projected Catch Projected Catch ( t )  a t  Increase i n  Yield 
a t  F0.1 = .418 a t  F0.1 = .568 F O . l  f o r  ( t )  a t  F -1 f o r  

Year f o r  60 mm f o r  90 mm 60 t o  90 mm 60 t o  80 mn 

Table 35. Projected beginning of t h e  year population b imass  1'000 t )  of 4VWX s l i v e r  h a k e  i l shery f o r  60 and 
90 mm codends af constant e f f o r t  (FO*l = .418) and increased e f f o r t  f F ' O - l  = .568) In 1983 
t o  1990. 

iO,, = .4 18 FO., = .568 Change Constant Charge lncremed Cumulative Charge Cumulative Charge 

Year 60 mm 90 mm E f f o r t  (60-90) E:fort (60-90) Constant E f f o r t  increased Effor t  



Figure 1. The Scotian Shelf small meshed gear line (S%E) used t o  manage the  
the silver hake ,  squid and argentine f i s h e r i e s .  
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Figure 2 Seasonal d is t r ibut ion  of observed s i l v e r  hake catches from the sn:all 
meshed f ishery aggregated by ten minute squares Shading i s  done in 
proportion to  the maximum aggregated value, 
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F i g u r e  3 S e a s o n a l  d i s t r i b u t i o n  o f  o b s e r v e d  s q u i d  c a t c h e s  f r om t h e  Cuban ,  J a p a n e s e  
and  S o v i e t  smal l  meshed  f i s h e r y  a g g r e g a t e d  by t e n  m i n u t e  squar-es S h a d i n g  
i s  d o n e  i n  p r o p o r t i o n  t o  t h e  11aximam a q g r e g a t e d  v a l u e ,  
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Figure 4 ,  Seasonal d i s t r i b u t i o n  of observed cod by-catch from the  small meshed 
f i she ry  aggregated by ten minute squares ,  Shading ind ica tes  by-catch 
l e v e l s ,  



F-gure 5, Seasonal d i s t r i b u t i o n  of observed haddock by-catch from the  small meshed 
f i s h e r y  aggregated by ten  minute squares Shading i n d i c a t e s  by-catch 
1 eve1 s  
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Figure 6 Seasonal distributi3n of observed pol lock by-catch from the small meshed 
fishery aggregated by ten minute squares. Shadirg indicates by-catch 
levels, 





Figure 8, Projected small meshed catches ( t )  of Scotian Shelf s i l v e r  hake for  60 m m ,  
and  90 mm,  codend s e l e c t i v i t i e s ,  



Figure g d  Projected beginning of the year population biomass ( t )  of Scotian Shelf 
s i l v e r  hake f ishing a t  d i f fe rent  levels  of F and with d i f f e ren t  mesh s izes ,  





A Linear Programming Analysis of Scotian Shelf Offshore F i sher ies  

A.F. S i n c l a i r  

' lar i  rie Fish Divis ion,  Bedford I n s t i t u t e  of Oceanography, ? . O .  Box 1006, D a r t ~ o u t h ,  Nova Scot ia ,  52Y 4R2 

S i n c l a i r ,  4 .F .  1985. A Llnear Programming Analysis of Scotlan Shelf Offshore F ~ s h e r ~ e s .  p .  92-103. In: 
0, Yancn Led.! Towards the Inclus>on of F i sher ies  In te rac t ions  i n  Management Advice. Can. Tech, Reo. 
Fisi.. Aauat. SCI .  No. 1347. 

Linear Programaing (LP) was used t o  analyse the  a l loca t ion  of 11 catch quotas on the  Scot ian Shelf and 
Georges Bank among the  Canadian offshore o t t e r  t rawler  f l e e t  ( m b i l e  gear greater  than 100 ' ) .  The L P  
equations were fotmulated i n  terms of catch per u n i t  e f f o r t  and the  solut ions were in  terms of f ishery 
s p e c i f i c  e f f o r t  1  eve1 s .  Three object ive funct ions were used: maximize t o t a l  catch,  maximize t o t a l  revenue, 
and maximize net  revenue. Input data were obtained from the  Scotia-Fundy Internat ional  Observer Program f o r  
the  years  1982 and 1983. Two catch quotas were cons i s ten t ly  not taken in t h e  LP analyses;  namely t h e  
7 iv i s ion  4X cod and tne  Subarea 5 haddock. Optimal t o t a l  e f f o r t  l eve l s  from t h e  iP analyses indicated t h a t  
the ex i s t ing  offshore f l e e t  was probably not too large for  the  ava i lab le  quotas. However, the re  was l i t t l e  
agreement between t h e  observed e f f o r t  d i s t r ibu t io r l s  among f i s h e r i e s  and the  optimal e f f o r t  d i s t r i b u t i o n s  
frov LP analyses.  

Introduct ion 

F I  s t - e r ~ e s  management i  Q t h e  Atlant ic  Canadian 
groundfl sb f i s h e r i e s  r e l i e s  on s i  ngle-species 
t o t a l  a1 lowable catches (TACs) t o  control f i sh ing  
n o r t a l i t y ,  stock s i z e ,  and l o n ~  t e n  y ie lds .  
I q d i v ~ d u a l  stock s i z e s  a r e  assessed and optimal 
TACs a r e  deternined based on harvesting 
oo jec t ives .  These T A G S  a r e  then al located among 
various f l e e t  components (e .g.  vessel c l a s s e s )  i n  
an a t t e n o t  t o  ensure the  v i a o i l i t y  of these 
compoqents. The a1 1 ocations a re  referred t o  a s  
quotas. Catch by species and f l e e t  corlponent i s  
moni torec throughout the f i  sni ng year with the  
i n t e n t  of c los ing  individual fisheries when t h e  
auotas a re  reached. 

A major problem wi th  t h i s  s ingle-species  
approach t o  managenent i s  t h a t  the f i s h e r i e s  y i e l d  
catch from more than one species  a t  a  time. Each 
spec7es i s  e i t h e r  caught as  the  main species  i n  
t h e  f i s h e r y ,  i . e .  the  species  t o  which the  
fisherman d i r n c t s  h i s  e f f o r t ,  or a s  an incidental  
catch o r  by-catch i n  another f i shery .  I f  one i s  
to  s t r i c t l y  enforce quotas, a l l  f i s h e r i e s  which 
y i e l d  a c e r t a i n  soecies  would have t o  be closed 
when the  quota f o r  t h a t  species  i s  reached. This 
could lead to substant ial  1 osses i n  t o t a l  y i e l d  
from t h e  i n t e r a c t i n g  f i s h e r i e s  i f  a l l  the  
f i s h e r i e s  a r e  constrained by one re la t ive1  y small 
species-quota. 

This type of problem has been analysed using 
l i n e a r  programming ( L P )  techniques [Brown e t  a1 . 
1973, 1973; Brodie 1981; Murawski e t  a l .  1?833x 
The basic form of the problem i s  tomaximize ( o r  
minimize) an object ive func t ion ,  which i s  a  l i n e a r  
function of a  s e r i e s  of unknowns, subject  t o  a  s e t  
of c a n s t r a i n t s  which arn l i n e a r  e q u a l i t i e s  ( o r  
i n e q u a l i t i e s )  i n  t h e  unknowns (Luenberger 1973). 
In the  f i s h e r i e s  example a  possible  object ive may 
be to  maximize t o t a l  catch of a l l  species subject  
t o  the  c o n s t r a i n t s  of individual species quotas. 
The optimal solut ion may c o n s i s t  of a  s e r i e s  of 
f i shery  spec i f ic  e f f o r t  l eve l s  ( f i l  which 
maximize: 

m n 
c r: S . .  f .  

i = 1  j=1  J  1 

Subject to:  

E S . .  f i  'Q. 
i=l 1 J J 

where: Si = t h e  catch per un i t  e f f o r t  of 
species  j in  f ishery i  

Q. = the  quota f o r  speices j J 

The LP technique of fe rs  a  wide variety of 
possible formulations. The object ives may be 
s t a t e d  in  economic terms such as  t o  maximize t o t a l  
o r  n e t  revenues f r m  f i sh ing  (Anderson 1975). 
Kurawski e t  a l .  (1983) s t a t e d  t h e  c o n s t r a i n t s  i n  
tenns of T s G n g  mortal i  ty l eve l s .  Brown g 2. 
11973, 1978) solved for  directed species  catch 
leve l s  r a t h e r  than f i shery  speci f i c  e f f o r t  level s .  
The precise fomula t ions  used i s  dependent upon 
the  s p e c i f i c  type of problem being analysed and 
the  desired object ive.  

The Canadian offshore groundfish f i s h e r i e s  on 
the  Scotian Shelf (Division 4X t o  Subdivision 4Yn) 
and Georges Bank (Subdivision 5Ze) (Figure 1) a r e  
analysed in t h i s  paper to  determine i f  any s ing le -  
species quotas may be r e s t r i c t i v e .  The f i shery  
equations a r e  defined i n  terms of catch per un i t  
e f f o r t  so t h a t  the  optimal solut ions a r e  i n  tenns 
of f i shery  s p e c i f i c  e f f o r t  levels .  These a r e  
cmpared t o  observed f l e e t  e f f o r t  d i s t r i b u t i o n  and 
f l e e t  s i z e .  Three s p e c i f i c  ob jec t ive  functions 
a r e  used f o r  coiiparative purposes: maximize t o t a l  
catch,  maximize t o t a l  revenues, and maximize n e t  
revenues. 

Methods 

Eleven groundf i  sh species TAGS a r e  f  i  shed by 
Canadian offshore vessels  greater  than 100' 1 i n 
the Scotian Shelf and Georges Bank a rea ;  f i v e  cod 
(Gadus morhua 1, th ree  haddock iiylel anogramnus 



a e g l e f i n u s ) ,  and one each f o r  redfish (Sebastes 
S D .  ) ,  oollock (Pol lachius v i r e n s ) ,  and flounder. 
Tile flounder grouD c o n s i s t ~ m e r i c a n  p l a i c e  
(Hippoglossoides o la teso ides  1, ye l l  ow-tail (Limanda 
f e r r u g i n e a ) ,  and witch (Glyptocephaus 
cynoglossus).  The Tkts apply t o  s p e c i f i c  
inanagenent u n i t s  c o ~ p r i s i n g  canbinations of f i s h  
stock ( o r  s t o c k s ) ,  area,  arld time period. The 
geographic s ize  of these vanagement u n i t s  var ies  
considerably. For example the  pol lock management 
u n i t  includes NAFD Divisions 4VHX and Subarea 5 
-&i le  one cod management un i t  includes only 
Subdivision 4Vn (Figure 1) .  Furthermore t h i s  
l a t t e r  management uni t  appl ies  t o  catches f o r  the  
months of i5ay to December. The 11 qanagement 
un i t s  a re  described i n  Table 1. One of these ,  t h e  
Subdivisions 4Vn cod (May t o  December) i s  not 
ac t ive ly  f ished by the offshore sector  on a  
regu la r  bas i s  and i t  was not included in t h i s  
ana lys i s .  The remaining 10 quotas formed t h e  
c o n s t r a i n t s  f o r  the L P  ana lys i s .  

i n  ana lys i s  of data co l lec ted  by t h e  Scot ia-  
'undy ?eg>on internat ional  Observer Program (Kulka 
and Wal dron 1983) on Canadian offshore groundfish 
vessels  f i sh ing  on tile Scot ian Shelf and Georges 
Bank i n  1982 and 1983 revealed s i x  d i s t i n c t  
" f i s h e r i e s l ' b a s e d  on s i m i l a r i t i e s  in  catch 
composition ( S i n c l a i r  1985). Their  species  
cmpos i t ions  a re  shown i n  Figure 2. Four 
f i s n e r i e s  were s p e c i f i c  f o r  cod, haddock, redf i sh ,  
and pollock, resoect ively with g r e a t e r  than 8D% of 
the to ta l  catch being comprised of one species .  
The o ther  two were of mixed species  composition, 
one was of flounder and cod and t h e  other  of cod, 
haddock, and pollock. The cod f ishery dominated 
the  shallow waters of t h e  eas te rn  Scotian Shelf  
along w i t h  t h e  mixed flounder and cod f i shery .  
The haddock and pollock f i s h e r i e s  dominated t h e  
shallow areas of the  central  and western Scot ian 
Shelf .  The redf i sh  f i shery  was found i n  the  deep 
areas  along the  Scotian Shelf edge and i n  t h e  deep 
holes on t h e  Shelf.  The mixed cod, haddock, and 
oollock f ishery vias the main f ishery on Georges 
Bank. The sane data t h a t  were used irl t h i s  
f i shery  d e f i n i t i o n  were used t o  determine the  
catch r a t e  c o e f f i c i e n t s  f o r  t h e  LP equations. 

;he i P  equations were developed t o  
u~anoiguously describe the management un i t  catch 
constraints us? ng catcn r a t e  coefficients from 
f~ sheri  es defined in the catch composition 
ana lys i s .  Several management u n i t s  spanned more 
than one (Sub-) Division (4VVX+5 pollock) bile 
others  were t o t a l  ly  contained within one (Sub-) 
3 iv i s ion  (4X haddock). All of the  f i s h e r i e s  
spanned more than one (Sub-) Division. For 
example the cod f ishery was found in (Sub-) 
Division 4Vn, 4Vs, 4W, and 4X. This f i shery  
yielded catch from three  cod management un i t s  and 
i t  was tilerefore necessary t o  develop separate  cod 
f is i lery equations based on t h e  area f ished.  
dowever, i t  was possible  t o  comoine catch and 
e f f o r t  data frcm Subd~vis ion  4\18 and Division 4 d  
ioi tt-out i  ntroduci ng ainbigui ty t o  the analysis .  
3 ther  areas wnicb &ere used were Subdivision 4Vn, 
D ~ v i s i o n s  44, 4X and Subdivision 5Ze. Catch ra tes  
*ere deternined oy f i s h e r y ,  a r e a ,  and year f o r  
each s ~ e c i  es. 4ggregations #in ich consisted of 
fewer t h a ~  50 f i sn ing  s e t s  or wnlch had a  to ta l  
catch r a t e  of l e s s  than 500 kg/hr were not 

included i n  t h e  ana lys i s  s ince i t  was beleived 
these were exceptional cases rkiich did not r e f l e c t  
r e a l i t y .  

Separate L P  analyses were performea using 
data from 1982, 1983, aad the  two years  combined 
f o r  ccmparative purposes. Furthemore,  t h r e e  
ob jec t ive  funct ions e r e  used: maximize t o t a l  
catch,  naximize t o t a l  revenue, and maximize ne t  
revenue. The ob jec t ive  function for  maximizing 
to ta l  catch was given i n  equation ( 1 )  above. 
Total revenues were determined by scal ing spec ies  
catch r a t e s  by the  respect ive landed prices .  
These pr ices  were obtained from the-Lunenburg 
offshore pr ices  from the  I Decenber, 1982 issue of 
t h e  f i shery  magazine Sou'wester. These pr ices  
were iden t ica l  to  t h e  15 June, 1983 and 1 May 1984 
prices  i n  t h e  same magazine except t h a t  haddock 
was 2$/lb higher on 1 May, 1934. The landed 
prices  were converted t o  round weight equivalents  
and $/kg. The prices  a r e  given i n  Table 2.  The 
ob jec t ive  function used in t h i s  case was t o  
maximize 

Khere: Pi = t h e  p r ice  of species i .  

Two elements of var iable  c o s t s  were included 
i n  t h e  ca lcu la t ion  of net  revenues: operational 
c o s t s  and crew costs .  Estimates of operating 
expenses of offshore vessels  g r e a t e r  than 100' 
were obtained from Carpent ier  e t  a1 . (1979). The 
mean annual per vessel o p e r a t i z  expense, which 
included f u e l ,  ice ,  wages (o ther  than crew), 
maintenance and r e p a i r ,  insurance and o ther  
mi scel laneous expenses, was estimated t o  be 
$432,800. Examination of DFO f i s h e r i e s  s t a t i s t i c s  
ind ica te  t h a t  the average offshore vessel makes 
approximately 22 t r i p s  per  year  a t  12 days per  
t r i p  f o r  264 f i sh ing  days a  year. Observer data 
f o r  1982 and 1983 ind ica tes  an averacje of 12.26 
hours f ished per day f o r  3236.6 hours f ished per 
year .  Thus t h e  operating cos t s  were estimated t o  
be $133.72 per hour. Crew cos t s  were estimated t o  
be 40% of the to ta l  revenues of t h e  t r i p .  Net 
revenue was estimated a s  60;: of t o t a l  revenue l e s s  
5133.72 times the number of hours f ished.  The 
ob jec t ive  function in t h i s  case was t o  maximize 

Results 

A t o t a l  of 11 f i s h e r i e s  met t h e  c r i t e r i a  f o r  
se lec t ion  for  subsequent LP ana lys i s .  The same 
f i s h e r i e s  were chosen f o r  1982, 1983 and t h e  
combined analyses. The catch r a t e  c o e f f i c i e n t s  
used in t h e  analyses a r e  shown i n  Table 3. 
Fishery s p e c i f i c  c o e f f i c i e n t s  form t h e  columns of 
t h e  t a b l e s  while the  management u n i t  s p e c i f i c  
c o e f f i c i e n t s  form the  rows. -he 11 f i s h e r i e s  
consisted of two cod d i rec ted  (4Vn, 4Vsd), two 
haddock directed (LVsN, 4X 1, th ree  redfish 
directed (4Vn, 4VsX, 4x1, two pol1oc"cdirected 



( ~ V S Y ,  4X), one flounder (4VsW), and one mixed 
cod, haddock and pollock ( 5 2 ) .  There were 
considerable  var ia t ions  i n  individual coef f i c i  e l t  
values among the th ree  tab les .  

!.lost management u n i t s  haa associated with i t  
a t  l e a s t  one directed f i s h e r y ,  t h a t  i s  a  f i shery  
which yielded a  high catch f r m  the  management 
un i t .  A notable exception was t h e  4X cod 
management u n i t  which nad a  quota of 3,150 t but 
no cod directed f ishery.  A second notable 
s i t u a t i o n  was f o r  t h e  5Z cod and 5 haddock 
management un i t s .  Catches f o r  these management 
u n i t s  could only cone f ran  the 5Z mixed f i shery .  

The ob jec t ive  funct ion c o e f f i c i e n t s  and t h e  
L P  so lu t ions  f o r  t h e  object ive of maximizing t o t a l  
catch a r e  given i n  Table 4. Different  so lu t ions  
were obtained f o r  each of the t h r e e  analyses 
because of the  d i f f e r e n t  catch r a t e  c o e f f i c i e n t s  
used. However, i n  none of t h e  th ree  analyses was 
the  t o t a l  ava i lab le  catch (129,530 t )  taken. The 
uncaught quotas a r e  shown i n  t h e  tab le  as surplus 
quotas. Tne 4X cod quota was not taken i n  any of 
t h e  analyses. There were surpluses of 2,674 t, 
1,680 t and 2,290 t in t h e  1982, 1983, and 
combi ned analyses respective1 y. Simil a r i l y  t h e  
Subarea 5 haddoc4 quota was never caught with 
1,386 t ,  5,529 t ,  and 2,844 t remaining. In the  
1982 ana lys i s  the  52 cod quota was a l so  not taken. 
The value of the object ive funct ion ( i . e .  t o t a l  
ca tch)  was i23,943 t ,  121,520 t, and 123,595 t i n  
each ana lys i s  respect ively thus ind ica t ing  l i t t l e  
var ia t ion  i n  t o t a l  catch. However, t o t a l  e f f o r t  
l e v e l s  varied considerably with 152,082 h r ,  
151,481 hr ,  and 127,709 hr i n  t h e  1982, 1983, and 
combined anslyses. 

The r e s u l t s  of the  L P  analyses using t h e  
ob jec t ive  of maximizing t o t a l  revenue a r e  shown i n  
Table 5. Both t h e  absolute  and r e l a t i v e  values of 
the  respect ive ob jec t ive  funct ion c o e f f i c i e n t s  
under the object ives of maximizing t o t a l  catch and 
maximi zing t o t a l  revenues were d i f f e r e n t .  
However, the  optimal e f f o r t  solut ion were 
i d e n t i c a l .  This resul ted in  ident ical  t o t a l  
catches and surp lus  quotas under both of these  
ob jec t ive  funct ions.  

Substant ial  l y  di f f e r e n t  r e s u l t s  were obtained 
under the  object ive of maximizing net revenues 
(Table 6 ) .  Several f i s h e r i e s  had negative 
ob jec t ive  funct ion coef f ic ien t s .  Idone of these  
f i s h e r i e s  entered i n  the  optimal solut ion s ince  
each could loose mney, thus going counter t o  the  
ob jec t ive  of maximizing ne t  revenues. With fewer 
f i s h e r i e s  i n  the optimal solut ion there  were more 
surp lus  auotas. Again t h e  4X cod and 5 haddock 
auotas  were never taken. Also, t h e  4VWX flounder 
quota was never taken. The 4VWX redfish quota was 
not taken i n  t h e  1983 and combined analysis .  The 
52 cod cuota was not taken i n  t h e  1982 ana lys i s  
and t h e  4X haddock quota was not taken in t h e  1983 
ana lys i s .  Substantial ly  l e s s  t o t a l  e f f o r t  was 
expended under t n i s  object ive 4 t h  97,557 h r ,  
72,324 hr and 86,707 hr i n  t h e  1982, 1983, and 
conbined solut ions respect ively.  

Observed e f f o r t  d i s t r i b u t i o n s  by f ishery a re  
shown graohically fo r  1982, 1983, and the  2 years  
cmbinsd i n  Figiire 3. The l a r ~ e s t  s i n z l e  observed 

f ishery was the 4YsW cod having 33%, 41J0, and 37% 
of the  e f f o r t  in  1982, 1983 and t h e  2 years 
cmbi  ned. Tne optimal e f f o r t  d i s t r i b u t i o n s  f o r  
the object ives of maximizing t o t a l  catch and 
maxiqizing net  revenue a r e  shown in Figures 4 and 
5 respect ively.  In the  case of maximizing to ta l  
catch f a r  l e s s  e f f o r t  was al located t o  the 4Vs4 
cod and the  pollock f i s h e r i e s  and m r e  e f f o r t  t o  
the  f lounder ,  redfish and 4X hadaock f i s h e r i e s  
than was observed. iu r ther iwre ,  fewer f i s h e r i e s  
were i n  the  optimal so lb t ions  than observed. 
dnder the  on jec t ive  of maximizing ne t  revenue even 
fewer f i s h e r i e s  entered t h e  optimal solut ions.  
The amount of e f f o r t  a l located t o  t h e  4VsW cod 
f ishery was c lose  t o  the  observed proportions. 
However, the re  was l i t t l e  consistency i n  other  
canparisons among o ther  f i s h e r i e s .  

Discussion 

Various LP problems were analysed i n  an 
attempt t o  address two basic questions. The f i r s t  
was whether o r  not t h e  individual quotas ava i lao le  
t o  the m b i l e  gear g rea te r  than 100' vessel 
category on t h e  Scot ian Shelf and Georges Bank 
could be caught without exceeding any one quota. 
This was analysed under t h e  object ive of 
maximizing to ta l  catch. Given t h e  f i shery  
def in i t ion  developed by S i n c l a i r  (1985) and 
observed catch r a t e s  i n  these  f i s h e r i e s  i t  appears 
t h a t  ne i ther  the  4X cod or 5 haddock quotas c w l d  
be taken (Table 4 ). In t h e  case of 4X cod t h i s  
was mainly due t o  the  lack of a  directed f ishery 
for  t h i s  managerent u n i t  and t o  t h e  r e l a t i v e l y  1 ow 
by-catch r a t e s  of cod i n  o ther  4X f i s h e r i e s .  In 
the case of 5  haddock t h e  only f i shery  defined f o r  
t h i s  management u n i t  was a  mixed cod, haddock, and 
pollock f i shery .  Both t h e  5Z cod and 5 haddock 
quotas could not be taken fran t h i s  one f i shery  
unless t h e  r a t i o  of t h e i r  respect ive catch r a t e s  
was equal t o  the  r a t i o  of the  respect ive quotas. 
Such was not the case. In t h e  1982 ana lys i s  t h e  
52 cod quota was a l so  not taken. 

The second quest ion was with respect  to how 
t h e  optimal t o t a l  e f f o r t  l eve l s  compared t o  the 
present f l e e t  s ize .  Under the  ob jec t ive  of 
maximizing t o t a l  catch and using t h e  1982 catch 
r a t e s  the  t o t a l  e f f o r t  was 152,082 hr ,  using 1983 
catch ra tes  t h e  so lu t ion  ca l led  f o r  151,48: h r ,  
and in the combined ana lys i s  127,709 hr. Using 
the  estimated average of 3236 hrslvessel  -year 
quoted e a r l i e r  t h i s  coresponds t o  47, 47, and 40 
vessels  respect ively.  Currently t h e r e  a r e  
approximately 50 vessels  of t h i s  c l a s s  ac t ive  i  n 
the  Scotia-Fundy Region. These vessels  may f i s h  
areas  from Georges Bank t o  Labrador. T h u s  t h e  
ex i s t ing  f l e e t  may be too large f o r  t h e  ava i lab le  
quotas on t h e  Scotian She l f ,  but probably not f o r  
the t o t a l  catch ava i lab le  i n  a1 1 areas .  

There were m r e  f i s h e r i e s  observed than 
appear i n  t h e  L P  so lu t ions .  This was not 
unexpected s ince i n  LP solut ions there  cannot be 
more elements than c o n s t r a i n t s .  In t h e  LP 
problems there  were 10 c o n s t r a i n t s  and 11 
f i s h e r i e s .  In t h e  so lu t ion  f o r  maximizing t o t a l  
catch there were always 2 surplus quotas, and i n  
the  1982 ana lys i s  t h e r e  were 3. i n  t h e  object ive 
functions for maximizing ne t  revenues there  here 



some negative elements resu l t ing  i n  even grea te r  
numoers of surplus ouotas. Thus only a  subset of 
t h e  observed f i s h e r i e s  appeared i n  t h e  LP 
s o l u t i o r s .  However, di th  the  addition of more 
c o n s t r a i n t s  the optiqal so lu t ions  may be forced to 
contain more f i s h e r i e s .  

The observed e f f o r t  d i s t r i b u t i o n s  by f ishery 
(Figure 3 )  and the o ~ t i m a l  e f f o r t  d i s t r i o u t i o n s  
(Figures  3 and 5 )  d i f fe red  subs tan t ia l ly .  )ihen 
the observed e f f o r t  d i s t r i b u t i o n s  were compared t o  
tnose f r m  the object ive of maximizing t o t a l  catch 
there  was a  higher proportion of observed e f f o r t  
d i rec ted  toward 4VsX' cod and pollock than 
a l loca ted  i n  t h e  LP solut ions.  This was l ike ly  a  
consequence of the  f i sh ing  s t ra tegy  of the  f l e e t .  
In 1983 t h i s  f l e e t  caught 77% of i t s  cod quotas 
and 69% of i t s  pollock quota while catching only 
37%, 45% and 62% of i t s  haddock, redfish and 
flounders nuotas respect ively.  Since t h e  cod and 
pollock quotas were the heaviest  f ished then i t  
may be expected t h a t  the  observed e f f o r t  f o r  these 
nanagerwnt un i t s  would be higher than t h e  optimal 
e f f o r t  d i s t r i b u t i o n .  

The inclusion of econmic  terms in the  LP 
analyses did not prorjuce a  c loser  match between 
the  observed and optimal e f f o r t  d i s t r i b u t i o n s .  
Under the object ive of maximizi ng to ta l  revenues 
exac t ly  the  same LP solut ions were obtained as 
under tne ob jec t ive  of maximizing t o t a l  catch. 
Under the  object ive of maximizing net revenues 
s u b s t a n t i a l l y  d i f f e r e n t  optimal solut ions were 
obtained. In t h i s  case t h e r e  was a  c l o s e r  
agreewnt  between the observed and optimal e f f o r t  
d i s t r i b u t i o n s  f o r  4VsW cod but there was l i t t l e  
consistency in other  comparisons. For example, i  n 
the  1983 and combined analyses there  were no 
redf i sh  f i s h e r i e s  i n  t h e  LP so lu t ions ,  but i n  the  
1982 ana lys i s  t h e  4VsW redf i sh  f i shery  was 
included i n  the solut ion and i t  comprised 20.19 of 
t h e  t o t a l  optimal e f f o r t .  S imi la r i ly  t h e  4X 
haddock f ishery comprised 16.3% and 20.3% of t h e  
to ta l  ocrtimal e f f o r t  ? n  t h e  1982 and combined 
a n a l y s i s ,  bkt i t  was not included i n  L P  solut jon 
i n  t h e  1983 ana lys i s .  

The f i s h  pr ices  used in t h e  ana lys i s  a r e  
probably not ind ica t ive  of the  t rue value of t h e  
f i s n .  The vessels  a re  operated as par t  of a  
v e r t i c a l l y  integrated f i s h i n g ,  processing and 
aarket ing ccmpany. The pr ices  a r e  used t o  
determine the crew wages on a  share basis .  Yet 
t h e  companies ac t ive ly  d i r e c t  the  vessels t o  
s p e c i f i c  areas  to  f i sh  based, presumably, on what 
t h e  value of the f inished product would be. 

The var ia t ion  among t h e  L P  so lu t ions  f o r  the  
ob jec t ive  of maximizing ne t  revenues indicates  the 
s e n s i t i v i t y  of t h e  ana lys i s  t o  input parameters. 
The u t i l i t y  of L ?  models i n  fonnulating f i s h e r i e s  
management regimes i s  l imited by the often extreme 
and semingly  u n r e a l i s t i c  nature of t h e  solut ions 
(Shepherd and Garrod 1982). The use of additional 
c o n s t r a i n t s  t o  simulate other  important fac tors  
may ameliorate t h i s  problen but t h i s  would require  
subs tan t i  a1 increases i n  parameter formulation and 
est imation.  However, the  method provides a  
framework f o r  anal ysi  ng some questions regardi ng 
a l loca t ions  among f l e e t  components and the  
possibi l  i t i e s  of f l e e t  components ac tua l ly  taking 

a r  array of catch quotas. 
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Discussion Period 

O'Boyle: The offshore a l loca t ions ,  were these t h e  
a e n t e r p t r p r i s e  a1 loca t ions?  

S i n c l a i r :  They were t h e  quctas f o r  the  f l e e t  as  a  
whole not the en te rpr i se  a l loca t ions?  



~1uravs4i : Inasmucn as tne oot iaal  a1 locat ion 
d i f f e r s  so w c h  fro, tne  cdrrent  pat tern i t  
a lpears  then triat industry i s  operat ing 
i r r a t i o n a l l y .  I s  t Q 1 s  surpr l s i  ng? 

Sinclai  r :  ,ql t n  sone economic considerat ions we 
i - ~ r j h t  f ind t h a t  tbere 1s  not such a  discrepancy. 
9s  I  rointed out ,  the p r ices  I  used nay be 
i n a u p r o n r ~ a t e .  41 so the  f l e e t  t r a d i t i o n a l l y  does 
not catcn eacn quota. F l a t f i s h  and redf l sh  quotas 
were not caught I n  1982. This would have sore 
inf luence on tne  apoarent d i f fe rence  between the  
ootimal and observed e f f o r t  d i s t r ~ b u t i p n s .  
Certainly i n  t h e  real world s i t u a t i o n  the  
fisheries a r e  much l e s s  predlctable  than i n  the 
equat ions,  so thcre  a r e  several a reas  where t h i s  
l i  screpancy caul d  a r i  se. 

'1cKone: J u s t  a  couple of observations: one i s  
t n a t  the  companies do not necessar i ly  look to 
o r o f i t a b i l i  t y  on each t r i p .  They look t o  an 
a n n ~ a i  p r o f i t .  For example the  companies might be 
i i i l l ing  to  take a  l o s s  on t h e  redfish f i shery  to  
keep the s l a r t s  open, knowing t h a t  they nake 
p r o f i t  over a l l .  Seconaly, i n  averaging the  
vessel c o s t s  you aay have d i s to r ted  the  p ic ture .  
Steaming out t o  f i s h  redfisn on the  edge of the 
s h e l f  c o s t s  Fore than f i sh ing  other species  c l o s e r  
i  li. 

S i n c l a i r :  1 considered t h a t ,  but a  l o t  of these 
f i s h e r i e s  a r e  on offshore banks. Also the  p lan ts  
a r e  wiaely d i s t r ibu ted  throughout t h e  a rea ,  so how 
f a r  tbe vessel steams depends on where i t  ended up 
on t b e  orevious t r i p  r a t h e r  than were i t  f ishes.  
I f  I were considering a  wider scale ,  say including 
the  Grand Banks, there could be gains t o  be made 
by considering t r i p  cos t s  as  avai lable .  B u t  on 
the  Scot ian Shelf I am not sure i t  matters .  

McKone: I think the l a r g e s t  c o s t  i s  the c o s t  of 
f u e l .  So d i s tance  steamed i s  very s i g n i f i c a n t .  
b e w e  the dewand for  redfish i n  t h e  Gulf where 

a re  c lose ,  even though they a r e  ava i lab le  in  
2J 3K. So one r e a l l y  needs to  consider these 
f a c t o r s .  

Table 1. Distr ibut ion of groundfish management 
uni ts  with respect  t o  ENFO areas  and t h e  
associated quotas f o r  mobile gear 
g rea te r  than 1 0 0 '  i n  1983. 

Management Unit 4Vn 4Vs 41 4X 5 Quota i t )  

4Vn Cod { C - A )  X 5,880 
4Vn Cod ( M - D )  X 830 
4VsW Cod X X 33,550 
4 X  Cod X 3,150 
52 Cod X 11,250 
4VW Haddock X X X 11,850 
4 X  Haddock X 7,050 
5Z Haddock X 7,300 
4 V W X  Redf i s h  X X X X  21,500 
4VWXi5 Pollock X X X X X 19,650 
4 V W X  Flounder X X X X  8,350 

TOTAL: 129,530 

Table 2 .  Landed prices  (@/kg)  converted t o  rwnd 
weight equivalents. From Sou'wester,  
December 1 ,  11382. 

Cod (market) 45.2 
Haddock ( l a r g e )  58.7 
Redf i sh 24,8 
Pollock ( l a r g e )  27.1 
Flounder ( round)' 27.5 



Table 3. Catch r a t e  c o e f f i c i e n t s  used in the  1982, 1983, and combined i P  analyses. 

Fishery 

blanage~ent Cod iiaddock Redfish Po?? ock Flounder i4i red 
U n i t  4Yn 4Vsd TVsN 4 n 4Yn 4Vsd 4 X 3 it s 6 4n 4Vsk! 52 

Ccd 4Vn 1415 0 0 0 16 0 0 0 0 li 0 
$\i sU 0 1308 90 0 0 43 0 30 0 155 C 
4 X 0 0 0 30 0 0 12 0 25 0 0 
52 0 0 0 0 0 0 0 0 0 0 379 

Redf i  sh 2 12 0 42 332 1046 665 21 110 8 0 

"1 lock 38 47 42 27 0 84 13 1005 1582 1 634 

Fl ounder 1 60 3 4 3 22 3 1 1 599 0 

Cod 4in 
4VsX 
4X 
5z 

Haddock 4VN 
4X 

Redfish 

Flounder 

Combined 

Cod 4Vn 
b'J s;.q 
4X 
52 

Haddock 4VW 
4X 
5 

Po1 1 ock 

Flounder 



Table 4. Objective funct ions,  optimal e f f o r t  d i s t r i b u t i o n s ,  and surplus  quotas associated with t h e  ob jec t ive  
of maximizing t o t a l  catch in  t h r e e  L P  analyses. 

1 9 8 2  1 9 8 3  C O M B I N E D  
Objective Optimal Objective Optimal Objective Optimal 

Fishery Function E f f o r t  Function E f f o r t  Function E f f o r t  

Cod 4Vn 
4vs'n' 

Haddock 4VsN 
4X 

Redfish 4Vn 
4VsW 
4X 

Pollock 4VsW 
4X 

Flounder 4VsW 

Object ive Total ( t )  123,943 121,520 123,595 

E f f o r t  Total ( h r )  

Surplus  Quotas 4X Cod 2,674 
52 Cod 727 
5 Haddock 1,386 

4X Cod 1,680 4X Cod 2,290 
5 Haddock 5,529 5 Haddock 2,844 

Table 5. 3b jec t ive  func t ions ,  optimal e f f o r t  d i s t r i b u t i o n s ,  and surp lus  quotas associated with t h e  
ob jec t ive  of maximizing t o t a l  revenue i n  t h r e e  LP analyses .  

1 9 8 2  1 9 8 3  C O M B I N E D  
Objective Optimal Objecti  ve Optimal Objective Optimal 
Function E f f o r t  Function E f f o r t  Function E f f o r t  

Fishery $/hr  h r  f / h r  h r  $/hr  h r  

Cod 4Vn 66 5 2,983 386 6,334 483 5,005 
4VsN 665 23,706 6 61 23,939 633 24,530 

Pollock 4VsW 308 0 451 7,097 404 0 
4X 529 0 619 0 5 49 1,798 

Flounder 4VsW 242 11,100 135 25,601 19 6 14,963 

Mixed 52 472 27,764 426 17,361 45 9 24,617 

Object ive Total 
(S,OOO) 50,439 

E f f o r t  Total ( h r )  152,081 151,481 127,709 

Surplus  Quotas  ( t )  4X Cod 2,674 
5Z Cod 727 
5 Haddock 1,386 

4X Cod 1,680 
5 Haddock 5,529 

4X Cod 2,290 
5 Haddock 2,844 



Table  6. Ob jec t ive  f u n c t i o n s ,  optimal e f f o r t  d i s t r i b u t i o n s ,  and s u r p l u s  quotas  a s s o c i a t e d  w i t h  w i th  
o j b e c t i v e  of maximizing n e t  revenus i n  t h r e e  LP ana lyses .  

1 9 8 2  1 9  8 3 C O M B I N E D  
Objec t ive  Opt~mal  Ob jec t ive  Optimal Ob jec t ive  Optimal 
Funct ion  E f f o r t  Funct ion  E f f o r t  Funct ion  E f f o r t  

F i she ry  S/hr  h r  S/hr h r S/hr  h r  

Cod 

Haddock 4VsW 308 8 ,973  
4 X 42 15,878 

Po l lock  4VsW 5 1 
4 X 184 

F lounde r  4VsW 1 2  0 

Nixed 5Z 149 25,099 

Ob jec t ive  To ta l  
(S,oOO) 15,689 

E f f o r t  Tota l  ( h r )  

S u r p l u s  Q u o t a s  ( t )  4X Cod 2,674 4X Cod 3 ,125 4X Cod 2 ,503 
52 Cod 1,737 4X Haddock 6,833 5 Haddock 2,844 
5 Haddock 1 ,954 5 Haddock 5,529 4VWX Redf ish  20,384 
4YWX Flounder 6,361 4VWX Redfish 21,217 4VWX 20,384 

4YWX Flounder  6,871 

1 
71' --* 6 - 0  6;F == 

Figure  1. hAFO Div i s ions  and Subdivf s ions  i n  t h e  s tudy a r e a .  





Implicat ions of Multispecies Pr inc ip les  f o r  Canada's East Coast F i sher ies  Management Advisory Process 
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Since the  foundation work in f i s h e r i e s  science by Beverton and Holt in 1957, f i s h e r i e s  management 
organizat ions i n  t h e  North Atlant ic  have grown, s t ruc tured  around the  s ing le  species  approach. Although 
mult ispecies  theory has progressed, i t  has ra re ly  been used i n  p rac t ica l  management. Before i t  can, 
subs tan t ia l  change to the ex i s t ing  s t r u c t u r e  should occur. F i r s t ,  although s c i e n t i f i c  advice i s  generally 
well reviewed, t h e  management advisory process i s  not. A s imi la r  s t r u c t u r e  f o r  t h e  l a t t e r  as  with t h e  
s c i e n t i f i c  advise i s  advocated. Owe t h i s  has occurred then implimentation of multispeci es approaches can 
be attempted. Since t h e  theory underlying biological  in te rac t ions  i s  weak and s t i l l  developing i t  i s  
r e c o m ~ n d e d  t h a t  f i r s t  attempts a t  mult ispecies  management consider  technological i n t e r a c t i o n s  only. The 
manaoement s t r u c t u r e  would have t o  evolve as  our mu1 t i s p e c i  es theory progresses. The present  taxon group 
approac'l should over the longer t e n  give way to an ecosystem approach. Whatever changes a r e  i m p l e ~ n t e d ,  
they must occur a t  a l l  l eve l s  of the advisory process and not be r e s t r i c t e d  t o  any one leve l .  

Introduct ion 

%hen Beverton and Holt (1957) introduced 
t h e i r  ioeas on the  dynamics of exploited f i s h  
populations, the  f i s h e r i e s  of many nations were 
in  desperate need of management to  reverse the 
decl ining t rends i n  resource abundance. Two 
eleraents needed t o  be considered. F i r s t  was t h e  
d e f i n i t i o n  of the  management object ives,  which 
deoended in l a rge  part  on the models presented by 
Feverton and Holt (1957). Althoua? these two 
authors considered a wide spectrum of population 
node1 s ,  including mu1 t i  speci es and economic, the  
e x i s t i n j  data s e t s  only allowed formulation of 
ob jec t ives  on a s ing le  species  basis .  

The second element of management was 
considerat ion of the administrat ive s t r u c t u r e s  
needed to achieve the iranagement 05 jec t ives .  O n  
botn s ides  of the  At lan t ic ,  ex i s t ing  organizat ions 
IZCES* in tne  e a s t  and ICIIAF in the west) took the 
Beverton and h o l t  s ingle  soecies  models and 
fashioned mnagement advisory processes around 
teem. These s t ruc tures  have continued i n  a 
s imi la r  f o m  to the  present within organizat ions 
siich a s  NAFO and CAFSAC i n  the  Iiorthwest and ICES 
i n  t h e  Vortheast At lan t ic .  Conseqdently the  
e x i s t i n g  Canadian e a s t  coas t  management s t r u c t u r e  
i s  a r e s u l t  of over 30 years development of a 
s i ~ g l e  species  approach. 

Sone pursu i t  of object ives  based on 
nu1 t i s p e c i e s  p r inc ip les  has occurred. During 
1972-76, ICIlAF was the forum f o r  much dialogue on 
mult ispecies  models and even put some of t h i s  
theory i n t o  p rac t ice ,  tising what i s  re fe r red  to a s  
a "Two T i e r  Catch Ouota System", ICES work 
(Anon., 19841, on the other  hand, has not y e t  
arjvanced beyond tne stage of mdel  development. 

Fo- the most part then the management 
object ives and administrat ions responsible f o r  the 
'iorth Atlant ic  f i s h e r i e s  have been based on a 

s ing le  species  phi1 osophy. Although multispeci es 
ideas have been considered, l i t t l e  pract ical  
management using t h e m  has occurred. 

There i s  a growing r e a l i z a t i o n  t h a t  
management organizations should manage f i s h e r i e s  
and not j u s t  f i s h .  This requires  r e s t a t e w n t  of 
management object ives i n  terms of bi 01 ogy, 
economics, and sociology. Not only must 
biological in te rac t ions  be considered but so too 
technological ones. A change i n  t h e  ob jec t ives  
may require  a change i n  t h e  administrat ive 
s t r u c t u r e  needed t o  achieve these  ob jec t ives .  

This  paper considers the evolut ion of the  
management object ives s ince  t h e  1950s and examines 
the management systems i n  the North At lan t ic  in  
the context of these object ives.  Suggestions a r e  
made on how bes t  t a  change the s t r u c t u r e  on 
Canada's e a s t  coast  t o  w e t  the  new demands being 
made on t h e  system. 

The Objectives of F i sher ies  Management on 
Canada's East  Coast 

The most important fea ture  of any management 
scheme a r e  i t s  ob jec t ives .  in  t h e  f i s h e r i e s  of 
t h e  Northwest At lan t ic ,  these have changed 
considerably over time. 

Needler (1979) recent ly summarized t h e  
current  pol icy for  resource management a s :  

" to  obtain from explo i ta t ion  of t h e  resource 
the grea tes t  possible  benef i t s  to  society as a 
whole, and more p a r t i c u l a r l y ,  t o  assure t h e  
economic welfare of f i s h e r w n  and f i s h i n g  
communities, including the f i s h  processing 
industry and t h e  f i s h  t rade" .  

This  i s  a long way from what i t  was p r i o r  t o  1350. 

" see Glossary f o r  meaning of abbreviat ions.  









4 t  t n a t  time nos t  coastal resources were i n  
international waters and access t o   the^ kas 
unlimited. F i sher ies  management per se did not 
e x i s t .  !*!ith the  i n s t i g a t i o n  of IChAF i n  1949, the  
f ~ r s t  a t t e m t s  a t  f i s k r i e s  maangement were made. 
I n i t i a l l y ,  biology formed the  basis  of managewnt 
object ive fo rnu la t ion ,  chief among these being 
conservation. As was s t a t e d  above, the  
administrat ive s t ruc tures  were es tab l i shed  around 
toe oiol ogical models of Beverton and Holt (19571. 
Gordon (1953; 1954) introduced t h e  f i e l d  of 
f i s h e r i e s  economics b ~ t  i t  wasn't  unt i l  the  l a t e  
1973s t h a t  ICNAF considered economics in  i t s  
managemnt ob jec t ives ,  in  t h i s  case, a t t a i n m n t  of 
the  FO. 1 explo i ta t ion  r a t e .  Idevertheless, 
the b ~ o l o g i c a l  models introduced i n  t h e  1950s 
pers i s ted ,  except now employed i n  a  d i f f e r e n t  
capacity. The management s t ruc tures  remained the  
same . 

di tn  the extension of Canada's j u r i s d i c t i o n  
t o  200 n i l e s  ca%e the  r e a l i z a t i o n  t h a t  proper 
resource husbandry would requ i re  more e x p l i c i t  
considerat ion of economic and social issues.  
Iqdeeo tne ewphasis i n  o ~ j e c t i v e s  sh i f ted  from 
mariaaerent of f i s h  to management of f i s h e r i e s  
i < j r ~ y ,  1982). 

T h i  s  h i s t o r i c a l  development has been 
oaral le 'ed i n  most areas of t h e  North At lan t ic .  
Sel ow i s  reviewed the  management systems of 
Canada, %A, and Europe to see how each has 
handled t h e  new s e t  of object ives .  

The S t ruc ture  o f  Exist ing Management Systems i n  
t h e  North At lan t ic  

Canada 

Management i s  pursued separa te ly  f o r  
groundfish, pelagic f i s h ,  marine mammals, 
freshwater soecies ,  scal lops,  shrimos, c rabs ,  and 
other  inver tebra tes .  b!i t h i n  each of these ,  
~ a ~ a g e m e n t  plans a re  formulated on a  year ly  basis .  
, - -  J r S A C  1s requested to evaluate the s i z e  of t h e  
resources annually. This information i s  passed on 
t o  t b e  ADGC f o r  i t s  i n i t i a l  perusal (Figure 1). 
'ram here, the  i n f o n a t i o n  i s  given t o  species  
s p e c i f i c  Advisory Committees, such as t h e  AmC, 
which nave the respons ib i l i ty  f o r  formulating 
annual mnagenent plans. in f a c t ,  AGAC i n s t r u c t s  
regi onal advisory copmi t t e e s ,  cons i s t ing  of 
governrfient and industry represen ta t ives ,  t o  
devel OD regional plans. AGAC r o l l  s  these regional 
olans u p  i n t o  one plan f o r  t h e  e a s t  coast .  This 
i s  then presented t o  the  DFO deputy m i n i s t e r ' s  
o f f i c e .  From here i t  goes t o  t h e  FPAFC, and DFC 
' t i n i s t e r ' s  o f f i c e  and f i n a l l y ,  i f  necessary, t o  
Cabinet. iipon Cabinet approval, the plan becomes 
oubiic .  The overa l l  s t r u c t u r e  i s  along taxon 
l i n e s  with l i t t l e  in te rac t ion  among the  groups 
hanoli ng d i f f e r e n t  taxa.  

USA 

Since 1977, f i s n e r i e s  mana9ement in  US 
coastal  waters has been under the  direct ion of 
ref ional  >lanagenen: Councils. In the North 

At lan t ic ,  the  main one i s  the NEFYIC. This  body 
has the  respons ib i l i ty  of formulating one 
management plan f o r  each taxonmic group, as i n  
Canada. However the  plan i s  not rewr i t t en  
annually but i s  supposed to endure over a  longer  
period of time. The Council has i t s  own s t a f f  of 
b i o l o g i s t s  and economists which evaluate  d i f f e r e n t  
proposals made by industry.  IC4FS only e n t e r s  the  
process upon request.  

The key difference between t h i s  and the 
Canadian system i s  t h a t  i t  i s  A )  highly 
regional ized and B )  has a  higher degree of 
industry par t i c ipa t ion .  

Europe 

The European management s t r u c t u r e  i  s  s i m i l a r  
t o  t h a t  of Canada (Figure 2 ) .  ICES, l i k e  CAFSAC, 
provides biological  advice on a  year ly  b a s i s  
through t h e  ACFM t o  t h e  E E C  Commission (Lee, 1973; 
Fros t ,  1984). Tne l a t t e r  has a  STC which i s  
supposed to introduce economic pr inc ip les  i n t o  t h e  
advisory process. The management plans a r e  then 
passed i n t o  t h e  p o l i t i c a l  arena (Council of 
Ministers of F i sher ies )  f o r  f inal  a ~ p r o v a l  . 
Synopsis 

All t h e  systems examined above have stronij 
and weak points.  Canada's system benef i t s  from a 
we1 1 organized s c i e n t i f i c  advisory process a s  we1 1 
as l imited foreign concerns & i c h  can introduce 
la rge  p o l i t i c a l  inf luences into the  system. The 
European system, l i k e  Canada, has a  s t rong  
s c i e n t i f i c  base but has a  large element of 
in te rna t iona l  in te rac t ion  m i c h  can make concensus 
and goal s e t t i n g  d i f f i c u l t  (Fros t ,  1984). The US 
system's ma?n s trength i s  t h e  degree of 
involvement by industry.  This ensures acceptance 
of management plans. As well,  s c i e n t i f i c  i n p u t ,  
although not as organized as  i n  Canada and Europe, 
comes from a variety of sources. Nevertheless, 
i t s  major weakness i s  t h a t  i n  e f f e c t ,  the  p a t i e n t  
i s  being asked t o  regu la te  i t s  own pain. This has 
resul ted i n  a  number of i se f fec tua l  regulat ions 
bei ng proposed. 

All these  organizat ions have i n  commn t h e  
strong biological i  nput i n t o  the  mnagemnt  
process. Both Canada and Europe have extensive 
peer review processes t o  ensure qua l i ty  of 
biological advice. The same cannot be said 
regarding t h e  in tegra t ion  of t h i s  i nformt ion  with 
economic and social m d e l s ,  a  p r e r e q u i s i t e  of 
mult ispecies  managemnt. In a1 1 t h r e e  systems, 
once t h e  biology has been s t a t e d ,  t h e  decis ion 
making process becomes hard t o  iden t i fy .  This  
lack of exp l ic i tness  i s  t o  a  c e r t a i n  e x t e n t  
encouraged by the industry (allows room for  
1 obbyi ng) and introduces uncertainty i n t o  t h e  
decision maki ng process. Experience has shown 
(Fros t ,  1984) t h a t  t h i s  leads to  short-term 
increases i n  e f f o r t  a7 ong with 1 o n g - t e n  
iqvestment r e s t r a i n t  ( g e t  what you can now; i t  
might not be there  tororrow). This lack has of ten 
led to  t h e  use of b i o l o g i s t s  t o  a r b i t r a t e  on 
a l loca t iona l  issues.  



I t  i s  evident  from the above discussion t h a t  
what each organizat ion lacks i s  a  s t ruc tured  
nana~errent  committee which can provide f o r  the  
in tegra t ion  of biol o ~ i c a l ,  economic, and soci a1 
data  ard models. Edwards 11981) has termed t h i s  
tne  "Excluded Yiddle". Xhat i s  required i n  the 
organizat ion i s  a  body of experts  who can 
s y ~ t h e s i z e  the  b io log ica l ,  economic, and 
sociological  information. Individuals i n  t h i s  
o r ~ a n i z a t i o n  would have t o  have a  qu i te  e c l e c t i c  
background i n  o rder  t o  communicate i n t e l  l igenxjy 
w ~ t h  the  various players i n  the  system. 

Although there  are  s igns i n  each of t h e  th ree  
systems examined of such a  group evolving, no 
s t r u c t u r e  has y e t  been establ ished.  !.?any problems 
t h a t  we have i n  the ex i s t ing  systems can be t raced 
t o  t h i s  missing par t  -- c e r t a i n l y  with regard t o  
a1 loca t iona l  i s sues  (Bockstael , 1980). These 
problems wi l l  no doubt p e r s i s t  o r  become 
exacertated in  a  system oriented towards 
mu1 t i  speci es  management. I t  c e r t a i n l y  cannot be 
said urequivical ly  t n a t  the problems in t h e  
e f f e c t i v e  management i n  each country a re  due t o  
the use of s i n g l e  species  models, and thus & e t h e r  
o r  not these  could be a l l e v i a t e d  by movement t o  a  
qul t i  speci es  approach. I t  seem evident t h a t  
chanoes can ce made t o  the  ex i s t ing  organization 
to improve management performance. A t  t h e  very 
1 e a s t ,  these would have t o  predate t h e  
implenentation of mult ispecies  management on a  
1 arge scale .  An idea of the required changes, i n  
the  cofitext of t h e  Canadian e a s t  coas t ,  i s  
discussed in the  next sect ion.  

The Changes Implicated by Multispecies 
Management 

Changes to  t h e  Present System 

A t  e resen t  CAFS4C provides not only 
i  n fomat ion  on h i s t o r i c a l  stock trends t o  
nanagers, but a1 so forecasts  on y ie ld  
expectat ions.  As was s t a t e d  e a r l i e r ,  t h e  problems 
a r i s e  i n  t h e  i n t e r p r e t a t i o n  and use of t h i s  data 
i q  t h e  next level  of t h e  management hierarchy. 
~ 1 1 t h  a  move towards multispecies managewnt, t h e  
ob jec t -ves  and s t r a t e g i e s  wil l  become a mixture of 
biol og-cal , economics, and social c o n s t r a i n t s ,  
qakinq i n t e r p r e t a t i o n  a l l  the  more d i f f i c u l t .  

I t  i s  oroposed here t h a t  CAFSAC r e t a i n  i t s  
funct ion a s  tne purveyor of s c i e n t i f i c  knowledge. 
To t h i s  mandate should be added expert ize i n  
economics. CAFSAC would be a  forum f o r  t h e  review 
of f i s h e r i e s  models, as  i s  now the  case but would 
r e f r a i n  f r m  providing e x p l i c i t  ob jec t ives ,  such 
as  F3.1, t o  managers. The use of economic 
theory i s  within the already s t a t e d  terms of 
reference of t h i s  cmni  t t e e  (Table 1 ) .  

I t  i s  proposed t h a t  the  ex i s t ing  RPhC 
s t r u c t u r e  be reorganized along the same l i n e s  as 
CAFSPC. Procedures developed and approved i n  
C4FSAC would be tabled f o r  use i n  t h e  RMACs. 
These bodies would cons i s t  of managers, 
biolog? s t s ,  economists, i  ndustry represen ta t ives ,  
e r c . .  and would be resoonsible for  devisipg lo rg  
and short-term marlagement s t r a t e g i e s  i n  a  peer 
review forum. Industry would benef i t  from 

coverment  expert ize while iranagers would b e n e f i t  
f roa t h e  know1 edge of ishat iranagemnt scenarios 
h i l l  most l i k e l y  meet industry compliance. 

Once the ex i s t ing  s t r u c t u r e  has been changed, 
t h e  implementation of mu1 t i spec i  es nodel s  woul d be 
f a c i l i t a t e d .  Indeed, s i g n i f i c a n t  work by CAFSAC 
on mu1 t i s p e c i  es models without changes t o  t h e  
management s t r u c t u r e  may be counter-productive. 

Imp1 ementati on of Elul t i  species  t4anagement 

Multispeci es  i n t e r a c t i o n s  can be categorized 
a s  being biological (predat ion,  competition, e t c  .) 
or  technological (by-catch, gear c o n f l i c t ,  e t c .  ) .  

The benef i t s  of considering biological 
in te rac t ion  could be substant i  a1 . However, t h e  
level of knowledge of these in te rac t ions  i s  1 ow. 
Past attempts to  incorporate  them ( L e t t  and 
Doubleday, 19761 i n t o  t h e  management advi sory 
process have not w t  with success. I t  i s  proposed 
t h a t  while research cont i  nues on these  i  nter-  
ac t ions ,  changes t o  t h e  managemnt s t r u c t ~ r e  t o  
consider  them ~ e e d  not be made now. hievertheless, 
any changes t h a t  do occur now should take  i n t o  
account the  eventual i  ty t h a t  bi 01 ogical 
in te rac t ions  will be considered i n  t h e  advi sory 
process. 

Consideration of techno1 ogical in te rac t ions  
can occur present ly.  I t  i s  thus proposed t h a t  t h e  
management s t r u c t u r e  be establ ished t o  accanmdate 
them. 

# i t h  the  above comments i n  mind, a  chronology 
of change t o  the present s t r u c t u r e  could be as  
foIlows: 

1) The present  CAFSAC and RMAC be retained with 
m r e  s t r u c t u r e  and respons ib i l i ty  given t o  t h e  
1 a t t e r .  

2 )  Areas and/or f i s h e r i e s  with hign technological 
in te rac t ion  be iden t i f i ed  (perhaps by CAFSAC 
(HEES) )  with t h e  e s t a b l i  shnent of working 
groups at tached t o  the  ex i s t ing  subcommittees 
and advisory committees. These might be b e s t  
organized along geographic ( i . e .  4 x 1  r a t h e r  
than taxon ( i . e .  groundfish) l i n e s ,  dependent 
on the  degree of in te rac t ion  among f i s h  and 
inver tebra te  f i s h e r i e s .  

3 )  Iden t i f i ca t ion  of ecosystems t h a t  a r e  
meaningful f o r  f i s h e r i e s  management be pursued 
within CAFSAC. Once these a r e  es tab l i shed ,  
both CAFSAC and RMACs could be rearranged t o  
correspond t o  them. The t o t a l  number of such 
groups would have to remain small so as  not t o  
compromise the peer review process. 

C) Discussion on technological in te rac t ions  would 
be pursued a s  before i n  these ecosystem 
groups. A s  we1 1, biological concerns would be 
introduced. 

The guiding pr inc ip les  of these proeased 
changes a r e  A )  t h e r e  must be s y m t r y  be twen  t h e  
nodel bu i lders  (CAFSAC) and the  model users 



(2;%4Cs); 3 )  cnange must occur gradually t o  ensure 
benef i t  t o  the manacerent process; C )  the  
s t r u c t u r e  must not cmprcmise t h e  Deer review 
orocess, D )  i t  must be based on the  r e a l i t i e s  of 
knowleale of tne system; and E )  i t  must be 
f l e x i b l e  and adaptable to  change. 

The above schedule vay take a long time to 
c o q o l e t ~  and can thus be viewed as  a d i rec t ion  t o  
move ra tner  than as  a d e t a i l e d  plan f o r  change. 
iiowever, i t  i s  f e l t  t h a t  change i s  needed and t h e  
amve  of fe rs  a s t a r t i n g  point  f o r  discussion.  

Summary 

A review of th ree  management systems points 
out t h a t  before e f f e c t i v e  incorporation of 
nu1 t i  speci es  p r inc ip les  can occur ,  some changes 
need to be made t o  the ex i s t ing  s t ruc ture .  These 
r e l a t e  to  the d iv i s ion  of labour between t h e  
s c i e n t i s t s  and the  managers. Once these a r e  i n  
place,  a nu1 t i s p e c i e s  approach can be considered. 

I t  i s  rea l ized  t h a t  the s ing le  species  
aoproach olaces cons t ra in t s  upon e f f e c t i v e  
-esource managerent. Consequently, the  move 
toward mu1 t i s p e c i e s  nanagement i s  viewed a s  
desirable .  However, a rapid change i n  t h e  
s t r u c t d r e  would be both unnecessary and res i s ted  
by the ex i s t ing  organizat ion.  Change must be 
oased on p r a c t i c a l i t y  as  we1 1 a s  theory. In the 
s h o r t  term, techno1 ogical in te rac t ions  could be 
addressed through working groups attached t o  
s t a t u s  quo committees. As the information base 
grows, these woul d a1 so consider  biological 
i n t e r a c t i o n s  and eventually a t t a i n  committee 
s t a t u s .  T h ~ s  however i s  looked on a s  a long-tenn 
ob jec t ive .  
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Table 1. Terns of Reference f o r  Canadian At lan t ic  
F i sher ies  S c i e n t i f i c  Advisory Committee 
ICAFSAC). 

CAFSAC i s  responsible f o r  providing s c i e n t i f i c  
advice t o  the  At lan t ic  Ci rectors-General Corini t t e e  
on the  nanagewent, ilncluding the  f u l l  range of 
conservation measures taki  ng i n t o  account economic 
ob jec t ives ,  of a l l  s tocks of i n t e r e s t  o r  ootent ial  
i  n t e r e s t  to  Atl a n t i c  coas t  f  ishemen.  Resource 
managewnt advice will be provided i n  accordance 
with s p e c i f i c  f i s h e r i e s  management ob jec t ives  and 
s t r a t e g i e s  and wil l  normally be published as  a  
matter  of rout ine.  

CAFSAC i s  t o  serve as t h e  Atlant ic  focus f o r  
devel opment of f i s h e r i e s  resource management 
science through program development and s c i e n t i f i c  
interchange. As a  forum f o r  the  advancement of 
f i s h e r i e s  manacjement science,  CAFSAC sha l l  
organize workshops and symposia on s p e c i f i c  
problem areas.  

I n  cooperation with AFS Headquarters, C4FSAC wil l  
serve as a  forum for  developrent of proposals for 
coooerst ive research and s c i e n t i f i c  monitoring of 
foreign f i sh ing  i n  t h e  iibl A t lan t ic .  CAFSAC sha l l  
a a v i s e  on the  needs f o r  s c i e n t i f i c  monitoring 
da ta ,  both i n  qua l i ty  and quani t i ty  required for  
e f f e c t i v e  %onitoring of f ishing a c t i v i t y .  

CAFSAC will endeavor t o  ensure l i a i son  with other  
comni t t e e s  o r  subcommittees establ ished by the  
At lan t ic  Directors-General Canmittee. Such 
l i a i s o n  wil l  include mutual re fe r ra l  and i t  wil l  
a l s o  i w l u d e  jo in t  meetings with other fora of 
consi i l ta t ion so as  t o  ensure advice a r i s i n g  from 
t h e  various l i n e s  i s  as compatible as possible  and 
i s  cons i s ten t  di t h  1 ong-term objec t ives  f o r  
At lan t ic  f i s h e r i e s .  

In r e l a t i o n  t o  t h e  above funct ions,  CAFSAC 
w ~ l l  review research p r i o r i t i e s  and performance 
i n  t h e  At1 a ~ t i c  regions and sha l l  advise t h e  
At lan t ic  F i sher ies  Research Directors when changes 
~n p r i o r l t - i e s ,  orogram o ~ j e c t i v e s ,  o r  resources 
apoear warranted. 
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Figure 1. Flow of f i s h e r i e s  management advice i n  
Canada's e a s t  coas t  groundfish 
f i s h e r i e s .  
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Causal Analysis o f  Benthic Community S t ruc ture  

P.  Schwi nghamr 
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Schwinghamer, P .  1985. Causal Analysis of Benthic Canmunity Structure.  p. ill. In: R ,  i.lahon [ed.] Towards 
the Inclilsion of Fishery Inr.eractions i n  Management Advice. Can. Tech. Rep.-fish. Aquat. Sci .  No. 
1347. 

In the analysis  of s t r u c t u r a l  data  such as biomass spectra  of marine benthic corrmunities, we t r y  t o  
formulate hypotheses t h a t  descr ibe t h e  underlying dynamics. Although not widely used i n  ecology, a group 
of q u a s i - s t a t i s t i c a l  methods known in the  social  sciences a s  causal ana lys i s  provides an approach t o  
generating hypotheses from non-experimental data t h a t  i s  i d e a l l y  su i ted  t o  ecological app l ica t ions ,  Heise 
(1975) gives an introduct ion t o  the philosophy and some methods of causal ana lys i s  including path ana lys i s  
of l i n e a r  systems. 

Schwi nghamer (1983) examined cross-sect ional  and t ime-ser ies  data  on benthic biomass spectra  a t  a number 
of s t a t i o n s  i n  the  Bay of Fundy using causal ana lys i s  methods. The author examined numerous causal 
s t r u c t d r e s  f o r  two data s e t s  and, using path analysis  and pr io r  biological  knowledge, constructed p laus ib le  
models of cause and e f f e c t  re la t ionsh ips  within two s e t s .  F i t t i n g  such models t o  the  data was a compromise, 
but i t  was assumed t h a t  i f  the  variables  and re la t ionsh ips  were c o r r e c t l y  i d e n t i f i e d  and measured, then as  
par t  of the model more c lose ly  f i t  " r e a l i t y " ,  the  f i t  of a l l  o ther  p a r t s  hould improve insofar  as  the  p a r t s  
were i ~ t e r a c t i v e .  Path ana lys i s  indicated t h a t  t h e  hypothesized causal models led t o  cor re la t ion  matr ices  
t h a t  corresponded c lose ly  t o  those inherent  in  the  data  s e t s ,  I t  was the  i n t e n t  of t h e  work t o  demonstrate 
a method of formulating ecological hypotheses from complex, mul t ivar ia te  f i e l d  data .  The i d e n t i f i c a t i o n  
of ooss ib le  causal re la t ionsh ips  implied mecharisms of in te rac t ion  among var iab les  t h a t  should then be 
inves t iga ted  in  more f i n e l y  focussed s tud ies .  

Heise, D . R .  1975, Causal Analysis, Wiley-Interscience. New York, 

Schwinghamer, P ,  1983, Generating ecological hypotheses from biomass spectra  using causal ana lys i s ;  a 
benthic example. Mar, Ecol, Prog, Ser. 13: 151-166, 

Discussion Period 

:h~ri i is41:  I t  aDpears tnar  there  could be a number 
9' i a r i a > l e s  1 n  the model which describe the  same 
th lng ,  and I wonder how judicious one must be in 
using only tqose var lab ies  which describe one 
p a r t i c u l a r  phenomenon. 

S~h~fingharner: Very, i t ' s  necessary t o  use your 
nead ra tner  than a cookbook approach and t o  have 
soqe i ~ s i g h t  i n  the beginning. Here carbon anc 
nitrogen a r e  re la ted  and only one i s  used. 

Myers: One can a l so  use l a t e n t  var iables  in  the 
a n a l y s i s ,  and these a r e  unobserved. Then you 
include a l l  the  d i f f e r e n t  var iab les  which a r e  
assumed t o  be measuring the  same thing,  and t e s t  
whether t h i s  i s  i n f a c t  the  case. 

Neiison: How does the simple summation of the  
l e a s t  squares cor re la t ion  c o e f f i c i e n t s  in  t h i s  
case b e t t e r  enable you t o  assess  causa l i ty  ra ther  
than simply examinirg the cor re la t ion  matrix? 
After  a l l ,  you a r e  s t i l l  choosing the  path based 
on you- own e x p e r i e ~ c e  and b ias .  

Scnwinghamer: In the method of path ana lys i s ,  the  
wnole model s t r u c t u r e  can be affected by the 
d i rec t ion  and or ig in  of causation hypothesized f o r  
a b i v a r i a t e  cor re la t ion .  Thus, each causal 
nypothesis uses a l l  t h e  information in the data  
s e t  which i s  not possible  otherwise. 

Neilson: How do you t r e a t  degrees of freedom in 
determining the s i g n i f i c a ~ c e  o f  the re la t ionsh ips ,  
i s  tha: well worked out? 

Schwinghamer: Yes, i t  i s  well worked out - 
s imi la r  t o  t e s t i n g  s ign i f icance  of regression 
coef f ic ien t  where degrees of freedom a r e  taken 
i n t o  account. 

O'Boyle: I t  appears t o  me t h a t  with a l l  the  
re la t ionsh ips  in the  model, some of them a r e  
l i k e l y  t o  be nonl inear ,  i s  t h a t  a problem? 

Schwinghamer: I t  did not appear t o  be a major 
problem in my data s e t .  Some apparent ly nonlinear 
re la t ionsh ips  can be d e a l t  with by t ransformation,  
and some can be resolved by a mul t ivar ia te  
approach. 

Myers: Path ana lys i s  i s  r e s t r i c t e d  t o  l i n e a r  
r e l a t ~ o n s h i p s  o r  those which can be transformed 
to l i n e a r .  

S i l v e r t :  This i s  a chronic problem in using 
s t a t i s t i c a l  techniques. I would l i k e  t o  keep in 
mind t h a t  P e t e r ' s  paper involves t h e  formulation 
o+ hypotheses and t h a t  sometimes i t  i s  useful t o  
use a l i n e a r  technique t o  look a t  hypotheses abour 
nonlinear systems. However, the  next s t e p  before 
accepting the'model i s  t o  look a t  t h e  biology 
Peter  did emphasize t h a t  i t  takes a l o t  of biolog- 
ical  ins igh t  t o  use tnese approaches. 

O'Boyle: I t  would be an i n t e r e s t i n g  exerc i se  t o  
take the Andersen and Ursin model of the  North Sea, 
add noise t o  i t  and then have i t  analysed accord- 
ing t o  t h i s  approach. 



The Use of Clus te r  Analysis i n  I d e n t i f i c a t i o n  and Description of Mu1 t i s p e c i e s  Systems 
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Although several techniques e x i s t  t o  explore and s implify pa t te rns  in l a r g e  data matr ices ,  some 
a t t r i b u t e s  of  c l u s t e r  ana lys i s  make i t  an appropriate  tool to  address spec i f ic  aspects  of  i d e n t i f i c a t i o n  
and descr ip t ion  of mult ispecies  f i shery  systems. In e a r l y  phases of model development, h ie ra rch ica l  c l u s t e r  
ana lys i s  i s  an e f f i c i e n t  method of examining e f f e c t s  of several l e v e l s  of resolut ion o r  aggregation 
simultaneously, but t h e  ana lys i s  cannot a  p r io r i  d i s t inguish  environment, system, and mechanism. Bottom 
trawl survey data and mult ispecies  landings information have been c lus te red  t o  define ecological ( e . g . ,  
assemblage production u n i t s )  o r  operational groupings f o r  f i shery  management purposes. The technique may be 
applied t o  o ther  problems in f i s h e r i e s  ecology and management a s  well.  Cri t ic ism of a r b i t r a r y  i n t e r p r e t a t i o n  
of group d e f i n i t i o n  can be minimized in several ways, including c l e a r  d e f i n i t i o n  of model o b j e c t i v e s ,  
evaluat ion in terms of  e x t r i n s i c  pa t te rns  and simultaneous appl ica t ion  of  ordinat ion techniques. 

Introduct ion 

Although several techniques e x i s t  t o  explore 
and s implify pat terns i n  l a r g e  data mat r ices ,  
some a t t r i b u t e s  of c l u s t e r  ana lys i s  make i t  a  
more appropriate  tool t o  address s p e c i f i c  
aspects  of i d e n t i f i c a t i o n  and descr ip t ion  of 
mult ispecies  f i shery  systems than o thers .  The 
ob jec t ives  of  t h i s  paper a r e  t o  i d e n t i f y  those 
aspects  of system i d e n t i f i c a t i o n  and c l u s t e r  
ana lys i s  t h a t  a r e  compatible, in  l i g h t  of  some 
uniques c h a r a c t e r i s t i c s  of c l u s t e r  ana lys i s ;  and 
~ r o v i d e  examples of app l ica t ion  of t h e  ana lys i s  
t o  descr ip t ions  of mu1 t i  species  f i shery  systems. 

System I d e n t i f i c a t i o n  

Especially fo r  the  development of t h e o r e t i c a l ,  
q u a n t i t a t i v e  system models, successful system 
i d e ~ r i f i c a t i o n  depends on e x p l i c i t  ob jec t ives :  
what i s  the purpose of t h e  model, what wi l l  i t  do, 
what will  the  end product be and what i s  t h e  
question t o  be answered? Objectives wil l  r a i s e  a  
s p e c i f i c  quest ion.  The f i r s t  problem in system 
i d e n t i f i c a t i o n  i s  iden t i fy ing  what subsystem out 
of t h e  e n t i r e  economic/ecosystem t h e  question 
r e l a t e s  t o .  What i s  environment and what i s  
system? What i s  system and what i s  mechanism? 
Objectives wil l  a l so  include c r i t e r i a  f o r  an 
acceptable  answer. How well must t h e  answer be 
resolved i n  time and space? Must i t  match 
p a r t i c u l a r  theor ies  o r  observat ions,  and i f  so,  
how c lose ly?  What l eve l s  of aggregation can o r  
must be accommodated? 

Proper t ies  of Clus te r  Analysis 

Cluster  ana lys i s  involves the formation of 
groups of e n t i t i e s  with s imi la r  a t t r i b u t e s  (e .g . ,  
groups of s i t e s  with s imi la r  species  compositions).  
Although several forms of the  technique e x i s t ,  
discussion here will be l imited t o  the  hierarchical  
a g g l o ~ e r a t i v e  form, the  most fami l ia r  form which 
gives r i s e  t o  wost dendrograms. ( I n  hierarchical  
forms, re la t ionsh ips  between cons t i tuen t  e n t i t i e s  
can be measured; while they a r e  not ind iv idua l ly  
def3 ned in non-hiemrchical forms. In agglomerative 
forms, individual e n t i t i e s  with s imi la r  

c h a r a c t e r i s t i c s  a r e  joined t o  form l a r g e r  groups; 
while i n  non-agglomerative ( d i v i s i v e )  ones, t h e  
e n t i r e  group of e n t i t i e s  i s  subdivided i n t o  
successively smaller groups. ) A d i s s i m i l a r i t y  
( d i s t a n c e )  index i s  calculated f o r  each p a i r  of 
e n t i t i e s ,  based on s i m i l a r i t y  of a t t r i b u t e s  
between each, analogous t o  a  c o r r e l a t i o n  
c o e f f i c i e n t .  Similar  e n t i  t i e s  a r e  then grouped 
toge ther  ( f u s e d ) ,  based on an a1 gebraic ru1 e  
chosen by t h e  inves t iga tor .  In t u r n ,  small groups 
a r e  joined together  t o  form l a r g e r  ones, based on 
t h e  same r u l e .  The dendrogram ( " t r e e  diagram") 
shows the  d i s s i m i l a r i t y  level a t  which e n t i t i e s  
and groups were fused. The v a r i e t y  of d i s tance  
indices  and fusion s t r a t e g i e s  i s  too wide t o  
discuss  here; however, each index has s l i g h t l y  
d i f f e r e n t  c h a r a c t e r i s t i c s ,  which should be 
compatible with study ob jec t ives .  The basic  
method01 ogy i s  reviewed i n  several t e x t s  ( e .  g. , 
Sneath and Sokal 1973, Clifford and Stephenson 
1975, Boesch 1977, Williams and Lance 1977). 

Groups formed from c l u s t e r  ana lys i s  a r e  
h ~ e r a r c h i c a l ;  a f t e r  t h e  ana lys i s ,  cons t i tuen t  
small groups with r e l a t i v e l y  homogeneous 
composition can be aggregated i n t o  l a r g e  groups, 
each with r e l a t i v e l y  heterogeneous composition, 
Thus, several l e v e l s  of  resolut ion o r  aggregation 
a r e  included a t  once in  the  ana lys i s .  The 
hierarchical  nature allows easy t r a n s i t i o n  from 
large-  t o  f ine-sca le  group d e f i n i t i o n .  I f  a  
chosen degree of  resolut ion tu rns  out  t o  be too 
high or  too low t o  address a  problem, in te rpre -  
t a t i o n  of  the  same ana lys i s  can be refocused 
sub jec t ive ly  a t  a  d i f f e r e n t  level  of group s i z e  
and within-group homogeneity. In e a r l y  ohases 
of  ob jec t ive  development, t h i s  i s  an e f f i c i e n t  
method of examing e f f e c t s  of several  l e v e l s  of 
resolut ion simultaneously. 

F l e x i b i l i t y  of i n t e r p r e t a t i o n  allows 
ex t rac t ion  of more information from t h e  3nalyses 
than i f  r i g i d  ru les  were required.  Diss imi la r i ty  
l e v e l s  a t  which groups form may vary from group 
t o  group, as  a  group c h a r a c t e r i s t i c .  Potent ial  
information about c h a r a c t e r i s t i c  within-group 
heterogenei ty i s  not discarded a s  a  consequence. 



Cluster  a n a l y s i s ,  as  a  c l a s s i f i c a t i o n  
procedure, i s  inappropriate  f o r  character izing 
systems organized along a  gradient .  Dis t inc t  
boundaries a re  formed between groups of e n t i t i e s ,  
because each observation can belong to only one 
group. What may be a  gradient  i n ,  say,  species  
composition over a r e a ,  may be s p l i t  up i n  t h e  
ana?ysis  process, leading t o  boundaries with no 
immediate i n t e r p r e t a t i o n .  

F i  shery-Related Examples 

The assemblage production un i t  (APU) has been 
proposed a s  t h e  ecological basis  f o r  mu1 t i s p e c i e s  
management, as  a  group of t r o p h i c a l l y  coupled, 
res iden t  species  within a  eographically l imi ted  
natvral production system ?Tyler e t  a ? ,  1981). 
Cluster  ana lys i s  of survey data was c i t ed  a s  a  
basis  f o r  assemblage mapping, the  i n i t i a l  s t e p  
before evaluat ing t rophic  1 lnkages. 

Cluster  analyses of research survey d a t a ,  i n  
most cases f o r  i n i t i a l  descr ipt ions of  assemblage 
~ r o d u c t i o n  u n i t s ,  have been undertaken f o r  t h e  
Oregon coasf (Gabriel and Tyler 1980), t h e  Gulf 
of  A1 aska continental she1 f  (Gabriel and Ty1 e r  
1981, Gabriel 1982), Georges Bank (Overholtz and 
Tyler 1985),  t h e  Eastern Bering Sea (Walters and 
McPhail 1982), and the  Scotian Shelf and Bay of  
Fundy summarized by Mahon (1985). The l a r g e  
s c a l e  s tud ies  of Pac i f ic  demersal assemblages 
showed depth and c i r c u l a t i o n  pa t te rns  as 
geographic boundaries, while geographic boundaries 
t o  assemblage d i s t r i b u t i o n s  on t h e  Oregon c o a s t ,  
Georges Bank, t h e  Eastern Bering Sea, Scotian 
Shelf and Bay of Fundy appeared primarily 
s t ruc tured  by depth. Where time s e r i e s  were 
ava i lab le  (Georges Bank, Eastern Bering Sea, 
Scotian Shelf and Bay of Fundy, and preliminary 
yesul t s  from the  Oregon c o a s t ) ,  ce r ta in  boundaries 
reoccurred over time. For Georges Bank, t h r e e  
oqases of  species composition over f i f t e e n  years  
were a1 so i d e n t i f i e d  using c l u s t e r  ana lys i s  
(Overholtz and Tyler 1985). In terms of system 
~ d e n t i f i c a t i o n ,  these types of analyses have 
enabled the  i n i t i a l  d e f i n i t i o n  of ecological 
systems i n  time and space. They have a l s o  
provided ind ica t ions  of  the  lowest l e v e l s  of  
reso lu t ion  or  aggregation t h a t  a re  repeatable  
over time. 

From the  techologi cal perspeci t i  ve, mixed 
soecies  f i s h e r i e s  have been based on c l u s t e r  
ana lys i s  of landings data (Murawski e t  a l .  1983). 
iandi ~ g s  by commerci a1 o t t e r  trawl e r s f z m  1977- 
1979 were c lus te red  based on species  compositions 
t o  provide d e f i n i t i o n s  of f i s h e r i e s  in  p a r t i c u l a r  
arealdepthimonth combinations with c h a r a c t e r i s t i c  
species  mixes. A shal low-water group from Georges 
Bank defined from l a n d ~ n g s  data (Fig.  1 )  was 
cons i s ten t  with one defined from survey data by 
Overholtz 3nd Tyler (1985) (Fig.  2 ) .  Trends i n  
catch by t h a t  defined f i shery  were a l so  
cons i s ten t  with t rends in underlying populations 
over t i n e .  For purposes of system i d e n t i f i c a -  
t i o n ,  t h e  r e s u l t s  a r e  a p ~ r o p r i a t e  f o r  def ining 
s y s t e m  of  f i shery  operat ions i n  terms of t ime,  
soace and catch composition. Those un i t s  can be 
reviewed in terms of pract ical  aspects of 
management and record-keeping, o r  econonic 
f a c t c r s ,  depending on mode? of ob jec t ives .  

Aside from defining s i t e  o r  species  g r o u ~ i n g s  
i n  time and space, c l u s t e r  ana lys i s  can be used t o  
inves t iga te  o ther  pa t te rns  of ecological o r  
management relevance. To evaluate  potent ial  fo r  
seasonal co-di s t r i  bution of young-of-year and 01 der 
f i s h  as  a  function of depth and temperature, 
Murawski (1984) applied c l u s t e r  ana lys i s  with two 
age groups (age 0 and age 1+) of seven groundfish 
species  as  e n t i t i e s  and mean depth and temperature 
of occurrence by calendar year as  a t t r ibu tes ( f ig .3 ) .  
Results may provide evidence f o r  po ten t ia l  technical  
in te rac t ions  i n  trawl f i s h e r i e s  ( s i m i l a r i t y  of 
yel lowtai l  age 1 + and cod age 0) biological  i n t e r -  
act ions ( s i m i l a r i t y  o f  cod and haddock age 1+) o r  
lack thereof ( d i s s i m i l a r i t y  of  s i l v e r  hake age 1+, 
potent ial  predator; and haddock, cod, yel lowtai l  o r  
winter flounder juveni les ,  potent ial  prey). To 
evaluate  heterogeneity i n  t h e  d i e t  o f  cod, L i l l y  
and Rice (1983) used a  nonhierarchical c lus te r ing  
approach and compared observed s i z e s  of c l u s t e r s  
w i t h  those simulated under extreme hypotheses of 
random and s e l e c t i v e  feeding, f o r  example. Clus te r  
analysis  might a l so  be employed t o  aggregate 
species  having s imi la r  d i e t s ,  beyond t h e  pairwise 
summaries displayed i n  t r e l l i s  diagrams f e . g . ,  
Grosslein e t  a l . ,  1980). Richardson e t  a l .  (1980). 
concluded R a t r a n s p o r t  may not be a x a j o r  cause 
of  larval  f i s h  mor ta l i ty  and recruitment f a i l u r e  
along the  Oregon coas t ,  based on cons i s ten t  annual 
pat terns of species composition and d i s t r i b u t i o n s  
of l a rva l  f i s h  assemblages from c l u s t e r  ana lys i s .  
The type of ana lys i s  could be expanded t o  include 
o ther  components of t h e  plankton community and 
seasonal con t ras t s .  

Discussion 

Choice of s p e c i f i c  techniques f o r  system 
i d e n t i f i c a t i o n  i s  secondary t o  t h e  d e f i n i t i o n  o f  
model ob jec t ives .  Although t h i s  observation may 
labor  t h e  obvious, many c r i t i c i s m s  leveled aga ins t  
techniques and i n t e r p r e t a t i o n  a r e  real1 y c r i  t i  cisms 
of ob jec t ives .  In t h e  extreme, t h e  value of  "data  
snooping" and s u b j e c t i v i t y  sometimes associated 
with c l u s t e r  ana lys i s  depends on t h e  individual 
s c i e n t i s t ' s  posi t ion on a  "Cartesian ord ina te . "  

The c r i t i c i s m  of  a r b i t r a r y  c r i t e r i a  f o r  group 
d e f i n i t i o n  i s  not unique t o  c l u s t e r  ana lys i s ,  and 
can be minimized i n  several ways. In applying 
ordinat ion procedures (Rice, 1985) t h e  inves t iga tor  
must decide, f o r  example, how much a component i n  
principal component ana lys i s  reduces the  t o t a l  
variance before i t  i s  meaningful o r  when a  f a c t o r  
i s  r e f l e c t i n g  a  real  pa t te rn  o r  j u s t  sopping up odd 
b i t s  of var iance.  These problems can be ameliorated 
by 1) developing e x p l i c i t  c r i t e r i a  f o r  pat tern 
def in i t ion  a t  t h e  o u t s e t  of  t h e  ana lys i s ,  2 )  iden- 
t i f y i n g  e x t r i n s i c  information with which pa t te rns  
should be cons i s ten t ,  and 3 )  applying addi t ional  
a l t e r n a t i v e  ana lys i s  such as  ordinat ion techniques. 

For t h e  example of geograohical assemblage 
region associated with an assemblage production 
u n i t ,  the  f i r s t  c r i t e r i o n  f o r  accepting a  pat tern 
indicated by c l u s t e r  ana lys i s  i s  t h a t  c lus te red  
s i t e s  be contiguous i n  space, and t h a t  s i t e  group 
boundaries p e r s i s t  over time. However, i n  the  case 
where species  groups a r e  organized around environ- 
mental fea tures  with patchy d i s t i r b u t i o n s  such as  
canyons o r  banks, continuous spa t ia l  d i s t r i b u t i o n s  



might not be expected. Li kewi s e ,  i  nterannual 
s h i f t s  in boundaries, espec ia l ly  a t  small s c a l e s ,  
may a r i s e  as  a  consequence of sampling i n t e n s i t y  
o r  sa~l~pl  ing methodology ( e .  g . ,  random s t a t i o n  
olacement i n  a  s t r a t i f i e d  random survey des ign) .  
A particular area o r  category t h a t  i s  sampled 
i n t e n s ~ v e l y  wil l  usual ly form a  c l u s t e r  group. 
Categories with l e s s  data  ava i lab le  may appear 
more var iab le  o r  simpler and hence d i s s i m i l a r .  
Areas of l e s s  in tens ive  sampling wil l  have shor te r  
cumulative species  l i s t s .  As a  r e s u l t ,  a  boundary 
between the  two areas may be created even though 
t h e  species  composition was cons i s ten t  between 
both a reas .  Assemblage d i s t r i b u t i o n  pat terns 
should be examined f o r  consistency with o ther  
known ecological p a t t e r n s ,  f o r  example, c i  rcula-  
t ion  or production regimes, extent  of water mass 
o r  sediment types.  F ina l ly ,  ordinat ion or other  
ana ly t ic  techniques can be applied. The 
advantages a r e  a t  l e a s t  twofold: any organizat ion 
along gradients  wil l  be b e t t e r  i d e n t i f i e d  using 
appropriate  ordinat ion analyses,  and groupings 
je .g . ,  as  f a c t o r  loadings)  from t h a t  ana lys i s  
should re in force  what has been observed from 
c l u s t e r  ana lys i s ,  providing a  "second opinion." 

No s ing le  ana lys i s  wil l  provide a l l  the 
answers in  a  system i d e n t i f i c a t i o n .  Of t h e  
problems in system i d e n t i f i c a t i o n  1  i s t e d  ear l  i e r ,  
c l u s t e r  ana lys i s  cannot a  p r i o r i  d i s t inguish  
envi roriment , system and iiiechanism. Group 
formation ind ica tes  co-occurrence or s i m i l a r i t y ,  
but not in te rac t ion  and c a u s a l i t y .  A1 though 
inputs  and driving var iab les  would be expected 
t o  be associated with t h e  system they a f f e c t ,  
t h e  ana lys i s  provides no information on which i s  
which. 

The hierarchic21 q u a l i t y  of  the  ana lys i s  
ixakes r t  a  tempting tool f o r  t h e  aggregation of 
var iab les  in  a  complex system. To simplify 
con01 ex system models, species  could be cl ustered 
over various functional dimensions (e .g. ,  spa t ia l  
d i s t r i b u t i o n ,  t rophic r o l e ,  1 i f e  h i s t o r y  
c h a r a c t e r i s t i c s ,  operat ional  co-occurrence in  
p a r t i c u l a r  f i sh ing  gear )  depending on model 
ob jec t ives  and assuming assemblage behavior has 
been defined, The hierarchical  perspect ive i s  
a l so  i n t e l l e c t u a l l y  cons i s ten t  with several 
approaches t o  theory and construct ion of system 
models, including the  hierarchical  perspective 
of Overton (1977) and d e f i n i t i o n s  by Klir  (1969). 
Klir  descr ibes f i v e  basic  d e f i n i t i o n s  of a  system 
including ( 1 )  system reso lu t ion  in time, (2 )  system 
t r a j e c t o r y  over time, (3) , ( 4 )  two s imi la r  types of 
h o l i s t i c  behavior, and ( 5 )  mechanistic behavior. 
Cluster  ana lys i s  can cont r ibu te  d i r e c t l y  t o  the 
f i r s t  four d e f i n i t i o n s ,  Mechanistic behavior, 
however, must be invest igated through modeling and 
f i e l d  experiments based on hypotheses generated 
from observing h o l i s t i c  behavior. 
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Ordinary l e a s t  squares (OLS) regression between an environmental var iab le ,  e.g. sea sur face  
temperatures, and a  biological var iable ,  e.g. recrui tment ,  i s  a  common pract ice among f i s h e r i e s  b io log is t s .  
This i s  usual ly  an inappropriate  approach f o r  th ree  reasons: (i ) d i f f i c u l t i e s  i n  model i d e n t i f i c a t i o n ,  ( i i  
type ! e r r o r s  a r e  i n f l a t e d  because of au tocor re la t ions  ( r e l a t i o n s h i p s  appear t o  be s i g n i f i c a n t  when they a r e  
n o t ) ,  and ( i i i )  DLS est imators  a r e  not e f f i c i e n t  i n  the  presence of autocorrelat ions.  

Perhaps the s implest  technique to mit igate  the above problems i s  t o  use a  Sox-Jenkins t r a n s f e r  funct ion 
nodel.  These models a r e  p a r t i c u l a r l y  appropriate  i f  the  t r u e  causal pathways a r e  not known with ce r ta in ty .  
This method i s  used to transform two s e r i e s  of data with complex autocorrelat ional  and causal s t r u c t u r e  i n t o  
two s e r i e s  i n  which the s t r u c t u r e  of the  causal time lags can be readi ly i d e n t i f i e d .  I t  should be noted 
t h a t  the resu l t ing  s ign i f icance  t e s t s  a r e  s l i g h t l y  conservat ive ( t y p e  I 1  e r r o r s  a r e  i n f l a t e d ) .  

"ox-Jenkins t r a n s f e r  funct ion models are  r e l a t i v e l y  easy t o  apply, and a r e  readi ly ava i lab le  on a l l  t h e  
najor  s t a t i s t i c a l  packages. word of warning, time s e r i e s  methods rarely y i e l d  r e l i a b l e  r e s u l t s  with fewer 
than 4C data  points .  
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Several ordinat ion mthods a re  described br ie f ly .  Emphasis i s  placed on s i t u a t i o n s  where each type of 
method i s  appropriate ,  and on the  s t reng ths  and weaknesses of each method, r a t h e r  than the  mathematical 
p roper t i es  of the methods. The appropriateness  of any method depends on both t h e  research question under 
study and the  type of data ava i lab le .  A branching t r e e  of questions i s  presented t o  a i d  i n  s e l e c t i o n  of an 
ord ina t ion  method f o r  s p e c i f i c  inquiry. 

Introduct ion 

F isher ies  research often involves working 
with large data  s e t s ;  many cases,  and each case 
possessing numerous a t t r i b u t e s .  Examples of such 
data  s e t s  include trawl surveys (cases  a r e  
individual t rawls ,  and t h e  species a r e  t h e  
a t t r i b u t e s  present  i n  a t  l e a s t  some of the  
trawl s i  and oceanographic s t u d i e s  (many s t a t i o n s ,  
and a  number of environmental a t t r i b u t e s  measured 
a t  each s t a t i o n ) .  Ordination techniques a r e  a  
c l a s s  of ouant i t a t ive  methods which can be 
applied t o  such data s e t s .  They r e s u l t  i n  cases 
and lor  a t t r i b u t e s  being arrayed i n  a  space of 
fewer dimensions than t h e  or iginal  data s e t ,  but 
witn r e l a t i v e  posi t ions preserved; t h a t  i s ,  
s i m i l a r  e n t i t i e s  a r e  c l o s e  together  and 
d i ss imi la r  e n t i t i e s  a r e  f a r  apar t .  

Ordinations can be a  useful s tep i n  a  
variety of inqui r ies .  In our contexts ,  the 
commonest appl icat ions a r e  in  del imit ing 
ecological un i t s ;  e i t h e r  groups of taxa with 
s i m i l a r  d i s t r i b u t i o n s  o r  groups of s i t e s  with 
s i m i l a r  species  composition. Such appl i c a t i o n s  
a r e  c l e a r l y  re la ted  t o  our theme of iden t i fy ing  
i n t e r a c t i n g  mari ne systems. Other appl icat ions 
include iden t i fy ing  the  number of dimensions of 
v a r i a t i o n ;  t h a t  i s ,  the  number of d i s t i n c t  
functional groups of species  o r  s i t e s ;  and 
ex t rac t ing  evidence f o r  in te rac t ions  among 
o a r t i c ~ l a r  taxa and/or s i t e s ,  o r  between taxa and 
a t t r i b u t e s  of t h e  environment. Such analyses can 
a l so  be useful s teps  i n  ident i fying i n t e r a c t i n s  
sys terns. 

The ordinat ions themselves usually do not 
i s o l a t e  u n i t s ,  but  they provide an essen t ia l  
bridge from la rge  data s e t s  t o  smaller workable 
u n i t s .  Graphs of ordinat ion r e s u l t s  o f ten  show 
gradient  re la t ionsh ips ,  order  and d i scont inu i t i es  
among cases,  and associat ions among a t t r i b u t e s .  
Apolications of s t raightforward s t a t i s t i c a l  
methods such as  t - t e s t  and cor re la t ion  t o  t h e  
ordinated data complete the job of r igorous,  
empirical i d e n t i f i c a t i o n  of u n i t s  and/or 
re la t ionsh ips  in  the or iginal  da ta ,  although some 
degrees of freedom are  l o s t  i f  t e s t s  a re  not 
olanned a  p r i o r i  . However, f ina l  r e s u l t s  a r e  

valid only t o  the  ex ten t  t h a t  the  o rd ina t ion  
preserved t h e  s i m i l a r i t i e s  o r  dis tances of cases  
and a t t r i b u t e s  i n  the  o r ig ina l  data. I f  
necessary assumptions of p a r t i c u l a r  ordinat ion 
techniques a r e  violated,  ordinated r e l a t i o n s n i p s  
may appear simple and e a s i l y  understood, but may 
be wrong. To use ordinat ion techniques wisely, 
one must be aware of t h e  d ivers i ty  of methods 
which e x i s t ,  and t h e i r  s t reng ths  and weaknesses. 
Fortunately,  most methods have been t e s t e d  
comparatively with simulated data, so s e n s i t i v i t y  
of each method to various violat ions of 
assumptions a r e  well es tabl ished.  The books 
c i t e d  below provide good access to  t h e  
comparative and simulation t e s t s .  

This  technical report  i s  intended a s  a  
simple guide t o  some widely used ord ina t ion  
methods. I t  emphasizes the  re la t ionsh ip  among 
the types of questions being inves t iga ted ,  t h e  
types of data  being analyzed, and appropr ia te  
method of analysis .  I t  does not provide a  
thorough mathematical treatment of t h e  methods. 
Nor would a l l  biometricians s t r u c t u r e  t h e i r  guide 
exact ly as t h i s  one i s  s t ructured.  Readers a r e  
encouraged always t o  seek both m r e  d e t a i l  and a  
second opinion. Many good reference books e x i s t ;  
I suggest Gauch (19821, Whittaker (19781, Green 
(1979), and Pielou (1984) as  p a r t i c u l a r l y  
relevant  t o  ecological appl icat ions of ordinat ion 
methods. This report  draws heavily f r m  the 
c l e a r  presentat ion i n  Gauch (1952). 

Ecologists commonly recognize 3 l e v e l s  of 
ecological d ivers i ty ;  a d ivers i ty  wich i s  the  
nunher and evenness of representat ion of spec ies  
a t  a  s i t e ;  B divers i ty ,  which i s  t h e  change i n  
species  composition and abundances of spec ies  
frcm s i t e  t o  s i t e ;  and a d ivers i ty ,  which i s  t h e  
change i n  species  composition and abundances on 
large geographic sca les  (FiacArthur 1972 ). In  
t h i s  paper, appl icat ions a r e  exclusively a t  t h e  
@ divers i ty  l eve l .  

A t  t h a t  l e v e l ,  the re  a r e  several measures of 
the  amount of change i n  t h e  fauna i f lo ra  among 



s i t e s .  The Percent Similarity of s i t e s  j and k, 
with s species among the 2 s i t e s ,  each species 
with abundance A i ,  i s  measured as: 

PS= 200 1 min (Aij ,  A i k )  / ( A i j  + A A i k )  
i  =l i =l 

The commonest unit of change i s  the Half Change. 
The percent similarity of 2 samples 1 Half Change 
apart i s  4 the similarity of two replicate 
samples. This i s  one of several instances where 
replicate samples from the same s i t e  enhance 
research design. Ui thout repl icate sampling, 
turnover rates must be calculated assuming the 
similari ty of repl icates i s  1 .O, whereas various 
sources of error often mean the true standard 
should be lower. Gauch (1982) provides further 
information on th is  and other measures of 
turnover. 

I will be using the term community. I aril 
not taking a side in the controversy regarding 
"assemblage" vs "community" (Tyler 1981 1, but 
fo l l  owing extensive precident in the 1 i terature 
on ordination methods. There community 
i s  used without presumptions concerning how or 
why groups of taxa or s i t e s  are associated. 

From a table of species ( s )  by samples ( n )  
data, 4 types of spaces can be calculated. In 
species space there i s  an axis for each species, 
and ( n )  s i t e s  are located in that  s dimensional 
space. In samples space, there i s  an axis for 
each sample, and the ( s )  species are located in 
that  ( n )  dimensional space (Fig. 1 ) .  For ei ther 
of those spaces one may calculate the distance of 
al l  s-1 other species (or n-1 other samples) from 
each of the s species (or  n samples). The 
distance from each of the s species (or  n 
samples) can become axes in species (or  samples) 
dissimilari ty space. In t h e m i l  a r i t y e s  
the l ike soecies (or samoles) are close to each 
other, unlike species (0; samples) are distant  
(Fig. 2 ) .  The types of spaces are important, 
because some ordination methods require specific 
types of spaces, whereas other methods are 
appropriate for several or a l l  types of spaces. 
Usins an inappropriate method for a part icular 
type of data may lead to serious distort ions of 
re1 ationships, and errors in interpretation.  
Again, Gauch ( 1982) develops the reasoning behind 
the different geometric representations of a data 
se t  in more deta i l .  

Two a r t i f ac t s  will be referred to 
frequently: the "arch effect" and "involution" 
of gradient ends. The arch effect  arises because 
many tecbni ques, especi a1 1y those based on 
ei  genvector determinations, require tha t  
ordination axes be LINEARLY independent. If the 
communi ty response to an under1 ing influence i s  
curvil inear,  however, the eigenvector-based 
analyses extract only the l inear portion of tnat  

relationship in the f i r s t  axis. The nonlinear 
portion i s  both unexplained and necessarily 
nonlinearly related to the extracted axis. I t  
commonly becomes the second or third 
"independent" dimension of variation. This can 
lead to serious misinterpretations of data, both 
because sing1 e nonl i near influences are 
erroneously treated as m u 3  t i  pl e independent . . iynear ones, and because true independent 
additional influences on species occurrences are 
deferred to l a t e r  axes, and frequently dismissed 
as unimportant. Simply graphing cases with the 
ordination axes as X and Y-axes usually shows 
whether or not an arch relationship i s  present. 

Involution i s  more complex. Taxa may be 
non-monotonicly re1 ated to the underlying 
gradient: increase in abundance over some range 
of the environment factor, reach a maximum and 
then decrease over yet  higher (or  lower) values. 
Especially a t  the ends of the gradient, when 
species distr ibutions are only par t ia l ly  sampled, 
cases separated from each other on the true 
gradient may resemble each other in abundances, 
representing similar positions on opposite 
shoulders of the abundance curve. Ordinations 
may then "curl" tne ends of the gradient back on 
themselves, placing s i t e s  with different 
underlying properties incorrectly close. This 
problem i s  d i f f i cu l t  to see in quick inspections 
of the ordination results .  Yhen data have high 
8 diversi ty,  techniques resistant  to involution 
should be considered, and distr ibutions of 
species abundances be plotted as functions of the 
ordination axes. 

Ordination Methods 

The various ordination methods will be 
presented using a branching se t  of questions 
regarding both research objectives and properties 
of available data. The branching8 do not exhaust 
the ordination methods which have been proposed, 
and some techniques appear a t  more than one 
branch (Fig. 3 ) .  The branching sequence should 
be adequate for a researcher with a general 
question and familiarity with basic 
distributional properties of the data to se lec t  
an appropriate ordination method or methods. If 
a researcher has neither a question nor 
familiari ty with basic distributional properties 
of the data, ordination methods (among other 
s t a t i s t i ca l  procedures) are not appropriate. 

Do Research Questions Concern Differences Among 
Preidentif ied Groups? 

Discriminant analyses 

When research questions involve the form or 
magnitude of differences among preidenti fied 
groups? some form of discriminant functions 
analysis ( D F A )  i s  often the most powerful 
analysis. A number of versions of DFA, and 
analyses similar to DFA, have been developed. I 



w i l l  n o t  e l abo ra te  on them, because many 
re ferences do n o t  cons ide r  DFA t o  be a t r u e  
o r d i n a t i o n  techn ique.  However, because DFA 
methods a r e  misused f r e q u e n t l y  i n  e c o l o g i c a l  
a p p l i c a t i o n s ,  I w i l l  e x p l a i n  several  o f  t he  
common p i t f a l l s  p o t e n t i a l  users  may encounter.  
F o r  a d d i t i o n a l  d e t a i l ,  Tatsuoka (1972) presents  a 
p a r t i c u l a r l y  c l e a r  i n t r o d u c t i o ~  t o  d i s c r i m i n a n t  
f u n c t i o n s  ana l ys i s .  

DFA has 2 types o f  a p p l i c a t i o n s :  t o  t e s t  
f o r  s t a t i s t i c a l  sepa ra t i on  o f  known groups, and 
t o  c l a s s i f y  cases i n t o  p r e v i o u s l y  descr ibed 
groups. The a p p l i c a t i o n s  a r e  n o t  t h e  same 
concep tua l l y ,  they  d i f f e r  i n  mathematical  d e t a i l ,  
and they d i f f e r  i n  s e n s i t i v i t y  t o  v i o l a t i o n s  o f  
u n d e r l y i n g  assumptions o f  DFA. 

Used as a t o o l  f o r  t e s t i n g  d i f f e r e n c e s  among 
groups, DFA addresses quest ions  such as: a re  t h e  
groups s i g n i f i c a n t l y  d i f f e r e n t ,  and how much does 
each a t t r i b u t e  c o n t r i b u t e  t o  the  d i f f e r e n c e s  
ainong groups. DFA can p o s i t i o n  groups and cases 
irk d i s c r i m i n a n t  space, s i m i l a r  t o  common 
o r d i n a t i o n  techn iques.  These p o s i t i o n s  have beeq 
i n t e r p r e t e d  d i r e c t l y  as r e f l e c t i n g  va r i ous  
p r o p e r t i e s  o f  e c o l o g i c a l  n iches, i n c l u d i n g  n iche 
breadtin and s i che  ove r l ap  o f  species (Dueser and 
Shugar t  1979). 

:Jsed as a t o o l  t o  i n v e s t i g a t e  sepa ra t i on  o f  
groups, DFA i s  s e n s i t i v e  t o  t he  assumptions o f  
mu1 t i v a r i a t e  n o r m a l i t y  and e s p e c i a l l y  o f  
hornogeniety o f  var iance-covar iance ma t r i ces  among 
groups ( W i l l i a m s  1981, 1983). I f  these 
assumptions a r e  v i o l a t e d  n e i t h e r  t h e  magnitude o f  
w i  t h i  n-group d i spe rs ions  of cases no r  t h e  
r e l a t i v e  d i s tances  among group c e n t r o i d s  a re  
ma in ta ined  i n  t h e  reduced d i s c r i m i n a n t  space. 
These d i s t o r t i o n s  a r e  impor tan t ,  because se r i ous  
e r r o r s  a re  i n t r o d u c e d  i n t o  i n t e r p r e t a t i o n s  o f  
r e s u l t s .  Leve l s  o f  s t a t i s t i c a l  s i g n i f i c a n c e  and 
f u n c t i  onal i n t e r p r e t a t i  ons o f  how groups d i  f f e r  
and r e l a t i v e  p o s i t i o n s  o f  groups i n  space, a re  
a1 1 d i s t o r t e d ,  Because the  requ i rement  o f  
homogeneous var iances among groups i s  o f t e n  
v i  o l  a ted i n  e c o l o g i c a l  data (espec i  a1 l y  i f  groups 
d i f f e r  s u b s t a n t i a l l y  i n  numbers o f  cases) 
s c i e n t i s t s  shou ld  be ex t remely  cau t i ous  i n  
a p p l i c a t i o n s  o f  DFA t o  t e s t i n g  d i f f e r e n c e s  among 
groups (Mi  11 i a s s  1983). 

DFA i s  much more robus t  when used as a t o o l  
f o r  c l a s s i f y i n g  cases i n t o  known groups. I f  DFA 
i s  used t o  c l a s s i f y  t h e  same data s e t  t h a t  was 
used t o  es t ima te  i t s  parameters, accurac ies  of 
c l a s s i f i c a t i o n  a r e  overes t imated (a  common 
occurence i n  s t a t i s t i c s ) .  Several methods e x i s t  
t o  overcome t h i s  problem (Harrier and Whitmore 
1981 ), and many research quest ions  can be 
answered w i t h  approaches s t r e s s i n g  accurac ies  o f  
group c1 a s s i f i c a t i o n ,  r a t h e r  than sepa ra t i on  o f  
group c e n t r o i d s  i % i l l i a m s  1953, R ice  e t  a l .  
1983). When accuracy o f  c l a s s i f i c a t i o n  i s  used, 
t h e  d i s t r i b u t i o n  o f  c l a s s i f i c a t i o n  e r r o r s  i s  
impor tan t .  I d e a l l y ,  e r r o r s  a re  d i s t r i b u t e d  ainong 
groups i n  p r o p o r t i o n  t o  t he  sample s i zes  o f  t he  

groups [Tab le  2a). When one group i s  p r e d i c t e d  
l e s s  accu ra te l y ,  i t  cou ld  mean t h a t  t he  groups 
t r u l y  d i f f e r ,  b u t  n o t  a l l  s u i t a b l e  areas a r e  
occupied (Tab le  2b), o r  t h a t  groups do n o t  d i f f e r  
i n  t he  a t t r i b u t e s  measured, and t h e  a n a l y s i s  has 
s imply  t r i e d  t o  c h a r a c t e r i z e  t h e  l a r g e s t  group 
(Tab le  2c ) .  

E a r l y  a p p l i c a t i o n s  o f  DFA s t ressed  
q u a n t i f y i n g  d i f f e r e n c e s  among species.  However, 
o f t en  severa l  spec ies  a re  s e n s i t i v e  t o  s i m i l a r  
env i ronmenta l  i n f l u e n c e s  , and d i s t r i b u t i o n s  
ove r l ap  t o  va ry ing  ex ten ts .  There fore ,  such 
appl  i c a t i o n s  o f t e n  r e s u l t e d  i n  i n t e r p r e t a t i o n s  
s t r e s s i n g  d i f f e r e n c e s  among spec ies  which were 
a c t u a l l y  r e 1  a t i v e l y  un impor tan t  determi nan ts  o f  
o v e r a l l  occurrence o f  t h e  species (Raphael 1981 ) . 
Many research quest ions  i n v o l v i n g  p r e d i c t i n g  t h e  
occurrences o f  species o f  i n t e r e s t  f rom 
env i ronmenta l  and/or phys iog raph i c  data  can be 
b e t t e r  addressed by d i s c r i m i n a t i n g  s i t e s  where a 
spec ies  does occur f rom s i t e s  e i t h e r  s e l e c t e d  a t  
random, o r  s i t e s  where t h e  species does no t  occu r  
w i t h i n  t h e  general  r e g i o n  (R ice  e t  a l .  1983). 

Do ques t i ons  r e l a t e  s p e c i f i c a l l y  t o  responses o f  
species t o  known env i ronmenta l  g rad ien ts?  D i r e c t  
g r a d i e n t  a n a l y s i s  

There a re  two main types of ques t i ons  wh ich  
a re  i n v e s t i g a t e d  w i t h  d i r e c t  g r a d i e n t  analyses. 
The f i  r s t  t ype  i n q u i r e s  what env i ronmenta l  
f a c t o r s  i n f l u e n c e  t h e  d i s t r i b u t i o n s  and 
abundances o f  taxa, and t o  what ex ten ts .  The 
second t ype  asks how can env i ronmenta l  f a c t o r s  
most mean ing fu l l y  be measured. Because 
b i o l o g i c a l  responses t o  many i n f l u e n c e s  are  
non l i nea r ,  t h e  1 a t t e r  t ype  o f  app l  i c a t i  ons seek 
u n i t s  o f  measurement d e f i n e d  by t h e  b i o t a .  Equal 
r e l a t i v e  changes i n  abundance ( o r  o t h e r  response) 
by a number o f  species t o  va r i ous  segments a long  
an env i  ronmental f a c t o r  imply  an i n t e r v a l  
cont inuum a long t h a t  f a c t o r  t h a t  may n o t  
correspond t o  u n i t s  o f  t h e  env i ronmenta l  measure 
i t s e l f .  These methods can a l s o  be used t o  check 
f o r  common l i m i t s  o f  d i s t r i b u t i o n  a long an 
env i ronmenta l  g rad ien t ,  o r  t o  i n v e s t i g a t e  
quest ions  rega rd ing  t h e  presence o f  d i s c r e t e  
communities o r  assemblages o f  independent 
species. The major drawbacks t o  D i r e c t  G rad ien t  
Ana l ys i s  are  l ack  o f  o b j e c t i v i t y  ( t h e  i m p o r t a n t  
dimensions o f  change a re  p rese lec ted ) ,  and t h e  
requ i rement  o f  p r i o r  c o l l e c t i o n  o f  b o t h  b i o t i c  
and env i ronmenta l  data.  

F o r  any i n q u i r y  about  t he  responses o f  
spec ies  t o  environmental  f a c t o r s ,  it i s  
a p p r o p r i a t e  (and o f t e n  i n f o r m a t i v e )  t o  p l o t  t he  
data. Assuming a l l  assumptions a p p r o p r i a t e  t o  
each s p e c i f i c  a p p l i c a t i o n  a r e  observed, v i s u a l  
i n s p e c t i  on can be accompanied by reg ress ion  
a n a l y s i s  (Draper and Smith 1381) i n  many cases. 
I n  a d d i t i o n ,  t he re  a re  2 c l asses  o f  d i r e c t  
g r a d i e n t  ana l ys i s ;  s e l e c t i o n  between them 
depending on the shape o f  t he  spec ies  response t o  
t he  environmental  f a c t o r .  



No assumptions about species d i s t r i b u t i o n  a long 
t n  environmental  g r a d i e n t :  
Ve ighted averages 

The Xei gn ted Averages o r d i n a t i o n  method uses 
p r e v i o u s  knowledge about t h e  r e l a t i o n s h i p  o f  a  
f e ~ q  species t o  t he  env i ronmenta l  g r a d i e n t  i n  
o rde r  t o  d e r i v e  an o r d i n a t i o n  of a l l  spec ies  and 
s i t e s .  F i r s t  a fe*  (commonly 3 t o  5 )  species,  
u s u a l l y  c h a r a c t e r i s t i c  o f  one extreme a1 ong the  
g rad ien t ,  a re  se lec ted.  Fo r  example, 4  spec ies  
c h a r a c t e r i s t i c  o f  "deep water" ,  may be chosen. 
These t a x a  a re  g i ven  h i g h  weights  Wi ( s c a l e  i s  
a r b i t r a r y ) .  Then f o r  a l l  t h e  j s i t e s ,  scores 
( S j i  a re  c a l c u l a t e d  as: 

s  S 

where Ai . i s  t h e  abundance of the  i t h  spec ies  a t  
t h e  j t h  2 i t e .  Measures o f  spec ies  responses 
o t h e r  than abundance can be used. Mhen scores 
f o r  a l l  t he  s i t e s  have been c a l c u l a t e d ,  new 
weights  are  c a l c u l a t e d  f o r  each species.  These 
Xi are t h e  average scores  o f  a l l  s i t e s  suppo r t i ng  
each o f  t h e  i species.  These new weights  (now 
one f o r  each spec ies)  a re  used t o  c a l c u l a t e  a  
second round o f  s i t e  scores S .. The r e s u l t i n g  
o r d i n a t i o n  scores o f t e n  are  ad i n t u i t i v e l y  
s a t i s f y i n g  r e p r e s e n t a t i o n  of t he  responses o f  t h e  
spec ies  i n  t h e  community t o  t he  env i ronmenta l  
i n f l u e n c e .  Fo r  example, C u r t i s  and McIn tosh 
(1951 ) e x t r a c t e d  a  f u l l  success iona l  g r a d i e n t  
u s i n g  Xe ignted Averages, s t a r t i n g  w i t h  4  spec ies  
assumed t o  c h a r a c t e r i z e  mature f o r e s t .  

Weighted average o r d i n a t i o n s  can be done 
% i t h  more than one env i ronmenta l  g rad ien t .  Fo r  
seve ra l  g rad ien ts ,  however, t h e  computa t ions  
become complex, and r e s u l t s  approach those o f  
correspondence a n a l y s i s .  I n  such cases t h e  
1 a t t e r  techn ique u s u a l l y  i s  recommended. 
O r d i n a t i o n  axes o f  ~ e i g h t e d  averages a re  always 
o r d i n a l ;  whether o r  n o t  they  can be t r e a t e d  as 
i n t e r v a l  depends on t h e  o r i g i n a l  spec ies  by s i t e  
d3 ta  m a t r i x  and the  d i s t r i b u t i o n  o f  s i t e s  a long 
t h e  ax i s .  

Species d i s t r i b u t i o n s  a re  normal o r  log-normal : 
Gaussian o r d i n a t i o n  

Several  methods o f  d i r e c t  o r d i n a t i o n  have 
been proposed f o r  s tud ies  assuming a  Gaussian 
response o f  species t o  e n v i  ronmental f a c t o r .  
A l though Ihm and Groenewoud (1975) may be b e s t  
known, i t  i s  i n c l u d e d  i n  t he  more genera l  method 
o f  Gaussian Ana l ys i s  proposed by Gauch e t  a1 . 
(1971). Data a r e  t he  abundance8 Ai o f  t h e  

spec ies  ( i )  a t  each s i t e  ( j )  and measures o f  t h e  
env i ronmenta l  f a c t o r  X. a t  each s i t e .  Rare t h a n  
one f a c t o r  can be s tud jed ,  each on a  sepa ra te  
ax is .  Aij a re  f i t  t o  t h e  equat ion :  

where Ai i s  the  maximum abundance o f  spec ies  
i , g i s  t t Z x p o i n t  on t h e  env i  ronmental  g r a d i e n t  
where t h e  maximum abundance occurs,  and o2 i s  t h e  
va r i ance  o f  t h e  spec ies  response around t h a t  
p o i n t .  These 3 parameters are  es t ima ted  f o r  each 
spec ies  on t h e  f i r s t  env i ronmenta l  f a c t o r .  F o r  
each a d d i t i o n a l  f a c t o r  considered, 3 a d d i t i o n a l  
parameters a r e  es t imated:  t he  optimum p o s i t i o n  
o f  each a x i s  ( @ I ,  t h e  va r i ance  (a2 )  around t h a t  
p o i n t ,  and t h e  o r i e n t a t i o n  o f  t h e  ang le  made 
between t h e  new a x i s  and t h e  e x i s t i n g  ones. 
Ai ,max does n o t  change, o f  course. 

I n  t e r r e s t r i a l  s tud ies ,  Gaussian O r d i n a t i o n  
has proved u s e f u l  and power fu l  a t  c a p t u r i n g  
species-environment r e l a t i o n s h i p s .  I know o f  f e d  
mar ine appl  i c a t i o n s ,  b u t  s tud ies  c o v e r i n g  
u n d e r l y i n g  mar ine g r a d i e n t s  a r e  more d i f f i c u l t .  
Severa l  b a s i c  e c o l o g i c a l  i n s i g h t s  have a r i s e n  
f rom Gaussian o r d i n a t i o n ;  such as across  seve ra l  
spec ies  t h e  A. x ' s  a re  themselves l o g n o r m a l l y  
d i s t r i b u t e d  ( b ~ e s % o n ' s  "Octave Sca1 e" , Pres ton  
1948, 19801, t h e  0 2 ' s  a re  normal ly  d i s t r i b u t e d  
w i t h  t h e i r  s tanda rd  d e v i a t i o n  = 0.3 o f  t h e i r  
mean, and t h e  ang les  o f  i n t e r s e c t i o n  o f  separa te  
f a c t o r s  a r e  r a r e l y  e i t h e r  0" o r  90" ( i  .e., 
i n t e r a c t i o n s  among env i ronmenta l  i n f l u e n c e s  a r e  
t h e  r u l e ,  n o t  t h e  excep t i on ) .  The s c a t t e r  o f  
opt ima ( p ' s )  o f  a  number o f  species a long  a  
g r a d i e n t  depends on t h e  s p e c i f i c  a p p l i c a t i o n :  
sometimes p ' s  are  c l u s t e r e d  ( seve ra l  spec ies  
share s i m i l a r  optimum c o n d i t i o n s ) ,  and sometimes 
they a r e  s c a t t e r e d  ( spec ies  opt ima a r e  
independent o r  p o s s i b l y  determined by c o m p e t i t i v e  
i n t e r a c t i o n s  among taxa )  , i m p l y i n g  d i f f e r e n t  
types o f  community o rgan i za t i on .  

Cons ide r i ng  robustness o f  appl i c a t i o n ,  
Gaussian O r d i n a t i o n s  a r e  t o l e r a n t  t o  modest 
depar tures  f rom t r u e  Gaussian u n d e r l y i n g  
d i s t r i b u t i o n s :  t h e  t r u e  p and o2 can be 
e x t r a c t e d  f rom data  w i t h  bo th  moderate skew and 
b i m o d a l i t y .  Th i s  i s  bo th  a  s t r e n g t h  ( t h e  power 
o f  t h e  a n a l y s i s  method, and i t s  d i r e c t  
i n t e r p r e t a b i l i t y ,  can be used w i t h  l e s s  than 
i d e a l  da ta)  and a  weakness ( t h e  method can 
p r o v i d e  appa ren t l y  reasonable f i t s  t o  data  where 
t h e  u n d e r l y i n g  d i s t r i b u t i o n s  a r e  a c t u a l l y  
nongaussian) . The method performs p o o r l y  when 
most samples a re  c l u s t e r e d  f rom o n l y  a  few 
p o s i t i o n s  a long  t h e  env i ronmenta l  g rad ien t ;  i t  
works b e s t  w i t h  samples even ly  spaced a1 ong t h e  
g rad ien t .  



The t e s t s  are  not with known environmental 
gradients :  ind i rec t  gradient  ana lys i s  

Are the number of underlying gradients  
known? 

Yes: 

Are a t t r i b u t e s  which charac te r ize  extreme 
condit ions known? 

Yes: Xei ghted Averages (previously 
described) .  

No: Are samples which charac te r ize  
extreme condit ions known? 

Yes: Po1 a r  Ordination. 

Polar Ordination methods are  sometimes 
re fe r red  t o  as  "Bray-Curtis Ordi nat ions",  b u t  
Bray-Curtis methods a re  one type-in t h i s  l a rge  
c l a s s .  The ordinat ions a r e  based on intersample 
dis tances defined by species ,  and hence a re  done 
i n  species space. I t  i s  possible  t o  ordinate  
i nte-species dis tances in  sample space, b u t  
proper i n t e r p r e t a t i o n s  fo r  the r e s u l t s  a r e  of ten 
1 ess  c l e a r .  %hen proposed, Polar Ordinations 
were designed largely t o  avoid using the  concept 
(and computationally, the value)  of "mul t ivar ia te  
cen t ro id" ,  a  key s tep i n  many eigenvector 
ordinat ion procedures. The objection t o  the use 
of centroid i s  t h a t  the notion of a  l o c a l i t y  
"average" t o  a l l  species  ( o r  a  species 'average" 
in  a l l  ecological requirements) i s  a  b izar re  
s t a r t i n g  place f o r  a  community analysis .  
Although t h i s  object ion ra re ly  a r i s e s  any more, 
polar  ordinat ions a re  s t i l l  used frequent ly,  
because they make few assumptions about 
d i s t r i b u t i o n s  of data, and provide c lea r ly  
i n t e r p r e t a b l e  r e s u l t s  i n  inany appl icat ions.  

In polar ordinat ions,  "double 
s tandard iza t ion"  ( a c t u a l l y  a  scal ing,  and not a  
s tandardizat ion)  i s  almost always done. The 
maxinun abundance of each species i s  s e t  t o  100, 
and aaundances a t  a l l  other  s i t e s  are  scaled 
down. Tben the to ta l  abundance of a l l  taxa a t  
each sample i s  s e t  to  100; the individual 
abundances again scaled. After  s tandardizat ion,  
the endpoints (El and E2) f o r  the ordinat ion a r e  
se lec ted ;  i .e .  the samples which charac te r ize  
extreme condit ions on the gradient  of i n t e r e s t .  
(Note t h a t  unlike d i r e c t  gradient  analyses,  no 
measures of the gradient  i t s e l f  a re  required) .  
Next the d i s s i m i l a r i t y  of each sample from each 
of the endpoints i s  calculated.  Using t h e  2 
d i s s i m i l a r i t i e s  (Dl and 02) of a  sample t o  each 
endpoint,  and the  d i s s i m i l a r i t y  of the endpoints 
themselves ( D E )  the posi t ion ( X )  and deviation 
( R )  of each sample ( P I  can be calculated 
geoinetrically: 

I f  the deviat ions R a re  l a rge ,  addi t ional  axes, 
d i th  new endpoints,  can be calculated.  Pos i t ions  
of cases on the axes a r e  always ordinal ; i f  the 
or iginal  data allowed the d i s s i m i l a r i t i e s  t o  be 
in te rpre ted  as interval  measures, the  ordinat ion 
posi t ions can a l s o  be t rea ted  as i n t e r v a l .  

Polar ordinat ions have several s t reng ths .  
Because the endpoints a r e  f ixed,  polar 
ordinat ions a re  r e s i s t a n t  t o  involut ion,  and t h e  
axes a re  r e s i s t a n t  t o  d i s t o r t i o n s  due t o  e i t h e r  
c lus te r ing  of samples a1 ong the  gradient  o r  
presence of o u t l i e r s  (unless  an o u t l i e r  was 
se lec ted  as  an endpoint).  The polynomial 
re1 at ionship between the  f i r s t  and 1 a t e r  
ordinat ion axes ( t h e  arch e f f e c t )  i s  a l so  
minimized by the f ixed endpoints,  The 
Pythagorean geometry used i n  the computations 
a1 so reduces the e f f e c t  of nonlinear 
re la t ionsh ips  belxeen d i s s i m i l a r i t y  measures and 
actual sample separat ion,  and between the 
a t t r i b u t e s  used in ca lcu la t ing  the 
d i s s i m i l a r i t i e s .  Polar Ordinations are good f o r  
3 d i v e r s i t y  l e v e l s  up t o  5 3alf  Changes. 
Thereafter ,  performance d e t e r i o r i a t e s  quickly. 
The method i s  a l s o  computationally cheap, i n  t h a t  
only d i s s i m i l a r i t i e s  from the se lec ted  endpoints 
need t o  be calculated,  r a t h e r  than t h e  e n t i r e  
sample by sample d i s s i m i l a r i t y  matrix. 

The major weakness of Polar Ordinations 
stems from the preselect ion of endpoints,  and 
hence lack of ob jec t iv i ty :  what one chooses t o  
be important i s  important. There a r e  o ther  
problems as  well. When 2 or  more axes a re  
se lec ted ,  the axes have no necessary or ien ta t ion  
t o  each other  (orthogonal or othet-dise), so 
mult iple  ax i s  i n t e r p r e t a t i o n s  a r e  compromised. 
Also, although Polar Ordinations can be done with 
e i t h e r  the  species  o r  the  samples i n  a  data s e t ,  
the analyses a re  wholly separate. Therefore, 
they have nothing i n t e r p r e t a t i o n a l  l y  i n  common. 
That means t h a t  explaining posi t ions of samples 
by in te rac t ions  of species  ( o r  vice versa)  can 
only be done i n t u i t i v e l y ;  the r e s u l t s  of one 
analyses are  not d i r e c t l y  appl icable  t o  the o ther  
analysis .  F ina l ly ,  because of the  de te r io ra t ion  
of performance with high p d i v e r s i t y ,  Polar 
Ordinations become inappropriate  when more than a  
few s i t e s  have no species  i n  common. 

No: Neither taxa nor s i t e s  
c h a r a c t e r i s t i c  of extreme condit ions 
can be specif ied.  Mu1 ti-dimensional 
sca l ing  

Mu1 ti-dimensional scal  ing (MDS) includes a  
range of non-metric methods f o r  ordi  na t i  ng data .  
Because of the  d i f fe rences  among approaches, I 
shal l  not give a  summary, beyond the  genera l i ty  
t h a t  these methods replace the actual  
d i s s i m i l a r i t i e s  or dis tances with the  rank-order 
of the d i s s i m i l a r i t i e s  o r  dis tances.  Given t h e  
rank order of  distances of n samples based on the 
e n t i r e  s  dimensions, MDS methods attempt t o  
posi t ion the samples i n  a  space of many fewer 
dimensions while preserving the ordering oresen t  



in the larger dimensional data set. How this i s  
done di f fers  substantially ainong methods, with 
various methods emphasizing different things. 
Because >IDS uses only rank- order information, i t  
i s  particularly suitable for analysis of data 
where nonl i near re1 a t i  onshi ps among a t t r ibutes  
are common. For example, i t  i s  an al ternative to 
Principal Components Analysis for data of low $ 
diversi ty.  I t  i s  a1 so suitable for cases where 
one knows the ndmber of dimensions of in teres t ,  
b u t  does not want to specify endpoints of axes. 
MDS axes commonly are treated as interval .  

8DS has a number of strengths. The most 
appealing a t t r ibutes  are that  MDS makes few and 
rea l i s t i c  assumptions about the data. I t  i s  
appropriate for ordinal as we1 1 as interval 
s tar t ing  data, as long as monotonic rank 
orderings are possible. Because assumptions of 
1 i neari ty are of ten viol ated with ecol ogical 
data, the freedom of MDS froin such assumptions i s  
a t t rac t ive .  MDS a1 so avoids subjectivity in 
choosing e i tner  cases or a t t r ibutes  for special 
emphasis. A1 though an i n i t i a l  ordering of cases 
i s  assumed, :.IDS proceeds interatively towards 
convergence on one of several c r i t e r i a ,  depending 
on tne method. The i n i t i a l  ordering of cases 
influences only convergence time, and 
not the final answer. Hence MDS can be used in 
many cases where polar or weighted averages might 
be appropriate, b u t  users wish to avoid 
subjectively choosing the important dimension of 
variation. 

The primary drawback of MDS i s  i t s  
computational demand. Computational requirements 
increase as the square, cube or greater power of 
the number of cases, so application to large data 
s e t s  i s  often prohibitively expensive. 
Similarly, because the method proceeds 
in tera t ively ,  one may become stuck in a local 
optimum with data which are noisy or multimodal. 
The clustering of samples along the final 
gradient f la t tens  the ra te  of approach to 
optiiaum, increasing both convergece time, and the 
problem of 1 ocal optima. Other drawbacks include 
the use on only rank-order relationships. If 
more ~rletric information i s  available (often 
col lected a t  substantial additional cos t ) ,  no use 
i s  made of i t .  MDS i s  usually used to ordinate 
samples by distance in species space, but one can 
a1 so ordinate species, rank-ordered by distances 
in sample space. Both cannot be done together, 
however, so simultaneous interpretation of 
species and samples i s  not possible. 

No: The number of underlying 
dimensions i s  unknown 

Is the 3 diversity greater than 2,5 
ha1 f changes? 
Yes: 

Correspondence analysis (Reciprocal averaging) 

Correspondence analysis (CA), or reciprocal 
averaging, can be introduced as e i ther  an 

interactive geometric extension of Weighted 
Averages Ordinations, or an eigenvector based 
re1 ative of Principal Components Analysis. 
Because of i t s  parallels  to both 2eighted Average 
and Principal Components methods, CA i s  widely 
appl icable. The term "reciprocal averaging" i s  
applied because species scores are averages of 
the scores of the appropriate s i t e s ,  whereas s i t e  
scores are averages of the scores of species. 

Procedurally, the data se t  i s  f i r s t  scaled, 
as in Polar Ordinations, so both species and 
samples range from 0 to 100. Every species i s  
assigned a unique score on a 0 to 1 scale. 
In i t i a l  assignment can be done in any manner; in 
practice, usually a t  random. Final scores are 
independent of th is  i n i t i a l  assignment, a1 though 
convergence time i s  not. Next the scores of a l l  
species a t  each s i t e  (weighted by scaled 
abundance81 are averaged, producing a series of 
s i t e  scores. New species scores are calculated 
as the average of scores of a l l  s i t e s  where the 
species occurs. The cycle i s  repeated until both 
species and s i t e  scores converge. In practice 
convergence commonly requires 3-7 in tera t i  ons. 
The parallels  dith 2eighted Averages i s  c lear  
from the treatnent of species and s i t e s  scores. 
As an eigenvector technique, the major 
differences from Principal Components Analysis 
are the dual scaling of species and samples ( i n  
PCA only variables are standardized, rather than 
scaled),  and the use of a x 2  measure of distance 
of s i t e s  and species, rather than the correlation 
or variance-covariance matrix used in PCA. The 
procedure i s  repeated for additional axes, wi ti1 
re la t ive  sizes of eigenvalues determining scales 
of axes and the number of axes extracted. 

CA has many strengths. Results are provided 
simultaneously for cases and a t t r ibutes ,  so 
unitary explanations of species and s i t e  
re1 ationships are straightforward. Axes are 
interval scale, and appropriate for further 
s t a t i s t i ca l  analyses. The method can be applied 
to ei ther original case by a t t r ibute  data se t s ,  
or to dissimilarity matrices (species or sample 
di ssimi 1 ar i  ty spaces). I t  assumes neither 
l inear i ty  nor monotonicity of re1 a t i  onships ainong 
a t t r ibutes ,  and i s  robust to moderate noise 
1 eve1 s. Because CA does not assume monotoni ci  ty , 
the ent i re  range of a species (increasing, 
plateauing and 1 a ter  decreasing i n  abundance 
along a gradient) can be bracketed by the 
analysis, and CA works well up to 5 to 7 Half 
Changes. I t  i s  res is tant  to presence of 
out1 i e r s ,  to positioning of samples a1 ong the 
final gradients, and to involution of ends of 
gradients. I t  i s  a1 so computational ly ef f ic ient ,  
with demands a l inear function of the number of 
cases. I t  i s  also wholly objective; no cases or 
a t t r ibutes  are selected as special. 

The major weaknesses of CA a r ise  from i t s  
assumption of a symmetry of species and samples; 
i .e .  the distribution of one species across a l l  
samples should resemble the distr ibution of a1 1 
species in any sample. This computational 
symmetry means rare species present in samples 



with few species are especial 1y dist inctive,  and 
influence the analysis strongly. A1 so because 
the distributions of species a t  the ends of the 
gradients are truncated ( a t  the end of the rasge 
of samples, some species abundances are >0), 
cases a t  the ends of the gradients are packed 
together. Cases in the middle of gradients, 
where the ent i re  distr ibutions of characterist ic 
species are captured in the full  data se t ,  are 
more widely spaced. Finally, RA i s  vulnerable to 
the arch ef fec t ,  so secondary gradients may not 
appear in the 2nd or 3rd axes. 

The tendencies of RA to arch when true 
species responses to gradients are curvil inear,  
and to condense sample placements a t  the ends of 
gradients led to the development of Detrended 
Correspondence Analysis (DECORANA - Hill and 
Gauch 1980). DECORANA adds two additional steps 
to common CA. After each i teration except the 
l a s t ,  the ordination axis i s  divided into 
segments. Xithin each segment scores are 
centered separately. A1 though within each 
segment of an axis an arch may persist ,  across 
the ent i re  axis there i s  no trend: within 
segment averges are identical .  Thus curvilinear 
responses are transformed to l inear ones, so not 
only are the ordination axes not l inearly 
correlated, b u t  they have no systematic nonlinear 
re1 ationships ei ther.  This modification appears 
to  be effective a t  eliminating the arch problem 
from CA analysis. 

DECORANA a1 so attempts to  diminish the 
condensing of cases a t  the ends of gradients. 
Withis each segment the SD of species scores are 
calculated for each sample. Segments are then 
adjusted so that the average SD's are the same 
across segments. This step streaches the ends of 
the gradients, where species distr ibutions are 
truncated, affecting the calculated average SD. 
The step puts the ordination axes in units of 
SD's of species turnovers ( for  "good" data 1 SD 
of turnover = 1.35 Half Changes), so equal 
distar-tces on an axis ref lec t  equal amounts of 
change in species composition. These additional 
steps require original data: DECORANA cannot be 
done with only species or sample dissimilari ty 
spaces. Also, because of the range truncations, 
the actdal positioning of species i s  not captured 
quite as well as the spacing of samples. 
DECORANA maintains a l l  the other strengths of 
CA.  

Flo: diversity i s  <3 Half Changes: 
Principal components analysis ( P C A )  
and re1 atives.  

Like CA, PCA can be introduced either as an 
eigenvector method or geometrically. As an 
eigenvector technique i t  can be done with e i ther  
a correlation matrix or a variance-covariance 
matrix; e i ther  derived from a cases by a t t r ibutes  
data set .  Xith a correlation matrix, 
relat'onships of a t t r ibutes  are assumed 
exclusively 1 inear: with a variance-covariance 
matrix, mu1 t ivar ia te  normality i s  assumed. In 
ei tner case, results  are most !meaningful when 

data are standardized ( the  variable mean i s  
subtracted from each measurement, the resul t  
aivided oy the S9 of the variable). 
Standardization i s  especially important i f  
variables d i f fer  substantially in scale. 

Geometrically, consider a cloud of samples 
in species space (Again, data are usually 
standardized). The f i r s t  PC i s  selected as the 
axis through that cloud which minimizes the sum 
of squared deviations of samples froin the axis. 
In PCA distances are imp1 i c i t ly  Euclidean 
distances : 

Additional axes are selected which successively 
minimize the residual sum of squared deviations 
of Euclidean distances from al l  previous axes. 
Axes are interval scale, and positions of cases 
on each axis (the PC scores) are normally 
distributed. Also, the cosines of the original 
a t t r ibutes  with the PC axes give d i rec t  measures 
of the relationship of the a t t r ibutes  to the new 
Principal Components. 

Interpretabil i ty of results  can be improved 
by various rotations of the components: Vari~nax 
rotations emphasize simp1 ifying the a t t r ibu te  
loadings (each a t t r ibu te  should have e i ther  a 
very high or very low weighting on each 
component); Quartimax rotations emphasize 
simplifying the component structure (each PC 
should have as many a t t r ibutes  as possible dith 
e i ther  very low or high weightings); Equimax 
rotations try to balance those two objectives. 
If one's primary in teres t  i s  in relationships 
among the original a t t r ibutes ,  Varimax i s  often 
recommended. If one's primary in teres t  i s  in 
characterizing the underlying gradients, 
Quartimax may be more appropriate. The 
isdividual PC's, original or rotated, are 
orthogonal. If one expects important gradients 
influencing the species distr ibutions to be 
correlated, oblique rotations are possible. 
Obl ique rotations are uncommon in ecological 
studies, possibly due to d i f f i cu l t i e s  in 
interpreting results .  

The major strength of PCA i s  that  i t  
preserves perfectly distances among samples. For 
analyses of fine scale relationships among s i t e s  
i t  i s  the most powerful technique, and 
mathematically we1 1 grounded. I t  i s  purely 
objective, and a1 1 ows simultaneous interpretation 
of both species and s i t e s .  

The major weaknesses of PCA ar ise  from the 
requirements of only l inear  responses of species 
to the underlying factors,  and of multivariate 
normality of data. These assumptions are 



v i o l a t e d  w i t h  species d i s t r i b u t i o n s  which a re  
Gaussian, o r  w i t h  abundance data  which a re  zero  
f o r  some species a t  some s i t e s .  Hence t h e  method 
can on l y  be l e g i t i m a t e l y  appl  i e d  t o  da ta  o f  low p 
d i v e r s i t y ,  where a l l  spec ies  are  p resen t  i n  
n e a r l y  a l l  samples. The s t rong  l i n e a r i t y  
assumption a l s o  make PCA prone t o  b o t h  t h e  arch 
e f f e c t  and i n v o l u t i o n  o f  endpo in ts .  A l  thougn t h e  
PC's are  ma themat i ca l l y  or thogona l ,  b i o l o g i c a l  
independence does n o t  n e c e s s a r i l y  f o l l ow .  I f  t h e  
assumptions o f  l i n e a r i t y  o r  hoinogeniety o f  
var iances o f  a t t r i b u t e s  a re  v i o l a t e d ,  
b i o l o g i c a l l y  i n t e r r e l a t e d  t h i n g s  can be o r d i n a t e d  
on d i f f e r e n t  components. A1 so, random number 
t a b l e s  g i v e  s u p e r f i c i a l l y  "reasonable" PC's f K a r r  
and H a r t i n  19811, so t e s t s  f o r  s i g n i f i c a n c e  o f  
PCA's a re  e s s e n t i a l  (Tho rnd i ke  19781. The 
weaknesses o f  PCA a r e  se r i ous .  Thought shou ld  
always be g i ven  t o  s u b s t i t u t i n g  DECORANA o r  MDS 
f o r  PCA, un less  a l l  assumptions a re  met, and t h e  
f i n e  s t r u c t u r e  o f  r e l a t i o n s h i p s  among cases and 
a t t r i b u t e s  i s  impor tan t  t o  t h e  i n t e r p r e t a t i o n s  o f  
r e s u l t s .  

Two a d d i t i o n a l  e i  genvector  o r d i n a t i o n  
methods a re  used i n  some s p e c i a l i z e d  s i t u a t i o n s :  
F a c t o r  Ana l ys i s  and P r i n c i p a l  Coord inates  
Ana l ys i s .  Both share many p r o p e r t i e s  w i t h  PCA, 
i n c l u d i n g  most o f  t he  weaknesses o f  PCA f o r  many 
e c o l o g i c a l  s tud ies .  

A1 though i t  can be used i n  e x p l o r a t o r y ,  
s t u d i e s  f a c t o r  a n a l y s i s ,  u n l i k e  PCA, o f t e n  
assumes some e x p l i c i t  u n d e r l y i n g  "model" f o r  t h e  
data;  v a r i a t i o n  i s  a t t r i b u t a b l e  p a r t l y  t o  
sys tema t i c  i n f l u e n c e s  o f  t h e  " f a c t o r s "  i n  t h e  
aode l ,  and p a r t l y  t o  noise.  It focuses on 
accoun t i ng  f o r  t he  cova r i ance  s t r u c t u r e  o f  t he  
data,  r a t h e r  than e x p l a i n i n g  t h e  va r i ance  terms. 
The amount o f  no i se  i s  es t ima ted  i n  some way 
( f r e q u e n t l y  i n t e r n a l l y  t o  t h e  ana l ys i s ,  u s i n g  t h e  
"communal i t i e s "  o f  t h e  v a r i a b l e s  i n  t h e  
a n a l y s i s ) .  The d iagona l  e lements o f  t h e  
c o r r e l a t i o n  o r  var iance-covar iance m a t r i x  a re  
reduced by t he  es t ima te  o f  no i se  ( i n  PCA, t h e  
d iagona l  elements o f  t h e  c o r r e l a t i o n  m a t r i x  are  
1.0: a  v a r i a b l e  i s  p e r f e c t l y  c o r r e l a t e d  w i t h  
i t s e l f ) ,  b e f o r e  t he  e igenvec to rs  a r e  ex t rac ted .  
Thereby, the  u n d e r l y i n g  Fac to rs  o f  t he  model a r e  
p u l l e d  o u t  o f  the  data  more c l e a n l y .  R o t a t i o n s  
t o  s imple s t r u c t u r e  are  u s u a l l y  an impor tan t  p a r t  
o f  F a c t o r  Ana lys is .  F a c t o r  Ana l ys i s  has n o t  been 
used w ide l y  i n  e c o l o g i c a l  s tud ies ,  p o s s i b l y  
because p a t t e r n s  o f  va r i ance  as we11 as 
cova r i ance  a re  o f  s u b s t a n t i a l  i n t e r e s t  i n  many 
a p p l i c a t i o n s .  

P r i n c i p a l  Coord inates  Ana l ys i s  d i f f e r s  f rom 
PCA i n  f ocus ing  e x c l u s i v e l y  on p r e s e r v i n g  
d i s tances  among samples i n  species space. I n  t h e  
process re1 a t i o n s h i p s  among a t t r i b u t e s  ( t h e  PC 
1  oadi  ngs) a re  deemphasized. Focus ing e x c l u s i v e l y  
on i n te rsamp l  e  d i s s i m i l  a r i t i e s  a l l o w s  P r i n c i p a l  
Coord inates  Ana l ys i s  t o  be performed i n  spec ies  
d i s s i m i l a r i t y  space as ,+el1 as i n  spec ies  space. 
U n l i k e  PCA, i t  i s  a l s o  s u i t a b l e  f o r  b i n a r y  or  
o r d i n a l  data,  as l o n g  as a  d i s tance  m a t r i x  of 
samples can be created.  P r i n c i p a l  Coord inates  

A n a l y s i s  t r ades  o f f  t h e  a b i l i t y  t o  s imu l taneous l y  
i n t e r p r e t  case and a t t r i b u t e  re1 a t i o n s h i p s  f o r  
g r e a t e r  robustness t o  v i o l a t i o n s  o f  
d i s t r i b u t i o n a l  assumptions and types o f  s u i t a b l e  
data.  The assumption t h a t  a l l  cases form a  
s i n g l e  c l oud  o f  p o i n t s  remains, however. If 
t h e r e  a re  l a r g e  d i s t a n c e s  between groups o f  
cases, t he  d e t a i l e d  s t r u c t u r e  w i t h i n  groups i s  
overdhelmed, qak ing  t h e  p r e c i s i o n  o f  p lacement o f  
cases on t h e  axes ( t h e  " coo rd ina tes " )  decep t i ve .  
Hence P r i n c i p a l  Coord inates  A n a l y s i s  i s  s u i t a b l e  
o n l y  f o r  da ta  o f  l ow  f, d i v e r s i t y ,  

Summary 

I n  t h i s  over vie^ I have touched on a  number 
o f  o r d i n a t i o n  techn iques.  I s  t h e r e  a  b e s t  buy? 
The answer i s  c l e a r l y  no: t h e  b e s t  techn ique 
depends on p r o p e r t i e s  o f  t he  data  and t h e  
ques t i ons  under i n v e s t i g a t i o n .  C a l l  i n g  an 
a n a l y s i s  " e x p l o r a t o r y "  i s  n o t  an excuse t o  
misana lyze data  o r  m i s i n t e r p r e t  r e s u l t s  t h rough  
f l a g r a n t  v i o l a t i o n  o f  impo r tan t  requ i rements  o f  
any s p e c i f i c  technique. Resul t s  o f  " e x p l o r a t o r y  
ana lyses"  have been shown t o  en t rench  t h e  
p r e l i m i n a r y  p a t t e r n  i n  a  resea rche r ' s  mind, 
i n f l u e n c i n g  g r e a t l y  subsequent ana lyses and 
i n t e r p r e t a t i o n s ;  i t  i s  impor tan t  t h a t  these f i r s t  
p a t t e r n s  be r e a l  ones. I n  p r a c t i c e ,  few 
researchers  f o l l o w  a l l  r e s t r i c t i v e  assumptions o f  
a  techn ique r i g o r o u s l y .  I t  i s  s t i l l  i m p o r t a n t  t o  
know what t h e  requ i rements  and p i t f a l l s  o f  any 
a n a l y s i s  are, and what a r t i f a c t s  a r e  l i k e l y  t o  
a r i s e  f rom n o t  meet ing  t h e  requ i rements  o r  
f a l l i n g  i n t o  t h e  p i t s .  One i s  then a t  l e a s t  a b l e  
t o  recogn i ze  t h e  a r t i f a c t s ,  and a v o i d  b a s i n g  
" b i o l o g i c a l  i n t e r p r e t a t i o n s "  on them. 

Commonly, ana log ies  a r e  made between areas 
o f  wide, f r e e  s e l e c t i o n  and a  candy shop; a  
r e s t r i c t e d  cho i ce  among many p l e a s i n g  t h i n g s .  
Wi th  o r d i n a t i o n  techn iques,  a  b e t t e r  analogy i s  
w i t h  a  bu tche r  shop. Yhat one takes o u t  o f t e n  
becomes t h e  main course, so q u a l i t y  ma t te rs .  I n  
s k i l l e d  hands, commonplace c u t s  o f  da ta  can be 
made as e legan t  as a  de-boned ch icken;  i n  
c a r e l e s s  hands, a  p r ime  p iece  o f  work can be 
ru ined.  And even t h e  b e s t  bu tche rs  have a  few 
sca rs  of p a s t  mistakes. 
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T a b l e  1. H y p o t h e t i c a l  d a t a  f o r  3 s p e c i e s  (1, 2 ,  and 3) and 3 s a m p l e s  ( X ,  Y ,  
and Z ) ,  a r r a n g e d  i n  a t y p i c a l  c a s e  by a t t r i b u t e  t a b l e .  

S a m p l e s  
S p e c i e s  

1 2  3 

T a b l e  2 .  Examples o f  d i f f e r e n t  e r r o r  d i s t r i b u t i o n s  from c l a s s i f i c a t i o n  s t e p  o f  
a  d i s c r i m i n a n t  a n a l y s i s .  Case  A i s  a o s t  c o n s i s t e n t  w i t h  D F A  a s s u m p t i o n s ;  c a s e  
B may r e f l e c t  u n d e r s a t u r a t i o n  of s u i t a b l e  a r e a s  by a  s p e c i e s ;  c a s e  C r e f : e c t s  
no a c t u a l  d i f f e r e n c e  among g r o u p s ,  a l t h o u g h  i n  a l l  3 c a s e s  c l a s s i f i c a t i o n  
a c c u r a c y  was 90% 

-- 
S i t e  
Actua l  ~y 
Mas: 

S i t e  was c l a s s i f i e d  a s  b e l o n g i n g  t o  g r o u p :  
Absn .  P r e s .  Absn.  P r e s .  Absn. P r e s .  

A b s e n t  68 3 6 5 10 7 5 0 

P r e s e n t  3 2 2 
CASE A 

0 2 5 
C A S E  B 

10 1 5  
CASE C 
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Figure 1. I l lustrat ion of species positioned in sample 
space ( top graph), and samples positioned in 
species space (bottom graph); both for the 
data in Table 1. 
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Figure 3. Branching of Questions f o r  s e l ec t i on  of su i t ab l e  method of 
o rd ina t ion .  
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Ecosystem modeilers have trad~tlonally thought in terms of unique models. When more than one model is 
proposed for a particular ecosystem it is generally believed that at most one can be "correct" and that the 
rest should be promptly found out and "falsified". Recently ecologists have begun to recognize that this 
modelling philosophy, which is rooted in the physical sciences and engineering, is not always appropriate 
for ecological research. The relative paucity of data and the absence of a comprehensive set of fundamental 
laws make it difficult to falsify models, while increasing use of modern methods of system identification 
have led to increases in the number of models which may be proposed for a given ecosystem. Managers in 
particular have come to recognize that it is unrealistic to expect scientists to agree on a single model, so 
they have taken to using relatively arbitrary methods for selecting management models. A better approach 
might be to break with the present insistence on unique mooels and to develop ways of coping with the 
practical reality that ecologists cannot in general determine which of several conflicting models is most 
l~kely to be correct, and tnat managers need to recognize that any of these models might be valid. 

Introduction Model 7 i ng Approaches 

Ecological modelling began as offshoot of 
engineering. Tne oioneers in the field used the 
same methodology, even the same symbols and 
nomenclature (e.g., Odum). This has had a 
slgnlficant effect on the way we do our modelling, 
and it may be time to reevaluate ecosystem 
mode'ling in light of research in other fields to 
see whether the engineering approach is still the 
best for what we want to do. The growing 
popularity of system identification methodology 
has ied to significant changes in the modelling 
being done in other fields, such as economics and 
the social sciences, and it has also had a major 
impact on some branches of engineering. 

A key distinction is that ecologists are 
basically researcners who are trying to find out 
how ecosystems work, and this is true even of 
ecologists whose duties are focussed on fisheries 
management or other specific applications. 
Engineers, on the other hand, do not need to 
discover the laws of nature -- they take them as 
their starting point. They codify them and 
translate them into mathematical equations or 
perhaps computer code. For example, an aeronauti- 
cal engineer begins his career with a basic 
knowledge of gravity and aerodynamics, which he 
uses to design planes. He doesn't do basic 
research on these subjects. 

The typical engineering approach is to 
include everything in a model. This "kitchen sink" 
approach is pract:cal because data and parameter 
estimates are usually available. Consequently 
eng~neering models are often massive computer 
simulations which appear to possess awesome 
co~plexity. However, size alone is not the same 
thing as complexity. The forms of interaction are 
usually simple -- even NASA's biggest models are 
all based on Newton's laws. However, as Halliday 
and Pinhorn (1985) point out, rodels with lots of 
parameters are not readily accepted by fisheries 
managers, often for the ~ o o d  reason that reliable 
parameter estimates are not available. 

The success of the engineering approach in 
biology has generally depended on how well under- 
stood the underlying laws of nature are. In 
molecular biology application of laws of chemical 
bonding has led to spectacular advances. 
Physiologists also deal with models of this type 
with moderate success. But the value in ecol.ogy 
is not so clear, and marine ecology, where data 
are exceptionally costly and difficult, is perhaps 
the extreme case. 

In ecology we not only don't have a well- 
defined set of laws governing interactions, we 
often do not even have a set of working hypotheses! 

It is comonly believed that some statistical 
methods can be used in the absence of a model. 
While some methods are more robust than others, 
even a cursory glance at the statistics literature 
will confirm that "statistical" models have just 
as much structure as anything else. Often the 
use of simple linear models leads to absurd re- 
sults, such as biological models where the number 
of surviving larvae can exceed the number of eggs 
with which you start. 

Statistical approaches have been most 
successful when based on models having a foundation 
in biological theory. For example, the early 
studies by Sutcliffe et al. of the effects of 
environment on fish stocks were based on the idea 
that these effects would be most pronounced at a 
particular stage in the life history, and in fact 
the result of lagged correlation analyses con- 
firmed that the appropriate 1 ag generally 
corresponded to the earliest life stage. Current 
techniques of time series analysis, such as those 
discussed by Myers (1985), are more sophisticated 
but conceptually derive from the same basis. 

A comon problem with the use of statistical 
models is that structural interactions are not 
always reflected in statistical correlations. For 
example, if we look at a simple plant-herbivore- 
carnivore food chain using any of a wide class of 
pooularly accepted and experiventally tested 
models, we find xhai the dominant predicted 



cor re la t ion  i s  between t h e  plant  biomass and 
carnivore abundance, ne i ther  of which may show 
a pronounced s t a t i s t i c a l  re la t ionsh ip  with the  
intervening herbivore population. 

System I d e n t i f i c a t i o n  

System i d e n t i f i c a t i o n  i s  a  way of considering 
a  wide range of plausible  model s t ruc tures  t o  see 
which do not appear t o  represent  the system 
c o r r e c t l y .  I t  can be viewed as  both a  compromise 
and a  genera l iza t ion :  a  compromise because you 
r e l y  both on pr io r  understanding and on e x i s t i n g  
da ta ,  and a  general izat ion becuase you can 
consider a  wide range of s t r u c t u r e s  r a t h e r  than 
having e i t h e r  t o  build a  unique s t r u c t u r e  which 
"has" t o  work -- the  Procrustean bed approach -- or  
use a  s e t  of a r b i t r a r y  s t a t i s t i c a l  forns which may 
make no biological  sense. 

Consider the  s e t  of a l l  possible  models we 
m ~ g h t  construct  t o  describe a  f i s h e r i e s  ecosystem. 
Some we disregard a t  fhe o u t s e t  on basic  biological  
grounds - -  they v i o l a t e  conservation laws, e t c .  
Other theor ies  a re  simply too out landish,  such as  
t h e  theory t h a t  horizontal n u t r i e n t  t ranspor t  i s  
due t o  the f a c t  t h a t  "pigs has wings" -- we can 
ignore t h a t  one. I suspect t h a t  most l i n e a r  models 
could be excluded a t  t h i s  point too. 

That leaves us with a  l a r g e  s e t ,  possibly ' 

d i s j o i n t ,  of possible  model formulations. This i s  
very d ~ f f e r e n t  from the  engineering approach which 
would require  t h a t  we specify a  small c l u s t e r  of 
models Paving a  s ing le  s t r u c t u r e  and a  reasonable 
range of d i f f e r e n t  parameter values a t  t h i s  point .  

The next s tep  -- t h i s  i s  what i s  normally 
re fe r red  t o  as  system i d e n t i f i c a t i o n  -- i s  t o  
see which of these possible  models a r e  cons i s ten t  
with the  da ta .  Different  models of course lead t o  
d i f f e r e ~ t  p red ic t ions ,  the  degree of d i f fe rence  
depending in par t  on now much l a t i t u d e  we leave 
f o r  parameter adjustment. However, we can a l s o  
f ind t h a t  q u i t e  d i f f e r e n t  types of models can lead 
t o  ind is t inguishab le  r e s u l t s .  

The Uniqueness Problem 

We have a l l  encountered the  idea t h a t  
d i f f e r e n t  s t a t i s t i c a l  formulations can lead t o  
d i f f e r e n t  model s t r u c t u r e s  -- even plain old 
mul t ip le  regression can generate  a  mult i tude of 
a l t e r n a t e  models depending on t h e  method used 
(Draper and Smith 1981 1. As Gabriel and Furawski 
(1985) show, the s t r u c t u r e  one a r r i v e s  a t  through 
system i d e n t i f i c a t i o n  techniques can be s e n s i t i v e  
t o  r e l a t i v e l y  a r b i t r a r y  methodological consider- 
a t i o n s ,  such as  the choice of d i s tance  measure 
in  c l u s t e r  ana lys i s .  In f i s h e r i e s  ecology we 
of ten  end up with the i d e n t i f i c a t i o n  of a l t e r n a t e  
models which a r e  very d i f f e r e n t .  One of the  
c l a s s i c  cases  concerns a  s i t u a t i o n  in which we 
f ind  a strong inverse c o r r e l a t i o n  between landings 
of two f i s h  species .  A b io log is t  may i n t e r p r e t  
t h i s  a s  evidence f o r  competition or  some s imi la r  
biological  in te rac t ion  between t h e  spec ies ,  while 
an economist might feel  t h a t  s ince f i sh ing  e f f o r t  
i s  l imi ted ,  fishermen simply switch t o  the  species  
most i n  demand. 

Expressed in formal terms l i k e  t h i s ,  t h e  
idea t h a t  several models can make biological sense 

and f i t  the  data  i s  not unreasonable. We a r e  used 
t o  naving a l t e r n a t e  hypotheses, and system 
i d e n t i f i c a t i o n  i s  in  some ways j u s t  a  more formal 
way t o  formulate a l t e r n a t e  hyootheses. From a 
psychological an@ philosophical point of view 
however i t  i s  not always easy t o  deal with t h i s  
s o r t  of ambiguity. Having two o r  more equally 
good and s u b s t a n t i a l l y  d i f f e r e n t  models t o  deal 
with c rea tes  a  degree of tension which can be 
beneficial  -- the philosophers of science l i k e  t o  
argue t h a t  science s p u r t s  ahead through the  
resolut ion of c o n f l i c t s  between competing theor ies  
-- but t h i s  s o r t  of Hegelian d i a l e c t i c  becomes very 
f r u s t r a t i n g  i f  i t  i s  not resolved promptly. As 
Hall iday and Pinhorn (1985) point ou t ,  f i s h e r i e s  
managers a r e  notably unsympathetic towards the 
i n a b i l i t y  of s c i e n t i s t s  t o  discr iminate  between 
conf l ic t ing  hypotheses. 

The general fee l ing  seems t o  be t h a t  i f  one 
has a l t e r n a t e  hypotheses one has t o  be a b l e  t o  
design a  c r i t i c a l  experiment t o  d i s t inguish  
between them. This i s  not always easy,  and the  
experimental d i f f i c u l t i e s  associated with f i s h e r i e s  
ecology often r u l e  out any quick reso lu t ion .  
During the past  year we have heard c a l l s  f o r  
incredibly large-scale  world-wide experiments 
designed t o  resolve r e l a t i v e l y  elementary and 
long-known problems about f i s h  recrui tment .  In 
f r u s t r a t i o n  we often r e s o r t  t o  Occam's razor t o  
resolve the  i s sue ,  but t h a t  always leaves us with 
a  nagging fee l ing  t h a t  perhaps we a r e  overlooking 
something important -- j u s t  because vie cannot 
prove t h a t  something i s  happening doesn ' t  mean 
t h a t  i t  i s n ' t ,  and basing f i s h e r i e s  management 
on t h e  s implest  theory around may not always lead 
t o  t h e  best  r e s u l t s .  

D i  scussion 

This i s  not the  f i r s t  wor~shop on in te rac t ions  
in f i s h e r i e s ,  and i t  i s  unl ikely t o  be t h e  l a s t .  
The reason i s  in  l a r g e  par t  our discomfort about 
the g r o w i ~ g  numbers of acceptable models prevalent  
in  the  f i s h e r i e s  1 i t e r a t u r e .  Even i n  cases where 
many f i s h e r i e s  s c i e n t i s t s  fee l  c e r t a i n  t h a t  there  
must be an in te rac t ion  -- in  the re la t ionsh ip  
between cod and capel in along the  Newfoundland 
and Labrador coast  f o r  example -- i t  has been 
f r u s t r a t i n g l y  d i f f i c u l t  t o  demonstrate i t  
q u a n t i t a t i v e l y ,  as  discussed by Halliday and 
Pinhorn (1985). I am c e r t a i n  t h a t  t h e  reluctance 
of many s c i e n t i s t s  and managers t o  use h o l i s t i c ,  
a s  opposed t o  s ingle-species ,  models i s  lack of 
c lear-cut  evidence t h a t  the  h o l i s t i c  models a r e  
" r igh t"  and s ingle-species  models a r e  "wrong". 
In p rac t ice  we walk a  middle ground -- we d o n ' t  
use the  h o l i s t i c  models f o r  q u a n t i t a t i v e  estimaxes, 
but we t r y  not t o  do anything too r a d i c a l l y  a t  
variance with t h e i r  imp1 i c a t i o n s ,  such as  wiping 
out what may be important prey spec ies .  

I think t h a t  we have t o  learn t o  recognize 
t n a t  fa1 s i fy ing  ecological theor ies  i s  a  d i f f i c u l t  
and time-consuming process, and we may not have 
time t o  f ind  the  one t r u e  theory before some 
f a l r l y  major commitments about f i s h e r i e s  management 
nave t o  be made. System i d e n t i f i c a t i o n  provides 
a  powerful s e t  of t o o l s  f o r  developing models, but 
one of i t s  s t reng ths  i s  t h a t  i t  generates l o t s  of 
good models -- i t  has t o ,  in  order  not t o  miss the  
one t h a t  may prove cor rec t  In the  end. I f  we a r e  
t o  benef i t  from these xool~ ,we  have t o  develop 
s t r a t e g i e s  f o r  using s u i t e s  of several 



models in  t h e  managsment process ,  ra ther  than 
a r b i t r a r i l y  choosing one and ignoring the  o thers .  

You a r e  a l l  f a m i l i a r  with the s to ry  of 
Cinderel la .  You reca l l  t h a t  the  Prince devoted 
a major oort ion of the  resources of the  Kingdom 
t o  iden t i fy ing  the  per fec t  model (wi fe ) .  I am 
sure  t h a t  he would have saved everyone a greac 
deal of time and e f f o r t  i f  he had been wi l l ing  t o  
s e t t l e  f o r  tne  f i r s t  candidate. After  a l l ,  the  
a l t e r n a t i v e s  a r e  general ly  categorized a s  both 
simple and s traightforward,  B u t  would t h a t  have 
been the r i g h t  choice? Would they have l ived  
happily fo rever  a f t e r ?  Would the  chi ldren of 
today ' s  fishermen s t i l l  l i k e  the s tory? 
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Discussion Period 

Evans: You mentioned t h a t  in  three- level  t rophic 
models the  cor re la t ion  i s  between the  f i r s t  and 
t h i r d  l e v e l s .  I s  t h a t  the cor re la t ion  of 
equi:ibrium leve l s  o r  of t r a n s i e n t  responses? 

S i l v e r t :  I was r e f e r r i n g  t o  equilibrium l e v e l s .  
Transient  responses depend very much on the  time 
sca le .  Normally in aquat ic  systems you assume t h a t  
t h e  turnover r a t e  decreases as  you move toward 
higher t rophic l e v e l s .  

Evans: Therefore, i f  L i l l y  was looking f o r  
c o r r e l a t i o n s  between predator  a d  prey i n  a 
t r a n s l e n t  s t a t e ,  your c r i t i c i s m  t h a t  t h i s  was an 
incor rec t  approact, might be inappropriate ,  

Dickie: I t  seems t o  me t h a t  there  i s  a cons i s ten t  
theme running through these  discussions,  which says 
t h a t  the niaJor d i f f i c u l t y  in  "mult ispecies"  o r  
" h o l i s t i c "  models i s  t h a t  we have t o  build them t o  
take account of s ing le  species  problems and t h a t  
t h i s  means we have t o  build them "from the  ground 
up". Lurking in the background, however, there 
i s  an a s s u ~ p t i o n  which no one r e a l l y  seems t o  
chal lenge,  which :s t h a t  there  i s  an upper l i m i t  

of p roduc t~on  +i$:cn seems t o  oe d l  / ? l e d  or3rnari 1 y 
among the  specles  we a r e  golng t o  e x p l o ? t .  i t  
seems t o  me t h a t  there  need not be any e x c l u s i v i t y  
implied by recognizing these two views, tne  one 
t h a t  t h e r e  i s  an overal l  h o l i s t i c  model which needs 
t o  be broken in to  i t s  p a r t s ,  and another t h a t  we 
must construct  models t o  take i n t o  account a l o t  of  
de ta i led  information. That i s ,  we a r e  not con- 
cerned w ~ t h  conf l ic t ing  models t h a t  represent  
d i f f e r e n t  vlews of the  t r u t h ,  so much as we a r e  
in te res ted  in  defining models t h a t  a r e  useful fo r  
c e r t a i n  app l ica t ions .  For example, i f  we a r e  
r e a l l y  in te res ted  in  long-term p r e d l c t ~ o n  i t  would 
be useful t o  consider the  aggregation of a l l  
species  caught annually over a 20-year period. I t  
would probably be q u i t e  s t a b l e .  But f o r  most 
app l ica t ions  we a r e  saying t h a t  within t h i s  p ic tu re  
i t  would s t i l l  be necessary t o  consider  t rends of 
p a r t i c u l a r  species  and i n t e r p r e t a t i o n  of year-to- 
year changes, possibly j u s t  what we do now. 

We need to f ind  a way t o  discuss  w i t ~ i n  the  
framework of "multispecies" the  kinds of model 
s t r u c t u r e  t h a t  a r e  most useful f o r  meeting c e r t a i n  
ob jec t ives .  We a r e  agreed t h a t  predict ing annual 
catch i s  one such ob jec t ive .  I f e e l  t h a t  "reducing 
r i s k "  in  f i sh ing  i s  another. The workshop i n  some 
way has t o  concern i t s e l f  with balancing the la rge  
research e f f o r t  necessary i n  o rder  t o  reduce the  
level  of short-term r i s k s  (e .g. ,  uncertainty of 
next y e a r ' s  catch by lone- l iners )  aga ins t  t h e  
smaller amount of e f f o r t  which may be required 
i f  we were t o  t r y  t o  p red ic t  f o r  l a r g e  s c a l e  
operat ions ( a v a i l a b i l i t y  of resources on t h e  
Scotian Shelf f o r  the  next f i v e  y e a r s ) .  The 
d e s i r a b i l i t y  of reduction of r i s k s  a t  various 
l e v e l s  would o f f e r  a c r i t e r i o n  f o r  t h e  techniques 
o f  measurement which need t o  be used and t h e  kind 
and complexity of models which a r e  acceptable  f o r  
in te rpre t ing  them. 

S i l v e r t :  I  c e r t a i n l y  have no quarrel  with t h a t .  
What you a r e  saying, i n  r e l a t i o n  t o  my t a l k ,  i s  
t h a t  several of t h e  possible  models which a r e  
i d e n t i f i e d  can be re jec ted  because they a r e  not 
usefu l ,  while o thers  can be used f o r  d i f f e r e n t  
purposes. 

Evans: I hope t h a t  we a r e  not going t o  regard 
h o l i s t i c  and mult ispecies  as synonomous. 

S i l v e r t :  I would view m i l t i s p e c i e s  a s  a subset  
of h o l i s t i c  models. 

Evans: I d isagree,  one can build def ian t ly  
r e d u c t i o n i s t i c  mult ispecies  models. 

S i l v e r t :  That i s  t r u e .  I stand corrected.  

Murawski: This afternoon I have not heard the  
~ h r a s e  'top down modellingi a t  a l l .  I expected 
i t  t o  come up considering t ? e  pragmatic discussion 
t h i s  morning which s e t  the  s tage f o r  what i s  
e s s e n t i a l l y  a top down ana lys i s  of f i shery  systems. 
I a l s o  think t h a t  much of model i d e n t i f i c a t i o n  i s  
s t a r t i n g  t o  come around t o  a too down philosophy 
where we have an output signal and want t o  t r a c e  i t  
back through a black box. 

S i l v e r t :  You a r e  q u i t e  right. Tne process of 
system ~ d e n t i f i c a t ~ o n  involves a number of pro- 
cedures which can be described a s  top down. Top 
down modell~ng &as alscussed a t  ine  1979 S t .  
Jonnk  wortshop (Can. Spec. Pub1 . F ~ s h .  Aquat. SCI.  



59, ?982), and perqaps ke snould qave o~scussed ? t  
iiiore fully t h ~ j  time as well. 

Wurav,ski: The obvious conclusion is that managers 
are not going to buy bottom up philosophy models 
because there are a lot of paraweters that they 
have no intuitive feeling for in a lot of those 
models. If modeis are based on data that they 
have feelings for we can build on that. 

Sinclair: That brings to mind a point by Bob 
G'Boyle this morning, which is that we seem to 
be operating under the misconception that our ob- 
jective is to conserve the resource and maximize 
social and other benefits. Yet whenever the 
managers are faced with the reality that a quota 
is exceeded the first thing they do is allocate 
more fish. In the squid fishery when fishing days 
were exceeded they increased the allowance. 

Silvert: Is the problem that scientists are 
ignorant of management, or do they subscribe to 
a separation of function that not even the 
managers want? I have found in the past that the 
scientists want to provide advice but not to 
become involved in management. I suspect that many 
scientists do not feel comfortable looking at the 
management side of things. 

Atkinson: To carry this further, one reason that 
the scientists wish to be dissociated from 
management is that managers will often make politi- 
cal decisions that are in direct conflict with 
biological advice. 

Dickie: Isn't it a matter of time scales? It 
seems that biologists have got tnemselves locked 
into looking at particular time scales. There 
were two remarks today that interested me. One 
was by Steve Murawski who showed cluster analysis 
of years which seemed to fall together. This 
suggests that there are patterns of interactions 
among species which persist for periods of time 
and yet, almost all the analyses we look at tend 
to be year by year. Perhaps we are not looking 
at an appropriate time scale for a multispecies 
pattern. The other point was referred to by A1 
Pinhotn this mornirg which is that the groundfish 
are different from the pelagics, an observation 
which I have been hearing for years. Is this 
telling us something about temporal and spatial 
patterns which are important to the type of 
rnultispecies generalizations we wish to discuss 
in this workshop? 

Murawski: I agree that system identification is 
a three dimensional process, with time as one 
of the dimensions. 

Silvert: Some people have attempted to look at 
long time scales, for example using the fossil 
record. I believe these people are often viewed 
as oeing on the fringes. 
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THE SCOTIAN SHELF EXPERIENCE 



Fish Distr ibut ional  Pa t te rns  on t h e  Continental Shelf and Slope From Cape Hatteras  t o  t h e  Hudson S t r a i t  -- 
A Trawl ' s  Eye View 

R. Mahon 

Marine Fish Divis ion,  Bedford I n s t i t u t e  of Oceanography, P .O.  Box 1006, Dartmouth, Nova Scot ia ,  B2Y 4A2 

and E.J. Sandeman 

Northwest At lan t ic  F i sher ies  Centre, P.O. Box 5667, S t .  John ' s ,  Newfoundland, A 1 C  5x1 

Mahon, R .  and E.J. Sandeman. 1985. Fish Distr ibut ional  Pat terns on t h e  Continental Shelf and Slope From 
Cape Hatteras  t o  t h e  Hudson S t r a i t  -- A Trawl's Eye View. p. 137-152. In: R. Mahon red.] Towards t h e  
inclusion of Fishery In te rac t ions  i n  Management Advice. Can. Tech. Rep.-Fish. Aquat. Sci .  No. 1347. 

Trlis i s  a preliminary exploratory ana lys i s  of l a rge  scale  pa t te rns  of f i s h  d i s t r i b u t i o n  on t h e  
northeast  coas t  of North America. Data from about 13,000 groundfish survey trawl s e t s  made between 1970 and 
1980 were aggregated i n t o  two depth zones i n  91 bands along the  coast .  The depth zones were 50-200 rn and 
grea te r  than 200 rn. The bands were 30 naut ical  miles wide approximately normal t o  t h e  shelf  edge. Uithi n 
each depth zone bands were c lus te red  on t h e  bas i s  of presence o r  absence of 85 taxa of f i shes  using t h e  
Bray-Curtis dis tance index and Ward's c lus te r ing  method. Similar  r e s u l t s  were obtained i n  both depth zones. 
Major breaks occurred a t  the  t a i l  of t h e  Grand Banks of Newfoundland, i n  t h e  middle of the  Scotian She l f ,  
and i n  the  area of Nantucket Shoals. A t  lower l eve l s  of d i ss imi la r i ty ,  adjacent groups of bands again 
c lus te red  out and tended t o  correspond t o  topographic and hydrographic fea tures  i n  t h e  region. 

Introduct ion 

The ob jec t ive  of t h i s  preliminary exploratory 
ana lys i s  i s  to  look f o r  l a rge  sca le  pa t te rns  i n  
f i s h  d i s t r i b u t i o n  on t h e  e a s t  coas t  of North 
America and t o  consider t h e i r  re la t ionsh ip  t o  t h e  
topography and hydrography of the she l f  and 
slope. 

The underlying concept i s  t h a t  discont in-  
u i t i e s  i n  faunal d i s t r ibu t ion  might r e l a t e  t o  
functional d i s c o n t i n u i t i e s  between communi t i e s  o r  
ecosystems and thus provide some i n s i g h t  as t o  
where to  place boundaries f o r  management purposes, 
o r  i f  indeed t h i s  i s  even a reasonable th ing  t o  
do. 

Our approach to pa t te rn  seeking i s  t o  use 
c l u s t e r  ana lys i s  of f i s h  species  presence/absence 
data  aggregated i n  bands approximately normal to  
t h e  Shelf edge, 

edge. In t h e  region of Georges Sank, each band 
was divided i n t o  an offshore,  Georges Bank 
segment, and an inshore, Gulf of Maine segment 
(Figure 1). This divis ion was made in view of t h e  
topographic d i s t i n c t n e s s  of these  two regions and 
the deep water which separates  them. From the  
t a i l  of the  Grand Banks north t o  Cape Chidley t h e  
bands were para l le l  t o  t h e  l ines  of l a t i t u d e  a t  
30' i n t e r v a l s .  

The species  data were then aggregated t o  give 
frequency of occurrence of each species  i n  each 
band f o r  each of two depth zones; 50-200 m and 
greater  than 200 m. 

The occurrence matrices of speci es  i n bands 
were c lus te red  using CLUSTAN (Wishart 1978). The 
d i  s tances among bands and among speci es were 
estimated with t h e  Bray Cur t i s  i ndex: 

fS i n  i but  not j) + ( S  i n  j but not i )  

D i j  = (2  x ( t o t a l  S i n  i and j ) )  

Methods where S = number of species .  

The basic  data  f o r  t h i s  ana lys i s  were 
tow-by-tow catches fo r  a l l  U.S. and Canadian 
groundf i sh trawl surveys ca r r ied  out between Cape 
Hatteras  and Hudson S t r a i t  i n  the  period 1970-1980 
(Doubleday 1981). Only species  with 100 o r  more 
occurrences i n  the  e n t i r e  data s e t  were considered 
s u f f i c i e n t l y  abundant t o  be worth including i n  t h e  
ana lys i s .  This gave approximately 85 taxa of 
f i s h e s  (Table 1). 

To produce dendrogray ,  the  d i s tance  matr ices  
were sorted using Ward's method which combines 
t h e  two c l u s t e r s  whose fusion y ie lds , ,  t h e  l e a s t  
increase  in  the  e r r o r  sum of squares (Wishart 
1978). The e r r o r  sum of squares i s  the  sum of t h e  
dis tances from each individual t o  i t s  parent 
c l u s t e r .  

Resul ts  

The cont inental  shelf  from Cape Hatteras  t o  The number of tows was not uniform across  
the  t a i l  of t h e  Grand Banks of Newfoundland was bands, p a r t i c u l a r l y  in  t h e  shallow depth zone 
divided up i n t o  85 bands each 30 nautical miles where i t  peaked a t  about 330 tows then declined t o  
wide, lying approximately normal t o  t h e  shelf  the north t o  about 10 tows/band (Figure 2 ) .  



Furthermore, within each depth zone the  average 
deoth-per-tow tended to increase  i n  a northerly 
d i rec t ion  (F igure  3 ) .  Consequently, i t  may be 
des i rab le  t o  consider  narrower depth zones, but i n  
northern bands t h e  number of tows per band i s  
a1 ready 1 ow. 

In deep water,  species  r ichness  remains 
cons i s ten t ly  high, r e l a t i v e  t o  t h e  shallow zone, 
a t  from 8-12 species-per-tow (F igure  4 ) .  In 
depths of 50-200 m the average number of 
speci es-per-tow i s  highest  across  Georges Bank 
then decl ines s t e a d i l y  t o  j u s t  south of Flemish 
Cap where i t  increases rapidly over 5-6 bands then 
t a i l s  off again t o  the  north (Figure 4 ) .  The 
rapid increase i n  species  r ichness  corresponds to  
an increase i n  average depth per tow (Figure 3 ) .  
The i n t e r a c t i o n s  between depth, l a t i t u d e  and 
species  r ichness  remain t o  be sorted out. 

In Figures 5 and 6 a r e  some typical  species  
d i s t r i b u t i o n s  i n  r e l a t i o n  to  t h e  south t o  north 
gradient  of bands. But te r f i sh  and offshore hake 
a re  truncated t o  the  south, Greenland ha l ibu t  and 
northern wolff ish t o  t h e  north. Thorny ska te ,  
redf i sh  (Sebastes  spp. ) and common grenadier 
(marl i  nso- widely d i s t r i b u t e d  in  t h e  area 
covered by t h e  study. The types of d i s t r i b u t i o n s  
seen a r e  c o n s i s t e n t  with t h e  expected pa t te rns  
based on geographical ecological theory (MacArthur 
1972 1. 

Dendrograms show the  c l u s t e r s  of bands i n  
each depth zone (Figures  7 and 8). A c leaner  
r e s u l t  was obtained f o r  t h e  shallow zone than f o r  
the deep zone. In the former the  c l u s t e r s  of 
bands a re  f o r  t h e  m s t  p a r t  geographically 
contiguous. 

For each of the  two depth zones t h e r e  i s  a 
tivo-way t a b l e  of soecies  occurrence i n  bands 
(Figures  9 and 101 with bands ordered i n  t h e  same 
sequence as  i n  t h e  dendrograms and species  ordered 
i n  t h e  sequence generated by a c lus te r ing  of 
species  based on t h e i r  presence/absence i n  bands. 

Discussion 

Although t h e  ana lys i s  has been undertaken 
using the two depth i n t e r v a l s  50 m - 200 m and 
200 in, i t  should be emphasised t h a t  t h e  data a r e  
derived from bottom trawl surveys which a r e  
r e s t r i c t e d  to  t rawlable bottom. This means t h a t  
over much of t h e  a r e a ,  inshore data i s  lacking and 
t h e  reported ranges of species  occurrance w i l l  
sometimes appear r a t h e r  odd (e .g .  - cunner, which 
i s  commonly caught i n  t h e  harbours of the  southern 
par t  of t h e  e a s t  coast  of Newfoundland does not 
occur in  t h i s  offshore data  s e t  north of Band 23 
(Browns sank)). 

Though the  ana lys i s  was undertaken f o r  both 
the  c l u s t e r i n g  of bands on species  presence and 
t h e  c l u s t e r i n g  of species on presence i n  bands, i t  
i s  the former t h a t  contains most i n t e r e s t  from t h e  
point  of view of t h i s  worksho~ as  we attempt t o  
examine the d i s t r ibu t 'on  of f i s h  r e l a t i v e  t o  t h e i r  
environment. Thus, we wil l  focus t h i s  discussion 
on the forner ana lys i s  and consider  only the major 
c l u s t e r s .  The nu&er of major c l u s t e r s  seen i n  

each dendrogram wi l l  depend on t h e  level of 
d i ss imi la r i ty  considered. The level chosen can be 
q u i t e  a r b i t r a r y .  In t h i s  case l eve l s  of 2.5-5.5 
wil l  r e s u l t  i n  3 o r  4 c l u s t e r s  i n  each ana lys i s .  
We consider these t o  be d i s t i n c t  and wil l  r e s t r i c t  
our i nterpretaton to them. 

For t h e  50-200 m depth zone (Figures  7 and 
11) the  major groupings of bands are:  

a )  A southern group extendi ng from Cape Hatteras  
t o  Cape cod. 

b )  A southern central  group extending fran Cape 
Cod t o  t h e  Scotian Gulf i n  t h e  middle of t h e  
Scot ian Shelf ,  including the  Gulf of Maine and 
Georges Bank (ending a t  Band 24). 

c )  A cen t ra l  group extending through the  
remainder of t h e  Scotian Shelf across  t h e  
Laurentian Channel and down the  eas te rn  s ide  
of t h i s  channel t o  t h e  Tail of t h e  Grand 
Bank. 

d )  A northern group extending from the  Tail of 
t h e  Grand Bank northward Cape t o  Chidley. 

A t  the  t h r e e  group l e v e l ,  groups a and b would be 
combined. 

In t h e  depth zone g r e a t e r  than 200 m t h e  
four major groups (Figures  8 and 12)  are: 

e l  A southern group extending fran Cape Hat te ras  
t o  Cape Cod. 

f )  A south central  group extending f ran  Cape Cod 
t o  Sable Is land and including t h e  Gulf of 
Maine. 

g) A north central  group extending from Sable 
Is land t o  t h e  Laurentian Channel and down t h e  
eas te rn  s ide of t h e  channel t o  the  Tail of the  
Grand Bank. 

h )  A northern group extending frcm the  Tail of 
t h e  Bank northward t o  Cape Chidley. 

In  t h i s  case the  aggregation t o  t h r e e  major groups 
would combine f and g. Clearly,  a t  the four group 
level t h e  r e s u l t s  of the  analyses a r e  very s i m i l a r  
for  both depth zones, and we will  discuss them 
together. 

A fundamental conclusion, indicated by both 
analyses, i s  t h a t ,  on t h e  basis  of spec ies  
occurrance over some 24" of l a t i t u d e ,  t h e  major 
f i s h  faunal boundaries do not  coincide with deep 
water. Some of t h e  deep channels e.g. - t h e  
Laurentian Channel and t h e  Northeast Channel 
between Georges and Browns Banks, which one might 
i n t u i t i v e l y  think of as  major boundaries, a t  l e a s t  
f o r  t h e  shallow water species ,  a r e  r e l a t i v e l y  
unimportance i n  t h i s  respect .  Most of the  
following i n t e r p r e t a t i o n  of the  r e l a t i o n s  hip of 
c l u s t e r s  t o  oceanographic condit ions i s  based on 
f e a b r e s  which would be m s t  i n f l u e n t i a l  i n  t h e  
50-200 m depth zone. The c lose  correspondence 
between t h e  r e s u l t s  i n  t h e  two depth zones i s  a 
question requir ing f u r t h e r  consideraton, I t  coul d 
mean t h a t  t h e  inf luence of the oceanographic 



f e a t u r e s  i s  f e l t  a t  g r e a t e r  depths than we 
a n t i c i p a t e ,  o r  t h a t  there a r e  o ther  cor re la ted  
f a c t o r s  which we have not considered. 

In bath the  analyses a major boundary between 
c l u s t e r s  shows up a t  the  Tail of t h e  Grand Bank. 
In t h e  50-200 m analysis  the  northern group (Ta i l  
of t h e  Grand Bank t o  Cape Chidley) appears more 
s imi la r  t o  the central  group, whereas a t  depths 
g r e t e r  than 200 m t h i s  northern group appears well 
separated from the other  th ree  groups. 

Examination of the  two way tab les  i n  Figures 
10 and 11 and the  use of some imagination provides 
some i n s i g h t  i n t o  why the  bands c lus te red  i n  t h e  
way t h a t  they did. Attention is  drawn t o  t h e  
block pa t te rn ,  t h e  termination of many of t h e  
warm water species  i n  the area of t h e  Tra i l  of t h e  
Grand Banks ( a n g l e r ,  s i l v e r  hake, argent ine,  1 ong 
finned hake, e t c . )  and the  l imi ted  d i s t r i b u t i o n  of 
some northern species south and west of t h i s  point  
( rough headed grenadier,  round nosed grenadier 
i rock grenadi e r l l .  

I t  i s  not d i f f i c u l t  t o  understand why a 
b a r r i e r  f o r  t h e  shallow water species  e x i s t s  a t  
the  Tai l  of the  Bank. The whole area from 
Northern Labrador through t o  t h e  Eastern edge of 
t h e  Grand Bank i s  influenced by t h e  cold Labrador 
Current,  whereas the southwest edge of t h e  Grand 
Bank i s  much warmer, i n  general being influenced 
by incursions of s l  ope water over the  edge of t h e  
bank. In the  deeper water,  however, below t h e  
inf luence of Labrador Current,  and where t h e  
warmer water of Atlant ic  o r i g i n  provides 
r e l a t i v e l y  s t a b l e  temperature condit ions from 
Sable Is land t o  Northern Labrador (a1 b e i t  t h e r e  i s  
a small gradual decrease of I "  o r  2" C northward 
and t h e  cold intermediate  l ayer  extends deeper i n  
the  n o r t h ) ,  i t  i s  m r e  d i f f i c u l t  t o  understand t h e  
distribu:ional break. However, t h e  oceanographic 
regime on the  southwest edge of t h e  Grand Bank i s  
c e r t a i n l y  more variable  than t h a t  on t h e  Southeast 
edge of t h e  Grand Bank. 

Southwards, the  next major d iv i s ion  beween 
c l u s t e r s  in  both depth groups occurs i n  the  middle 
of the  Scotian Shelf .  A t  depths 50-200 m t h e  
break i s  t o  t h e  southwest of t h e  Scotian Gulf, 
whereas in  t h e  ana lys i s  of depths of g r e a t e r  than 
200 m i t  i s  i n  the v ic in i ty  of Sable Island. This 
i s  cons i s ten t  with f i n e r  s c a l e  analyses of the  
Scot ian Shelf by Mahon e t  a1 . ( 1984) and Mahon 
(19851 which show t h e  b E l Z i c a l  and environmental 
bas i s  f o r  t h i s  mid-shelf break, Basical ly ,  
incursions of warm s a l i n e  s lope water i n  the  
region of t h e  Scotian Gulf change the  hydrological 
c h a r a c t e r i s t i c s  of the water mass as  i t  moves 
south and west alons the s h e l f  (Hachev 1961: 
i4cLel l an  1954a, 195ib, 1955; Smith &z. 1978; 
Tri t e s  1982). 

Again i n  both cases, the  next major break 
occurs a t  Cape Cod. -aylor, Bigelow and Graham 
( 1957) have ooi nted out t h e  d i f fe rence  i n  
oual i t a t i v e  composition of t h e  f i s h  fauna from 
north t o  south around Caoe Cod i n  winter ,  and i t  
i s  not surpris ing tha: the  major break between 
c l u s t e r s  within Area A occurred a t  t h e  Marthas 
'iinyard-ijantucket Shoals area. Several authors 
nave noted a r a t h e r  abrupt d iv i s ion  be'ineen 

t m o e r a t u r e s  to  the e a s t  and west of Cape Cod 
(Bigelow 1933; Parr 1933; Davis 19791. Parr  
(19331, i n  p a r t i c u l a r ,  r e fe rs  to  the  co ld  water  
b a r r i e r  which develops i n  the  Cape Cod-Nantucket 
Shoals area during the  sumwr nonths and quotes 
biological evidence from t h e  summr d i s t r i b u t i o n  
of migratory species which c lea r ly  point  t o  t h e  
exi s tance of an e f f e c t i v e  temperature b a r r i e r  i n 
t h e  region of Cape Cod. 

The main differences betxeen t h e  deep and 
shallow analyses a r e  ( a )  the  exact posi t ion of t h e  
mid-shelf break di scussed above and ( b )  t h e  way i n  
which the groups a t  t h e  four group level combine 
a t  t h e  t h r e e  group leve l .  In t h e  deeper water ,  
the  mid-Scotian Shelf break i s  deemphasized a t  t h e  
t h r e e  g r w p  l e v e l ,  whereas, a t  sha l l  w e r  depths, 
t h e  Cape Cod break i s  deemphasized. Considering 
t h e  coarse level of spa t ia l  aggregation and t h e  
preliminary nature of t h i s  study we a r e  r e l u c t a n t  
t o  pursue t h e  i n t e r p r e t a t i o n  of these 
differences.  
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Table 1. Species and codes used i n  the analysis .  

Code Common Name ( S c i e n t i f i c  Name) 

4LE'n'IF 
AL :GAT 
4MPIDUB 
AMPLAC 

AMS HAD 
ANGLER 
ARCCOD 
ARCHOK 

ARGENT 
ARMROB 
ARPOUT 
ATLPCH 
ATWOLF 
BARCUO 
BARSKT 
BLF I SH 
BLKDOG 
BLUBAK 
BRI SKT 
BUTTER 
CAPL l El 
CODF I S 
CONGER 
CUh!NER 
CUSKFS 
DBSHAN 
FA'kUEL 
FBROCK 

4lewi f e  (w seudoharengus) 
41 1igaTorf i s h  ( i s  ido horoides sop. 
{iorthern sandla-dubius 
American p la ice  (Hi po lossoides 

a t e o i e  ?=-- 
American shad A osa sa idiss ima) 
Angler (Loohius americanus 
Arct ic  c w e g o a d u s  s a i d a )  
Arct ic  hookear sculpi n -die1 1 us 

uncinatus) 
Argentine (Argentina s i l u s )  
Armored sea robi n (Per i  stedion mini atum) 
Arct ic  eel  pout !L codes r e t i c u l a t u s )  
At lan t ic  sea p o a h g ? n u s  deca onus) 
At lan t ic  wolff ish (Anarh~chas  upus 
8arracudi na (Para1 e i s  spp. 

-rf- 
Barndoor s k a t d a e v i  s\ 
Bluefish f Pomatomus s m i x )  
Black dogfish (Centroscyllium f a b r i c i i )  
31 ueback herring (A1 osa a e s t i v r  
Br ie r  skate  (4aja -teria) 
Butterf i sh  (Pe r i l u s  t r i acan thus)  re--- Caoelin (Ma1 otus v ~ l  losus )  
Cod ( ~ a d u m  
conge- (Conger oceani cus 
Cunner ( Tautogol abrus adspersus) 
Cus k ( Brosme brosme l 
Daubed shanny(iurooenus macul a t u s )  
Fawn cusk eel (Le~ophidium cervinum) 
Fourbeard rockling iEnchelyopus cimbrius) 

Code Comnon Name ( S c i e n t i f i c  Name) 

FILFIS 
FRSPTF 
GRAYEL 

GREENH 

GRNEYE 

GULFFL 

HADDOK 
HALBUT 
HERING 
LFINHK 
LHSCUL 

LITSKT 
LUMFIS 
MAKREL 
MARLIN 
MLSCUL 
MULPRL 
NOR HAG 
NORROB 
NOWOLF 

OCPOUT 
OFFHAK 
POLLOK 
POSCUL 
RASHAN 
REDFIS 
REDHAK 
RNDHER 
ROCKGR 

ROSFI S 
ROSSKT 
RUFHED 
SANLAN 
SCUPFS 
SEABAS 

SEARAV 
SHPOUT 
SHSCUL 

SILHAK 
SMODOG 
SMOSKT 
SNBLEN 
SPIDOG 
SPINEL 
SPISKT 
SPOSKT 
SPOTHK 
SP WOLF 
STRROB 
SUIJtME R 
THOSKT 
LIHIMK 
WINDOW 
WI MTER 

- 
R o s e f ~ ~ o l e n u s  dac t  l o  t e i u s l  
f?nrot+o  c i a t o  i l i a < .  

- -_  - . _. *ourus berg1 
sin; 1 aiEe ( Ammodytes ameri c a n u F  
Scup (Stenotomus chryso s )  
Southern seabass Centro ri s t i s  

s t r i a t u s )  
T - 5  

C n a r n \ r o n  I U o r n i t r i n t a ~ ~ s  americanus) 
Z d ~ s  vahl i ) -- 

ephalus 

.,-%A* U . - a *  , S"...' C' . y r - i  

Shor t ta i l  eelpout  ( L J  - - - -  
Shorthorn sculpin (Myoxoc 

scoroi us 
~ i l v e ~ ~ e r l u c c i u s  b i l i n e a r i s )  
Smooth dogfish (Mustelus c a n i s )  
Smoth skate  (Raja senta)- 
Snake blenny ( G e x u m  retaeformi s 
Spiny dogfish ( 5 q u a i u s d  
Spiny eel (Notacant us w) 
Spinytai i  ska te  Raja s inicauda)  
Winter ska te  i R a : G e +  
Spotted hake ( E h y c i s  regius 
Spotted wolf f i h i c h a s - 1  
St r iped  sea robin 7 Prionotus evol ans) 
Summer f lounder  (Para l ich thys  den ta tus )  
Thorny skate  (Raja r a d i a t a )  
White hake (Urophysi s tenui s )  
Wi ndowoane (Scophthalmus aquosus) 
Winter flounder (Pseudopleuronectes 

americanusl 
WITCHF Wi tchflounder(Glyptocepha1 us 

cynogl osusl 
YACHON Vachon s eel pout (Lycodes esmarki ) 
YELLOW Ye1 1 owtail ( ~ i m a n d m g r  



Figure 1. The breakdown o f  the continental shelf and slope into bands within 
which se t s  were aggregated 
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Figure 2 .  The ( l og )  number of tows per band in each depth zone 
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Figure 9. The four major c lusters  of bands using the occurrence of f ishes 
a t  depths of 50-200 m 



Figure 10. The four major c lusters  of bands using the occurrence of f ishes 
a t  depths greater than 200 rn 



Figure 11. Two-way table o f  species occurrence in bands a t  depths of 50-200 m. 
The bands are  in the same order as the corresponding dendrogram, the 
species are in the order produced by clustering species on the i r  
occurrence i n  bands. 



Figure 1 2 .  Two-way table  of species occurrence in bands a t  depths greater t h a n  
200 n. Bands and species are  ordered using the same procedure as in 
Figure 11 
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Cluster  and discriminant analyses of summer groundfish trawl surveys (1970-1981) explore t h e  s p a t i a l  
and temporal pa t te rns  of groundfish d i s t r i b u t i o n  on t h e  Scotian Shelf .  This was done with a  view to 
evaluat ing the  a p p l i c a b i l i t y  of the assemblage region and assemblage production uni t  approach i n  t h i s  area.  
Year by year  ana lys i s  indicated a  high degree of consistency i n  t h e  groupings of s i t e s  and species. The 
s u i t e s  of environmental var iab les  which best  discriminated amng s i t e  groups were a1 so s imi la r  among years .  
In view of the  overal l  consistency among years ,  a  summary ana lys i s  was car r ied  out i n  which species  
abundances i n  sampling s t r a t a  were averaged over t h e  e n t i r e  time period. The overal l  p ic tu re  was t h a t  t h e  
Scot ian Shelf could be divided i n t o  a  number of assemblage regions with c h a r a c t e r i s t i c  species  composition. 
These could be useful i n  regulat ing by-catch with a  view to optimizing overall  catch. However, t h e r e  was 
i n s u f f i c i e n t  information on feeding t o  determine i f  t h e  species groups defined by the  c lus te r ing  procedure 
Here t rophica l ly  linked. Based on ava i lab le  information i t  appears unlikely t h a t  they would be r e l a t i v e l y  
d i s c r e t e  t rophic uni ts .  I t  i s  l i k e l y ,  though i t  remains untested,  t h a t  environmental preferences determine 
species  d i s t r i b u t i o n s  moreso than biological in te rac t ions .  

Introduct ion Dendrograms showi ng re1 a t ionsh ips  between: 

This paper reviews the temporal and s p a t i a l  
pa t te rns  of groundfish d i s t r i b u t i o n  on t h e  Scotian 
Shelf described by Mahon -- e t  a l .  (19841, and 
presents  a  f u r t h e r  summary analysis .  

The data  on which these s t u d i e s  a r e  based a r e  
the  research survey catches on t h e  Scotian Shelf 
and i n  the Bay of Fundy (Figure 1) f o r  the  period 
1970- 1981. The techniques used a r e  c l u s t e r  
ana lys i s  of s e t s  and species  and discr iminant  
ana lys i s  of c l u s t e r  groups of s e t s  using ava i lab le  
environmental var iables .  

The basic concept i s  t h a t  groupings of s i t e s  
and species  which a re  revealed i n  t h i s  way may be 
useful as management u n i t s  (Gabriel and Murawski 
1985). This may be in a  purely operational sense, 
a s  i n  attempting t o  deal with technological 
i n t e r a c t i o n s  (Murawski gal. 1983). 

Methods 

Full d e t a i l s  of the  methods will  not be 
presented here. For these see Mahon g a l .  1984. 
An overview of the procedures used i s  a s f o l l o w s :  

DATA PREPARATION 

S i t e  and species  se lec t ion  matching matrices of 

( a )  s i t e s  x species  
( b )  s i t e s  x environmental var iab les  

CLUSTER ANALYSIS AND ORDINATON 

klatrices of dis tances between: 

( a )  s i t e s  
i b )  spec ies  

( a )  s i t e s  
( b )  species  

Two-way t a b l e  of s i t e s  x species (shaded by 
abundance 1. 

Groupings of :  

( a )  s i t e s  
( b )  species  

DISCRIMINANT ANALYSIS 

Discrimination of s i t e  groups using environmental 
var iables .  

DISPLAY OF RESULTS 

Mapping of s i t e  groups i n  geographical space. 

Mapping of: 

( a )  s i t e s  (groups) 
(b  species  (groups i  nenvi ronmental space 

(discr iminant  axes) 

The numbers of individuals  per standard tow 
were used i n  estimating the  i n t e r - s e t  and i n t e r -  
species  distances. These were square roo t  
transformed t o  reduce t h e  inf luence of high 
values. 

The i n t e r - s e t  dis tances were estimated using 
the Zero Adjusted Distance index (ZAD). This i s  
based on a  Bray Cur t i s  index but c o r r e c t s  f o r  a  
number of undesirable propert ies  of t h a t  index 
(e .g.  ZAD does not become asymptotic when species  
turnover i s  complete; Z A D  reduces the  impact of 
nonmonotic species  d i s t r i b u t i o n s  in  r e l a t i o n  t o  
environmental gradients  ). 



The in te r - spec ies  dis tances were estimated 
using t h e  Bray Cur t i s  index with t h e  TWOSTEP 
modification of Austin and Be1 bi n (1962) and t q e  
s tep-across  approach of Wit l i  amson 11978 1. This 
i  qdex measures re1 a t i v e  habi t a t  preference r a t h e r  
than overlap for  each pair  of species. Basical ly ,  
r e l a t ~ v e  h a b i t a t  preference i s  estimated by 
loo t ing  a t  the way each member of a  pa i r  of 
species  r e l a t e s  t o  a1 1 o ther  species  i n  a  data  
s e t .  In c o n t r a s t  overlap i s  estimated by looking 
a t  t h e  way i n  which the  members of t h e  p a i r  r e l a t e  
t o  each o ther  d i rec t ly .  Therefore, members of a  
p a i r  may have very s imi la r  h a b i t a t  preference but  
overlap very l i t t l e  i f  they occupy s i m i l a r  
h a b i t a t s  and replace each o ther  i n  h a b i t a t  patches 
o r  geographical ly .  

Resul ts  

Year By Year 

The f indings of the  individual survey ( =  
y e a r )  analyses can be summarized as  follows: 

! ) Ti-rere was a  high degree of consistency among 
years i n  the spa t ia l  aggregation of s e t s .  
Figure 2 summarizes t h e  areas  which came out 
of the  c lus te r ing  of s i t e s  year a f t e r  year .  

Uhereas, these areas  can be i d e n t i f i e d  i n  each 
survey there  a re  changes from year t o  year  i n  
the i n t e r r e l a t i o n s h i p s  among them. For 
example, i n  some years  t h e  Sable Is land Bank 
area i s  most s imi la r  t o  the  Bay of Fundy but 
in others  i t  i s  most s imi la r  t o  the  nor theas t  
she1 f  area.  

2 1 The configurat ion of environmental var iables  
hhich resu l ted  from t h e  discriminant ana lys i s  
of s i t e  groups was very s imi la r  i n  a l l  years .  
The f i r s t  discriminant ax i s  usually accounted 
f o r  about 60-70"i of di scriminatory power. 
Depth, sediment p a r t i c l e  s ize ,  sediment 
s o r t i n g ,  and s a l i n i t y ,  i n  t h a t  order ,  had t h e  
highest  c o e f f i c i e n t s  on t h e  f i r s t  axis .  
Temperature and s a l i n i t y  were t h e  important 
var iables  on the second axis  which usual ly 
accounted f o r  a  f u r t h e r  25-30% of 
di scrimi natory power. 

3 )  The species  groupings which resu l ted  from t h e  
c lus te r ing  of species  were s imi la r  from year 
t o  year .  Consequently, an overal l  grouping 
was generated by c l u s t e r i n g  species  on t h e  
bas i s  of the proportion of years  i n  which they 
occurred i n  the  same species  group (Figure 
3) .  

4 )  The r e l a t i v e  pbsi t ions of the species  and 
species  groups i n  the  environmental space 
defined by t h e  f i r s t  two discriminant axes 
were highly s imi la r  from year t o  year .  

All Years Together 

The interannual consistency in the  r e s u l t s  
suggested t h a t  i t  would be reasonable t o  combine 
a1 1 summer surveys i n t o  a  s ing le  ana lys i s .  The 
scale  of the spa t ia l  pat terns which had emerged, 
and  the observation t h a t  depth i s  the  most 

important environmental var iable ,  suggested t h a t  
i t  would a l so  be reasonable t o  aggregate s e t s  
within the  survey sampling s t r a t a ,  which a r e  based 
on depth (Figure 4 ) .  

Therefore, a  summary c l u s t e r  ana lys i s  was 
performed using the  man catch-per-tow per s t ratum 
over a l l  years f o r  t h e  31 species  used i n  t h e  
previous analysis .  The c l u s t e r i n g  of s t r a t a  i s  
shown i n  Figure 5. An i n t e r p r e t a t i o n  of t h i s  
c l u s t e r i n g  has been mapped i n  Figure 6. There i s  
a  high degree of spa t ia l  aggregation of s t r a t a  
which c l u s t e r  together. In general,  s imi la r  
geographical pa t te rns  appear i n  Figures 2 and 6. 
The differences r e f l e c t  the  d i f f e r e n t  approaches 
t o  spa t ia l  and temporal aggregation of t h e  data  
and a r e  typical of t h e  ambiguity i n  t h i s  type of 
ana lys i s  (Gabriel and Murawski 1985). 

For pract ical  purposes a  more s p a t i a l l y  
coherent aggregation of s t r a t a  could be derived by 
r e f e r r i n g  back t o  t h e  matrix of in te r s t ra tum 
distances.  The decis ion to a1 l o c a t e  a  stratum 
i n t o  a  p a r t i c u l a r  c l u s t e r  r a t h e r  than another  
which i t  i s  c l o s e r  t o  s p a t i a l l y  may be predicated 
on small differences i n  t h e  c l u s t e r i n g  c r i t e r i o n .  
Consequently, real  loca t ion  of s t r a t a  f ran  one 
c l u s t e r  t o  another may often be reasonable 
depending on t h e  ob jec t ives  of t h e  study. The 
level of c l u s t e r i n g  a t  which groups a r e  defined 
wi l l  a1 so inf luence t h e  spa t ia l  pa t te rn ,  For 
example, i t  may be m r e  appropriate  t o  combine t h e  
areas  i n  black and green boxes i n  Figure 5. 

The two-way t a b l e  i n  Figure 7 shows t h e  
re la t ionsh ip  of species  abundances to  t h e  c l u s t e n  
of s t r a t a .  For example, t h e  r e d f i s h / s i l  ver hake 
species  group ( V I  11) i s  c lea r ly  s t ronges t  a9 ong 
t h e  s h e l f  slopes and i n  t h e  deep basins and 
adjacent  areas  in  t h e  central  she l f .  The longhorn 
sculpin/  yel lowtai l  group ( I )  i s  most prominent i n  
t h e  Bay of Fundy and i n  the  Sable Is land 
Banquereau Banks region. The northeast  of t h e  
shelf  i s  dominated by t h e  cod/plaice group (11) 
which overlap with t h e  longhorn yel lowtai l  group 
i n  t h e  Sable Is land;  Banquereau port ion of i t s  
range. The south- western, outer  edge of the  
shelf  i s  an area of mixed species  but i s  
character ized by high abundance of haddock, 
ha l ibu t ,  wolff ish,  and spiny dogfish. 

Discussion 

Any kind of 'mul t i spec ies '  s t r a t e g y  wil I need 
t o  consider  the  question of management uni ts .  
Many fac tors  e.g. species  d i s t r ibu t iona l  pa t te rns ,  
f l e e t  f i sh ing  pa t te rns ,  p r a c t i c a l i t i e s  of 
monitoring and surve i l  lance, wi l l  have t o  be 
considered in defining management uni ts .  Here, i n  
t h e  context  of a  scheme based on assemblage 
regions and a s s e d l a g e  production u n i t s  (Tyler  e t  
a1 . 19811, 1 will  consider  t h e  relevance of the- - 
present study to defining managment uni ts .  

Assemblage regions a r e  defined a s  
geographical areas  of r e l a t i v e l y  cons i s ten t  
species  composition. Within these  regions t h e r e  
may be one or more assemblage production un i t s  
(APUs) ; t rophical  ly linked groups of species. By 
analogy t o  the  s i n g l e  species  approach, an APU 



would be s i m i l a r  t o  a  species ,  h e r e a s  an 
assemblage region would be s imi la r  t o  stock 
nanagement a rea .  The basic  assumption i s  t h a t  
these uni ts  would be more funct ional ly d i s c r e t e  
tban s ingle  species .  Tyler e t  a l .  (1981) suggest 
t h a t  c ' u s t e r  ana lys i s  would E r v a l i d  way of 
defining assemblage regions and APUs. 

T a Z i n ~  the r e s u l t s  of the analysis  a t  face  
valge,  the  stratum groups could be in te rpre ted  as 
corresponding t o  assemblage regions and t h e  
species  groups as corresponding t o  APUs (Figure 
9 ) .  The two-way t a b l e  shows which species  groups 
a r e  most prominent i n  each stratum grout. Clearly 
i f  t h e  pat tern i s  predictable  i t  will a t  l e a s t  be 
useful in  planning s t r a t e g i e s  t o  deal with 
technological in te rac t ions .  However, i f  i t  i s  t o  
be useful in  dealing with species  i n t e r a c t i o n s  
  reda at ion, competition) then the  dynamics of t h e  
u n i t s  described must be more predictable  o r  
" b e t t e r  behaved" than the  individual elements 
comprising them. This ana lys i s  i s ,  the re fore ,  
only a  bas i s  f o r  the  f u r t h e r  study of the  dynamics 
of these un i t s .  

A t  t h i s  s tage ,  tnere  i s  i n s u f f i c i e n t  
Information on feeding t o  assess  whether t h e  
s x c i  es groups defined here have any functional 
s ign i f icance  i n  an ecological sense. The members 
of a  group could s i v l y  be responding to t h e  
anysical environment i n  the  same way, and i n  f a c t  
t h e  d i s t r i b u t i o n  of species means i n  t h e  
environmental space does not suggest t h a t  t h e  
groups a r e  r e a l l y  d i s t i n c t  e n t i t i e s .  

This observation takes us towards two 
quest ions:  1)  whet+er t h e r e  a r e  natural groups a t  
a l l  a n t  i f  indeed the  species  a r e  not s ~ m p l y  
d i s t r i o u t e d  a1 ong envirormental gradients ,  and 2 )  
how the  e f f e c t s  of sample and c l u s t e r  scale  
r e l a t i v e  t o  the  scale  of the  ecological processes, 
have influenced i n t e r p r e t a t i o n  of t h e  groupings? 
The f i r s t  question can be explored by carrying out 
s rad ien t  analyses.  I f  t h e  major environmental 
g r a d i e r t s  can be defined,  one could analyse the  
d ? s t r ? b u t i o n  of specles  qeans, and end points  on 
these ~ r a d i e n t s  t o  determine i f  the  species  were 
nonrandomly d i s t r ibu ted  along the gradient  ( see  
Cardiner and Haedrich 1978). The second question 
i s  nore d i f f i c u l t .  To begin with, a  trawl could 
c m b i n e  i n  one sample many species which may never 
encounter each other  under natural condit ions.  
i b e r e  i s  a l s o  t h e  s i t u a t i o n  of the  natural range 
of spa t ia l  scales  which may vary one or  two orders  
of magnitude. For examole, the  contrast ing 
d i s t r ibu t iona l  scales  of t h e  spiny dogfish and the 
winter  flounder on the e a s t  coas t  of North 
America. 

In conclusion i t  apDears t h a t  t h e r e  i s  a  
ae rs i  s t e n t  spa t i  a1 pat tern of groundfi sh 
d i s t r i b u t i o n  on the  Scotian Shelf .  This pa t te rn  
appears t o  be s t rongly influenced by t h e  physical 
environment, aerhaps much more so than by species 
i n te rac t ions .  The ex1 s tence of regions which a r e  
re1 a t ive l  y  homogeneous with regard to  species  
composition can be useful in  dealing with bycatch 
problems {Brodie 1985; Gabriel and Murawski 1985; 
S i n c l a i r  1985). Yoriever, we a r e  a t  a  very ear ly 
s tage  as regards d e f ~ l i n g  ecological ly based 
nanagement uni ts  iq  the a r e a ,  i f  indeed these  
e x i s t .  
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Figure 6 .  Dendrogram showing clusterinq of survey s t r a t a  
on the basis of abundance of s ~ e c i e s  averaged over 1970- 
1981. The stratum numbers correspond to those in Figure 4 
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4 brief overview of the Scotian Shelf oceanography is presented. Large-scale  att terns in sea 
surface temperature (SST) variabi 1 I ty in the Northwest Atlantic are examined using empirical orthogonal 
function (EOF) analysis. It is suggested that SST's are influenced both directly and indirectly by 
meteorological forcing. On the one hand, winter winds constitute a major direct influence, while on the 
other, river runoff with subsequent altered water column stability and the broad ocean gyres and meanders 
and rinas of the Gulf Stream provide indirect pathways. 

Introduction 

At a previous workshop of the Marine 
Environment and Ecosystem Subcommittee of CAFSAC 
on the "Fisheries Ecoloay of the Scotian Shelf'' 
+eld in October, 1951, a session was devoted to 
a discussion of physical oceanograohic features 
and orocesses on the Scotian Shelf and the 
oossible relationshios to biological events. It 
focussed on seasonal temoerature, salinity, and 
circulation patterns, the development and 
existence of fronts, and meteorological and 
offshore forcing mechanisms. During the past 
three years, research has continued to be 
focussed on the southwestern part of the Shelf, 
providing a better description and understanding 
of the mean and seasonal circulation (Smith, 
1983\, 3f the current response at the shelf 
Sreak to transient wiqd forcing IPetrie, 1983), 
and of t h ~  role plaved by tides in generating 
resilual currents (Greenberg, 1983). In this 
naoer presentation of the physical oceanography 
of the Scotian Sbelf is limited to a summation 
of the important forcing mechanisms. Attention 
1s focbssed on the large scale circulation 
pattern, the sea surface temperature variability 
in the Northwest Atlantic and the effects that 
the large-scale meterology may play on 
oceanography, both directly and indirectly. 

Scoti an She1 f Environment 

Low salinity water flows onto the Scotian 
Shelf from the Gulf of St. Lawrence through 
Gahot Strait. It 1s more than a tracer and 
aopears to be a major force drivinq the flow 
southwestward along the coast (Petrie, Personal 
Comm.) with n3xiqurn soeeds in the 0.05-0.15 m s-1 
range mainly confined to the inner third of 

the Shelf. Local freshwater discharge is low 
and is relatively unimportant to the Shelf 
dynamics. The pulse of low salinity water that 
is carried southwestward in the Scotian Current, 
reaches the Cape Sable area in the Movember- 
January period and is coincident with maximum 
transports. 

Meteorological forcing is important on at 
least two time scales. Seasonally the wind 
speeds are stronger in winter than in summer and 
there is also a significant change in prevailing 
direction. Both current meters and drifters 
confirm that seasonal changes occur in the 
circulation over the Scotian Shelf (at least in 
the surface layer). Wind forcina on a 2-10 day 
time scale is also very important on the Shelf; 
some of the more dramatic manifestions being 
coastal and shelf-break upwelling. Petrie 
(1933), using current meter data from an array 
of moorinas situated on the southwestern Scotian 
Shelf at its outer edge, and wind data from 
Sable Island, found that transient winds blowing 
parallel to the bathymetry and at moderate 
speeds, could induce upwelling at the shelf 
Sreak from depths of 400 m and with peak 
vertical velocities of about 2 mm s-l. The 
upwelling appears to be confined to within 10 km 
of the shelf-slope break. Both topograohy and 
stratification play important roles in 
determining the nature of the wind-induced 
responses. 

Two kinds of fronts influence the Scotian 
Shelf oceanography. The first del fneates the 
boundary between Shelf Water and Slope Water and 
i s ,  to a first approximation, parallel to the 
Shelf breat. Its position at the surface is on 
average more than 100 km offshore from the Shelf 



break but can vary by as much as 2 100 km in the 
ons+ore-offshore direction. The second kind, 
r ~ d a l  fronts, occurs seasonally and results from 
spatially vary-ng tidal currents. The front 
rarks the boulda-v zole betdeen areas where the 
tidal cbrrents are strong enough to mlx the 
tjater to near-homogeneity vertically and the 
surrodnding water that remains stratified. 
Altbough tbe physical mechanisms involved are 
different for the two kinds of fronts, both are 
areas where orimary oroduction is enhanced. 

Qffshore forcing, imposed by larqe-scale 
oceanic conditions, sets up oressure gradients 
along the Nova Scotia coast and appears capable 
of orodbcing currents of comparable magnitude 
and direction to the surface-layer circulation 
induced by freshwater (Csanady, 1979). 
Addit?onally, offshore forcing, arising from 
B ~ l f  Stream warn-core eddies interacting with 
the shelf water, occurs on time scales of weeks, 
and gives rise to major onshore and offshore 
excursions. Althouqh the full geographic extent 
of these excursions is not known, they are 
clearly imoortant on the southwestern Scotian 
Shelf and at least as far to the northeast as 
Emerald Bank. An indication of the time and 
soace scale that offshore forcing may operate on 
is evident in Figure 1. A laroe fraction of the 
surface laver of the southwestern Scotian Shelf 
a leave the shelf and subsequently be 
incor~orated into Slope Water. The time scale 
gf such "events" may vary from davs to weeks - 
comparable to that of the larva? phase of many 
qarine soecies. 

Snith (1978) estimated that the volume of 
Scotian Shelf water exchanged with off-shelf 
#later over a 2-month period in 1976 during one 
eddy in:sraction event vias of the order of 2 x 
103 kv3 and that on the basis of 6 events oer 
year would represent an offshore transport of 
1.2 x 104 kn3/yr. In terms of pure shelf water 
the amount was estimated at 0.5 x 104 km3/yr. 
Tnis would suggest that a volume equal to about 
half the mean ann1,al qeostroohic transoort 
sout+westward through the Halifax Section 
(Drinkwater, et & 1979) %ay be %-awn off the 
Shelf througheddy-shelf interactions. 

From time to time Slope Water penetrates, 
at depth, across the saddle between Emerald and 
LaHave Banks resulting in replacement or partial 
reolacement of the deep, warn, salty water in 
Emerald and LaHave Basins. Offshore waters have 
a more limited and less direct access to the 
basips in the northeastern Shelf area, with the 
result t?at the T-S o-operties of the basins are 
similar to those at intermediate depths in the 
Laurentian Channel. 

30th the circulat~on and distribution of 
prooerties are iqfluenced significantly by the 
topograohy: the effect of the coast nay be to 
oroduce ei tber uovell ing or downwe1 1 ing; 

upwelling may be ~nduced along the Shelf break; 
strong tidal flows over banks qay give rise, 
through tidal rectification, to mean flow around 
a bank with a "jet" located near the edge of tbe 
bank. For the Scotian Shelf, it apoears that an 
observable tidal rectification effect is likely 
confined to the %-owns Bank area where tidal 
currents are moderately strong. 

With respect to tem~erature and salinity 
properties, Scotian Shelf waters are derived 
principally from the outflowing waters from the 
Gulf of St. Lawrence and Slope Water augmented, 
at times, with a small quantity of Labrador 
Current Water flowinq directly across the 
Laurentian Channel from the Grand Banks. 
Although the T-S properties observed on the 
Halifax Section are customarily considered as 
representative of conditions on the Scotian 
Shelf, they in fact should not be considered as 
representative of more than the middle portion 
of the Shelf, siqce the "source" waters, the 
important driving forces, and the to~ography all 
vary markedly over the Shelf. 

Spatial and temporal variability must be 
kept clearly in mind when investigating 
physical-biological interactions, In many 
respects surface currents are as variable as the 
wind. Although temperature shows a clear 
seasonal cycle down to depths of convective 
cooling, some areas display a week-to-week 
variability comparable in magnitude to the year- 
to-year fluctuations in the monthly means. 
Caution must be exercised as well in assuming 
that conditions in one area of the Shelf applv 
even qualitatively to another area. Although 
long term trends (averages over several years) 
in sea surface temperatures tvpically do show 
close similarities over many hundreds of 
tilometers, averages over periods of a year or 
less may have limited areal coherence. In 
particular one must exercise orudence when using 
inshore monitoring sites (such as Halifax 
Harbour temperatures) to re~resent Scotian Shelf 
conditions. 

Figure 2 depicts an attempt to summarize 
visually a perception of the spatial variation 
in importance of the various oceanographic 
forcing mechanisms operative on the Scotian 
Shelf. Care, however, must be exercised not to 
overinterpret such a schematic. For example, 
although warm-core eddies have much more 
important influence on the southwestern Scotian 
Shelf than in the northeastern area, it should 
not be interpreted that the warm-core eddies are 
any more, or any less, important than the tides. 

Northwest At1 antic Environment 

Tbe aeneral surface layer circuiation in 
the nort+west Atlantic is shown diagrammaticallv 
in Figure 3. The Scotian Shelf is essentially 



embedded In southward -novinq coastal water. As 
the water loves sovthdard it qenerally becoaes 
r?roaressi\/el y viarqer and saltier by the action 
of solar +eating and mixing with offshore 
wate-s. Imoortant exceotions are tle freshening 
influences of tbe large discharge of lo!+ 
salinity water from H~dson Strait and the Gulf 
of St. Ladrence owing to the large rivers 
enter~nq these systems. Peak discharge from the 
Hudson Bay system is readily observable as a 
salinity minimum at Station 27, 10 km off St. 
John's, Newfoundland while the pulse from the 
St. Lawrence river system is traceahle from 
salinity through the Gulf of St. Lawrence and 
along the Scotian Shelf at least to the southern 
tip of Nova Scotia. 

The seasonal patterns of sea surface 
temoerature (SST) and its progressive changes 
slong tile continental shelf from Cape Hatteras 
to southern Labrador may be seen by examining 
Tiqures 4 and 5. Interestinqly, from about the 
Laurentian Channel southward the summer-winter 
6ifference is remarkably constant, except in the 
Gulf of Yaine area where increased tidal mixing 
diminishes t+e aapl i tude. From the Laurentian 
G+anwl rorthward the am~litude of the seasonal 
cycle diminisbes owing to ice formation and 
decreasinq solar heating. 

Examination of the standard deviation of 
tbe montilly ocean temperatures reveals values in 
the neighhourhood of 1°C are common and that a 
oeak of about 2% occurs at the time of maximum 
heati~q. Yonthly anomalies of above or below 
"norqal" temperatures often extend over a 
relatively larqe area and may oersist for many 
months (Fig. 6). Additionally, there is some 
indication of a tendency for temperature 
anomalies in the area from the Gulf of Maine 
northward to be out of ohase with those of the 
areas to the sout+. 

Grouoing SSTis into 25 areas (Fig. ?) ,  
covo~ting annual SST anomalies, and further 
s~oothing bv contouring only values greater than 

3.15oG sharpens the impression that the 
soutilern and northern areas, except for the 
LaSrador Sea-Gaoe Farewell region, tend to 
respond with opposite phase (Fig. 8). Changes 
In SST on geographic scales of a few thousand 
kiiometers, which may occur nearly 
si~ultaneouslv but may persist for many months, 
imply that the meteorology may be the large 
scale mechanism involved. This will be further 
addressed in the following section. 

Patterns in Sea Surface Temperature Yariabil i ty 

The relatively large SST data base 
("Marine Deck") allows studies of soatial and 
te-iooral variability and a search for oossihle 
relatio~shios wit9 other oaraaeters such as 
freshwater discharqe, air temoerature and 

pressure, and winds. The "Karine Deck", which 
is a set of weather and sea observations 
orincipallv collected from cooli~g water intakes 
of merchant ships and archived at the National 
Climatic Center, Asheville, North Carolina, was 
obtained for the northwest Atlantic (latitudes 
300M to 600N and west of 400W) from the time of 
earliest observation up to 1981. This data base 
has been orev~ously used by us to calculate 
monthly SST anomalies by squares and by fishing 
bank areas in an overview of conditions for the 
1970 - 79 decade jTrites,l952). More recently 
(Loucks and Trites 1984) we have undertaken 
further analyses by first grouping the data for 
selected areas. The areas, shown in Figure 7 
were chosen to include fishing banks and 
portions of large oceanograohic features such as 
the Gulf Stream, Labrador Current, etc. In 
addition to undertaking space-time plots of 
annual anomalies, spectral analysis, computat~on 
of variances, correlations among monthly 
anomalies and emoirical orthogonal functions 
(EOFis) by season, attemots are made to 
interpret the results in terms of wind effects, 
offshore forcing and river discharge. 

Over the 40-year period, 1940 - 1980, the 
annual anomalies of SST (Fig 9) show that the 
late 1940's and early 1950's was a period of 
above normal temperatures which persisted for 
several years and occurred throughout the entlre 
area. In the mid 1960's most of the area 
experienced below normal temperatures while in 
the last decade there has been a tendency for 
the northern and southern areas to behave in 
opposite phase (see also Figure 8) .  Figure 10 
shows the deseasonalized variance in (oc)~ of 
the monthly SST's over the period 1946 - 80. 
Four zones can be identified. (1) The Slope 
Water areas show the highest variances. The 
power spectra here have two peaks - a minor peak 
at two months and a major one at 12 months and 
greater. The high variability in the area is 
not surprising as warm core Gulf Stream rings 
with life spans tyoically of a few months form 
or move through the area, entraining cooler 
shelf water. The variance in this region may 
arise in large measure from a coabination of 
meteorological forcing and the effects of Gulf 
Stream meanders and rings. (2) The Labrador 
coast area shows approximately one-half the 
total variances of the Slope Water areas. The 
power spectrum values for the Labrador coast 
area are small at low frequencies but shows a 
strong peak at two months. ( 3 )  The coastal 
regions of the Scotian Shelf and the Grand Banks 
show intermediate variances - attributable, we 
conjecture, to a combination of h meteorological 
forcing and river runoff effects. ( 4 )  The Gulf 
Streaa and Sarqasso Sea areas show the least 
variance, the least anomalous and most regular 
SST signals. 

An EOF analysis has been aade of SST wit+ 
resolutions of 3 months and 130 to 1000 km. 



Fiqure 11 shows the first mode EOF pattern for 
winter. The first mode s h o ~ s  some sjmilarities 
in all seasons and explains 27 to 40% of the 
variance in the whole SST field. It represelts 
uniform increase (or decrease) in SST coherent 
over a larqe qeographic scale. The 
correspondin9 first-mode time series, spanning 
the period 1950 to 1950, has been regressed 
with seasonal geostrophic winds calculated by 
Yei th Thompson (Dal housie University, personal 
communication) for five positions along the 
seaboard. In winter as much as 452 of the first 
mode variance can be accounted for by the winds, 
(offshore wind anomalies are associated with 
negative SST anomalies) suggesting that winter 
winds may be one of the more important driving 
forces and that large-scale wind patterns may 
account, in large part, for the first-mode SST 
patterns. 

The pattern of eigenvector components for 
ti7e second mode EOF is similar in all seasons 
and exofa~ns 19% to 22% of the variance in the 
SST field. This mode shows peaks over the Grand 
Banks and Southern New England/Mid-Atlantic 
37ght areas -180 degrees out of ohase. A 
tent3tive interoretation based on preliminary 
results is that this mode is related to (and 
generated by) a similar second mode [modulation) 
iq the geostrophic wind field. 

Evidence for indirect pathways between 
meteorology and SST's (via river runoff) is 
provided in Figure 13 dhich indicates a positive 
correlat~on between the north component of 
oeostroonic dinds on the Scotian Shelf in 
winte-, and the anomaly of annual discharqe of 
the St. Lawrence River System (RIVSUM) in the 
same year. The spatial scale of weather 
5atterns is such that one might reasonably 
exoect anomalous winds on the Scotian Shelf to 
be associated with anomalous precipitation 
oatterns over the St. Lawrence drainage basin 
and In turn to affect subsequent freshwater 
d~scliarge in the rivers. The notion that 
freshwater d~scharge and offshore forcing may 
'lave common oarentage 'in winter meteorology) is 
supoorted in Figure 14. Winter temoeratures 
from the Western Slooe Vater area show close 
corresoondence w;tb RIVSUM from the previous 
spriqg. This surprisinq relationship suggests 
2n answer to the puzzling observation (Sutcliffe 
et al. 1976) that although SST anomalies are - -  
coherent and advectively linked down the 
4tlantic seaboard, vet positive temperature 
anomalies are associated with salinity mimima on 
the Scotian Shelf and salinity m a x i m a o f f N e w  
Enqland. If perturbations in the discharge from 
~ u i f  of St. Lawrence rivers and in temoeFatures 
of the Slooe Water have common oarentage in 
large-scale atmosoheric variability and if, 
m e r e  they meet in the vicinity of the Gulf of 
Yaine area, the temoerature anomalies are of the 
same sign, albeit arisinq via different 
circumstances, then the large-scale coherence of 
SST anomalies follows. Soecifically, the 
ev~dence su~gests that the winter meteorological 
~erturhatinn which produces hiq+ (low) soring 
fpes'7et ana higq (low) sumiler and alitii7in SST's 

alonq the Scotian Shelf also ~roduces enhanced 
(diminis5ed) influence of the Slope Water and 
therefore high (low) salinities toqether with 
hie+ (low) SST's in New Eqgland waters during 
the second winter. 

A schematic illustration that summarizes 
our ~mpressions that meteorological forcing is 
the primary driviqg force for SST's and t5at 
this meteoroloqical influence acts directly as 
~ e i l  as indirectly is shown in Figure 15. The 
direct influence is believed to be greatest in 
winter, the season of strongest winds (centre 
path Fig. 15). The indirect pathways involve 
1 ags. The left-hand path in Figure 15 
represents the seauence whereby a variation in 
winter winds accompanies a variation in snow 
accuvulation over the drainage basins of the St, 
Lawrence and Hudson Bay rivers, thus setting the 
staqe for a variation from normal in the spring 
freshet and in the summer and autumn SST's of 
coastal waters as re~orted by Sutcliffe et al. 
(1976). The right-hand path in Figure 15 is the 
more soeculative one. It is suggested that 
interannual variations in winter winds perturb, 
through the wind stress curl, the circulation in 
the qreat ocean gvres of the North Atlantic and 
that these oerturbat ions subsequently affect the 
SST's in the Slope Water region. 

At present we are seeking to express the 
variations in the SST field as a set of 
superimposed, propagating 'waves' of different 
frequencies; this is in contrast to the standing 
wave analysis of EOF's reported above, Using 
cross-spectra and 'complex' EOF's, we hope to 
trace the (direct path) meteorological 'wave', 
and the (indirect) river runoff and offshore 
forced 'waves' through the SST field. 
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Discussion Period 

Sandeman: How deep i s  t + e  inf luence of t h e  warm 
core eddy when i t  impacts on t h e  Shelf?  

T r i t e s :  Probably the  top 50 metres o r  so. 

Smith: Yes, however, when t h e  surface water i s  
drawn off  the  shelf  i t  i s  replaced by deeper 
4il;te- w%cb cclnes uo over t h e  she l f  edge 
oroviding w t r i e n t  f lux  t o  the she l f  water. 

Akeniead: I s  i t  ~ o s s i b l e  t h a t  some of t h e  
d i f fe rences  t h a t  Robin Mahon saw in s p ~ c i e s  
2sseqblages are  ~ a r a i l e ! e d  by the  vulnerability 
of c e r t a i n  banks t o  warq core r ings  (Banquereau 
ve-sus southwest Grand Bank)? 

S + t + :  Sixty f i v e  degrees west seems t o  be a 
preferred locat ion f o r  t h e  formation of these 
r ings  and present  knowledge i s  t h a t  they seem t o  
be t h e  r e s u l t  of hydrodynamic ins tab i  1 i t y  and/or 
sea mounts off Georges Bank. Consequently, they 
have t h e i r  g rea tes t  e f f e c t  on the  western end of 
t h e  Scotian Shelf ,  and g r a d i e n t s  in  the  
hydrodynamic propert ies  along t h e  Scotian Shelf 
show t h e  e f f e c t  of mixing in s lope water as  the  
flow aoves westward along the  s h e l f .  Our recent 
experieqce shows t h a t  i m ~ o r t a n t  cross-shelf  
exchange processes are  associated both with 
warwcore r ings  and wit+ wind-driven shelf  break 
upwelling i n  winter .  

Smit+: There i s  a natural  tlndency f o r  t b s e  
tyoes of vor t i ces  t o  propagate westward. 
Planetary dynamics require  t h a t  on a f l a t  bottom 
the  motion of the  r inqs  would have a net  
westward component. However, b a t h p e t r y  imposes 
a s i n i l a r  cons t ra in t  resu l t ing  In mean motion 
along isobaths in  a westward d i rec t ion .  In 
p rac t ice ,  t h e  r ings formed near 650W are  
observed t o  move westward between the  Gulf 
Stream and she l f  break u n t i l  they a r e  absorbed 
by t h e  stream. 

T r i t e s :  Could you comment on t h e  eddies off  t h e  
southwest Grand Banks region, we have much l e s s  
information about these eddies. They a r e  being 
formed f u r t h e r  e a s t  and do not appear t o  have as 
long a l i f e  span as those formed in the  65OW 
area. 

Smith: J u s t  t h a t  they are  a l so  orobably 
hydrodynamic i n s t a b i l i t i e s  of the  Gulf Stream. 
There has been some f i e l d  work and eddy 
resolving models show eddy formation s h o r t l y  
a f t e r  t h e  Stream leaves Cape Hatteras and then 
again a t  t h e  Tail of t h e  Sank or  some 
bathymetric f e a t u r e s  t h e r e  and turns northward 
inducing o ther  t r a n s i e n t  behaviour. I do not 
know t h a t  they a r e  more t i g h t l y  constrained by 
the  bathymetry and t h e  cur ren t ,  which seems t o  
control  t h e  l i fe t ime  of t h e  r ings which a r e  
formed t o  the  west a lso.  The natural  d i f fus ion  
within t h e  s lope water would take two or  th ree  
years  t o  get r i d  of large dynamical f e a t u r e s ,  
but more of ten  they a re  absorbed by another 
passing meander. 

Sandewn: Yhy d3 the  r ings go southwestward? 



F i g u r e  1 Maps showing s u r f a c e  the rmal  f e a t u r e s  f o r  weekly  p e r i o d s  i n  
1979,  e x t r a c t e d  f rom t h e  U.S. Naval Oceanograph ic  
Exper imenta l  Ocean F r o n t a l  A n a l y s i s  C h a r t s .  A ,  9-15 
September .  B, 23-29 September .  C, 14-20 O c t o b e r .  D, 21-27 
Oc tober .  (Key f o r  w a t e r  t y p e s :  SA = S a r g a s s o  S e a ;  ST = 
Gulf S t ream;  SL = S l o p e  Water;  SH = s h e l f  w a t e r ;  COLDSH = 
c o l d  s h e l f  w a t e r .  Approximate t r a j e c t o r i e s  o f  buoys f o r  
each  7-day p e r i o d  a r e  a l s o  shown).  



Figure 2 Schematic illustration of the spatial variations in 
importance o f  the various forcing mechanisms operative on 
the Scotian Shelf. 



Figure 3 Schematic i l l u s t r a t i o n  of surface  c i r cu l a t i on  f ea tu r e s  i n  
the  northwest At lan t i c  Ocean. 
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Figure 5 Plot of the mean monthly sea surface temperatures for the 
period March 1971-December 1980 for the 19 subareas along 
the coast. The upper number is the temperature in OC, and 
the lower is the number of years for which data were 
available, 
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Figure 7 Chart of Northwest Atlantic showing 24 areas over which SST 
observations have been averaged monthly. 
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Figure 8 Distribution of annual sea surface temperature anomalies in 
1972-83 by subareas (see Fig. 5 )  r e l a t ive  to  the means f o r  
the 1972-80 base period. ( A  "+" or a "-" symbol represents 
anomal ies  which exceed 0.150C, and a "."represents 
anomalies with a magnitude less  than 0.150C). Only 
anomalies exceeding 0.150C have been used in constructing 
the contours. 
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Figure 9 Space-time plot o f  annual SST anomalies over the period 
1940-1900. Stipled areas depict positive anomalies. 



Figure 10 Chart o f  the areas for  which SST's have been analyzed 
showing the variance of the part icular  SST signal 
(deseasonal ized version) i n  Celsius degrees squared. 



Figure 11 Chart showing eigenvector loadings for  f i r s t  mode EOF's of 
SST for winter. 
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Figure 13 Scatter diagram of the north component of Scotian Shelf 
geostrophic winds (in winter) (Thompson and Hazen, 1983) 
and anomaly of annual discharge of the St. Lawrence Rivers 
(RIVSUM) (Sutcliffe -- et a1 ., 1976) in that year. 



Figure 14 Plot of the St. Lawrence rivers' spring discharge and 
western Slope Water's SST the following winter using a 7 
point normally-weighted running mean. 



SURF 'ACE TEI 

ON CONTINENTAL SHELVES 

BIOLOGICAL 

Figure 15 A schematic illustration showing that SST's are influenced 
directly and indirectly by meteorological forcing -- the 
indirect pathways involving either river runoff and coastal 
waters' vertical stability or the broad ocean gyres and the 
meanders and rings of the Gulf Stream. 
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Detailed set-by-set commrcial f i sher ies  data col lected by fisheries observers on Canadian TC 4-6 o t t e r  
trawlers operating on the Scotian Shelf and Georges Bank in 1982-1983 were analysed with c lus ter  and 
discriminant techniques to define individual fishery units  suitable fo r  management purposes. In separate 
yearly analyses strong s imi lar i t ies  in  catch composition and location of the major f isheries were found. 
The Scotian Shelf f i sher ies  were dominated by single-species f isheries for cod, haddock, redfi sh and 
pollock. The northeast portion of Georges Bank was found to support a mixed cod, haddock, and pollock 
fishery while a mixed plaice, ye1 lowtail and cod fishery was found on the eastern Scotian Shelf. The 
commerci a1 fishery catches resembled underlying species assemblages in both species composition and 
1 ocation. 

Introduction 

Most groundfish f i sher ies ,  especially o t t e r  
trawl f isheries,  yield catch from more than one 
stock a t  a time. This i s  a c lass  of multispecies 
interactions referred to as technological 
i nteractions which are medi ated di rectly through 
fishing e f fo r t  causing m r t a l i  ty on more than one 
stock a t  a time (Anderson 1975). Technological 
i nteractons may a1 so lead to sub-optimal mortality 
levels  on the stocks involved (Paulik e t  a l .  
1967) or may lead to substanti a1 1 o s s e F i n y i  el d 
under single species quota management. To be 
effective fishery management regimes must consider 
these interactions.  The logical f i r s t  step i s  to 
develop robust definitions of individual fishery 
units .  

The existence of di s t inc t  species assemblages 
of dewrsal fish on continental shelves has been 
demonstrated (Gabriel and Tyler 1980, Overholtz 
1982, Mahon 1985). :ndi vidual fish species exis t  
in discrete populations. Population density 
varies through time and space and populations of 
different species overlap to varying degrees 
through time and space. Fishermen, on the other 
hand, exploit these assemblages with the objective 
of maximizing catch per unit effort .  They will go 
t o  specific locations where h i g h  catch rates of 
certain species are expected, and i f  these 
expectations are not met they move to  other 
locations. Therefore, as a working hypothesis, i t  
should be possible to define individual fishery 
units a s  concentrations of f ishing ef for t  which 
yie l  d catches of unique, homogeneous species 
composition and which exhibit s t ab i l i t y  in 
cmposi tion and 1 ocation re la t ive  t o  the 
underlying assemblage structure. Fisheries 
defined in t h i s  way would be suitable analytical 
units for investigating multispecies management 
options (Murawski e t  a l .  1983a). The objective of 
th i s  paper i s  to d s i =  the major f i sher ies  
exploited by Canadian offshore (Tonnage Class 4-61 
o t t e r  trawlers on the Scotian Shelf and Georges 
Bank in 1962-83. 

Cluster analysis has been used extensively to 
group s i t e  data based on s imi lar i t ies  in species 

compositions (Clifford and Stevenson 1975, Gabriel 
and Tyler 1980, Overholtz 1982, Murawski e t  a l .  
1983a, Mahon 1985). A discussion of t h e x i r t y  
of c lus ter  analysis in defining f i sher ies  
management units  has been prepared f o r  MEES by 
Gabriel and Murawski (1985). Two important points 
about the technique are worth emphasining here. 
F i rs t ly ,  the researcher may se lec t  the scale of 
fishery definit ion appropriate fo r  the  part icular 
management si tuation since there a re  no hard and 
f a s t  rules fo r  determining when t o  stop clustering 
groups. However, t h i s  characterist ic and the  
existence of a vast  array of methods of c lus t e r  
analysis may lead two researchers to completely 
different solutions when analysing the same data 
set .  Consequently the interpretations of r e su l t s  
of c lus ter  analysis must be accompanied by other 
substantive analysis. 

Methods 

Detailed set-by-set species catch composition 
(weight) and fishing ef for ts  (hours) for Canadian 
TC 4-6 o t t e r  trawlers for  the years 1982 and 1983 
fishing on the Scotian Shelf and Georges Bank were 
ob ta in4  from the Scoti a-Fundy Region Inter- 
national Observer Program (Kul ka and Wal dron 
1983 ). Only sets with complete position and time 
information and with no gear damage were selected. 
A total  of 6,195 individual se t s  met these 
c r i t e r i a .  Given the large sample s ize  some data 
reduction was required in preparation f o r  c lus t e r  
analysis. 

The catches of 7 s ~ e c i e s  were examined: cod. 
F -  > 

(Gadus morhua), haddock' (Melanogrammus 
a@l%Tinus),redf i sh f Sebastes sp. 1, pol 1 ock 
?Pol lachius virens 1, AEZ?%i-plaice 
( ippog o s s o W l a t e s s o i d e s  1, ye1 lowtail 
(;imand: ferrugi R m c h  (Gly tocephal us 
c m s u s ] .  These are  the $eve* 
species fished bv Canadians and resulated bv auota 

. , r  - 
in the area.  itch and effor t  data were 
aggregated by 10'  squares of l a t i t u t e  and 
longitude by month and catch rates of the seven 
species were calculated. Monthly plots of catch 



r a t e s  were examined to deterni  ne whether f u r t h e r  
aggregation by time period was appropriate. This 
revealed t h a t  four time periods could be used 
without masking seasonal t rends,  namely December- 
February, March-Play , June-August, and September- 
Idovember. 

Separate  c l u s t e r  analyses were performed f o r  
1932 and 1933 data. In 1982 the  f i r s t  season was 
only January-February and the  data  f o r  December 
1933 were not used, The cases used Mere 
determined as  seasonal catch composition ( 7 ,  of 
t o t a l  weight) by 10 '  square. Mean s e t  s t a r t  depth 
was a1 so ca lcu la ted  f o r  each case. By using a  
small geographic sca le  i t  was expected t h a t  depth 
var ia t ions  among s e t s  within cases  would be 
minimized. 

The CLUSTAN ana lys i s  package was used f o r  
c l u s t e r  analysi  s  (Wishart 1978). The Bray-Curti s  
d i s s i n i l a r i t y  c o e f f i c i e n t  was used i n  t h e  
procedure RELOCATE. This procedure began with an 
i n i t i a l  a l loca t ion  of cases t o  10 c l u s t e r s  
followed by a  s e r i e s  of scans &ere  each case was 
considered i n  tu rn  and i t s  s i m i l a r i t y  with each 
individual c l u s t e r  computed. I f  a  case was more 
s i m i l a r  t o  another  c l u s t e r  than i t ' s  own, i t  was 
relocated.  The cen t ro ids  of the  c l u s t e r s  were 
recalculated t o  account f o r  t h i s  change a t  the  
time of the switch. The population was repeatedly 
scanned un t i l  no ob jec t s  were relocated o r  un t i l  a  
maximum number of i t e r a t i o n s  had been c a r r i e d  out. 
Once a  local optimum was establ ished t h e  two most 
s i m i l a r  c l u s t e r s  were fused and the  cycle  
repeated. To t e s t  f o r  a  s u i t a b l e  solut ion t h r e e  
rad ica l ly  d i f f e r e n t  s t a r t i n g  a l loca t ions  were 
se lec ted .  A t  each cycle  t h e  r e s u l t s  of t h e  t h r e e  
analyses were t e s t e d  f o r  convergence. Convergence 
was taken t o  suggest t h a t  a  global so lu t ion  had 
oeen obtained. 

Following c l u s t e r  ana lys i s ,  case l a b e l s  were 
p lo t ted  on a  maD of the study area. In t h i s  way 
t h e  soa t ia l  homogeneity of the  c l u s t e r s ,  and thus 
t h e  f i s h e r i e s ,  cobld be examined. Comparisons 
dere a l s a  vade betdeen t h e  two yearly analyses to  
examine s t a b i l i t y  i~ catch composition and 
l  ocat ion.  

Following the d e f i n i t i o n  of f i s h e r i e s  using 
c l u s t e r  ana lys i s  the  re la r ionsh ip  between t h e s e  
f i s h e r i e s  and the  physical var iables  l a t i t u d e ,  
longi tude,  depth, season, and year was 
inves t iga ted  using discr iminant  ana lys i s  (Nie e t  
a l .  1975). Three separate  analyses were performed - 
and canpared, one f o r  1982, one f o r  1983, and a  
t h i r d  fo r  t h e  years  combined. 

Resul ts  

There were 567 and 632 cases in  t h e  1982 and 
1983 analyses respect ively.  Using three d i f f e r e n t  
s t a r t i n g  al locat ions of c l u s t e r s  there  was 
c o m ~ l e t e  convergence in  both years  a t  cyc le  6 when 
5 c l u s t e r s  remained. In the 1983 ana lys i s  
convergence between 2 d i f f e r e n t  s t a r t i n g  
a l l o c a t i o n s  occurred a t  cycle  3, whereas i n  t h e  
1982 ana lys i s  the  same 2 s t a r t i n g  a l loca t ions  
converged a t  cycle  5. Although convergence was 
not complete a t  cycle  4 ,  the  differences involved 

l e s s  than 10 cases. Cycle 4 ,  with 7 c l u s t e n ,  
gave an acceptable degree of convergence. 

The c h a r a c t e r i s t i c s  of the f i s h e r i e s  defined 
by c l u s t e r  ana lys i s  a r e  l i s t e d  i n  Table 1. The 
percent compositions of the  various f i s h e r i e s  a r e  
p4otted i n  Figure 1. The r e s u l t s  were very 
s imi la r  between t h e  two separate  analyses even 
though they were performed independently. In both, 
t h e r e  was 1 f i shery  with very l i t t l e  catch o r  
e f f o r t  d i s t r ibu ted  over two squares i n  1902 and 
seven in 1933. These f i s h e r i e s  were ind ica t ive  of 
very poor f i sh ing  condit ions and were not 
considered viable. In both analyses t h e r e  were 
four s ing le  species  f i s h e r i e s  dominated by cod, 
haddock, redfish and pol lock respect ively.  In 
each more than GO% of t h e  t o t a l  catch was of one 
species. Both analyses had a  mixed p l a i c e ,  
ye l lowta i l ,  and cod f i shery .  This will  be 
referred to  as  the  flounder f ishery.  In 1982 a  
mixed cod, haddock and pollock f i shery  was 
iden t i f i ed  whereas in  1983 a  mixed cod, haddock, 
redfish and pollock f i shery  was i d e n t i f i e d .  

Clus te r  l a b e l s  were plot ted t o  i n v e s t i g a t e  
the  spa t ia l  homogeneity of t h e  r e s u l t s  (Figures  2 
and 31. Adjacent squares of the  same f ishery were 
contoured t o  emphasize spa t ia l  pa t te rns .  A map of 
the  study area with the  common f ishing banks i s  
given i n  Figure 4. 

The cod f i shery  dominated depths l e s s  than 
200 m along t h e  edge of t h e  Laurentian Channel, 
Banquereau Bank, Middle Bank and eas te rn  Sable 
Is land Bank. Seasonally t h e  f i shery  varied 
considerably. In the  winter  months t h e  f i shery  
was concentrated along t h e  edge of t h e  Laurentian 
Channel. Cod f i sh ing  was a l so  observed a1 ong t h e  
northern portion of Banquereau and Middle Banks. 
In March-May t h e  cod f i shery  occupied t h e  eas te rn  
and western sect ions of Banquereau but did not 
occur i n  t h e  cen t ra l  portion. In 1983 t h i s  spr ing 
f i shery  a l so  extended t o  t h e  areas  south of Sable 
Is land.  In t h e  summr (June-August) t h e  cod 
f i shery  was l e s s  evident  but in  1983 i t  was 
observed on t h e  sou theas t  t i p  of Banquereau. in  
the  f a l l  t h e  cod f i s h e r y  i n  the  area was 
concentrated in  t h e  eas te rn  shoal area of 
Banquereau. 

The cod f i shery  was not evident on t h e  
cen t ra l  o r  western Scotian Shelf i n  any season, 
but i t  did occur on Georges Bank. Whereas, the re  
were r e l a t i v e l y  few squares c l a s s i f i e d  as  a  cod 
f i shery ,  they general ly  occurred along the  western 
portion of t h e  northern edge of the  Bank i n  depths 
l e s s  than 200 m and in t h e  period of June t o  
November. 

The haddock f i shery  was found t o  occur mainly 
on t h e  cen t ra l  and western Scotian Shelf  on 
Western, Emerald, Baccaro and Browns Banks. There 
were a l so  some cases on Georges Bank. The f i shery  
was s t rongly seasonal being a  major f i shery  during 
March-May on Western and Emerald Banks, and t o  a  
l e s s e r  ex ten t  on t h e  western Scotian Shelf i n  
December-February. Most of t h i s  i s  c losed t o  
f i sh ing  by o t t e r  t rawlers  during t h e  months of 
March-May. In the  period June t o  November t h e  
haddock f i shery  was spread d i f fuse ly  thrwghout  
t h e  Scotian Shelf.  On Georges Bank t h e  f i shery  



was found along the northeast peak and on the 
southeast edge of the Bank generally in deeper 
water than e i ther  the cod o r  pollock fisheries.  

The redfish fishery occurred a t  depths 
greater than 200 m along the edge of the Scotian 
Shelf and the edge of the Laurentian Channel. O n  
the Shelf, pockets of redfish fishing could be 
found for  the most part a t  depths greater than 150 
m. This fishery was carried out almost 
exclusively in the months of June to November and 
no cases were found on or  around Georges Bank. 

The pollock fishery was found mainly on the  
central and western Scotian shelf and Georges Bank 
although there were scattered cases on the eastern 
Scotian Shelf. In March-May of both years the 
pollock fishery was carried out between and to  the 
south of Emerald and LaHave Basins. During 
December-February there was a1 so a pol lock fishery 
on Emerald Bank. I t  i s  interesting tha t  in 
March-May of 1983 the pol 1 ock fishery was replaced 
by the haddock fishery in v i r tual ly  the same place 
on Emerald Bank. 

The flounder fishery was relat ively small and 
was found almost exclusively on Banquereau Bank in 
close proximity to  the cod fishery. In some 
squares both the flounder and cod f i sher ies  
occurred b u t  a t  different times. For the most 
part the flounder fishery cases were found on the  
perimeter of the major cod fisheries.  

In both years other mixed fisheries were 
found b u t  the species compositions of the 
f i sher ies  varied significantly between years. In 
1982 the fishery was dominated by cod, haddock and 
pollock soecies. The fishery consisted of 284 
se t s  spread over 54 squares, 184 of the se t s  and 
ssuares were on Georges Bank intermixed with the 
individual cod, haddock, and pollock fishery 
cases. This high level of ef for t  indicates t h a t  
t h i s  mixed fishery was commercially viable. In 
1983 the nixed fishery was less active with 29 
se t s  in 19 squares. The catch composition was 
d o ~ i  nated by four species; cod, haddock, redfish, 
and pol lock. The individual cases were spread 
throughout the study area. Given th i s  low level 
of fishing activity and the lack of spatial 
homogeneity i t  i s  not l ikely that  t h i s  was 
actual ly a viable individual fishery. 

The results  of the three discriminant 
analyses are given in Table 2. In a11 3 analyses 
more than 952 of the model variance was explained 
by the f i r s t  two discriminant functions. 
Consequently only these were used for 
c lass i f ica t ion.  

The standardized discriminant function 
coefficients indicated a similar ranking of factor 
importance in the 1982 and 1983 analyses. In the 
f i  r s t  discriminant function depth followed by 
season accounted f o r  over 75% of the variance. In 
the second function 1 ongi tude then lat i tude were 
the dominant variables. '&en a l l  the data were 
used in a third analysis a f i f t h  variable, year, 
was introduced. The same pattern in standardized 
coefficient  magnitude resulted with the f i r s t  
function being dominated by deoth and the second 
by longitude. The variable year made an 

insignificant contribution. Since the  resul ts  in  
a l l  three analyses were similar only the  combined 
analysis will be discussed further. 

A plot of discriminant functions 1 and 2 i s  
given in Figure 5 with the axis of the 5 variables 
used indicated. Clearly the redfish fishery 
(symbol 3 )  i s  separated from the others a1 ong the 
depth axis. Furthermore, the cod ( 1 )  and flounder 
( 6 )  f isheries dominated the lower longitudes. 
This corresponds to the eastern Scotian Shelf 
area. However there were some cod cases in  the 
higher longitudes, on Georges Bank. The haddock 
(21, pollock ( 4 )  and two mixed f isher ies  ( 7  and 8) 
are  found intermixed in low depths and mid to high 
1 ongi tudes. 

The overall level of correct c lass i f ica t ion 
resulting from the analysis was low a t  44.7% 
(Table 3).  The redf ish fishery was the best 
c lass i f ied  a t  75.4% due to the extreme depth of 
t h i s  fishery. There was a high degree of 
interclassif  ication between the cod and flounder 
f isheries with 47% of the cod f i shery cases being 
classif ied as flounder and 25% of the flounder 
fishery cases being c lass i f ied  as cod. However, 
for both f i sher ies  89% of the i r  respective cases 
were classif ied as being e i the r  cod or  flounder. 
This may be expected when one considers that  
together the cod and flounder f i sher ies  by f a r  
dominated the shallow regions of the eastern 
Scotian Shelf. 

The remaining four f isheries,  haddock, 
pollock and the two mixed f isher ies ,  were poorly 
classif ied by the physical variables. Both the  
haddock and pol 1 ock f i sher ies  had many cases 
classif ied as mixed f i sher ies  and the pol 1 ock 
fishery had the lowest percentage correctly 
classif ied.  

I t  was interesting to compare the 
discriminant function plots of the cod and haddock 
fishery cases (Figures 5 and 6) .  While fo r  the 
ent i re  analysis the level of correct  c l a s s i f i -  
cation was poor these two fisheries appeared in 
different portions of the plots. in the lower 
longitudes (Eastern Scotian Shelf the  cod fishery 
dominated and occupied a wide range of depths. In 
the higher longitudes (Georges Bank the  cases 
were a t  shallower depths. The haddock fishery, on 
the other hand, occurred from the mid Scotian 
Shelf t o  Georges Bank and there appeared to be a 
trend of increasing depth in a westerly direction. 
Dn Georges Bank the cod and haddock f isher ies  
appeared to be separated by depth. 

Discussion 

The analysis indicated the predominance of 
single species f i sher ies  for th i s  f l e e t  of vessels 
directed for  cod, haddock, redf i sh, and pol lock. 
These f i sher ies  were more heavily fished, had m r e  
consistent species compositions, and, with the 
exception of Georges Bank, had a higher degree of 
spatial homogeneity than the mixed fisheries. 
This may ref lec t  the ab i l i t y  of the fisherwrl t o  
select  areas of pure catch within assemblage 
boundaries rather than reflecting the true 
assemblage structure. In addition the smaller 



spec ies  which woiild be present  i n  an ana lys i s  of 
assemblage s t r u c t u r e  using research survey r e s u l t s  
would not appear i n  the  conmrc ia l  catches due t o  
s e l e c t i v i t y  of the  l a rger  meshed ccmmercial gear. 

The mixed f ishery cases  f ran  the 1982 
ana lys i s  were found mainly on Georoes Bank 
intermixed bwi t h  the individual cod, haddock, and 
pollock f ishery cases .  flurawski e t  a l .  (1983a) 
i d e n t i f i e d  t h i s  as  a mixed f i s h e r y a z a  f o r  cod 
14500), haddock ( 3 0 Z ) ,  winter flounder 
[Pseudopl euronectes americanus) ( 6 % ) ,  ye1 1 owtail 
(5%) and pollock ( 5 % )  from an ana lys i s  of U.S. 
commercial s t a t i s t i c s  from 1977 t o  1978. Catches 
of f l a t f i s h  species  by Canadian vessels  i n  t h i s  
area have t r a d i t i o n a l l y  been very low. Given the 
r e l a t i v e l y  poor spa t ia l  separat ion of t h e  
individual f i s h e r i e s  on Georges Bank i t  may be 
most appropriate ,  f o r  management purposes, t o  
c l a s s i f y  a l l  f i sh ing  in t h i s  area by Canadian 
offshore vessels  a s  mixed cod, haddock, and 
pol 1 ock. 

The mixed cod, haddock, redf i sh  and pollock 
f i shery  iden t i f i ed  i n  t h e  1983 ana lys i s  had 
r e l a t i v e l y  few s e t s  and a low overal l  catch r a t e .  
As such i t  i s  not l i k e l y  t h a t  t h i s  was a viable  
corn~ercial  f ishery.  

Seasonal pat terns were apparent i n  the  
ana lys i s .  In the months of December-May t h e  
sbal low water f i s h e r i e s  on t h e  Scotian Shelf were 
highly aggregated. In the  summer months these  
sane f i s h e ~ i e s  were not as  well defined possibly 
ind ica t ing  the  dispersion of schools un t i l  
d e n s i t i e s  were not c m w r c i  a1 l y  a t t r a c t i v e .  A t  
the  same time f i s h i n 9  on Georges Bank and i n  t h e  
deeo areas  a1 onS the Shelf edge was heavy. In the 
f a l l  t h e  f i s h e r i e s  on t h e  eas te rn  Scotian Shelf 
began t o  reform while f i sh ing  i n  deep a reas  and on 
Georges Bank continued. 

The discr iminant  ana lys i s  indicated t h a t  
deatb f o l l  owea by longitude were the  most 
lnoor tan t  of tile ohyslcal parameters invest igated.  
The redf i sh  f i shery  was separated from t h e  o thers  
along tne  degth ax is ,  whereas the  cod and flounder 
f i s h e r i e s  iwere separated from the  o ther  shallow 
water f i s h e r i e s  a1 ong the  1 ongi tude axis .  However, 
the re  was l  ow overall discr iminat ing power 
associated with the  physical oarameters. This may 
be due in par t  t o  the method of c l a s s i f y i n g  the  
cases r a t h e r  t 4 a ~  t o  high variance i n  t h e  data .  
The discr iminat ing function i s  a l i n e a r  
conbination of parameter values. However t h e  
d i s t r i b u t i o n s  of sore of the  f i s h e r i e s  along t h e  
major axes, depth and longi tude,  were bimodal. 
i o r  example, the  cod f i shery  was found a t  the  ends 
of longi tude a x i s  but not i n  the  middle. 
Consequently, while the geographic loca t ions  of 
t h e  individual f i s h e r i e s  may be s t a b l e  from year  
t o  year  the discriminant ana lys i s  i s  not very 
e f f e c t i v e  a t  predict ing the  type of f i shery  given 
the  same physical data. 

The r e s u l t s  of t h i s  ana lys i s  general ly  
supported the hypothesis t h a t  individual f i shery  
u n i t s  could be defined based on s i m i l a r i t i e s  i n  
catch composition and t h a t  the  catches would 
ref1 e c t  stab-ili  ty i n  com~os i  t ion  and 1 ocation 
r e l a t i v e  t o  the underlying assenblage s t r u c t u r e .  
There were considerable s i m i l a r i t i e s  in catch 

canposition of the major f i s h e r i e s  b e b e e n  years  
(Figure 1 )  and there  was a high degree of s p a t i a l  
homogeneity of the f i shery  cases, both within 
seasons and between years  (Figures  2 and 3 ) .  By 
using a small geographic u n i t  f o r  data  
aagregation, the 10 minute square, these  
boundaries were defined on a f i n e  sca le .  These 
r e s u l t s  agree with t h e  assemblage s t r u c t u r e  of t h e  
Scotian Shelf prooosed by tiahon (1985) in  terms of 
both cmpos i t ion  and locat ion.  In h i s  study 
redf i sh  were found i n  a species  grouo wnich 
occupied t h e  Shelf edge and the  deeper waters of 
the  central  Shelf.  On the  eastern Scot ian Shelf a 
cod, p la ice ,  thorny skate  group was iden t i f i ed  
while haddock was found in a group which occupied 
the  western and c e n t r a l  Scotian Shelf .  He a l s o  
found a high degree of consistency among years  i n  
the  spa t ia l  aggregation of individual s e t s ,  and 
species  qroupings which were s i m i l a r  f ran  y e a r  t o  
year. Given t h i s  apparent s t a b i l i t y  of t h e  
Scotian Shelf assemblages and t h e  precis ion of 
set-by-set commercial data ava i lab le  from the  
internat ional  Observer Program t h e  c m p o s i t i o n  and 
locat ion of major commercial groundfish f i s h e r i e s  
i n  t h e  area should be predictable .  

Fishery uni ts  defined on a f i n e  spa t i  a1 s c a l e  
and on t h e  b a s i s  of ho~!ogeneity of catch 
composition have d e f i n i t e  advantages fo r  
management. While management ob jec t ives  may be 
or iented toward individual  species  t h e  desired 
e f f e c t s  can only be a t t a i n e d  by control l i  ng t h e  
relevant  f i s h e r i e s .  tdanagement masures  such a s  
catch quotas, by-catch l i m i t s ,  closed areas ,  and 
seasons a r e  s e n s i t i v e  to  var ia t ions  i n  species  
canposi t ion and the  loca t ion  of t h e  t a r g e t  
f i s h e r i e s .  Linear programming analyses of 
techno1 ogical i n t e r a c t i o n s  require  input  data  
which accurately r e f l e c t  t h e  species  composistions 
of individual f i s h e r i e s  (Murawski e t  a l .  1963b). 
From the  perspect ive of f i s h e r i e s  monitorin2 t h i s  
ana lys i s  ind ica tes  t h a t  i t  may be possible  t o  
iden t i fy  t h e  s p e c i f i c  f i shery  a vessel i s  engaged 
i n  based only or the  1 ocation of the  vessel .  
Considering these f a c t o r s  f ishery def in i t ion  
becomes the  logical  f i r s t  s t ep  i n  f i s h e r i e s  
management. 
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Discussion Period 

O'Boyle: iiow many d i f f e r e n t  p o r t s  do the vessels 
s a i l o m  and i f  you look a t  the  d i f f e r e n t  f l e e t s  
do  you * ~ n d  them doing di f f e r e n t  things,  f o r  
example, the  Canso f l e e t  as  compared t o  t h e  
Lunenburg f l e e t ?  

S i n c l a i r :  There a r e  about f i v e  ports  and th ree  
conpanies involved. In general the area f ished on 
t h e  Scot ian Shelf i s  not re la ted  to  t h e  por t  of 
s a i l i n g  for  t h i s  type,of  vessel.  For the  smaller 
v e s s e l s ,  l e s s  than 65 , i t  i s  a d i f f e r e n t  s to ry .  

Elurawsk-: : couldn ' t  r e s i s t  the  t e m ~ t a t i o n  to 
take your map f ran  the summer period and put i t  
alongside the  map from Mahon's paper. There a r e  
some i n t e r e s t i n g  s i m i l a r i t i e s .  I f  you f i l t e r  out 
t h e  noncommerci a1 species ,  the re  a re  simil a r  s i t e  
groups. P a r t i c u l a r i l y  t h e  redf i sh  complex which 
1 i e s  along the shelf  edge and comes i n  t h e  middle, 
deeoer, p a r t  of t h e  she l f .  What i s  not defined 
very well i n  t h e  commercial data i s  t h e  cod, 
thorny skate ,  p l a i c e  compl ex off  the  northeastern 
she l f  because there  were no f i sh ing  t r i p s  t h e r e  i n  
t h a t  period. However, t h e r e  a r e  some s i m i l a r i t i e s  
which begs the question as to whether t h e r e  a r e .  
some cwplexes  of in te rac t ing  species which a r e  
exploi ted as  such. 

S i n c l a i r  - The ana lys i s  of commercial catches had 
a number of differences from t h e  ana lys i s  of 
survey data. The species  used i n  t h i s  a n a l y s i s  
were those for  which t h e r e  a r e  catch quotas. 
Therefore, species  such as  skates  and sculpins 
were not used and t h e  f i s h e r i e s  species  
canpositions were much purer than t h e  assemblage 
compositions. Also the  commercial gear does not  
s e l e c t  the  smaller individuals ,  e f f e c t i v e l y  
removing them from t h e  catch. The fishermen a l s o  
seen t o  be able  t o  s e l e c t  areas of r e l a t i v e l y  plrre 
catch. So, in  answer t o  your quest ion,  fo r  the  
most p a r t  t h e  f i s h e r i e s  I have defined s e a  t o  be 
s ing le  species  f i s h e r i e s .  Two mixed f i s h e r i e s  
were defined,  one f o r  f lounder  and cod, and one 
for  cod, had doc^ and pollock. These species  would 
then be involved in s i g n i f i c a n t  technological 
in te rac t ions .  That leaves the  question of 
biological in te rac t ions  wnich were not rea l ly  
s tudied here. 

Murawski: Another question i s  what we would see  
i f  the re  were survey data on a seasonal bas i s  
r a t h e r  than j u s t  f o r  t h e  sumcler. 

Mahon: A major di screpency i s  i n  t h e  haddock 
m r y  in t h e  middle of the  she l f .  This i s  a 
winter/spring f i shery  and we do not see  i t  i n  t h e  
summr survey s ince by t h a t  time the  haddock a r e  
more spread out. 

Rice: I agree t h a t  your discr iminant  ana lys i s  nay 
m e  the  appropriate  tool .  However, i t  woul d be 
very useful t o  predict  what the  f i shery  i s  going 
t o  encounter i n  a given area based on 
c h a r a c t e r i s t i c s  of a place,  such as  water 
temperature and depth. I t  might be more useful t o  
di x r i m i n a t e  between areas  of low o r  no abundance 
and a reas  of high abundance f o r  each f i shery  
r a t h e r  than t o  attempt t o  discr iminate  b e k e e n  
f i s h e r i e s  which have been defined a f t e r  t h e  f a c t .  

S i n c l a i r :  Often h e n  we analyse catch and e f f o r t  
data we face the d i f f i c u l t y  of def ining h a t  t h e  
d i rec ted  species  of the  t r i p  was. We do t h i s  
basical ly  by looking a t  t h e  catch. When i n  f a c t  
the  fishermen, ~ a s e d  on experience, go to  areas  
they know wil l  give them what they want. 

Rice: So i t  i s  not a d i f fe rence  between cod and 
m o c k  and pollock. I t  i s  a d i f fe rence  bet ieen 
cod and where they a r e  not or haddock and h e r e  
they a r e  not. Analysi ng i t  t h a t  way could make 
the  problem a l o t  more t r a c t a b l e .  

Sandeman: A n  important point here i s  t h a t  t h e s e  
a r e  l a rge  vessels  f i sh ing  f o r  spec i f ic  markets. 

S i n c l a i r :  Yes, t h e i r  f i s h i  ng s t r a t e g i e s  a r e  of ten 
very species  s p e c i f i c ,  o f ten  d ic ta ted  by the  
company. 

McKone: They a r e  even i n  radio contact  and t h e  
company could be c o n t r o l l i n g  t h e  catch composition 
on a da i ly  basis .  

Kerr: On  a d i f f e r e n t  t o p i c ,  i s  t h e r e  a d i f fe rence  
m e m p e r a t u r e  between t h a t  eas te rn  and western 
l i n e  t h a t  separates  cod and haddock? 

Mahon: Yes, there  a r e  d i f fe rences  i n  temperature 
a n d a l i n i t y  and the  d e t a i l s  of t h i s  a r e  discussed 
in the  paper by Mahon and Sandeman. 



Table 1. Charac te r i s t i cs  of the  f i s h e r i e s  defined by c l u s t e r  ana lys i s  of catch composition f o r  1982 and 
1983 observed t r i p s  on Canadian TC 4-6 o t t e r  t rawlers .  

No. 110. Hours % Composition Total 
Fishery Cases Sets  Fished Cod Had Red Pok ? l a  Ye1 Nit Catch ( t )  

1982 

Cod 181 1165 2275 85.6 3.3 .7 3.3 1.6 1.3 - 3  4015 
Had 125 609 1460 6.6 85.5 1.3 3.7 .1 -1 .1 1501 
Red 64 160 355 3.0 1 .3  86.2 5.2 1.0 . 3  .1 347 
Pok 106 513 1091 5.5 6.0 2.2 85.1 0 0 0 1844 
Fl x  33 135 337 18.7 .7 1.0 .1 36.5 23.9 11.9 27 9 
Mix 5 6 284 615 45.6 26.5 .2 21.8 .1 .1 .1 47 9 

0 2 2 5 6.3 3.7 0 0 2.5 0 3 0 

1983 

Cod 231 1635 3889 86.5 2.8 - 5  3.0 1.2 1.6 .2 51 10 
ii ad 116 342 826 7.9 80.7 .6 4.9 .3 .2 .2  554 
Red 147 495 1378 2.7 .5 91.3 1.7 .6 .1 .1 1104 
Pok 81 414 951 5.9 2.9 1.4 88.2 .1 .1 3 151 5 
Fl x  3 1 9 7 253 20.9 .3  .9 -5  28.3 13.1 2.2 151 
i"! i  x  19 29 5 9 10.7 23.1 32.1 12.2 1.3 .3 1.5 35 
0 7 11 27 17.1  .5 0 1 , 3  1.1 0 8.6 13 

Table 2. Results of discriminant ana lys i s  of c l u s t e r  def in i t ion  using physical parameters l a t i t u d e ,  
longi tude,  season, depth and year .  

Standardized Discriminant Function Coeff icients  
1 9 8 2  1 9 8 3  Years Combined 

Variable Function 1 tunc t ion  2 tunct ion 1 funct ion 2 Function 1 Function 2 

Lati tude -. 12 -. 29 .05 -. 24 -.02 -. 25 
Longitude -.35 .75 .05 .82 -. 12 .79 
Season .41 .10 .46 -.07 .43 -02  
Cepth 1.00 .06 .95 .09 .96 .10 
Year .10 -. 12 

Cunujative Z 
o f  variance 69.04 

Table 3. Class i f i ca t ion  r e s u l t s  of di scriniinant ana lys i s  using l a t i t u d e ,  longi tude,  depth, season and 
year .  

Percent of Actual Fishery i n  Predicted Group 
Acutal  Fishery No. of Cases Cod Had Red P ok F l  x M82 H83 

Cod 412 42.5 1.0 1.0 0 47.1 8.0 .5  
Haddock 241 13.7 42.3 0 7.1 1 .7  23.2 12.0 
Pedfi sh 211 .9 0 75.4 4.3 8.5 1.9 9.0 
Pol lock 18 7 7,5 18.7 2.1 16.0 9.6 26.7 19.3 
Flounders 64 25,O 4.7 3.1 3.1 64.1 0 0 
Hixed 82 56 12.5 19.6 0 5.4 1 .8  35.7 25.0 
Mixed 83 19 5.3 0 10.5 0 15.8 42.1 26.3 

- -- 

Overall Correct C l a s s i f i c a i t o n  = 44.7 
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F i gu re  3. P l o t  o f  c l u s t e r  l a b e l s  r e s u l t i n q  f rom t h e  a n a l y s i s  o f  spec ies compos i t ion  i n  t h e  
catches o f  Canadian TC4-6 o t t e r  t r a w l e r s  i n  1983. C = cod, H = haddock, R = r e d f i s h ,  
P = p o l l o c k ,  F = f l ounders ,  2 = mixed. 



Figure 4.  ivlap of the Scotian Shelf indicat ing common bottom f e a t u r e s  
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Fiqure 5. Discriminant f u n c t i o n  p lo t  of a l l  cases  used i n  t h e  combined years  
discr iminant  ana lys i s .  



Figure 6. Discriminant funct ion p l o t  of only cod f i s h e r y  cases ,  
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F igu re  7 .  D i s c r i m i n a n t  f u n c t i o n  p l o t  o f  o n l y  haddock f i she r y  cases 
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I examined recruitment t i n e  s e r i e s  based upon VPA analyses f o r  20 s tocks from the  Labrador Sea t o  
Georges Bank, 15 of which were cod, haddock, and herr ing.  Correlat ion and principal  component analyses (PCA) 
using t h e  log-transformed data  indicated recruitment was s t rongly  cor re la ted  within species  and, i n  cod and 
haddock i n  p a r t i c u l a r ,  on la rge  s p a t i a l  sca les .  There was no indicat ion of heightened c o r r e l a t i o n s  ( i  .e. 
mu1 t i - s p e c i e s  i n t e r a c t i o n s )  among stocks within loca l ized  areas .  Temperature, s a l i n i t y ,  and wind da ta  were 
examined and s i m i l a r l y  showed large-scale  v a r i a b l i l i t y .  Regression analyses indicated recruitment t o  cod, 
haddock, and herr ing s tocks was general ly  pos i t ive ly  r e l a t e d  t o  s a l i n i t y  and negat ively r e l a t e d  t o  S t .  
Lawrence River runoff.  Recruitment t o  cod and haddock stocks tended t o  be s i g n i f i c a n t l y  r e l a t e d  t o  cool 
condit ions around the  Grand Banks and warm condit ions from t h e  Gulf of Flaine south. Cod and herr ing re-  
cruitment was associated with southerly winds o f f  the  Scotian Shelf as  well .  The pos i t ive  r e l a t i o n s h i p  
between f i s h e r y  recruitment and s a l i n i t y  i s  cons i s ten t  with our present  understanding of f a c t o r s  regu la t ing  
 product?^; t y  i n  northwest At lan t ic  she l f  waters, whose primary sources of n u t r i e n t  a r e  from r e l a t i v e l y  
s a l i n e  water masses (e.g. t h e  s lope water) .  These r e s u l t s  ind ica te  large-scale  c l  imatic forcing predomi- 
nant ly regu la tes  recruitment t o  most north-west Atl a n t i c  f i s h  s tocks,  possibly through regulat ion of pro- 
duction a t  t h e  base of t h e  food chain. These r e s u l t s  point t o  t h e  p o s s i b i l i t y  of modelling la rge-sca le ,  
low-frequency f luc tua t ions  in  cod and haddock recruitment based upon regressions with dominant c l imat ic  
s i g n a l s .  Further study i s  required t o  e luc ida te  t h e  mechanisms l inking la rge-sca le  c l imat ic  s igna ls  and 
regional f i s h e r y  recruitment. 

Discussion Period 

O'Boyle: What you a r e  pointing out i s  t h a t  
environment i s  t h e  main signal a f f e c t i n g  r e c r u i t -  
ment in  the  a r e a ,  and o ther  people have been saying 
t h a t  t h e  major inf luence of species  in te rac t ions  
on recruitment tiould be in  the egg and larval  
phase. This i s  a  key point s ince what Tony Koslow 
i s  saying i s  fo rge t  about mult ispecies  in te rac t ions  
a t  t h i s  s tage .  

Zwanenburg: YOLI lagged recruitment est imates  
:row VPA t o  the  year in which you have environ- 
mental da ta .  

Koslow: Yes, I take the  f i r s t  ava i lab le  age from 
tne  VPd and lag i t  back t o  the year  in  which t h e  
cohort was spawned. 

Zwanenburg: Doesn't t h i s  assume constant  mor ta l i ty  
from age 1-3? 

Koslow: This a ~ o r o a c h  assumes t h a t  events in  t h e  
f i r s t  year  of l i f e  determine year  c l a s s  s t rength.  

Zwanenburg: Couldn't t h a t  be introducing a  l o t  of 
var iance,  introducing nonexisting re la t ionsh ips ,  o r  
masking ex is t ing  ones? 

Koslow: I t  c e r t a i n l y  could mask re la t ionsh ips .  
What i s  surpr i s ing  i s  t h a t  such s trong re la t ion-  
ships do emerge. Clear ly ,  the re  i s  a  strong 
s ignal  there .  

Zwanenburg: My concern i s  t h a t  they may only 
appear strong and not be s t rong.  

Koslow: I t  i s  not c l e a r  t o  me what p a r t i c u l a r  
bias  might be introduced. 

Mahon: I  have another concern, where 4VW haddock 
i s  concerned the  big d i p  in  recruitment i n  the  
sevent ies  corresponds t o  a  d i p  in  stock abundance 
which we usual ly think of a s  having been caused 
by o v e r f i s h ~ n g .  Therefore, i t  seems t h a t  t h e  
decl ine i n  r e c r u i t m e ~ t  could have been cabsed by 
recruitment o v e r f i s n ~ n g ,  and 1 suspecl t n a t  a 
s imi la r  case could be made f o r  o ther  s tocks,  
espec ia l ly  haddock. How do you deal with t h a t  
p o s s i b i l i t y ?  

Koslow: I was concerned about t h a t  and looked 
f o r c k - r e c r u i t m e n t  re la t ionsh ips  i n  11 s tocks 
f o r  which there was stock spawning biomass data .  
For only one case was there  a  s i g n i f i c a n t  
cor re la t ion .  Even looking a t  the  t r e n a s ,  some 
were negative. Basical ly ,  I do not f ind any 
evidence f o r  stock recruitment re la t ionsh ips  in 
these s tocks.  Furthermore, s tocks on the  o ther  
s i d e  of the  At lan t ic  in  the  ICES area were being 
heavily f ished a t  t h e  same time. I f  we look a t  
t h e  pa t te rn  of decl ining recruitment here, i t  i s  
v i r t u a l l y  a  mirror image of t h e  high recrui tment ,  
known a s  t h e  gadoid ou tburs t ,  i n  t h e  northeast  
At lan t ic ,  which occurred in the  face  of low stock 
s i z e .  One could speculate  t h a t  opposi te  environ- 
mental e f f e c t s  were the  cause of t h i s .  Durinq 



t h a t  per iod,  an atmospheric low over Greenland led 
t o  a  s e r i e s  of warm winters  here with high runoff 
and low s a l i n i t y .  On the  o ther  s i d e  of the  
At lan t ic ,  t h e  low led t o  predominantly northerly 
winds and produced the  opposite e f f e c t .  Also, as  
Ha1;iday and Pinhorn pointed out  yesterday,  f i s h i n g  
e f f o r t  remained high un t i l  about 1974 and then 
was reduced. In a l l  t h e  gadoid s tocks we examined, 
recruitment declined un t i l  197: when the  low 
s a l ~ n i t y  event reversed; recru:tment then increased.  

McKone: You looked a t  t h e  VPA f o r  4VWX redf i sh  
and only one age-length key was used t o  construct  
t h a t .  Most age length keys f o r  redf i sh  a r e  very 
poor a t  the  younger end. 

Kos;ow: Redfish should be eliminated then. Red- 
f i s h  a r e  not a  key element i n  t h i s  a n a l y s i s ,  which 
i s  pr imari ly  concerned with t h e  gadids. More 
general ly ,  t h e  f luc tua t ions  we a r e  t a lk ing  about 
a r e  on a  log sca le ,  i . e . ,  over several orders  of 
maanitude. Tnorefo+-e, t h o  ~ a t t ~ r n  remains desp i te  
small biases  o r  e r r o r s  in  the  data .  When the  VPAs 
a r e  updated, the  pat terns do not vary s i g n i f i c a n t -  
l y  on the  log sca le .  

Dickie: Even i f  the data  were f r e e  from various 
kinds of e r r o r ,  I would take exception t o  your 
conclusion t h a t  there  a r e  no mult ispecies  
re1 at ionships.  A1 1 the  c o r r e l a t i o n s  and re- 
l a t ionsh ips  we have been deal ing with a r e  annual 
o r  year-to-year re la t ionsh ips .  Under ordinary 
circumstances, i t  seems t h a t  what we study a r e  
these snorter- term, higher frequency e f f e c t s  on 
year-class  s t rength which wi l l  c e r t a i n l y  account 
f o r  nost  of the  variance in  t h e  data  and a r e  
c o r r e c t l y  s tudied in  r e l a t i o n  t o  environmental 
e f f e c t s .  However, mult ispecies  r e l a t i o n s  a r e  in  
t h e  c l a s s  of density-dependent e f f e c t s  which would 
only show up a s  longer-term e f f e c t s  a t  lower 
frequencies .  I f  one expects t o  f ind  mult ispecies  
e f f e c t s ,  one would have t o  deal with f i l t e r e d  
data  which would exhib i t  these  lower frequencies .  

Koslow: I do not say t h a t  tnere  a r e  no multi- 
species  in te rac t ions  -- only t h a t  they appear t o  
be r e l a t i v e l y  unimportant compared with environ- 
mental e f f e c t s .  I f  tne re  a r e  dens i ty  dependent 
i n t e r a c t i o n s ,  they must be operat ing year-to-year 
a s  well a s  on longer time sca les .  Furthermore, 
most c o r r e l a t i o n s  I have shown have a  s t rong low- 
frequency componert -- f o r  example, the  trend in 
most regional gadoid s tocks of  high recruitment 
in  the e a r l y  1960s followed by a  steady dec l ine  
un t i l  the  e a r l y  1970s, which i s  in  turn followed 
by general ly  increasing recruitment i n t o  t h e  mid 
1970s. 
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During 1974-76, ICNAF used a two-t ier  catch control system i n  Subareas 5 and 6 t o  take account of both 
biological  and technological species  in te rac t ions .  This approach required t h e  establishment of an overal l  
TAC f o r  the  area which was general ly  20 percent lower than the  sum of the  TACs f o r  t h e  individual stocks. 
The Schaefer model was used t o  define overal l  MSY l e v e l s  while l i n e a r  programming was employed t o  a s s i s t  i n  
t h e  i nter-country a1 locat ional  process. The process was conservative and t a i l o r e d  t o  the exi s t ing  
management environment. Application of a second t i e r  today would meet with res i s tance  and be d i f f i c u l t  and 
c o s t l y  t o  enforce. On t h e  o ther  hand, l i n e a r  programming techniques could be mployed to a s s i s t  i n  
a l loca t iona l  i s sues  among Canadian domestic f l e e t s .  Such an approach could include economic pararreters i n  
t h e  ana lys i s .  

Introduct ion recognized. 

Although t h e r e  has been a g r e a t  deal of 
research on mult ispecies  theory, l i t t l e  of t h e  
r e s u l t s  has been applied i n  real management 
s i t u a t i o n s .  One exception t o  t h i s  i s  the  
management of f i s h e r i e s  i n  t h e  Northwest At1 a n t i c  
during 1974-76. Under the auspices of t h e  
Internat ional  Commission f o r  t h e  Northwest 
At lan t ic  F i s h e r i e s  (ICNAF), an extensive body of 
management re1 ated s c i e n t i f i c  know1 edge was 
developed and applied t o  the  f i n f i s h  resources i n  
Subareas 5 and 6 (Figure 1 ) .  

The system used was the  so-called two-t ier  
approach because i t  constrained not only t h e  
exp lo i ta t ion  of each stock in the  management area 
but  a l so  t h e  exp lo i ta t ion  of the e n t i r e  ecosystem. 

This note docurnents t h e  theore t ica l  and 
prac t ica l  framework of t h i s  management approach 
and provides comments on how successful such ap 
approach could be today. 

History and Rationale 

During the nid 19608, t h e  f i n f i s h  s tocks i n  
post of t h e  ICNAF area experienced heavy 
explo i ta t ion .  Stock-specif ic  Total Al lowable 
Catches (ThCs) were f i r s t  applied t o  Division 4X 
and Suoarea 5 had doc^ i n  1970 i n  an attempt t o  
curb tne dec l ines  in  stock s ize .  Other species  
were brought under TAC regulat ion i n  subsequent 
years .  I t  soon became evident ,  however, t h a t  
f u r t h e r  measures would be required t o  both 
conserve t h e  resource and allow rebuilding. A t  
the  January 1973 meeting of ICNAF, the  USA made a 
de ta i led  proposal f o r  Subareas 5 and 6, which 
spec i f ied  f i shery  e f f o r t  a1 locat ions by country. 
This proposal was intended t o  put an overall  l i m i t  
on explo i ta t ion  in  the  area.  No agreement could 
be reached on whether o r  not t o  use catch or  
e f f o r t  l i m i t a t i o n s .  However, t h e  need f o r  some 
form of overal l  regulat ion on the f ishery was 

A t  the  June 1973 meeting, t h e  USA again 
tabled the  proposal,  t h i s  time ou t l in ing  both 
overal l  and stock-speci f i c  TACs. This  was t h e  
f i r s t  time t h a t  the  two-tier approach was so 
named. I t  was adopted as  a catch control  
management tool a t  a special  meeting i n  t h e  
following October. 

The s ta ted  ra t iona le  f o r  i t s  use were: 

1. t o  compensate f o r  by-catch mortal i ty  which i s  
d i f f i c u l t  t o  quantify and control by more 
d i r e c t  means; 

2. to  account f o r  species in te rac t ions  which a r e  
not s a t i s f a c t o r i l y  taken i n t o  account in  
s ing le  species stock assessments; and 

3. t o  allow recovery of t h e  to ta l  biomass from 
t h e  reduced level  in  the  1960s t o  a level 
giving the maximal o r  some optimal y i e l d  i n  a 
f a i r l y  short  period of time. 

Discussicns on i t s  use and s t r u c t u r e  
continued during 1974-76, tne period of time i t  
was employed in the  f i s h e r i e s  of Subareas 5 and 6. 
However, a t  about t h e  same time, discussions were 
a1 so being pursued on other  ways of l imi t ing  
e f f o r t ,  p a r t i c u l a r l y  t h e  meri ts  of F -1 i n  
comparison t o  Fmax. Consideration o? F0.i 
would reduce the  necessi ty  f o r  t h e  r e l a t i v e l y  
conservative two-t ier  approach. These discussions 
were cu t  shor t  by the  extension of j u r i s d i c t i o n  t o  
200 miles by both Canada and the  USA i n  1977, 
which ended ICNAF's management au thor i ty .  

Subsequent t o  ICMAF both Canada and t h e  USA 
dropped t h e  two-t ier  approach and used stock- 
s p e c i f i c  TACs as a management too l .  Canada 
continued t o  do so up t o  the  present  t i n e .  The 
USA on t h e  o ther  hand switched over to  a more 
i n d i r e c t  e f f o r t  regulatory system (closed a r e a /  
seasons, mesh s i z e s ,  minimum landed s i z e s )  i n  



X = ( X I ,  X 2  . . . . Xn); such tha t  

Thus the 1974-76 experiment with a two-tier 
system was unique and can offer some guidance for  
al ternatives to the present system. 

The Methodology of the Two-Tier System 

The system consisted of the following 
elements: 

A. For each stock, an estimate of the y ie ld  for  
the upcoming year was made, using routine 
assessment methodology i .e. Sequential 
Population Analyses (SPA), catch curves, etc. ,  
t o  determine current population s ize  along 
with Fmax as the target  exploitation 
rate.  

B. The above estimates of yield formed the basis 
of the TAC regulation. The TACs were then 
allocated, through negotiation and primarily 
based on historical  performance, to member 
countries. Thus each country would receive a 
se t  of species a1 locations. This represented 
the f i r s t  t i e r  of the system. 

C .  The next step was t o  determine the total  yield 
of the system, in t h i s  case the Maximum 
Sustainable Yield (MSY) of a l l  species i n  
Subareas 5 and 6. This was based primarily, 
i f  not solely on surplus production models, 
such as tha t  of Schaefer (1954). This model 
also indicated current resource s ta tus  and 
fran t h i s  could be detennined yields which 
would allow attainment of the MSY. 

D. Based on points B and C ,  the level of the 
second t i e r  was negotiated by the Commission 
and a1 located to member countries. 

Generally, the allocation of the 2nd t i e r  TAC 
among the countries was done in  such a manner as 
to minimize by-catch problems i .e. techno1 ogical 
interaction,  while consideration of an overall MSY 
was, in principle, to take into account biological 
interactions.  Consequently, ICNAF conducted a 
considerable amount of research on these two 
aspects of mu1 t ispecies interactions. 

The A1 location Process 

Although the Commission did not of f ic ia l ly  
dse any one method for the purposes of allocating 
the second-tier TAC among the member countries, 
one technique was used frequently by the USA t o  
support t he i r  proposals. This was a l i nea r  
programming technique using the single species 
allocations and by-catch rat ios to calculate 
compatability of these allocations. I t  had the  
appeal i ng property of giving the 1 owest overall 
allocation to those with the most mixed f i sher ies  
-- in other words, penalized those with high by- 
catch rat ios.  

The procedure was introduced by Brown gal. 
(1973b; 1979). The problem was to determine: 

i s  maximized, where for  each i ,  Ci  i s  the  
weighing coefficient  of the variable X i .  As 
we1 1 : 

X i  = catch of species i to be taken i n  
directed fisheries for species i ;  

C i  = catch of species i in a l l  f i sher ies  
divided by catch of species i taken i n  
directed fisheries fo r  species i 
( C .  L 1.00); 

1 

n = number of di rected f i sher ies  considered; 

Z = total catch of a71 species. 

Solution, via the Simplex Method, of equation ( 1 )  
i s  constrained for  each i by: 

where: ai = catch of species j taken i n  
directed fishery for species i 
divided by catch of species i in 
directed fishery for species i . 
These a re  the observed by-catch 
rat ios.  Brown e t  a l .  (1979) used 
those fo r  1971 Z d T 9 7 3 .  

b j  = constraint  on total catch of 
species j for j = 1.. . .m. 

The analysis was run simultaneously fo r  a l l  
countries. The l inear constraint was tha t  no 
country would exceed i t s  national a1 location f o r  
any species, b.. The- final product was a vector 
X for directedJcatches of the species along with 
tne resultant  total catches of the species and the 
overall total catch. 

I t  i s  worthwhile to  note t h a t  the  solution 
derived by Brown e t  a1 . (1973b; 1979) provided an 
aggregate speciesTaEh 20-25% lower than the  
sumed species-specific TACs derived from the stock 
assessments. 

The Detennf nation o f  the Maximum Sustainable 
Yield (MSY) 

As stated above, determination of total 
system production was to account for biol ogical 
interactions. Fukuda (1973) was one of the f i r s t  
to point out tha t ,  in multispecies systems, the 
simple addition of the MSYs for  the individual 
populations in an area was only valid i f  
biological interaction was low. A number of 
studies were conducted using the Schaefer Model 
which demonstrated t h i s  (Pope, 1975; Pope and 
Harris, 1975; Pape, 1976a). Pope f 1976bl showed 
that  the effect  of stock interactions was to 



reduce the  t o t a l  MSY of the  system below t n e  sum 
of t h e  individual MSYs. Generally, the  g r e a t e r  
t h e  i n t e r a c t i o n ,  t h e  g rea te r  the  reduction. 
Horvood (1976 ),  however, showed t h a t ,  depending on 
t h e  r e l a t i v e  s i z e s  of t h e  in te rac t ing  populations, 
one could obtain non-Schaefer population dynamics. 
This led t o  more recent c r i t i c i z i s m s  of t h e  
Schaefer model (Roff and Fa i rba i rn ,  1980; Hilborn, 
1979; tlohn, 1980; Uhler, 1979). 

However, during 1974-76, the  Schaefer Model 
and o ther  t o t a l  y i e l d  models were used t o  
determine the  t o t a l  MSY of t h e  Subareas 5 and 6 
resources. 

The f i r s t  es t imates  were made by Grosslein 
(1972) who simply added a l l  the  individual stock 
es t imates  together .  Brown e t  a l .  (1973a; 1976) 
updated Gross1 e i  n ' s  a n a l y s i s a x  using the  
Schaefer  model provided an est imate of 800-900,000 
t f o r  t o t a l  f i n f i s h  i n  Subareas 5 and 6. The 
individual assessment MSYs added t o  1,352,000 t ,  
thus,  one could argue, showing the  degree of 
biological  i n t e r a c t i o n  i n  the  system. 

The Establishment of t h e  Second Tie r  

The TAGS t h a t  were s e t  during 1974-76 a r e  
given i n  Table 1. The species  TACs were derived 
from assessinerlts and surveys. The Schaefer model 
and t h e  l i n e a r  programming ana lys i s  were both used 
t o  define by how much e f f o r t  would have t o  be 
1 imited. The ~ r e c i s e  overal l  TAC values were 
agreed t o  through negotiat ion.  I t  i s  i n t e r e s t i n g  
t o  note t h a t  the  overal l  es t imate  was always s e t  
20-255 lower than t h e  summed TAC. This i s  
c o n s i s t e n t  witn the  r e s u l t s  of the l i n e a r  
prograinmi ng exerci se .  

Applicat ion of Two-Tier System t o  Scot ian Shelf  
F i s h e r i e s  

The tow-t ier  s y s t m  was imposed t o  reduce 
e f f o r t  below t h a t  necessary t o  harvest MSY from a 
given area.  Yhen the  pr inc io le  of F O . l  was 
iqrroduced, quest ions were ra i sed  a s  t o  t h e  
u t i l i t y  of the two-t ier  system. I t  had no unique 
n e r i t  a s  a reoulatory tool f o r  f i sh ing  e f f o r t .  
?owever, i t  was a system t h a t  could be agreed to 
i n  an in te rna t iona l  forum, in  which r e s u l t s  had t o  
sane t ines  be achieved by r a t h e r  i n d i r e c t  methods. 

The s i t u a t i o n  today on the  Scotian Shelf i s  
q u i t e  di ' ferent ,  The coastal  s t a t e ,  Canada, can 
impose d i r e c t  l imi ta t ions  on f i sh ing  e f f o r t  i n  
both t h e  foreign and dcmestic f l e e t s .  For 
ins tance ,  foreign f i s h e r i e s  a r e  a1 l owed (1  icensed)  
f o r  only a few species  under a system of d i r e c t  
e f f o r t  and by-catch cont ro l s .  Observers a r e  
placed aboard many of the  vessels and f i sh ing  
c losures  and/or red i rec t ion  a r e  considered when 
by-catch problems occur. 

I n t e r e s t i n g l y ,  i t  i s  within the domestic 
f i s h e r y  t h a t  most of the  management problems 
occur. Indeed the  s i t u a t i o n  i s  very much l i k e  
t h a t  ~ r e s e n t  i n  ICtiAF during 1974-76, with 

countr ies  a r e  replaced by f l e e t s .  There a r e  
l icensing regulat ions and a de ta i led  system of 
stock catch a l loca t ions  which a r e  establ ished 
through a negotiat ion process i nvol vi ng t h e  
cmpet ing  f l e e t  sec tors .  Severe by-catch problems 
e x i s t  and in some a reas  t h e r e  i s  widespread 
disregard f o r  the quota regulat ions which a r e  
d i f f i c u l t  and expensive t o  enforce. 

Application of t h e  two-t'er s y s t m  t o  the  
domestic f l e e t  may have merit .  One could 
c a l c u l a t e  a second t i e r  f o r  the Scot ian Shelf 
groundfi sh resources, h i c h  waul d probably be 
10-20"? lower than t h a t  of the summed individual 
TACs. This would be al located among t h e  various 
f l  e e t  sec tors  according t o  the 1 i near programming 
approach used i n  ICWF. Not only would by-catch 
problems be reduced, o r  a t  l e a s t  problem areas 
iden t i f i ed ,  but a1 so by reducing incons i s tenc ies  
i n  a1 locat ions,  smoother operation of management 
plans should occur. Enforcement would be eased 
because once t h e  second t i e r  i s  reached within a 
f l e e t  sec tor ,  f i s h i n g  must cease a l toge ther .  The 
major problem with t h i s  approach would be 
indus t ry ' s  perception of and perhaps 
non-compliance with t h e  second t i e r .  However a t  
the  very 1 e a s t ,  the  1 i near programmi ng could 
grea t ly  a s s i s t  i n  t h e  establishment of f l e e t  
s p e c i f i c  a l loca t ions ,  a procedure readi ly 
adaptable t o  the  inclusion of economic 
parameters. 

In summary, t h e  two-t ier  system of ICNAF can 
provide us with a mechanism t o  a s s i s t  i n  present 
day a1 locational i s sues  but may not be as  useful 
i n  c u r t a i l i n g  f i s h i n g  e f f o r t  through appl ica t ion  
of an overal l  TAC. 

References 

Bockstael , N . E .  1980. Cmmerci a1 F isher ies  
Management: The New England Groundfi sh 
Experience. p.27-30. Proceedings of t h e  
Technical Consultation on Allocation of 
F i  snery Resources. FA0 Press. 623p. 

Brown, B . E . ,  J.A. Brennan, E.G.  Heyerdahl, M.D. 
Grosslein and R . C .  Hennmuth. 1973a. An 
Evaluation of t h e  Ef fec t  of Fishing on t h e  
Total F inf i sh  Biomass in IWAF Subarea 5 and 
S t a t i s t i c a l  Area 6. ICNAF Res. Doc. 73/8. 

Brown, B . E . ,  J.A. Brennan, E . G .  Heyerdahl and R . C .  
Hennemuth. 19735. An I l l u s t r a t i o n  of t h e  
By-Catch Problem i n  ICMAF Subarea 5 and 
S t a t i s t i c a l  Area 6. ICNAF Res. Doc. 73/99. 

Brown, B . E . ,  J.A. Brennan, M.D.  Grosslein, E.G.  
Heyerdahl and R.C. Hennemuth. 1976. The 
Ef fec t  of Fishing on t h e  Marine F inf i sh  
Biomass i n  t h e  Northwest At lan t ic  from t h e  
Gulf of Maine t o  Cape Hatteras. ICNAF Res. 
Bull. 12:49-68. 

Brown, B.E., J.A. Brennan, and J.E. Palmer. 1979. 
Linear Programming Simulations of the  Ef fec t s  
of By-Catch on the  ivlanagement of Mixed 
Species F i sher ies  off t h e  Northeastern Coast 
of t h e  United S t a t e s .  Fish. Bull.  
76:851-860. 



Fukuda, Y .  1973. A Gap between Theory and 
Pract ice.  J .  Fish. Res. Board Can. 
30: 1986-1991. 

Garrod, D.  1973. Management of Mu1 t i p l e  
Resources. J .  ~ i s h .  Res. Board Can. 
30: 1977-1935. 

Grosslein,  i4.D. 1972. A preliminary Evaluation 
o i  t h e  Effects  of Fishing on t h e  Total Fish 
Biomass, and F i r s t  Approximations of Maximum 
Sustainable Yield f o r  F inf i shes ,  i n  ICWF 
Division 52 and Subarea 6. ICNAF Res. Doc. 
72/119. 

Hi1 born, R. 1979. Comparison of F i sher ies  
Control Systems t h a t  U t i l i z e  Catch and E f f o r t  
Data. J .  Fish. Res. Board Can. 36:1477-1489. 

Horwood, J . W .  1976. In te rac t ive  Fisheries:  A 
Two Species Schaefer Model. ICNAF Sel . Pap. 
1: 151-155. 

Mohn, R. 1980. Bias and Error  i n  Logist ic  
Production Models. Can. J .  Fish. Aquat. Sci .  
37: 1276-1283. 

Pope, J . G .  1975. A Note on the  Mixed Species 
Problem. ICNAF Res. Doc. 75/119. 

Pope, J.G. 1976a. The Application of Mixed 
F isher ies  Theory t o  t h e  Cod and Redfish 
Stocks of Subarea 2 and Division 3K. ICNAF 
Sel . Papers. 1:163-169. 

Pope, J . G .  1976b. The Ef fec t  of Biological 
Interact ion on t h e  Theory of Mixed F isher ies .  
ICNAF Sel .  Pap. 1:157-162. 

Pope, J.G. and O.C.  Harris.  1975. The South 
African Pilchard and Anchovy Stocks Complex - 
An Example of t h e  Ef fec t s  of Biological 
In te rac t ions  Between Species on Management 
Strategy. ICNAF Res. Doc. 75/133. 

Roff, D . A .  and 0.J .  Fa i rba i rn .  1980. A n  
Evaluation of Gull and 's  Method of F i t t i n g  tne  
Schaefer Model. Can. J .  Fish. Aquat. Sc i .  
37:1229-1235. 

Schaefer ,  M.5. 1954. Some Aspects of the  
Dynamics of Populations Important t o  t h e  
Manageuent of t h e  Comwrci a1 Marine 
F isher ies .  Inter-Amer. Trop. Tuna Corn. 
Bull.  1:26-56. 

Uhler,  R.S. 1979. Least Squares Regression 
Estimates of the  Schaefer Production Model: 
Some Ronte Carlo Simulation Results.  Can. J .  
Fish. Aquat. Sci . 37:1284-1294. 

Discussion Period 

Brodie: We t r i e d  a s i m i l a r  l i n e a r  programming 
approach t o  groundfish f i s h e r i e s  on t h e  Grand 
Banks with much t h e  same r e s u l t s .  We found t h a t  
the  second t i e r  TAG was ac tua l ly  about 70-80% of 
the  sum of t h e  individual TACs. 

1979) used t h e  ICNAF Bullet in  data  i n  which t h e r e  
has not been any attempt to  break out t h e  
individual f i s h e r i e s .  

OIBoyle: I wanted to look a t  the  by-catch r a t i o s  
i n - 7 6  t o  see i f  the  by-catch regulat ions did 
in  f a c t  have any e f f e c t .  I  found t h a t  t h e r e  were 
d i f f i c u l t i e s  in  sor t ing  the  f i s h e r i e s  out. There 
was a l o t  of catch reported under mixed-di rected.  
In f a c t ,  what Brown e t  a l .  did was redef ine  the  
f i s h e y  as  directed 75e  species which 
compressed the  majority of the catch.  

Neilson: In your t a l k ,  you re fe r red  t o  an 
over-capacity s i t u a t i o n  i n  the  Scotian Shelf 
f l e e t s ,  whereas i n  Al lan1s  ta lk we heard t h a t  
there was none in respect  t o  the  l a rge  offshore 
t rawlers .  

S inc la i r :  The over-capaci ty i s  mainly i n  t h e  l e s s  
than 65 f t .  draggers, p a r t i c u l a r i l y  i n  Southwest 
Nova Scot ia .  

O'Boyle: No one has ac tua l ly  evaluated h a t  t h e  
capacity of t h e  Division 4X f l e e t  i s ;  i t  i s  a big 
job. There i s  only a general fee l ing  t h a t  t h e r e  
i s  an over-capacity s i t u a t i o n  i n  t h a t  area. 

S i n c l a i r :  Bob O'Boyle ra i ses  a point of concern 
t o  me which i s  t h a t  we seem t o  be thinking of 
mult ispecies  in te rac t ions  mainly a t  the  bi 01 ogical 
level .  However, i n  t h e  f i shery  a s  a whole we need 
t o  consider  the f l e e t .  In Scotia-Fundy I think 
our problems a re  more re la ted  t o  t h e  s i z e ,  
s t r u c t u r e ,  loca t ion ,  and capacity of t h e  f l e e t s  
r a t h e r  than to biol ogical in te rac t ion  problems. 
So i n  our discussions I think we need t o  give more 
considerat ion to t h e  f l e e t  as  the predator. 

Mahon: This was d e f i n i t e l y  t h e  i n t e n t  when we 
organized t h i s  workshop. 

O'Boyle: In regard to  t h i s ,  I  found t h a t  t h e r e  
h a s n  considerable work done on overall  
s y s t m s ,  i .e.  management of overal l  catch o r  
overall  e f f o r t  i n  a p a r t i c u l a r  area. Underlying 
t h i s  view i s  tne idea of man as  the  predator  
operating i n  a density dependent fashion moving 
from prey t o  prey. In p r inc ipa l ,  an overal 1 
regulat ion will work so long a s  the  predator 
population i s  i n  the  r i g h t  area of magnitude i . e .  
matched to t h e  prey. One management s t ra tegy  t h a t  
disrupted the  pa t te rn  was s e c t o r  management, &ich 
eliminated whole prey sources fo r  many predators .  
A more r e a l i s t i c  approach might be to  consider  a1 1 
the  f i sh ing  cornuni t i es  on the  e a s t  coas t  a s  
predators ,  and t h e  e n t i r e  array of resources as 
prey, and s t a r t  looking a t  the  e n t i r e  system i n  
t h a t  way. We have always concentrated our 
a c t i v i t i e s  on the prey and have l o s t  s i g h t  of what 
we a r e  r e a l l y  t rying t o  manage, which i s  the  
predator, t h e  f l e e t .  

S i n c l a i r :  To follow t h a t  up, Brown e t  a l .  (19736, -- 



Table 1. Summary o f  species and o v e r a l l  TACs i n  p lace i n  ICNAF Subarea 5 and S t a t i s t i c a l  D i v i s i o n  6 
dur ing 1974-76. 

Species Stock 1974 1975 1976 

Cod 5Y 10 10 8 
52 35 35 3 5 

Haddock 5 0 0 6 
Redf ish 5 3 0 35 17 
Herr ing 5Y 25 2 5 7 

5 2 4  150 150 6 0 
Ye l lowta i l  5(E o f  69")  16 16 16 

5(W o f  69") 10 4 4 
Other Flounder 5+6 25 25 20 
S i l v e r  hake 5Y 10 15 10 

5Ze 50 80 50 
5Zw+6 80 80 4 3 

Red hake 5Z(E o f  69") 20 26 50 5Z(W o f  69") 45 16 
Pol  1 ock 4VWX+5 5 5 5 5 5 5 
Mackerel 5+6 350 285 254 
Squid 5+6 6 5 7 1 30 
Other f i n f i s h  (and Argentine) 5+6 200 150 150 

Sum 1161 1101 807 

Overa l l  ( f i n f i s h  and squid) 924 850 650 
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In Europe, a group of sc ient is ts  working in ICES has developed a Multispecies Virtual Population 
Analysis (MSVPA) which quantifies predation m r t a l i  ty among interacting stocks. A workshop was he1 d i n  1984 
during which th i s  model was applied to  f i sher ies  in the North Sea. Although the resul ts  were tenta t ive ,  the 
exercise proved worthwhile in better  defining the necessary input paramters, the  inherent assumptions and 
t h e i r  sens i t iv i ty ,  and f ina l ly  the problems related to evaluating the model's voluminous output. The model 
cannot yet  be used t o  a s s i s t  in the management process. I t  appears innappropriate for use on Canada's eas t  
coast  due to  both the lack of the appropriate types of data and the relat ive lack of exploitation of age one 
to three f i sh  in these waters. I t  i s  i n  these age groups that  predation mortality i s  expected to be 
highest. Canadian f i sher ies  generally exploit older, larger f i sh  and thus MSVPA i s  l e s s  useful. Pursuit of 
other models more suitable to available data se ts  and the fishery i s  recommended. 

Introduction 

In recent years the International Council for  
the Exploration of the  Sea (ICES) has been 
actively developing multispecies models for use in 
f i sher ies  management. Subsequent to the 1984 
meeting of the ICES Mu1 t ispecies Working Group, 
the Canadian participants produced t h i s  synopsis 
of ICES progress towards development of a 
multispecies model, along with comments on i t s  
potential u t i l i t y  for  Canada's eas t  coast. Many 
of the deta i l s  of the ICES work were l e f t  out. 
These can be obtained in the working group report 
{Anon, 1984) which the present document in no way 
attempts to usurp. 

Background 

Tne f i sher ies  in the North Sea generally 
exploit populations a t  substanti ally younger ages 
than i s  the case off Canada's eas t  coast. For 
instance, North Sea (ICES area IY) cod and haddock 
are  fully recruited to f isheries a t  age three 
(Table 11 whereas in Canada, values of age f ive  
plus are more commn. As well, there are  large 
industrial  f isheries fo r  Norway pout, sandeel and 
spra t ,  a1 1 exploiting individuals of age zero to  
four. 

Andersen and Ursin (1977) pointed out that  
predation can represent a substantial part of the 
natural mortality of these young f ish  in  the  North 
Sea and elsewhere. In order to obtain a t rue  

representation of the recruitment processes i n  the 
younger age groups, t h i s  must be accounted for. 
A t  the 1979 ICES Statutory meeting, Helgason 8 
Gislason and Pope independently presented a method 
which would calculate these predation mortal i t i e s .  
The method was in essence a Multispecies Virtual 
Population Analysis (MSVPA). In other words, 
where the Andersen/Ursin mdel was a forward 
looking simulation which made assumptions about 
recruitment, the MSVPA was a retrospective 
analysis which used available data to elucidate 
what happened. I t  was hoped tha t  examination of 
the history would lead to m r e  appropriate 
projection mdel s. 

The presentation a t  the 1979 statcltory meeting 
pnerated much in t e res t  and subsequently an Ad Hoc 
'ziorking Group was formed to determine the model's 
data requirenents. This resulted in a large 
sanpl i ng program in 1981, general ly referred to as 
the ICES "Year Of The Stomach". The resul ts  of 
t h i s  year of sampling were tabled a t  the 1983 
Statutory Meeting. 

The Multispecies Working Group was convened 
in 1984 with the main aim being the application of 
an MSVPA to the North Sea resources using the 1981 
stomach analysis data (Table 2 ) .  

Before discussing the resul ts  of the meeting, 
i t  i s  worthwhile to review the theory underlying 
the IilSYPA as well as mentioning the  input data 
sources used during t h i s  meeting. 



The Mu1 t i  species  Virtual Population Analysis 
(MSVPA) o r  Legion Analysis 

Whereas i n  Virtual Population or  Cohort 
Analysis,  natural mor ta l i ty ,  M, i s  input ,  i n  MS 
VPA, i t  i s  par t i t ioped  i n t o  M I  (mor ta l i ty  due t o  
di sease,  s t a r v a t i o n ,  spawning s t r e s s ,  s e n i l i t y ,  
e t c .  ) and M2 (mortal i ty  due t o  predation by other  
species  and t o  cannibalism). VPAs f o r  each stock 
included i n  the  ana lys i s  a r e  done simultaneously 
with Ml f ixed and :I2 calculated according t o  the 
s i z e  of the  appropriate  predator populations. 
Upon completion of the f i r s t  s e t  of VPAs, new 
population s i z e  conditions wil l  e x i s t  and thus t h e  
M 2  values f o r  each population wil l  have t o  be 
recalculated.  The ana lys i s  i s  redone with 
contant ly changing M2 values un t i l  t h e  convergence 
c r i t e r i a  a s  out l ined below a r e  met. 

The formula used t o  c a l c u l a t e  M2 f o r  each 
time period i s  given in equation 1 (Table 3 ) .  

>"12(y,s,a) i s  t h e  predation mortal i ty  i n  period y 
of species  s  a t  age a. D(y,s ,a)  ' W(s,a) i s  the  
biomass of species  s a t  age a  devoured during 
period y. Tl(y,s,a) ' ~ ( s , a )  i s  the  mean biomass 
of species  s  a t  age a  during period y. D(y,s ,a)  
" ~ ( s , a )  i s  calculated a s  per  equation 2 (Table 
3 ) .  

Note t h a t  i n  equation 2 t h e  tenn Food(j ,b)  i s  
t h e  t o t a l  consumption of predator  j, age b during 
period y. In t h e  ex i s t ing  model, t h i s  i s  assumed 
t o  be constant  from period t o  period. Thus 
density dependent changes i n  growth which would 
a f f e c t  Food ( j , b )  a r e  assumed negl igible .  
Predators i n  t h i s  model always ge t  t h e i r  f u l l  
r a t i o n  and only t h e  species  m i x  i n  t h e  d i e t  
changes. This i s  a  major d i f fe rence  from the 
Andersen-Ursin model which allows f o r  densi ty 
dependent e f f e c t s .  

The l a s t  term in equation 2 i s  derived i n  
equation 3 (Table 3:. SUIT ( s , a , j , b )  i s  the  
a v a i l a b i l i t y  o r  s u i t a b i l i t y  of prey ss ,  age a  t o  
predator j ,  age b ;  i t  i s  a  pos i t ive  n u d e r  between 
0 and i.0 and SUIT(s ,a , j ,b )  = 1.0. The 

indices  i  and d a re  the potent ial  prey species  and 
ages used i n  the  ana lys i s .  

The t e r n  STOC ( s , a , j , b )  i s  the f rac t ion  of 
predator  ( j , b ) ' s  food met f ran  prey ( s , a ) .  This 
i s  obiai ned d i rec t ly  from the stomach content  data 
s e t .  Thus e s t i n a t e s  of SUIT ( s , a , j , b )  can be 
ca lcu la ted  d i r e c t l y  (Equation 4, Table 3) .  As 
with 1.12, t h i s  ca lcu la t ion  uses population 
est imates ,  X (y , s , a l  generated by t h e  E1SVPA 
i t s e l f .  Thus t h e  ca lcu la t ion  of SUIT i s  an 
i t e r a t i v e  procedure. 

Inser t ing  equation 2 i n t o  equation 1, gives 
equation 5, the  f ina l  ca lcu la t ion  of M2. 

The MSVPA solves the  equations on a  time s tep 
by time s tep  bas i s  using the  following algorithm: 

1. Make i n i t i a l  guess a t  SUIT and M2. 

2 .  Calculate  F and N a s  per ordinary VPP 
(normal ly  Newton-Raph son i t e r a t i v e  solut ion of 
catch equation). 

3 ,  Based on calculated N values, c a l c u l a t e  new 
M 2  using equation 5. 

4 ,  I f  M2 ( c u r r e n t )  and M 2  ( fonner )  a r e  not within 
a  c e r t a i n  to le rance ,  then go back t o  s t e p  2. 

5,  Calculate  new SUIT a s  per equation 4 ,  using 
empirical stomach content  data. 

6 .  I f  SUIT ( c u r r e n t )  and SUIT (former)  a r e  not 
within a  c e r t a i n  tolerance then go back t o  
s t e p  2. 

7, END. 

Besides the assumption of density- 
independence, t h e  other  major assumption i n  t h e  
present  formulation i s  t h e  nature of t h e  feeding 
model. This involves t h e  termST0C ( s , a , j , b )  of 
equation 2. This term, given mathematically i n  
equation 3, can be phrased as 

Biomass prey ava i lab le  t o  predator  
ST% = Biomass food iliomass not ava i lab le  

ava i lab le  to  + ( o t h e r  food) t o  
predator  preda to  r 

Note t h a t  in  equation 3, the  indices  i  and d i n  
t h e  denominator a r e  used t o  d i f f e r e n t i a t e  t h e  
ava i lab le  and unavailable food. 

Three models now e x i s t .  In the  Pope 
derivat ion,  other food i s  ignored and STOC i s  
assumed constant .  In the He1 gason-Gi sl ason 
derivat ion,  other  food i s  held constant  while 
ava i lab le  food can vary. Final ly i n  t h e  Sparre  
model, both ava i lab le  and other  food can vary but 
t h e  t o t a l  (denaninator  of above equat ion)  i s  he1 d 
constant.  

Two f u r t h e r  items regarding t h e  PSYPF, a r e  
worth mentioning. F i r s t ,  i t  i s  not immediately 
obvious whether o r  not the  equations a re  solved 
uniquely. This i s  re fe r red  t o  as  t h e  Uniqueness 
problem. Secondly, t h e  stomach content  data  
imp1 i c i  ty  assumed stomach w?ights a t  age f o r  t h e  
prey. The f o n u l a e  use sea weights a t  age f o r  t h e  
prey. For many age c l a s s e s  of s o w  prey, weights 
a t  age of prey i n  t h e  stomach samples di f f e r  
s u b s t a n t i a l l y  from weights of prey i n  the  sea 
samples. This could cause substant ial  bias. 

Both these problems were addressed i n  t h e  
workshop. 

Input  Data f o r  t h e  Runs a t  t h e  1984 Workshop 

The ana lys i s  was run on a  quar te r ly  bas i s  
using catch a t  age f o r  a l l  ava i lab le  North Sea 
resources including cod, haddock, w h i  t ing ,  s a i t h e ,  
Norway pout, s p r a t ,  sandeel , mackerel and her r i  ng. 
The f i r s t  task during the  meeting was the  



compilation and v e r i f i c a t i o n  of the data from the 
various assessment working group reports .  As a 
number of species  did not have complete quar te r ly  
breakdowns, assumptions had t o  be made. As well ,  
some species  catch-at-age included landings from 
outside t h e  North Sea. 

2 .  Relat ive Food Compositions ( t h e  STOC t e r n  of 
equation 4 )  

The 1961 stomach data  s e t  was used. Haddock 
had t o  be excluded a s  a predator due t o  data 
fonnat  problems. As wel l ,  mackerel and f l a t f i s h  
i n  cod stomachs were ignored a s  i t  was f e l t  t h a t  
these  data  were biased by the discarding prac t ices  
of commercial fishermen. 

3. Ration Estimates ( t h e  Food term of equation 2 )  

Predator r a t i o n  estimates f o r  cod, whiting, 
s a i  the  and mackerel , taken f r m  the repor t  of the  
Coordinators of t h e  Stomach Sampling Pro jec t ,  were 
derived d i f f e r e n t l y  f o r  the  d i f f e r e n t  species ,  
although a l l  were based on empirical s tud ies .  
These a r e  described in Sect ion 2.4 of t h e  ICES 
Report. 

Dr. Ursin evaluated these est imates  from the  
point of view of f i r s t  p r inc ip les ,  feeding s t u d i e s  
and ca lcu la t ions  using t h e  Growth Equation 
(Andersen and Ursin, 1977) (dw/dt = Hw 2/3 - 
k w i .  Generally, t h e  consumptions calculated by 
t h e  Stomach Group were i n  f a i r  agreement w i t h  the  
theore t ica l  approach. 

4.  i4l Levels 

Vhere poss ib le ,  the  working group attempted 
not t o  diverge from assumptions made by the  
Assessment Working Groups, unless species  
i n t e r a c t i o n s  a1 ready indicated changes. For l a r g e  
species ,  tne  predation mortal i ty  was assumed t o  be 
low and thus M1 was s e t  t o  M ( M 1  + M2) a s  used in 
t h e  s ing le  species  WAS. For the  older  age groups 
of smaller spec ies ,  which can be expected t o  
s u f f e r  some predation, the  M 1  was i n i t i a l  ly  chosen 
such t h a t  MI + ti12 equals the  F1 of the Assessment 
working groups. For a1 1 species ,  the E4l was s e t  
equivalent  f o r  a l l  age groups. 

5. The Feeding Model 

As discussed above, t h r e e  models e x i s t  (Pope, 
Sparre and He1 gason & Gi s lason) .  All th ree  models 
were used i n  t h e  1984 meeting. 

6. Fishing Mor ta l i t i es  

S t a r t i n g  f i sh ing  m o r t a l i t i e s  were as  per  t h e  
Assessment Working Group reports .  

Results of MSVPA 

The Uniqueness Problem 

A small subgroup discussed t h i s  problem. No 
new ana lys i s  was conducted a t  the  meeting. The 
group reviewed previous work by Dekker and Magnus 
& Magnusson. Their comments a r e  given i n  Section 
6 .6  of t h e  ICES repor t .  

The group f e l t  t h a t  i f  the 5 condit ions s ta ted  
by Magnus and i4agnusson hold, then uniqueness i s  
guaranteed. I t  even went as  f a r  t o  say t h a t  
uniqueness may e x i s t  when none of these  condit ions 
a r e  s a t i s f i e d .  I t  encouraged f u r t h e r  work. 
Certainly i t  appeared f r m  t h e  runs t h a t  *re 
made, t h a t  uniqueness was not a problem. 

The Prey Weight Problem 

On t h e  f i r s t  day of the  workshop, Daan pointed 
out a flaw i n  the formulation presented by Sparre 
and used in t h e  t4SVPA c m p u t e r  model. In essence, 
the average prey weight-at-age i n  t h e  sea and i n  
the  stomach were assumed equivalent.  This  may not 
be the  case. For species  exploited i n  t h e  
indus t r ia l  f i s h e r i e s ,  average weights a t  age f o r  
the  f i s h  i n  the  sea may be more c lose ly  
approximated using t h e  weights of these species  
observed i n  the  stomachs of t h e i r  predators. This  
i s  because the  indus t r ia l  f i s h e r i e s  habitual ly  
exp lo i t  the  small members of the  population. For  
groundfi sh, t h e  s i t u a t i o n  i s  even more canplex. 
Dr. Murawski, along with the  Canadian 
par t i c ipan ts ,  conducted an Analysis of Covari ance, 
summarized i n  Section 2.7 of t h e  ICES repor t ,  
which examined these  re1 at ionships.  This  a n a l y s i s  
was par t  of a l a r g e r  attempt t o  come up with a 
s u i t a b l e  correct ion f a c t o r  f o r  t h e  model. 
Unfortunately the r e s u l t s  of t h i s  a n a l y s i s  could 
not be used due t o  high v a r i a b i l i t y  and thus  
empirical est imates  of t h e  stomach/sea weight 
r a t i o  had t o  be used. Indeed the fee l ing  was 
t h a t ,  instead of devoting e f f o r t  on the  
determination of a correct ion f a c t o r ,  the  model 
i t s e l f  should be changed. Dr. Sparre  suggested 
the  addi t ion of length catagories  t o  the analysis .  
This would require  an e n t i r e  rewr i te  of the  
software. Thus t h e  empirical est imates  of the  
correct ion f a c t o r  were used for  t h i s  m e t i n g .  

There was a g r e a t  deal of discussion on where 
t o  apply the  correct ion fac tor .  Two p o s s i b i l i t i e s  
were enter tained.  One ca l led  f o r  applying i t  t o  
the nominator and denominator of equation 5, i . e .  
change the  SUIT- values. The o ther  was t o  run t h e  
i t e r a t i v e  process and then multiply t42 by t h e  
cor rec t ion  fac tor .  As i t  t r ansp i red ,  only runs 
using t h e  f i r s t  option were conducted 
successful ly.  

This  problem wil l  have t o  be solved t o  remove 
a major source of bias  from the  cur ren t  
formulation. There were ind ica t ions  given a t  t h i s  
meeting t h a t  work will  be pursued i n  t h e  near 
fu ture  to  address t h i s  issue.  



MSVPA Run Resul ts  Long-term Yi el d 

One r u n ,  termed the  key run, was made t o  which 
a l l  o ther  options were compared. I t  included the  
He1 gason-Gi sl ason feeding model , M1 values a s  per 
t h e  Assessment Working Groups and no correct ion 
f o r  the  stomachlsea prey weight problem. 

The r e s u l t s  and an example of some program 
output  a r e  given i n  sec t ion  2 - 8  of the ICES 
repor t .  

There a r e  few surpr i ses .  Fishing m o r t a l i t i e s  
a r e  very s imi la r  t o  t h e  SS (Single Species)  VPAs 
and predation m o r t a l i t i e s  were very high on age 0 
t o  1 age groups. 

S i x  additional runs were made, with varying 
opt ions of feeding model, ra t ion  l e v e l ,  M 1  and 
stomach/sea cor rec t ion  fac tor .  Full r e s u l t s  a r e  
provided in t h e  ICES report .  In essence, 
v i r t u a l  ly  a1 1 runs produced d i f f e r e n t  r e s u l t s .  
Due t o  time cons t ra in t s  l i t t l e  discussion on t h e  
pros and cons of the various options was possible .  
This will have t o  await f u t u r e  meetings. 

However one thing became very obvious. 
Whereas t h e  s ing le  species  VPA r e s u l t s  can be 
viewed on one page, t h e  r e s u l t s  of the MSVPA 
occupy about 5-10 cm of output. Summary t a b l e s  
a r e  c a l l e d  for .  There was some progress made 
toward t h i s  during the meeting, through the  
generat ion of predation mortal i  ty est imates  of 
each s ~ e c i e s  on each o ther  species. A descr ip t ion  
of t h i s  i s  given i n  Sect ion 6.2 of t h e  ICES 
r e p o r t ,  

In add i t ion ,  Dr. Sparre  n i l  1 inves t iga te  the 
p o s s i b i l i t y  of feeding the  r e s u l t s  i n t o  a 
s t ruc tured  data  base system t o  allow rapid post- 
ana lys i s .  

Impact on Management Advice Formulation 

Short  Term TAGS 

The r e s u l t s  of the key run were examined t o  
see whether o r  not the MSVPA provided any 
information which would give d i f f e r e n t  shor t  term 
advice than the  s ing le  spec ies  VPA. 

The recrui tment est imates  from the  SSVPA 
were plot ted against  those from the MSYPA and 
except  f o r  sandeel very good cor re la t ions  were 
observed. Thus, the  SSVPA was a t  l e a s t  picking up 
t h e  same recruitment pa t te rn  and the MSVPA would 
not necessar i ly  produce b e t t e r  recruitment/IYFS 
( In te rna t iona l  Young F ish  Survey) re la t ionsh ips .  
The high predation m o r t a l i t i e s  on t h e  young 
ind iv idua ls  would have a shor t  term e f f e c t  only i f  
the  par t i  a1 recruitment and/or cur ren t  level  of 
f i sh ing  mortal i ty  changed. The Working Group 
recommended t h a t  i f  a s h i f t  i s  desired,  then run 
2 ,  which used ra t ion  leve l s  50% of those of the 
key r u n ,  should be used t o  obtain iii2 es t imates ,  
even though they were very provisional .  

I t  was recognized by a1 1 p a r t i c i p a n t s  t h a t  
MSVPA may i n  f a c t  have much more impact on long 
term, r a t h e r  than shor t  term y i e l d  predict ion.  
However, t h i s  ra i sed  t h e  question of recruitment 
v a r i a b i l i t y .  A1 though I4SVPA can document t h e  
n i s to r ica l  i n t e r a c t i o n s  and thus allow examination 
of species in te rac t ions ,  f o r c a s t i  ng demands some 
know1 edge of the con t ro l s  on recru i  t w n t ,  
something t h a t  s t i l l  eludes f i s h e r i e s  biologi s t s .  

Dr. Shepherd had a program, a1 bei t s t i l l  under 
development, w i t h  which one can assess  t h e  l i k e l y  
changes of y i e l d  i n  a l l  f i s h e r i e s  r e s u l t i n g  from a 
small change in each. The output i s  small and 
i n t e l l i g i b l e .  Examples a r e  given i n  Section 4.3 
of the ICES repor t .  

Stomach Sampling i n  t h e  North Sea 

The l a s t  major item covered i n  t h e  Workshop 
was the adequacy of t h e  stomach information. A 
f i r s t  ana lys i s  of the  v a r i a b i l i t y  i n  t h e  cod data  
showed high variance which would requ i re  more 
sampling i n  f u t u r e  projects .  Gertai  nly the  
s t r a t i f i c a t i o n  scheme needed t o  be closely 
examined. A1 so t h e  probabi l i ty  d i s t r i b u t i o n  of 
within stratum data needed to be invest igated to  
allow the  use of t h e  appropriate  t ransformations.  

Regarding year  t o  year  changes i n  t h e  SUIT 
matrix, i t  was f e l t  t h a t  a th ree  year  in tens ive  
stomach sampling program should be conducted f o r  
cod and whiting, r e s t r i c t i n g  e f f o r t s  t o  a 
p a r t i c u l a r  season but covering the whole North 
Sea. This would allow examination of annual 
changes in  d i e t  composition and thus  species  
preference. 

Conclusions of Meeting 

The a c t i v i t i e s  a t  t h e  meeting represented the 
f i r s t  attempt by ICES t o  use mult ispecies  
ca lcu la t ions  in  t h e  determination of y i e l d .  As 
such, a l l  r e s u l t s  were t e n t a t i v e  and tmre 
questions were raised than answers provided. I t  
was apparent t h a t  MSVPA will have l i t t l e  e f f e c t  
on the  shor t  term, as  long as cur ren t  f i sh ing  
pa t te rns  prevai l .  However, i t  might a r i s e  t h a t  
industry wil l  want t o  catch more of t h e  small f i s h  
before they get eaten. The long-term consequences 
could be dramatic. An assessment of these 
involves s o w  knowledge of r e c r u i t w n t  pa t te rns .  

Thus t h e  t4SVPA has provided a valuable da ta  
base on which t o  conduct ana lys i s  of & a t  did 
occur b u t  does not as  y e t  provide t h e  necessary 
too ls  t o  allow evaluat ions of long-term impact. 

The Canadian East  Coast Context 

A key d i f fe rence  between t h e  f i s h e r i e s  i n  
Canada and the  North Sea i s  t h e  r e l a t i v e l y  young 
age of t h e  f i s h  i n  t h e  European catches. Thus an 
t4SVPA t o  determine the  predation mortal i t i e s  of 
these  young age groups makes sense. The same may 
not be t rue  i n  Canada. 



Each Canadian p a r t i c i p a n t  prepared a sec t ion  
describing how t h e  ICES approach could or  could 
not be used i n  t h e i r  region. As well ,  some 
comment on the  longer term u t i l i t y  of t h e  MSVPA i s  
given. 

Scotia-Fundy Region 

The major problem i s  a v a i l a b i l i t y  of adequate 
stomach data. Data f o r  1959-69 co l lec ted  on the  
Scot ian Shelf by Canada a r e  very crude, being 
q u a l i t a t i v e  i n  nature and lacking good prey s i z e  
information. The qua l i ty  of the  data s e t  improves 
i n  1977 b u t  only becomes s u i t a b l e  for  MSVPA i n  as  
l a t e  a s  1982, when work on 4VsW cod was commenced. 
Later ,  as  par t  of the  South West Nova Scot ia  
F i s h e r i e s  Ecology Program, good qua l i ty  stomach 
data was co l lec ted  on 4X haddock. On the  c e n t r a l  
Scot ian She l f ,  s i l v e r  hake stomach data  has been 
co l lec ted  s ince  about 1982. 

The longest  time s e r i e s  of information 
ava i lab le  was col lected on U.S. bottom trawl 
surveys conducted out of Moods Hole, canmencing in 
1963. During 1963-72, t h e  information included 
prey composition and volume but s i z e  information 
was lacking.  Since 1973, however, t h e  data s e t  
has included s ize  infonnation. 

I n  summary, there  e x i s t s  a var iety of da ta  
s e t s ,  each d i f f e r i n g  i n  sampling methods and 
coverage i n  time and space. A major e f f o r t  would 
be required t o  pull these r a t h e r  d i s junc t  data  
s e t s  together .  Even then, only a small f r a c t i o n  
of t h e  data may be useful i n  an ICES s t y l e  MSVPA. 

The workshop pointed out a major problem i n  
t h e  e x i s t i n g  mdel  - t h a t  i s  the prey stomach/sea 
weight problem. Before use of the model t h i s  
needs to  be corrected.  

I t  was mentioned e a r l i e r  t h a t  the  s tocks i n  
t h e  North Sea r e c r u i t  t o  the  f i s h e r i e s  a t  a much 
younger age than they do on the  Canadian Eas t  
Coast. Here, i t  can be sa id  t h a t  most of t h e  
mortal i ty  due t o  predation occurs p r i o r  t o  entry 
i n t o  t h e  f i shery .  This makes elucidat ion of t h e  
possible  mu1 t i s p e c i e s  e f f e c t s  a1 1 the  more 
d i f f i c u :  t. Spec i f ic  sampling and survey programs 
would have t o  be p u t  i n  place t o  evaluate  
pre-recrui t a o r t a l  i  ty processes. 

Thus, from a Scotia-Fundy viewpoint, t h e  ICES 
approach may not a s  y e t  be appropriate  here. 
Other ways of a t tacking the  i s sue  which a r e  more 
s u i t e d  t o  the  res iden t  data s e t s  and s i t e  s p e c i f i c  
problems need t o  be invest igated t o  meet immediate 
demands. This i s  not t o  say t h a t  the MSVPA should 
not be used. Rather, i t  i s  i n  the i n i t i a l  s tages 
of development and i s  not well su i ted  t o  address 
regional problems. 

t4ewf oundland Region 

A basic  conclusion of t h e  ICES workshop was 
t h a t  predation m o r t a l i t i e s  on young age groups 
( 0 ' 8 ,  1 ' 8 ,  and 2 ' s )  were of ten s u b s t a n t i a l l y  
higher than 0.2, whereas predation m o r t a l i t i e s  on 
o lder  age groups were nearly 0.0 f o r  most species .  

Hence, t h e  canmon use of 0.2 a s  "natural 
mortality" f o r  a l l  age groups i n  a VPA would be 
substant ial  l y  in  e r r o r ;  underestimating m r t a l  i ty 
of young age groups, and possibly overestimating 
mortal i ty  of o lder  age groups. The l a t t e r  po in t  
depends on the  l e v e l s  of non-predation r e l a t e d  
natural mor ta l i ty ,  and data  on which t o  base 
est imates  of such mor ta l i ty  a r e  scarce. 

These t e n t a t i v e  changes in t h e  value f o r  
natural mortal i ty  wil l  be important f o r  VPA's of 
North Sea s tocks.  Because of t h e  indus t r ia l  
f ishery and e a r l y  age a t  which f i s h  e n t e r  t h e  
cmmercial f i shery  t h e r e ,  VPA's f o r  North Sea 
s tocks usual ly include data  from t h e  0 age group 
u p .  Changing values of natural mortal i ty  f o r  
ea r ly  age groups i n  such VPA's would change t h e  
e n t i r e  ana lys i s ,  and by a large amount i f  t h e  
change i n  natural mortal i ty  was large.  For t h e  
Newfoundland Region, few VPA's include data  on 
ear ly age groups. Therefore changing natural 
mortal i ty  values f o r  t h e  0 '8 ,  1 ' 8 ,  and 2 ' s  would 
have l i t t l e  e f f e c t  on t h e  VPA r e s u l t s  f o r  o lder  
age groups. I n i t i  a1 recrui  tment est imates  woul d 
be higher fo r  each year  c lass .  Because those 
val ues a r e  usual l y  simply t h e  estimated 
recruitment necessary t o  produce t h e  required 
number of 3 ' s  ( o r  whatever age group i s  t h e  f i  n t  
observed value i n  the  numbers a t  age t a b l e )  with N 
equal t o  0.2, o r  estimated from cor re la t ions  
between research survey and comnerci a1 est imates  
of year  c lasses ,  t h e  consequence i s  simply 
replacing one c i r c u l a r l y  estimated number with 
another. The actual management component of t h e  
VPA would not be changed. Until VPA's f o r  t h e  
Newfoundland Region include so l id  f i shery  o r  
research survey data f o r  numbers a t  age of t h e  
youngest groups, and un t i l  feeding h a b i t s  of a1 1 
ages and s i z e s  of a l l  major s tocks a r e  known, 
there i s  expected to  be l i t t l e  additional 
information gained from repeat ing t h e  ICES 
Mu1 t i  species VPA methods on Newfoundland stocks. 

Quebec Region 

Data f o r  app l ica t ion  on MSVPA i s  not avai lable  
for  t h e  Quebec Xegion. Feeding s t u d i e s  have been 
conducted on various species  but the  coverage i s  
i n s u f f i c i e n t  t o  allow applicat ion of the codel.  
The stomach analyses required a r e  probably beyond 
the c a p a b i l i t i e s  of any s ing le  Region on Canada's 
Atlant ic  Coast. One reason t h a t  ICES was able t o  
have i t s  year  of t h e  stomach was t h a t  the mneta ry  
burden was sharea by several count r ies ,  each doing 
one species .  

One of t h e  most in te res t ing  r e s u l t s  f ran  t h e  
MSVPA runs was t h a t  r e l a t i v e  year  c l a s s  s i z e s  e r e  
not affected.  This would mean t h a t  predation does 
not a f f e c t  year  c l a s s  s i z e  s i g n i f i c a n t l y  a f t e r  t h e  
O-groups survey a r e  ca r r ied  out. I t  may however 
be an a r t i f a c t  of using only one year of stomach 
data. Feeding s tud ies  f o r  4T cod have shown t h a t  
s i g n i f i c a n t  changes can occur i n  the  d i e t  of t h a t  
species over r e l a t i v e l y  shor t  periods of time. 

As mentioned i n  the  Scotia-Fundy sec t ion ,  a 
g r e a t  deal of work remains to be done before t h e  
method can be applied on Canada's e a s t  coast.  I t  



may not be des i rab le  t o  attempt to  apply i t  before 
i t s  meri ts  a r e  c l e a r l y  demonstrated. 

Summary 

The ICES Mu1 t i  speci es M r k i  ng Group has 
advanced to the  s tage where i t  can c o l l a t e  a l a rge  
amount of mu1 t i - s tock  information i n  one model i n  
order  to provide answers on mu1 t i s p e c i e s  
in te rac t ions .  The model i s  complex, not without 
i t s  problems and requires  f u r t h e r  devel opment. In 
add i t ion  i t  requires  a g r e a t  deal of data .  
?kvertheleSS i t  i s  expected t o  provide s i g n i f i c a n t  
f u t u r e  dividends f o r  t h e  management of t h e  North 
Sea f i s h e r i e s  once f u l l y  developed. 

I t s  u t i l i t y  i n  Canadian waters i s  more 
problematical . F i r s t ,  food hab i t s  data  on t h e  
s c a l e  ava i lab le  i n  Europe does not y e t  e x i s t  here. 
Second, more importantly, most predatory 
i n t e r a c t i o n  i n  Northwest At1 a n t i c  waters i s  
suspected t o  occur in  the  pre-recrui ted age 
groups. Consequently quant i f i ca t ion  of these 
i n t e r a c t i o n s  through VPA type models wil l  be 
d i f f i c u l t .  Other models need t o  be developed 
which both take advantage of t h e  ava i lab le  data 
s e t s  and a1 so take in to  account the  exp lo i ta t ion  
pa t te rns  i n  t h e  f i s h e r i e s .  
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Discussion Period 

Stephenson: What i s  the  s t ra tegy  a s  regards the  
age-related changes i n  Ell and !,I2 in  t h i s  model. 

Rice: The idea i s  t h a t  f o r  very young f i s h  the  1-11 
mortal i t y l  value i s  small r e l a t i v e  

t o  the  predation mor ta l i ty ;  whereas a t  01 der ages 
and l a r g e r  s i z e s  the opposite i s  the case. 

Evans: If what i s  needed i s  a s ize  r a t h e r  than 
age s t ruc tured  V P A ,  I immediately think of the 
s i z e  s t ructured Georges Bank model. Dr. Murawski, 
do you see t h i s  a s  being useful .  

Nurawski : I t ' s  a d i f f i c u l t  c o n c e ~ t u a l  problem. 
As f a r  a s  the  u t i l i t y  i s  concerned we a r e  pursuing 
f4ultispecies VPA but  not i n  an a l l  out way. The 
North Sea i s  a system where man and f i s h  compete 
f o r  t h e  same prey. We had a system l i k e  t h a t  on 
Georges Bank where man competed with cod f o r  
herr ing but now t h a t  herr ing has declined cod have 
switched t o  sand lance, which i s  not commercially 
important i n  North America. So the  problem i s  not 
so pressing. There has been speculat ion t h a t  
s i l v e r  hake i s  a con t ro l l ing  soecies and we want 
to  pursue t h i s ,  mainly a s  a framework f o r  

sampling. However, a s  f a r  a s  t h e  "GEORGE" mdel  
i s  concerned i t  has been shelved f o r  t h e  t i n e  
being s ince when we got i n t o  i t  we discovered t h a t  
we d i d  not have the  data t o  make i t  s u f f i c i e n t l y  
p red ic t ive  f o r  app l ica t ion .  

Evans: Could GEORGE be retooled along the l i n e s  
W V P A .  

Murawski : ! think t h e  fundamental equations a r e  
the  same; MSVPA and GEORGE a r e  cousins. To 
canment on t h e  tremendous avount of output f ran  
I-ISVPA, Daan and O'Boyle constructed a two 
dimensional array which shows the  impact of each 
predator on each prey. This allows back-of-the- 
envelope ca lcu la t ions  of how varying F on one 
species  would inf luence t h e  population s i z e  of 
another. 

O'Boyle: Another point  i s  t h a t  of tuning MSVPA. 
This was not addressed a t  t h e  meeting. Dave 
Armstrong looked a t  t h e  cor re la t ions  between t h e  
recruitment est imates  from mult ispecies  and s i n g l e  
species  VPAs and found them t o  be very s i m i l a r .  
We wondered a t  t h a t  point why wz were doing t h e  
whole exercise .  The point  here i s  t h a t  t h e  
f i sh ing  mortal i ty  on some of t h e  younger ages i s  
so high t h a t  unless t h e  f i sh ing  pa t te rns  change 
the  r e s u l t s  will not change a l l  t h a t  much. 
However, when industry r e a l i z e s  how much s p r a t  i s  
being eaten by cod, they may change the  pat tern t o  
g e t  the s p r a t  before t h e  cod do. 

McGlade: The way indus t r i  a1 f i s h e r i e s  a r e  
reported i s  predicated on p o l i t i c s  of t h e  EEC 
community, In t h e  Sa i the  group t h e  s c i e n t i s t s  
agree t h a t  the  numbers which they bring t o  t h e  
meeting a r e  i n  order  of magnitude too small 
because the  indus t r ia l  f ishery mixes a1 1 t h e  young 
f i s h  together  and consequently they a r e  never 
reported. 

S i n c l a i r :  I would canrent  t h a t  the  predat ion 
m o r t a l i t i e s  on cod a r e  ac tua l ly  l e s s  than people 
were expecting before they did the  analysis .  A t  
age 0 i t  was about 0.5 and about 0.2 a t  age 1 and 
beyond t h a t  e s s e n t i a l l y  nothing. Even f o r  herr ing 
which might be considered a prey spec ies ,  t h e  
l e v e l s ,  except f o r  age 3, were about 0.02 o r  some 
s imi la r  value. 

Rice: The herring i s  p a r t i c u l a r l y  deceptive 
because there  were few herr ing out there.  In  
ca lcu la t ing  prey s u i t a b i l i t i e s ,  herring were given 
a low i n t r i n s i c  s u i t a b i l i t y  because few were 
recorded as  being eaten.  They were not being 
eaten because they were not t h e r e  t o  be eaten.  
Then, Men the  model i s  applied t o  a time *en 
herr ing were abundant, few were estimated t o  be 
eaten because of t h e  low s u i t a b i l i t y  they had been 
given e a r l i e r .  

S i n c l a i r :  The herr ing i n  the  Southern North Sea 
now i s  sa id  to be about where i t  was i n  the  1950s 

Rice: The f i s h  stomachs were co l lec ted  in 1981 
when there  were almost no herr ing out there.  

S i n c l a i r :  What about t h e  haddock and o ther  
species where you might expect i n t e r e s t i n g  
i n t e r a c t i o n s ?  Were the  predator m o r t a l i t i e s  i n  



t h e  same order  as  cod? Was t h e r e  any discussion 
about how surpr i  s i  ni;ly low they were? 

Rice: The r e s u l t s  only came on the  l a s t  day of 
t h e m e e t i n g  and there was no time f o r  discussion.  

S i n c l a i r :  I think there  was surpr i se  based on the  
change i n  Oaan's emphasis on how important t h i s  
ana lys i s  was t o  f ishery management: two years  ago 
he thought i t  was c r i t i c a l ,  t h i s  year h i s  view was 
t h a t  the long term implications a re  important, but 
the  shor t  term e f f e c t s  on management advice might 
not be too  dramatic. I t  seems perhaps, and t h i s  
comes out i n  some of t h e  other  papers, t h a t  we may 
not have very in te rac t ing  biological systems. 

Rice: I am incl ined t o  agree. I t  i s  a very 
i n t e r e s t i n g  ana lys i s  but I am not going t o  say 
t h a t  we should be put t ing a l l  our resources i n t o  a 
simil a r  one here. 

Table 1. Comparison of f u l l  recruitment est imates  
from Iiorth Sea and Canadian Eas t  Coast. 

NORTH SEA CANADIAN EAST COAST 
SPECIES Area Age Area Age 

Cod I V 

Haddock I V  

Pollock IV 4 4 V W X  5 

Tab1 e 2. Terms of Reference of Mu1 t i  speci es  
idorking Group Meeting (i8-22 June 1984) 

1. S t a r t  t r i a l  runs with MSVPA model s.  

2 .  Ciscuss t h e  implication of t h e i r  r e s u l t s  of 
Wul t i  species  Assessments i n  the formulation of 
management advice. 

3. Provide advice on possible  f u r t h e r  needs i n  
r e l a t i o n  t o  co l lec t ion  of stomach content  
data .  



Tab le  3. Equations used i n  d e r i v a t i o n  of m u l t i s p e c i e s  v i r t u a l  popu la t ion  a n a l y s i s .  

( 2 )  D ( y , s , a )  . ~ ( s , a )  = C 2 (consumption of prey s a t  age a  by p r e d a t o r  j a t  age b) 
j b  

= C i ; i (y , j ,b)  " F o o d ( j , b )  ' ( F r a c t i o n  of food of p r e d a t o r  ( j , b )  ob ta ined  
j b  from prey ( s , a ) )  

= C W(y, j , b )  ' Food ( j , b )  ' S T K  ( s , a , j , b )  
j b  

13) STCry(s,a, j ,b) = f r a c t i o n  of food of p r e d a t o r  ( j , b )  obta ined from prey ( s , a )  

= biomass of prey ( s , a )  a v a i l a b l e  t o  p reda to r  ( j , b )  
t o t a l  biomass of food a v a i l a b l e  t o  p reda to r  ( j , b )  
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The fishing industry i s  examined in the context of a complex system incorporating human ac t iv i t i e s .  In 
order t o  go beyond descriptive modelling a new paradigm i s  presented, based on the concepts of "dissipative 
structures" and the evolution of complex systems. In t h i s  view, f isheries are seen as part of a larger 
system in which 'self-organization' a r i se s  from successive in s t a b i l i t i e s  over varying t i m  scales. In 
part icular,  the principle of order through fluctuations i s  stressed,  and the ef fec ts  of a f luctuation 
environment as the long term yield of a fishery examined. A simple model i s  presented in which stochastic 
f luctuation in the parameters of the log i s t i c  equation are shown to have a dramatic effect ,  for  even i f  
fishing activity occurs with an average intensity,  which does not jeopardize the f ish population according 
t o  the  mean value of the ra te  of natural increase, the resul ts  demonstrate tha t  extinction will s t i l l  occur 
given a s u f f i c i e n t l y  large variance. Further, i f  the man square variance i s  of the  order of half the man 
value, then again extinction i s  shown to  occur even though th i s  i s  supposedly the zone of maximum 
production. 

Background 

Fishing i s  one of the oldest  forms of food 
harvesting. From the e a r l i e s t  records of middens 
to  the highly techno1 ogical and industrial 
processing plants, which characterise many 
exist ing f i sher ies ,  we can see a dependence on 
fish as a source of food which i s  unlikely to 
decline in the near future. Notwithstanding the 
apparent stream1 i ni ng of the flow between resource 
and market, the fishing industry i s  s t i l l  affected 
by uncertainty generated within the marine 
ecosystem, as a result  of the management regimes 
in place, and o f  the global pressures for 
exploitation of natural resources. A1 l of these 
factors combined, have resulted in the rapid and 
unprecedented transit ions observed in the majority 
of our ecosystems (Bennett 1976). 

In terns of the fishing industry, transit ions 
i n  the marine ecosystem have been observed, 
monitored and responded to ,  i n  varying degrees. 
Thus to understand the impact of such changes, we 
must attempt to identify the processes and 
causality which serve to in ter re la te  f i sh  and 
the i r  abundance, f i sh  harvesters' fishery 
sc ient is ts  and fishery managers, for a l l  play an 
important role in the final y ie ld  of f i sh  for  
human consumption. In a schematic diagram (Figure 
I f ,  we have identified areas tha t  are clearly of 
in t e res t  in answering some of the more obvious 
questions tha t  re la te  to  the complex interactions 
alluded to above. In the marine ecosystem, a: i t  
ex i s t s  today, each one of these 'pigeon-holes can 
be said to be affected by all  the others, insofar 
as each species of commercial importance i s  a 
member not only of that  species but also of a 

larger f i sh  community or assemblage. 
Interspecific relationships must therefore be 
considered nonnal rather than exceptional, and i t  
i s  t he i r  scale tha t  must be determined. In 
addition, each species of f ish ex i s t s  in a 
different way for the assenblage of f i sh  
harvesters, some being more important than others 
i n  certain sectors of the fishery. In t h i s  
context, the single-species deterministic models, 
which have been used by sc ient is ts  and managers, 
t o  describe the interactions between f i s h  and f i sh  
harvesters are clearly not circumspect. 

In the f i r s t  instance we must recognize the 
complexity of the system in which we are  invol ved 
as fishery sc ient is ts .  Once we have accepted 
th i s ,  i t  i s  incumbent upon us to learn the lessons 
of those who have gone before us. For example, 
one of the traps awaiting the user of a systems- 
theoretical approach, i s  that  i t  i s  based on the 
assumption that  real phenomena can be described by 
a model whose invariant aspects are captured in 
fixed mathematical relations. Whereas in  the 
mari ne ecosystem, there i s  hierarchical 
interdependence of goals and sub-systems, which 
cannot be dealt with as simp1 i s t i ca l  ly (Mesarovic 
1968). B u t  on a practical level ,  the espousal of 
an ' h o l i s t i c '  approach, w i t h  i t s  attendant 
optimism and range of vapid generalizations, i s  
unlikely to yiel d an understandi ng of the emergent 
properties of a complex system unless some form of 
theoretical framework i s  i n i t i a l l y  agreed upon. 
In t h i s  sense, i t  i s  c r i t i ca l  t h a t  concepts and 
developments outsidelfbiology be examined, not so 
tha t  biology may be reduced" (sensu Nagel (1952)) 
to  physics or  chemistry for example, but so tha t  
extensions pertaining to complexity may be made. 



Thus t r u e  analogies must be sought, f o r  a s  y e t  we 
do not  have any real i n t u i t i o n  a s  t o  the  way i n  
which complex systems may behave when perturbed or  
1 e f t  al one. 

The Evolution of Complex Systems 

Recent advances i n  our understanding of t h e  
evolut ion of complex systems (Nico l i s  and 
Prigogine 1977;  Allen 1982) have shown us t h a t  i t  
can be represented by the  motion of t h e  system 
through a b i furca t ing  t r e e  of possible s t r u c t u r e s  
and functional organizations. The i n t e r a c t i o n s  
which e x i s t  between the elements of t h e  system 
(populat ions of molecules, of c e l l s ,  of organisms, 
of human a c t o r s ,  e t c . )  a t  a  given time can lead t o  
apparent ly d i f f e r e n t  l a r g e  sca le  organizat ions and 
s t r u c t u r e s  corresponding t o  t h e  various branches 
of t h e  t r e e .  Evolution has there fore  two basic  
modes: t h e  movement a1 ong a  p a r t i c u l a r  branch 
represent ing a  p u r e l y ~ t i t a t i v e  change i n  a  
q u a l i t a t i v e l y  f ixed s t r u c t u r e ;  and the  jumping o r  
switching of the  system t o  another branch 
p r e c i p i t a t i n g  a  reorganization of s t r u c t u r e ,  
t r iggered  e i t h e r  by small chance e f f e c t s  o r  
f l u c t u a t i o n s  within t h e  system o r  by external  
in te rven t ion .  A t  such moments, each p a r t  of the 
system, each subsystem, will experience a  change 
i n  i t s  environment and wi l l  the re fore  be led t o  
p a r t i c i p a t e  i n  the  global process of change. 

Natural systems a r e  the  r e s u l t  of p a s t  
events ,  which have occurred a t  d i f f e r e n t  t imes,  
and t o  d i f f e r e n t  e f f e c t  in each par t  of t h e  system 
- a vast  patchwork of loosely coupled h i s t o r i e s  
which have b u i l t  canplex systems with g r e a t  global 
y e s i l i e n ~ e  and d ivers i ty .  They a r e  not perhifps 

optimal i n  any way as  regards 'energy f lux  or  
biomass o r  any o ther  obvious fac tor .  In any 
l o c a l i t y  t h e  subsystem e x i s t s ,  f o r  t h e  time being, 
because i t  i s  s t a b l e  i n  i t s  present environment. 
I t s  'explanat ion '  i s  h i s t o r i c a l .  I f  i t s  
env i ronwnt  should change o r  f luc tua te ,  then i t  
may well be driven to ex t inc t ion .  

In f a c t ,  the  f u r t h e r  t h a t  a  subsystem evolves 
along a  branch, the more i t  develops i t s  internal  
s t r u c t u r a l  organizat ion towards one of g rea t  
e f f ic iency  with very special ized p a r t s ,  dedicated 
t o  the  p a r t i c u l a r  environmental c h a r a c t e r i s t i c s  of 
t h a t  branch. I t  becmes more 'eff ic ient"1oser  
t o  t h e  'opt imal '  perhaps, a s  i t  r e t a i n s  mutations 
and innovations which a r e  'advantageous' i n  these 
circumstances. However, when the circumstances 
change leading the  sub-system t o  switch t o  some 
o ther  branch of the  evolutionary t r e e  of t h e  
l a r g e r  system, !his same 'ded ica t ion '  and 
' s p e c i a l i z a t i o n  may well lead t o  i t s  demise and 
thus  to  t h e  ex t inc t ion  of the  organisms t h a t  
inhab i t  i t .  

B u t ,  i n  natural systems such a  catastrophe 
will  occur only f o r  a  p a r t i c u l a r  zone found 
incapable of a  suf f ic ien t1  y var iab le  adaptive 
response t o  be able  t o  cope with the  change i n  
condit ions.  This i s  because i n  natural systems, 
d i f f e r e n t  loca t ions  a r e  only weakly coupled, and 
s e l e c t i o n ,  coordinat ion and ' information exchange' 
a r e  local  not global phenomena. As Simon (1962) 
poin t s  out in  h i s  essay on t h e  a r c h i t e c t u r e  of 
complexity, complex systems can show remarkable 

survival propert ies ,  because t h e  sub-assemb l i  es 
a r e  t i g h t l y  connected t o  themsel ves, but only 
loosely t o  others ,  and as such, self-recovery can 
occur through sub-assembly subs t i tu t ions .  

This  means t h a t  'evolut ionary experiments' 
a r e  being conducted in a  myriad of l o c a l i t i e s  i n  a  
r e l a t i v e l y  uncoordinated fashion. Extinct ions, a s  

r e s u l t  of overspecial izat ion,  wil l  only be 
local ' events  there fore ,  and wi l l  lead simply t o  

the  ' l i b e r a t i o n '  of t h e  space f o r  ' r e -use '  by 
o ther  organisms. So, what we observe i n  
ecosystems a r e  organisms which a r e  not only 
surviving i n  t h e i r  p a r t i c u l a r  environment, but 
which have a1 so demonstrated enough potent ial  
adaptiveness t o  have survived the  successive 
'shocks'  of t h e i r  h i s to ry .  

Any p a r t i c u l a r  system, of course, may be one 
which i s  going t o  become e x t i n c t  when f u t u r e  
changes occur, f o r  which i t  has no response. B u t  
most e x i s t i n g  ecosystems will  be those h i c h  have 
retained a  r ich choice of potent ial  behaviour, 
perhaps a t  the  expense of absolute  funct ional  
e f f ic iency .  This lack of opt imali ty  may we1 1 be 
re la ted  t o  t h e  'energy' and ' e f f o r t '  expended i n  
a1 lowi ng the  continued presence of ' spare  genes ' ,  
or diverse behaviours which have ensured i t s  
survival i n  the past ,  and h o s e  continued 
exis tence may well ensure t h e  survival  of t h e  
system i n  t h e  fu ture .  

Complex Systems Incorporating Humankind 

When we turn t o  systems inhabi ted  by humans, 
we f ind t h a t  the  nature of the evolutionary 
process has changed dramatically. Two c r i t i c a l  
fac tors  can be recognized t h a t  have led t o  t h i s  
change: f i r s t l y ,  t h e  invention of means of 
t ranspor ta t ion  and canmunication have introduced 
s trong couplings between t h e  h i t h e r t o  only loose ly  
connected zones and regions of the  globe. 
Information, goods, people, plants ,  animals and 
even microbes can t r a v e r s e  vast  d i s tances  i n  
l i t t l e  time and f o r  small cost .  In t h i s  way t h e  
se lec t ion  process has been coordi naied over v a s t  
areas ,  and t h e  encounters and information 
exchanges between peoples have led t o  diminishing 
cu1 tu ra l  differences.  This s t ronger  coupling of 
a1 1 the d i f f e r e n t  regions of the  world, means t h a t  
we now have a  s ing le  evolutionary 'experiment'  
instead of t h e  myriads of d i f f e r e n t  ones a r i s i n g  
in each l o c a l i t y .  This i n  turn has meant t h a t  
overal l  d ivers i ty  has been grea t ly  reduced, and 
t h a t  a  f u t u r e  f a i l u r e  t o  cope w i t h  changing 
circumstances would lead not j u s t  t o  local b u t  t o  
to ta l  catastrophe.  

A second f a c t o r  leading t o  a  change i n  t h e  
evolutionary process i s  t h a t  of i n formt ion .  
S c i e n t i f i c  progress has led t o  a  si;tuation where 
the  s t a t e  of a  system can be 'known very 
precisely and immediately, and t h i s  has meant t h a t  
decisions based on t h e  going r a t i o n a l e ,  ( f o r  
example shor t  term prof i t )  have been based on t h i s  
type of information. Thus again behavioural 
d ivers i ty  has been reduced since ' r a t i o n a l i t y  ' 
i t s e l f  has assumed a global scale. On the  o ther  
nand, ignorance a1 1 owed a variety of behaviours 
even though the  same r a t i o n a l i t i e s  and values were 
guiding the ac tors .  So information has trapped 



and channelled responses t o  an important degree. 
:4e must there fore  underline the  f a c t  t h a t  
s c i e n t i f i c  progress, rinile revealing what a 
complex system i s  doing, has f a i l e d  c-etely t o  
uncover why o r  even how i t  i s  doing i t .  Thus, we 
have b e e x e d  t o  a w m l y  unstable global system 
react ing rapidly t o  i t s  own condit ion,  but  without 
knowledge or  understanding of where i t  should be 
going, o r  how t o  g e t  there.  

In view of t h i s  i t  has become v i t a l  t o  
r e f l e c t  ca re fu l ly  about our decisions, and t o  
attempt t o  understand t h e i r  implications a s  f a r  a s  
possible  before implementing them. The global 
learning process must change i n  nature, because 
t h e  t r i a l  and e r r o r  method of biological evolution 
and of our e a r l i e r  socio-cultural development will  
no longer  s u f f i c e .  I t  has become too dangerous. 
Instead we must develop a new view of t h e  
evolut ionary process based on understanding and 
knowledge, which wil l  enable us t o  make choices 
according t o  our value system. 

Clearly the  value system i t s e l f  must a l s o  
change i n  the  l i g h t  of such knowledge, a s  i t  must 
address the  question of choice between r e a l i s t i c  
so lu t ions  rinich can be a t t a ined  by t h e  system. 
One important fea ture  of complex systems i s  t h a t  
they can only o f f e r  a var iety of compromises - 
each with sub jec t ive ly  judged 'good' and 'bad' 
fea tures .  This i s  mainly because the  in te rac t ions  
between the  d i f f e r e n t  fac tors  and loca t ions  of the  
system wi l l  inevi tably c r e a t e  pa t te rn  and 
s t r u c t u r e ,  which will  be perceived by t h e  
d i f f e r e n t  p a r t s  of the system as being advantagous 
and di sadvantagous of a given solut ion.  Know1 edge, 
even i f  we have i t ,  will  thus not avoid the  
necessi ty  of making d i f f i c u l t  decisions. 

Understanding t h e  Behavi our of Complex Systems 

To develop a new evolutionary s t r a t e g y ,  o r  
orocess  of global learning,  we must f i r s t  
understanding the  bebaviour of complex systems. 
S c i e n t i f i c  progress, l a r g e l y  the  cause of our 
present  predicament, has been extremely powerful 
i n  solving only c e r t a i n  problems. For example the 
1 aws of c l a s s i c a l  mechanics describe and pred ic t  
very we1 1 t h e  motion of a few in te rac t ing  
~ a r t i c l e s ,  and equilibrium thermodynamics and 
s t a t i s t i c a l  nechanics do indeed succeed i n  
2redict ing the behaviour of l a rge  numbers of 
i n t e r a c t i n g  p a r r i c l e s  a t  equilibrium. This 
knowledge has given us tremendous power t o  a c t  
and, a s  we have discussed, t o  span t h e  globe with 
t ranspor ta t ion  and communication networks c rea t ing  
huge flows of mater ials  and energy, and t o  buil o 
modern economic systems imposing enormous shocks 
on t h e  environment. B u t  science has offered 
l i t t l e  i f  any knowledge about t h e  long term 
e f f e c t s  of such intervent ions.  

However the  concepts of self-organizi  ng 
systems emerging from the  discovery of d i s s i p a t i v e  
s t r u c t u r e s ,  o f f e r  us not only a new bas i s  upon 
which t o  make precise quant i t a t ive  models 
appl icable  t o  s p e c i f i c  problems, but a l s o  a 
valuable tool  f o r  ref1 ec t ion  on the  general i s sues  
involved in managing the  evolution of a complex 
system. We sha l l  address the  app l ica t ion  of these 
ideas to  the s p e c i f i c  problem of f i s h e r i e s  

managment, b u t ,  before doing so several q u i t e  
general remarks can be made. F i r s t l y ,  i n  human 
systems, we see t h a t  planning and management a r e  
concerned with making ra t iona l  est imates  of how, 
i f  possible ,  t o  improve o r  maintain t h e  
functioning of some par t  of a l a r g e r  system. Thus 
i  n general they re ly  on improved techno1 ogy (doi ng 
the same job f a s t e r  and cheaper) ,  smoth ing  out 
bottlenecks and f r i c t i o n s ,  designating a 
s t ruc tura l  organizat ion in space and time which 
s e a s  t o  bes t  f i t  t h e  prevai l ing condit ions,  and 
tnus moving the p a r t i c u l a r  subsystem under 
management along a path of g r e a t e r  dedicat ion and 
specif ic i ty*.  This g rea te r  e f f ic iency  appears t o  
then lead t o  a reinforcement of t h e  r a t i o n a l i t y  
and cu l tu ra l  values i  nvol ved, through f a m i l i a r i t y  
and econanies of sca le ,  which i n  tu rn  lead t o  
s t i l l  g rea te r  s p e c i f i c i t y ,  and a narrowing of 
natural d ivers i ty  and increasing f r a g i l i t y  o r  
vu lnerab i l i ty  of t h e  subsystem should i t s  
environment change. 

Indeed our very vocabulary r e f l e c t s  t h i s  a s  
we d i s t inguish  between objects  and organisms t h a t  
f i t  our p a r t i c u l a r  requirenents, and those t h a t  do 
7ot. We spea: of 'weeds', of 'waste prodycts ' ,  of 

s i d e - e f f e ~ t s  , of ' p e s t s ' ,  of 'drop-outs , of 
' p a r a s i t e s  , etc .  In general,  r a t iona l  management 
and planning wil l  always seek t o  push back t h e  
par t  of t h e  ecosystem populated by such e n t i t i e s ,  
thereby increasing t h e  share  l e f t  f o r  appropr ia te  
ob jec t s ,  organisms o r  species. To wi t ,  the  whole 
problem of putting words t o  p a r t s  and processes i n  
complex systems tends t o  d i s t o r t  our understand- 
ing, s ince t h e  real re la t ionsh ips  between o b j e c t s  
are  proba!ly f a r  more sub t le  than t h e  w:rds 
'predator  , ' p r e y ' ,  ' p a r a s i t e ' ,  ' l e a d e r  , 
'worker' ,  e t c .  would suggest,  b u t  inev i tab ly  we 
a r e  forced to use these analogies i n  our e f f o r t s  
to  understand. 

Using our conceptual model of an evolutionary 
t r e e  of possible s t r u c t u r e s ,  we see  then t h a t  such 
processes of speci a1 i z a t i o n  and improved 
eff ic iency correspond t o  our modification of t h e  
t r e e  t o  make i t  much harder f o r  each sub-system to 
switch and t o  survive on another branch. Invest- 
ment i n  functional i n f r a s t r u c t u r e  becmes g r e a t e r  
and grea te r ,  i n  which case the adapt ive responses 
of which the  subsystem i s  capable narrow down 
unt i l  i t  can only perfonn the  funct ions i t  i s  
cur ren t ly  occupied in doing, and any change i n  t h e  
environment will lead t o  col lapse.  

Current ly,  the  most ccmmn response t o  t h i s ,  
i s  to  move outwards one s t e p  and attempt to  
control  o r  manage t h e  env i roment  of the  
subsystem. However t h i s  inev i tab ly  leads t o  a 
cross-1 i  nking between subsystems and hence t o  an 
increase i n  the  complexity of t h e  system t o  be 
managed. 

The a1 t e r n a t i v e  t o  ' con t ro l l ing  t h e  world' i s  
to  understand the mechanisms underlying t h e  
evolutionary process, such t h a t  external 
v a r i a b i l i t y  can be forseen and adaptive responses 
retained.  Histor ical  ly ,  t h i s  approach was not 
adopted because Western man's perception of h i s  
re la t ionsh ip  w i t h  Nature was, and i s  s t i l l  t o  a 
great  ex ten t ,  one of domination and of 
manipulation. To achieve t h i s  end, information 



about the system was required and was provided by 
a  burgeoning s c i e n t i f i c  conimuni ty  which progressed 
from ear ly  i n d i v i d u a l i s t i c  e f f o r t s  of amateur 
s c i e n t i s t s  t o  t h e  vast armies of t3day, equipped 
w i t h  cosputers and technology capable of producing 
excessive infornat ion about a  system -- excessive 
because of the  paucity of theore t ica l  concepts and 
obvious models t o  a1 low us t o  discr iminate  between 
diagnost ic  and non-diasnostic s t a t i s t i c s  -- t o  say 
what i s  s i g n i f i c a n t .  

Economies of Sca1e:Time-Related Sequences i n  
F i s h e r i e s  

The marine ecosystem i s  c l e a r l y  complex, f o r  
within the oceans there  e x i s t  both temporal and 
s p a t i a l  f luc tua t ions  i n  t h e  physical ,  chemical and 
biological  domains. Physical mechanisms, such a s  
mixing, t i d a l  forcing and the  presence of 
planetary waves, have p e r i o d i c i t i e s  ranging from 
hours to decades, across  hundreds of k i l a n e t r e s  
(Denman and P l a t t  1978; Horne and P l a t t  1984),  
w h i l s t  some chemical events, such as oxygen uptake 
and hydrostat ic  bonding can occur within nano- 
seconds across  a reas  of l e s s  than a  mil l imetre .  
Gespi t e  t h i s ,  however, biological rhythms, whether 
die1 , annual, inter-annual o r  decadal , continue 
v i r t u a l l y  unabated: i t  i s  only i n  the  aftermath of 
events  such as  t h e  grounding of the  Torrey Canyon, 
El Nino or  excessive exp lo i ta t ion  of a  s i n g l e  
spec ies ,  t h a t  t h e  seeming pers i s tence  of biology 
i s  upset.  

Links between t h e  physical ,  chemical, and 
biological  elements of t h e  marine ecosystem a r e  
c l e a r l y  present ,  a s  evidenced in such works a s  
those of Bernal (1979) on zooplankton f luc tua-  
t i o n s ,  Fournier e t  a l .  (1977) on phytoplankton 
product ivi ty  a n d T l z  and Si nclai  r (1982 1 on 
spawning stock s i z e s  of herring (Clupea harengus) , 
b u t  what i s  perhaps j u s t  as  important i n  a  
f i s h e r i e s  context  i s  t h e  re la t ionsh ip  between the 
s p a t i  a1 a g g r e ~ a t i o n  of f i shes  versus t h e i r  
temporal expl oi t a t i o n .  Fish a r e  general l y  caught 
where they a r e  concertrated to  spawn, t o  feed,  o r  
t~ migr3te from one area t o  another. For example, 
!Jda (1959) documents the f a c t  t h a t  b luef in  tuna 
(Thunnus thynnus) a r e  caught along the  western 
boundary o i t h e u r o s h i o  during January and March, 
where large concentrations of sardi  ne-1 ike f i shes  
occur, and on t h e  Scotian Shelf ,  the  s p a t i a l  
d i s t r i b u t i o n  of the  pollock (Pol lach ius  v i r e n s )  
f i s h e r y  during the  period of idovember t o F e b r u a r y ,  
r e f l e c t s  pre-spawning and spawning aggregations 
(!%Glade 19831. Thus, to  t r u l y  appreciate  t h e  
impact of f i s h i n g ,  we must understand the  
d i s t r i b u t i o n a l  fea tures  of both f i s h  abundance and 
f i s h i n g  e f f o r t ,  plus  the  various time s c a l e s  
assoc ia ted  w i t h  seasonal f luc tua t ions  and 
long-tern cycles .  We can view the  f a t t e r  cycles  
a s  providing us w i t h  some form of y i e l d  p o t e n t i a l ,  
which overr ides t h e  idiosyncracies  of t h e  various 
aspec t s  of population dynamics. liloreover they may 
a1 so ref1 e c t  some form of preda tor-prey 
o s c i l l a t i o n  which could follow a type of Lotka- 
Volterra  re la t ionsh ip  with a  var iab le  delay 
funct ion equivalent  to  the learning abi 1 i  ty  of the  
f i s h  harvesters .  

Ef fec t s  of a  Fluctuat ing Environment 

I f  t h e r e  e x i s t s  a  long-term y i e l d  for  a  
p a r t i c u l a r  species  i n  a  p a r t i c u l a r  a r e a ,  then we 
must c l e a r l y  re-exami ne such i s s u e s  a s  environ- 
mental and recruitment f luc tua t ions .  In a  paper, 
examining the e f f e c t  of random f luc tua t ions  i n  
production, Doubleday (1976) concluded t h a t  
removal of the  Maximum Sustainable Yield (MSY) 
each year  would lead t o  d i s a s t e r ,  although t h i s  
statement was conditioned by t h e  a p p l i c a b i l i t y  of 
a  Schaefer model (Schaefer  1954).  Nevertheless, 
recruitment i n  groundfi sh s tocks does appear i n  
the main t o  be a  s tochas t ic  process, except 
perhaps i n  times of low spawning population 
abundance. With t h i s  i n  mind, we have there fore  
examined t h e  potent ial  impact of a  f luc tua t ing  
envi roment  on such a  system as t h a t  of a  
f i shery .  

As has been noted i n  e a r l i e r  a r t i c l e s  t h e r e  
a r e  a t  l e a s t  th ree  types of f luc tua t ion  which must 
be considered when t rying t o  understand the  
nature, the  s t r u c t u r e  and t h e  f u t u r e  of any 
p a r t i c u l a r  system under study: a )  t h e  internal  
f luc tua t ions  of var iables  of t h e  dynamics, b )  t h e  
external f luc tua t ions  of parameters character izing 
the  environment, and c )  t h e  occurrence of new 
types and the  new behaviour of mutants. Wow, 
considering t h e  f i r s t  type, a ) ,  a1re:dy introduces 
the  view of evolut ion as  a  'dialogue beween 
macroscopic determini sm and simpl i c i  t y ,  and 
microscopic s t o c h a s t i c i t y  and d e t a i l .  I t  has been 
considered i n  a  whole s e r i e s  of papers and books, 
and broadly speaking shows us how canplex systens 
evolve through successive s t r u c t u r a l  
i n s t a b i l i t i e s ,  a  morphogenetic, non-conservative 
evolution of s t r u c t u r e  and form. S imi la r ly ,  some 
s tud ies  have been made of the  e f f e c t s  of t h e  t h i r d  
type of f luc tua t ion ,  c ) ,  and i t  has been shown 
t h a t  new i n s i g h t s  i n t o  t h e  evolut ion of ecosystems 
can be gained by studying the  successive 
modifications t h a t  can occur i n  t rophic s t r u c t u r e  
as a  r e s u l t  of invasions of randomly varying types 
of new individual .  This has been t rea ted  both i n  
i t s  de te rmin is t i c  average form and i n  i t s  
s t o c h a s t i c ,  more cor rec t  formulation. Once again 
i t  tu rns  out t h a t  taking i n t o  account the  e f f e c t s  
of f luc tua t ions  and s tochas t ic ty  has a  major 
e f f e c t  on our understanding of the  evolutionary 
process. Instead of a  r i g i d  Neo-Darwinism, h e r e  
there  i s  a  c l e a r  separat ion between a  l e tha l  and 
an advantageous mutation with t h e  s y s t m  evolving 
towards some maximal e f f ic iency ,  we f ind  a  
softening of the  s e l e c t i o n  process (Allen and 
Ebeling 19831, and s trong p o s s i b i l i t i e s  f o r  t h e  
system to explore options f a r  frcm the most 
e f f i c i e n t  forms a t  a  given time. I t  i s  t h i s  t h a t  
gives systems the capacity to  a r r i v e  a t  radical  
new funct ions and l e v e l s ,  and t o  a  dramatic 
res t ruc tur ing  over time. This s tochas t ic  
softening of t h e  c u t t i n g  edge of Darwinian 
s e l e c t i o n  i n  f a c t  allows the  system t o  probe and 
' imagine'  q u i t e  d i f f e r e n t  ways of doing and of 
being, and i t  i s  t h i s  t h a t  c o n s t i t u t e s  t h e  
adaptive potent ial  of t h e  system. 

An important rmark  here i s  t h a t  a1 though the  
actual dynamic evolution of a  system may requi re  a  
study of the  e f f e c t s  of internal  f luc tua t ions  of 
type a )  and c ) ,  t h e  s t a t i o n a r y  s t a t e s  a r e  
neverthel e s s  given correct1 y by the simpl e  
deter ininis t ic  approach. 



However, when we turn to  consider the ef fec ts  
of the second type of fluctuation, b) t h i s  i s  no 
longer the case. As we shall see the macroscopic 
stationary s ta tes  observed for a system will be 
affected by the fluctuations of environmental 
parameters around thei r  mean values. Even i f  the 
variations are extremely rapid compared to the 
'dynamics' of the system, the stationary s t a t e s  
observed for non-li near systems will not be those 
corresponding to the solution of the deterministic 
equations using the mean value of the parameters. 
Thus the extrema of the distributions of 
probability will not coincide with the predictions 
obtained from the non-fluctuating model. 

In t h i s  way, when we observe real systems in 
the i r  natural environment, and we attempt to mdel 
them using deterministic mdels with the average 
values for given parameters, i t  i s  entirely 
possible tha t  the calibration of the model i s  
quite fa lse ,  due to the fac t  t ha t  the s t a t e  
observed, and i t s  variations over time, may 
correspond to a non-linear system reacting to i t s  
fluctuating environment. This should be born in  
mind when discussing f i sher ies  mdel s, for 
example, where future yields are inferred from 
some set  of equations. 

An important aspect of parametric 
fluctuations i s  tha t  in general the i r  ef fec t  i s  
not scaled by the size of the system. In the case 
of type a )  on the contrary, the re la t ive  
importance of internal fluctuations i s  scaled by 
sow inverse system volume factor,  but th i s  will 
not be the case necessarily for  the fluctuations 
of kinetic parameters. For real systems plunged 
into a real environment there will be e i ther  some 
mean value of a parameter, , with variation 
around th is ,  o r  some systematic or  cyclic trend in 
the parameter and an apparantly random motion 
around this.  In order to  speak of noise, however, 
we must attempt to establish the existence of a 
c lear  cut separation between the macroscopic 
dynamics of the system, and the rapidity of the 
variations of the parameters involved. 

Turning more explici t ly to the problems of 
modelling a fishery and the impact of environ- 
mental fluctuations on the devef opment of a 
management strategy,  l e t  us break the model into 
two parts and consider the population dynamics of 
a f i sh  species, under the specified activity of 
fishermen. In general, the population of any 
single species will  change because of i t s  inter-  
action with components of the marine environment 
(Figure 1). The mdel must therefore contain 
mechanisms reflecting the time scales of the 
natural population dynamics (age to maturity, 
etc. 'J, as well as those arising from the changes 
occurring in a l l  the other species which are 
interacting with i t ,  plus those of the parameters 
characterizi ng the mari ne envi ronment i t s e l f .  As 
a f i r s t  approximation we can study the ef fec t  of 
supposing that  a1 1 these d i f ferent  fluctuations 
act  on the population dynamics of a particular 
species as a white noise perturbation of the ra te  
of natural increase and mortality, and also 
perhaps, on the r a t e  of fishing m r t a l  i  ty. Recent 
work in the domain (Horsthemke and Lefever 1984) 
permits us to stufy the ef fec ts  i f  the noise i s  
not really "white but has some f i n i t e  correlat ion 

Fime in i t ,  in which case i t  i s  referred to as 
coloured' noise. However, as we shall  see, the 

important point of principle i s  a1 ready posed by 
the imposition of white noise perturbations on the  
parameters which we have mentioned. 

The second part to the whole mdel which 
in terac ts  with the ' f i s h  sub-model ' i s  t h a t  
describing the fishing activity.  Again several 
time scales will be apparent such as those 
characterizing total f l e e t  sizes,  and the 
fractions fishing part icular zones. The total  
size may ref lec t  both the business cycles and the  
relat ive success of the industry over recent 
years. There i s  also a short term s e t  of 
mechanisms relating to local weather condi tions, 
fishing regulations and the spati a1 choices made 
by the different fisherman. However a model 
capable of describing these phenomena i s  being 
developed ( p e n .  cmm. P. Allen and J .  McGlade), 
and so we shall not discuss th i s  part of the mdel 
any further. 

Simple Model of Exploited Species w i t h  Fluctuating 
Envi ronment 

Let us return to  the question of mode1 ling 
the effects of the fluctuation of the paramters 
i  n the equation governing the population dynamics 
of a part icular species in a given zone. In order 
to  i l l u s t r a t e  the ef fec ts  on the sys tm,  l e t  us 
f i r s t  consider a simple log i s t i c  equation 
governing the growth of a f i sh  population to some 
maximum level in a given zone. 

#here x = population density, b = birth ra te ,  m = 
natural m r t a l i t y ,  s  = cross-section beween x and 
y ;  y = number of boats, and N = a limiting factor. 
This problem was treated originally by Beddi ngton 
and May ( 1977) but since then, the theory of 
stochastic differential  equations has advanced 
sufficiently so that  the analytical solution t o  
t h i s  simple equation and to  other more r ea l i s t i c  
ones can now be given ( see  Horsethemke and Lefever 
19841. Here we shall summarize very briefly some 
of these results  b u t  the interested reader should 
study the book. 

F i r s t ly ,  the importance of these white noise 
fluctuations depends on the fac t  t h a t  they occur 
in non-linear differential  equations, not in  a 
simple additive fashion, but in the value of a 
parameter which may control a process involving 
some of the variables. Thus, in our equation (1) 
we may suppose tha t  the r a t e  of net increase, b-m- 
sy will in rea l i ty  f luctuate around a man value 
with some variance. This can be writ ten as 

Now t h i s  stochastic equation can be 



represented by an equation governing the  
probabi l i ty  of f inding a  p a r t i c u l a r  value of x, 
p ( x , t ) ,  a t  time t. The evolut ion of t h i s  
probabi'li ty d i s t r i b u t i o n  i s  governed by a  Fokker- 
Pianck equation, and t h i s  can i n  general be solved 
i n  the  s ta t ionary  s t a t e .  The solut ion can be 
wr i t t en ,  furthennore, i n  a  form which a1 lows us t o  
imagine t h a t  t h e  behaviour of any p a r t i c u l a r  
system i s  governed by a  po ten t ia l  function, 
although, in  r e a l i t y  i t  i s  simply governed by t h e  
di s t r i b u t i o n  of probabi l i ty .  

aP(x, t )  

^ L 
= - - 3f  (XI P ( x , t )  + a2 a 2  g 2 ( d  P (:tit) 

b z- a?: 7 - 5 7  

(.:, t) = Ne where v ( x )  = 'pseudo p o t e n t i a l '  

j i ) c )  = - d~ - 2 In g ,,I] 
Now, t h i s  q u i t e  general solut ion can be 

appl ied t o  the  problem posed by equation ( 2 ) .  We 
can define the  funct ions f ( x )  and g ( x )  and hence 
c a l c u l a t e  the s ta t ionary  probabi l i ty  d i s t r ibu t ion .  
I t  i s :  

I n  f a c t  t h i s  i s  in tegrab le  from 0 t o  a only i f ,  

b-m-sy > .G2/2 

and so studying t h i s  we can see t h a t  there a r e  two 
t r a n s i t i o n s ,  which may occur i n  t h e  form of the  
d i s t r i b u t i o n ,  a s  the  mean values and the  variance 
a r e  m d i f i e d .  

a 
Whenj < 7 then, the d i s t r i b u t i o n  i s  a  6 - 

funct ion a t  zero. Xe have ext inct ion.  

Nhen f: < 02 then, t h e  d i s t r i b u t i o n  peaks a t  
zero,  but has a  roughly exponential t a i l  extending 
t o  pos i t ive  x. This means t h a t  t h e  ms t  probable 
value of x observed wil l  be near 0: but t h a t  from 
time t o  time t h e r e  w i l l  be ' b u r s t s  of population. 
The ' w a n '  value of the d i s t r i b u t i o n  will  not be 
zero. 

When T > 02 then, t h e  d i s t r i b u t i o n  becomes a  
'be1 1-shaped' function s i t u a t e d  with i t s  extremum 
a t  the  value of the  so lu t ion  of the  macroscopic 
equation. The mean and the  m d e  roughly 
coi nci de . 

(normalizat ion)  

The importance of t h i s  r e s u l t  i s  t h a t  even i f  
f i s h i n g  a c t i v i t y  occurs with an average i n t e n s i t y ,  
which does not jeopardize t h e  f i s h  population 
according t o  t h e  mean value of the  r a t e  of na tura l  
increase,  then e x m t i o n  wi l l  s t i l l  occur i f  t h e  
variance around these  man values i s  s u f f i c i e n t .  
I t  a lso mans  t h a t  i f  t h e  variance i s  not a  matter  
of choice, b u t  i s  ' f i x e d '  by the  natural  
environnent, then as  the  f i sh ing  r a t e ,  o r  e f f o r t ,  
is  increased, so the  value of b-m-sy drops and t h e  
systen approaches t h e  danger zone of t h e  
t r a n s i t i o n  t o  zero, even though b-m-sy i t s e l f  may 
be q u i t e  large.  

This  type of r e s u l t  was presaged c e r t a i n l y  by 
t h e  work of Beddi ngton and May ( 1977 1, and by 
others  s ince,  but now these general methods of 
solut ion e x i s t  i t  i s  possible  to  extend the  
ana lys i s  t o  m r e  r e a l i s t i c  madels. The po in t  of 
p r inc ip le  is  t h a t  t h e  f luc tua t ions  cause not  on ly  
t h e  var iab les  t o  change, but  a l so  t h e  po ten t ia l  
landscape i n  which they move, and i t  i s  because of 
t h i s  t h a t  new phenomena can occur. 

Pushing t h i s  small example a  l i t t l e  f u r t h e r ,  
l e t  us consider  t h e  idea of attempting t o  f i s h  a t  
s o m  maximum sus ta inab le  level  on t h e  basis  of 
( 1). The maximum catch corresponds to  a value of 
x  such t h a t ,  



max, catch = max (syx)  = niax bx(1-x/!l) - mx ; 

nax. catch 
x = N/2 (1-m/b) 

max. catch max. catch 
SY = b(1-x / M )  - R = - b-m 

2 

So, a t r a n s i t i o n  occurs when 
b-m 

0-m-sy = 0 2  + -2- = 0 2  

Thus, a t  t h i s  l e v e l ,  we see t h a t  i f  the  mean 
square variance i s  of the order of half the  mean 
value then ex t inc t ion  wil l  occur even though t h i s  
i s  supposedly the  zone of maximum production. A 
glance a t  t h e  experimental r e s u l t s  r e l a t i n g  stock 
s i z e  t o  recruitment show us t h a t  there  i s  indeed a 
highly uncertain re la t ionsh ip ,  wtiich can, un t i l  
some b e t t e r  mechanism can be elucidated,  be 
represented by a white noise f luc tua t ion  around a 
mean value f o r  the r a t e  of natural increase. The 
quest ion t h a t  needs t o  be addressed now concerns 
the s i z e  of t h e  'var iance '  t h a t  should apply t o  a 
f i s h  population, and also t o  t h e  construct ion of 
more r e a l i s t i c  equations. Many more complicated 
equations can and have now been s tud ied ,  and 
there fore  much of the d i f f i c u l t  theore t ica l  work 
i s  a lready done. Mhat remains i s  to  undertake a 
proper study of appropriate  f i shery  equat ions,  and 
i n  p a r t i c u l a r  f ind  t h e  cor rec t  parameter ranges. 

Such an undertaking should help t o  o u t l i n e  
more r e a l i s t i c  management p o l i c i e s  f o r  t h e  long 
t e r n  survival  of the  f i shery ,  and t h i s ,  coupled 
with t h e  models of the spa t ia l  and economic 
behaviour of the f i sh ing  boats under a given 
managemelt s t r a t e g y  which wil l  be out1 i ned 
elsewhere (pers .  comm. P. Allen and J .  McGlade), 
should provide a useful preliminary tool f o r  the  
construct ion of a long term f i shery  policy. 

Concluding Remarks 

Thus in  conclusion we a r e  l e f t  w i t h  some 
obvious questions unanswered, and which must be 
addressed il the  immediate fu ture .  

1. i h a t  a r e  the  object ives of f i s h e r i e s  
management? I f  these a r e  not s t r i c t l y  
biological  , then biol ogica-asures of t h e  
s t a t u s  of stocks will  not provide adequate 
information. 

2 .  To what ex ten t  a r e  f i s h e r i e s  managers involved 
i n  a s t o c h a s t i c  game ra ther  than a 
de te rmin is t i c  one? I f  f luc tua t ions  i n  
recruitment a r e  s tochas t ic ,  what i s  t h e  
s h o r t e s t  period i n  which a col lapse could be 
recogni sed and f i sh i  ng stopped? 

3 .  What a r e  t h e  e f f e c t s  of f luc tua t ions  i n  
recruitment on f i shab le  biomass and 
sus ta inab le  y i e l d ,  both temporally and 
s p a t i a l l y ?  

4. Mhat a r e  the e f f e c t s  of spa t ia l  f luc tua t ions  
i n  the behaviour of f i s h i n g  boats ,  and delays 
i n  learning? 

5. Are t h e  long term cycles  t h a t  we see  i n  
f i s h e r i e s  data, t h e  r e s u l t  of environmntal  
per turbat ions o r  "predator-prey" 
o s c i l l a t i o n s ?  

6. By s e t t i n g  TACs can we reduce over-capacitiza- 
t i o n  o r  do we simply exacerbate t h e  s h o r t  term 
p r o f i t  modus operandi? 

ide m u s t  r e a l i  se t h a t  a f ishery i s  j u s t  one 
par t  of a l a r g e r  evolving system, and a s  such we 
face  a basic choice between t ry ing  t o  manage i t  o r  
simply leaving i t  t o  a ' f r e e  market'. I f  we 
choose t o  manage i t  we1 1 ,  then we need t o  develop 
models which incorporate  not only an understanding 
of t h e  f i shery  i t s e l f ,  but  a1 so an awareness of 
the  system i n  which i t  i s  embedded. 
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represented by an equation governing t h e  
probabi l i ty  of f inding a  p a r t i c u l a r  value of x, 
pf x, t ) ,  a t  time t. The evolut ion of t h i s  
probabi l i ty  d i s t r i b u t i o n  i s  governed by a  Fokker- 
Planck eauation, and t h i s  can i n  general be solved 
i n  t h e  s ta t ionary  s t a t e .  The solut ion can be 
w r i t t e n ,  furthermore, i n  a  form which allows us t o  
imagine t h a t  the  behaviour of any p a r t i c u l a r  
system i s  governed by a  po ten t ia l  funct ion,  
although, i n  r e a l i t y  i t  is simply governed by t h e  
d i s t r i b u t i o n  of probabi l i ty .  

dXt = f(Xt)  d t  + ~g (xt) dwt (3)  

aP(x , t )  
= - - "c ( X I  P ( x l t I  + 02 a 2  g 2 ( 4  P (:tit) 

2 t  a,: 2 S 

Wow, t h i s  q u i t e  general solut ion can be 
appl ied to  the  problem posed by equation ( 2 ) .  We 
can define the  funct ions f ( x )  and g(x)  and hence 
c a l c u l a t e  t h e  s ta t ionary  probabi l i ty  d i s t r ibu t ion .  
I t  i s :  

(normal i z a t i o n )  

In f a c t  t h i s  i s  in tegrab le  from 0 to  a only i f ,  

- - 
l e t  >\ = b-sy-m 

and so studying t h i s  we can see t h a t  there  a r e  two 
t r a n s i t i o n s ,  which may occur i n  t h e  form of the 
d i s t r i b u t i o n ,  as  t h e  mean values and t h e  variance 
a r e  modified. 

When! < $then, the d i s t r i b u t i o n  i s  a  6 - 
funct ion a t  zero. We have ext inct ion.  

When ! < o2 then,  t h e  d i s t r i b u t i o n  peaks a t  
zero,  but has a  roughly exponenti a1 t a i l  extending 
t o  pos i t ive  x. This means t h a t  t h e  m s t  probable 
value of x  observed will  be near O f  but t h a t  from 
time t o  time t h e r e  wi l l  be ' b u r s t s  of population. 
The 'mean' value of the d i s t r i b u t i o n  wil l  not be 
zero. 

6-fn a t  zero 

X 

The importance of t h i s  r e s u l t  i s  t h a t  even i f  
f i s h i n g  a c t i v i t y  occurs with an average in tens i  ty, 
which does not jeopardize the  f i s h  population 
according t o  t h e  mean value of the  r a t e  of natural  
increase,  then e x E t i o n  wi l l  s t i l l  occur i f  t h e  
variance around these wan  values i s  s u f f i c i e n t .  
I t  a l so  mans t h a t  i f  t h e  variance i s  not a  matter  
of choice, but i s  ' f i x e d '  by the  natural  
envirorment, then a s  the  f i sh ing  r a t e ,  o r  e f f o r t ,  
i s  increased, so t h e  value of b-m-sy drops and the  
system approaches t h e  danger zone of t h e  
t r a n s i t i o n  t o  zero, even though b-m-sy i t s e l f  may 
be q u i t e  l a rge .  

This  type of r e s u l t  was presaged c e r t a i n l y  by 
the work of Beddington and May ( 1977 1, and by 
others  s ince,  but n w  these general methods of 
solut ion e x i s t  i t  is  possible  t o  extend the  
ana lys i s  t o  more r e a l i s t i c  models. The po in t  of 
p r inc ip le  is  t h a t  t h e  f luc tua t ions  cause not  only 
t h e  var iab les  t o  change, but  a l so  t h e  po ten t ia l  
landscape i n  which they move, and i t  i s  because of 
t h i s  t h a t  new phenomena can occur. 

Pushing t h i s  small example a  l i t t l e  f u r t h e r ,  
l e t  us consider  t h e  idea of attempting t o  f i s h  a t  
some maximum sus ta inab le  level  on t h e  bas i s  of 
( 1). The maximum catch corresponds t o  a  value of 
x  such t h a t ,  

When 7 > a2 then, t h e  d i s t r i b u t i o n  becomes a  
' be1 1 -shapedi funct ion s i t u a t e d  with i t s  extremum 
a t  the  value of t h e  so lu t ion  of the  macroscopic 
equation. The mean and the  mode roughly 
coi  nci de . 
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SESSION V: 

GENERAL DISCUSSION AND RECOMMENDATIONS 



Preamble 

This session f a l l s  i n t o  t h r e e  parts .  The 
f i r s t  i s  a  discussion of past  performance, with a  
diversion i n t o  t h e  question of t h e  r o l e  of t h e  
b i o l o g i s t  in  management. The second i s  a  
consideration of how t o  incorporate  analyses of 
technological i n t e r a c t i o n s  i n t o  management advice. 
The t h i r d  i s  how t o  deal with species  
in te rac t ions .  Throughout, t h e r e  i s  t h e  
consideration of how MEES should function and what 
top ics  i t  should deal with. 

Discussion 

Chairman: The object ive of t h i s  session i s  t o  
formulate some prac t ica l  recommendations based on 
the preceeding sessions. To f a c i l i t a t e  t h i s ,  a  
represen ta t ive  from each session (chairman o r  
rapporteur) and I have summarized t h e  main points  
which we be l ieve  could lead t o  useful 
recommendations. 

To begin with, we asked how well t h e  current  
s i n g l e  spec ies  models worked. We concluded t h a t  
whereas we had been successful i n  rebui lding some, 
mainly groundfish s tocks,  o thers  have not 
recovered thus f a r  e.g. Georges Bank herr ing and 
Grand Banks haddock. Furthermore, a s  we attempt 
t o  manage a t  equilibrium l e v e l s  we suspect t h a t  
t h e  models wi l l  not be f i n e l y  tuned enough t o  
produce s a t i s f a c t o r y  resu l t s .  

The reasons a re  1) t h a t  t h e  jury i s  s t i l l  out 
on how we1 1 t h e  model s  have been appl i  ed; we may 
j u s t  not have put t h e  r i g h t  da ta  i n t o  them, 2 )  
they may require  refinement, a  process which will  
c l e a r l y  continue; and 3) t h e  models may have 
f a i l e d  because they a r e  inappropriate ,  inasmuch a s  
they do not include t h e  kinds of i n t e r a c t i o n s  
which we have been discussing over t h e  past  two 
days. 

Evans: There appear t o  be two aspects  t o  t h e  
l a t t e r  point ,  The f i r s t  i s  t h a t  t h e  models a re  
inappropriate ,  and the  second t h a t  they a r e  s ing le  
species  models. There could be appropriate  s ing le  
species models which have not been t r i e d  y e t .  

Waldron: Are we j u s t  going t o  consider t h e  
appropriateness of the  model a s  we use i t  o r  a r e  
we a l s o  going t o  consider t h e  appropriateness  of 
the  way i t  i s  ul t imately applied. 

Chairman: I had intended only t o  consider the  
f i r s t  level f o r  t h e  moment. 

McGlade: I think t h e r e  should be some recognition 
of how they a r e  sometimes misapplied a t  t h e  l e v e l s  
of t h e  managers. We know t h e r e  a r e  caveats  which 
we put on t h e  advice which often seem t o  disappear 
i n  l a t e r  usage. 

Chairman: Assuming t h a t  t h e  s i n g l e  species  models 
we use a r e  inappropriate  because they f a i l  t o  take 
account of in te rac t ions  of t h e  s o r t  which have 
been discussed here, we need t o  come t o  some 
conclusions about what we can do. For a  s t a r t ,  i t  
seems c l e a r  from t h e  workshop t h a t  we a r e  i n  a  
posi t ion t o  attempt t o  take i n t o  p rac t ica l  
considerat ion t h e  technological in te rac t ions ,  
which we know e x i s t  and which we know a r e  
producing problems : n  some f i s h e r i e s .  We need t o  

make t h e  point t h a t  t h i s  wil l  require  some 
reorganization in t h e  way t h a t  catches a r e  
a l loca ted .  We f e l t  t h a t  t h e  t o o l s  ex i s ted  t o  
implement t h i s  type of approach within a  year  o r  
two. 

Moving on t o  the  area of biological 
i n t e r a c t i o n s  i t  appears t h a t  t h e  best s t a r t i n g  
point would be t o  iden t i fy  small systems of two t o  
t h r e e  spec ies ,  i.e. key i n t e r a c t i o n s ,  and t o  t r y  
t o  include these  e x p l i c i t l y  in  t h e  management 
advice. !n t h e  paper by Halliday and Pinhorn we 
heard t h a t  t h i s  type of information i s  given some 
q u a l i t a t i v e  considerat ion but t h a t  t h e  managers 
want t o  see some hard evidence before including 
t h i s  information e x p l i c i t l y  i n  a  management plan. 

I t  seems c l e a r  t h a t  t h e  only place t o  s t a r t  
i s  with t h e  small system. However, i t  a l s o  must 
be made c l e a r  t h a t  i n  doing s o  one could be taking 
t h e  system out of context and t h a t  t h i s  could 
produce some unpredictable consequences. 
Essen t ia l ly ,  i t  would be a form of experimental 
management. Any type of mult ispecies  advice has 
t h a t  experimental aspect  t o  i t .  So, t h e  
recommendation i s  t h a t  we move toward e x p l i c i t  
inclusion of in te rac t ions ,  a t  t h e  level  of small 
systems of two or  t h r e e  species .  

Going beyond t h i s  level  of complexity t h e  
models quickly become s t r u c t u r a l l y  very complex 
and requi re  committment t o  data  gathering and 
modelling which a r e  beyond our immediate scope, 
f o r  example, t h e  ICES mult ispecies  VPA described 
by Rice. A t  t h i s  s tage  t h e  only possible  way t o  
proceed within t h e  foreseeable f u t u r e  would be t o  
apply whole system approaches which attempt t o  
incorporate  overal l  inputs  and outputs, o r  system 
responses, i n t o  t h e  management s t ruc ture .  
However, as  has been pointed out e a r l i e r ,  these  
emergent p roper t i es  a r e  seldom i n  terms which can 
be re la ted  t o  t h e  p roper t i es  which t h e  managers 
use t o  regulate  t h e  system. Therefore, unless  they 
can be t rans la ted  back i n t o  some values which 
r e l a t e  t o  s ing le  species  catches,  they wi l l  be of 
1  imited value. 

F ina l ly ,  in  t h i s  approach i s  t h e  assumption 
t h a t  t h e r e  i s  a  def inable system which can be 
considered a s  an ecological whole. The s i z e ,  
comlexity, and openness of t h e  ocean makes i t  
unl ikely t h a t  t h e r e  a r e  meaningful ecological 
systems, even i f  we could define them, which i t  
would be prac t icab le  t o  model f o r  management 
purposes. Therefore, any attempts t o  define 
systems wil l  be a t  t h e  operational l e v e l ,  based on 
such p r a c t i c a l i t i e s  a s  f l e e t  f i sh ing  p a t t e r n s ,  
monitoring and enforcement c a p a b i l i t i e s  a s  well as  
spec ies  d l s t r i  butions and environmental regimes. 
In t h i s  connection t h e  session on system 
i d e n t i f i a t i o n  brought t o  our a t t en t ion  several 
methods which could be used t o  i d e n t i f y  
operat ional  systems. From these,  t h e r e  would be a  
process of redef in i t ion  and appl icat ion.  Again i t  
i s  necessary t o  s t r e s s  t h e  f a c t  t h a t  i n  defining 
and applying systems in t h a t  way one can be 
ignoring important connections and l inkages which 
could r e s u l t  in  unpredictable behaviour of t h e  
system. 



[Given t h e  above overview the d i scussan ts  
turned t o  t h e  beginning with the  aim of working 
through t h e  sequence of ideas.]  

t4cKone: I s  t h e  object ive t o  increase precis ion 
f o r x t  years  assessment, o r  t o  gain a  b e t t e r  
understanding of the system i n  the long term, o r  
both? 

Chairman: Essen t ia l ly  both, t o  be r e a l i s t i c  our 
near t e r n  ob jec t ive  should be t o  use the  kinds of 
information on technological and biological 
i n t e r a c t i o n s  we have been discussing t o  r e f i n e  t h e  
kind of advice we cur ren t ly  provide, while 
attempting t o  explore a l t e r n a t i v e s ,  f o r  example 
more consideraton t o  t h e  o ther  major fo rces ,  such 
a s  economic and soc ia l ,  inf luencing the f i shery .  

[Here, t h e  discussion diverges i n t o  a  
consideraton of t h e  r o l e  of the  b io log is t  i n  t h e  
management process. 1 

FlcKone: I  wonder whether the  object ive of 
m i s t s  i s  t o  give biological advice, and 
whether they should be concerned with what happens 
t o  t h a t  advice t h e r e a f t e r .  

Chairman: !.ihat I gather  we might be saying a s  
b i o l o g i s t s  i s  t h a t  we cannot give adequate 
Siol  ogical advice based on biological 
consideratons alone and t h a t  to funct ion 
e f f e c t i v e l y  a s  b i o l o g i s t s  we may need a  forum in 
which to i n t e r a c t  with other  d i sc ip l ines .  

McKone: I think the question s t i l l  stands a s  to  
whether t h e  b i o l o g i s t  need be concerned with more 
than p r o v i d i n ~  t h e  bes t  biological advice. 

Li'aldron: This i s  a  very important area which we 
s h o u l d r e s o l v e  before continuing our discussion.  
Although our advice i s  primarily biological  i n  
nature we need t o  be constant ly aware of t h e  
e f f e c t  of our advice on o ther  face t s  of t h e  
management process and vice versa. 

XcKone: To continue a s  the  devi ls  advocate, I 
wonaer i f  the  b i o l o g i s t  can consider  t h e  s o c i a l ,  
economic arid p o l i t i c a l  aspects  of the f i shery  and 
s t i l l  give t h e  bes t  possible  biological advice 
based on the  long term conservation of t h e  
resource. Nonetheless, I  do agree t h a t  bi 01 ogi s t s  
could have more input  i n t o  the management process. 

C'Soyle: In my ta lk  I  agreed with the  l a s t  point 
made. I wanted t o  t ry  and insu la te  CAFSAC from 
t h e  socioeconmic influences. Indeed, my point  i s  
t h a t  we should provide the bes t  models which a r e  
avai l  able  f o r  f i shery  production and management 
and then leave i t  u p  to  the managers t o  use them 
t o  expl ore  t h e  consequences of various management 
options. 

Sandeman: One aspect of O'Boyle's paper which was 
lacking was t h a t  there  i s  a  pathway back f ran  the 
managers t o  CAFSAC so t h a t  they can put management 
questions t o  CAFSAC. However, i n  r e a l i t y  i t  tu rns  
out  t h a t  t h e  managers a r e  too busy t o  spend much 
time thinking about questions they should be 
asking, and t h e  b i o l o g i s t s  have t o  a n t i c i p a t e  them 
in providing advice. Hopefully we wil l  move 
towards a  s i t u a t i o n  where there  i s  more i n t e r p l a y ,  

and I  think t h a t  s e t t i n g  up an equivalent  
socioeconomic advisory body would cont r ibu te  t o  
t h i s .  However, i t  i s  c lea r ly  important t o  keep 
advice separate  from management, while at tempting 
t o  make i t  responsive. 

McGlade: I think t h a t  in te rac t ion  would 
m e l y  be f a c i l i t a t e d  by having a  socio- 
economic advisory s t r u c t u r e  par ra l l  el t o  t h e  
biological one such t h a t  the two could cane 
together as  appropriate. 

Sandeman: Yes, t h i s  i s  c e r t a i n l y  a  s e r i o ~ s  lack ,  
and indeed they do not have much of a  data base t o  
operate  from. 

A .  S i n c l a i r :  I would l i k e  to  cunmnt on t h e  
object ive of management bei ng t o  cont inue t o  
harvest  a t  F0.1 through t h e  1980s. We have 
found as  a  group t h a t  pas t  l eve l s  have been well 
i n  excess of FO,l  l eve l s .  This i s  due t o  t h e  
wil l ingness  of industry to  harvest  a t  l e v e l s  i n  
excess of F o a l  and our i n a b i l i t y  t o  provide 
accurate  est imates  of F0.1 y ie l  ds. Having 
been unable t o  achieve t h i s  goal i n  the  pas t ,  t h e  
s ta ted  object ive of continuing t o  do so i n  t h e  
1980s seems naive and unrea l i s t i c .  

[This comment re fe rs  to  some re t rospec t ive  
analyses of performance e .g.  CAFSAC Res. Doc. 84/ 
81 and 84l1001 

McKone: Ultimately, t h e  policy decis ions a r e  not 
in  the  control of t h e  b io log is t .  These decis ions 
a r e  taken a t  a  higher level and i f  t h e  decis ion 
i s  made t o  el iminate  t h e  stock by s e t t i n g  catch 
leve l s  which a re  too high, t h a t  i s  outside the  
b io log is t s  area of con t ro l .  The most t h e  
b io log is t  can do i s  advise on t h e  implicat ions of 
taking c e r t a i n  decis ions,  and describe t h e  
consequences of pas t  management decis ion.  

Stevenson: I s  the  r o l e  of the  b i o l o g i s t  t o  do 
more than adequately describe t h e  dynamics of t h e  
populations being managed, and i n  t h e  mult ispecies  
case t o  understand the  in te rac t ions  iJnich a r e  
important? The management imp1 ica t ions  would 
appear t o  be a  separa te  issue m i c h  can be 
separated out a t  a  very ear ly  s tage .  

Evans: That i s  t r u e ,  provided t h a t  a t  t h e  same 
=the b io log is t  points out a s  fo rcefu l ly  a s  
possible  what the  consequences of t h e  management 
decision a re  l i k e l y  t o  be. There i s  a  d i f fe rence  
oetween saying what should happen and predict ing 
( o r  est imating,  i f  ' p red ic tng '  seems t o  claim an 
accuracy we c a n ' t  d e l i v e r )  what wil l  happen. We 
can advise on both, provided we make i t  u t t e r l y  
c l e a r  t h a t  we a r e  answering e s s e n t i a l l y  d i f f e r e n t  
quest ions (maybe going t o  such extremes a s  using 
d i f f e r e n t  colours of paper).  I t  i s  our duty as  
b io log is t s  to  say what we think wil l  happen, 
whether we a re  asked o r  not. I t  is our duty a s  
publ ic  servants  t o  say what we think should happen 
when asked; and we a r e  f r e e  as  c i t i z e n s  t o  o f f e r  
unsol i c i  ted advice whenever we think i t  valuable. 
As long as  everybody knows when we a r e  and a r e  not 
using the  word ' s h o u l d t ,  the re  i s  no problem. To 
s p a k  of one or  o ther  a s  ' t h e '  ob jec t ive  of 
b io log is t s  i s  unnecessarily r e s t r i c t i v e .  



Waldroq: Let us look a t  one instance where we 
should perhaps be involved. That i s  in  a l loca t ion  
and the by-catch regulat ion t h a t  r e s u l t s .  In 4X 
cod, i t  appears t h a t  t h e  quota w o ~ l d  not be caught 
under the a l loca t ion  given t o  the  offshore f l e e t .  
In t h e  meantime the  inshore f l e e t  with a  l imited 
a1 locat ion and surplus capacity could be engaging 
i n  discarding and under the  t a b l e  sa les .  I f  we 
could oe involved in advising on the a l loca t ion  
procedure we could say t h a t  the  TAC i s  not l i k e l y  
t o  be taken under the a l loca t ion  scheme planned. 
Me could a t  l e a s t  be more involved i n  the process 
of advising on the  biological and technological 
implicat ions of various resource a l loca t ion  
deci sions. 

McGl ade: In f a c t  there  i s  one ski1 1 t h a t  few of 
us have any t r a i n i n g  i n ;  t h a t  i s  the implicat ions 
of decis ion making. We can do i t  i n  a  q u a l i t a t i v e  
way, but do not have the formal s k i l l s .  

A .  S i n c l a i r :  Furthermore, we depend so much on 
f ishery information t h a t  we have to consider t h e  
e f f e c t  of decis ions on t h a t  in fomat ion .  

E4cGlade: Yes, we need to understand t h e  
implicat ions of various decisons on what we a re  
doing as  b i o l o g i s t s  and i n  t h a t  way we need t o  be 
more involved in the decis ions.  We cannot r e a l l y  
remain i s o l a t e d  from management. Perhaps another 
framework i  s  requi red f o r  understandi ng the  
imol i ca t ions  of decisions. 

IiicKone: We should reaember t h a t  we do have 
representat ion in  the  decision making 
organizat ions -- o r  i s  t h i s  inadequate f o r  
informstion flow? 

[There was an exchange of comments re la t ing  
t o  t h e  concern t h a t  management i s  mainly or iented 
towards dealing with s h o r t  tenn c r i s e s  and 
reac t ions  t o  immediate problems. 1 

Chairman: I would l i k e  our a t t en t ion  t o  proceed 
on t o  the second question, which i s  -- what can we 
do  a t  t h e  wonent about incorporating cur ren t  
information and analyses on technological 
i n t e r a c t i o n s  i n t o  the management process? E a r l i e r  
I concluded t h a t  t h i s  was an area in  which we 
could hope to make Drogress i n  the near f u t u r e  and 
t h a t  we were e s s e n t i a l l y  i n v i t i n g  the managers t o  
ask "hovi could we optimlze some aspect of cmbined 
species  catches i n  a p a r t i c u l a r  area?". 

Sandeman: I s u g y s t  t h a t  a  working group 
comprised of the b io log is t s  who a re  experts  i n  
t h i s  a rea ,  and the managers, be formed t o  
inves t iga te  the f e a s i b i l i  ty  of implementing some 
of t h e  f indings discussed a t  t h i s  workshop. 

O'Boyle: That group could then repor t  t o  MEES, 
perhaps a t  a  subsequent general meeting. 

[There was agreement on t h a t  point and 
Recmiwndation 2 was fomul ated.  1 

Chairman: With agreement on t h a t  point ,  we should 
now consider  what we could do i n  regard t o  species 
in te rac t ions .  The point made e a r l i e r  was t h a t  we 
should begin by attempting t o  e x p l i c i t l y  include 
information on small systems i n  t ~ e  management 

advice. 

L i l ly :  With regard t o  the cod-capeli n i n t e r a c t i o n  
w e e  probably some dis tance away from having an 
appl icable  mode?. However, i t  would be valuable 
to  have a  forum i n  which t o  evaluate progress i n  
t h i s  a rea ,  and i n  which to judge a t  & a t  s tage  t h e  
r e s u l t s  can be useful ly applied. 

O'Boyle: I t  appears t h a t  we could define a  few - s p e c i t i c  systems, such as  cod-capelin and s i l v e r  
hake-haddock as being of potent ial  inportance i n  
f ishery management. Progress i n  these  a reas  coul d  
then be reviewed by MEES annually un t i l  the 
information was deemed ready f o r  use. Then i t  
could be brought before the  appropriate  
subcommittee in  the  assessment process. Unless we 
adopt t h i s  operational approach we wil l  have 
d i f f i c u l t y  ge t t ing  s t a r t e d .  The a l t e r n a t i v e  i s  t o  
define a  large system, undertake a  broad study of 
system function and not apply any of i t  un t i l  t h e  
job i s  cmple ted .  This I bel ieve has been t h e  
approach with t h e  Georges Bank model and t h e  ICES 
mu1 t i s p e c i e s  VPA. 

McG1ade:To iden t i fy  important subsystems i n  which 
w e d  hope to make s i g n i f i c a n t  progress woul d 
be a  pract ical  approach i n  the  beginning. 

Anderson: Therefore, we a r e  recommendi ng t h a t  we 
regular ly review progress in  spec i f ied  areas  where 
i t  appears t h a t  accounting for  i n t e r a c t i o n s  could 
cont r ibu te  to  improved advice. However, i t  i s  
d i f f i c u l t  enough t o  d e m n s t r a t e  t h a t  i n t e r a c t i o n s  
e x i s t ,  l e t  alone t h a t  such in te rac t ions  a r e  of 
s ignif icance to management. 

Evans: Moreover, as  we begin to  model these small 
systems we will c e r t a i n l y  f ind  t h a t  they behave 
more elaborately than we would have believed 
possible. 

Murawski: This r e l a t e s  t o  the s o r t  of i t e r a t i v e  
system def in i t ion  approach which we discussed 
previously where we s t a r t  out w i t h  a  r e l a t i v e l y  
definable system based on a  p a r t i c u l a r  f i shery  
problem. however, f o r  example i n  the  case  of t h e  
haddock-sil ver hake problem, i t  becomes c m p l  ex 
very quickly because what we have i s  a  two-stage 
harvesting system. The foreigners  harvest  t h e  
s i l v e r  hake and the  Canadi ans harvest  t h e  haddock 
which t h e  s i l v e r  hake a r e  eating. Then t h e r e  a r e  
o ther  possible  i n t e r a c t i o n s  w i t h  o ther  prey 
species. tlonetheless, t h e  a ~ p r o c h  i s  based on a  
a a r t i c u l a r  problem. In a  whole system approach 
the f i r s t  d i f f i c u t l y  to  be encountered i s  t h a t  
massive data  co l lec t ion  i s  required. d i t h  t h e  
small systemifishery problem oriented approach, 
t h i s  d i f f i c u l t y  i s  subs tan t ia l  ly  reduced and a s  
data a r e  co l lec ted  one can progressively redefine 
the  s y s t m  being considered, 

O'Boyle: These a r e  fundamentally d i f f e r e n t  ways 
o f o a c h i n g  the  problem. tlany model l e r s  would 
i n s i s t  t h a t  we grasp t h e  functioning of the  whole 
system before attempting t o  apply any of i t .  

l4cGlade: I  don ' t  think any of us a r e  naive 
enough to believe t h a t  these systems do funct'ion 
in i s o l a t i o n .  



D'Boyle: As a general question - -  a r e  t h e r e  any 
-of biol ogical in te rac t ions  which a r e  cl ose 
t o  implementation? gere  t h e r e  any i n  t h e  reviews? 
[ s i l ence]  None a t  a l l ?  

McGlade: There i s  a general need f o r  some kind of 
review process. I  can think of several topics  
which could b e n e f i t  form t h a t  kind of pre-review. 
For example, stock s t r u c t u r e  i n  r e l a t i o n  t o  the 
envi rorment. 

[A d iscussion followed on possible  ways of 
coping with the broad array of topics  within t h e  
mandate of NEES. Some topics  were thought t o  be 
b e t t e r  d e a l t  r i  t h  i n  speci a1 ized workshops whereas 
i t  was f e l t  t h a t  others  could comprise a small 
number focal topics  f o r  an annual meeting. Some 
s p e c i f i c  problem areas were: 

a )  review of working group progress i n  
technol ogi cal in te rac t ions ;  

b) s i l v e r  hake-haddock; and 

C )  cod-capeli n.  

Another topic  which was raised was t h e  inf luence 
of environmental fac tors  on recruitment a s  
discussed i n  t h e  paper by Koslow, and on 
a v a i l a b i l i t y .  A previous meeting of MEES had 
recommended t h i s  topic  f o r  considerat ion. .  1 

O'Boyle: A major point has been ra i sed  by work 
presented by Kosl ow. Basical ly ,  i t  says t h a t  t h e  
environment i s  the main signal in  recruitment of 
a l l  our stocks. In t h e  meantime T r i t e s ,  Loucks 
and Thompson a r e  working on understanding t h e  
physical enviromental  pa t te rns  i n  the  area.  When 
they a r e  f in i shed  they will  want t o  t i e  i t  i n t o  
the  biology of the  area.  This could have 
important mangement implications and should be 
reviewed i n  t h i s  subcommi t t e e .  

Frank: On the  basis  of what has gone on i n  t h e  
one would not g e t  the impression t h a t  t h i s  

1 s  v~ewed as an important aspect  of f i shery  
management. There a r e  a number of p o t e n t i a l l y  
important cor re la t ions  around, for  example the  
WO?< of S u t c l i f f e ,  which could have been used t o  
check catch t rends.  As pointed out by i4cGlade we 
o f t e n  rely on synonmy i n  inaking decis ions,  but 
Pere i s  another type of independent check in 
confirming a trend \&ich has been not icably 
overlooked or  ignored i n  preparing management 
advice. 

Sandeman: I think Frank's point  i s  important. 
P a s t  work has made predict ions about catch and we 
have not looked t o  see  i f  the  models have worked. 

O'Boyle: MEES i s  the ideal forum in which t o  
exp?ore t h e  value of these approaches f o r  
managment. Therefore, I  would recommend t h a t  a s  
the  environmental work becomes ava i lab le  we should 
review i t  i n  MEES. 

s e t  system l i m i t s ,  o r  perhaps a t rophic dynamic 
approach. 

Evans: As an as ide ,  could we agree not to  c a l l  
t h a t h o l i s t i c .  For example a 10 species  surplus 
production model i s  not h o l i s t i c ,  i t  i s  a 
reductioni s t  mu1 t i s p e c i  e s  model. 

I  think t h a t  t h e  most appropriate  approach i s  
to  s t a r t  simple and increment t h e  s i z e  of t h e  
model a s  there  i s  a need, and a p o s s i b i l i t y ,  a s  we 
have di scussed. 

O'Boyle: Furthermore, the  added second t i e r ,  i . e .  
f u r t h e r  regulat ion,  will  not be easy t o  implement. 
Ideal ly,  i n  going toward a mult ispecies  approach 
one would do away w i t h  the  f i r s t  t i e r .  However, 
we have no idea a s  y e t  what ki nd of behaviour, 
e.g. o s c i l l a t i o n s ,  t h a t  would produce i n  t h e  
system. There i s  a g r e a t  deal more t h a t  must be 
done before we even consider  t h a t  level  of 
approach. 

Chairman: That appears t o  conclude t h e  
discussion, provided t h e r e  a r e  no f u r t h e r  
canments. 

The following recommendations have been 
made : 

1 )  That i n  general FIEES funct ion a s  a forum f o r  
peer review of information which could be of 
potent ial  importance i n  modifying s c i e n t i f i c  
advice to management. To achieve t h i s  PEES 
should hold an annual meeting with, i n  each 
year ,  a few main focal a reas  in  which progress 1 

could be reviewed. 

2 )  That a working group be formed to consider  t h e  
p r a c t i c a l i t y  of using some of the  avai 1 able 
methods of model l ing  mixed f i s h e r i e s  
(technol ogical i n t e r a c t i o n s )  to  modify s i n g l e  
species  advice. This  working group would 
report  to MEES a t  t h e  next annual meeting. 

3 )  That a few s p e c i f i c  small systems of potent ial  
management importance be i d e n t i f i e d  and t h a t  
progress i n  these be reviewed anndal ly un t i l  
the resu: ts  can be incorporated i n t o  the  
s c i e n t i f i c  advice. Spec i f ica l ly  t h e  cod- 
capel in system and the  s i l v e r  hake-haddock 
system were i d e n t i f i e d  as regui ring c l o s e r  
a t t en t ion .  

4) That the  subcmmi t t e e  review the  potent ial  ly  
important area of t h e  inf luence of envi ronment 
on recruitment and d i s t r i b u t i o n .  More 
s p e c i f i c a l l y  a )  recen t  work on broad sca le  
envirormental pa t te rns  and t h e i r  possible  
inf luence on recrui  t m n t ,  and b)  past  models 
by S u t c l i f f e  and colleagues and how we1 1 they 
have performed in re t rospec t .  

Chairman: To conclude t h i s  discussion,  we should 
consider  the p o s s i b i l i t y  of using whole system 
approaches t o  modify s ing le  species  advice such as  
i n  the second t i e r  approach of ICNPF. For example 
t o t a l  surplus production model could be used to 


