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ABSTRACT 

Peterson. R. H. (Editor). 1997. The American eel in eastern Canada: stock status and management strategies. 
Proceeding> of eel workshop, January 13-14, 1997. Quebec Cit). QC. Can. Tech. Rep. Fish. Aquat. Sci. 
2196: \ + 174p. 

Thi\ report contains the papers presented to a meetlng held in January 1997 to revlew stock status and the 
different mdndgement reglmes for the American eel (Anguilla rostrafa) stocks inhabiting Canadian rivers, and to 
seeh consensuc on a common approach to managing thts resource. The meetlng was held in Quebec Ctty wtth 
officials participating from the provinces of Ontario. Quebec, New Brunswick. Prince Edward Island and 
Ne\lifoundland. and the three Atlantic Regions and Headquarters (Ottawa) of the Department of Fisheries and 
Oceans (DFO). The meettng uas  convened at the request of the Provlnce of Quebec because of dramat~c declines in 
eel landing5 In the St. Lawrence. 

The North American eel is made up of a single population that spawns in the Sarpasso Sea and migrates to 
freshwater habitats where it grows to sexual maturity. Between 1980 and 1995. Ontario eel landings declined almost 
5052, Quebec's are down about 30%. Prince Edward Island's fell over 60%, New Brunswick's have not changed 
significantly. Newfoundland's increased by over 6 0 4  before falling off in 1995. and Nova Scotia's. while remaining 
constant during most of the 1980s. tripled recently. Experimental elver licenses were first issued in Nova Scotia and 
New Brunswick in 1989. Four of the 10 experimental licenses were made permanent in 1997. Landings reached 
about 3000 kg in 1995 and 1996. An additional seven experin~ental licenses have been issued in Newfoundland. All 
of the Canadian jurisdictions have varying degrees of effort controls in place: license restrictions. gear limits and 
seasons. All jurisdictions have license freezes in place except Newfoundland and. with the exception of Ontario. all 
have size limits in place. Management measures have. to varying degrees. been tightened in recent years. most 
notably in areas of catch declines. i.e. Quebec. Ontario and Prince Edward Island. Factors identified as principally 
responsible for the decline in eel stocks are habitat loss and overfishing. Changes in oceanographic conditions were 
also identified as a potential contributor. Because of the eel's life history characteristics and broad acknowledgment 
that the overall population is low. pal-ticipants agreed that a concerted, continent-wide approach to eel management 
was urgently required. Participants explored options for approaching US fisheries administrations for the purpose of 
arriving at si~ch an approach. 

Peterson. R. H. (Editor). 1997. The American eel in eastern Canada: stock status and management strateges. 
Proceedings of eel workshop. Januarj 13-14. 1997. Quebec City, QC. Can. Tech. Rep. Firh. Aquat. Sci. 
2196 \ + 174p. 

Le present rapport contient des articles presentes a une reunion tenue en janvier 1997 et dont I'objet etait 
d'exan~iner l'ktat des stocks d'anguilles d'A~nerique (Anguillci rostrata) qui habitent les cours d'eau canadiens ainsi 
que les divers regimes de gestion en vigueur et de tenter d'en arriver a un consensus sur un seul plan de gestion de 
cette ressource. La reunion a eu lieu 2 la ville de Quebec; y assistaient des participants des provinces de I'Ontario, du 
Quebec. du Nouveau-Brunswick, de l'fle-du-prince-~douard et de Terre-Neuve ainsi que des trois administrations 
regionales de 1'Atlantique et de I'Administration centrale (Ottawa) du ministere des PSches et des Oceans (MPO). La 
reunion a ete convoquee a la demande du gouvernement du Quebec a cause des baisses extrSmes de debarquements 
d'anguilles dans le golfe du Saint-Laurent. 

Lei  anguilles de 1'Amerique du Nord font toutec partie d'une seule et unique population qui se reproduit 
dans la mer des Sargasce a d n t  de nltgrer vers un habitat d'eau douce ou elle demeure jusqu'a maturite sexuelle. 



Entre 1980 et 1995. les debarquements d'anguilles en Ontario ont baisse de presque 50 %, ceux du Quebec d'environ 
30 7 ~ :  et ceux de ]'I^.-P.-E. ont connu une chute de plus de 60 %. Les debarquements au Nouveau-Brunswick n'ont pas 
connu de changenlent important. Par ailleurs, les prises a Terre-Neuve ont augmente de plus de 60 9% avant de chutes 
en 1995. et en Nouvelle-~cosse. apres Etre demeures stables pendant presque toute la decennie de 1980. les 
debarquernents ont presque eriple recemment. Des pernlis de piche experimentale de la civelle ont ete delivres pour 
la premiere fois en ~ o u v e l l e - ~ c o s s e  et au Nouveau-Brunswick en 1989. Quatre des dix permis de pEche 
experimentale ont ete rendus pernlanents en 1997. Les debarquements ont atteint pres de 3 000 kg en 1995 et en 
1996. Sept permis de ptche experimentale supplementaires ont ete delivres a Terre-Neuve. 4 u  Canada, chaque 
instance contr6le ]'effort de p&che, mais 2 des degres divers : restrictions visant les pernlis, limites d'en,' sins er 
saisons. Toutes les instances ont maintenant un gel sur la dklivrance de nouveaux permis, a I'exception de Terre- 
Neuve. De mEme, toutes sauf I'Ontario imposent des limites de taille. Depuis quelques annees, les mesures de gestion 
ont Cte resserrees a divers degres, surtout dans les regions ou les prises ont chute, p. ex. au Quebec, en Ontario et a 
1'i.-P.-E. Les principaux facteurs que I'on soupconne &tre la cause du declin des stocks d'anguilles sont la perte 
d'habitat et la surpkche. Les changements dans les conditions oceanographiques ont aussi ete pointes du doigt comme 
une cause possible. ~ t a n t  donne les caracteristiques du cycle biologique de l'anguille et puisque tous les intervenants 
reconnaissent que la population globale est a un faible niveau. les participants a la reunion ont convenu de l'urgence 
d'etablir un plan de gestion de l'anguille pour l'ensemble du continent. Les participants ont etudie diverses 
possibilitPs quant 2 la faqon d'aborder les regimes de gestion des pEches aux ~ ta t s -un i s  dans le but d'en anive: 
justerltent a une demarche commune. 
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Chemical Contamination, Habitat Loss and Potential Impact 
of Oceanic Factors on American Eel Recruitment in the St. Lawrence River 

M. Castonguay, P. V. ~ o d s o n '  and C. M. Couillard 
Fisheries and Oceans Canada 
Institute Maurice-Lamontagne 

C.P. 1000 
Mont-Joli, Quebec G5H 324 

1 Director, School of Environmental Studies 
Queen's University 

Kingston. Ontario K7L 3N6 

ABSTRACT 

We critically review four potenrial causes of a drastic decline in juvenile American eels, Anguilla rostrara, 
recruiting to L a k  Ontario (100-fold decline from 1985-931, and in juvenile eel densities in tributaries to the Gulf 
of SI. Lawrence and Nevvfoundland. In panmictic Anguilla, recruitment variability must k interpreted at the 
species level. Silver eels from the St. Lawrence River were much more contaminated and had a higher prevalence 
of deformities and lesions than a reference stock, although they were, on average, less contaminated in 1990 than 
in 1992 (1.12 vs. 4.54 mrg-' for PCB; 0.025 vs. 0.07 mg-g-"or mirex). Lethal toxicity from chemical 
contamination has been known to occur in the St. Lawrence eels for the past 30 yr. Major habitat perturbations in 
the St. Lawrence took place in the 1950s (St. Lawrence Seaway and hydroelectric dams). ahour 30 y~ kfore 
recruitment started declining; this long delay argues against these perturbations k ing  primary causes of the 
decline, although an unpublished, long-term CPUE series (1930-65) argues for a decline occumng simultaneously 
with the above major habitat perturbations. We have little data to assess the impact of commercial fishing, but this 
is not to say that fishing has had no impact. There is, however, indirect evidence that oceanographic changes may 
have played a role in the decline. American eel recruitment decline occurred at the same time as that of the 
European eel (Angililla anguilla). Since both species spawn in the Sargasso Sea and migrate as larvae to 
continental waters, the coincidence in recruitment failure suggests an Atlantic-wide cause due, perhaps, to ocean 
climate. There is indirect evidence that the Gulf Stream has weakened in the 1980s. A slower Gulf Stream could 
interfere with larval transport and generate observed patterns of declining abundance of American eel only in 
northern North America, and relatively uniform declines of European eel throughout Europe. Overall, we are 
forced to conclude that we do not h o w  the relative importance of anthropogenic versus oceanic impacts in 
explaining the eel decline. While specific causes are still unclear, our data indicate a rhrear to both species and to 
their commercial fisheries. 

Nous procedons a une analyse cntique des causes possibles de la forte &mnution des jeunes angutlies 
amencaines. Angirdla rosrrata. recrutks dans le lac Qntano (100 fois moins en 1993 qu'en 1985), et des densites 
de jeunes anguilles dans les tnbutaires du golfe du Saint-Laurent et de Terre-Neuve. Pour cette Angurlla 
panmctique, 11 faut interpreter les variations de recrutement a l'echelle de I'espece. Les an_milles argentks du 
fleuve Sa~nt-Laurenr etalent kaucoup plus contamnees et a.ffichaienr une plus forte incidence de malformations et 



4 
de lesions qu'un stock temoin, bien qu'elles aient ete, en moyenne, moins contaminks en 1990 qu'en 1992 (1,12 
par rapport a 4.54 mg*g-' pour les BPC; 0,025 par rapport a 0,07 mg*g-' pour le mirex). La toxicite letale de la 
pollution par les produits chimiques est observk chez les anguilles du fleuve Saint-Laurent depuis une trentaine 
d'annees. D'importantes perturbations de I'habitat du Saint-Laurent ont eu lieu au cours des annees cinquante 
(voie maritime du Saint-Laurent et barrages hydrdlectriques), environ 30 ans avant que le recrutement commence 
a dirninuer; ce &lai prolonge semblerait indiquer que ces perturbations ne comptent pas parmi les principales 
causes de la diminution, bien qu'une drie  chronologique inedite des PUE long terme (1930 - 1965), viendrait 
confirmer qu'un &clin se serait produit en mtme temps que les grandes perturbations de I'habitat mentionnees ci- 
dessus. Nous n'avons pas kaucoup de donnks pour &valuer les conskquences de la g c h e  commerciale, ce qui ne 
veut pas dire qu'il n'y en a pas eu. Toutefois, il existe des preuves indirectes du rcile joue par les changements 
oceanographiques dans le &din des anguilles. La baisse de recrutement de l'anguille amkricaine s'est produite en 
meme temps que celle de l'anguille europeenne (Anguilla anguilla). Puisque les deux esprj.ces se reproduisent dans 
la mer des Sargasses et migrent, au stade de larve, vers les eaux continentales, la coincidence de 1'Cchec du 
recrutement laisserait croire A une cause a la grandeur de l'Atlantique, attribuable, peut-ttre, au climat odanique. 
Selon cenaines preuves indirectes, le Gulf Stream aurait faibli au cours des annks 1980. Ainsi, un ralentissement 
du Gulf Stream pourrait nuire au &placement des larves et produire les tendances observks de diminution de 
I'abndance de l'anguille americaine seulement dans les parties septentrionales de 1'Amerique du Nord, en meme 
temps que des baisses relativement uniformes de l'anguille europknne dans toute 1'Europe. Dans l'ensembie, nous 
somrnes forces de conclure que nous ne connaissons pas l'importance relative des facteurs anthropiques par rapport 
aux facteurs oceaniques qui pourraient expliquer la baisse de l'anguille. Bien que les causes precises en soieni 
encore incertaines, d'apres nos donnks, i1 existe une menace pour les deux es@ces et pour Ieurs pches 
cornmerciales. 
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An Overview of European and American Eel Stocks, Fisheries, and Management Issues 

B. M. Jessop 
Department of Fisheries and Oceans 

P.O. Box 550 
Halifax, Nova Scotia 

B3J 2S7 

ABSTRACT 

Concern ahur the origins and consequences of the recent decllne in elver recruitment to European coasts, 
the decline In and present level of existlng fishenes, and the sufficiency of spaunlng stock abundance has 
prompted a recommendation by the European Inland Fishenes Advisory Comssion1'1nternatlonal Council for the 
Expioratii~n oi the Sea Worlng Group on k l  for countnes to implement the "precautionary pnnaple" in 
management of European eel stocks. The "precautlonar} pnnciple" adv~ses maintenance of exlsting levels of 
fishlng activlty for elvers and larger eels, with no expansion except where demonstrably justified. and mantenance 
of, or ~ncreased effort in. stochng of inland uaters and stock monitoring programs, and Improvements to eel 
passage at obstructions. The wide vanety among European countnes of regulations governing elver and eel 
fisheries, and differences in national objectl~es. makes coordmated management of the continental eel resource 
difficuit. Recent uncontrolled development of elver fishenes in the United States and uncertainty abut  the status 
of stocks of larger eels has prompted development of an Atlantlc States Manne Fishenes C o m s s i o n  (ASMFC) 
Interstate management plan for eels. This management plan should benefit the Amencan eel resource by setting a 
common managerial objective. bq mandating regulatory coordnation among states, and by encouragng the stock 
momtonng dnd biological research necessary to manage effectively Several Atlantic coda states have proh~bited 
elver fisheneq as a precautionary measure unt~l the ASMFC interstate management plan for eels becomes 
avalable. 

Les prkoccupations au sujet des causes et des conskquences de la baisse recente du recrutement de civelles 
sur les cares eurogennes, la baisse de l'exploitation et son niveau actuel, ainsi que la suflisance de I'abndance du 
stock reproducteur sont a I'origine de la recommandation, faite par la Commission europknne consultative pour 
les gches dans les eaux interieures i le Groupe de travail sur l'anguille du Conseil international pour l'exploration 
de la mer, d in  que les pays mettent en application le <i principe de precaution B pour la gestion des stocks 
d'anguilles euroennes.  Ce principe favorise le maintien des niveaux existants d'activitks de g c h e  des civelles et 
des grandes anguilles. sans expansion, sauf lorsqu'on peut la justifier, et le maintien ou l'augmentation de l'effort 
de repeupiement dans les eaux interieures et des programmes de surveillance des stocks, ainsi que de 
l'amelioration de la capacite de passage de l'anguille la ou il y a obstacle. I1 est difficile, compte tenu de la 
diversite des r6glements de @he des anguilles et des civelles dans les pays europkns et des differents objectifs 
nationaux, d'assurer une gestion coordonnke des ressources d'anguilles continentales. La recente expansion 
dksordonnke de la gche  des civelles aux Etats-Unis et les incertitudes au sujet de I'etat des stocks de grandes 
anguilles ont mene a l'ktablissement, par 1'Atlantic States Marine Fisheries Commission (ASMFC), d'un plan de 
gestion de l'anguille inter-~tats. Ce plan devrait &re favorable aux ressources d'anguilles amkricaines. puisqu'il 
fixe un objectif de gestion commun. obligeant les  tats a coordonner leur reglementation et encourage la 
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INTRODUCTION 

Apparent declines In. or uncertainty about, 
stocks of European (Angirzlla anpuilla) and 
American (A. rostrata) eels have generated concern 
among fishers, biologsts, and fishery managers on 
both continents. Amerlcan and European eels each 
compnse a slngle b~ologcal population, with a 
consequent requirement for consistent regonal, 
international, and even continent-wlde management 
to ensure conserkation and optimum knefit from 
thelr exploltatlon. In North Arnenca in 1980, no 
need uas perceived for an ~nter-regonal approach to 
eel stock management (OMIVR 1982). Recent 
support for consistent national and International 
management onglnates in current perceptions of 
recruitment and stock declines in Europe (Deklier et 
al. 1993; EIFACIICES In press; Morlarty 1996) and 
in parts of North Arnenca (Castongua;). et al. 1994; 
CAEMM 1996: ASMFC 1997). In the Umted 
States. the Atlantlc States Manne Fishenes 
C o m s s i o n  (ASMFC) has recently inltlated 
development oi a coordinated interstate plan to 
address resource conservation and fisher) status and 
reyulrements, ~ ~ t h  the expectation of completion bj 
md-1998 (Field 1996; ASMFC 1997). The 
European Cornmuntt) Concerted Actlon AIR A94- 
1939 'Enhancement of the European eel fishery and 
con~er\~at~on 01 !he species' plan has produced a 
datahav of eel informatlon (Monarty 1 996) and w~ll 
accompany management advice with complementary 
plan\ for stock monitonng and research 
(EIF.4C:ICES In press). 

This paper summarizes the status of 
fisheries. eel stocks and management lssues In 
Europe and the Unlted States. The Canadian context 
has k e n  cotered by other papers In this report 
(Peterson 1997) and else~here. e.g., Castonpay et 
al. (1994). Jessop (1 996), and Locke et al. (1995). 
The current status. b;). country. of European eel 
stocks. fishenes. and management lssues has k e n  
thorough15 revle%ed (Monmy 1996: EIFAC/ICES 
1993; EIFACIICES (European Inland Flshenes 
Advisory Comttee/International Counal for the 
Exploration of the Sea) 1994. In press). Comparable 
literature, by state, for U.S. eel stocks is currently 
unavailable but IS k lng  assembled for the ASMFC 
Amel ]can Eel Management Plan. Prel~mnary data 
on Amencan eel stocks In the Unlted States provlded 
by J. Fleld (ASMFC, pers.comm.) have been used In 
conjunction u ah other referenced documents. 

In this report, stock status. if not simply 
unknown or uncertain. may be considered synonl- 
mous with fisher) status. Oecause rarely is 

8 
informatlon on stock abundance, size and age 
composltlon, growth rate, etc. known for the eel 
stock of any nver let alone the numerous nvers of a 
geographic area. Flshery catch, rarely accompamed 
by fishing effort. is the pnmary source of informa- 
tion on the status of a regional or nvenne stock In 
both Europe and North Arnenca. Annual catches, 
but not fishing effort, by country can be found for 
Europe In the United Nations Food and Agricultural 
Orgmzation (FAO) yearbook Fishery Statistics: 
Catches and Landings. Comments on the vali&ty of 
the national catch statlstics for the year 1993 are 
gven in Monarty (1996), where the catch of 
European eel is concluded to k over 408 greater 
than that reported in FA0 statlstics. In the United 
States, annual catches and dollar values, but not 
fishing effort, are summanzed for each state, where 
ava~lable, by the National Manne F~shenes Service 
(NWS). These summanes are generally regarded 
as incomplete (CBP 1991; Gray 1991; Crawford 
1996; NMFS 1997). 

Much of the demand for large eels from 
North America onglnates in Europe, where catches 
of European eels are ~nsuffiaent to suppl~ the 
market: domestlc demand IS relatlvelq mnor. The 
market for A. rostrata elvers 1s dnven by Asian 
requirements for aquaculture seed stock. About 70- 
80% of world cultured eel production is consumed in 
Japan and 20-30% In Europe (Heinsbroek 1991). 
The louer attractiveness, relative to domestlc 
species, of A. rosirata In both European and Asian 
markets leads to volatlllty in demand and pnces. 
Although the Japanese demand for A. rosirata 
elvers remalns lo- due to past culturing experience 
and market preferences (Gousset 1992), the growing 
demand dunng the 1990s by Tai\an and China has 
fueled a rdpld development and expansion of elver 
fishenes in North Arnenca. Occas~onal pnces of 
over S500 US per lulogram (CAEMM 1996) have, 
despite high intra-seasonal and annual volatility, 
prowded many fishers an ~ncentive to enter the elver 
fishery . 

EUROPE 

ELVER FISHERY 

Licensed commerc~al elver fishenes occur 
In most European countnes wlth an Atlantic coast 
and In several countnes wlth Mediterranean coasts. 
In Scandinavia, Norway does not p e m t  elver 
fishenes. but the runs are perhaps too small to be 
attractne economcall), while Sweden allows elver 
fishing only for restockng and transfer within nver 
systems (elters may tr Imported for stockng). 



Danish fishenes have k e n  inactlve since elver 
abundance declined in the late 1980s but elvers are 
imported for culture. of ehich a portion (7.4 mill~on 
In 1994) are stocked. Ireland (Republic) permits 
elver fishenes only for Inland stocking and some 
aqudculture (catches <8 t), whle Northern Ireland 
prohiblts elver fishenes except that stocking occurs 
In one nver. England has a major fishery (recent 
annual catches of about 20 t) in the Severn Bver 
estuary. Most Engllsh elver? are exported to 
continental Europe, pnmanly Scandinana, for 
culture. The Netherlands prohibits elver fishng 
except that, as of 1995. 5% of the total run to the 
Ijsselmeer may be caught. German catches of elvers 
along the Baltlc coast are 10% and declining; inland 
stocking matnly uses Imported elvers. Extensive 
elver fishenes occur along the Atlantlc coasts of 
France (pnmdnlq in the Bay of Biscay), Spain, and 
Portugal. The uw of push nets by the French elver 
fishery developed rapidly in the late 1960s In 
recponse to Increasing Spanlsh market prices 
(Castelnaud et al. 1994). In 1989, French fishers 
landed a b u t  520 t of elvers (Castelnaud et al. 1994) 
while In 1994, elver catches \\ere about 300 t in 
France. 200 t in Spaln, and 5 t in the Rver Ivbnho 
estuar3 of Portugal 94onarr;) 1996). Uncontrolled, 
prohabl;) Important. recreat~onal fisheries for elvers 
occur in Spa~n and Portugal. France prohiblts elver 
fishing along the Mediterranean coast but Span and 
Italy have actwe fishenes. French elver catches are 
primaril y exported to Spaln for food consumption 
and to Asla for aquaculture but some are sent to 
northeastern Europe for stocktng. Span consumes 
its elver catch and imports large quant~t~es for 
consumption whlle Ital5 uses its elver catches in 
culture and some restochng. 

YELLOWBILVER EEI, FISHERIES 

The size of European cornrnerc~al fishenes 
for yellowisilver (large) eels often contrasts wth  the 
size of then elver fishenes, e.g., a minimal elver and 
major large eel fishery in Sweden and Germany, as 
compared wlth Spain and Portugal which have 
large elver and small large eel fishenes whle 
France has major elver and moderate large eel 
fishenes (Monarty 1996). In Sweden, small yellow 
eels are caught for restochng ~nland waters (about 
60 t In 1995) whlle larger yellow and silver eels 
(recent annual catch of about 1,000 t; Table 1) are 
consumed locally or exported to Denmark and 
German). 

Table 1. Catches of A. anguzlla, by country, for 1993 Source 
F.40 F~sherq Statistics: catches and landings (1995) as rewrtzd 
by Monarty (1996). 
Annual catch >lo0 t 
Country Catch (t) 

1 Albania 210 
Belgium* 125 
Denmark 1,837 
France 1,676 
Germany 1,027 
Greece* 354 
Hungary 263 
Ireland 150 
Italy* 3,490 
Setherlands 418 
Nontay 340 
Poland 1,116 
Portugal 537 
Span" 245 
Sweden* 1,336 
Turkey* 261 
UK K. Ireland 662 
Total European 14.31 6 

Annual catch ~ 1 0 0  t 

Countq Catch (1) 

Belarus 13 
Cro atl a 
C m h  Rep 
Estorua 
Fmland 
Latvla 
Russzan Fed 
Slovakia 
Switzerland 
LX EnglandIWaks 
Yugoslavia 

*Catch \~alues may 
include aquaculture 

Danish catches of larger eels hate declined 
by about 50% slnce 1980 to about 1.100 t in 1994, 
lagging the decline In glass eel recruitment. Yeilou 
eels are caught mainly by fyke nets and baited pots in 
Sweden and by fyke and pound nets in Denmark 
while pound nets are used in the coastal waters of 
each country for fishing silver eels. 

German cornrnerclal eel catches in the 
Baltlc Sea In 1993 totaled about 1,200 t (FA0 
statistics in Table 1 underestimate by 200 t) while 
recreational (angling) catches were esttmated at 200- 
400 t and perhaps as high as 1.000 t. The number of 
German eel l~censes is decllnlng, as 1s catch per 
hectare (from 3.5 kg.ha-\n 1982 to about 2.2 kg.ha ' 
in 1993), but the area fished per llcenw: 1s 
Increasing. 

Catches of larger eels in Northern Ireland 
may k closer to 730 t.;)~-' and 250 t.yr" In the Irish 
Republic than to the FA0 values of Table 1 
(Monarty 1996). The Insh use longllne and fyke 
nets in lakes and welrs and stow nets In streams. An 
angling fishery in the Insh Republic may take an 
unreported catch of about 100 t. British catches of 
larger eels are unrellably est~mated as 40-300 t. 
pnmanl y by fyke net. 

The largest Dutch fishery occurs on Lake 
Ijsselmeer and has declined from over 1,000 t in the 
1960s to less than 250 t In the mid 19903, following 
the observed decline in glass eel recruitmetlr. 
Yelloh eels In the Ijsselmeer are o\erfished, with a 
fishlng mortality rate of 0.45. about four times the 
optimum. No records are kept of' eel fishenes In 
Dutch coastal or Inland waters other than the 
Ijsselmeer. 



In France, few freshwater fisheries exist for 
yellow eels but they are moderately important in 
coastal waters, particularly in Mediterranean 
lagoons. The silver eel fisheries of larger French 
rivers are affected by the high mortalities occurring 
when eels pass through the turbines of the 
hydroelectric dams on most rivers. Data on catch 
and effort for French yellowlsilver eel fisheries is 
scarce but a minimal estimate of the 1993 catch is 
about 1,700 t. Eel densities in most or all 
watersheds have decreased drastically since the 
1980s. Larger eels are exported to Germany, 
Belgium, or the Netherlands while smaller eels from 
the Meditenanean coast are shpped to Italy. 

Spanish and Portuguese pllou/silver eel 
fishenes are poor14 documented bur rmnimal recent 
catch estimates are about 250 t and 540 t ,  
respectlvelj. No restockng occurs tn Spanish or 
Portuguece nters, most of which have hydroelectnc 
dams. Most Italian catches of yello\;v:s~lver eels 
(about 3,0011 t) denke from culture and managed 
fisheriek in codstdl lagoons In the upper Adriatic and 
Po %\er &ha reglons uith mnor catches in inland 
fishene\. 

For 1993. the total annual catch of 
European eel has est~mated as 20,000-30,000 t 
(Moriart> 19961, as compared wlth about 14,000 t by 
the FA0 (Table 1 ). Glass eels accounted for 4% of 
the total ue~ght and 33% of the landed value of 180 
M ECU (Canadian S306 mllion). The annual 
caplure of 2-3 bill~on elvers. of which more than 
95% are utillred at that stage for food or aquaculture 
and less than 5 5  contnbute to stock enhancement, 
~rnplle\ that suffic~ent glass eels exlst to support a 
much larger stochng program. Fewer than 500 
i??rher\ engage full-time in eel fishing. About 25,000 
pan-time fishers denve a sign~ficant economc 
benefit from parrlapatton In the fishery, part~cularlj 
smce capital Investment requirements are low and 
many coastal fish~ng commumtles have high 
unemplojment. The decline of many eel fishenes 
over the past 20 years or so has been attnbuted to 
recru~tment fallure and inadequate management 
measures. 

AQUACULTURE 

The European demand for eels as food 
cannot he satisfied by w~ld-stock fishenes. Recent 
improvements In techn~ques for intenswe, 
reclrculating system culture of eels have resulted in 
substantla1 growth of eel aquaculture In northwestern 
Emope. Italian, Greek, Portuguese and Spanish 

eel production remains primarily pond culture. Eel 
production in 1996 is estimated as follows (EIFACi 
ICES in mess): 

Country farms Production (t) 
Belg~um 2 1 40 
~ e & a r k  
France 
Germany 
Gmcr  
Holland 
Hungary 
Italy 
Noway 
Portugal 
Span 
Sweden 
L-. K 1 25 
Total 235-265 7.440 

MANAGEMENT ISSUES 

Issues relevant to the management of the eel 
fisheries in Europe, such as fishery and licensing 
regulations and enforcement, catch statistics 
collection, regonal and total stock status, habitat 
availability and quality, pollution and contamination, 
and fish disease, are common to each country. Each 
country may, however. address them in different 
ways. For example, although all countries license 
commercial eel fisheries, the nature and enforcemenl 
of such licensing varies and in many countries 
unregulated or poorly regulated recreational fisheries 
are quasi-commercial in nature. Not all countries 
have minimum length limits for eel retention and, of 
those that do, the lengths range from 200 mm in 
Portugal to 450 mm in Danish inland waters and 
295-380 m in coastal waters. Most counrries 
control the types of gear that may be used to fish 
eels. but some do not control the quantities of gear 
employed. All countries with significant elver and 
yellowlsilver eel fisheries regard them as important 
sources of seasonal employnent and income to 
generally disadvantaged coastal fishers. The 
extensive geographic distribution of most fisheries, 
inadequate fisheries regulations, or inability to 
enforce regulations are recornzed difficulties and 
contribute to incomplete catch statistics and general 
underreporting of catches. Recreational (angling) 
fisheries for larger eels are also important in many 
European countries and, in some, e.g., France 
(Cantrelle 1982; Castelnaud 1994), recreational 
fisheries for elvers occur, but their catches are 
uncontrolled, poorly known, and probably sold 
commercially. The decline in elver recruitment 
since the early 1980s (which may now have leveled 



off or even begun to increase) has generated 
scientific interest In the nature of its ongn  (e.g., 
oceanlc conditions) and concern over possible future 
effects on yelIoi+ silver eel abundance (Monarty 
1990, 1996; Dekker 1996). 

Although no expl~cit management 
recommendations have been made by the 
EIFACtICES Worhng Group on Eel because of 
inadequacies In the sc~entific data and lack of 
commonality in management objectives among 
countnes, the "precautionary pnncip1e"has been 
recommended for use by nations to develop 
regulatory regimes that acheve stock conservation 
yet sustain fishery employment at current levels 
(EIFACIICES In pres.;). Countnes are encouraged 
to maintam, and enhance where poss~ble, spawner 
escapement bq maintaining fishenes for elvers, 
yellon, and silver eels at current levels, by 
maintaming or increasing enhancement activities 
such as restochng and improvements to upstream 
and downstream passage of eels at obstructions, and 
by maintaining or increasing monitonng programs 
to assess stock status $0 that the "precautionary 
pnnciple" can be usefully applied. 

Countries such as Spain and Portugal do 
not proiide facilit~es for upstream or do~nstream 
passage of eels at obstructions and do not restock 
obstructed waters while some have recently 
recognized such a need, e.g., England. Others such 
as Denmark, France. and Germany e~ther require 

passage facilities at obstructions. engage in actlve 
restochng of obstructed waters, or do both. France 
has perhaps the most active program to investigate 
appropriate methods of providng upstream passage 
for elvers and smaller eels and downstream passage 
for sllver eels, where hlgh mortality occurs during 
passage through hydrcelectnc turbnes. Hahtat 
degradation and loss due to development and 
pollution are also major concerns for the densely 
populated, more ~ndustnal~zed countnes such as 
England, Holland, France, and Germany. All 
countnes share concern over the spread and 
potentially dead y effects of the parasite Anguillicola 
crassus, and the Importation of exotlc species of eel 
should be more full4 controlled to prevent 
~ntroduction of further parasites (EIFACIICES In 
press). 

Eels habe been and remain extensivel) 
studied by university faculty and state agencies in 
many European countnes, particularly those mith 
large eel fishenes or substantial aquaculture. 
Consequentlq, the base of current and historical 
information on European eel biology and the 
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fishenes 1s substantla1 even if often inadequate to 
fully answer the most urgent of current questions. 

UNITED STATES 

ELVER FISHERY 

Interest In fishlng for Amencan elvers, 
pnmanly for export to Asia for aquaculture, 
developed in Florida, North and South Carolina, 
Virginia and Maine dunng the early 1970s (Fahay 
1978; Keefe 1982; Mullis 1982). Elver fishenes 
faled to develop In Flonda, ceased in 1977 In North 
Carolina and probably also In South Carolma, and 
were prohib~ted in 1977 by a 15 cm mnimum size 
lirmt in Virgnia (CBP 1991). Reported catches in 
Mane were 10 t in 1977 and 7.6 t in 1978 (Dox 
1982) but catch statistics are unavailable for the 
other states. The Mane elver fishery collapsed after 
1978 but continued at a lox level until growing 

substantially In 1994, \nth reported catches of 3.3 t 
in 1994, 7.5 t in 1995, and 4.6 t in 1996 (CAEMn/l 
1996; L. Flagg, Maine Department of Manne 
Resources. pers.com.). With the exception of 1977 
and 1978, elver catches in Maine cannot be 
separated from yellow/s:lver eel catches pnor to 
1994 when specific records of elver catches were 
tn~tlated. Dunng the late 1980s or early 1990s elver 
fishenes were developed or reestaMished In 
Connecticut, Rhode Island, New York, New 
Jersey, Delaware and South Carolina, but no catch 
data are ava11aMe. Elver fishenes ev~dently do not 
occur in any Gulf of hlexico states. 

The recent surge of interest in fish~ng for 
elvers and the sometimes chaotic nature of the 
fishery has evidently caught state fishery managers 
unprepared. Few states which presently perrmt elver 
fishenes (Maine, Connecticut, New Jersey, 
Pennsylvania, South Carolina, Virginia and 
Florida; Table 2) have comprehens~ve regulations 
for those fisheries. Although 10 (9 if Virginia is 
excluded) of 15 Atlantic coastal states presently h ~ n  
elver fishenes, several states proh~b~ted the elver 
fishery only recently in response to a perception of 
uncontrolled development. P e m t s  to iish elvers 
may specify vanous conditions, such as quota, area 
to fish (all are resrncted to tidal waters), gear types, 
season, etc. 

Maine leads other elver fisher) starcs 111 

modernizing its elverieel fishery regulations. It has 
recently proposed and/or implemented regulatory 
changes to increase elverilarge eel license fees to 
S2Q43.00 in an effort to reduce the numkr of licensed 
fishers and dedicate license fee revenucs ro eel 



research. It will also impose a March 16-June 14 
fishing season and two day weekly closed tlme for 
elvers (defined as eels less than 15 cm long), lirmt 
the number. type, and methods of operation of gear 
unlts available to each fisher in an attempt to control 
fishing effort, l ~ m t  elver fishng to the intertidal area 
and the shoreward one-thrd of a stream (both 
shores), and prohib~t both elver fishlng w ~ t h n  46 m 
of any dam and bycatch of other species (CAEMM 
1996). 

The Connecticut regulatlong were mn~mal  
until 1996, e.g.. no small mesh fyke nets, but pots 
and d~pping are pemtted; catch reporting 
requirements permt mnimal lnterpretatlon of 
catches. In 1996, Connecticut defined the glass eel 
as less than 10 cm in length, instituted a March 1- 
May 21 glacs eel fighlng season with a weekly closed 
per~od from 6:OO am Saturday to 6:00 am Sunday, 
prohib~ted obstruction of more than 50% of the 
stream %idth and placement of traps withln 7.6 m of 
each other. llmted traps to a maxlmum of 10 wlthln 
the state and 3 In an) stream (dipnets are the 
preferred fiqhing gear) and requlred monthly catch 
reporting b j  1ogbooL. The eher fishery In New 
Jersey was unregulated pnor to 1996 when ~t was 
restncted to d~p-nets only and a fishery season was 
Implemented (February 15-Apnl 20) w~th  a Sunda} 
closure (ASMFC 1997: J. F. McClain. New Jersey 
Dir ision of Flsh. Game and Wildlife. pers.com.). 

At \anous penods between 1957 and 1980, 
elver? (range 23,000 to 6,000.000 elvers) %ere 
annual15 stocked in the Susquehanna hver, 
Pennsj lvania apnver of hydrixlectnc dams, but no 
cornmerc~al elver fisher) 1s pemtted. After 
restoration of Amencan eelc to the Susquehanna 
a v e r  basin iollowing fish passage construction (to 
be complered by the year 2000), Pennsylvania plans 
to adopt regulations pre\enting the overharvest of 
small eels (CBP 1991). 

Virginia issued, In 1996, two p e m t s  to 
fish a total of about 800 kg of elvers for local 
aquaculture; no adbt~onal p e m t s  are planned for 
several years. When the cultured elvers have been 
reared to sale size, 10% must be returned to the state 
for release In the wild. South Carolina has an 
active elver fishery but no p e m t  1s required and no 
catch statistics are collected. No elver fishery occurs 

in Florida but one experimental permit has been 
issued to see if a fishery can k developed. 

The number of elver fishers is generally 
unregulated in those states where an elver fishery 
occurs (excluding Virginia and Florida where 
permits have been limited to two and one, 
respectively). In Maine, the number of commercial 
finfish permits (which may be used to fish eels as 
well as other species) almost tripled between 1985 
and 1995 and more than doubled between 1994 and 
1995 to over 3,300 permits, of which over 1,500 are 
believed to be elver fishers (CAEMM 1996). 
Connecticut has had a moratorium on new 
commercial fishing licenses since 1995 but existing 
licensees can fish elvers if they choose. In New 
Jersey, over 2,100 licenses were issued for the 1997 
elver dipnet fishery (J. McClain, New Jersey 
Division of Fish, Game and Wildlife, pers.com.) . 
South Carolina had no mechanism for determining 
participation in the elver fishery in coastal waters 
until 1996 when a permit was instituted (B. McCord, 
South Carolina Department of Natural Resources, 
pers.com.). In 1997, about 65 permits for elver 
hoop nets (a type of fjike net) and 11 permits for dip 
nets were issued. Each permit may authorize one or 
more units of gear. 

Some states (Maine, Connecticut, Ne\+ 
Jersey. Pennsylvania, South Carolina, Florida) 
have no rmnimum length limt for eel retention 
(Table 2). New Hampshire has a 10 cm mnlmum 
slze l ~ m t  as does Massachusetts, except for 
aquaculture (Amaral 1982). A 15-cm mnlmum size 
limit was ~mposed in Virginia in 1977 (CBP 1991) 
and has exlsted in Georgia since at least the early 
1980s (J. Music, Georga Department of Natural 
Resources, perr.com.). New York, Rhode Island, 
Delaware, Maryland and North Carolina have 
only recently (1 992- 1995) Imposed a mnlmum 
length limt of 15 cm so as to protect elvers for local 
aquaculture debelopment or, more urgently, to 
prevent uncontrolled development of an elver 
fishery. These states awat the recommendat~ons on 
elver fishery development expected in the ASMFC 
fishery management plan for eels. In 1994, 
Maryland pemtted a daily harvest per person of up 
to 25 eels of less than 15 cm for use as h i ,  

pnmanlq by anglers. 
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Table 2. Surmnary of selected commercial eel fishing regulations, by state, for the United States Atlantic coast. 
Regulations are subject to change: contact each state for current regulations. (Modified from Table 1, ASMFC 
1 9971. 

Maine has a defined elver fishing season regon mew Jersey to Virgma), followed by the 

(March 15-June 15) as does Connecticut (February north Atlantic regon (Malne to New York), south 

1 -May 3 1) and New Jersey (February 15-Apnl 20; Atlantlc regon (North Carolina to Florida), and Gulf 
TaMe 2). No states wth  an elver fishery. other than regon where the catch was negllgble (Fahay 1978). 

Maine, seem to have begun collection of catch The regonal catch summary statlstlcs reported b j  

statlstlcs although t h s  is expected to change when Fahay (1978) are slightly lower than statistics 

the ASMFC fishery management plan for eels has recently available from the National Manne Fisher) 

k e n  de\]eloped. Poachlng of elvers 1s believed a 
serious problem in many states but enforcement of 
the often rmnimal regulations is poor due to the 
nature of the fishery (veq mobile, 
mghrt~me operation) and 10% 
administrative priorit>. 

YELLOW/SILVER EELS 

The United States fishery for 
Amencan eels extends from Malne to the 
Gulf of Mexico. Different geographic 
regions (north, mddle, and south Atlantlc, 
Gulf of Mexico) exhibt dffenng tlme 
trends in, and map tu&s  of. their fishenes 
which reflect the d~fr'enng natures of their 
fishenes and of rtock abundances (Fahay 
1978). The 1955-73 fishery was most 
product~ke in the mddle Atlantic 





Serkice (IVMFS 1997), but the regional ranlungs are 
unchanged. For the years 1955-1973, regonal mean 
catches were 146 t (range 75-251 t) for the north 
Arlanric region, 429 t (range 152-930 t) from the 
mddle Atlantic regon, and 80 t (range 19-192 t) 
from the south Atlantlc regon. For the years 1974- 
1995. regonal mean catches increased to 160 t 
(range 7-556 1) in the north Allantic regton, to 567 t 
(range 1061,349 t) in the mddle Atlantic repon, 
and to 236 t (range 6-792 t) in the south Atlantic 
region. The 'mgher regonal mean catch in the 1974- 
1995 penod IS accompanied by higher annual 
vanability, reflecttng the declining catch in all 
repons (and most states) from peaks in the md-  
1970s and early 1980s to the loh values of recent 
years. 

For the Atlantic coast (Matne-Florida), 
annual eel catch ranged from 384 t to 1,645 t 
between 1970 and 1995, wtth values between 1.1 7 
and 5.49 rmll~on U.S. dollars (ASMFC 1997; Fig. 1 ). 
Eel catches averaged 1.179 t between 1970 and 1982 
and 635 t betheen 1983 and 1995, indicating an 
overall decllne in US catch. 

Annual trends in reported eel catches by 
individual state\ (NMFS 1997) compnse three bastc 
groups: declining catch, e.g., Rhode Island. New 
York: lncreaslng catch, e.g., New Jersey, Delaware; 
and catches that have returned to values typical of 
those reported prior to the peak catches of the 1970s 
and early 1980s, e.g.. Maine, Massachusetts, Flonda 
(Fig. 2). Reported catches In some states declined 
sharp13 tn 1996 but catch data may be incomplete. 

Maine eel catches peaked in the late 1970s 
at 50-90 t annual15 and have since fluctuated 
between 4 t and 30 r ,  a level only slightly lower than 
reported between the earl) 1950s and early 1970s. 
In Rhode Island, eel catches vaned moderately from 
about 9-30 t betheen 1962 and 1984. then lncreased 
to bet%een 19 t and 56 t between 1985 and 1988 
before collapsing to about 1 t dunng 1989 and 1990 
(Gray 1991 1. The catches reported by Gray (1991) 
dunng the md-1980s are nor emdent In F~gure 2 yet 
both data sets onginate from the National Manne 
Fisheries Service. The vanab~ltty in Rhode Island 
eel catch dunng the 1980s has been attnbuted to 
marker forces rather than resource status. 

Annual reported eel catches in Connecticut 
have usually k e n  less than 10 t since ahut  1980 but 
some fishers blame the recent low catches on 
overharvestlng of elvers (NMFS 1997; S. Gephart. 
Connecticut Department of Envtronmental 
Conservation, pers.com.). Eel fishertes tn inland 
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(pnmarily Lake Ontario and Hudson aver)  waters of 
New York state have been closed due to 
organochloride contamination since 1976, with the 
exceprion of a 'limited" fishery for export that closed 
in 1982 (Blake 1982; Lary and Busch 1997). 
Istorically, catches of eels in New York were 
several times higher in coastal waters (1960-78 mean 
catch of 68 t) than in inland waters (1960-79 mean 
catch of 18 r). The export fishery evident11 
generated high catches in Inland (mean 36 t) and 
coastal waters dunng the years 1980-82 (Lary and 
Busch 1997; Ftg. 2). 

In New Jersey, eel catches in the pnmanlj 
coastal pot tishery ranged from 61 -98 t between 1989 
and 1993, down from the md-1980s peak of 134 t 
but near the long-term mean. Pennsylvania licenses 
a mnor (less than 1 t) fishery but does not collect 
catch statistics. 

In Chesapeake Bay (Maryland and 
Virpnta) recent catches are near the long term 
(1945-94) mean of about 450 t (CBP 1995). In 
illaryland, reported eel catches steachly declined 
from the peak of about 590 t in 1946 to about 45 t In 
1963 and have since usually fluctuated between 
about 45 t and 100 t (CBP 1995). The declining 
catch since the late 1980s evident in Fig. 2 chffers 
from the relatively stable catch reported elsmhere 
(CBP 1995; Fig. 9.2). Reported catches tn Virginia 
fluctuated beteeen about 80 t and 190 t between 
1946 and 1966 then increased irregularly to a peak 
of 659 t in 1974 before declining to 149 t In 1993 
and nsing to 360 t in 1994 (CBP 1995). Between 
1984 and 1994, reported catches averaged 91 r 
(range 11-134 t) in Maryland (annual catch per 
fisherman lncreased from 0.9 to 2.0 t; CBP 1995) 
and 376 t (range 270-510 t) tn Vtrgnta (CBP 1995; 
Spetr 1996). Reported catches in Maryland have 
thus shown no particular trend since about 1960 
whtle V~rgnla catches remain near rhe long-rerm 
mean despite the decline from the 1974 peak. 

Catches in North Carolina and Georgia 
have decllned from the peaks in the early 1980s tci 

levels not seen since the 1960s and early 1970s. 
Before 1970. annual eel catches in North Carolina 
were usually less than 45 t, then peaked at 436 t In 
1980 O(eefe 1982) before declintng to 6-26 t In the 
1990s (Fig. 2). The mean annual catch of the minor 
fishery in Georga declined from 8.5 t betweet: 1972 
and 1982 to 1.6 t between 1983 and 1995 (J. Callif, 
Georga Department of Natural Resour~eb, 
Brunswlck, pers.comrn.). Although catches oi over 
100 t were reported from Florida dunng the md- 
and late 1970s, the on14 sigmiicanr eel fsherq ~ r ,  



Elorida today is the mnor pot fishery of the Saint 
John &\er where catches in recent years have 
declined, partly due to reduced fishing effort (NMFS 
1997; J. Crumpton, Flonda Game and Freshwater 
Fishery Commss~on, Eustis, pers.cornm.). 

Drawing conclusions from these trends is 
difficult because the available catch statistics are 
~enerally regarded as underestimates, perhaps " 

varying in completeness over time, and fishing effort 
data is either unavailable or of questionable utility 
(Foster 1981; CBP 1991; Crawford 1996; NMFS 
1997). The current status of the eel stock in most, if 
not all, states is unknown due to the absence of catch 
andi'or effort statistics and an absence or scarcity of 
biological study of any kind. A widespread concern 
abour the status of local eel stocks, except perhaps in 
Pennsylvania, Georgia, Florida, and the Gulf of 
Mexico where stocks and fisheries are minor, reflects 
more the absence of knowledge about the stocks 
rather than a awell-founded knowledge of decline. 

The economcall~ important yellow/silver 
eel fisher> in Maine occurs in both inland and tldal 
wters. The fi5her) 1s comparativelj well 
documented and has recently received a 
comprehenrive r e  and modernization of 
regulations (CAEMM 1996). Most large eel 
fisher~es south of Malni: seem to be pnmanly coastdl 
pot fisherier with little management and fen 
regulation\, other than a license requ~rement and 
perhaps rmnlmum size limt or gear and mesh size 
restrictions (Table 2). Ekl fishenes are conducted 
during the period of natural availabilitj; fen, ~f any, 
%tates have defined fishing seasons. New 
Hampshire has llttle coastline and no available data 
on eel fishing. The coastal eel fishenes of 
Rlassachusetts (11ttle if an) eel fishing occurs 
inland) are managed by coastal town authorities; 
state regulations control pemtted gear types 
(Amaral 1982). The tidal water, manly pot fishery 
conducted ktween May and Novemkr in Rhode 
Island requires a commercial multispecies manne 
fishing l~cense but no catch statistics are collected by 
state agencies for the eel fishery (Gray 1991). 
Connecticut has a relatively small, basically 
unmanaged. pot fishery for yellow eels In the t~dal 
port~ons of, pnmanly, the Connecticut and 
Hou\atonic nvers (S. Gephard, Connecticut Dept. of 
Emironmental Conservation, pers.com.). 

Licensed eel fishing In New York occurred. 
pnor to the 1976 closure, pnmanly in Lake Ontano. 
the Hudson Bver and the upper Delaware Ever 
(Blake 1982). Only eels less than 36 cm may be 
fished in the Hudson l v e r  proper and other inland 
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waters and must be used for bait because of 
organochloride contamination. Coastal fisheries are 
unlicensed and fishing effort is not monitored in 
either inland or coastal waters. New York enacted in 
1995 a 15 cm minimum size limit and 1.25x2.5 cm 
minimum mesh size for trap nets in marine waters. 
New Jersey fishery regulations require a fishing 
license for fyke nets and pots, a minimum 0.48 mm 
bar mesh in pots and a 15 cm minimum size limit. 
Eel fisheries in Delaware were recently licensed and 
had a 15 cm minimum length limit set in 1995 but 
are otherwise unregulated and thus have no available 
catch data. 

Maryland and Virginia operate primarily 
pot fisheries for eels in Chesapeake Bay, for which a 
management plan was developed in 1991 (CBP 
1991, 1995; Speir 1996). Prior to the 1991 
management plan, Pennsylvania, Maryland, and 
Virginia had no harvest quotas (Pennsylvania has a 
50 eel per person per day creel limit), bycatch 
restrictions, or closed season nor do they exist under 
the management plan. Prior to the 1991 
management plan, Virginia had a 1.25x1.25 cm 
minimum mesh size and requirement for two 
1.25x2.5 cm escape panels for eel pots while, under 
the management plan, Maryland has implemented a 
similar minimum mesh size. Large eels are 
exported; small eels are used for bait in the crab 
trotline fishery but such use is declining in 
importance. Catch reports were not required in 
Virginia prior to 1973 and the Maryland eel fishery 
was unlicensed prior to 1981 and did not require 
reporting of eel catches until 1990 (Foster 1981; 
CBP 1995; Speir 1996) but estimates of commercial 
eel landings based on interviews with fishhouse 
managers were made by the National Marine 
Fisheries Service for borh states from 1929 onward 
(CBP 1995). 

North Carolina has a small, primarily 
coastal pot fishery, with no catch records maintained 
for inland waters, although they may be included in 
the total catch. South Carolina has little historical 
catch data and no means in place to obtain it (B. 
McCord, South Carolina Department of Natural 
Resources, pers.com.). Traps and pots are 
permitted in coastal waters but fyke nets are 
prohibited while eel fisfung inland is permitted only 
in the Cooper River and Santee-Cooper lake system. 
Fisfung for eels in coastal waters is often conducted 
under the guise of fishing for crabs. 

Eel fishing in Georgia was restricted to 
coastal waters prior to 1980 when inland fishing was 
permitted (Helfman 1982). Catch, but not effort, 



data 1s available because no specific license is 
required to fish eels. The Florida pot fishery has a 
1.25x2.5 cm minimum mesh size and no minimum 
catch size lirmt. 

AQUACULTURE 

Information on the size of the industry for 
culture of American eels has been unobtainable but 
at least one operation is located in Rorida 
Whiteside 1996). 

MAXAGEMENT ISSUES 

The eel iishery of the United States was, 
pnor to ASMFC involvement In 1995, gven llttle or 
no recognition and attention relative to that glven the 
eel fishenes of Europe. Fishery regulations vaq 
among statzs but are mnimal by any standard for 
most states. Management plans for eel fishenes have 
on14 k e n  implemented by Maine (in 1996), by 
Maryland and Virginia for the Chesapeake Bay 
fisherj ( ~ n  1991 ). and developed by Connecticut. 
States ~;clth the largest, most economcally valuable 
fishenes tend to have the most developed 
management systems. Inland fishenes are usually 
licensed, if on11 under a general fisherj llcense 
rather than a Ilcenx specific to the eel fishery. but 
coastal fishenes are sometlmec, unlicensed. The 
requirement for catch statistics vanes from mnimal 
to nll and fish~ng effon data 1s essentially ignored. 
Conxquently, stock status 1s considered unknown In 
most or all states. ~ncludng those that collect some 
le\el of catch statistics, because of the lack of 
associated fishing effori data 

Lack of fish passage, upstream or 
do~nstream. at hydroelectric dams 1s recogn~zed as 
deny~ng access to upstream nxgrants to large areas 
of su~taMe hahtat and as a mortality factor for 
do~nstream nxgrants. The level of concern has, to 
date, generally been lnsufficlent to find or implement 
solut~ons to the problem (Haro 19961, except for a 
short l~ved elver restochng program on the 
Susquehanna Bver, Pennsylvma. In 1997, three 
dams on the Susquehanna fiver are scheduled for 
fish passage construction and by the year 2000 over 
560 km of nver habitat wlll be accessible as finfish 
habitat (CBP 1993, mhlch 1s expected to restore the 
large quantltles of eels once produced by the nver. 
Other sources of hahtat loss such as coastal wetlands 
dekelopment and water qualit) seem addressed only 
via their Importance to other specles. The 
s~gn~ficance of fishery mortal~ty relative to stock 
reductions due to hahtat loss and hydroelectric dam 
passage mortal~ty IS unhoan  and has been used by 
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fishers to oppose reductions in fishing effort. 
Contamination of eels by organochlorine chemicals 
has resulted in closures of affected fisheries and 
issuance of consumption advisories in rivers such as 
the Hudson (closed 1976-present) and Delaware 
rivers but the general extent of such contamination 
has not been examined. 

Although eels may be infrequently imported 
to the United States from Asia or Europe for 
aquaculture, such imports may be responsible for the 
recent detection of the parasite Anguillicola crasszrs 
in an aquaculture facility in Texas and its spread to 
South Carolina (Fries et al. 1996). Existing United 
States import regulations (Warren 1994) may ke 
insuflicient to prevent the spread of A. crassus via 
aquaculture activity. The potential exists for serious 
economic and stock effects such as have been 
observed in Europe (Fries et al. 1996; ICESiEIFAC 
In press). Scientific studies of eel biology are 
essentially based in a very few universities and 
sporadically conducted; state or federal agencies 
conduct little, if any, research on eels. 
Consequently, while the basic biology (Helfman ee; 
al. 1987) and distribution (Jury et a]. 1994; Stone et 
al. 1994) of the American eel is well known, the 
detailed information necessary for effective stock 
management, on a specific or regional hasis. is 
unknown. Uncertainty or concern about the status of 
stocks of larger eels in all states and uncontrolled 
development of elver fisheries in some states have 
prompted development of an interstate management 
plan for eels under the authority of the ASMFC 
(Field 1996). This management plan, if similar ro 
the striped bass management plan (ASh@C 1995). 
will have the goal of maintaining the eel resource 
throughout its range so as to generate optimal social 
and economic benefits from its exploitation. The 
plan will provide a comprehensive review of existing 
state fishery regulations and biological data on 
American eels, specify management actions with 
specific measurable standards in fisheries regulation 
and monitoring that require state compliance, and 
make recommendations for protection and 
enhancement that are advisable but not requiring 
compliance. Implementation of the fishery 
management plan will be mandatory for ASMFC 
member states under the Atlantic Coastal Fisheries 
Cooperative Management Act (Public Law 103-206). 

SUMMARY 

Concern about the ongins and consequences 
of the recent decline in elver recruitment to  
European coasts, the decline in and present level of' 
existing fishenes, and the adequacy of spawnma 



stock abundance has prompted a recommendation by 
the EIF.4CtICES Workng Group on Eel for 
countnes to Implement the "precautionary pnnciple" 
In management of European eel stocks (EIFACIICES 
In press). The "precautionary pnnciple" advises 
maintenance of existing levels of fishlng actlvlty for 
elvers and larger eels, with no expanaon except 
where demonstrably justified, and matntenance of, or 
Increased effort In, stoclung of inland waters and 
stock monitoring programs, and Improvements to eel 
passage at obstructions. The w~de vanety among 
countnes of regulations governing elver and large eel 
fishenes and d~fferences in national objective~ makes 
coordnated management of the cont~nental eel 
resource difficult. Recent uncontrolled de\elopmnent 
of elver fishenes in some Amencan stater and 
banning by other states, In response to Inadequate 
regulat~ons and hological knowledge ~ i t h  uhich to 
control such fisheries, and uncertainty abut  the 
status of regional stocks of larger eels has lmtiated 
development of an ASMFC Interstate management 
plan for eels (Field 1996; ASMFC 1997). T h ~ s  
management plan, uhich wlll be mandatory for 
Atlantic states to Implement, should benefit the 
Amencan eel resource b j  setting a common 
managerla1 objective, improving regulatory 
coordmatlon dmong states, and encouraging the 
stock monitoring dnd biological research necessary 
to manage effecrivel) . 
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INTRODUCTION 

DFO is responsible for management and control 
of seacoast and inland fisheries. 

This includes the development of policy and 
implementation of fishing plans. 

e Problems with management of the eel fishery are 
largely the result of: 
+poor hstorical data 
+inflexible and outdated regulations 
+increasing demand for licenses 
+no formal advisory process (except S W B ) .  

Data collection has heen improved. 

New regulations are in place (February 1993). 

Licenses have been frozen at current levels. 

The advisory process has begun. 

ADULT EEL FISHERIES 

REGULATIONS 

License is required to fish commercially or 
recreationally except for angling or for spearing 
in tidal waters. 

A distance of 200 m must be maintamed from 
any fishng gear previouslj set. 

Gear cannot be left unattended for more than 72 
11. 

e Gear must be marked with owner's name and. 
where a vessel is used, with the vessel 
registration. 

Authorized fishing methods are angling, pots, 
traps, dip nets and spears (longlines and set lines 
permitred in NB). 

* Closed season for eel traps in inland waters is 
from November 1-August 14 and for spears all 
year. 

* From sunrise to sunset in inland waters of NS. 
eel traps must have 90-cm opening to allow fish 
to escape and fyke nets must be rendered 
incapable of catchng fish. 
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LICENSING POLICIES 

On May 19/93, commercial eel licenses were 
frozen at current levels: new recreational eel 
licenses were restricted to pots only (maximum 
4). 

Pnor to the May 1993 fieeze, the eel fishery was 
open access in Scotia-Fundy sector, except for 
Saint John River in NB, where entry was limited 
after 1978. 

Persons fishing must register in Region, no 
residency requirement. 

Licenses issued to persons. not companies. 

Re-issurance of licenses is only permitted to 
fishers registered in preceding year and who are 
actively engaged in fishing in preceding year. 

No participation is required. 

License holders must personally fish. 

JUVENILE (ELVER) FISHERIES 

Elvers are defined as eels less than 10 cm (4") in 
length. 

An experimental fishery began in earnest in 
1989. 

In 1996, a total of 9 experimenrzl licenses were 
issued (3 for aquaculture purposes only). 

It is not anticipated that any new elver licenses 
will be issued in Scotia-Fundy seclor in 1997. 

* The elver fishery has k e n  developed as an EA 
fishery with license holders getting assigned 
fishing areas and quotas. 

For 1997. a formal elver advisory c o m t r e e  ~ l l i  
be established; 4 of the 9 license holders wlll k 
gven regular llcenses and dockslde monitonng 
will be implemented. 

FUTURE MANAGEMENT CONSIDERA'TIONS 

Evaluate the current freeze on elver and adult eel 
fishing licenses. 

Minimum size limit is 20 cm. 
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* Examne ways of elimnating unused commercial PECHES DES ANGUILLES ADULTES 

l~censes, malclng them temnal  or converting 

them to recreational licenses. REGLEMENTATION 

* Examne ways of reducing the amount of 
commercial gear authorized on existing licenses. 

Examine options for reducing the number of 
commercial licenses in some areas, in the 
immediate and long term. 

Reduce gear conflict and distribute fishing effort 
through more effective use of license conditions. 

* Improve the yeld per recruit bj increasing the 
mmmum slze limt for silver eels. 

Review seasons for inland and tidal water 
fishing. 

Examine ways of reducing incidental catches of 
other iish species and mammals. 

e Establish a formal adv~sory process for adult eels 
throughout Scotia Fundy sector. 

INTRODUCTION 

Le MPO est charge de la gestion et de la 
sun.eillance des pt-ches interieures et c6tieres. 

Cela inclut I'etablissement d'une polltique et la 
mse  en oeuvre de plans de gche.  

Les problemes de gestion de la g c h e  de 
I 'anguilie resultent principalement des facteurs 
sun ants : 

* lnsuffisance de donnees hrtonques: 
rkglements ngdes et &suets; 
demande accrue de perms; 
aucun processus consultatlf oEciel ( sad  
dans le sud-ouesr du N.-B.). 

* La collecte des dormees s'est amelioree. 

* Le permis est obligatoire pour gcher  l'anguille a 
des fins cornrnerciales ou sportives, s a d  la g c h e  
a la l i p e  ou la gche  au harpon dans les eaux a 
marke. 

* I1 faut respecter une distance de 200 metres par 
rapport a tout engin de pche  prkalablement 
installe. 

* L'engin ne p u t  Ctre laissk sans surveillance 
pndant plus de 72 heures. 

L'engin doit Ctre marque au nom de son 
proprietaire et, lorsqu'un bateau est utilisk, dolt 
porter le numero d'immatriculation du bateau. 

Les methodes de gche  autorisks sont la g c h e  2 
la ligne, les nasses a anguilles, les carrelets et les 
harpons (les palangres et les l i pe s  dormantes 
sont autoriskes au N.-B.). 

La @node pendant laquelle la g c h e  de 
I'anguilie a la nasse est interdite dans les eaux 
interieures est du le%ovembre au 14 aoGt et, au 
harpon, pendanr toute l'annke. 

Du lever au coucher du soleil, dans les eaux 
lnteneures de la ~ouvelle-~cosse, les nasses a 
anguilles doivent avoir une ouverture de 90 cm 
pour permettre aux poissons de s'echapper et les 
verveux doivent &re modifies de faqon qu'ils ne 
capturent pas de polsson. 

La limite de taille minimale est de 20 cm. 

Le 19 mai 1993, le nombre de permis de g c h e  
commerciale de I'anguille a ete bloque au niveau 
existant; quant aux nouveaux permis de g c h e  
sportive de l'anguille. ils ont ete limit& aux 
nasses a anguilles seulement (maximum de 4). 

* De nouveaux reglements ont ete adoptes (fevrier 
1993). 

* Avant le gel du mois de mai 1993. la g c h e  de 
l'anguille etait pratiquee sans restriction dans le 
secteur Scotia-Fundy, s a d  dans la rivikre Saint- * Le nombre de perrnis a ete bloque aux niveaux Jean. au N.-B., ou I'acctts avait ete limite apres 

acrueis. 1978. 

* Le processus consultatif a commend * Les personnes qui gchent do~vent s'inscr~re dans 
la Region: 11 n'y a pas cntere de res~dence. 
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Les permis sont attribues aux personnes, et non CONSIDERATIONS POUR LA GESTION 
aux entrepnses. FUTURE 

Le renouvellement du permis n'est accord6 
qu'aux gcheurs inscrits l 'annk preckdente qui 
ont pratique activement la gche.  

Aucune participation n'est requise 

Les titulaires de permis doivent Ncher 
personnellement. 

JEUNES ANGUILLES (CIVELLES) 

Les civelles sont dkfinies c o m e  des anguilles de 
moins de 10 cm (4 po) de long. 

Une gche  exgrimentale a kt6 entreprise avec 
inter& en 1989. 

En 1994, neuf permis de g c h e  expenmentale ont 
ere delivres (trois a des tins aquacoles). 

 valuer le gel actuel des permis de gche  des 
adultes et des civelles. 

~ tudier  les moyens d'kliminer les permis de 
@the commerciale inutilisks, de leur donner un 
caractere definitif ou de les convertir en permis 
de Nche sportive. 

0 ~tudier  les moyens de reduire la quantitk 
d'engins de Nche commerciale autorisks par les 
permis existants. 

* Examiner les possibilites de reduire le nombre de 
permis & gche  commerciale dans certains 
secteurs, a court terme et A Iong terme. 

Reduire les conflits d'engn et repartir l'effort de 
Nche p8ce a une utilisation plus efficace des 
conditions des permis. 

On ne ,'attend pa$ a ce que de nouveaux perms Ameliorer le rendement par recrue en 
de pche  des ctvelles sotent deltvres dans Ie au_mentant la ltmte de taille mn~male des 
secteur Scotla-Fund) en 1997. civelles argentees. 

La gche  des civelles a etC assuigttie B un regime 
d'AE. les titulaires de permis &ant assignes A des 
zones de g c h e  et a des quotas. 

En 1997, un cormte consultarlf offictel de la 
Fche des civelles a ete forme: quatre des neuf 
titulatres de perms ont r e p  des perms de gche  
reguliers et les captures feront l'objet d'une 
venficat~on a quai. 

Reviser les saisons de pche dans les eaux 
interieures et dans les eaux a maree. 

~ tudier  les moyens de reduire les captures 
accidenlelles d'autres es@ces de poisson et de 
mamrnift2res. 

~ tabl i r  un processus consultatif officiel pour les 
anguilles adultes dans tout le secteur 
Scotia-Fund). 
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There are t\{o categones of eel fishing actiwties in 
the Gulf Fisheries Sector, namely commercial and 
recreational fishing. Recreational fishing has been 
practiced by Mantimers for more than one century, 
not as much as a recreational activity bur more as a 
food fishery (subsistence fishery). 

Fishing effort 1s often related to economc 
returns to fishers, and eel fishing is no exception. To 
better appreciate the evolution of this fishery, ~t is 
Important to have an appreciation of the pnces pad  
for eel to fishers over the years. Documented pnces 
are not available at this time but it was felt that 
corporate memory on the matter would nevertheless 
be acceptable, gven its mtended use. 

Price p r  pound paid for eel to fishers is as 
follows: 

Prior to 1985: prices paid were generally below 25 
cents a pound 

1985-86: S0.75 - S0.83 cents a pound 
1986-87: S 1.50 a pound 
1987-88: $2.00 a pound 
1988-89: S2.40 a pound 
1989-96: S2.40 to S3.00 a pound 

(Prices quoted above may have vaned slightly from 
province to province.) 

A breakdown of licenses and gear by 
province within the Gulf Fisheries Sector is provided 
in Annexes "A'' to "D". 

The following is an overvie& of the fishery 
bj province nithin the Gulf Fisheries sector of the 
Mantimes Region. 

1978: Limited entry in the fishery with fyke 
nets and pots. 

Mld 80's: Introduction of a generator on board 
fishlng vessels which produced 
llghting of up to 4000 watts 
compared to approximately 60 watts 
with a gas lantern. Eels could non 
be spotted in 15 ft  of water compared 
to 5 ft  with the lighting of a lantern 
The length of the spear was extended 
accordngly. Some fishers say that it 

actually freezes the eel, malung 11 

easier to spear. Fishers are also 
spraying the surface of the water with 
vegetable oil mahng the view of the 
ocean floor clearer. Jim Jenlns 
dcscnbed this as "Putting oil on the 
stormy water." 

1993 (Feb 24): Maritime Regulations require a 
license to fish eel commercially with 
a spear and a longline. 

1994: Introduction of the following fishing 
seasons: 
Recreational: January 1 -March 3 1 
(voluntary da~ly catch limt of 6 eels) 
Spearing with light: Apnl 1-June 30 
Closed to all gears: July 1 -August 15 
Fyke nets and pots: Aupst  16- 
Octohr 3 1 

1994-95: Fishers who applied and had proof of 
eel fishing with a spear in any of the 
years 1987-90 were issued a spear 
fishng license. 

EASTERN NEW BRUNSWICK 
PRINCE EDWARD ISLAND 

Prior to 1961 : Spears with a light (flamboying) and 
pots were the two main gears used to 
fish eel commercially. 

1961 -65: The PEI provincial government 
introduced fyke nets from Noway. 

1973: Restrictions to address by-catch of 
trout and salmon were introduced. 
These were the mmmum eel slze of 
46 cm and a fyke net fishng season 
from August 16-November 30. 

Since the early 1960s: Spears and pots are k i n g  
used to fish eel. 

1978: Limited entry licens~ng policy is 
implemented. 

Since the 1980s: Commercial fishing season to dl 
gears: November 15-September 1. 

Late 80s: Recreational fishing become\ more 
popular. 

1992: The transfers of licenses ktween 
fishing grounds (from nver to nver. 



from lake to lake and from river to 
lake and vice versa) are prohibited. 

1993 (Feb24): Marltlme Regulations require a 
license to fish eel commercially wlth 
a spear and a longllne. Fishers who 
applled and had proof of eel fishing 
w~th longline were issued a longline 
fishlng license. This license is non- 
transferable. 

1995-96: Minimum eel size was set at 46 cm. 

which states that the only anticipated 
light is light produced from a flame 
that does not exceed 3400 lumens (200 
watts), which will greatly reduce the 
effort. The season will be from 
January 15-June 30. The minimum 
length will increase to 50 cm. For the 
fyke net, pot and weir fishery, the 
season will be reduced from 
September 1 -October 30. 

GULF FISHERIES SECTOR, MARITMES 
REGION 

GULF PORTION OF NOVA SCOTIA 
1996 Eel Licensing Policy 

1970s: New licenses were available to 
bonafide fishers, with the exception 
of the Margaree River, using fyke 
nets and weirs. Licenses were also 
available to non-commercial fishers 
using eel pots. The seasons were 
from August 15-October 30. For 
spear fishing, there was no license 
requirement and fishers could fish all 
year. 

1991: There was a freeze on all new 
Ilcenses for eels for all gear types. 

1993. Implementation of requirement to 
fish eels bj  spear on a commercial 
bass. Only those individuals who 
could s h o ~  proof of paniclpatton in 
1991. 1992 or 1993 were ellgble to 
recave a I~cense. The cut-off date for 
thls wa? Apnl 1994. Therefore, a 
11cenq was required to fish 
commercial1 y for eels. 

1995-96: There %as a restnctlon of seasons 
from Aprll 1-30 and August 16- 
November 15 uslng fjke nets and eel 
pots. The commercial spear fishery 
~ a r  restncted from May 1 -August 15. 
There nas also the closure of Pomquet 
and Plctou Harbour for commercial eel 
fishing. The implementation of a 
mnimum size to 46 cm was 
introduced. As for the recreational 
fishery, a voluntary possession 11mt of 
10 eels was suggested. UT111 be- ~ o m e  a 
condition of license when regulations 
are amended. 

Main Features 

1. No new commercial eel licenses are issued. 

2. No additional fishing gears are authorized 
unless obtained by transfer. 

3. Transfer of licenses between fishing 
grounds (from nver to nver, from lake to 
lake and from nver to lake and vice versa) 
1s prohb~tediresrncted. 

4. Eel licenses may only be re-issued 
(transferred) to core fishers and to non-core 
fishers who qualify as new entrants (criteria 
to be met). 

Note: Licensing policy for non vessei- 
based licenses (includes eel) is 
under review in consultation with 
industry. 

1997: In the spar  fishery. there will be the 
implernentat~on of license cond~tlons, 
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A r n W A N r n X E  "B" 

NUMBER OF EEL LICENSES BY STATS DISTRICT / 
NOBIBRE DE PERMIS D'ANGUILLE PAR DISTRICTE STATISTIQm 



A l b m w A N h x m  "C" 

GULF FISHERIES SECTOR / SECTEUR DES P&CHES DU GOLFE 

hWMBER OF EEL LICENSES BY STATS DISTRICT / 
NOMBRE DE PERMIS D'ANGUILLE PAR DISTRICTE STATISTIQUE 
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AMWX/ANNEXE "D" 

LICENSED EEL GEARS BY PROVIYCE FOR 1990 TO 1996 IN THE GULF FISHERIES SECTOR 

I All Gears 1 10157 1 10471 1 10341) 1 11185 1 18648 1 18675 1 18653 / 
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HISTORICAL OVERVIEW 

Indications of an eel fishery In 
Newfoundland date back to the early 1900s. 
Although eel exports were reported as early as 1930, 
it was not until 1961 that the first officlal statlstlcs 
on eel landlngs bere recorded. The followng year, 
1962, witnessed the first orchestrated attempt by an 
enabllshed fish producrs company ro orgamze an eel 
fishery In Newfoundland. The company, Bonavista 
Cold Storage, set up operations \nth local fishers 
around the Avalon Peninsula for the harvest of 
yellow eels using balted pots. Landings fluctuated 
dramat~call}. peahng at about 36 tonnes In the 
second year of operation, then falllng to only 3 
tonnes In 1965, whereupon the project was 
termnated. There are no recorded eel lancllngs for 
Nenfoundland from 1966 to 1970. In 1971 a yeIlo% 
eel fishery emerged on the southwest coast. Again, 
annual landngs fluctuated. pealung In 1972 at 80 
tonnes and dropping to 7 tonnes by 1975. 

R\er  surveys camed out by various 
gmernment agencies In the 1970s revealed a wide 
dlstnbution of eels throughout the Island's 
freshuater systems and in some parts of southern 
Labrador. In 1979 the Provlnclal Department of 
Fishenes lnitlated a development propam to assess 
the viahlity of the fishery and stimulate Interest bq 
prosiding fishing gear and technical advlce to 
fisherr. As a re~ult of these efforts, annual landlngs 
of over 80 tonnes were reported for the first tlme in 
1980 (see Table 1, Commercial Eel Landings). In an 
attempt to reduce the hlstonc boom-bust nature of 
rhc yellow eel fishery, development initlarives were 
refocused touard the harvesting of sllver (mature) 
eels in 1982. These Inltlatives. In addition to 
s~gnificant price increases for eels, are believed 
responsible for the historical!;\ high land~ngs 
experienced from the late 1980s to the md-1990s. 

Pnor to 1996 there was no formal advisory 
process in place to obtaln the comments and 
recornmendatlons of stakeholders In the fishery. 
Input into the management process was achleved 
through an ad hoc worlunp group cornsttee made 
up of a small number of DFO personnel. Provincial 
Department of Fisheries personnel, and fishers' 
unlon representatives. In 1994 and 1995 the 
Industry Development Dlvlslon of DFO sponsored 
workshops wth  eel fishers and salmonld 
conservation groups to review and formulate 
solutions to the saimonld by-catch problem ldentlfied 
in the eel fishery. Although thz focus of the 
workshops was on by-catch Issues, dtscussions on 
other eel management measures also took place. On 

3 5 
May 2, 1996, the first formal eel advisory meeting 
was convened. 

SURVOL KISTORIQUE 

Les mentlons de la g c h e  de i'anguille a 
Terre-Neuve remontent au &but du siecle. Bien qu'il 
solr question d'exponanons d'angullles des les 
annees 1930, ce n'est pas avant 1961 qu'ont Cte 
recuelllies les premeres statistlques oficielles sur les 
&barquements ck cette espece. L'annke suivante, en 
1962, eut lieu la premere tentative orchestree par 
une societe Ctablle de produ~tr de la g c h e  
d'organiser une gche  de l'anguille a Terre-Neuve. 
Cette socittte, la Bonavista Cold Storage, a organix, 
avec les gcheurs locaux tout autour de la presqu'ile 
Avalon, une gche  des anguilles jaunes, au rnoyen de 
nasses app2tCes. Les &barquements ont fluctue 
cons~derablement, attelgnant un sommet d'environ 
36 tonnes la deux~eme annee d'exploitatlon, pour 
chuter B seulement tro~s tonnes en 1965, apres quo] 
le projet a ete interrompu. Aucun &barquemerit 
d'angullle n'a ete enreglstre 2 Terre-Neuve entre 
1966 et 1970. En 1971, une gche  de l'anguille 
jaune a vu le jour sur la cdte sud-ouest. Cette fols 
encore, les debarquements annuels ont fluctue, 
culmnant en 1972 avec 80 tonnes pour dkgnngoler 
jusqu'a sept tonnes en 1995. 

Des releves rkalisks dans les cours dkau par 
difErents organismes gouvernementaux au cours des 
annees 1970 ont revele une large distribution des 
anpilles dans tous les reseaux d'eau douce de I'ile. 
et dans certaines parries du sud du hbrador. En 
1979, le ministere provincial des P&ches a entrepris 
un programme d'expansion visant a evaluer la 
viabilite de la gche  et a stimuler l'intkr&t, en 
fournissant des engins de gche  et des conseils 
techniques aux gcheurs. A la suite de e s  efforts, 
des d6barquements annuels de plus de 80 tonnes on[ 
Cte enregistres pour la premiere fois en 1980 (voir le 
tableau 1, Debarquements d'anguilles des fins 
commerciales). Cherchant a rkduire les cycles de la 
forte expansion 2 l'effondrement de la g c h e  dt? 
I'anguille jaune, les mesures de &veloppement ont 
kt& axks  vers I'exploitation des anguilles argemees 
(adultes) en 1982. Ces initiatives, ajoutees B la forte 
augmentation des prix de I'anguillc, xraient i 
I'origine des sommets historiques des &barquements 
observes partir de la fin des ann&s 1980 jusqu'au 
&but de la decennie suivante. 

Avant 1996, 11 n'existait pas de processus 
consultatlf officiel permettant de recueillir les 
cornrnentaires et les recommandation\ des 



intervenants de la gche.  La contribution au 
processus de gestion etait obtenue au moyen d'un 
groupe de travail s@cial compost? d'un petit nombre 
de membres du personnel du MPO, de membres du 
ministere des Peches provincial et de representants 
du syndicat des gcheurs. En 1994 et en 1995, la 
Division de l'expansion industrielle du MPO a 
parraine des ateliers avec les gcheurs d'anguille et 
les groupes de conservation des salmonidks, en vue 
d'etudier et de formuler des solutions au problerne 
des prises accidentelles de salmonidks observe dans 
le cadre de la g c h e  de l'anguilie. Bien que les 
areliers ajent kt6 axes vers les problemes de captures 
accidentelles, les entretiens ont aussi porte sur 
d'autres mesures de gestion des anguilles. Le 2 mai 
1996. etait convoquee la premiere reunion officielle 
de consultation au sujet de la Pche de I'anguiile. 

IMPLEMENTATION OF REGULATORY 
MEASURES 

The management style employed In the eel 
fisher) 1s one baxll on llmtlng catch through effort 
controls by restnctlng the number of llcenses in the 
ficher). the amount of gear used and the length of 
the tish~ng seawn. Due to rhe lack of' scientific 
tnformat~on on the populatton dynamcs and 
recruliment characleristicu of eels In the 
Ne\%foundland Region and because of the panmctic 
nature of the speciec (~.e., Amencan eels found along 
the eastern North Amencan continent come from a 
slngle spawning stock), a total allonable catch 
(TAC) strategy cannot be used. The long-term 
objective5 for rnanapng thls specrec; are to achieve 
hologlcal suctainabtlity and to improve econormc 
v~abillry. 

Regulatory requirements put in effect pnor 
to 1990 can be bneiiy summanzed as follows. 
Sectlon 34 of The A7eitfolmdland Fisl?enes 
Rcgulation~ requires that a license be bught by all 
commercial and recreat~onal fishers, other than 
when using angl~ng gear. Fishers are required to use 
logbooks for catch and effort reporting. One-th~rd of 
a river'r v~~cith and two-thirds of main channels must 
remaln open at all umes when setting gear. The 
rmntmum eel siLe for han~estlng and sale is 20 cm 
(8"). The season for use of fyke nets In inland 
\+aters at that rime was August 15-November 30 and 
November 1 -March 3 1 when uslng spears. 

In 1990. for eastern Newfoundland, the 
coastal waters gear lirmt was set at 10 fyke nets and 
50 eel pots, and neu 11cense Issuance was restricted 
to a maxlmurn of two fyke nets per nker. In 1991 for 
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the same Region, the gear 11mt for inland waters 
was set to 5-10 nets and 25 pots and for the coastal 
waters i t  was reduced to a maximum of 5 nets. The 
inland season was shortened to August 15-October 
3 1. In 1992 new licenses on scheduled rivers were 
restricted to the lower one-half kilometer of a 
watershed for eastern Newfoundland. 

In 1993 eastern and western Newfoundland 
amalgamated under one regional management 
structure. The gear amounts on licenses In NAFO 
Divlslon 4R and SuMivis~on 3Pn (western 
Newfoundland) were capped at 1992 levels, and the 
issuance of new recreational licenses was temnated. 
In 1994 DFO imposed lirmted entry on commercial 
fishng llcenses in established fishery areas and 
expenmental licenses were Issued only In unutlllzed 
areas under stnct con&tions. A restnction on 
transfer or reissuance of licenses was also invoked. 
An eel pot season was implemented In 1994 from 
July 1-October 31 for most of the Newfoundland 
Reg~on and from April 15-October 31 from Grand 
Bruit to Cape St. Gregory. In 1995 the opentng date 
was amended for eel pots in coastal waters from Jul) 
I-June 1. For that year, the use of iyke net by-catch 
excluston devlces bas made mandatory for all 
expenmental fisheries w~th a strategc plan for the 
phase In of these devlses on all fyke net operations. 

In 1996 exploratory license eligibility was 
limited to a core group of professional fishers (Core 
fishers), and a limited exploratory elver fishery was 
introduced (4 licenses) and restricted by the 
following conditions: eligibility was restricted to 
active licensed commercial eel fishers: elver harvest 
was permitted only in river systems devoid of an 
established eel fishery, all harvesting was conducted 
with dip net onlr, and the maximum quota per 
license was limited to 300 kg with no more than 150 
kg taken from any one river system. 

MISE EN OEUVRE DE MESURES DE 
&GLEMENTATION 

Le reg~me de gestlon emploqe pour la g c h e  
de l'anguille est bas6 sur la reduct~on des pnses par 
des mesures de l~mration de l'effort, noramrnert la 
restnction du nombre de p e m s  de gche,  de la 
quantid d'engns et de la duree de la saison de 
gche.  ~ t a n t  donne les lacunes des informations 
snentifiques sur la dynamque des populat~ons et les 
caractenstiques du recrutement des anguilles dans la 
regon de Terre-Neuve, atns que la nature 
panrmctlque de 1 'espece [les angullles amencaines 
que l'on trouve a l'est du contlnent nord-amencaln 



proviennent d'un seul stock reproducteur), on ne 
peut utillser une stratkgie de total autorisk des 
captures (TAC). Les objectifs de gestion a long terme 
de cette es@ce sont la viahilit6 biologique et 
l'am2lioration de la viabilite kconomique. 

Les exlgences reglementares mses en place 
avant 1990 se resument ansi : l'article 34 du 
Reglement de pCche de Terre-Neuve exlge que tous 
les gcheurs commerclaux et sportifs se procurent un 
perms, sauf lorsqu'ils gchent a la ligne. Les 
gcheurs doltrent noter leurs captures et leur effort de 
g c h e  danq des registres. Les engns installes dotvent 
lalsser sans obstructton le tiers de la largeur du cours 
d'eau et les deux tiers d'un chenal pnnapal. La 
taille mnimale de l'anguille exploit& et vendue est 
de 20 cm (8 po). La saison d'utllisation des verveux 
darls les eaux tnteneures a cette epoque etait du 
15 aoOt au 30 novembre et du 1"' novembre au 3 1 
mars dans le cds du harpon. 

En 1990, la limite du nombre d'engins dans 
les eaux c6tieres de l'est de Terre-Neuve etait fixee a 
10 verveux et 50 nasses a anguilles: les nouveaux 
permis etaient limites a un maximum de 
deux verveux par cours d'eau. En 1991. dans la 
meme region. la limire d'engins dans les eaux 
interieures etair de 5 a 10 filets et de 25 nasses et, 
dans les eaux c6tikres. elle etait abaisske a un 
maximum de cinq filets. La saison dans les eaux 
c6tikres avail aussi kte reduite, du 15 ao6t au 
31 octobre. En 1992, les nouveaux permis de &he 
dans les cours d'eau inscrits etaient limites au demi- 
kilomktre de la partie inferieure du bassin, dans l'est 
de Terre-Neuve. 

En 1991, les regons de I 'est et de I 'ouest de 
Terre-Neuve ont ete combinees en une seule 
viructure de gestlon regonale. La quantite d'eng~ns 
prevue par ies perrms dans la divislon 4R et la sous- 
divlsion 3Pn (ouea de Tene-Neuve) de I'OPANO 
etait bloquee aux niveaux de 1992 et aucun nouveau 
p e m s  de g c h e  sportlve n'etait dklivre. En 1994. le 
MPO a lirmtk l'acces aux perrms de g c h e  
commerciale dans ies zones de g c h e  Ctablies et les 
p e w s  de g c h e  exgnmentale ont CtC dklivres 
seulement dans les zones inutiliskes a des condttions 
treq restnctlves. De pluv le transfert ou le 
renouvellement des perms a aussi kte restreint. Une 
saison de gche  a la nasse a kte etablie en 1994, du 
1 "' juillet au 3 1 octobre. pour une grande partie de la 
Regon de Terre-Neuve, et du 15 avnl au 31 octobre 
de Grand Bruit a Cape St. Gregory. En 1995, la date 
d'ouverture de la gche  a la nasse dans les eaux 
c6tierev etait mohfiee et etait fixee au 1"' juillet, la 
salson s'ktendant jusqu'au lerjuin. Certe annee-12. 
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l'utilisation de dispositifs d'exclusion des prises 
accidentelles dans les verveux devenait obligatoire 
pour touies les gches expkrimentales, un plan 

ces strategique prkvoyant I'adoption graduelle d, 
dispositifs dans tous les verveux. 

En 1996, I'adrmsahlite au p e m s  de g c h e  
exploratoire a ete restreinte a un groupe de gcheurs 
professionnels (ies gcheurs du noyau) et une pkche 
exploratoire Iirmtke des civelles a kt6 autortsee 
(quatre perms), assujettle aux conbttons sulvantes 
l 'admss~bilit~ Cralt rksenee auu. gcheur\ 
commerc~aux d'an,plle; l'explottation des civelles 
etait auton,& seulement dans les cours d'eau ou 11 

n ' j  avalt pas de g c h e  Ctablie de l'anguille; toute 
exploitation devait &tre effectuh au moyen de 
carrelets seulement; et le quota maximum par perms 
etait de 300 kg, pas plus de 150 kg ne pouvant 
provemr d'un meme reseau hydrographque. 

OVERVLEW OF THE 1996 
MANAGEMENT PLAN 

LICENSING 

A. Licenses may he issued for either inland or 
coastal waters or a combination of both. 

B. Fishers who held an eel license in 1995 are 
eligible to renew the license in 1996. 

C. No neu/ licenses will he ~ssued. Exploratorj 
commercial licenses may k Issued to Core 
fishers in special zones isolated from areas 
of established eel harvesting actitity where 
the possibility exists to dekelop a fisher). 
These special exploratory zones will bi3 
defined In consultation wlth DFO Area 
Ofiices. Exploratory licenses for w e  net? 

include the requirement to use by-catch 
exclusion devtces that are acceptable to 
DFO. Expenmental eel licenres issued In 

1995 may be reissued in 1996 for the same 
locations pemtted in 1995, provlded the 
operation of the expenmental license &d 
not negatively impact on other fishenes or 
fish species and all llcense conhtions were 
complied with. 

D. Reissuance (transfer) of eel licenses is not 
permitted other than through a transfer of a 
complete enterprise. 



A. The license ail1 designate the river(s) which 
may be fished and the amount of gear which 
can k fished on each designated river. For 
each river the stte to be fished shall be 
specified. Actual co-ordinates (lat~tude and 
longtude) should be used ~f possible. 

B. Indlv~duals who held a license ~n 1995 may 
renew their license for the same areas and 
gear quantities as In 1995 up to the 
maxlmum level stated in (D) below. 

C. No 1icens;es ma) be Issued for a protected 
water supply area unless that area has k e n  
spectficaliy exempted by the Province to 
p e m t  tishng for eels. 

D. The maximum amount of gear pernutted on 
an) license is five (5) nets and twenty-five 
(25) pots. Fishers who can show that they 
fished more than five (5) nets in 1995 can 
tx iicened for two (2) nets per licensed 
nver, up to a maxlmum of ten (10) nets. For 
1995, fishers In XAFO Division 4R and 
Subdl-viaon 3Pn ma) be licensed for the 
same amount of gear as in 1995. However, 
~t is recognized that excessive amounts of 
gear held by some license holders on the 
west coast is a matter of concern and i d 1  k 
addressed through tndustr) consultations 
dunng 1996 and 1997. 
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gear and areas of operation will be specified on the 
license. 

SEASONS 

A. A specla1 early fishing season opening of 
Monday, August 12 will be pemtted in 
1996, on a tnal basis, for the setting of fyke 
nets in ~nland waters. Only licensed eel 
fishers who use by-catch exclus~on devices 
of a design acceptable to DFO will be 
p m t t e d  to set fylce net gear dunng the 
early season opening penod. Fishers who 
use fyke nets without by-catch exclus~on 
devlces (in non-scheduled waters) will be 
restncted to the regular August 15 fyke net 
season opening date. The fyke net season 
wrii close on October 3 1. 

B. The season for eel pots is July 1 -October 3 1 
for Inland baters. For coastal waters the eel 
pot season is June 1-October 31 except for 
the area from Grand Brult to Cape St. 
Gregory where the season IS from Apnl 15- 
October 31. Fyke nets may be fished In 
coastal waters dunng the same penod as 
pots in coastal haters. 

C. Where a scheduled salmon river is closed 
due to low water conditions no fishing for 
eels by means of fyke nets will be permitted. 
Low water conditions and h ~ g h  water 
temperatures may aiso result in the closure 
of non-scheduled rivers to fishing for eels. 

COASTAL FVitTERS 
DEPLOYMENT OF FYKE NETS 

A. Licenses will k valid for the Fishing Area 
of residence only (1-14). 

B The maximum amount of gear pemtted is 
5 nets and 50 pots. For 1996, fishers in 4R 
and 3Pn may be licensed for the same 
amount of gear as in 1995. The issue of 
gear overcapacity in coastal waters wlll also 
be addressed through Industry consultations 
dunng 1996 and 1997. 

RECREATIONAL 

No nea recreational eel llcenses will be 
Issued in 1996. Recreational eel licenses are 
available to those ~nd~viduals who held a llcense In 
1995. The amount of gear (spears & pots) and areas 
pemtted a111 be the same amount and areas 
pemtted each indtv~dual license holder in the 
previou\ year. Details on quantlty of gear, types of 

A. On scheduled salmon rivers by-catch 
exclusion devices of a design acceptable to 
DFO will be mandatory for the 1996 fishing 
season. (Ths requirement will be set as a 
condition of license.) 

B. On non-scheduled rivers where a fyke net 
by-catch exclusion device is not in use, fylce 
nets (bags) are to be left open between 0800 
hours and one (1) hour prior to sunset each 
day to reduce any by-catch of salmonids. 
(This requirement will be set as a condition 
of license.) 

C. At least one-third of the width of any river 
or stream must be left open at all times. 
Not less than two-thrds of the main 
channel at low tide in ever) tidal stream 
must be left open at all times. 



D. Fishers must ensure that there 1s no harmful 
alteration, dsruption or destruction of fish 
habtat. This includes the movement of 
rocks. gravel or other matenals that could 
alter the natural f l o ~  of the nver. 

EXPERIMENTAL ELVER FISHERY 

A. Limited number of expenmental elver 
licenses may be issued in 1996. Only 
currently liccnsed commercial eel fishers 
who were active in 1995 and reported eel 
landings for that year will he considered for 
an elver license. 

B. Rivers and/or coastal waters approved for 
an elver fishery will be specified in the 
expenmental license. 

C. Rivers and coastal waters that were licensed 
in 1995 for a yellow or silver eel fishery will 
not hi: considered for an elver fisher).. 

D. The retention of eels greater than or equal 
to 10 centimeters in length will k 
prohbited in an expenmental elver fisheq . 

E. The fishing gear permitted will k dip nets 
only. 

F. The maximum quantity of elvers taken in 
any one nver and in the fishery in total &ill 
te stipulated In the experimental license. 

G. Ail by-catch of other fish species must be 
released irnrnediatel} . 

H. Elver llcenre holder5 will be required to 
record their dally fishing actitrlty in the 
elver fishing log and submt a copy of the 
log to the Department on a weekly basis. 

I. Non-compliance with any condition of the 
expenmental license or interference with 
established commercial fisheries may result 
in the cancellation of the license. 

OTHER CONSIDERATIONS 

A. In line with the long term strategy to 
address by-catch concerns in the eel fishery, 
i t  1s the Department's intent to mandate, by 
condition of license, the requirement for 
fyke net by-catch exclusion devices In all 
inland and coastal waters in 1997. 

B. .All fishing gear must be clearly marked 
with the licensee's name and license 
number. 

C. The minimum retention size for eels is 20 
crn (8 inches) overall length (measured 
from the tip of the snout to the tip of the 
rail) in all eel fisheries other than 
authorized elver fisheries. 

D. Fishing gear must t?e set in such a manner 
that it does not impede the upsrrearn 
migration of fish. 

E. Any by-catch in the eel fishery must te 
released. 

F. All eel fishers must maintain a log 
reporting the areas fished, the amount of 
gear used and the catch. Fishing logs must 
be completed for each day of activity and he 
submtted to DFO on a weekly basi\ 

G. A license is required to transfer eels from 
one nver to another. Unless othenvlsz 
stated, a fisher must maintain separate 
holdng pounds for each nver for which he 
is licensed. 

ECONOMICS OF THE FISHERY 

HARVESTING 

The landed value of she eel fisher) in 

Newfoundland averaged 5390,000 annually from 
1987 to 1995 Fig. 1). The value of this fishery 
peaked at S564,OOO in 1991. In 1996, fishers 
harvested approximately S427.000 worth of eels 
from Newfoundland nvers. 

Eels have contributed to the fishery in rlzo\t 
areas throughout the Region. fivers i l o ~ i n g  in 
Notre Dame Bay account for rhe largest share (37%) 
of the total landed value. fivers In Bonatists Baq 
recorded 14% of the totai landed value. Other 
sigruficant areas for eels are Tnnity Bay, Conception 
Bay, St. George's Bay. and the Northern Pemnsula. 

Increased pnces have resulted in improved 
revenues from eel fishing In recent years. Eshcrs 
received a pnce in the range of 30-40 cents per 
pound in the early 1980s. However, since 1987 
prlces have averaged approximately 51.80 117. Thc 
pnce peaked at S2.8811b in 1996, up from S2.25'1b 
1995. 



The pnmar) costs In this fishery are the 
initial capital investment in nets and/or pots. Since a 
fishlng vessel is not necessarily requlred to harvest 
eels. i t  can be assumed that operating costs are very 
lo*, and the majority of the fishing revenue can be 
considered to be earmngs. 

Approximately 300 fishers In 
Neuifoundland were licensed to harvest eels in recent 
years(Fig. 2). Although there 1s no revenue data for 
individual license holders, ~t is estimated that a large 
percenrage of the total eel catch is caught by a smail 
group of these fishers. As a result, eamngs for 
individuals who participated In this tishery may be 
sigruiicant. 

PROCESSING 

There dre currently only five or six plants in 
this prokince procesvng eels, most of which are 
located In the Bona\~sLa Baq area, where approxi- 
mately 40 person-weeks of plant employment is 
generated annuall). On average, 90% of the 
productlon 1s frozen nlth the remainder being live 
exports a ith an annual productlon averaeng 
5750.000 in recent years. 

FUTURE MANAGEMENT OPTIONS 

The folioiilng items are potential future eel 
management options that may be employed ro 
achieie economc v~ahlitq and hological 
sustainahlity of the Newfoundland eel fishery. All 
oi the foregoing options are subject to a consultative 
revie% b) Newfoundland eel fishers and other 
resource stakeholders. 

1.  Increase eel minimum size to 40 cm (16 
inches). 

2 .  Cap the issuance of commercial regular and 
exploratory licenses at the 1995 level. 

? - .  Ekaluate the economc viahllty and 
bological sustainabiliry of an eel vs. elver 
fishery. 

4. Evaluate areas of gear overcapacity and, in 
conjunction with industry. develop 
strategies to reduce gear amounts. 
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Table la. Commercial eel landings (metric tonnes) in insular Newfoundland for the years 1961-80 by statistical area 
as is shown in map below. 

Area 1961 1952 1963 1964 1965 -70 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 

A - - 3.1 6.2 0.3 0.4 0.3 

Total 0.25 23.5 37.0 13.0 3.3 44.0 79.0 31.0 21.0 7.4 11.3 19.3 15.7 23.4 82.7 

NEWFOUNDLAND 

Source: T. Dooley 1989, Nfld. Dept. of Fisheries. 0 = Labrador. 
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Table 2. Eel landlngs and landed value, Newfoundland Region. 

" 1996 Fi yures are prelirmnary. 
All years include NAFO Division 4R and Sub&vislon 3Pn. 
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Table 3. Commercial eel fishing license holders, Newfoundland and Labrador. 

Areas 1988 ' 1 9 9 4 ~  1995 ' 1996 ' j  

1 (Avalon) 54 110 87 69 

2 (South Coast) 8 1 42 37 22 

3 (NE Coast) 

4 (Labrador) 0 1 1 0 

5 (West Coast) 70 86 84 62 

TOTAL 308 362 316 248 

Area boundanes for 1988 are not exactly the same as for 1994 to 1996. 
Includes regular and exploratoq licenses. 
Prelirmnary. 

Eel fislxng gear, maximum amounts pernutted by license. 

POTS POTS P i K E  
Areas InlandiCoastal Coastal NETS TOTAL 

1 (Avalonj 1657 200 250 2107 

2 (South Coast j 425 425 43 893 

3 (NE Coast) 850 1975 270 3095 

4 (Labrador) 0 0 0 0 

5 West Coast) 1857 400 1152 3 409 

TOTAL 4789 3 000 1715 9504 
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La gestion et la rkglementation de la peehe eommerciale 
de l'anguille dtAmkrique (Anguilla rostrata) au Qukbec 

Serge Tremblay 
Ministere de lYEnvironnernent et de la Faune du QuCbec 

150 Rene-Levesque 
5"' etage, Quebec, Quebec G1R 4Y 1 

Au Quebec. l'effort de g c h e  et le nombre de &tenteurs de permis de gche  a I'anpille d'Amerique (n = 
200) sont constants depuis plusieurs annees. Les principales zones de g c h e  sont disrribuks le long du fleuve 
Saint-Laurent. Ces zones sonr l'archipel de MontrCal, la riviere Richelieu, le lac Saint-Pierre et la partie 
estuarienne du Saint-Laurent. Les secteurs les plus imponants sont: le lac Saint-Pierre ou les gcheurs exploitent 
l'anguille verte 3 l'aide de verveux et l'estuaire maritime, oii les pecheurs utilisent des gches a fascines afin de 
capturer I'anpille au stade argent&. La gestion de l'esgce est contr616e dans chacune des zones de gche  par le 
nombre et le type d'engins de g c h e  et les saisons. Aucun quota n'est attrihue. La rkglementation actuelle repond 
bien a nos objectifs de gestion. Le moratoire sur l'emission de nouveaux de permis de gche  a l'anguille sera 
maintenu jusqu'a ce que l'ensemble des gestionnaires nord-americains conviennenr d'un plan de gestion concert6 
de l'anguille d'Amerique. 

ABSTRACT 

In Quekc. the fish~ng effort and the number of Amencan eel fishing llcence holders (n = 200) have 
remained constant over the last fel? years. The maln fishlng areas- the Montreal Islands, the Richelieu a v e r  and 
Sa~nt-Plerre Lake and the St. Lawence estuary- are found along the St. Lawrence aver .  The most important 
sectors are Sam-Plerre Lake where the fishers harvest green eels using fyke nets and the lower estuary where the 
fishers use welrs to catch s~lver eels. Species management is controlled In each fishing area by the number and type 
of gear and the seasons. No quota has been set. Current regulations closely reflect our management objectives. The 
morator~um on the issuing of ne- eel fishing l~cences w~ll be malnta~ned untll all of the North Amencan managers 
agree on a jolnr management plan for the Amencan eel. 



INTRODUCTION 

Au Quekc, l'anguille d'Arnerique 
(Anguilla rostrata) a toujours ete exploit& sur une 
base exclusivement cornmerciale. C o m e  l'esgce a 
toujours etk consider& aabndante. elle a ete 
conskquernment recherchk par un grand nombre de 
gcheurs dispersks le long du fleuve Saint-Laurent 
entre le lac Saint-Franqois er l'estuaire maritime, 
soit sur une distance de pres de 600 km. Le partage 
de cette ressource commune comrnanht donc 
l'implantation de mkcanismes legaux et 
adrmnistratifs afin d'assurer une exploitation 
raisonnable de l'esgce et une bonne gestion des 
urilisateurs. Depuis plusieurs ann&s, le nombre de 
detenteurs de pennis de g c h e  a l'anguille est 
constant a pres de 200 detenteurs de permis. Bien 
que l'effort de gche  demeure stable, la baisse 
graduelle des debarquements d'anguilles observk 
ces dernieres annees n'esr pas sans inquieter les 
gestionnaires et les pi'cheurs quant a l'avenir de 
cette pi'cherie (Fig. 1). 

En 1993. les gcheurs commerciaux ont 
alerte les gestionnaires que cette esgce montrait 
des signes de declin. Un groupe de travail a donc ete 
mis sur pied avec le mandat d'identifier les causes de 
cette baisse. Ce groupe est composk de gestionnaires 
et de scientifiques provenant des ministeres 
provinciaux et fedCrauxl d'Hydro-Quekc et 
d'associations de gcheurs commerciaux. De plus, 
des travaux ont ete entrepris par notre ministere afin 
de caracteriser la pi'cherie de cette esgce, le taux 
d'exploitation, I'effort de gche  et le recrutement de 
l'anpille dans certaines rivieres. 

La gche  commerclale a l'anguille 
d'Amenque est sous la responsabilite de deux 
mnlsteres provlnciaux. Le mnlstere de 
I'Envlronnement et de la Faune (MEF) est 
responsable de la gestion et du contrele de 
l'explo~tatlon cornmerciale de 1 'espece. Par vole 
reglementalre, le MEF detemne le type et le 
nombre d'engns de pi'che, les salsons et l'effort de 
g c h e  dans chacune des zones de gche.  Le rmnlstere 
de l'A_rmculture, des Pechenes et de I'Al~rnentat~on 
(MAPAQ) est responsaMe de la cueillette des 
donn&s de debarquements, de 1'i.rmssion des p e m s  
de gche  cornrnerclaux et du partage entre les 
gcheurs de l'effort de pi'che autonsk par le MEF. 
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de la Loi sur les Pkches (Fisheries Act) du Canada. 
La &legation de gestion des gches au 
gouvemement du Quebec date de 1922. Sur son 
territoire, cette delegation pone exclusivement sur 
les esgces de poissons d'eau douce. anadrornes er 
catadromes. 

De plus, la h i  de la Conservation et de la 
Mise en Valeur de la Faune oblige le MEF 
produire annuellement un Plan de gestion de la 
g c h e  cornmerciale, a la suite duquel le MAPAQ 
prodde 2 I'emission des permis avec les cond~tions 
d'exploitation exigks par le MEF. 

La gestion de I'esgce se fait par gandes 
zones de gche.  La g c h e  commerciale de I'anguille 
est concentrk dans queiques zones ou generalemenr 
i'habitat et le type d'exploitation sont relativement 
homogenes. La figure 2 montre les limites des 
principales zones de pi'che a l'anguille. Le nombre ct 
le type d'engins de pi'che, la dimension des rnailles 
ou des hameqons, la longueur des guideaux et des 
ailes, les @nodes de pi'che sont definis pour chaque 
zone. Le permis reprend cette information selon les 
privileges accordes 2 chaque detenteur. La 
localisation precise de certains engins telles les 
trappes a anguille, est generalement indiquee sur le 
permis. Une regle genkrale est appliquee A tous les 
engins de g c h e  exploitant l'anguille. En effet, il est 
interdt de conserver en sa possession une anguille 
dont la longueur est inferieure a 20 em. Aucun quota 
n'est attribue pour gerer cette gcherie, 
contrairement a I'Ontario. La reglementation 
actuelle repond bien a nos objectifs de gestion qui 
consistent essentiellement a conserver et B rnertre en 
valeur I'anguille d 'her ique .  

Le tableau 1 resume les modalites 
d'exploiration de l'anguille st le nombre de Ncheurs 
par zone de gche  a l'anguille d 'herique.  Lei 
zones les plus importantes sont le lac Saint-P~erre et 
l'estua~re maritime. 

Au Quebec, l'angu~lle esr expioltec 
seulement a deux stades de son developpemeni. lc\ 
angtlilles vertes et les angullies argentee\. Au 1 3 ~  

Sant-Plerre, les gcheurs explo~tent 1 'angulile vene 
et les autres esgces de poissons a l'aide de verveux 
(anglais: hoop net). Dans 1 'estualre rnanttme, 
l'angtlllle argent& est capturk a l'aide dr trapper 
(anglals: pound net) sp5cial1stks concues pour sa 
capture. Ces trappes sont cornmun&ment apvleei 
cc gche  a fasclnes >>. 

L'exploitation comerciale de l'anguille est 
rkgie par le Reglement de Peche du Quekc en vertu 
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Management of the American Eel, Anguilla rostrata, in Lake Ontario 
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ABSTRACT 

The Amencan eel (Angziilla rostrata) !.?om Lake Ontano and the upper St. Lawrence Rver is the h r d  mosr 
~aluabie speees hanested in the commeraal fishery. There are 46 indvldual fishermen licensed to fish eels. The fishery 
harvests pnmanly rnatunng yellofi eels uslng trapnets, hoopnets and hookhnes. Total annual harvest for the penod from 
1984-1 996 ranged from 57-1 24 metnc tons. Harvest has declined recently tn most regons. Harvest is restricted b) 
limiting nen licenses. indiwdual quotas, and closed seams. A quota management system was introduced in 1984. Buy- 
out programs reduced the quota by 29% from 1985 to 1988 and reduced the potenttal for future increases In fishmg egon. 
Addtional annual quota reductions have continued; however. harvest has remned well klow total allocated quota. 

L'anguille ameriane (Angullla rosrrara) du lac Ontano et du haut Salnt-Laurent se classe au trois~eme 
rang p a m  les espltces explo~tks des fins cornrnerciales qut ont le plus de valeur. Quarante-SIX gcheurs 
detiennent des p e m s  de Nche de l'anpllle. La Nche vise pnnclpalemenr les anpilles jaunes en vole d'atteindre 
la matunti. captures au moyen de filers-trappes, de verveux et de lignes et d'hameqons. Le total des captures 
annuelles, pour la finode de 1984 B 1996, a fluctue entre 57 et 124 tonnes metnques. Les pnses ont &mnue 
recemmeni dans la plupart des regons. On restreint I'exploitation en Iimtant le nombre de nouveaux pems .  en 
imposant des quotas indivlduels et des saisons de fermeture. Un regme de gestion par quota a ete adopte en 1984. 
Des programmes de rachat ont p e m s  de reduire le quota de 29 92 entre 1985 et 1988, et ont abaisd le potentiel 
d'augmenration future de l'effon de gche. Les reductions ad&tionnelles annuelles de quota ont continue, mals les 
captures demeurent hen  en deqa du total du quota autonse. 



INTRODUCTION 

The earllest record of the commeraal harvest 
of Amencan eel(Angur1la rostrafa) in Ontano waters of 
Lake Ontano and the upper St. Lawrence River dates 
back to 1884 (Balduiin et al. 1979). The fishery has k e n  
pre\lously descntwl and assessed by Hurley (1973) and 
Kolenosky and Hendry (1982). Casselman et al. 
(1 997a) assessed the status of eels based on analqsls of 
long-term commercial harvest information. Recnutment 
indices for the Lake Ontano and upper St. Lawrence 
Rver eel stock were renewed by Casselrnan et al. 
(1997b). In th~s  paper we descnk the present-day 
m m e r a a l  fishery and its management. 

Annual harvest statistics, quotas, and licensng 
idormatlon viJerz asqmbied from annual reports of the 
Lake Ontano Management Umt, Ontano Wmstry of 
Natural Resources. annual minutes of the Lake Ontano 
Corntree, Great Lakes Fishery Cornmsaon meetings. 
and Ontano RiLtrunry of Natural Resources files. Dtuly 
catch reports were summanzed for the years 1995-96 to 
detemne dmnbution of harvest by gear. 

RESULTS AND DISCUSSION 

THE COMMERCIAL EEL FISHERY 

In 1984, a quota zone management system for 
the commeraal fishery was Implemented establlshlng 
elghi quota zones for Lake O n m o  and the upper St. 
Lawrence Rner @g. 1). Pnor to that ume, records of 
harvest were kept by statlmcal regon, but there were no 
regonally specntic quotas. Most harvest of eels comes 
from three major regions -- Lake Onrano proper (zones 
1 and 2). Bay of Qillnte (zone 3 and 4). and the upper 
St. Lawrence Rver (zone 5 and 7); harvest is mmmal 
In western Lake Ontano @one 8) and Lake C o n w n  
(zone 6). 

Annual eel harvest ranged from 57-124 metnc 
tons (&IT) snce 1985 gable 1). The total landed 
wholesale value of eels harvested m 1996 was S305,936, 
representing the thrd most Important commercial fish 
speaes. Recent trends in the total annual harvest dBer 
among regons. Harvests in Lake Ontano proper and 
the Bay of Qillnte declined In recent years whle 
harvests in the upper St. Lawrence showed no obvlous 
trend (Fig. 21. 

In 1995, there were 96 licenses with eel quota 
issued to 46 fishermen. Many fishermen have more 
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than one license wcific to gear, quota zone, season and 
other special con& tions. 

Trapnets, hoopnets and hooklines are the 
primary gear used to harvest eels, and one fishermen is 
licensed to catch eels by electrofishing. A small numkr 
of eels are caught incidentally in gillnets that are 
targeting other p e s .  Baited hook-lines are set 
specifically to catch eels, whereas impoundment gear 
(trapnets and hoopnets) target a variety of nearshore fish 
species. During the 1970s, most of the eel harvest (48- 
73%) was from hooklines &olenosky and Wendry 
1982). A summary of b l y  catch reports for 1995-90 
indicate a stuft to increased harvest using lmpoundmznr 
gear (65-66% of the eel harvest). Hooklines accounted 
for only 28-3092 of the harvest in 1995-96. 

The eels harvested are p n m i y  m t m n g  or 
yellow eels, wth a sze range of t-etween 50-1 100 mm 
total length, we~ghng approx~marely 1-3 kg. and 
rangng from 9-26 yr old in the earl] 1990s (J. M. 
Casselman unpublished data). In 1994. the last year of 
complete commeraal harvest informauo11, the mean 
total length of eels caught was 802 rnm (S.D.=97.0) for 
hooklines and 793 mm (S.D. = 97.9) ibr Impoundment 

MANAGEMENT OF THE COMMERCIAL 
EEL FISHERY 

The current approach to manapng the 
commercial eel fishery was influenced by a numkr of 
events. In the 1960s and 1970s, decllnes m whtefish 
(Coregonus clupeafonnrs), lake hemng (Coregonus 
artediz), walleye (Sr~zostedlon vitreurnf, whrc: perch 
(Morone anzerlcanaj and other commeraally important 
species (Chnsue 1973: Hurley 1986) increased 
commeraal Interest In eels. Dunng the 1970s, the eel 
fishery harvest increased rap~dly in response to nevi 
markets, nang pnces and an abundmce of eels 
(Chnsue et al. 1987; Casselman et al. 1997hj 

Quotas for eels In Lake Ontano were firs 
estaMlshed m 1980 at 295 MT (Kolenosky and Hen* 
1982). based on the harvest levels of the late 1978c 
whch were peak (Phl Smth, Ontano Wmstrq d 
Natural Resources, Lake Ontario Management Umt, 
RR# 4, Picton, Ontano, pers. corn.). Optimism 
towards the conttnued growth of the fishery wds 
bolstered by the ~nstallauon of a prototjpe eel ladder dr 

the Moses-Saunders hydro eleculc dm1 lli 1974 that 
passed over 3 mllion eels in the first 4 p of operatron 
ONfuttield and Kolenosky 1978). Although catch rdtes 
decl~ned In 1979, it was thought that the quota might ix 
sumnable lf the hgh numkr of young eels par;sng 



over the eel ladder achieved maximum biomass 
(Xolenosky and Hendry 1982). 

Hamem continued to dexhne. however, and by 
1981 was less than half of the peak level observed only 4 
41 earlier (Casselrnan et al. 1997a). Kolenosky and 
Dmels (1982) concluded that the eels were exhhung 
sgns of overfislung (declimng harvest rate, reduced 
mean length and weight), and recommended a 
reduct~on in total allocation kcause they considered the 
exisrlng allocation to k unsustatnable and 
mach~ebable. 

In 1984, Ontano ~nuoduced a quota zone 
management system as part of a promnaal commeraal 
fishery "modermzat~on" process. The s p e m  
represented a radcal change for the c o m r a a l  fishery 
and was met ~ 7 t h  some oppontlon. An appeal process, 
estaMlshed to re\le\% quotas assgned to m d ~ d u a l  
fisherman, resdted In Increases In eel quota for some 
license holders (Phi Smth, pers. comm.). Appeals 
Rere completed and quotas were finalized In 1985. 
Desp~te concerns abut decllmng eel stocks, total eel 
quotas Increased to 358 metnc tons. 

The firs reduction In eel quotas resulted from 
buy-out programs implemented from 1985-88 by the 
Ontano Mtmsrrj of Natural Resources. The emphass 
of the buy-out program was to reduce the sze of the 
commeraal _milnet fisheq and so relleve pressure on 
decllmng yellou perch (Petza Jlavescens) stock and 
reduce asmated ~nc~dental catch of non-target and 
spon fish in gllnets. The buy-out of complete 
cornmeraal fidxng operations resulted in renremenr of 
29 eel hookdine ilenses and inadental eel quota 
asmated with other f i hng  gear. The four year buy- 
out reduced the eel quota by 102 IvlT, representing a 
29% reduction from the 1985 allocatlon. 

Concern over the status of txis led to further 
reductions in eel quota begmng In 1993. Despite quota 
reductlon5. total harvests have remned well below total 
quota allocated (Fig. 3). Ho~ever, by reduang the 
overall quantlrj of licensed fislung gear and quota, the 
tuture maxlmum psential fisiung effort and harvest was 
reduced In 1996. the total quota allocated was 21 1 IvlT, 
the l o w s  snce the ~ntroducuon of qums. New 
commeraal fishing ltcenses are no longer issued for 
Lake Ontano and the upper Sr. Lawrence lve r .  
Ho~ever, ex~sung llcenses can be sold to, or temporarily 
fished b ~ ,  other licensed fishermen. 

There are no limts on the sze of eels 
harvested Small eels, less than 0.9 kg, are marketed In 
Ontano, but kcause of hgher contmnant levels that 
exceed federal pdelines, larger eels are sold for export 
only. 
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Seasonal restrictions have k e n  implemented 

on some types of commercial f i h n g  gear to reduce 
conflict with angling and pleasure boar tree and to 
limit incidental catch of other non-target fish species. 

Hookline fisheries are open all year, while trapnet and 
hoopnet fisheries are closed during the summer months 
in the upper Bay of Qunte (quota zone 3). Lake 
Consecon (quota zone 6 )  and the St. Lawrence Rver 
(quota zone 5 and 7). The trapnet fishery is open all 
year in the lower Bay of Qunte (quota zone 4) and Lake 
Ontario proper (quota zone 1.2, and 8). 

FUTURE MANAGEMENT DIRECTION 

The mntenance and operation of the eel 
ladder and counter at Moses-Saunders dam, at 
Cornwall, is an important part of Ontano's eel 
management program. The faality gves maturing eels 
access to producuve habtat in Lake Ontano and 
asmated watersheds, and provldes a reliable index of 
r m t m e n t  (L. A. Marcogliese et al., unpublished 
manusmpt). It seems unlikely that the decline m 
recruttment of the Lake Ontano and upper St. 
Lawrence kver eel stocks (Castonpay et al. 1994: 
Casselman er al. 199727) 1s due to overfIdxng bj Ontano 
comeraal fishermen. However. a prudent approach 1s 
proposed for the management of the Lake Ontano and 
upper St. Lawrence eel stock that -111: 

1. Maintain a limited entry policy by issuing no new 
commercial eel fishing licenses. 

2. Opportunistically reduce quota. 

3. Cooperate with other Lake Ontario and St. 
Lawrence River agencies and partners to maintan 
the upstream eel ladder and associated counter at the 
Moses-Saunders hyrdo-electric dam at Cornwall. 

4. Continue to offer support to program that further 
our understanding and management of the 
American eel population. 
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Table 1. American eel commercial harvest &lograms) by quota zone ktween 1985 and 1996 (see map Eg. 1). 

Quota Zones 

Year QZ-1 QZ-2 QZ-3 QZ-4 QZ-5 QZ-6 QZ-7 QZ-8 Total 
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Relative Value of Elver Versus Eel Fisheries 

by 

GCrald Chaput 
Dept. of Fisheries and Oceans 

Science Branch 
P.O. Box 5030 
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The Amencan eel has been harvested at the recruiting stage (elver) and at vanous juvenile (yellov, eel) 
and matunng (silter eel) stages. The decislon to harvest t h s  resource at the elver stage can be justified on 
economlc and hologlcai parameters. Two factors are combined in a simple model to addres the relatlve value of 
e l ~ e r  fi\henes relative ro eel hhenes: 1) the pnce ddferentlal between a harvested eel and a harvested elver, and 2) 
the qurmval rate from the elver to the eel stage. If the sunlval rate from the elver to the eel stage IS hgh,  then an 
eel fishery is fatoured for even small pnce differentials. If survival rate 1s lo!+, then eels must have a substantially 
greater value than elvers for the eel fishery to reman economcally advantageous. The model can be used to 
determne the range of survival rates for whlch one of the fishenes is economcall y advantageous for known market 
value and sue of the marketed product. But survival rates of wild eels are generally unkno~n.  

L'angullle americaine est exploit& au stade de recrue (civelle) et a dfferents stades juvemles (anguilie 
laune) et adultes (angullle argentee). La dec~sion d'explolter cette ressource au stack de civelle peut re justlfier par 
des paramerres economques et bologques. Deux facteurs son1 combines clans un modele slmple en w e  d'etabllr la 
valeur relative de la Nche de la clvelle par rapport a la g c h e  & l'anpille : 1) la dffkrence de pnx entre une 
angu~lie capturee et une clvelle capturfk et 2) le taux de survie du stade de civelle jusqu'au stade d'anpille. SI le 
taux de survle de l'un a l'autre eqt elete. la gche  de l'angu~lle est avantageuse, meme s la d~ffkrence de pnx est 
mnime. Si le taux de survie est fable. l'angullle dolt avolr une valeur beaucoup plus grande que la civelle pour 
que sa @he demeure avantageuse sur le plan economque. Ce mod&le peut &re ur~llsc? pour &temner l'kchelle 
des taux de sunie auxquels une g c h e  ou l'autre sera avantageuse sur le plan economque pour une valeur de 
marche donnee et pour une ta~fle donnee de produ~t m s  en marche. Ma~s  les taux de sume des anpiiles sauvages 
ne sont generalement pas connus. 



INTRODUCTION 

The American eel has been harvested at the 
recruiting stage (elver) and at various juvenile 
(yellovi eel) and maturing (silver eel) stages. The 
choice of life szage at which to exploit a resource is 
frequently determined from life history characteristics, 
includng age at first maturity, growth rates and 
mortality rates. Yield-per-recruit models use estimates 
of growth rates and natural mortality rates to estimate 
the fishing mortality which will produce the maximum 
yield in biomass from a cohort over its life-span mcker 
1975). If the ob~ective of the fishery is to maximize 
benefit with maximum yield in biomass as the currency, 
then only eel fisheries should h allowed Based on 
growth rates from Bouillon and Haednch (1985), 
maximum yield (in the absence of fisheries) w u r s  at 
ages greater than eight years. Harvesting at suboptimal 
life stages relative to yield per recruit occurs in sardine 
fisheries in Atlantic Canada. 

For some fish species, it has been argued that 
fish should k allolsed to spawn at least once hfore 
belng subjected to fidxng explo~tat~on (Smclar 1993). 
Eels are a catadromous semelparous qxaes and mature 
indwduals do not sumve to spawn more than once 
(Helfman et al. 1987). All eel fishenes therefore. 
regardless of the size or age of fish harvested exploit 
immature fish. Even some lteroparous species, such as 
gayxreau. are harvested speafically dunng the 
spawmng mgrations -7th a large component of the 
harvest contamng fish whch are undertahng their first 
spawrung mgratlon (Claytor et al. 1995). 

Economc cntena can also k considered 
espe~lally when the cost? of harvesting or the value of 
the landed product vanes wth the life stage explo~ted 
An example of ths 1s the prevlousi> menuoned juvemle 
hernng (sardne) fishenes of Atlantic Canada and mla r  
fishenes. Jessop (1995) prowled a simple model for the 
Arneraan eel and concluded that the elver fishery was 
under most plausible conduons of greater economc 
value. 

ECONORlIC MODEL FOR ELVER-EEL 
rnHERIES 

The relative value of elver and eel fisheries is 
defined by five factors: 

1 - average weight of an elver at harvest 
2 - market value of elvers (per lmded weight) 
3 - average weight of an eel at harvest 
4 - market value of eels (per landed weight) 
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5 - survival rate of an elver to the harvested eel 

stage 

A general relationslxp involving all five parameters can 
l?e descrikd The following example illustrates how the 
isopleth defining the breakeven point in economic value 
of elver versus eel fisheries is determined. 

The value of the elver fishery is dculated as: 

Vdue per hg Veer = Elvers harvested ( Ehers per kg 

The value of the eel fishery is calculated as: 

V,I = Eels harvested * ( Vaiue per hg 
Eels per Lg 1 

For a given elver r m u n e n t ,  the total eels captured is 
determined by the survival rate (SE) of elvers to the life 
stage harvested in the eel fishery. Had the elvers not 
k e n  harves-ed, all the survivors would have been 
harvested as eels. 

We rewrite V,, as: 

V,! = Elvers harvested SE ( V d u e  per kg 
Eels per kg 1 

We are interested in defining the combination of 
parameters which result in equal value of the elver and 
eel fisheries. 

After subsutution, we are left with: 

Value per Eek. 

1 = S E .  h e l s  per ko c- 
Value per Elven/Elven per kg 

Simpllfylng to two parameters: 

where PD = price differential htween an eel at 
harvest and an elver at harvest 

Value per E e l s  
- - els per kg 

Value per E l v e r ~ y ' ~ 1 ~ ~ ~  per kg 



The solution space of survival rates and price 
differential defining the relative value of an eel fishery 
compared to an elver fishery is shown in Eg. 1. 

As swvlval rate mcreases. the pnce &Eerenual 
deiirung the greater value of the eel fishery relative to 
the elver fishery declines. Altema~vely. d pnce and stze 

at harvest values are known, the survlval rate whch 
defines the relatibe economc values of the hvo fishenes 
can k determned. 

For example, using values for elvers and eels 
as in Jessop (1 995): 

6500 elvers p r  kg and a market value of 5200 
per kg 
4 eels per kg and a rnarkei  due of S3.85 per 
kg 
The pnce Merenud (eel to elver) = (S3.85!4)/ 
(S200 1 6500) = 3 1.2 

The survi\al rate whch results In equal valuz 
d the fisheries IS directly calculated as: 

The elver fishery 1s of greater economc value 
when the sunillal rates iiom the elver stage to the eel 
stage at hawest are less than 0.032. At survlval rates 
greater than 0.032. the eel fishery is of greater economc 
value. 

Sunlval rate is a critical factor but it is 
unknown in eel%. If \%e assume that eels have a relativelj 
hg11 m l v d  rate atier the eiver stage (for example M = 

0.2 as assumed for many fish p e s  translates to an 
annual survival rate of 82%). the proportion of the 
lnltial elver population remmng after 10 and 15 years 
of growth  odd k 14% and 5%, re.qxa~vely. In the 
example above, a cumulati\e survlval rate of 3.2% to 
the eel harvest sze at an assured annual sun~val rate 
of 82% @I = natural mortalit) = 0.2) m&cates that eels 
\\eighng 250 g (average wwaght) ~ o u l d  k 17 j~ old. If 
the 250-g eels are 10 yr old or 8 yr old as inferred from 
sze-at-age data from other authors (Bomllon and 
Haednch 1987: Jessop 1987), then the annual survikal 
rate would decline to 71% for the 1C-yr-old eels and 
65% for 8-yr-old ezls. 

Jessop (1995) suggested that the survlval rate 
dunng the first year in the nver may k much lower 
than In subsequent years. De Leo and Gatto (1995) 
desmlxd a sze and age-structured model under the 
assumption that mortality rate in the European eel 
decllned mth age. These authors suggest a &Rerent 
survival trajectorq than the constant s w v a l  rate 
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assumption. There 1s evidence from anadromous species 
that survival rates during the transition phase from 
marine to fresh water and vice versa may te 
substantially lower than survival rates in the previous or 
subsequent habitat. For example, Atlantic salmon 
smolts have a higher mortality during their first year at 
sea (75-95%) than during their residence in fresh water 
(for parr, annual mortality rates of 35-72'10) mils 
1989). 

Arguments for elver fishenes, on the h s s  that 
mortality rate ~n the first year 1s hgh relauve to juvemle 
eels, are insufficient. The critical factor m the economc 
model is not the form of the m v a l  trapor)., but 
rather the resultant cumulative m v a l  rate at the eel 
harvest stage. For example, a sur\?val rate of 3.2% after 
10 yr can result from a constant mortality rate napory ,  
a declining mortality rare \wih age as assumed by De 
Leo and Catto (1987), or a high mortal~ty rate in the 
first year followed $ a constant mortality rate in 
subsequent years Fig. 2). A loss of 81 % of the elver 
r m u n e n t  m the first year wth mortality rates of 18% 
in subsequent years results in the same cumulative 
survival rate after 10 yr as a consmt mortalit) 
as\mphon of 29% p r  year. 

Ultimatelj, the choice of whether elver 
fisheries should h promoted in favour of eel fisheries 
depends upon economics and biology. Information on 
survival rates in the wild is required to determine the 
relative merits of the fisheries. 
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Economic value I Valeur economique I 

1 Civelle > anguille 1 
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Survival rate / Taux de survie 

Fig. 1. Eqwlihnurn isopleth defimng the space where the econormc value of eel fishenes and elver fishenes are equal. The 
sumval rate is the rate for elvers to eel at harvested sze. PD (pnce &fferen~al) is the rauo of the econormc value 
of an eel relative to an elver. See text for an example. 
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The status of American eels, Anguilla rostrata, in the Scotia Fundy 
area of the Maritimes Region as indicated by catch and license statistics 
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ABSTRACT 

Much vanabiity has occurred since 1950 in annual reported catches of Amencan eels bj  prownce utthln 
the Mantimes, and by Ftshery Statistical Distnct wlthin the Scotta-Fundy and Gulf portlons of the Mantimes 
Region. Mantimes catches of Amencan eels peaked in 1971 at 778 t and have iluctuated between about 300 and 
500 1. Since the rmd-1980s. catches of eels wthin the Gulf R e ~ o n  have declined, but catches xlthin Scotia-Fundj 
Region hake Increased, parrtcularly in New Brunswck. Most Amencan eels caught In Scoria Fundy Repon come 
from a f e ~  Fisher) Statirticai Districts, parttcularly in the Saint John River area In Neu Brunsuick and Lunenburg 
to Yarmouth counties. and less so from the Eastern Shore and eastern Cape Breton in Nova Scotia. The number of 
commercial Iicenseu issued and gear units authonzed Increased annually ktween 1985 and 1993 when a freeze 
nas tmposed on neR ltcensell. Commercial license numkrs increased dunng t h ~ s  penod about three times and 
gear units increased ahu t  SIX times. while recreational licenses and gear unlts increased about five and seven 
times, respectively. Licensing practices and the variety of gear types make comprehens~ve analyses of fishing effort 
tmpractical, but catck'effort has likely declined. Current biolo@cal data for stocks of Amencan eels in Scotia- 
Fund) river\ are restricted to the Salnt John Rfier. The scarc~ty of current holopcal data, moderate quallty of 
catch statistics. 2nd crud~r) of irlfomatton on fishng effort limt fishery management to the most basic actions. 

Depuis 1950. ies prises annuelles d'anguille d'Arnerique signalkes dans chacune des provinces Maritimes 
et dans chaque district statistique des gches du secteur Scotia-Fundy et du Golfe de la region des Maritimes 
montrenl une grande variabilite. Les prises ont atteint un pic de 778 t en 1971, puis ont fluctue depuis entre 
environ 3tK) t et 500 t. Depuis le milieu des annks 80, les prises dans le secteur du Golfe ont diminue, mais les 
prises dans le secteur Scotia-Fundy ont augmente, en particulier au Nouveau-Bruns\vick. La plupan des anpilles 
rCcoltks dans ce dernier secteur proviennent de quelques districts statistiques des gches, plus particulierement de 
la region de la rivigre Saint-Jean? au Nouveau-Brunswick et de la region s'etendant du cornti: de Lunenkrg au 
comte de Yarmouth, en ~ouvelle-~cosse, el, dans une moindre mesure, de la care est de la ~ouvelle-~cosse et de 
I'est du Cap-Breton. Le nombre de permis de gche  comrnerciale delivres et d'unites d'engin autorids a augmente 
annuellement de 1985 B 1993, lorsqu'un gel a ete imposk sur la dklivrance de nouveaux permis. Le nombre de 
permis de pitche commerciale a presque triple pendant cette @node, tandis que Ie nombre d'unites d'engins 
autorisks a presque sextupli., le nombre de permis de pitche recrecreative er d'engins autorisks pour cette g c h e  
ayant qunituple et septuple, respectivement. Les pratiques & &livrance des permis et la diversite des engins de 
g c h e  rendent peu realistes des analyses de l'effon de gche: mais il est probable que les prises par unite d'effort 
ont diminue. Les donnks biologiques disponibles sur les stocks d'anguille des cours d'eau de Scoria-Fundy ne 
couvrent que la riviere Saint-Jean, tandis que la rarere de donnks biologiques courantes. la qualite mo&ree des 
statistiques sur les prises et la crudite de I'infonnation sur l'effort de pitche limitent la gestion de la gche  aux 
mesures les plus fondamentaies. 
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ABSTRACT 

The southern Gulf of St. Lawrence nvers have Important estuanne commeraal fishenes for Amencan eel 
(Angullla tostruta) but relatively little is known a b u t  the species in t h ~ s  area. The Gulf New Brunswlcir (NB) 
lishenes accounl for halt (60 to 210 t annually) of the total landngs from the southern Gulf, followed by Pnnce 
Ed~+ard Island (PEI) (31 to 127 t annually) and Nova Scotia (NS) (16 to 89 t annually). Landngs in thrteen 
chstr~cts have accounted ~ncllv~dually for 3% or more of the total landings. The harvests are more Important In the 
summer and autumn fisheries ~ h l c h  use mostly net-type gears. Eel fishenes also occur dunng the wlnter (Jan. to 
Apnl), mostl~ using spears. In the southern Gulf, the fishenes occur mostly In estuaries and explo~t both "yellow" 
(~mmaturei and "silver" (mature rmgrants) eels. Catch rates In net-type gears tend to be low but thls is 
compensated by large quantities of effort. There appears to be an overall dechning trend In the landlngs from the 
sou4hzm Gulf. Some of the changes in landngs over tlme maq be due to d~fferences in effort, vanations In 
reporting rate of harvests, and undoubtedly vanations In abundance. Ev~dence of decltnes in abundance include 
trends In catches of eels in freshwater eiectrofishng survep In both the Mrarmcht and the Rest~gouche nvers, the 
abundan~x of eels \+a\ general13 htghest in the early 1970s followed bq the m d  1980s. A smlar  pattern of abundance Mas 
suggested for the Mordi River in PEI. Eels utilize dlterse habitats includng freshwater area5 and estuanes. Hahtat 
requ~rements lor eels are diverse; one lncficator of potent~ai hahtat is the dra~nage area of a river. The trend\ In 
relattve landings (tons per km" of dramage area) from three dstncts are hgh  and although this does not prov~de 
evldence of overexplo~tat~on. prudent management would be appropnate. Conservative management measures 
should attempt to diitnbute the fishng effort relat~\e to the size and productwe capaclty of the nver system. 

Les cours d'eau qui se jettent dans le sud du golfe du Saint-Laurent font l'objet d'importantes gches  
commerciales de l'anguille americaine (Anguilla rostrata) en estuaire, mais on dispose de tres peu d'information 
au sujet de I'es@ce dans ce secreur. Les gches dans le golfe du c6te du Nouveau-Brunswick representent environ 
la moitie (60 a 210 t par annee) du total des &barquements du sud du golfe, suivies de celles de l'fle-du-Prince- 
~doua rd  6.-P.-E.) (31 a 127 t par annee) et de la Nouvelle-~cosse (N.-E.) (16 a 89 t par am&). Les 
debarquements de 13 districts de gche  comptent individuellement pour 3 5% ou plus du total des prises. Les 
captures sont plus imponantes en ete et a l'automne, lorsque les Ncheurs utilisent surtout des engins en filet. La 
g c h e  de l'anguille se pratique Cgalement en hiver (janvier a avril), principalement au harpon. Dans le sud du 
golfe, elle se pratique surtout dans les estuaires, visant les anguilles << jaunes )> (immatures) et << argentks >> 

(matures en migration). Les taux de capture dans les filers sont plut6t faiMes, mais sont largement compends par 
un grand effort. I1 semble qu'il y ait une baisse generale des dkbarquements dans le sud du golfe. Une partie des 
changements survenus avec le temps en ce qui concerne les debarquements serait attribuable 2 la difference 
d'effort, au taux variable de declaration des prises et fort probablement a des fluctuations de I'abondance. Les 
signes de diminution de I'abndance inciueni la tendance des prises d'anguilles dans les relevks en easl douce par 



maip smoc, np uogc,npold ap ?1pt:dt:3 q ap la ally el ap uop3uoj ua ay3g 
ap 'Po-ga,.[ ~!uedal q lasjli luagmap aluapmd uopsa3 ap salnsaur sq .aiuapn;rd uogsa3 aun ia3dope.p ~:e~pua!~uor, 
I! 'uopt:l-lo~dxams ap at@s un st:d ~!os au ??[a anb ua!q la s13u~syp s~oa suep saaliala luos (anb!ydsL3o~p~Cy 
ulss-ey ap ,unf ied sauuol) sjgt:Ial siuawanblieqq sap saurrpuai sq maip smos un,p anbyydt:l%olpdy 
u:sseq a-[ sa IanluaAa lel!qey,p smamypu! sap un tsagsia~rp iuos lexqey ua sulosaq smq .salyenlsa saI la sa3nop 
xnea saI suduro3 d slang slelyqey sap luaiuanb?q sal~~ndm sq s3-'d-'~,~ q IIalom ala!iip el mod wodo~d a]? 
e ~WUW,I ap alqe1:qwas aqua1 gun -0861 squm sap narjp nt: sn;h '0~61 saam sap lnqq nt: lamos uos 
q iuaruajelaua3 IIBI? sa~l!n%ue sap au~puoq.r;.,~ 6aysno8ps~ la ~y3~e.1!y\i salalnu sa1 suea .?ly3ul3a1?,1 q ay3$ 

OL 



INTRODUCTION 

The southern Gulf of St. Lawrence 1s that 
portion of the Mantimes Region where the nvers 
drain into the Gulf of St. Lawrence (herein called the 
southern Gulf) (Fig. 1). T h s  reeon has Important 
estuarine commercial fishenes for several species of 
diadromous fish ~ncludng gaspereau, shad, smelt, 
tomcod and eel. The Amencan eel (Anguilla 
rosrrara) has the third largest annual landed tonnage 
after gaspereau and smelt (LeBlanc and Chaput 
1991 1. R rhorough desc~ptlon of the eel fishenes 1n 
eastern Canada is promded by Eales (1 968 j. 

Relabvely little is knom about the Amencan 
eel In the southern Gulf of St. bw~ence. Collecuon of 
b t h  biological and fishenes data has k e n  very Iimted. 
Commerai landngs of eels in 1917 to 1988 were 
summanzed bq LeBlanc and Chaput (1991). Locke et 
al. (1995) updated the landngs data to 1994 and 
descnted the gear and regulations in effect m 1994. The 
data avalable are insfiaent to permt a stock 
assesment of eels in ths  area: such an analps would 
requre knowledge of landngs. the esamation of 
exploitauon rates, the establishment of a consenauon 
requrement. and estlmater of eel abundance relative to 
the conservation requrement m k e  et al. 1995). At 
preent, landmgc are incompletely recorded. there is no 
consenation requirement established for eels in tfus 
area, and the abundance of eels has not k e n  ewrnated 
Changes in management and llcensed effort for the 
wuthern Gulf portion of the Mantlmes Regon have 
k e n  summanzed by Paulin ( h s  report). 

Tius d~urnent  zes the avalable data 
on changes in landngc and indces of fresh uater 
abundance of eelc. An analyslr of staustical area, gear 
t j p  and seasonal patterns of exploitauon illustrates the 
complex nature of the eel fishery a? it is presently 
prosecuted fimrnal data from logtook programs 
provlde addtii3nal inforrnauon regardng the timng and 
catches in a few local fishenes. The temporal trend in 
abundance of eels in fresh uater, as indcated by catches 
m electrofishng surveys in two Neu Brunm2ck 
watersheds and one Pnnce Edward Island nver, is 
exmned. 

MATERIALS AND METHODS 

The data set on eel landngs from Canada 
dates to 1917 (LeBlanc and Chaput 1991). The 
landings data for 1968 to 1995 come from the 
database of the Department of Fisheries and Oceans 
(DFO Statistics Branch). This data set contains no 
effort data. The inforrnat~on regstered in the 

7 1 
database allows the summarization of landings by 
date, community, statistical district, gear type and 
slip typ.  Slip type refers to the type of data recorded 
and has three categories: 

* purchase sllps: a compulsory slip which 
records lan&ngs by individual fishers, bj 
speaes and location landed. These are filled 
In by the buyers and submtted to DFO 
supplementary " A :  slips which are 
completed by buyers from outs~de the fisfung 
area. The informatlon on these slips includes 
the amount of fish purchased, the date and the 
location of the purchase 

* supplementary "B": monthly summanes of 
the harvests by species and commuruty which 
were elther sold or consumed locally. These 
estrnmtes are provlded by DFO field staff of 
the Conservation and Protection Branch. 

Recreationally fished eels are not recorded. 

The statistical dstncts of the southern Gulf 
are shown in Figure 1. For summary purposes, three 
seasons are considered: wlnter = January-Apnl, 
summer = May-August, fall = September-December. 

Drainage areas of Gulf New Brunswick and 
Gulf Nova Scotia rivers were obtained from the 
database originally derived by the Maritime Resource 
Management Service (Amherst, Nova Scotia) and 
provided by S. O'Neil @FO, Maritimes Region, 
Halifax, ES). 

RIE-SULTS AND DISCUSSION 

Eels have histoncally been exploited 
throughout the southern Gulf. Landings were 
mmmal before 1965 but rose sharply in the md-  
1960s (Flg. 2). In all regons of the southern Gulf, 
eel catches peaked between 1969 and 1971. Catches 
declined precipitously soon after, with the exception 
of the Gulf Nova Scotia area. fluctuating at less than 
one-half the peak catches. The catches from Gulf 
Nova Scotla for the penod 1968-76 are of 
questionable accuracy OBlanc  and Chaput 199 1 ) 
espeaally in terms of the acutely steep increase in 
landngs followed by an equally precipitous drop. 
The erratic catch trends were reported in the tno 
Cape Breton statistical &stncts (2 and 3). 

The commencement of high landings of eels in 
the southern Gulf of St. Lawrence in the mid-1960's. 
followed by a drop in the early 197OSs, closely paralleled 
the pattern of catches recorded in the Quekc sea 



'SN Pm I3d Jo SauaysrJ IF3 ayl ur Pug IZd Pue 
8~ ut kaystj mmuns aql ur meunuop ale mad iaN 
rroszs law:% ayl8uunp pasn Apuanbaqur axe s~eai? 
lau +C~8ursud.xns ION .(g .dy) jln9 ruaylnos ayz 
rnoyanolyl 1aluriM ayl duunp a1oy3 jo lead ay3 sr 
Suuead~ .(s 3tg) ~3ulsrp SN auo ur =ad ~muodwr 
ue a= siod 13 '8~ pue SN yloq ur ~ueuodwt aa 
c~exts pug slau den sealay& siau de11 sr 136 ur lead 
weunuop ayL '(%62) s~~u~p ~ydra dunr~ural ayl ur 
iueumop ale sleads .(s .dt& j~nf) uaylnos ayl wolj 
mulsrp ayi jo %I L ur sisahley ay3 jo jpy ueyl alom 
~oj lunosse (lau a?& 'lau de11) slead laN 

'it. 'o"r2) s~nulsrp 13d pm SN ayl ut tuevodwr 
X~lsnba ale suoseas '(1~4 pue laurruns mnq 'suu~srp 
gN jIn9 ayi ur lueuodmr lsom SBM uoseas 11ej ayL 
.slsu~srp !e~risr~els 21 ur suoseas mmuns pm 
ayl jo ysea wog pap.io3a-1 an! s8urpml ayl jo qjos 

UR~I 31opq ~SUOSB~S laylo ayl jo auo u~oy asoyl ueyi 
laleala" laiuL?h ayl ur s8urpuel ale slsulsrp E djuo 
ur tsuoseas laylo aylol paleduo3 pwrunu A~~alauad 
ale lalur.* ayl wolj sautpug .(@ %tT) a3uaLhng 
'IS jo jjn~) uayinos ayl ur 11ej pug ~aururns 
2uunp ,l~~sow lnnno sa"urpue1 hraysy 1% 

-13d pm SN ur am1 SBM alrsoddo aq 'sisulsrp 
ayi IIV A~ptmassa ur sdtjs asey3md wolj uoruodo~d 
u8ry hra~ e aAey g~ ur s8urpuel la1urM suodal 
..g., themawalddn~ urog ilpsow paplosal ale uoseas 
jlq pue zmuns ayl ur sdurpml laydry ayl 's13u1srp 
gN ayl u1 '13d pm SN urolj sauaysg lawns 
ayl ,4q pahio11oj 1gd ur hraysy mnme ayl wolj 
a1aM r8urpml dris asey3md jo uoruodold 1say8ry 
ayL '(E a1qeU sp~o3al dr~s asey3md jo uoruodo~d 
y8ry e Lq ppa~uasa~dal an! s8urpue1 mn~ne pw 
iamns ayl 'jp9 ruaylnos aIoyfi ayl log 

uoseas 01 aagqaJ sumwed 

'(896 1 spa lU2WlS3AU~ pm 
uo!ieledald pur!ug~ 8uu!nbal duq~uapun 3!lsvl 
-1oddo ue jo alow s~ sl3ylsrp auros u! 8uwads 
mysy le~~~awo:, pale3rpp ayl jo uo!uodold 
a8le1 e Lq pamohej !J Aew saa2 asaq fsdgs 
xeyxnd wolj pa1alsl;aal sduypm~ ay3 jo uo!uodo.~d 
laydly e pey slod 1% pue slau de~ .(z alqea sdgs 
aseq3mnd wog pap1osa.1 ale du~ads wolj sdu~pw~ 
ayl IF '(I3d U! 26 fY'!*^hsuWI ,̂haN u! 08 Pm EL ' I 1) 
~~~UBIJI awos UI y8noylp suuoj ,,a,, hreluawa~ddns 
woy pauodal xj ol papual smds yi!~ pasa~my 

.sn!aA ayl jo %06 uey~ slow sZurpue1 pey sey 
£1 13u1srp pue aaS hra~a paplo3al s8urpuel poy c;ey 
2 13u1srp ,SN j1n9 106 -s13usrp laylo aalyl ~oj sleaA 
ayl jo %06 my1 xxeala ut pw 91 pue 89 s~~usrp 
103 reaL haha papio3al a-rahi so"urpue'( "&Q jIn9 104 
pouad amrz =lturts e larg '(~~61 01 loud suusrp 
Ienpthipur .Cq papio3a.1 IOU alah s8urpue1) ~$6 1 asurs 
sled ayl jo 306 ueyz asow ur paplo3al sduipue~ 
pey aiiey sisusrp uatlas '13d 106 '(I alqeu sslea2C 
ayl jo %06 ueq slow auunp palasGal s8urpue~ 
pey aiieq SN 31119 uolj urrsrp auo put? SN j1n9 
urolj sl3msrp aaq $1161 aurs .uonewojrur ayl jo 
111111qerla~ ayl jo uorle~rpur ue sapr~old os~e sr7urpue1 
paplo3al lenuur! jo ilaua~srsuos ayL 

f~ .Sg 
' I alqea sdrg aseyxnd uroy paploaal ala;M s8urpuei: 
asayl p qj0~ ueyl ssaI inq s~sulsrp 31119 ruaylnos 
ayl jo sdurpue~ ~sayaty puom ayl p~y £1 isulsra 
e11o3~ eho~ ayL '(E '21& s13nsrp xrs ur sdrls 
aseysmd woq pa~aaraal ala,% sa^urpue-[ papma1 ayl 
jo ueq3 ssq JIn9 ruaylnos ayl woy sisu~srp c£ 
ayl jo t.1 ut s8urpue.[ paplo3a1 ayl jo ~SL ueyl alow 
paluasaldal aAey 'aiemsne slow palaprsuoa .rlw dr~s 
aseyxnd ~suuoj ,'g., he~uaura~ddns uro~j palais18al 
asoyl 01 atr1eIa.r sdr~s xeyxnd wolj palalsr8a~ 
saurpue~ ayl jo uoruodo~d aql p swlal ur palaprsuoa 
senh elm S~UI~UB~ ayl p Otlrqer[al ayL 

.uorloas luanbasqns 
e ut paunuexa ale sisulsrp £1 say1 wolj s8urpuel 
ur spuall ayL '(1 a1qeJ3 (%9'8) e11oss eto~ UIOY 

£1 13ulStp pa (%Ie1-[) 136 UI £6 13ulSQl Lq pa%iOIlOj 
('(El01 30 qjS.11) y31MSUlUg MaN lS€?aylnOS j0 

9~ ~su~srp ur palarsr8a~ an* s2urpuel fenuue ayl jo 
uoruodold saleaii7 ayL .s8urpuel ~eloi ayl p la~ealo" 
lo ~JE lnqe loj 1unos3e S~~erlprnrpur j!nD ruaymos 
ayl ur sl3ulsrp p311srlels £E ayl jo uaauryL '(1 
a1qeJ;) 13d woy s8urpuq iCq parKoIIoj $jln9 uaylnos 
ayl wolj pama1 sdutpue~ ayl jo %OS .10j paluno3se 
ahey s~usrp g~ j1n9 ay1 '~4 L 1se1 ayl UI 



DISTRIBUTION OF SIZES WITHIN THE 
CATCHES 

Most of the eel fisheries are prosecuted in 
estuaries and within tidal water influence. This is 
also the case for the spear fisheries. This reflects 
three aspects of eel biology 1) eels maturing in 
freshwater must pass through the estuaries during 
their spawning migrations to sea, 2) estuaries 
contain large numbers of suitable forage species (fish 
and invertebrate), and 3) eels use soft sediments for 
burrowing during the winter which are most 
accessible in the estuary. As such, the estuary 
iisheries in the southern Gulf harvest both large 
silver eels and smaller "green" or "yellow" eels. The 
proportion of each varies with the fishing location 
and over the fishing season. 

In a fall fyke net fishery In Nova Scotla. the 
proportion of silver eels In the catch was negliglMe 
tn early Septemkr but reached proportions of 20% 
to 35% at the end of September and Into October 
( F I ~ .  7). Catch per effort in the New Brunswck 
fisher) Laried ktween 2 to 7 eels per net-day over 
the s a w n  extending from md-July lo early Ociokr 
(Fig. 8). As In the Nova Scotla fishery. catch rates 
were 10% but increased from summer to fall. Lo\+ 
catch rates are compensated by a large amount of 
effort: there were almost 7600 net-type gears 
licensed in the southern Gulf In 1996 but an 
unknown proportion were fished (see L. Paulin 
presentation). 

STATUS OF STOCKS 

Trends in landlngs oLer time are descnbed 
for the 13 statistical cllstncts having a h~gh  
proportion of annual reports. where land~ngs uerz 
important in the overall catches from the southern 
Gulf (about 3% ~nd~vidually) and for which the 
records were based mostly on purchase slip data 
(F1g. 9). 

There are large fluctuations In eel land~ngs 
in all dstrlcts of the southern Gulf. Bet~een 1968 
and 1995, there were negative trends in the landngs 
In 7 of the 1 3 d~stricts analysed although only four of 
these were significant (P4.05) (Table 4; Fig. 9). 
There were no statlsticall> significant (P > 0.05) 
positive trends. In 10 of these 13 dlstncts. the 
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landings reported in the 1990's have been lower than 
landings reported in previous decades. The only 
exceptions were the two districts in Nova Scotia (12, 
13) and one district from New Brunswick (75) (Fig. 
9). Over a shorter time period, 1984-95, 9 of the 13 
districts had negative trends but only 4 of these 
trends would be considered statistically significant 
(Table 4). Three signtficant negative trends over the 
1968-95 time period were without a trend in the 
shorter time period (districts 67, 68, 71). The 
lancllngs in the PEI districts have declined 
significantly in 3 of the 4 districts over the 1984-95 
time period. Landings in Nova Scotia district 13 had 
a significant positive trend although landings as hgh  
or higher than those reported in the 1990s were 
reported in the late 1960s from this district (Fig. 9). 

There appears to k an overall declining 
trend in the landings of American eel from the 
southern Gulf of St. Lawrence. There are no long- 
term increases in landings in any districts. A 
widespread opinion of fishers consulted in 1994 was 
that catch-per-unit-effort had declined substantially in 
recent years W k e  et al. 1995). One fisher from Nova 
Scotia indicated that caches were fairly stable for over 
two decades in his area but in the last five yea.rs, his 
annual catches have declined by more than half. 

The trend In decreasing landngs 1s partlq 
consistent uith reduced reporting of catches and 
reduced effon in the fishenes. One incllcator of the 
cons~stency in the reporting of catches is the number 
of purchase slip and Supplementary "B" records In 
the database. The number of records in 1989 and 
1990 Bere compared to the number of records In 
1994 and 1995 (see text table). The total number of 
cornmumties (there are varyng numbers of 
cornrnunlties In ~ndividual statistical districts) with 
reported sales of eels increased slightly In Nova 
Scotia and Neu Brunswlck but more than doubled 
for PEI between 1989-90 and 1994-95. The total 
number of landngs reports, both purchase sllp and 
Supplementary "B". increased by 15 times for Nova 
Scotla. There sere important declines In the number 
of purchase slip reports in the other tho provinces: 
by four tlmes in New Bruns~ick and by one-th~rd tn 
PEI. The frequency of Supplementary "B" reports 
were consistent between the two time penods for NB 
and PEI. 



Purchase slips Supplementary "B" 
Number of Number of 

Total communities Number of reports cornmunities Number of reports 
Provlnce Communit~ec 89-90 94-95 89-90 94-95 89-90 94-95 89-90 94-95 

Nova 
Scotia 17 6 9 16 272 12 53 11 59 

New 
Brunswicli 22 14 16 2087 545 12 19 1 43 151 

PEI 27 11 25 1494 1094 16 12 34 43 

The decrea%d landings from the New 
Brunswick and PEI dstncts and the correspondng 
Increased landings from NS parallel the relatne 
change In numkr of purchase slip reports dunng the 
two time periods. Ttus would suggest that the trends 
In landings cannot be attnbuted un~queiy to changes 
In abundance. Increased land~ngs from NS were the 
result of an Increase in reports from these dlstncts. 
The lower numkr of eels reported sold in Nl3 and 
PEI could k a reflect~on of reduced catch rates. Eels 
are generdll) purchased in live condition and fishers 
retain the eels allbe until there are sufiicient 
quantltles, for collect~on. Buyers may undertake fewer 
trlps, to purchase eels because of lower catches wtuch 
would result In a reduced numkr of sllps completed 
relative to penods of tugh catch rates. Unfortunatelj, 
In the absence of effort data, no defimtive 
conclus~ons can he &a\\ n. 

Other indicators of abundance 

Only a small amount of commerclal index 
fishery data is awlable for the southern Gulf. The only 
ume-senes of index data has ken  collected by personnel 
of Kouchbouguac National Park for commerclal 
fishenes operating in Kouchbouguac Rver and St. 
Lous Rker from 1989-95. The very limted data 
suggest that catch rates In the spnng fishenes are lower 
than in the fall Eg. 10). Ho\iever, the effort (1.e.. 
numbers of net-days fished) was not recorded. 

A time-senes of electrofishlng records from 
the Mrarmch (1 970.93) and Restigouche (1972-94) 
nvers showed relatively low catches of eels at most stes 
In most years but fewer tugh catches snce 1985 in the 
M r m c h i  fiver and snm 1990 in the Reshgouche 
fiver (Fig. 11 j. Max~mum catches per ate (45 eels) in 
the Restigouche Rver were much lower than those m 
the Mirarmch~. where eel catches sometimes exceeded 
10C, per site. Thc probhly relates to kxh the latitude 

(Restigouche is W e r  north) and elevation 
(Restigouche sites are, on average, more elevated) of the 
two river systems. Eel catches in the Miramichi Rver 
were strongly associated with the elevation of the 
electrofishlng site. Eels were observed at essentially all 
electrofisfung sites in the Miramichi Ever but were 
okrved at only 75% of the highest elevation sites @g. 
12; Chaput 1995). The average catch of eels exceeded 
ten per site at elevations less than 50 m @?g. 12). Eel 
occurrence in the Restigouche river was less strongly 
influenced by elevation than in the Miramichi River, 
although there was a tendency for eels to k present in a 
lower proportion of high-elevation (>99 m elevation) 
sites Fig. 12). Eels were caught only at sites with 
elevations < 250 m and there was a tendency for mean 
abundance of eels to k higher at low-elevation sites. 
There were large annual variations in catches of eels at 
the sites and at four index sites in the Mramichi 
(surveywi every year), there were no rjgnificani 
(PS.05) trends in catches over time Fig. 13). In the 
Restigouche River, high annual variation in catches was 
also observed but at three of four index sites, there were 
sipficant (P < 0.05) declining trends in catches 
ktween 1972 and 1994 mg. 13). In the Miramichi, the 
abundance of eels was generally highest in the early 
1970s and the 1982-86 period In the Restigouche River. 
eel abundance declined through the 1980s and 1990s. 

In the Morel1 Rver PEI, electrofishlng surveys 
conducted ~ntermttently bemeen 1975 and 1996 
suggest that there has ken  a decline in eel abundance in 
the 1990s relabve to an earlier Qme pen& Fig. 14). At 
the Leard's Bndge ste, eels were most abundant in 
1984 and 1985, a pattern consstent wth the ~ncreaxd 
catches of eels in the Mramch and Restlgouche nkeri; 
for the same tlme @nod 



Landings relative to drainage area 

Eeis utilize diverw habitats including 
ireshwater areas and estuanes (Monanty 1987). 
There are large populations of eels in estuanes as 
evtdenced b> the extensive fishing whtch occurs 
there. Although eels are highly tolerant of habitat 
vdnability, we assume that production potentla1 is 
fimte and that habitat would ~nvanably constram the 
standing stock of eels in a nver system. One 
indtcator of potential habitat is the drainage area of a 
river. hndtngs by statlstica! d~stnst for 1958 to 
1995 were scaled by the respectne dramage areas of 
all the nvers w1th111 the &strict (Fig. 15). The 
relative landings in distncts 68, 75 and 12 are high 
compared to the other southern Gulf dtstncts. The 
trends in land~ngs from thew distncts (Fig. 9) do not 
immediately suggest overexplottation but prudent 
management would be appropriate. Vladykov (1 97 1 ) 
indicated thai eels do not move between esluanes 
and in fact appear to hale an affinity for their home 
estuaries \+hen displaced. This suggests that 
estuaries and streams could k overexplo~ted (fished 
out of larger ~nd~\-]dual\). Conservattve management 
medsure( shoiiid attempt to hstnbute the fishing 
effort relatile to the sue of the nler system 
(includ~ng rhe e'tuarq). 

CONCLUSIONS 

The limted data awlable ~n&cate that h?th 
commeraal landing? and fresh\i.ater abundance of eels 
in the southern Gulf have decltned in recent years. 
Commer~xil fishers from watersheds in b t h  Neu 
Bruns\+ick and Pnnce Edvcard Island have promded 
anecdotal support for thts trend. Electrofidxng surveys 
tndcated that abundance of eels in the more northerly, 
hgher-elebat~on portion of the watershed In dlstncts 
where landngs have increased, the probble cause IS 

increased fishing effort. Some dstncts are king 
expio~ted at high lexels relative to their production 
areas. The p r  qualit). of the landlngs data should k 
addressed - ths  could k done by el~rmnai~ng some of 
the "msanal" fiQenes. e.g. speanng, espeaally in the 
ninter period. The appropriateness of speanng for eels 
should k reconadered Non-catch mortality (from 
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i n m )  is unlsno\+n but may k hgh. This fishery is 
extensively practised in the winter when eels are 
inactive and likely unable to survive both injury and 
dsplacement from their burrows. 
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Table 1. Annual landings of American eel (1989 to 1995) from the southern Gulf of St. Lawrence statistical 
districts and the percent of total southern Gulf landings reported from individual districts. % of years is the 
frequency of annual landings recorded during 19 17 to 1995 (1957 to 1995 for PEI). 

Tableau 1. Debarquements annuels de l'anguille d'arnknque (1989 B 1995) des districts statlstiques du sud du 
Golfe du Saint-Laurent et le pourcentage par dstnct du toral &barque. 7G des ann&s represente la frequence des 
enrkpstrements de debarquements annuels durant la penode 1917 B 1995 (1957 B 1995 pour I-P-E). 

% of years Year ! Annee 92 of southern Gulf 
District : '3 des annkes 1989 1990 1991 1992 1993 1994 1995 'ic du sud du Golfe 

63 
64 
65 
66 
67 
68 
70 
7 1 
7 2 
73 
75 
76 
7 7 
7 8 
80 

NB / N-B 

45 
46 
10 
11 
12 
13 
3 
2 

NS 1 N-E 

Southern Gulf 346.6 359.8 369.1 277.5 251.4 156.2 107.1 
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Table 3. Percent of total annual landngs by statistical &strict and season reported from purchase slip records. A 
Hank ind~cates no landmgs were reported from that district In that season. Landings (in brackets) are average 
landlngs for the season for the penod 1989-1 990 and 1994- 1995. 

Tableau 3. Pourcentage des debarquements par &strict statistique et sason provenant de bordereaux d'achats. Un 
blanc indique qu'aucun debarquement a etC enrkgistre pour ce &strict statistique pour cette saison. 
Dehaarquements (en parenthese) sont la moyenne par saison pour les annees 1989-1990 et 1994-1995. 

Season / Saison 
District Summer / Ete Fall i Autornne Winter i Hiver 

65 
66 
67 
68 
70 
7 1 
73 
75 
76 
77 
7 8 
80 

NB N-B 
(t 1 

45 
46 
1 1  
12 
13 
3 
2 

NS I N-E 
(t 

82 
83 
86 
87 
8 8 
96 
95 
93 
92 

PEI i I-P-E 
(t> 

Southern Gulf 
! sud du Golfe 
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Fig. 6. Proport~on of Ian&ngs by gear ripe and season (upper = summer, middle = fall, lower = \%inter) in 
statiiitlial d~stncts of the southern Gulf of St. Lawrence. 
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Fig. 7. Catch per urut of effort and percent of the catch whch was s~lver eels In the catches from a fisher in Gulf 
No\ a Scotia In 1995. 

I I 
I 1 

I I I 
1 I 

I 

July 26 Aug 9 Aug23 Sept 6 Sept 20 Oct4 
Aug 2 Aug 16 Aug 30 Sept 13 Sept 27 

Date (start of week) 

Fig. 8. Catch per urur of effort from a net fishery In an e s t u q  of Gulf Ne.ui Brunswlck in 1993. 
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Les anrnlies capture\ dans le Sant-Laurent 
(nve gauche de QueW er gcheurs de l'es~uare mann) 
ont des caraaensrlques de p1d.s el de longueur 
umlares; celles provenaqt des nvieres Rmouslu et du 
Sud-Ouen on! une longueur et un poids moyenq 
senslblemenr plus eleves. Ces anplles  ont ete captures 
entre le 16 a d t  et ie 15 ocrot7re: on note 1x1 pic de 
rmgratlon Important sw la nvlere du Sud-Ouest le 15 
septembre, et le &me phenomene en debit mobre sur 
la n\lere Rimouslcl (fi_rmre 2). Dms iles deux cas, 
l'a~~mentation des captures stut de pres une 
au,mentation de &ht rellee a des precipltatlons. 

Rive gaucl~e 1.399 
de Queitxc 

LA ntesse de de\dtuxm ne pu t  &tre caiculee 
de facon preare du h t  qu'on utihsrut une sede marque 
par slte de marquage pour une penode d'une s e m n e  et 
que. pmicullerement en debut de sawn. 11 amve que 
ies pticheur? dccumulenr les angurulller, dans un coffre de 
retennon ~ n d m t  quelques jours a\ ant qu'eelles ne solenr 
achemnee\ ters l'us~ne. 

Les resultat5 monment que les anwlles ont 
m\ de me a sept semne5 pour se rendre de la zone de 
mquage  a la Lone iil recapture (&stance mediane de 
150 hi. Au cours a s  pren-aeres semnes, le q h e  
de deiialawn esr a w z  lent. alors que les anwmlles 
mettent en moyeme quatre a m n e s  et plus avant d'etre 
recaptures; le q ~ e  de devalason s'adlere a la fin 
sepembre et en cctobre, les an_mlles mettant en 
moyenne mom de deux semnes pous franchr la 
meme &stance (tableau 2). La vltesse de mgrat~on 
approxln-iatlte sewt donc de 6 ti 1C h'jour. Toutefois, 
qtielque\ anLpiles ont ms auw mu que trois jours wur 
franchr cette djsarice en nmerntxe, ce qu! montre une 
tritesse de nugrdt-ion d'entlron 50 km par jour. 

Les venficatlons effectues sur les angmlles 
onr perms dobserver 10 anplles  sur les 102 (93  53) 
provenant de la gchene de 1'Aquanum du Quekc. 29 
sur 516 (56 %) provenant du @hem commeraal a 
Q u C k ,  et 24 des 429 (5,6 %) mgmlles en provenance 
des deux nneres du Bas-Sant-Laurent (tableau 3). Si 
on consdere ies recaptures en fonctlon de la nve ou 
elles ont ere relhchtks, nous avons o k n e  34 des 531 
(6,4 5%) m,giilles en provenance de la nve drolte, contre 
29 des 516 (5,6 5%) en provenance de la nve gauche. 
Toutes ces proportions ne sont pas s_mficatl\.ement 
&ferentes (Test de 2). 

htanr donne que nous nkvons pas o k n i e  de 
diference s,pficallve entre les trols groupes 
d'an_mlles. les donnees ont ete rmses ensemble pour 
l'estlmtlon dz la population. L'estimateur de Petersen 
nous apparait donc convemr a cette analyse sommture. 
On retrouve, au tableau 4, les &tais de ce caicul q u ~  
donne une estimation de 488 696 an,giilles (383 291 - 
622 542, D. = 0,05). 

ESTMATIOK DE L.4 CAPTURE 

Le nombre told d'anplies captures par le\ 
@chews est estjme a p m r  des captures h t e s  par les 69 
gches q u  ont fat l'objet d'un (fi,~re 3). .41n1il. 
nous estlmons que pour l'enqmble de la zone de 
recapture. la recdte aura ete de 83 969 ancmlles 
(78 179 - 89 759, K = 0,051, ce qw reprknte un pid\ 

au &hquemnt  de 1 12 tomes d^angu~illles (1 (34 - 1 19) 
pour l'enamble de la zone. 

9 I'estlmtlon pre&nte des captures s'avkre 
juse. le taux d'exploitar_lon des anLmlles argent&\ en 
provenance du Sant-Laurent, en amont de Quekc, aura 
etkde17%(13%-23%). 

DLSCtiSSIOK ET CONCLUSION 

La presente etude permet d'axolr. pour une 
premere fois, une esumtlim approxlmfltl\e ~ I J  stock 
d'angulles q u  arragnent la zone m t l m e  du Sant- 
ljurenr er de son taw d'expioirar~on. L'e\ziiuat,i?n de 
pres d'un derm-rmllion d'anplles nous sernMe d i w  

fa;uhie ptusque. au cows des deux dernleriti ckcx~~~~iei ,  12 

nombre d'an_rrmlles caprurees a vrjlwmb1abIernen: 
approche Lxtte earnation a quelques rcpnw, 



Cette evaluation ~ a u t  pour la propomon du 
ileuie en amont de ia zone de recapture. I1 faut noter 
que l'anLmlle e a  presente dans un grand nombre de 
n\leres en aval de et te  zone. autant dans les nweres de 
ld CAe-Nord de la Gztspae et de l'ile dfAnt~costl. et 
yue ld contnhution de ces nvleres n'entre pas dans la 
presents evaiuat~on; les anpl ies  en provenance de ces 
nvleres ne font, pour l'mstant, l'objet d'aucune 
exploitation et ieur coninbution au nombre de 
reproduc?eur\ esi sans doute Importante. Sur les nvleres 
du Sud-Ouest et Rmousb, la &e de la nxgration 
semb1e iortement lnfiuenm par les condmons 
ennronnementdes. Dans les deux a s ,  on enregstre un 
p c  de capture ym correspnd a une au-mentatlon 
rap~de du mveau d'wu. Notons toutefols yue ces 
caprures ne represenrent pas neccsmrement l'ensemble 
de la production de di:z\ n\leres piusyue des angulles 
onr pu &vder &anr ou apes  la pn& de aprure ou 
encore enter le plege. 

L'exploitation de l'angullle est kialue, l a ,  
ptlr w e  prcmere ibis. LE tam d'explo~iation, stue a 
17 5 ,  seinhie pil eleve. Notons toutefo~s qu'll conceme 
en pan& pmie it: \ i ~ k  en proienance du lac Ontario 
ei de l'e\??urure d'eau douce du Sam-Laixent, suck qlu 
a ete !'ob.gr d'une explutation au stade N anguille 
jaune ,, er ci m &_me mi-?:ndre, au moment de sa 
mpdiion &in< l'esiuaxe d'eau douce. De plus, 11 
emMe qu'une p~irile impatante dei anpl ies  en 
provenance du lac On;a-io air pu mow r en frdnchsw.t 
ler hmdges de Mmxs Sanden et dr3 Beauharnois 
@esrochers 1995). 

LA conrnbution der n\leres au nord et a l 'ei~ 
dz cei Lone\ h pche qui ne sont wmses a aucurie 
explatarirlon p)urrdit etre impr:mie En efier. les 356 
anga~lies argentees caplures dan\ dew perlles nnerei 
(Rrnouck~ er du Sud-Ouea) ne reprexntent qu'un 
nomhrr: minimal d'anguliles prcxiu~ies p x  ces nweres 
pulque le\ piegec de capture n'ont pa\ eie en opxatiie 
durmt toute la de\hjdwn. De plus. nous amns de 
nomhreucttq indicationc demontrmt que id quasl totailre 
des nbieres. du nord et a ]'en & cette zone, awue~llent 
des stvokc d'mplle. SI on a&-net que mite espxe est 
p m x i s i e .  ce5 nmeres punruenr jouer un r61e 
imprtmi en \ upp l~ . t  pdLieliement p u r  Ies stocks 
fo~rrneni expioites. 

LE tam d'exploitailon obxn~e cette anne  ne 
siiwdt Etre applique pour des annws andneures, 
maigre ic h 1  qie 1'efli;st de @he ea cieimwe stable 
depuis quelques &i.enruea En eEet, h I'ans meme des 
$cheurs, ie rendement de la @he e s  fortement 
lniiuence par le4 condtions ck bent a de mare. I2 
rewtltior, & cette expenenci: d t f l~c i l t  nous renagper 
&\~mtage a ce sup1 
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DISCUSSfON AND CONCLUSION 

The present stud! provides, for the first 
time, an estimate of eel stocks in the lower estuary of 
the St. Lawrence and thelr exploltatlon rate. The 
assessment of almost half a mllion eels seems, in 
our oplnion, to tw: qulte low stnce, over the last two 
decades. the number of eels harvested probably came 
close to this estlmate on a number of occasions. 

This assessment is valid for the part of the 
nier  upstream from the recapture area. Eels are 
found In a large number of nvers downstream from 
thls area, includ~ng North Shore, Gasp? and 
Anticost1 Idand nvers, and the contnbutlon of these 
nvers has not k e n  Included in this assesgment. Eels 
from these ri.rers are, at the present time, not k l n g  
harvested and rhex contnbdnon to thc spasning 
population 1s likely quite significant. The dare of 
mgatlon on the Sud-Ouest and bmoush  nvers 
seems strongiq inluenced by environmental 
con&tions. In both cases, a peak in catches, 
co~esponding to a rapld rise In the vIater level, has 
been recorded. However, these catches do not 
necessdrdy correspond to the overall production of 
these nvers since eels could have nxgrared 
downstream before or after the catch perlod or 
abolded the trap. 

This is the first eel harvest ascessment. The 
ex~loitation rate of around 17% seems qulte lou. 
Ho\%ever. the stock involved IS, In large part, from 
Lake Ontano and the freshwater estuarq of the St. 
La\i~ence and has been harvested at the yellow eel 
stage and. to a lesser extent, when mgrating In the 
fresh~sater estuar). In addition, I$ =ems that a 
siLmlficant numkr of eels from Lake Ontarlo could 
hake dled ishen gomg through the Moses Sanders 
and Beauhxno~s dams (Desrochers 1995 1. 

The contnbutlon of rivers located north and 
east of these fishlng areas ishere no harvesting is 
done could 'cri: s~~mificant. The 355 sliver eels caught 
in tuo small nvers @&mouski and Sud-Osiestj on15 
represent a mn~mal  numkr of the eels produced bq 
these nbers since the trap< do not operate dunng the 
enilre do~nstream m,ndtlon. In addtion. there are 
manj indications that almost all the nvers. to the 
nofin and edst of thls ared, have eel stock\. If ue  
accept that thls \peaes is panmctlc. these nvers 
could ?la> an inportanr role in partially repiadng 
hlghj  explolred stocks. 

The exploitation rate noted this year cannoi 
k appijed to preilous )ears. in spite of the fact that 
[he i';shing efiort ha4 rernalned sidble over the past 



99 
decades. According to the fishers themselves, fishing 
ylelds are high]) influenced b) wind and tide 
condition\. Repeating this exper~ment should 
protide more informdtion on t h ~ s  topic. 

Nous tenons A remeraer toute 1'Qupe de 
re ran  dont. Bruno Blullargeon, Conrad Groleau. 
D e n s  Dexharps. Dems Labonre. Davld Routher er 
Louis Mathea. 
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Tableau 2 Ternps de devalaison approxllnailf pour chaque recapture 

Numero Senia~ne de marquage Dare de S ~ t e  de Nontbre de lours ecoute: 
dtr specl~nen debur f in  Endro~t de capture recapture remise a l'eau M~n~rnulrl Maximu:n Moye~~ne  

1 09!05 09 I3 Riv Ouelle I 012.7 B 44 52 48.0 
2 09/05 09113 Kamouraska 10/15 B 32 40 36.0 
3 09/05 09/13 Riv. Ouellc 10115 B 32 40 36.0 
4 09/05 09/13 Kamounska 10'12 B 29 3 7 33,0 
5 09/05 09!I3 Riv. Ouelle l o i l l  B ...................................................................................................................................................................... 
6 09/05 09/13 Karnouraska 10110 B 
7 09/05 09113 RIV. Ouelle 10110 B 27 3 5 31.0 
X 09/05 09113 REV Oueile 10102 B 19 27 23.0 
9 09,0? 09\13 Kanlouraska 10tG2 B :9 27 23.0 
10 09/05 09/13 Riv. Ouelle 10il0 B ..." ...................................................................................................................................A.................. . 
1 I 09:11 09113 Kzmouraska loll2 
12 09112 Kamauraska 10103 C 2 1 
1 -3 091 16 Rtv Oueiit 1 G!24 C 3 X 
14 09,16 09/20 Riv Ouellc 10124 B 34 35  36.0 
I5 09/ 1 6 SI-Rock des Aulnaie: 1011 3 C 27 ..................................................................................................................................................................................................................... 
16 09/16 Karnouraska 10116 C 26 

Riv. Ouelle 10!12 C 
Riu. Ouelle 10/12 C 
Riv. Ouelle 10!11 C 

2 6 09116 09/30 Riv. Ouelle 10112 R .............................................................................................................................................................. 
2 1 09/16 Kamouraska 10!08 C 
7 7  -- 09 23 09/27 Katr~ourasbd 10 31 A 34 3 8 36.0 
23 04 23 09 26 RIV Ouelle 10:10 B 27 35 3 1 ,0 
24 09 13  09/36 Rrx Ouellc 10124 B 28 3 1 29.5 
25 09!23 09i26 Riv. Ouelle 10116 B ......................................................................................................................................................................... 
2 5 09!2.: 09/27 Kamouraska 10114 A 
27 09 23 09 26 Kainourasha 10113 B 17 20 18.5 
28 09 2; 09126 Kamourasba 10112 B 16 19 17,s 
21, 09 23 09/26 R I ~  Ouellt 10/11 B I6 19 17.5 
3 0 0923 09/26 Riv. Ouelle 10!11 R ................................................................................................................................................... 
3 1 0923 09/27 Riv. Ouelic 103  I A 

3 5 09/30 10!03 Kamouraska 10!10 A ....................................................................................................................................................... 
36 10101 Kamouraska 10108 B 

RIV Ouellc 10/17 C 15 
Kamourzska 10112 B 10 
R I ~  Ouelle IOilO B 5 9 7.0 

Kaniouraska IOi15 C ............................................................................................................................................ 
Riv. Ouelle 10!14 C 

Ka~rrouraska 10/13 C 
Kamouraska 10112 C 
Ka~nouraska 10i12 C 

10104 Riv. Ouelle l o i l l  C 7 .............................................................................................................................................................................................................. 
10104 Riv. Oueile 10/1 0 C 6 
10107 10i08 Kanlouraska 10!17 A 9 10 9.5 
10:08 l0il  1 Riv. Ouelle 1013 1 B 20 23 21.5 
10/0S 1 0 ~ 1 1  Karnouraska 10/2X B 17 20 18.5 
10.08 10' l i  Karnouraska 10120 B 9 12 10.5 .............................................................................................................................................................................................................. 
I0il i Riv. Oueile er Karri 10!17 C 6 

Karnouraska 101'17 C 
Kan~ouraska 10i16 C 
Kamouraska lOi'l6 C 

55 1011 1 Riv. Ouelle et Kam 1 Oil 6 C 5 ................................................................................................................................................................................................................................... 
56 10:11 Kanlouraska 10115 C 4 
5 7 10:11 Riv. Ouelle 10114 C 3 
5 8 10111 Riv. Ouelle el Kanl IOiI4 C 3 
59 10115 1011 8 Riv. Ouelle et Kat11 1 1/04 B 17 20 18.5 
60 I0iIS lo l l8  Kamouraska 1 0/27 B 9 12 10.5 ................................................................................................................................................................................................................................... 
61 10!15 Riv. Ouelle f 0i24 A 9 9 9.0 
62 lCi'15 10/15 Riv. Ouefle 10124 B 6 9 7.5 
63 10:15 Karnouraska 10!22 A 7 7 7.0 





Tableau 4. Evaluation prelin~inaire du nornbre d'anguilles en devalaison, en 1996. 

Forrnule de Petersen utilisee N = (M+1) (C+1) 
(R + 1) 

ou N: effectifs estimes 
M: nombre de poissons marques 
C: taille de l'echantillon preleve 

(nornbre de poissons prkleves dans la zone de recapture) 
R: nornbre de recaptures dans l'echantillon 

Poissons marques: Point A 102 
Point B 516 
Point C 429 

&I : 1 047 

Poissons echa~ltillon~les Usine 28 714 
Pecheurs 1 129 

C: 29 843 

Nolnbre de recapture Usine 6 2 
Pecheur 1 

R : 63 

Marques Captures Recaptures 
M C R 

1 047 29 843 6 3 

Evaluation: 
N min N & rnax R ~ n i n  R ~ n a x  

383291 488696 622542 49 8 1 



POT: 



t ooz g 
I 3 

a- 
- osz 2 m 

n 
0 '4 

- 005 2 
E? - 7 

- OSE 



a1 '5661 sjndap .sn{d aa .sue a~lenb ~uapuad sainidvs sap luap?sa~d sum a.zrssa12oid uo!:nuwIp aun ?ielsuon r: 
uo '9661 la 566i aau3 .sa?uuop ap aual~os ap saaum ~1 I sap slnos ne suoj~en~sng s~pu~d ap nuuoo lira unr:~uo 
sel np la luamq-lu!el; lnsy np (ntnliso~ r~((!rr8uy) sau!esuawua~~~na'ue.p salcjs~arnuros saln~den sq 

pamas prip pootslapun zq 01 sr aurpap nttemaip sry~ 10 ;\snr?s ay~ jr CprsaiJ pwils\ap 
4 p[noys C%!ouoiy:, uo11~13nu-a3t! arIL .sarsds snsnuued sryr ol uo rlnqmuos ah-risnpuidal ill UIRiUIPU 

01 sr y3ols sryl Jr [aha\ $0~ ay1 OI panpai 3 lsnm a1s.1 C~ITP~OW jpnuuv 1e:ol Ilrla\o CJ~~FIJ jrr-7~>u.IiuoS 
P urelsn\ ol sr uor1i3iauai3 lvau ayl jr asvainur lsnw iuawdrs-ia pw .painsram xi 01 Faau \ale1 C~r~~uour 
pue uou~lro~dxz xmupunqrz pue ruarultnisal jo sasrpur aiqeqai ]sow ayl ait! puur? (C[a\rudsai '49'87 Fue 3%) 
uorlv 1ii3 4 jo mats yijaos Isa ayl aAey %~ryspi;3ala ~ersia~~n.uo,, pug al?^e\sed lappa1 .\:??a4 alom 8-0 1isaI 
m ioj xealnap 01 anurluos Cjqeqoid I~IM ~\atieq put! asuwrmqe ley1 ajrorpur so661 ayl ur uorrria'mr jo 51az\a!: 
0 a Clahrlxdsal .iatpea JL 8 pue $LC 2 -.LC t, puuad u0rrela'n.u yt!ad ayt Zurinp lappq ayl 8uipuaow \[a TO 

ilzqwnu ayl Iq paure~dxa alaki -saynien [BWJ;~UIUIQ~ 1[ela40 ayl ur asusnr4 ayl;o qq~t; pug cayslps Sury\!i~i~a;a 
~vrsiau~wos arjl ui asurrrei ayl jo 4,t.g~ ‘ammo jo IPS syl ur \ay.,lPs j1ie~1 UI MUPIIP\ ayr fo 'J~'9~ lrril 
awsrpur s~.ij~uB uorleIauo3 .\(j861 ayl ur ueyl ~661 asurs isai C;lussgru2rs uaq \ry asurpunyp :Zh61 pup ihh! 
21 pa,?LI?WW03 aurl3ap picij-Of. F2 Ieq: pa]E,lipuI ouelq aye7 iualsea ur 8urqs.ijolua;a jPrs.IaWUIO'J i()iF; at11 UI 

slahal ;fey ueyl ssa1 ais sar~rsuap Iaa '~0661 ayl ur l~yl palsnrpur a~urno $0 Ceg ayt ur 8ur!*\,l~.u xapur i~runwo2 
.3 1s Cq pasaaisap sey lsaury ally H J/,ES 1 Cq pasRainut ivy asrld '~661 awrs -oi~v ysirs ui xPalnap a~r\ia~Soiu' 
LC-* pa~uapa?aldun ue $1 alayt '96-5661 uroi,i exp papIo2ai so LC 511 3yl I~\O CI~DIM pailpi iry ylols 
o1lrluO aye~-~air~ 33uaiMg 'is ~ddn ayl ruog (nit?llso.i njptrBuv) $133 uP?uawv jcj ysleo IPrslaruwo3 

9561 -- VoJS 133 ugapawtr 
oywuo aye? pue Jah!a aauaaihiel*~~ ~laddn ayj 30 snjels 



107 
prlx a augmente de 153 %. tan&s que les pr!ses ont armnu6 de 51 %. Le chaiutage repitre communautalre dans ia 
h i e  de Quinte a indque qu'au cours des annees 1490, la densite des angullies est inferleure a !a moitle des 
nlveaux deu annee4 1970. Ld @%he commerciale a I'klecmcite dans l'est du lac Ontano revele une ahondance dix 
foic moms grande dont la tendance aurait commence en 1991 et 1992; l'abndance est kaucoup pluc faible depui\ 
1993 qu'au cams de\ annees 1980. Selon les analyses de correlation. 34,3 C?c de la vanance des captures au chalut 
&ins !a bale de Qulnte, 70,A % de la vananie des caprures de la gene  commerciaie a l'electncite et 41.5 % de ld 
vdnance d e ~  caprures globales de la g c h e  commerciaie skxpiiquent par le nombre d'angullles qui ont escalade lii 
passe mgratolre en pitnode de pointe de la rmgration, quatre ans. anq  ans et huit ans auparavanr, respectivement 
Les treq faiMes nivedux d ' l m g a t i o n  au cours des ann&s 1590 semblent ~ndiquer que I'abndance et 
I'explo~tatlon continueront probablement de &mInuer pendant au moms quatre a huit autres annees. bk: pdssdge 
de5 angullles dan\ les passes mgratoires et la piche comerciale a I't51ectnatk afiichent Les plus faibles 
coeffiaen~s de vdnatim (38.4 et 486  %, respctivement) et sont les maces les plus fiables du recrutement et de 
l'ahimdance. I1 faut mesurer les taux d'exploitation et de monalite er accroitre les echappees sl I'on veut que l~ 
procha~ne generation put rse soutenir une gche  commerciale. Le taux de mortalite annuel total glob1 doi t etre 
ab=ilrse a 20 '3 pour que 1s stock malnrienne sa contnbution par la reproduction a cette espece panmctique I1 faur 
pou.colr decrire la chronolo_me 2ge-migration avec preasion sl I'on veut pouvoir comprendre et expllquer ld cauq 
de cette hdls\e rddicale. 
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COMMERCIAL HARVEST AND VALUE 

In Lake Ontano, the commerc~al fishery is 
locallzed In Canadlan waters mainly at the east end 
of the lake. A commeraal U.S. fishery exlsted up to 
1982: howeker, i t  \+as relatively small (Baldwln et 
a1. 1979, Lary and Busch 1997). At rhat time. the 
United States permanent13 closed the fishery because 
oi rmrex contamination (Castonguay et 21. 19943). 
The majonry of the commercial harvest of this stock 
1s associated alth the Baq of Quinte, eastern Lake 
Ontano, and the upper St. Lawrence fiver (Fig. 1). 

Records of the commercial harvest of eels 
from Canadian waters of the upper St. Lawrence 
I v e r  and Lake Ontano date back to 1884 
(Department of Fisheries and Oceans [DFO] 1955. 
Baidaln et ai. 1979). Toiai talue of fhe comizrcid 
eel harvesr adc first recorded ktween 1945 and 
1953 (DFO 1955). In 1956. Lake Ontario and [he 
uppzr St. Lai+rence fiver were divided into 
statisttcal distncts. and the comzrcial harvest and 
value ofthe eels \+ere reported by d~stnct until 1983 
JOMNR 1972a, 1972h: bdglej  1975, 1976: 
Montgomerq 1982. 1984: hluldoon i 983; 
commercial harvesr record\, OMNR, Napanee, 
Onlano. unpubl. data). Beginning in 1984, OMNR 
ellrmnated the statistical distncts and replaced them 
~ l t h  quota zones rhat are stlll used todaj, although 
the boundanec hate k e n  alrered somewhat 
throughout the qeari. Each year. OMNR reports 
quotd ailocat~on and hanest (pounds) by quota rone. 
and the a\erage totdl value of the eel fisherj 
(Montgomer) 1985. 1987, 1989. 1991: LOFV 1988, 
1990: Ha17 1991 : Make 1992; Ken 1993: Bend~g 
1994: Ho}le et al. 1994, 1995: Hoyle and Harvej 
1996; commeraal harvest recordi, OMNR. Napanee. 
Ontano. unpilbl. data). 

We examined rhe total harvest and value 
(SCdn.) and their rela!lonshlp, along with trends 
over tlme to deterrmnt. long-term changes and status 
of the s~ocli as reflected t7) the commercial eel 
fi \her). 

CO&Z-IXICNII'Y INDEX TR.4WLING OF THE 
FISH COhlMUNITU OF THE BAY OF 
QUINTE 

In 1952, the fishenes reqarch section of the 
OMNR at the Glenora Fisheries Sra~lon kgan  
community index trawling in eastern Lake Ontano 
and the Bd) of Qulnte (Ca\relman and Scott 1992) 
(Fig. 1). The tra\+llng tias cieagned to prowde an 
index of the fish community: eels Mere nor 
speaficdllq targeted hut tiere caught alth sufficlen~ 

109 
consistency in the Bay of Quinte to prov~de a 
statist~caliy \ahable index. Routine communitj 
indexing In the Bay of Qulnte began tn 1972; a 
"western" lxmom trawl (polyfilament tw~ne) wlth a 
0.5 in. (1.27 mm) cod-end mesh size was hauled for 

nautical rmle (463.3 m). 

Catches of eels followed a Poisson 
&srnbutlon; therefore, catch data were log- 
transformed and geometric mean annual catches per 
umt effort were calculated, along with 9 jq  
confidence lirmts and coefficients of vanation. 
Except for 1989, when the vessels were retrofitted, 
data exlst for each year of the 25-yr penod from 
1972-96. Annual means were tested statlst~cally 
(ANOVA) and compared (multiple range tests). 

COMMERCIAL EEECTROFISMING, OUTLET 
BASIS, LAKE ONTARIO 

In 1984. OMNR issued an expenmental 
licence that permitted the development and use of an 
electroiishing h a t  to commercially harvest eels in 
[he outlet basin of eastern Lake Ontario and the 
upper St. Lawrence River. Betneen 1084 and 1996. 
very precise records of mdsummer inshore harvest 
and electrofishlng effort were recorded, provlding a 
quantitarite c o m e r c ~ a l  electrofishlng index for eel\ 
[Caswlman and Rorakck, Fishenei Research 
Section, OMKR, Glenora Fisheries Station, Picton, 
Ontano, unpubl. data). Annual catch per unit effort 
1s presented as the mean catch.h of daytime 
electrofishlng. along with 95% coniidence 11mts and 
the cvefiicient of \ananon. Among-year means were 
tested statistlcali) (ANOVA ), and homogeneous 
groups were Identified (rnultlple-range test). 

The Index of peak passage up the eel ladder 
(Casselman er al. 1997) was compared w~th  the three 
ahve-mentioned long-ferm measures of abundance 
to determine mhether t t  predicted subsequent 
abundance and harvest of this stock 111 the upper St 
Lawrence I v e r  and Lake Ontarlo. We exdmineli 
thls b3 means of various annual tlme-lapse 
correlation analjses junwe~ghted !east cquares ltnear 
regression). Each data set ?\as regressed %paratel) 
on the eel ladder peak midsummer pwage tndex 
(preactor). The most s~gnificant correlat ~ o n s  were 
flagged and are presented and d~scu\xd Shrl rtj ciii 
tests \%ere performed with Statlstix (Anenjmous 
1995 ). 



RESULTS 

Be:ween 1884 and 1996 (1 13 yr) reported 
commercial hariest oi- eels In Lahe Ontarlo and the 
upper St. Lawrence Rker ~ a n e d  uidelj (Fig. 2). 
 fluctuation^ in harvest. ho~ever ,  are d~fiicult to 
assess becaue there is no relati~e measure of fishing 
effort. Beginning In 1909, commeraal harvest 
increaed suhstanriallj, and in 1910 exceeded 
100,000 Ib for the first time. Hanest continued to 
increax over the next 4 yr. reaching a peak In 1914 
(299,900 Ib) More sharp reduct~ons occlirred; total 
hanest in 1914 was the second h~ghest ever 
reported. Suh%quenil}, harvest decllned untl! the 
early 1940s. reaching a low in 1942 (15.7C10 lb), 
which \xd\ the lone\[ catch of eels thls centurq. 
Hdrte\t remdined lo!$ for many years but gradually 
increaqd. B) 1958. c o m e r c ~ a l  hanest surpassed 
1 00,C)~iO 1 b for the fir4t tlme since 1 927 (Fig. 2). 

A second peak In commeraal catch started 
In the eiirI> 196& (1963--149,700 lb). reached a 
maxllnum in 1964 (245,700IIb and &cilned In the 
late 19604 (1967--115.667 Ib) (Fig. 2). Although no[ 
a, large as the first peak, the iecond peak penod was 
fol1ov.ed by d trend of incrcaslng rather than 
deueavng harie5t. Between 1970 and 1972. a 
pdrllal closure of the eel fishery due to mercur} 
contdmnarion (Bald~in  er dl. 1979) did not seem to 
ai'iect hariesr agnlficanil}. a5 an increasing trend 
continued. 1ead:ng to the third pedk or'the century. 

Peak har\e\t In the 19704 and 1980s started 
in 1974 (121.915 lb): this hariesr was by far rhe 
@eate\t this cenrur} (Fig 2). Thls substdntidl 
incredw continued unt~l 1978 and 1979 (508,225 
an3 492.282 Ih, re5pecilteiy). Akien%drds. harvest 
deci~ned driindticall}, reaching a 10% in 1982 
(64,486 lb) when the European el market was 
cloxd kcauie oi rmrex contamnatlon (Muidoon 
1983). In 1984. yuora- one management and hdrvest 
allocations were implemented. and fbr the next 10 
yr, eel ilarvcsi was sraMe and uell ahve  200,000 Ib. 
Harvesr decred-ci In 1993 and subsequently showed 
a marked and prugre5slxe deciine that continues to 
the present (1996;. Thls is the onl} 4 }T of 
Lonsecutive decline dunng the 113 );r that records 
hdve k e n  kept. and hariest \%as not affected b j  
contmlindnts. 
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d~fferent direct relatlonslxps have occurred. From 
1945 to 1978, there was a strong relationship 
between increased harvest and value ( P  >0.001, r2 = 

0.846). However, from 1979 to 1984, the 
relationship indcates an Increase in value but a 
downward trend over tlme (1' ~3.002 ,  r' = 0.9371, 
a h ~ c h  was related to mrex contamnatlon and the 
closure of the European eel markers. Between 1993 
and 1996, a considerably dfferent inverse trend has 
emerged. Pnces ~ncreased b j  1534. and harvest 
decreased by 551 %; t h ~ s  indcates a marked decline in 
hamestable eels, with Increasing demand (value) and 
decreasing supplj . 

COMMUNITY INDEX TRAWLING 

Eels are an Important species in the fish 
communtty of the Bay of Qulnre. Repllcare sampling 
effort was aiallable, so vanance could be measured, 
and was hlgh with thls sampllng technique (mean 
CV = 133.14). Nevertheless, the index provided a 
measure of the relative abundance of eels. Between 
1972 and 1996. the geomernc mean trawl haul catch 
of eels was 0.30 1 0.07 (95% C.I.: il: = 24) (Fig. 4). 
During this per~od, the catch of eels varied 
significantl} (P < 0.00C)l) (cr~tlca! T = 1.96). 
Overall, howem, the mean carch of eels In the Bay 
of Quinte shoued a downward trend. Between 1987 
and 1996, eel catches \%ere very low except for a 
sllght increase in 1994. In the 1970s, >2 eels mere 
caught per nautlcal mie  of trawling. \\bile most 
catches in the 1990s a ere < 1 pzr nautlcal r i l e .  

COhlMERCIAL ELECTROFISNING IKDEX 

Detailed catch records allowed quantitative 

analyns of the comnercial electrofishing catch in 
Lake Ontario and the upv r  St. Lavrence Ever. 
From 1984-96, commercial electrofishing was 
conducted for 208 d; oier the years, the mean catch 
of eels-h-' of electrofishing (CbX) was 55.2 + 14.4. 
Mean CV a a s  1oa (48.6%). Over t h ~ s  13-}T penod, 
hoaever. CUE decllned sign~ficantl} ( P  < 0.0091) 
(Fig. 5). From 1984-90. commercial electrofish~ng 
CUE ranged from 63.1-93.0 (mean CCX = 77.9 + 
19.6). The greatest catch occurred in 1989 (93.0 1 
32.2). A multlpie range test ~nhcated that dramatlc 
tiecllnes In CLT commenced in 1991 (38.5 f 7.0) 
and 1992 (44.4 1 0.7). Bl 1993 (22.7 1 3.3 ,  CLE 
was sigmficanrl} lower than all catches in rhe 1980s 
(cntica! T = 3.47). Decllnes in C'CTE cont~nued in the 
1990s, reaching a low in 1995 (10.5 f 4.9). 

Prlce (Scan) was s~gnir'icantly correlated 
nl th the total corrndrcial harvest of eels In the upper 
St. Lawrence h \ e r  an3 L k i :  Ontario eke; the years 
(FI?. 3). Houeier. k-erueen 1945 and 1984. t ao  
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A senous concern far the future of the 
Quebec i o m e r a a l  eel fisher) was voiced In 1992 
b) fishermen. Three factors \+ere respnsble for the 
concern expressed: a general decllne in total 
landings slnce 1981, ttrvo important consecutive 
annual decreases (a drop of 16.5 Q from 1990-91 
foIlo\sed b) a drop of 18.4 %) and the information 
that the recruitment of juvenile eels, counted 
annually at the Moses-Saunder's dam eel ladder at 
Corn~iall, Ontario, had k e n  declining drastically 
since 1985. 

Thic prompted the two Eel Fishermen's 
Associations of the Upper St. Lawrence Estuar) to 
request the Quekc gokernment to look Into the 
matter. The Ministere de 1'Envlronnement et de la 
Faune (MEF) subsequentlj orgamed an eel 
workshop In March of 1993 (Trembla) 1993). 
Participants (fishermen and hologists) concluded 
rhar rhere had been a senous decline in the St. 
Lawrence Riker eel stock and the situation \tarranted 
tunner stud). The stud) %as canled out over the 
next 2 yr, in order to identifj possible causes of the 
deckne, pdrticularl] the recruitment declrne. Several 
potential causes were identified (Castonpay et al. 
1954). but none could t7e singled out as a major 
contribctor to the decline, or quantified. H~gh rate of 
exploitation 1% i?\ a! sci menuoned as a potential cause. 
An anaiyvs of calch and effort data was undertaken 
for the Quekc fisher5 the rewits of it are presented 
in thir paper. 

COMJIERCIAL, FISHERY IN QUEBEC 

The American eel fishery in Quekc, as in 
all eastern North Amenca. has a long histor) since 11 
was praaiwd b) natlke people before the arrival of 
the European settlers. Then. in Neti France the eel, 
iike the beaver pelt. was a currency as well a 
valuable siaple (Le Jeune 1634; Sagard 1636; 
Kicoias, 1672). 

Since that ame. and until the earl) 90s. the 
species i+a5 one of the prlnclpal conrnbutors to the 
cornmerclal inland fisher). both in terms of landings 
and value (40% of the total landed value). In spite of 
the recent decline In catches. the eel fisher) In 
Quekc still brings in 2 mliion S Can. (dock-side 
value) for a b i t  150 fishermen. 

The commitrcial eel fisher) 1s pursued along 
the St. Lanrence, from Tadou,sac (north shore) and 
Met]\-sur-Mer (south shore) upstream to Lake St. 
Frdncois. a\ \hell as ~n the Oltawd and the Richei~eu 

nvers (FIE 1). There are three main fishing zones: 
the south shore of the Upper St. Lawrence Estuar). 
the St. Lanrence Bver k t ~ e e n  Sorel and Quekc 
arq and the Richelieu River. It is to be noted that 
there 1s no eel fisheq on the Gas@ Peninsula. on the 
Antlcosti Island, or along the coast stretching from 
Tadoussac to the Stralt of Belle-Isle. bur eels are 
present in most of the watersheds of those resons. 

Fishing strategies used today are similar to 
those used by the native people in the distant past -- 
an interception of the eels when they leave their 
wintering areas for their spring and summer feeding 
grounds and when the silver eels migrate towards the 
spa~ning grounds in the Sargasso Sea. 

There are four types of lishing gear in use: 
ueirs, hoop nets (fyke nets). pots and hook lines. In 
the Sr. Lamrence Estuary, downstream from the east 
pant of Orleans Island, only welrs are deploqed and 
are permitted from August 1st to Novemkr 30, bur 
the actual season general]) runs from Septemkr to 
the first days of November. It is predomnantl) a 
silver eel iishery. Upstream from the east polnt of 
Orleans Island to Trois-Rivieres, both ueirs and 
hoop nets are used; both gears have no season. It is 
a mxed yeiiom and silver e l  fisher). In the lake 
Salnt-Pierre area (between Trols-bvieres and Sorel) 
oni) hoop nets are permtted: fishing is allo&ed 
betkieen Apnl 1 st and Novemkr 30: it 1s pnnc~pal!) 
a yelloa eel fishery. 

In Lake Saint-Fran~ois. both pots and hook 
lines cdn be used the \\hole year. In the Ottama 
Bver, only hoop nets are perrmtted. with no season. 
The fishery in Richelieu Rtxr  1s carried oul 
exclusively writ11 nver welrs: no season is tmposed 
but the actual fishing season normall) extends from 
the begnnlng of Ma) to early October; it is a mixed 
yellow and silver eel fishery. 

No catch quotas exist for the eel fishery in 
Quekc, however the numbers of the vanous gear 
typzs permitted is restricted and set forth in the 
annual Quekc Management Plan (Ministere de 
1'Enkironnement el de Ia Faune, Pian de gestion de 
la gche. 1997-1998). X total of 4377 hoop nets. 
167 weirs (for a total of 63,980 m of leader). 3800 
hooks and 350 pots are pemtt ld.  Present11 thcrz 
are ahout 150 licensed fishermen engagzd in the cei 
iisherj. There 1s no recreational or bail iirher) In 
Quekc. 

LAANDING TRENDS 

A continuous record of coniineraai eei 
landing statistics t j r  Quebec is avdildhie iriom I "! 7 
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onward. Kstor~call}, the fishery can be divided into 
several time-penods @g. 2). 

1)  An early period from 1917-39. - The catches 
increased fi-om 272 t (1917) to 550 t b} 1923. 
The penod from the mid-20s is charactenzed b) 
elevated iand~ngs with a peak of 1123 t in 1930; 
the average annual landing between 1931 and 
1939 was 945 t. 

2) A later penod from 1940-49. - The overall 
iandlngs decreased drasrlclilly. The Second 
World War obv~ously had an effect on the 
fishery. The average annual catch was 345 t. 

3) The period from 1950-69. - The annual 
landings Increased from 298 t in 1950 to a peak 
of 577 t In 1957. Then between 1957 and 1962 
there was a drop (annual average of 433 t). 
followed by an Increase from 1963-69 (annual 
axrage of 496 1). 

4) The penod 1970-74 - Landings decllned to 
sl~ghtly abme 300 t .  Thls \+as due to the rnercur) 
contamnation problem and the commercial 
fisher} in the Inland waters a a \  closed. 
Although ~t reopened In 197 1 the effect of the 
ban lingered until 1974 when landlngs started to 
increase. 

The landlngs described ahve  for the whole 
period of 1917-74. can 'k characten~ed b} not only 
large pnodlc fluctuations. but also by large, mostly 
unexpidined interdnnuai vanaaons. 

5 )  The penod from 1975-96, In ~ h l c h  tht fishery 
exhlbt\ a distinct pattern of a long term decline, 
a pattern wh~ch ha, gven n.re to the prewnt 
concern Sor the future of the Quebec eel fishery. 
We observe (Fig. 2) important penodic 
do\%n\%drd shlfts as follo\si s : a mean annual catch 
of 529 t ktween 1975 and 1981, then a drop to 
442 t (1983-90). then a further drop to 308 t 
(199 1 -96), 1.e tv.o consecutive decreases of 16.5 
and 30.3ci, respecr~veiy. 

What makes thls downward trend even 
more s~gn~ficant is the fact that fishng effort and 
harvesting patterns have hardly changed over the 
penod : the nurnkr of active licenses has not 
changed, and the increased market demand and 
pnces have kept the activlty level hlgh (dock-s~de 
pnce in 1996 : 8.80 S Can./kg). Nor have the type 
and quantity of fishing gear deployed changed. 
Some technological improvement however was made 
to almost ever} weir In the St. Law~rence Estuary. In 
1980 the tradit~ond leader was replaced with 12 ft (4 
m) hgh  nett:ng introduced from Scm&t;avia 
(Association des Pecheurs. 1974): thus eels 
s\vlmmng close to the head rope of the leader and at 
the highest tlde could be caught, The greater 
increase In catch observed In 1980 and in 198 1 may 
hake k e n  the result; 70 % of this increase came 
from the estuary. It 1s not k~owm if it was entlreiy 
due to the more efficient gear. If it was. then the 
drop In catches in the foliowlng years carry even 
more neight. 

The question about inaccurate catch 
reporting has always been a contentiou, Issue: 
therefore fluctuations in annual landing5 or catch 
trends over longer pnods  are difficuit to assess. 
This is certain13 true to some extent for the periods 
pnor to 1975. but from 1975 the reported catches are 
close to realit!. In 1986 a detaled catch loghok 
was introduced, furnishing data on dally landlngs by 
fishing locat~on and on effort -- data which are 
regular]) validated. 

The decllne In carches has k e n  obser~ed in 
a11 fishlag d~stncis (Table 1) and the paltern of 
annual fluctuations between the fresh and the 
saltwater sectors is very slmlar. The pcrcenrage 
contnbutlon of each sector to the total annual catch 
has remained fairi} stable (Table 1, 2) up to 1991. 
The mean annual contribution of thi: frcshivarer 
sector between 1986 and 1991 was 35 qr (range : 34- 
37 %); this l nc rea~d  to 44 % betrseen 1992 and 
1996 (range: 38-49 %). We also ohszrve a fair!) 
consistent pattern k t~%een  neighbur~cg fiqhirig 
Iocations within a given sector (Table 3). However, 
since 1990 we defect a noticeable djfference ktueei: 
the sdr and the freshuater sectors (Fig. 3).  
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Table 1. - Commercml eel landings (kg.) for all 4 fishing districts from 1986 to 1995 

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 

Fresh water 
District 

2 96 99 184 323 170 55 74 569 23 1 161 

4 4686 4238 5179 9205 15686 15662 6808 2204 3493 10037 

6 48094 37994 34383 26175 17683 23266 22934 13990 8402 '12641 

8 72634 51282 43459 58190 51411 48434 42855 51287 46304 37404 

3 30051 22623 20955 35784 60597 26226 34856 31470 30469 3454C 

10 27630 29723 42987 22956 25720 25839 35428 27160 30515 41219 

Sub-total 183201 145959 147147 152633 171267 136482 142955 126880 119414 136002 

Salt water 
District 

11 235188 192031 211559 213113 235766 199141 131679 148397 111998 109980 

18 79644 85364 70017 67258 65517 58573 47590 54591 34845 30523 

15 4393 3749 5443 2165 3455 3122 1944 857 2053 995 

Sub-total 313225 281144 287019 282536 304739 260836 181213 203844 148897 141498 

Total 502426 427103 434166 435169 476006 397318 324168 330,524 268311 277500 

Dlstnctr : Termscarningue (21. Lake Saint-Franqois (4). Richelleu (6). Lake Sant-Pierre (8), Trols-Rlvleres (91, 
Upper St. La%rence Enuarj (10, Quebec - 11. east - 15, Malbae - 18. west.) 

Table 2. - Distnbut~on of the total annual catch (Q) bemeen the fresh and saltwater sector5 In the Quebec reelon, 
1986-95 

Table 3. - Distnburlon of eel catches (%I between 2 locations of the Upper St. Lawrence Estuary from i 986-95 
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Fig. 4 : Commercial eel landings ( t ) fkom 
the Richelieu River ,1986 - 1996 

CATCH AND EFFORT DATA FROM THE 
FIXED-GEAR FISHERY 

The catch p r  unit of egon data from the 
fixed-gear is a good abundance indicator of the adult 
eels o f  the St. Lawrence-Lake Ontmo stock. Thls 
r p  of fishing gear has contnbuted to ahout 706 of 
the total annual catch in the provlnce of Quebec. 
The gear 1s ctarionary and the total length of leader, 
once ~nsralled prpendlcuiar (&fierent for Rchelieu 
fiver) to the shoreline, dms nor change dunng the 
fishing season. h4oreover. the actual lengh of leader 
deployed each season by the fishermen is controlled 
and measured by the conservation oriicers. 

The total Iengrh of leaders avallaMe. 
according to the Quebec Fishenes Mdnagement Plan, 
1s 73,817 m for rhe section downstream from Trois- 
Rvleres (to Ru~sseau-&Reburs on the south ~hore. 
and to the Saguena) on the north shore) for a total 
numkr  of 236 traps. Houe\er, a h u t  12,795 m are 
nor used kcause of the present eel problem. 

We have analyzed the C.P.U.E. data from 
1979-95 for the count) of Kamouraska. for the four 
iishlng districts of the Upper St. Laurence Estuarj 
from 1985-93 and for the Rchelieu Rver from 
1985-95. 

COUNTY OF KAMOURASKA (1979-95) 

The county of Kamouraska covers the 
fish~ng locarlons ktueen La Pocatiere and St-Andre 
Fig. 1 In 1995, the catch of the 39 licensed 
fishermen made up 37.3% of the total landings of the 
provlnce. Between 1979 and 1994, the catch made 
up 49.2% (range: 44-55%) of the ro~al. 

There hds heen an mportant decreii% in the 
C.P.U.E. slnce 1983 (Table 4). The Imponant pedh 
in 1982 (Fig. 5 )  can paradoxicall) he explained b) a 
considerable reduction in efiort: becaasc: of' the mrex 
problem (temporary loss of market), man) fishermen 
d ~ d  not ~nstall their gear and on/) 82114 m of leader 
were used that year (24%) out of a total of 34.599 
available, with a total catch of 149 r Feuer 
fishermen and fewer traps made more mpat lng  eel\ 
available to those who d ~ d  fish. In 1983, the effori 
increased to 47%. with a catch of 220 i. In 15284, the 
ei'furt increased by 65.9% o\er the previous year Iwr 
the catch only ~ncreased by 10 t. Over the A>llofilng 
7 yr, the total catches rema~ned at levelc comparable 
to 1983, while the effort increased b) !O-i?rc.  From 
1991-92, the C.P.U.E. dropped 35.55. and the) are 
su 11 decreasing. 



Table 4. Effort, catch and catch per umt of effort (C.P.U.E.) for ihi: count) of Kamouraska from 1979-95. 

Year 

1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1991 
1995 

I Total length of leader 
soaked 

rn 

29502 
29489 
3 1266 

8 204 
18073 

29987 
29155 
3651 1 

37087 
36759 

37969 
36589 
37730 

3751 1 
38664 
33246 
30932 

1 Total catch C.P.U.E. 
k* 

8.25 
10.08 
10.02 

18.15 
12.14 
7.66 
7.42 

6.79 
5.61 
5.52 

5.62 
7.05 
5.84 
3.78 

4.36 
3.57 
3.14 

The deohne In the C.P.U.E. presented here reflecrs an overall decline In the St. Lawrence Rver stock. 

Eg. 5 : Catch per unit of effort ( Q l m )  for the eel weir fisher, of the comnti, of 
Kmmuraska ( 1979 - 1995 ) 
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Table 5. Catch per urn1 of efhrt (kg:m) for the four fishing districts of the Upper St.Lawrence Estuary from 1986- 
93. 

UPPER ST. LAWRENCE ESTUARY (1986-93) 

The four fishing dlstncts of the Upper St. 
Lawrence Estuarj~ have contributed 71% of the total 
annual landing\ of the Province between 1987 and 
1993. A decline in catch per unlt of effort has k e n  
observed litr all distncts (Table 5). The overall 
decline krxseen 1986 and 1993 amounts to 36%. 
There are differences among the various distncts: for 
instance, the Lobver Sr. Lavvrence east (district 18) 
has seen a continuous decllne slnce 1987, whereas 
the other districts shovi a stepwise decrease. 

RICNELIEU RIVER (1986-96) 

The commercial exploitation of the 
Arnerlcdn eel in the Richelleu a v e r  represents a 
unique case. The majonty of the catches comes from 
four nter  uelrs, V shaped ( ~ l t h  rhc apex of the c<V,, 
dov%nnream) made lo block off 2'3 of the width of 
the nver. The R~chelieu Rver drains the Lake 
Champlain bavn. The fishing generally takes place 
from mld-Ma) to rhz kginnlng of Octokr, which 
irnpiles thdt the caiches are not composed entirely of 
nugrating eels but also of yellovs ones. However. in 
the last three years, the catches have k e n  composed 
of onij verj large eels (P. Dumont, Min~stere de 
1'Envlronnement et de la Faune du Quebec. 
Pvlonireal. personal comrnunlcatlon}. Inillrectly, thdt 
tndlcates a recrultmenr failure over a long penod. 

The C.P.U.E for thlr fishery polnts clearly 
to a recruitment fa~iure (Fig. 6: due to the 
confidentialit> of the data. the C.P.U.E. is indicated 
as percentage. ulth 1986 as point of reierence). 

LANDING TRENDS FOR OTHER AMERICAN 
EEL STOCKS 

A sharp decline in eel landlngs ance the 
early 90s, sirmlar to what has been observed for the 
St.Lawrence River stock, has k e n  reported for other 
CanaQan eel stocks. The annual catches in Ontario 
have declined about 504  between 1992 and 1996 
(Casselman 1997). 

Of the four Atlantic Provinces, Neu 
Brunsu-ick and Pnnce Edward Island are the on]) 
ones ~ h i c h  have had an important commercial eel 
fishery for man) years. Their comhned annual 
catches have amounted to over 8 5 9  of the total 
catches of the four Provinces ktvseen 1975 and 
1986, but have slnce decreased progress~vely: the? 
decreased h) 57.6% betbwen 1990 and 1994 (Jessop 
1996). Chaput and Locke (1997) indicated that both 
land-ings and f~eshviater ahandance of eels in rnc 
southern Gulf have declined In recent years. This 14 

slgificant because all regions considered so far 
withln the confines of the Gulf of St.Laarence and 
the St.Lawence a v e r  system dlsplaq an important 
decilne in landngs in recent years. 

The comrnerclal eel fisherj In 
Nebvfoundiand is recent. one of the reasons king the 
closure of the goundiish fishenei. The tota! 
landings increased from 25 t in 1985 lo a peak of 
147 t by 1990, bur they have dropped since to a lois 
of 85 t by I995 (DFO, Newfoundland Repiin 1997). 
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mortalitj is 24% (turbine helice) and 16% (turbine 
Francis) (Hjdro-Quebec, 1995) for eels less than 90 
cm (TL). According to Kolenosk) (1976). the 
mortality of eels 90 cm or longer would reach 100% 
for turbne heiice of the sue used in Cornwall and 
Beauharnois dams. 

Effective management actions are urgently 
needed in order to enhance the eel stocks and, hence. 
the fisher) in the long run. Houever, the present eel 
problem is a species-u~de one and requires a speaes- 
wide mnagement action. It ir pertinent here to 
mention that the European Inland Advisory 
Comrmssion recently (1993) deaded that the time 
had come to reconsider the needs for stock-urde 
management actions for the European eel (AngurlEa 
anpullla) in view of the long-term recruitment 
decline of rhls species, although it  did not cons~der 
the European eel prohiem as .severe as the North 
Amencan one (Dr P.V. Hodson, Dept. of Biology - 
Queens Univers~ t j  Kingston, Ontano.) 

The abundance of the species is declining; 
just malntainlng the current level of fishing effort 
would decredu further the spaaning portion of the 
popriiation -- which will lead to a still further drop in 
recruitment and eventuall) to a collapse of the Korth 
American commercial fisher). Time has come to 
uorrj a b u t  the speaes. Stock recovery cannot 
begin onill there 15 produnion and suniival to 
matunt j oi a si-mificant number of ne\i. recruits. 

In spite of the lack of precise holopcal 
information on many aspcts of the North Amencan 
eel life cjcle. there are a number of trends and 
obseriations \i.h~ch should be a cause of concern for 
the future commercial eel fisher1 throughout the 
geographical range of the species : 

1. A step%ise decrease in the totai annual eel 
landings In Quekc since 1981 (or 1982). The 
catch is no\+ at an all time 10% of 249 t in 1995 -- 
a drop of 58.8% compared to 1981. Between 
1990 and 1996, the drop of 47.7% 7rn landings is 
rather disconcerting and may &ell k a direcr 
result of the recniltment decline observed at 
Cornwall afier 1985: 
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3. A continuous decline in the Matape&a bver  eel 

<( stock >, density since 1982 (Quekc); 

4. A step\%ise and important drop in rhe C.P.U.E. 
for the fixed gear fisher) in the iotier St. 
Lawrence wesr fishery bettieen 1984 and 1996, 
indicating a senous decline in the abundace oi' 
the species; 

5. A decline, since 1983, in the numkr of juvenile 
eels moving up the Saunder's eel ladder at 
Cornwall. Ontarlo -- a decline particularlj 
pronounced atler 1985; 

6. A decline in the number of elvers In the Petite- 
Tnnite Rrver (Quebec) ktueen 1982 and 1985; 

7. A continuous decline In comercial eel iafidings 
in Ontarlo since 1992. 

8. An overall declining trend in the eel landings 
from the souchern Gulf of St. Laurence in recent 
years; 

9. Dimnishirlg catches in Kewiound!and since 

1990 : 

10. An Important drop in eel landmgs in the Un~ted 
States since 1979 -- a decreaw d 67% 'rk-rween 
1979 and 1990; and 

11. A considerable increase in the total Yorth 
Amencan catch ktween 1975 and 1981, 
followed b j  a progressive drop of more than 45% 
over the next 13 yr. 

The aurhor extends rhanks ro the follouing 
departments and mnisrnes for providing 
commercial catch statistlcr : National Marine 
Fisheries Serv~ce, Silver Springs Maryland; 
M~nistry of National Resourcer; Ftrhenes and 
Oceans. Canada (provinces Pltlant~ques) 

I thank Dr. J.M. Ca\relmm (Ontario 
Min1str-j of Natural Resources, Plcion) and Gug 
Verreault (Ministere de I'Enbironnernenr er de ld 

Faune du Quekc. hmouskri) who cn:icailj retizitrd 
the manuscript. I thank also P-B. Axelsen for 
designing the map. 

2. A continuous drop in the Richelleu River annual 
C.P.U.E. and landings since 1980, representing a 
decrease of over 45'7r ktween 1985 and i 996: 
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area7 (Jessop 19961.): 1. the lower Bay of Fundy, 
N.B. ILBFKB), extending from the Mane border to 
the Saint John Ive r :  2. Chlgnecto Baj 
(CHIGNECTO). extending from the Sant John 
I k e r  through Chignecto Baj to Cape Chlgnecro; 3. 
&?inas Basin (MINAS), from Cape Chipecto 
through Minaf Basin to, and ~nclu&ng, K~ngs 
Count), N.S.; 4. lower Bay of Fundy, N.S. (LBFR'S), 
compris~ng Annapolis and Dlgby Counties. N.S.; 5. 
South Shore. X.S. (SSNS). extending from Queens 
County. N.S. to Halirdx Harhour; 6. Eastern Shore. 
N.S. (ESNS). covenng north of Halifax Harhur to 
the Canso C a u s e ~ a y  7. Eastern C a p  Breton (ECB), 
from the Canso Cause\ia) to Meat Cove on the 
Cabot Strait (Fig. 1). 

The fisher) is maturing In the sense that no 
add~t~onai Iicecwts are k g  cons~dered. 
expr~inental iiching perrmts are k i n g  converted to 
regular licenes. and the fishers habe acqmred 
rubstantiai fishing and maket~ng shils. in most 
iishlng tentiones. the fishing pressure applied ma) 
k. near the maxlmum justliied b) economcs because 
the high kalue of elver( prolides inanti\-e to achieve 
auo~ds ecen ar relatlvel) lo\+ catch rates. 

EI-YER FISHERY AND BIOLOGY 

Elter catches have increased from 
26 I\,n in 19e9 to abut  3,000 kg :n 1995 and 1996 
(Tabie 1). The 1996 elker fivhery in the Scotia- 
Fundy area wa$ pnmaril) a dip-net fishery (66% of 
carch); irap nets contributed 9% of catch. fyke ners 
2 q  . poi s 1 . u hlle rnlxed gedr accounted for 2 1 % of 
rhe cdtch. An attempted elser fisher) in eastern 
Cape Breton (ECB I \+a\ unsuccessful tn 1996 due to 
Improper i i h n g  technl yues. Detdiled d~scusslon of 
elver fisher) catches b) geographic area is restricted 
b) trbe Canadian Pr~vacq Act and Aces\  to 
Idormation Act because of posslMe 11nkage of 
s p a f i c  catch valuex. and thus of economc data, to 
an 1ndi-l idua1 fisher. 

Annual and seasonal vanation in elver 
catch occurs w:thln and among the six geographic 
regions where elver ti\hlng presently occurs (Jessop 
1996'7). Betlieen 1993 and 1995 (the years w~ th  the 
highest annual catches). catches varied up to ahout 
e~ghi-Sold i%lthin a repon and 12-fold among 
regions. Catches nere cons~stentl) hlghest along the 
South Shore and lower Bay of Fundy, K.S., 
moderatel) high in the lo~ijer Bay of Fund), N.B., 
lotier along the Eastern Shore. N.S., and lo\%est (and 
simiari In the upper Ba) of Fundy areas d 
Chlgnecto Bd) and Mnas Baan. In 1996, total d ~ p -  
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net fishing effort was almost 5,200 h, ranpng from 
a b u t  300 h In the LBFNB area to over 1,700 h In 
the SSNS area. Mean (bj ~ught and nver within a 
repon) &p net catch per unlt fistung effort (CPCE) 
dffered among all regions in 1996 except for s m l a r  
values in the lower Bay of Fundy of Nova Scotla and 
New Brunswick and m the Chignecto Bay and 
Eastern Shore areas (Jessop 1996b). Dip-net CPUE 
vaned from 0.53 kg.hr -' (95% CI 0.48-0.79) In the 
LBFNB area to 0.07 kg-hr -' (95% CI 0.05-0.09) In 
the CHlGNECTO area, 0.70 kghr " (95% CI 0.58- 
0.85) in the LBFNS m a ,  0.27 kg.hr" (95% CI 0.23- 
0.31) In the SSNS area, and 0.08 kg-hr -' (95% CI 
0.06-0.10) In the ESNS area. A conclusion of 
regonal dfferences in elver abundance is supported 
by 1. a h~gh  fishlng effort In all regions. ~ h i c h  
implies that elver abundance is reliahly measured; 2. 
no s~gn~ficant correlat~on among regonal means of 
&p net catch (kg) and fishing efiort (h); 3. 
correlation among regional means of CPUE and 
catch (possiblq overestimated due to collineant)): 
and 4. significant differences in mean CPLE among 
regions. Annual and reg~onal vanabilir) In glasr 
eelielver catches, as well as long-term changes oler a 
wide geograph~c area, have k e n  reported wthin a 
country (Holland) and wlthln wstern and northern 
Europe (Deliker 1986: h4onarty 1990) . 

The g e o ~ a p h ~ c  &stnbctlon of elvers In the 
Scotia-Fundy area 1s generally reflected In the 
fisherq for larger eels. \+here the largest fisheries 
occur In southt+est Nea Brunswick (LBFNB) and 
along the southern Atlantic coast of Nova Scotla 
(SSNS) (Jessop 1982, 1996~). Elver lisherq mean 
carch (1 990-961, b geographic region. was 
margnall) correlated (n = 6, r = 0.71. 0.05 c P c 
0.10; one-sded signiiicance test) with eel fisheq 
mean (1950-95) catch. A hlgh elver catch but low 
eel catch in LBFNS reduced the correlation: %iith the 
LBFhTS excluded. the correlation Increased (n = 5,  r. 
= 0.92, P < 0.025). 

The proportion of the regonal elver catch 
occurring In Apnl nszs from zero along the Eastern 
Shore of Nolia Scotla to 29% along the South Shore 
then consistently dechnes along a route progressing 
into the lower Bay of Fundy, K.S. (25%) and 
counter-clockm~se through the upper Baj of Fund) 
from Nova Scotla (9%) to Neu Bruns~lck (8%) and 
tonards the lower Ba) of Fund), N.B. (2%) (Jessop 
1996a,b: Fig. 2). Dunng Ma). the proportion of 
regional elver catch ~ncreases to 67% along the 
Eastern Shore. N.S., to 57-52Vc along the South 
Shore and lovier Ba) of Fund), N.S.. to 80-83% in 
Minas and Ch~gnecto Bays. and 89% In the l o ~ e r  
Ba? of Fundj, N.B. June cdtches decline in a simidr 
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Krueger 1988) pnor to entering rivers. Both mean 
length and uelght of Amencan elvers Increase wit11 
increasng latitude along rhe Atlantic coast such that 
elvers from the Scotla-Fund) area are smaller than 
elkers from the north shore or' the Gulf of St. 
Laurence (Haro and Krueger 1988: Dut11 et a!. 1989; 
Jessop 19963). Elver mean length and weight 
decline slow lq throughoul the run a1 though length 
ma! increaw for a short time during the start of the 
run and growth may become evldent near the end of 
the run (Hdro and Krueger 1988; Jessop 1996d; 
Jessop unpubii\hed data). Length deciined about 3.5 
mrn (5cir) and welght about 0.05 g (26%) ocer the 
1996 run to the E a ~ t  River. Chester. Mean lengths 
and u-eights (and condiiion factors) of elver5 were 
signiiicdntly smaller (P < 0.001) In the East I v e r .  
Sheet Harhur (61.49 m. 0.159 g) than in the East 
Riier. Chestzr (62.24 mn;. 0.179 g) in 1996. Elver 
side may alw barb signilicantlj among years (Haro 
and Krueger 1988: Jzssop unpuMished data). For 
example, in the East %\er. Sheet Harhur. mean 
el\er length4 ranged from 56.57 mrn 195% CI z 
0.012 mm) in 1990 to 61.49 rnm (95% CI I 0.30 
m n )  In 1996 ahiie mean ueighti ranged from 0.159 
P (95% CI r 0.00? g) i n  19rS to 0.192 g (95% CI 
u 

0.003 g)  in 1994 

Eniironmenldl i-actor., such as nver 
iemperdrure. nver level. and nighttime tlde height 
aftecr dad) abundance and %ai,onal partern of el\er 
rmgratron berueen estuarq and stream {Sorensen and 
Blanchin1 1986: Mdrtin 1995: Jeswp 1996d). Elker 
&11) run iiLe on the Eaqt River. Cheuer, increased 
\ + ~ t h  incredsing isater Iernwrdture beyond a 
thre\hold temperature oi 8-10 O C  (Jessop 1996d) 
D;ill> run s ~ z e  initizll> decreaxd with Increasing 
\x+dter lewl then incrzdsed after a lag of four days. 
Ddily abundiince lagged rising maw mum nlghtt~me 
tide level 5) rlilree day4 The rziariie importance or 
edch factor may kar) as run stage and hydr~~graphic 
condliionc change. Relaoons between daill elier 
abundance and eniironmeiiltd-ii factors may d~ffer 
among North American studiec, kcause d 
dfferenceq In the nature of the data, stud) 
conditions, etc 

In the Gulf of S .  Lawrence. relatlve abundance of 
glass eels and elvers declined along the North Shore 
dunng the early 1980s (Dutii 1989) while yellon eel 
densities declined in Gas@ Peninsula rivers and the 
upper St. Lahrence through the 1980s and early 
1990s (Castonguay et al. 1994). Catches of yellow 
eels also haie declined since the rmd 1980s in the 
Gulf portlon of Neu- Brunwick and Nola Scotia and 
Pnnce Edi+ard Island (Locke et al. 1995; Chaput et 
al. this report). Comparable declines in yelioui/silver 
eel abundance mere not observed in the Scotia-Fundq 
area (Jessop 1996~). 

Dlpnet iishing exploitation rate ++as 
estimated at a b u t  30V for the East hver,  Cnester 
(Jessop 1996d). Although the efficient) of 
chpnetllng probably declines on large nvers 
(cenficat~on of this assumption may be difficul~). 
man) fishers dipnetting a specific area may have a 
large effect (Cantreile 1982). The appropriateness of 
an elver fisheq mortal~ty rate may best k judged in 
the context of the total expioltarion applled to eels of 
all agec wthin a stream and the natural mortality 
rdtes that the) would otherwise experience. The 
range of explo~rdtion rate? for \nhlch compensator) 
biolopcal effects such as increased survival and 
groi%~h at lou-er elver densities may reduce the 
~mpact of dn eiier iishery on future insrream stock 
size is unknoi+n. year cuniial rates ibr elvers 
in a r'resh~ater pond ranged from 47-88% and 
decreased with lncreacing stock density (Klein 
Brereler 1992). Density-dependent mortalit), beyond 
a threshold densiry, of elvers and young eels reduced 
the yeld of silker ee!s in a small Norwegian nver 
W~llestad and Jonsson 1988). 

The elier rur, to the East Rver. Sheet 
Harbour (ESNS) lias annually akeraged 242.500 
eliers !range 101,5CiG376,000 elvers) kt\+i.een 1990 
and 1996. vl ith no oht,ious temporal trend: 
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Table 1. Annual catch (kg) of American eel elvers in Scotia-Fundy area, 
by province, and number-of licenses issued 1989-1 996. 

New Nova Total Number of 
Year Brunswick Scotia Catch Licenses 
1989 0 26 26 2 

Figure 1. Map of the Maritime Provinces with boundaries of the geographic areas where fisheries 
for American eel elvers occur, 1996. 
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Figure 2. Weighted mean of monthty percentages of total catch (kg) of American eel elvers, by 
geographic area, for the years 1994-1 996 (except CHIGNECTO and ESNS areas which have "---* 

data only for 1995-1 996). 



Figure 3. Map of Atlantic Canada showing the major oceanographic surface currents and bottom 
features within the continental shelf. 
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INTRODUCTION 

L'anguille d'Amenque (Angullla rosrruta) 
et l 'anguiiie d'Europe (Angullla angullla) 
conndiscent une populante croissante au moment 06 
plui,air5 indices de declin se font rentir. ~ t a n t  
donne que ces deux especes catadromes se 
reproduiwnt dans la mer des Sargasser. 11 .se pourrait 
que de, causes communes affectenr les deux espkes. 

Au QuCkc. le &elin de la gcherie 
d'anguilles argentees el l'indict- de recrutement en 
provenance de la passe migatoire du barrage 
hydroitlectrique de Cornwall font craindre que nous 
assistions actuellement a un probleme durant 
I'engraissement dans nos cours d'eaux? 

Pour pouiolr repondre a cette question, 11 

faudraii a-volr en place un \ysteme d'evaluat~on pour 
le recrutement des ci\ie!les et pour les Cchappemznts 
dz geniteurs. \jstemes qui ne sont pas en place 
actuelicment. 

Au cours des derni2res annees, des 
teniatives d'evaiuation de recrutement ont Ctk 
menkes sur les ri\-ieres Rimouski, Petit-Saguenay, du 
Sud-Ouest. de la Trinitk et Bec-Scie. Les donnCes de 
1996, pour ces trois dernieres rivieres, sont 
presentees ainsi que quelques comparaisons avec les 
observations faites anterieuremenr . 

The populant) of the Amer~can eel 
(Anguillu tosrruta) and tne European eel (Angliilla 
anyrrillu) I \  on the nse at a tlme when there are a 
numkr  of indicators of a decline in stocks. Given 
tile t aa  that These two catadromou5 spcies 
reproduce in the Sargasso Sea. there could he 
common causes affecting both species. 

In Quekc, the decline of the silver eel 
fishery and the index of recrultmenl from the fish 
ladder at the Cornhall hydrmlectr~c dam have led to 
fears that there 1s a problem dunng the feeding stage 
In our \%aienvaqs. 

To answer this question, elver recruitmenr 
and spaaner escapement assessment systems that 
currentlq do not exist would hake to be put in place. 

Ober the ldsr fei+ years. attempts to esaluate 
recruitment5 haie k-en made on the h m o ~ s l u .  Little 
Sdguend). Sud-Ouest, de la Tnnite and Bec-Scie 
river\. The 1946 datd for the last three nvers are 
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presented as well as a fen cornpansons with eariier 
obsen~ations. 

La mCthodolope u t~ l ide  sur les nvieres de 
la Tnnite et Bee-Sae n'a pas sub de mod~fications 
significat~ves en 1996 (Raymond et TremMay 1995 
et 1996). Dans les deux cas, elle reprend d- L T  ~ravaux 
qui permettent d'avoir une &ne de donnks. ktalk 
sur plusieurs am&s. Les donn&s prksentent des 
lndlces relatifs d'ahondance, sans pretendre foun~ir 
des valeurs absolues de recruternent. 

Sur la Pet~te nviere de la Tnnitk (figure I), 
le protocole s'inspire des travaux que Dutil a real~ses 
de 1981 a 1985. Des decornptes d'anguiliertes qui 
franch~ssent une cascade se font trois f o ~ s  par nult 
(21 h 00. 22 h 00 et 23 h 00) de 10 a 12 repri%s 
annuellement. Des echantillonnages de taiile4 son1 
aussi fa t s  a quelques reprises durant la ca~son. 

Sur la nviere Bee-Sae (figure 2). 11 s'agii 
de d'inventalres de 16 statlonr de g c h e  a 
1 'electnc~te. eftectues pour le saumon atlmtique 
(Salmo ~a la r )  juvkn~le depuis 1988, et poursuivls 
spectfiquemenr pour l'angu~lle depuis 1934. Le\ 
stations sont gchees a trois repnses ou plu\. de 
maniere a eqtinler id densite totale d'angullle danr Id 

station deehani~llonnage. 

Sur la ritiere du Sud-Ouest, une passe 
rmgatoire munie d'un piege de denombrement a ete 
installee sur une chute d'eniiron clnq metres, yue les 
angulllettes do~ient hahtuellernent frdnch~r sur dei 
parols verticaies. Un obstacle a ete installe sur cette 
parois. de mainiere a forcer les anguillettes a utiliser 
la passe rmgratoire. 

Sur la Petite riviere de la T n r m ,  Id 

montalson d'angulllettes a &bute tiit (fir1 juin) 
Toutei-ots, une urue imponante vers fd mi-juillet a 
ccmpletement arr&te la mgratlon pour pIueieu;\ 
jours apes  quo3, la monraison a repri\ pour x. 
poursuivre jusqu'a la fin aoGt (figure 7). Pour 
l'ensembie de la saison, on observe 48 'k des 
anguilles au dkcompte de 22 h 00. 36 Q a 23 h 00 er 
16 5% a 21 h 00 (tableau 1). 

Au total, le nombre d'antuilles ohser\ee\ s 
Cte de 5658, ce qul est le rota1 le plus cleie deq qpt  
annees pour lesqueiles nous possedon4 dec donnezs 
depu:s 1982 (taMeali 2). LRs 1402 dngu~llz\ de la 



nulr du 2 juillct reprksenrent Cgalement le comprage 
quotidie11 le plus eleve &puis le debut de ces travaux 
(tableau 3 i .  

Cettc mgration se compose pnnctpalement 
d'angu~ilettes de moms de 100 mm, ce qut 
correspond a des polssons qm son1 entrks en nwere 
l'amee prkckdente (Dutll et al. 1989). 

Sur la nvlere Bec-Scie, I'lnbentaire s'est 
fdit aux memes statlonc du cours des hult &meres 
annees (tableau 4). La densite mesurees est de 14,4 
angutlle, par 100 rn' pour I'ensemMe des statlons et 
de 24,8 par 100 m' dans le troncon principal, so~t  
respectivement la troisleme et la deuxieme me~lleure 
annee de la S n e  {tableau 4). La densite observee sur 
le pnnclpal tnbutaire de la nvlere. le ruisseau 
Castor, esr par contre de 1,l par 100 m2, soir la plus 
falble dens~te obsenee deputs le debut (tableau 5). 

Ler gammer de taille des angullles recoltees 
sur cette n\:ere sont tres d~fferentes de celles de la 
Petite nbiere de ld Tnnite. Les anguilles de moins 
de 100 mrn ne reprewntent que 3,5 % de la 
pctpuiaiion. alors que les angmlle\ plus grandes que 
150 mm cornpaen[ 80.7 % de l'echantlllon (figures. 
5 er 6). 

Sur la rilierz du Sud-Ouesr. la montalson 
d'dngwllctrz\ d debute kers ie 19 jmn; Ies pies de 
monraison on; ete enregistre au debut julilet et la 
mgratlon a ete interrompue par une crue lmportanie 
le 20 juillet (figure 7). A cetre daie. 760 angutllettes 
h i  alent emprunte la passe mgratoirz. 

Ld taille des angullleites presente une 
clirtr1but:on normaie entre 1es clasgs de 105 et 435 
rnm. abet un sonmet a la C!~SX de 225 nun (figure 
81. 

Les observations sur la Petlte rillere de la 
Tnnire. les dens~tes de la nvlere Bee-Scie et les 
monta:\ons sur id Sdd-Oued concemenr des 
angullles qm apparriennent priniipalement A des 
moclpes d'2ge differents. Sur la premere. 11 s'agit 
u 

pnnclpalemeni d'anguillettes qui sont a leur 
prermere ou deuxleme aneee en nvtere alors que sur 
la Bec-Scie et sur Id Sud-Ouesl, 11 s'agit d'angutlies 
q u ~  appartlenncnt pnni~palexent a des groups 
d'hge plus elei e. 

I1 n ' j  a pas actueilement d'indice de 
retrulemenr de civeiles et 11 serait diffiale d'er, 
etablir un a des cottts raisonnabies dans de brefs 
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delais. L'indce obtenu sur la Perlte nviere de la 
Tnmte concerne les angulllettes et est done le plus 
rapproche d'un tn&ce de recrutement. Sur les 
nvieres Bee-Sae et du Sud-Ouest, plusleurs classe 
d'hge sont represente, pnnclpalement celles dec 
anguilles plus Figees, ce qui reflete d'avantage la 
situation d'anguilles bertes en engrajssement. 

Contralrement Zi ce qul a ete observe a la 
passe mgratolre cie Cornwall, nos ~ndtcateurs sur la 
Petite nviere de la Tnmte et sur la nviere Bec Scle 
n'indiquent pas d'affatssement des stock. 
L'in&careur provenant dc la passe mgatolre de 
Cornwail concerne les angutlles qui e rendent le 
plus loin dans le Saint-Laurent et q u ~  sont 2gees de 2 
a 15 ans &tea 1982). Malgre la valeur 
incontestable de cei lndce pour le lac Ontano. 11 e a  
loin d'hre certain que cecl a un quelconque rapport 
alee la sttuatlon du recrutement dans nos nvieres. 
Les angu~lles qui franch~scent ce barrage ont du 
d'ahord franchir emprunter soit la \ole maritlme au 
mveab de Beauharnols ou emprunter l'anaen lit du 
Salnt-Laurent qui est lui-meme harnache en tres 
grande partie. Ailieurs dans les Mantimes et sur la 
Ctite Ailantique &s Ems  Unir. 11 ne semMe pas y 
avoir d'lndice de basse de recrutement. 

L'an prochain, la construction d'une passe 
mgrafolre pour l'angullle sur la nviere Rmouslil 
pourrdlt appxter un element nouieau et plus stable 
dans le re%au. permettant vra:emblablement 
d'obtenlr un recrutement en nombre absolue pour 
l'ensemble de la nbiere. Toutefois, 11 seralt prudent 
d'attendre ies premieres ob\erb atlons avanr de fonder 
toui nos espolri sur e t t e  rivlere; ies espoirs decus 
que nos avons eus anterieurement sur certe r~viere et 
sur les nvieres du Petit-Saguena~ et du Sud-Ouelt 
doiient nous incirer a la prudence. 

Actuellement, les deux meilieurs indices 
proiriennent de la Petite riviere de la Trinitk et de la 
riviere Bee-Scie; elies fournissent des informations 
compli.rnentaires du fair qu'elles concement 
principajement pour la premiere des anguillettes et 
pour la seconde desanguilles veries. Les deux 
rivihes pevvent vraisembiahiemenr nous fournir des 
indices utiles A la prise de decision pour la gestion de 
cette espece B long reme. 

Le defaut de ces deux tndces provient du 
fait qu'elies n'oifrmt pa, d'evaluation quantltatlve 
pour I'ensemMe de leur reseau hydrograpktque, ce 
qul rend dtffiale leur uril~satlon pour des fins de 
comparalson dvec d'autres nvieres. Dans le cas de 
la Petrte rl\lere de la Tnnlte. 11 faudra~t faxe une 
etude sur I'importdnce e la monlaison, 



irairemblaMement par une etude de caprure- 
recapture. Sur la niiere Bec-Scie, on salt qu'une 
quantire importante d'anguille quitte la nviere au 
pnntempi pour se randre dans l'estualre et 
reliennent passer l'hlver en nviere. Cers 
informations proiiennent des observat~ons fates lors 
de la devala~son des saumonneaux. etude q u ~  a etC 
arrkte en 1996. I1 faudrait evaluer l'lnterkt soit de 
reprendre cette etude. solt de mettre des efforts pour 
mieux comprendre ce que represente la population 
residente4 par rapport a la population rmgrant au 
pnntemps ddns I'estualre de cette nviere. 

Beaucoup d'autres informat~ons font defaut 
cur l'angu~ile pour pouvoire baser la gestion de oette 
es@ce sur des baes  scient~fiques. L'evaluation de la 
quantite d'anpillec argenteei quittanr la partle 
flui~aie du Saint-Laurent et leur taux d'exploitat~on 
realise en 1996 est un premier pas important. 
Tourefois. 11 faudrait 1 ajouter plusleurs autres 
elements: la proienance des adultes, les 
deplacements de juveniles, I'evaluatron de ia 
production de petite et moyenne nuere pour n'en 
nommer que quelques-unes. 

A moyen terme, il iaudralt tenter d'obten~r 
un reseau de nilere qui offrlrdit un indice de 
recrutement et ldealemenl un indice de production 
d'an,oullle\ aduites. A cette fin. 11 i'audrait songer, 
lor\ de la constructlon ou de la reparation de passe\ 
rmgratoires, a doter ces equipements d'un systeme de 
comptage d'anguilles qui deviendralt autant 
d'indicareur de recrutement susceptible de fmrn~r  
des donnee5 annuelles de b a e  importanre a peu de 
trais pour la priw de decislon dans la gestion de cette 
espece. 

DISCUSSION 

Observatloni on the Petite Riviere de la 
Tnnite. the denc:ties of the Bec-Scle R i m  and the 
upstream migrations on the Sud-Ouest River involve 
eels thar mainly belong to Afferent age groups. 
Observations on the firs? nver ma~niy invoile llttie 
eels that are spencfing their first or second year In the 
nver \xihiis eel\ in other nverj belong for the most 
part to older age groups. 

There is currently no index of re- ~ruitment 
for elvers and i t  would be d~fficult to estdbllsh one al 
a redsonable cost wlthin a short tlme. The index 
obtained on the Petite Riviere de la Tnnite is for 
littie eels and comes closest to an ~ndex of 
recruitment. On the Bec-Sae and SLI~-Ouea Bvers, 
several agec classe\ dre represented, mainij older 
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eels, so thar the dara reflects more closely the 
situation of green eels in the feeding stage. 

Contraq to what has been observed at the 
Cornuall fish ladder, our inAcators for the Petite 
nviere de la Tnrute and the Bec-Scie hver  do nor 
indcate any stock collapse. The indicator from the 
Cornwall fish ladder concerns eels that go the 
farthest up the St. Lawrence m d  that are betv~een 2 
and 15 years old (Lieu 1982). In spite of the 
lncontrovert~ble value of this index for Lake Ontano, 
~t is far from certrun that this is connected in any 
way to recruitment In our nvers. The eels ascending 
the dam's fish ladder first had to travei up the 
Seaway around Beauharnois or the old k d  of the St. 
Lawence which has also in large part been 
harnessed for hydroelectnc~ty. Elsewhere. In the 
Manlimes and on the Eastern Seabard d the United 
States, there does not seem to be an) drop In the 
index of recruitment. 

Next year, the construction of a fish ladder 
on the hmousiii River could bnng a neN and more 
stable element to the system, which uould probablj 
enable us to obtain absolute recruitment figures iitr 
the whole nver. Houever, ~t would be prudent to 
ualt for the initial observations before plnnlng all 
our h o ~ s  on thls nver, espeaallq giwn the 
disappo~ntments we have preiiouslj experienced on 
t h s  aver and the Litde Saguenay and Sud-Ouest 
Rtvers. 

Cunentlj, the two &st in&cec come from 
the Petite Riv~ere de la Tnnitk and the Bec-Sae 
Bver ar,d provide compiementarq information. Fi3r 
the first nver, they involve primarily little eels and, 
for the second, green eeis. Thz [\so nveri ma) Dts 
able to proiide us w~th lndces useful in mahng 
decisions concerning long-term management of thi4 
s p i e s .  

The drawback of these two ~nd~ces  1s thdt 
the) do not provide a quantiratlve assessment tor the 
watershed as a -hole, uhlch makes ~t dtffi:i-ictli lo use 
them for cornpanson purposes nith other riiers. In 
the case of the Petite Rivlere de la Tnnite, d ~tud)  
should he done on the extent of upstream mgrdtlon, 
like1 y bj means of a mark-reieax-recapture srudq 
On the Bec-Scle hi7er. we knoa that a srp~ificant 
number of eels leave the nver In the spnng lor tnr: 
estuary and r e r m  to winter in the c ~ r .  This 
information comes from observations made during 
the dounstream mgratlon of salrnc~n m~olt. d stud4 
whlch uas stopwd in 1996. An asessrnent \h~>uld k 
done on ~he the r  thls stsdj should k' resurned or 
uhetner efforts should btl made to @din 3 'kttcr 
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Tableau 2. Decompte d'anguilllettes et indice de recrutement, Petite riviere de la 
Trinite, pour 1982 a 1985 et 1993 a 1996. 

Annee Nombre de Capture < 100 rnm 100 a 150 mm > 150 mm 
dkcompte % YO % 

1993 et 1996 : kchantillomage effectui 10 jours aprks le pic de la dkvalaison 



Tableau 3. Nombre et pourcentage d'anguilles par periode, Petite riviQe de la Trinite, 1993 ti 1996. 

Nombre d'anpilles par periode 
I 1 I 



Tableau 4. Denombremenc des anguilles a la p6che A I'electricite, riviere Bec-Scie 1988, 
1989, 1991, 1992, 1994, 1995 et 1996 ")(') 

Station No 1988 1989 1991 1992 1994 1995 1996 

Ruisseau Castor 
3 0 3 
6 5 1 
2 0 0 
6 0 2 
3 4 1 
0 0 0 
5 10 3 

2 5 19 10 

Riviere Bec-Scie 
49 (100) (50) (40) (30) 

44-1 (20) (50) (20) 14 
44-2 12 0 15 10 
4 1 

- 
5 7 (30) 5 

3 8 15 18 10 6 
23 5 2 5 1 
2 2 25 6 8 5 
2 6 4 3 1 
1 12 6 6 5 

200 143 137 7 7 

Total 

Remarque Le nombre entre tes parentheses est une estimation . en 1988 , plus de 100 
anguilles ont ete denornbrees a la statlon 39 

o En 1990, un inventaire en station ouverte a ete eRectue mais Ies donnees sont 
incompletes pour les anguilles Nous avons ellmine cette annee de I'anaIyse 

.z, En 1993, aucun inventaire n'a kte realis6 compte tenu des nlLeaux d'eau trop 
eleves 



Tableau 5. DensitC relative des mmilles ( 100 m-2)calculle sur la riviere Bec-Scie et ie 
ruisseau Castor de 1988 ii 1996. 

Ruisseau Castor 

Ridre Bec-Scie 

Total 17,2 10,5 9,8 5,4 15,9 6,9 14,4 

-4- Ruisseau Castor -I)- hviere  Bec-Scie -X- Bee-Scie et Castor 
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<I00 mm : 56,8% 
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8 n = 148 
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16 
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12  juillet et aoitt 
8 n = 419 
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o i 

Longueur totale (mm) 

Figure 5 .  Distribution des frequences de longueur des anguillettes pour chaque 

pinode d'echantillomage, Petite riviere de la Triniti, 1996. 
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ABSTRACT 

An eel ladder uas in4:alled at tile R. H. Saunders Wydrwlectnc Dam in 1974 and &as upgraded ~ i t h  a 
more permdnenr \tructure In 1980-81. Daia collected on eel passage slnce 1974 prov~de the longest, most complete 
index of recrmtment lor the sgeaes. Houeler. o~>eratln,n condittons and counttng straregles vaned widely over the 
yearg. We e\aluated da11j pdssdge to create a more comp&rahie and quanutatlve lndzx. We chose an index 
in.iol\ing a 3 1-daj penod during p ~ i i  mgration. which, on average, commenced July 18 and ended August 17 
(rnedlan Augua 2). During the wdji genoJ, dally mgration uas qulte consistent (C.V.,x = 38.4%). accounting for 
the majont) oi the total annual passage ix = 71.54, range 42.7-94.892). Over the 22-yr penod, abundance 
appeared to k cyclic, filth lower passage in the md-1970s than prevlously est~mated. Abundance peaked at a 
record Zevei in the early 1980, (1982--27,489 d-I). then decllned sreadtij and significantly after 1986. In recent 
years. record-lou numbers have ascended the ladder; the lowest in 1993 (232 d"), a 118-fold decrease from 1982. 
The peak passdge tndex of recruitment and ermgratlon for the upper St. Lciwrence Bver-Lake Ontario eel stock 
rnaxmizes counrlng ei'fort and proides a rratisticaily more conststent index for analyiing and evdluatlng long- 
: em trends and caure md effect assoc~ated % ~ t h  the ararnatic declines in recent recrultmznr. 

Une p a w  rmgratolre a dngu~lles a ere ~nsta!lee au barrage hydroelectnque R.H. Saunders, en 197A; elle a 
ere rcrnpldcee par une structure perrnzlnenre en 1980-;98i. Les donnees recuel!lies \ur 1e pdiuge de I'anguille 
depu~s 1974 constituent l'indiie de recrutement de I'espece le plus long et le plus complet don: on &%pose. 
Cependdnt. les cond~tlons de ionctlonnement et lec srratepes de denornhrement on! kaucoup kane au 131 des an\ 
Xous aions ebdlue le pdqsdge quotidlen &:I de definir un 1nC1Ice (juan~liatii et plus fac~lement comparaMe. Kou\ 
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INTRODUCTION 

The Amencan eel. Angrrrlla rostrata, is a 
catadromou\ species that spawns In the Sargasso Sea 
iSchmdr 1925: McCleave et al. 1987). The eel 
ieptocephali dnft in the Gulf Stream, amve along 
the east coast of North Amenca, and undergo 
metiimorphosis, and the small "glass" eels mgrate 
into the river< and estuaries (McCleave 1987). O ~ e r  
a 1- to 3 - j ~  period, female elvers of the upper St. 
La.iirence Bver-Lake 0n:ano stock mgrate up the 
St. Laurence a v e r  (Casselman 1987) to the upper 
part of the nver and Lake Ontano, where they reside 
for 8-12 yr. grow and delelop, and emgrate back to 
the sea as maiuring ">e!louH or "silver" eels. In Lake 
Onidrio, eels are an important commercial specles 
(Stewart et al. 1497) that has k e n  heavilj explo~ted 
and acaclnrs ior one-third oi the lalue of the 
comer i ia i  iish han 251. 

The construction of a large hydroelectric 
development impounded ?he upper St. Lawrence 
a v e r  in the late 1950s. In the early 1970s, concern 
deteloped that the impounding dam at Cornball 
restricted the mgration of young eels into the upp r  
St. La\\rence River and Lake Ontano. Great 
numkrs of rather iarge eels Bere seen ccmgregatlng 
i-rio\s the &m (Whitfieid and Kolenosky 1978). In 
1971. a unoden ladder deugned by the Ontarlo 
Nln:\trj o! Kdtural Re\ource\ (OMNR) uas installed 
b:, Ontario H>dro ar the R. H. Saunilers 
H:,droelectric Ddm (Reid 1981). T h ~ s  wooden 
prototlpe ladder efi-ecti\elj parsed large numkrs of 
eel\ (U'hitfield and Kolenosk~ 1978: Eckersie> 
1982) inr 6 :,r. It detenoratzd. houetei, and \%a\ 
replaced in 1980-81 h) a permanent aiumnum 
ladder (Re~d 1981 ). From 1974 to md-  1987, OIMNR 
pers~nnei ewimdted b] karious observarional 
technl yue\ the to!iii numkrs of eels shat ascended 
the ladder each }ear. An electrlc counter was 
installed in Julj 1987. These eulmates of the annual 
pacsdge of eel\ o m  a 22-yr perrod, 1~74-95. provide 
the longettet and mosi thorough annud recruitment 
index for juienile eels in Nonh Amenca. In recent 
year\. this index hds 'men hidely referenced je.g., 
Castongud:, 1994a. h) kcause ~i has documented a 
dramatic decline in aounhnce. LJnfonunarel> , 
k c d i l ~  of financial and personnel constraints. no 
counr\ &ere mdde in 1996, although the ladder 
functioned for 75 d. 

Operarlng umes. counting techn~ques, and 
conkersion estimates laried \+ide!) over the >ears. so 
emmares oi she told1 numkr of eels passed during 
ladder opt-rdtion are not trulj comparable on an 
annual 'tmis. Thc purpose of our study was to re- 

examne al! exlst~ng data and develop a more 
comparable and quantitative index of Imgra t l on  
and rei-rultment. We assume that the overall trends 
of any neu index when compared with previous 
estimates will shoa the same general trends. NJe 
plan to refine the index by examning the penod of 
peak mgration to detemne whether ~t would 
provide a more consistent standard. 

RlATERIALS AND METHODS 

All &anes and document reports contaning 
data on the eel ladder were obialned from the 
Cornwll OMNR Distncr Office. From 1974 to m d -  
1987, the total numkr of eels ascendng the ladder 
each year uas estimated in OMNR reports 
{Eckersie:, 1982; Hendrick 1991; Hanley 1992: Bond 
1994). Vanous protocols uere used to make visual 
counts and extrapolate these io estimate total 
passage. Over the years, methods were altered to 
improve the estimate. and direct venficarion uas 
routlneiy conducted. Visual counts were collected 
replar l j  for a 10-to-15-mnute penod several times 
dunng the da> (up to 20 times on some days). Both 
da) and nigh counts were made. These counts were 
used to estimate hourly passage, which viere 
projected to a 24-h period and were combined to 
estimate the total numkr d eels ascending the 
ladder dunng the operating penod. For detailed 
procedures. see the protocols referenced in the 
aforemenrioned reports. 

In Ju!) 1987, an electric counter has 
~nsralled and validated vcith vlwai counts (0h;lNR 
1987). The e!ectnc counter &as more accurate than 
the vlsual counts kcause ~t elimnared daily 
projections and provided total counts. However. 
anomalous counts, resulting from disruptions in 
11ov+, u ere sometimes detected. 

Over the years. the operation of the !adder 
ranged a~de l j .  from 60-125 d (Eckersley 1982: 
Hendnck 1991: Hartleq 1992; Bond 1994). but it was 
always operated dunng at least the peak mgration 
penod. Standardiration %as necessary to produce a 
cons~stent and comparative ~ndex. Following the 
procedure used by Casseiman et ai. (1990). we 
standardzed total annual counts to the penod of 
peak mgration each year. Peak mgration occurs 
usuallj from md-Jul> to rmd-August. a penod of 
maximum annual water temperature (Casselman et 
al. 1990). We chose a peak migration period of 31 
consecutive da>s and estimated the mean and 
% xlance associated uith da11) rmgration dunng &hat 
period. It should be emphdslred that chi\ aces not 



provide total eel passage, but an index, alrhough a 
good correlation ktween the two would be expected. 

To calculate passage dunng the penod of 
peak mgrdtion, we used dall) counts. Occasionally 
01114 accumulatlve counts for several days were 
recorded. In these Instances, we used the average. 
We detemned the peak rmgration penod, which 
was defined as the 31-d penod In vvhich the greatest 
number of eels ascended the ladder. We calculated 
mean eel passage, 95% coniidence l~rmrs, and 
coefficient of vanatlon for the penod. For some 
years, the peak migration penod could not be 
derermned and was not used in calculat~ng the 
overall peak penod. In 1974, the ladder was not 
installed untll August. and daily counts were 
available onlj after installation. In 1975, daily 
counts *ere available for onl) three days dunng July 
and August. For these 2 yr. we calculated mean 
pdssage by using the penod of greatest accumulatlve 
passage. Dally counts could not be obtained for 1977 
and 1978. For thew years, u s  est~mated the mean 
number of eels that passed during the peak penod b)- 
regressing for all years the mean peak passage on 
total annual passdge. 

RESCLTS AND DISCUSSION 

Ecl pdssage during the peak perlod helped 
s:andar&ze the recruitment and rmgratlon index for 
the eel lddder. Regardlev, of operating conditions 
and countlng methods, the k a  dnd most thorough 
datd nere dva~lahle for the peak p-nod; ofien counts 
were recorded each daj for thls penod This peak 
mgration ~ndex 1s much more precise and 
descriptive and provides more comparable 
quantl tative data to compare aith other abundance 
indices (Caswi~an  et al. 1997; iMarcogllese et al. 
unpubi. MS). 

Total eel pdssage estlrnates for the ladder 
are really just an overall index of relative juvenlle eel 
mgriition up the St. Laurence Rxer, hecauw other 
routes must also be used at the Moses-Saunders 
Dam. Betneen the late 1950s.  hen the hydroelectric 
project \%a\ cornpiered, and the mid-19705, %hen the 
ladder %as ~nstalled, juven~le eels continued to move 
up the upper St. Laarence Rvsr and into Lake 
Onrarlo and supported a major coOmmeraal fisher) 
(Hurleq 1973). Dunng this time. juvenile eels must 
haxe bjpissed the dam b) using the canal systems. 
Amencan eels are known to mgrate through the 
locks of the St. Laurence Seauay (R. Verdon. 
Hydro-Quekc, Montreal. QC, pers. cornm.f Hence. 
eels haxe several powMe lrilrmgration routes up the 
St. Lamrence, and until there are quantltatike data. 
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told ascent up the ladder 1s only a relative index of 
annual mgratlon and not an absolute measure. If eel 
i m p a t i o n  could be quantified, then total ascent up 
the eel ladder dunng the entire year nould k 
desirable. Lachng absolute measures, ho~ever ,  an) 
refinement d t h ~ s  ladder ~ndex of passage would 
make it more useful and stausticdly powerful. 

From 1976 to 1995, the mean starttng and 
en&ng dates for monitoring eel pasiage up the 
ladder were June 24 and September 23-a 91-d 
penod-but ranged from June 8 to October 14--a 
129-d penod (Marcogliese et al. unpuhl. MS). Peak 
passage dunng this time ranged from July 3 to 
August 3 1,  a penod of 60 d (Table 1). Mean starting 
date, me&an date, and mean end~ng date for the 31- 
d peak penod were July 18. August 2. and August 
17. 

The majonty of eels ascended during that 
peak rmgratlon penod. and the eels that ascended 
were younger (Casselman and Marcogllese, unpuhl. 
data). For 18 of the 22 yr. peak rmgratlon accounted 
for an average of 71.5% of the total passage but 
ranged from 42.7-94.8% (Table 1 j. Eel passage 
dunng that time was least vanable, with an average 
cmr'ticient of vanation of 38.4%. However, in recent 
years, as numhrs decreased, this vanation 
~ncreased. The total annual estlmated eel count nas 
strongly correlated wlth the mean daily passage 
dunng peak mgratlon (P<0.001. r = 0.979). The 
unaelghred least squares llnear regression aas: 
Mean Peak Passage = 0.0207 Estimated Total 
Annual Passage. Although the estlmares are 
cornpiirable, the index of dally passage durrng the 
peak penod prokides a more quanritatlve and 
statlstlcallj pot\erf'ul index. 

The lmrmgrarion of eels in 1979 and 1987 
was very slgnificantly different. The mean peak 
penod rmssed a large portion of the peak mgration 
In those years. In 1979. mgration \+as later--Augu\t 
1-31-and in 1987 was earlier-Jul) 3-Augu\t 2. 
Therefore. if it is necesszry to monttor t h ~ s  period of 
peak dally passage, a longer assessment p n o d  is 
required.- It is recommended thar bath July and 
August k momtored. 

Inltial estimates of rota1 eel passage gale 
the impression that from the md-1970s lo the mid- 
198% eel passage was h~gh  arid mioder,ite!) 
consistent (Table 1). However. becaltsn: of ear!) 
operating and estimating procedures, torsi! pas4age 
may haie k e n  overestimated dunng e:irlj year\. The 
index of dally passage dunng the peak period 
suggests thar when the ladder war first ~n\ritlled dnd 



operated, from the md-  to late 1970s. peak passage, 
as a proportion of total passage, bas sibmficantly 
lower (1 974. 1976, and 1981) than In subsequent 
) e m ,  erpec~allj after i t  peaked in the md-1980s. 
Assumng thdt the seasonal rmgration pattern has 
k e n  simlar over rhe years. thls evldence indcates 
that passage ma} not have been as uniforml) h g h  
from the md-19705 to the md-1980s, as uas  
indicated from single annual estimates of total 
passage. We k l ie ie  numkrs were lower and are 
ktter refkcred h) pedk passage dunng the peak 
migratton penod, suggesting more cyclic abundance 
oter the years, w~ th  record-hlgh peak abunddnce and 
passage in 1982 (27.489.d ') and 1983 (26,426.d ' j. 
Neterthelesi, i t  remalns obvlou\ that since the md-  
19b0i, there has k e n  a slgn~ficant and dramatic 
decrease in the number of eels dscending the ladder. 
The mean\ and confidence ~ntervals indicate rhat 
this s~ gnilicant trend In (kcreaced passage 
conunenced 111 1986 (5.380.d '). Passage was lowest 
In 1993 (232.d I ) .  a 118-t'old decrease from 1982. 
The siLmificdnt increase in 1994 is Interesting. 
alrhough unexpla~ned at the preent tune, hut 
probdbl) 1s imponant in understanding the factors 
a-iecting oxera11 abundance. Accurate age 
aswssmenl of drchived sample?, nhich pernuts year- 
cia55 recruitment chronolog) analyas, 1s required. 

This index of pasrage dunng the peak 
pried prov~des a use!ul quanutstive measure that 
nor onl) deiLnk5 relatite passage but 1s more 
coniiaent and comparable than total passage as 
previoilsly caiculaizd and pmt more deta~led 
anal!s, and coinpdnsons. In addtlon, we 
recommend that ir 1s a more efficient and standard 
\\a) oi indexing passage with a mnimam of efiorr. 
W ~ t h  present iinancial and personnel constraints, 

a\se\sment sf p d j ,  mlgratiOn nould maximre rhe 
use of dimmished rewurces. We recommend that 
counting k ~imducred each year to provide thls 
index. Some mghi like to estimdte total passage as 
previouslj xpilrted f;on: peak passage, we calculate 
rhat rhe mean pdsiage dunng the peak wnod 
mult~plied hj 46.3 ertlmates total annual passage for 
thc mean opzratlng candi~ionu dunng 1974-95. 

All agenaes lnierested In the Amencan eel 
srock should k ~nterested in maintainmg the eel 
ladder and assoclated in&ces, since historical!} the 
upPmr St. lawence h te r - lake  h t a n o  srock was 
concldered to k ezpciall] important In malnraining 
the overall abundance of this panrmctic species 
(Axeisen 1994: Castonguaj 1994a: Cas.;elman et al. 
1997). It i i  e\senridl thdt as many juveniles of this 
stock as porable k- passed into the upp r  St. 
Ldarence Rlter and Lakz Ontano lo maintam a 
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strong, viable stock. In adclltlon, this stock supports 
an important commercial fishenes In these areas 
(Casselman et al. 1997) and dunng emgation, this 
stock makes a s~gnificant contribution to the silver 
eel commercial fishenes in the lower St. La~brence 
(Dutil et al. 1985; Castonpay 1994;  Axelsen 
1997). Eel production would be enhanced if t h ~ s  
passage were as &rect and as qu~ck as poss~ble. 
Indeed, all i m p u n l n g  hydroelectnc strucrures on 
the upper St. Lawrence Wver should be fitted with 
eel passage hclllties (ladders) to facilitate 
i m g r a t l o n  to hi stoncall y important and productive 
hab!rat\. 

We recommend that research be conducted 
to quantifj total upstream mgratlon at  he Moses- 
Saunders hydroelectnc impoundment and assoclated 
locks so that passage up the ladder can te used to 
estimate the absolute abundance of ju\enlle 
recruitment for the upp r  St. La~rence  aver-lake 
Ontano stock. We also recorninend thar all oroilth 
archlves k mantained and that otoliths k collected 
from a subsample of fish dunng passage and at all 
st ages of encounter. especial1 y cornrnerc: a1 harvest. 
Research studies should be conducted to collect age 
data to build year-ciass strength. Ilfe-h~story tables, 
and an age-mgration ch rono lo~  for the species. 
Only ~f this is done can cause and efl'ect k proper11 
understood and the factors assoclated with the 
s~plf icant  decline in ladder passage and recruitment 
k. proper11 evaluated. 

Special thanks to Mlke Eckersley, who 
alloaed us to examne copies or reports. dianes. and 
data files at the OhlNR Disrnct Ofice, Cornwall. 
The Department of F~shenes and Oceans Canada. In 
conjunction with Environment Canada as part of the 
Ecoiogcal Monitoring and As.;essment Network 
(EMAN). gave some financial support to L.M.. 
uhich helped make this study possible. We 
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Table 1. Recruitment index for the Lake Ontario-upper St. Lawrence River eel stock. Eel passage at 
the ladder at the W. B. Saunders hydroelectric dam at Cornwall, Ontario, for a 22-year period 
commencing in 1974 are given. The total operating periods and estimated total annual passage (N) 
are provided. A relative abundance index was calculated for a 31-day period (consecutive) during 
peak migration. The daily mean, 95% confidence interval (C.I.), and coeflicient of variation (C.V.) 
were calculated for this index period; the proportion of the total annual estimated passage is 
provided. Daily counts were not available for 1977 and 1978, and too few counts were made in 
1975; therefore, mean passage during the peak periods had to be estimated. 

3 1-day peak period 
-- 

Operating period Date (m d) 
Proportion 

Year Days N Start End Days Mean 95% C.I. C.V. of total 

Mean 91 487551 07 18 08 17 30 10 626 38.4 71.5 

" Mean daily passage, based on a 31-day period estimated from the mean dates demarcating the 
95% confidence limits for the mean peak period over the 22-year period. 

b hilean daily passage, estimated using the regression equation: 
- 

Y(rnean for the pea!, penod) - 0.0207X<smalcd to*ai annual passage). " Construction of a new eel ladder resulted in reduced total counts. 
hstallatio~l of an electronic eel counter between July 27 and August 2. 
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The final discuss~on of the workshop northern geographic areas. Even wlthin certain 

focussed on five issues: current stock starus. causes systems, the St. Lawrence, for example, there 
of current status, management objectives, research appeared to k no recruitment problem as yet in the 
requirements, and the concept of a Kat~onal plan as a m d d e  part of the system (geographic area 2). This 
step to\% ard de~elopment of an international strategy. uncertainty r aws  the question a\ to the causes oi 

stock dechne: are they symptomatic of a population - 
w~de decllne or are the) due to local causes3 

STOCK STATUS 
The posslble factors contributing to stock 

Stock status ua< &scussed in relation to 3 decllne in the Upper St. Lawrence were considered 
eel life cycie stages: elver. yellow eel, and sllter eel to be hahtat loss and detenoration (e.g. dams), 
for each of 7 geographic areas: (1) Lake Ontano and overfi shlng, and environment a1 change in the 
the Upper St. La\+rence F&%er, (2) the rmddle St. northern Atlantic Ocean. It should be noted that 
Lawrence between Cornuall and Quebec Clty. (3) these 3 factors may be cumulative in their effect. 
the lotiizr St. La~+rence, (4) The hchelleu R. - L. Each faaor u111 nou be considered ~n turn. 
Champlain, ( 5 )  the Gdlf of St. Laurence (a) northern 
and (b) southern, (6) Nemfoundland, and (7) Atlant~c Hydro dams are a documented, ngnlficant 
coast (Noiii Scotia and Bay of Fundj). The source of mortai~ty, possiblj as hlgh as 100% of 
e\aluations itf' the ~arious stocks were classified. downstream migrants at some locai~ons. They were 
sorneuhat sut\lect~\ely but based on managers' considered b} some workshop partlapants as 
expenznces with the banous stocks. as: -1, declin~ng: posstbly of more significance than fishlng mortaltij 
-0. uncertain, possibly decl~nlng: 0,stabIe; of sliver ee1s.Obstructions to upstream rmgrants also 
+O.uncendin. possl'crlj Increasing; i-1, Increasing; ?, occur. 
unkno\+ 11. 

There is also a concern that decline In 
The stock e~~aluations are tabulated belo\+. northern stocks could k: due to recrultmen? 

overfishing. It 1s thought that natural rnortallt> muilt 
Geo- Eel Lire be very low to sustatn the stock, because eel, are so 

graphic Stage Sliver long - lited in freshuater; therefore it  1s essential to 
ared Elver Yellou eel eel be concerned abu t  overfishing and passage 

1 - 1 - 1 C) mortdlliies. 
2 3 0 - 1 
3 7 NA - 1 Changng oceamc conditions (e.g. cooling 
4 NA - 1 - 1 of the northern Atlantic) are also considered to hrt 
5 nort hern ' i  3 .) factors dfectlng recruitment vanahlit) - part~cular!) 
5 southern ' I  -1 - 1 in northern stocks. 
6 3 -0 0 
7 3 0 O MANAGEMENT OBJECTIVES 

Tmo ohious feature\ d the table are the 
uficxnain status of most elver populaiions, and the 
general impression of declining numbers of yeilou 
and $liver eels - particuldrij In the more northern 
geopaphc areas. 

CAUSES OF POSSIBLE DECLINES IN 
CURRENT STATUS 

Ii  the v!ew that North American eels also 
constitute a single panmctlc population, then the 
stock - recrultment relatlonsh~p for the varlous stocks 
are interdependent. Although there is a current lzck 
of understandmg as to whal consiltutes a cntical 
level. there has k e n  some evidence of recrultment 
failure In recent years - posvblj coniined to the 

1) EL4BITAT LOSS AXD DETERIORATION 

Improve eficiencq of paruge and reduce 
mortalit} at upstream. and pdi-tlcularij di- a$$ nctrean 
ohaructlons - wlth an emphasis on h>droeiectric 
fa~llties.  Passage must k restorrtd through 
appllcatlon of exlsnng laas and regulation\. and the 
Federal strategy of no net loss should k applied 
HydrL3 zornpanles shou!d be urged io fulfill their 
obiigations. 

2) OVERFISHING 

There is a need to cmpha\izr the 
preccutionaq principle to harkes: and rnanqzment 
of eel stocks. Caution should bt: exera%d uhen 



convdenng an) iishene\ expanslon. Exploitation 
rates will k fro~en, or reduced where possible, 
through reduct~ons of active iishng effort. 

Any fjshery can potentially impact on stock 
statu\: therelore different hdrtest stages should not 
k distinguished and consistent conservation 
pnnclples should be appl~ed across the board. 

Eaih reglon must develop gear and effort 
restrictions as a start totxard a Nat~onai actlon plan. 

RESEAARCH REQUIREMENTS 

Eleven research area\ were identliied and 
are ranked klovc In the order of Importance as 
asebsed bq :he worksl~op panlapanis. 

1. Continued operation and monitoring of the 
Corn\\all fish ladder. 

2. Creation oi an inventor) d fish pa\yage problems 
ior each managzment arc, 

3. Improved derenmnation of exploitat~on rates. 

4. Irnpraved estimates of dotinstream survival to 
improve knowledge of the impact of hydro 
iaciiiiics. 

5. Remota! of dot\nstream obstacles and assesfment 
of the results. 

6 Studle\ oi immlgrati~m and emigration to and 
i ron "li..ding bans".  along eith age 
de:ermlnaiion srudlzs to unarstand stock 
d j n a m ~ ~ \ .  

7 .  Gp-to-date fishrng eii'ori analysis froin all 
junsdtctions. 

8. Accumuiat~on and analysis of sex-ratlo data 
throughour the pilpu:arior, range. 

9. EsraMlsh \zlid estimares of mortality from the 
elver ro  he silver eel stage. 

1O.Bring Mantime\ log boolir up to date, and 
de\elop more indices of surklval and abundance 
In vanour n\ers. 

The need for a continent-wide approach to 
managlng and conserving eels &as clearly ~denrified. 
It Bas achonledged. however. that developing a 
joint Canada-US approach ro managng eels could be 
a long, drawn-out process, espec~ally tf the approach 
lnvolved the development of a separate eel 
consenration treaty and cons~denng the hgh!y 
decentralized nature of US iishenes adrmnistracron. 
It vcas suggested that the US cpl;d he approached 
throiigh rhe regular bilateral channels to determne 
the most appropnate avenue to foIlovi. Ir was also 
suggested that an organization like the North 
Atlantic Salmon Conservation Organization 
(NASCO) could have its mandate broadened to 
include eels, rather than developing an entlrelj new 
arrangement. There was agreement that burh these 
options could be cornplementag and should k 
pursued. ICES. the sc~entific adv~sory hod;\ to 
NASCO, alread) has a scientific ~orlclng group for 
eels. The simlarirles ktween ihe European 
(Angullla anyulllu) and Amencan eels and the need 
for conljnent-w~de management of the spcies 
suggeqts tha! NASCO's adopiion of eels could k a 
good dpproach. 

La discussion finale de l'atel~er a porte sur 
cinq points : {'eta: acruel. du stock, ies causes de cer 
etat, les oh!ectli's de gesrlon. 1es hesolns de recherche 
et I'elahration d'un plan nat~onal c o m e  premere 
e t a p  vers 1 "etabl~ssement d'une strategle 
~nternationiiie. 

L'erar du stock a ete evalue en fonctlon de 
l'examen de trols stddes du cycle hologque de 
l'angullle (la citelle. l'angu~ile jaune et l ' a n ~ l l l e  
argent&) dans chacune des sept zones gkographiques 
: 1) lac Ontano et haul Salnt-hurent, 2) moyen 
Saint-hurenr, entre Com\+all et Qukkc, 3) bas 
Saint-Laurent 41, nviere Rcheiieu - 1 ac 
Champlain, 5 )  golie du Salnt-Laurent al nord et 
b)sud, 61Tene-Neuve et 7) c6te atlantique 
O'douvelie-Ecosse et bale de Fund)). Les evaluat~ ons 
des differents stocks ont ere classes, de facon un peu 
subjecut e. mais selon I 'experience des gestionnalres 
&s divers stocks : -1. en b ~ s % ;  -0. Incertain. Fu r -  
&re en katsse: 0, siahle; 10. incertaln. peut-&[re en 
hausse: + I ,  en hame :  ?, Inconnu. 

11. Determine the contr~hution of non-expiolted 
areds. such as the Nonh Shore ~f the Gulf of St. 
Laurence and the Ca\pe to the spatvnlng 
popularion. 
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Les evaluations des stocks sont ~nd~qu&s partlclpants de I'atelier c o m e  plus Importants que 

dans le tableau a-dessous. la rnonal~te par Nche des anguilles argentees. 11s 
constituent auss des obstacles 2 la mgratlon vers 

Zone Siade de 1 'amont. 
geo- l'anguille Anguille 

gapluque C~velle jaune argentee On est egalement preoccug par la balsse 
1 - 1 - 1 0 des stocks septentrionaux qul pounait Ctre due a la 
2 '? 0 - 1 surexploitatlon des recrues. On croit aussi que la 
3 3 n.d. - f rnondiltk naturelle doit Ctre rres fa~hle pour assurer le 
4 n.d. -1 -1 sout~en du stock. kimt donne que les angullles vlvenr 
5 nord ? ? ? tr2s longtemps en eau douce; 11 est donc essentiel cle 
5 sud ? -1 - 1 se preoccuper de la suwche et de la rnortallre au 
6 ? -0 0 passage des obstacles. 
7 ? 0 0 

Les condirions odaniques changeantes 
Lei deux caractCnsiiques qul ressonent de 

ce tahledu sont la situation lncenaine de la plupart 
des populations de c~velles et i'lmpression generale 
de dimnutlctn des anguilles jaunes et argentees - 
partlculleremznt ddns ies zones septentnonales. 

CAUSES POSSIBIXS DES BAISSES 
ACTUELLES 

SI l'on consldere que les angu~lles 
d'Amerique du Nord constituent egalement une 
population panmictique unlque. la relatlon stock- 
recrutemenr des dlvers stocks esi alors 
inrerdependdnte. Bien qu'on comprenne mal pour le 
moment ce qul consilttierait un nibeau cntlque. on a 
pu oberber de\ slgnes d'kchecs du recruiemenr ces 
dernlere\ annee\ - put-elre llmitees aux reglons 
sepienrriondlr\. A l'tnteneur mf'me d'un reseau 
hjdrogrdphique, le Sam-hurent par exemple, 11 
xmtila!r nc pd\ 3 3\01i eu de proMeme de 
recruteinent jusqu'lcl dans la partle moqenne du 
r e m u  (zone geographique 2). Certe lncertltude 
souleve dei questions quant aux caures de la ba~sse 
de< stocks : qont-elles sjmptomatlques d'rtne 
popularion en declin ou sont-eiles dues a des causes 

Les faaeurs poss~bles qul conmbuenr 2 la 
dimnutlon des stocks dans le haut Saint-Laurent 
etalent conaderes comme &ant la perte et la 
dittenoration de l'habitai @.ex. A cause des 
barragec). ld surexplo~tation et les changements 
survenilr dans Ie miieu. dans l'ocean Atlantique 
nord. I1 convient de noter que ces trols facreurs 
pourralent avoir des efi'ets cumulatifs. Chaque 
r'acreur e a  etud~e tour a tour. 

(p. ex. refroldssement de I'Atlantique Nord) sont 
auss~ conslderees comme un facteur qul pourralt 
lnfluencer 12s fluctt.ations du recratemeni - sunour 
chez les stocks sttptentnonaux. 

OBJECTIFS DE GESTIOK 

I) PERTE ET D ~ T ~ R I O R A T I O N  DE 
L'HABITAT 

Ameliorer 1 'efficaci te du passage aux 
obstacles et reduire la mortalite au passage vers 
d'amont et particuli2rement vers i'avai - 
notamment dans le cas des installations 
hydrdlectriqaes. Le passage aux obstacles doit &re 
assure par I'applicaiion des lois et reglements 
existanrs. ainsi que de la strategic fedkrale d'aucune 
perte nette. I1 faudrair indster auprks des compagnies 
hydrdlecrriques pour qu'elles rempiissent leurs 
obligations. 

2) SUREXPLOITATION 

I1 faur mettre i'accent sur l'apphcation du 
p n n a p  de precaution a la g c h e  ei a la gesilon de\ 
stocks d'anguiiles. I! faut faire preux de prudence 
lorsqu'on envisdge une expansion de !'i gche.  Les 
tau% d'exploitation seront Moques ou redulls lorsque 
c'est poss~bie, par une dmnutton de l'efiort de 
Nche actll. 

Touie explollation peut avolr des incidence, 
sur I'etat du stock; par consequent, r l  ne faur 
fare de disrlnct~on entre les stades d'expio!iation er 
11 fact appliquer des pnncipes de conxrvanon 
umfomement a tous ies mveaux. 

Lei barrages hjdroeiecmques consrltuenr Chaque reg~on dolt eiabilr dcs re\ir~-r c 101x5 

unc cauw ~rnportante, bien documentee, de mortallre, concernant ies engins et I 'ehrt  c o m e  point de 
'Irteint pdrfois 100 r/c des mgrants vers I'avdl a depart de l'etatii~sxment d'un plan d'aclion 

endroit,. Ils sont conuderes par certa~os nationdl 



BESOISS DE RECHERCHE 

Onze sujet, de recherche ont ete definis. 11s 
iont cla,ies CI-desioui par ordre d'in~portance. 
d apse4 l'ex aludtion dei partleipant5 $ l'atelier. 

1 .  Fonctiont~en~ent et surveillance continus de la 
ps\se nxgratoire de Corn\% all. 

? C'redtion d'un repertoire dei problen~e\ de passage 
du potsson pour chaque zone de ge5tion. 

3. Amelloratton de la determination des taux 
d'explo~tatlon 

4 Amel~orittion de l'e\ aluatlon du tnux de survle en 
a\iil. afii; d'dccroitre lei connaissance\ des 
repercui\loni de\ instdlldtioni hydroelectriquei 

5 Retrait ties ob5taclri en a\al et e\:tluation des 
re>ultL%t\ 

6. Etude< du tdux d'inln11grdtion et d'em~gration 
dani lei hiliiin\ << d'engralssen~ent D. et etude de 
la detelnxnation do 1'3ge dfin de conlpiendre la 
ii> n,:;niqus ae\ itoski 

7. z4n,i!j4e a joiir de I'effort de pEche Je  tous les 
>ecteuri de competence 

h 4ccumuIaticn e i  anallie Je, donnee4 <ui lei 
proportions des sexei au sein de la popularion. a 
!'echelle du ter11to1re. 

10. Mise B jour des registrei des Mar~t ln~es  et 
recherche d'autres Indices de sunrie et 
d'abondance dans les d i ~ e r s  cours d'eau. 

11.  Detern~lnation de la contribution des zones non 
exploitees. comme la C6te-Nord du Sa~nt-Laurent 
et la Gasphie. aux populations de reproducteurs. 

Mkme i i  les participants ont reconnu la 
necessite d'elaborer un plan canado-americain de 
gestion et de consert ation de 1 anguille. 11s ont aussi 
reconnu qu'll pourralt s'aglr d'un long processus. 
surtout si la demarche dolt ~mpllquer I'elaboration 
d'un traite distmct sur la consenfatlon de I'anguille et 
conlpte ienu de la nature fortement decentralisee de la 
gestion halieutique aux Etats-Unis. I1 a ete propose 
d'approcher les Amerlcdin5 au n1o)en des \ole\ 
hierdrchiques nornlales afin de detem~iner la 
meilleure fagon d'aborder la question. I1 a aussi ete 
propose d'elarglr le mandat dbn  organisme comnle 
I'Organ~sation pour la consen ation du saumon de 
I'Atlantique Nord (OCSAN) pour inclure la gestion 
des anguille<. plutbt que d'elaborer une entente 
entierenlent nouvelle. Les participmts ont convenu 
que eel  deux possibllttes pourraient Eire 
complernentaire< er qu'elles merltent un examen plus 
approfondi. Le Centre international pour I'exploratlon 
de la mer (CIEM). qul donne des consells 
scienttfiques a I'OCSAK. a deja un groupe de trakail 
scientifique sur 1 anguille Les sim~litude\ entre 
I'anguille dlEurope (Angullla anguilia) st I'anguille 
dlAmerique et la necessite d'adopter un plan de 
geition de I'eecpece pour I'ensemble du continent 
amenent a penser que ce %erait une bonne tdee que 
ilOCSAh dssunle la gestion des anguiller 


