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Canadian Atlantic Fisheries 
Scientific Advisory Conrnittee 

CAFSAC 
Advisory Document 81/11 
(Revisedl 

' Hana~ement of Grey Seals 

.-
. CAFSAC, at its meeting of 30 October 1981, considered the available 

information and analyses on the stock status of grey seals in the northwestern 
Atlantic and on the questions of fixed gear damages by grey seals and the 
codworm problem as it ll'ilY relate to grey seals. Based on these considerations, 
management advice was f?rmulated as follows. 

Based on pup mark-recapture experiments, ft is estimated that pup production 
in 1977 to 1979-was in the range of 8,800 to 10,000 per annum. Based on these 
estimates and estimates of maturation at age and accepting the assumptions that 
age composition of age l+ animals in the bounty kill is representative of that 
in the population and that the sex ratio is 1:1, · the population estimate at the 
beginning of 1980 is about 11,000 pups and 44,000 age l+ animals if natural 
mortality is the same as that estimated for British grey seals i.e. M = 0.067. 
If Mis as high as 0.10 the estimates are 10,000 pups and 41,000 age l+ animals. 
Cohort analysis estimates that the population back in 1967 was approximately one 
half to one third of the estimated 1980 levels and hence that the population has 
been increasing at an instantaneous rate of 0.04 to 0.07 during this period. 

These estimates do not;have a very high degree of reliability and, given 
sufficient time, they could be improved upon through further analysis of 
available data. More reliance can be placed on the estimate of 1980 stock size 
than in that for 1967. Thus, the estimated rate of population increase in the 
intervening period is also less reliable. That substantial increase has 
occurred is, nonetheless, well supported by available evidence. 

Recent study of the incidence of codwonn (Phocanema decipiensi indicates 
that this parasite has become far rmre abundant 1n cod in 01v. 4vn than it was 
25 years ago. American plaice and grey sole in Div. 4Vn, which were rarely 
infested ZS years ago, are now subject to heavy infestation. There are also, as 
yet unverified, reports from processors that cod, flatfish, and even haddock in 
some cases, from the offshore banks of the Scotian' Shelf now have a worm 
problem. Fish from this area were relatively worm free 25 years ago. 

It is an intractable scientific problem to prove that the increasing 
pol'u.a-... un of gr~y seals i!. the CdJS~i~ v~ ~actor in the increc-s'? 'n ircitfeice of 
codworm and such proof cannot be expected in the forseeable future. The 
coincident population trends and the established biological relationship between 
the two animals, the qrey seal being the primary definitive host for the 
codworm, are however, sufficient in themselves to strongly suggest that this f s 
so. It is, therefore, considered rrost likely that a reduction in the population 
size of grey seals would result in a decrease in the severity of codwol"l!I 

- infestations in fish. Given that the life history of this parasite through the 
egg and inmature phases in various intermediate hosts can be· a long one, there 
could be a considerable time lag between a decline in seal abundance and a 
reduction in the incidence of codwonn in groundfish. The length of this lag 
time cannot be predicted. 

An estimate of fixed gear damage caused by grey seals was nede based on a 
questionnaire survey of fishermen in the affected area of eastern Cape Breton 
and the eastern shore of mainland Nova Scotia in 1978. A maximal estimate oF 
losses due to grey seal damage to gear was a total of $157,500 for the whole 
area in that year • . The highest estimate of average loss per fisherman in the 
worst affected area was about $300. As groundfish gillnet gear is the one 
mostly affected, policies which have been in existence in recent years which 
discourage gillnettfng for groundfish will likely have the incidental effect of 
reducing losses due to seal damage. 
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If a management objective to reduce the incidence of codwonn in groundfish 
catches (i.e. in fish as they come from the sea) is adopted, the only available 
approach is to reduce the population of grey seals very substantially - perhaps 
by as much as soi. This has a high likelihood of being successful but only 
after seal abundance has been substantially reduced for some period of time. As 
an indication of the management action implied by such a decision, a kill of 
8,000-10,000 seals consisting of soi pups and soi age 1+ animals in each of the 
next two years would only limit the population to the 1980 1 eve1 based on this 
stock assessment. The nunt>er of animals to be killed to meet a particular 
objective is, however, very sensitive to the sex and age composition ·of the 
animals killed. It is recommended that, if a management objective is decided 
upon which requires substantial kills of grey seals, a joint planning session be 
held between those who could evaluate the feasibility of alternative strategies 
for killing various sectors of the grey seal population and the biologists who 
can evaluate the impact of these strategies on population production so that 
k i 11 targets can be ca 1 cul ated. _.: 

J • -

Given the uncertainties in estimates of population status, it is 
particularly important that any kills should be planned so as to increase stock 
assessment accuracy, and a stepwise approach be taken so that there is high 
confidence that each step will not be detrimental to the continuing productivity 
of the grey seal. It is pointed out that a cull, at this stage, on Sable Island 
would compromise existing research efforts. However, an intensified cull of 
pups on the ice in the Gulf of St. Lawrence could contribute significantly to 
establishment of the accuracy of population size estimates. 

Information gained as a result of the bounty kill is an essential element of 
this assessment. If, for any reason, it is decided to terminate the bounty, an 
alternative source of age composition information will be required if future 
population trends are to be monitored. A controlled cull specifically designed 
to provide population age composition information would be a suitable 
replacement for the bounty prograrrme. It is recoll'mended, therefore, that if the 
bounty is terminated, it be replaced ~mmediately by a controlled cull. 

,• 

·'" 

. -·. 

; 

..: ... 
. :~ 

~:j -. ,. -
:·J:;_ ~ 

l 

;~~ 
· . ~ ~::. .lf. 
~-~; 

{;~: · 
-~~-~~. 
-.-~ 

~-~~~ ·: ,. 
- .. ~ 
-~.t~~#. 

~~~~: 
)-:•:: 
.. :i_ .. 
;--

·'<· -· 1 :~"=i: .. 
z 

' 

::~ I 
. ·::·~~~ II 
. _! 

:!._;,_ 

;':' 

.-·:t.1· 
r;:.~( 
.]".~ 

:~' I .-::-:: t 
.. : . .,c: ~ --fi 

.iti~· 
";~ 
.;;~1·· 
·.:.i'?i 
· ·..;.-..i.t" 

--~~ 

·:_I 
~§~ 
~:: 

~: 
.. _'i~--

;'" ... ~·: 
·~..; ... _ ~ .. -.. 

. itg~ 
_ :~~1; 
"'T:tr"~ I 

,..,~!l"~f 
. ~~~!1.l 
-~~ft 
~~-
·~·- ·· 

l 
l 

1 

,l 
l 
a 
J 

) 

l 

J 

J 
] 

J 

1 

.J 

J 

J 



l 

l 
l 

] 

8 
1 
] 

] 

J 

J 

J 
f 

] 

j 

J 

J 

Canadia~ Atlantic Fisheries 
Scientit1c Advisory Conmittee 

CAFSAC Advisory Document 83/20 

Status of Grey Seal Pooulation in the Northwest Atlantic 

CAFSAC, at its meeting of June 29, 1983, considered the available information and analysis on 
present pup production and population size and trends in these parameters for grey seals in the 
Northwest Atlantic. 

Estimates of pup production were derived from the results of several large scale mark-recapture 
experiments carried out between 1977 and 1983 on Sable Island and in the southern Gulf of St. 
Lawrence. On this basis, point estimates for pup production in 1977-79 ranged from 11,000 to 16,000 
and nominal 95i confidence limits ranged from 8,600 to 25,000, The interpretation of these 
estimates is complicated by two considerations. Firstly, the estimates are based on assumptions 
especially regarding the mixing of marked and unmarked animals in the population and the reporting 
rates of catches of marked and unmarked animals. High geographical variation in the ratio of marked 
to unmarked seals in reported recaptures indicates that marked seals are not randomly mixed among 
unmarked seals, especially during the first year following marking. The impact of uneven mixing is 
exacerbated by concentration of marking at Sable Island. Estimates presented are based on 
recaptures one or more years following marking when mixing is more complete but unknown potential 
biases remain. Information on recaptures is based on returns of tags and jaws for rewards. 
Unevenness in submission of tags and jaws has occurred and reduces the reliability of estimates 
presented. Secondly, during this period, pup production at Sable Island is known to have been about 
3,000 by extensive direct observation and marking. If the above estimates of total pup production 
are taken at face value, then the Sable Island production represents only about 20~ of the total pup 
production and only about 12~ of the nominal upper confidence limit. Efforts to locate the 
remaining 80~ of pup production elsewhere, particularly in the Gulf of St. Lawrence, have been 
unsuccessful. Thus, total pup production is considered likely to have been about 10,000 during the 
period 1977-79. 

Using the nominal limits of pup production for the 1978 experiment, estimates of maturation and 
pregnancy rates at age from biological sampling, and assuming that the age composition of bounty 
kills is representative of the population and that the population sex ratio was 1:1, the population 
of animals aged 1 and older {l+) in 1978 was calculated. Population abundance was then projected 
forward to 1983 assuming rates of increase of 7i observed for grey sea1s at the British lsles and 
12i observed at Sable· Island. 

Pue Production l+ Population Size in Rate of Increase 

ig78 1978 ~ 
. 
~ 

8,600 42,000 59,000 7 
10,000 48,000 68,000 7 
15,100 74,000 104,000 7 

8,600 42,000 74,000 12 
10,000 48,000 85 ,000 12 
15,100 74,000 130,000 12 

Given the elements of uncertainty described above, CAFSAC concluded that grey seal abundance in 
the Northwest Atlantic in 1983 can be estimated only very roughly with available data. The 
abundance of age l+ in 1983 is likely to lie between 60,000 and 130,000. The accuracy of these 
estimates could be grea~ly improved by large scale tagging of grey sea1 pups in the Gulf of St. 
Lawrence in 1983 since previous tagging experiments have succeeded in marking large numbers of seals 
only at Sable lsland. 
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Scientific Advisory Comnittee 

~ Grey Seals and Associated Parasites 
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CAFSAC, at its meeting of October 21, 1983 considered the available information and analyses on 
the distribution and abundance of the grey seal Halichoerus ~and the associated nematode 
Phocanema decioens in the Northwest Atlantic together with reTati!<f biological information. 

Geograohical Distribution and Abundance of . the Grey Seal 

The distribution of grey seals in the Northwest Atlantic is described in the 1977 Fisheries and 
Marine Service Technical Report No. 7D4 by Mansfield and Beck. Grey seals are found from Labrador 
to Cape Cod with the greatest numbers found in NAFO Division 3P and Subarea 4, particularly the 
south coast of Newfoundland, the Gulf of St. Lawrence, and the Scotian Shelf. The most important 
breeding areas are on Sable Island and on drifting ice in Northumberland Strait and St. Georges 
Bay. 

Information from the recapture of tagged grey seals shows that individual seals may travel long 
distances although there is a tendency of the proportion of tagged animals from a given tagging site 
in bounty catches to be higher closer to the tagging site, The range of movement is illustrated in 
Figure l. 

CAFSAC Advisory Document 83/2D presented estimates of the abundance of grey seals in the 
Northwest Atlantic. These estimates were derived in two stages. First, pup production in 1977-7g 
was estimated from mark-recapture experiments at Sable Island and in the southern Gulf of St. 
Lawrence. Then, the pup production estimates were related to the population aged one and older 
using a life table and maturity schedule. There are several sources of uncertainty in these 
estimates, of which non-random mixing of marked and unmarked animals, differential reporting rates 
of recaptures of marked and unmarked animals and the life table are particularly important. Given 
the elements of uncertainty, CAFSAC, concluded that the abundance of grey seals aged one and older 
in 1983 in the Northwest Atlantic was likely between 6D,OOO and 130,000. 

The ability of CAFSAC to estimate grey seal abundance in future depends on continued large 
scale tagging and sampling of the population of animals aged one and older, including immature seals 
via the existing bounty program or equivalent means. Increased tagging of pups in the Gulf of St. 
Lawrence would considerably improve the accuracy of the above estimates. No new information was 
available to permit revision of the above advice. 

Distribution, Incidence and Infestation Rates of Phocanema decioens in Groundfish 

Phocanema decioens is a nematode (worm) parasite found in a number of groundfish species. In 
the Northwest Atlantic, cod, American plaice, witch flouder, and yellowtail flounder are all 

·i ntermediate hosts. The parasite is also sometimes found in haddock and has been reported in over 
30 fish species. The range of distribution in the Northwest Atlantic is from Labrador to Cape Cod. 
Within that area, the highest levels of incidence are in NAFO Divisions 3P, 4T, 4V, 4W, and to a 
lesser extent 4X. P. decioens is also common in groundfish in the Northeast Atlantic, especially at 
Scotland, Norway anCi Iceland. 

Recent studies by DFO of groundfish sampled in 1982 show increasing incidence and infestation 
rates with increasing length of all fish species examined. This is due to the accumulation of wor:ns 
consumed over a period of years by the fish. The extent of this tendency in cod in NAFO Subdivision 
4Vs and Division 4W is illustrated in Figure 2. Both incidence (the proportion of fish in a sample 
of 1D0-2DD) and infestation rates (the number of worms per fish) vary from sample to sample, partly 
due to the size composition of the sample. Cod in Division 4T and Subdivision 4Vn in 1982 samples 
had rates of incidence from 8-100: and infestation rates of 0.1. to 17.0 per fish. In Subdivision 
4Vs and 4W, the rates were similar except on Sable Island Bank and Western Bank wnere infestatior. 
rates of 0.4-42.0 and D.2-34 worms per fish, respectively, were observed. Trends in the observed 
incidence and infestation rates in cod with increasing distance fran Sable Island are illustrated in 
Figure 3. 

Surveys of fillets conduc,ed in the 19SO's found P. decicens to be most abundant in cod from 
the lower Bay of Fundy, the southwestern Gulf of St. Lawre~ce, and southwestern Newfoundland. 
Scotian Shelf cod were found to be only lightly infected • 



It is difficult to compare historical and current surveys due to difference in technique (i.e. 
fillets vs whole fish examinations, systematic flesh destruction vs fillet slicing vs ccmmercial 
candling) which could increase the efficiency in detection of wonns in recent studies by 2-5 times, 
and lack of length frequencies and season of capture for the historical data. 

There is not sufficient evidence to conclude that the current infestation rate of the wonn in 
cod Division 4T differs fran that 25 years ago, The infestation rate in cod in Subdivision 4Vn 
appears somewhat higher than previously reported; but abundance in 4Vs and 4W cod is far greater 
than reported 25 years ago (e.g. infestation rates in fillets of steak cod in some cases, were more 
than 100 times greater) even given the difficulties in making comparisons. 

American plaice in Division 4T were more heavily infested than cod per unit fillet weight and 
although this problem is a recent one according to fish processors, the earlier studies indicate 
that similar infestation levels occurred 25 years ago. Heavy infestation levels in Subdivision 4Vn 
however, are new since earlier studies found incidence in 4Vn plaice extremely rare. Infestation 
levels in plaice and other flatfish in Subdivision 4Vs and Division 4W are significantly greater 
than found 25 years ago and increase with proximity to Sable Island. 

Monitoring Trends in Incidence and Infestation Rates of P. decicens 

OFO is implementing in 1983, a program to monitor P. decicens in samples of American plaice and 
Atlantic cod in Atlantic Canada waters. Attention has been focused on American plaice as an 
indicator species of the parasite in the marine environment since they are relatively sedentary, 
easy to sample at sea, easy to examine for worms, have a weaker relation of infestation rates to 
fish length than cod and are widely distributed in the area to be monitored. 

This program will provide a baseline for measuring future trends in abundance of the nematode. 
Repetition of the program in future years at the same level of coverage wi·ll permit detection of 
changes of 25~ or less in incidence and infestation rates of American plaice in a NAFO Ci vision or 
Subdivision. Given the time lags associated with the life cycle of the parasite, the monitoring 
program need not be repeated every year. 

Life Cvcle of Phocanema decioens 

Eggs are passed with the faeces of the seal host, settle to the bottan and adhere to the 
substrate. Eggs can develop at water temperatures between 2-24°C. The development time to hatching 
is dependent on water temperature and ranges from 8 days at 20°C to 52 days at 5°C. 

Upon hatching, the larvae anchor themselves to the substrate until they either die, or are 
ingested by copepods. The larvae grow rapidly in the copepod host, but do not undergo significant 
morphological change, thus indicating that the copepods are not true intermediate hosts. 

Benthic macro-invertebrates, including crustaceans (mysids, isopods, amphipods, decapods, etc.) 
errant polychaetes and molluscs, become infected by ingesting copepods. Garrmaridean ampnipods 
appear to be the most suitable host. Evidently P. decipens reaches the stage at which it can infect 
the definitive seal host, while in the amphipod nost. Hence the life cycle can be completed without 
a fish host, if an infested amphipod is eaten by a seal. There is however, no infonnation to 
indicate that this is a signficiant source of infestation in seals. 

The parasite infects a broad range of fish species. The wonn, once in the stomach of the fish 
may penetrate the stomach wall, but usually the gut wall and migrate to the musculature. Once 
established in the tissue of the fish they continue to grow to lengths of up to 60 rrm. 
Encapsulation by host connective tissues appears to occur after the parasite has been in residence 
for some time or larval growth is completed. 

When an infested fish is consumed by a seal, the parasite escapes from the tissue and partially 
embeds itself in the stomach wall of the seal. P. decioens reach sexual maturity after 15-25 days 
in the seal. Adult wonns may grow to 104 rrm in Tength; aoult females may contain 200,000-500,000 
eggs and lay several thousand eggs a day. The average life span in the seal is approximately 35 
days, the maximum approximately 75 days. 
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The grey seal appears to be the main definitive host (host in which the nematode matures) in 
the North Atlantic. The average infestation rate in grey seals is about 10 times that in harbour 
seals and is, on average, several hundred worms per stomach in some seasons. The infestations found 
in the lower Bay of Fundy, however, are probably related to harbour seals. The intensity of 
infestation in harp seals is quite low ( < 10 worms per seal). Seals do not appear to develop a 
resistance to re-infection by nematodes, rather they appear to adapt to its presence and support 
progressively heavier infestations as they get older. There appears to be a strong correlation 
between the distribution of grey seals and heavy infestations of P. decioens in cod on both sides of 
the North Atlantic. -



1979 RECOVERIES OF GREY SEALS 
TAGGED AT SABLE ISLAND (ADULT~ PUP} 

Figure 1. Dispersal of tagged grey seals from Sable Island 
as illustrated from 1979 recoveries. 

Data from Mr. B. Beck. 
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Figure 2. Mean transformed wonn count versus mean host length for 
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counts in 4Vs and 4W samples. (Sample from East Bar, 
Sable Island Bank, omitted.) 

Data fr.om Or. G. McClelland. 
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6. Canso Bank, 7. East Banquereau Bank, 8. Misaine Bank.) 

Data from Or. G. McClelland. 
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Canadian Atlantic Fisheries 
Scientific Advisory Committee 

CAFSAC Advisory Document 84/21 

Status of the Grey Seal Population in the Northwest Atlantic 

CAFSAC at its November 28-29, 1984 meeting, considered the most recent availabie biological data 
on current pup production and population size and trends in these parameters for grey seals in the 
Northwest Atlantic. This advisory document updates abundance estimates provided in CAFSAC Advisory 
Document 83/20 and biological information provided in Advisory Document 83/22. 

Distribution. Recent tag returns indicate a wide dispersal of grey seal pups from Sable Island 
and the southern Gulf of St. Lawrence which implies considerable intermixing of pups from these two 
main pupping areas. Aerial surveys indicate that Anticosti Island in the Gulf of St. Lawrence is 
the site of a large spring/su11111er concentration and hence, like Sable Island, must be considered as 
a major moulting area. 

Feeding. A growing body of evidence from studies on grey seals and other true seals indicates 
that previously held views on quantities of food consumed were too high. Recent information 
gathered from studies of animals in captivity suggests that grey seals consume about 1.6 t of food 
per year consisting mainly of fish and to a lesser extent invertebrates. 

Population size. A mark-recapture experiment was conducted in 1984 to determine pup production 
of the nortnwest Atlantic grey seal population. All seals born on Sable Island were marked, while a 
sample of 1,441 pups were tagged on the ice floes in the southern Gulf of St. Lawrence. From 
returns of these Gulf-marked pups from the bounty kill and from random samples obtained on Sable 
Island, estimated pup production in the Gulf of St. Lawrence was about 6,300 + 2,100 (mean+ 95% 
confidence limits). This combined with the known production on Sable Island of 5,383, indicates a 
total production of about 12,300 + 2,100 in 1984. The estimated pup production in 1984 was used to 
calculate total population numbers utilizing an estimate of the ratio of pups to total population 
assuming a stable age distribution with the constant vital rates used in previous assessments. 
These calculations resulted in an estimate of population size of age l+ animals of 50,000 to 75,000 
in 1984. 

The rate of increase in the Gulf component is not fully known, however the rate of increase at 
Sable Island which has about 50% of the total stock has been calculated to be about 12i annually. 
CAFSAC emphasizes again that there is one grey seal population in the Northwest Atlantic with 
considerable intermixing between the Gulf and Atlantic components • 



llA'l XIQN!ilddV 



] 

l 
l 
1 
J 

1 

l 
] 

l 
J 
J 
l 
J 

) 

J 
J 
J 

6000 

5000 

4000 

(/) 

0. 
:J 

0... 

b 3000 

"-
Q.) 

..0 
E 
:J z 

2000 

1000 

/ 
62 64 66 68 70 72 74 76 78 80 82 

Year 
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Life Cycle of Phoconema decipiens 

(codworm/sealworm) 

Worms become sexual 
mature in seal stoma 
females may produte 
200,000-500,00 
eggs and lay seve'ral 
thousand daily 

Fish ingested 
by se·al host 

Larvae 
enter fish 
musculature; 
complete larval 
growth 

Eggs 

(shed in faeces 
of seal host) Settle to bottom and 

adhere to substrate; 
eggs hatch and larvae 
attach to substrate 

Eggs ingested 
by Copepods 

.Larval 
growth occurs 

Copepods ingested 
t'ly Macro-invertebrates 
( isopods, amphipods, 
decapods, etc) 

Larvae 
continue to 
develop and 
become infective 
at this stage 

Macro-invertebrates 
ingested by 

Juvenile fish 
ingested by 

adult fish 

~ juvenile fish 
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Canad1an Technical Report of 
Fisheries and Aquatic ~ciences No. 1201 

October, 1983 

VARIATIONS IN ABUNDANCE OF 
LARVAL ANISAKINE~ SEALWORM (PHOCANEMA DECIPIENS) 

AND RELATED SPECIES IN COD AND FLATFISH FROM THE SOUTHERN GULF 
OF ST. LAWRENCE (4T) AND THE BRETON SHELF (4Vn) 

G. McClelland 1, R.K. Misra 2 and D.J. Marcogliese 3 

Halifax Fisheries Research Laboratory 
Fisheries Research Branch 

Department of Fisheries and Oceans 
Hal if ax, N. S. 

B3J 257 
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ABSTRACT 

McClelland, G., R.K. Misra and D.J. Marcogliese. 1983. Variations in abundance of larval anisakines, sealwcnn 
(Phocanema decipiens), and related species in cod and flatfish frClll the southern Gulf of St. Lawrence (4T) 
and the Breton Shelf (4Vn). Can. Tech. Rep. Fish. Aquat. Sci. No. 1201, ix + 51 p. 

The life cycle, medical importance, and geographic distribution of "sealwonn" (Phocanema decipiens) are 
reviewed and methods for controlling the parasite are discussed. Also reported here are current records of the 
abundance of sealwonn and related species of anisakine ne"'atode (Anisakis sp. and Contracaecum sp.) in cod 
(Gadus morhua), kuerican plaice (Hippoglossoides platessoides), and gray sole (Glyptocepi1illi"Scynoglossus) fron 
tnesou"f!ie'rilGulf of St. Lawrence (41) and Breton Snelf (4Vn). Sealwonn occurred mainly in the ti] lets, 
although they were also found in the "flaps" (hypaxial musculature of the abd0tt1en) and in the body cavity of 
the fish host. The parasite was most numerous in inshore cod but was unifonnly abundant in offsrore cod fron 
4T and from 4Vn summer and winter fisheries. While wonn abundances in 4T cod were similar to those recorded 
25 years ago, infections in 4Vn cod, plaice, and gray sole were far heavier than previously reported. 1-nisakis 
sp. and Contracaecum sp. larvae were encysted on visceral organs and mesenteries but occurr~ ir.:requently in 

the flesh. These latter nematode species were most abundant in cod and plaice in the southern Gulf. 
Contracaecum sp. larvae were found infrequently in local 4Vn cod and were not detected in 4Vn plaice or sole. 
E<!:ause of the disparity in abundance of Contracaecum larvae in 4T and 4Yn cod, this parasite is an ideal tag 
for migrant 4T stocks. Prevalence and abundance of larval anisakines invariably inc;c:ased with length of fish 
host. Analysis of variance revealed that variations in abundance with host length and geographic origin were 
highly significant, but abundance did not vary significantly with host sex. When fish were stored in the round 
on ice, adult and ir.imature s;iecimens of a fourth ascaridoid nematode, f'.ysterothylacium aduncum, migrated fron 
the gastrointestinal tract of the fish and were found in the body cavity and flesh or l~av1ng the host via the 
gills and oouth. There was no evidence, however, that larval Anisakis migrate fran the viscera to the flesh of 
iced round cod. 

Key words: Sealwonn, Phocanema decipiens; Anisakis sp.; Contracaecum sp.; Hysterothylacium acJncum, 
nematodes; parasitic an1sakine; cod, Gadus morhua; A~erican plaice, Hipposlossoides platessoides; 
gray sole, Glyptocephalus cynoglossus; sout~ulf of St. Lawrence; Breton Shelf; prevalence; 
abundance; variations; geographic; host length; and host sex. 

RESUME 

McClelland, G., R.K. Misra and D.J. Marcogliese. 1983. \'ariations in abundance of larval anisakines, 
sealwonn (Phocanema decipiens), and related species in cod and flatfish fran the southern Gulf of 
St. Law;ence (4T) and the Breton Shelf (4Vn). Can. Tech. Rep. Fish. Aquat. Sci. No. 1201, ix+ 51 p. 

Nous passons en revue, dans l 'article qui suit, le cycle de vie, l 'importance medicale et la distribution 
geographique du ver de phoque (Phocanema decipiens) et examinons les methodes de contr6le du parasite. Nous 
mentionnons egalement les donnees courantes sur 1 'abondance du ver de phoque et espices apparentees de 
nematodes anisakines (Anisakis sp. et Contracaecum sp.) dans la morue (Gadus morhua), la plie canadienne 
(Hippoglcssoides p1atessoioes) et la plie gr1se (Glyptocephalus cynogloS""SiJS"'} d'"USiJif du golfe du Saint-Laurent 
(4T) et du plateau du Cap-Breton (4Vn). Lever de phoque se trouve surtout dans les filets, bien qu'il yen 
ait egalement dans les "valets" (musculature hypaxiale de l 'abdomen) et dans la cavite du corps du poi sson 
hate. Le parasite est plus abondant dans la morue c6tiere, mais il est unifonnement abondant dans la :norue du 
large de 4T et dans eel le des peches d'ete et d'hiver de 4Vn. Bien que 1 'abondance des vers dans la morue de 
4T soi t ser.;blable a eel le signalee i1 y a 25 ans, les infestations dans la morue, la pl i e car.adi enne et la pl i e 
grise de 4Vn sont de beaucoup superieures a celles rappo;tees anterieureraent. Les larves d'Anisakis sp. et de 
Contracaecum sp. sent enkystees sur les organes et les mesenteres visceraux, mais se rencontrent raraiient dans 
la chair. Ces especes de nematodes se trouvent en plus grande abondance dans la morue et la plie canadienne du 
sud du Golfe. Les larves de Contracaecum sp. observees dans la morue locale de 4Vn et ne l 'ont pas ete dans la 
plie canadienne ou la plie grise de cette division. A cause de la difference d'abondance des larves de 
Contracaecum dans la morue de 4T et 4Vn, le parasite est une marque ideale pour 1es stocks migrate.irs de 4T. 
La prevalence et l'abondance des larves anisakines augmentent invariablement en fonction de la longueur du 
poisson h6te. L'analyse de variance indique que les variations dans l 'abondance des vers en fonction de la 
longueur de l'h6te et de son origine geographique sent tris significatives, mais que l 'abondance des vers ne 
varie pas notabiement en fonction du sexe de l 'h6te. Quand des poissons entiers sent entreposes dans la glace, 
les sujets adultes et imma~ures d'un quatriime nematode ascaridoide, Hysterothylacium aduncum, emigre du 
tractus gastro-intestinal du poisson, et on 1 'a trouve dans la cavite du corps et la chair, au encore ~uittant 
l 'hote ;iar voie des branchies et de la bouche. 11 n'y a toutefois pas de preuves que des larves d'Anisakis 
emigrent des visceres a la chair du poisson conserve rend dans la glace. 
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I NTflOuUCTI ON 

AN OVERVIEW OF THE SEALWORM PROBLEM 

The occurrence of larval parasitic nematodes 
cc>mmonly known as "sealwonn," Phocanema (Terranova, 
Porrocaecum) decipiens in the flesh of cod (Gadus 
mornua} and otner groundfish species is a chronTC 
cosmetic problem in Eas:er~ Canadian fisheries. 
Now, in light of recent evidence that sealwonn 
ingested in raw, marinated, or undercooked fish may 
infect humans (Jackson 1975; Margolis 1977), the 
problem had developed medical overtones. 

As Margolis (1977) points out, however, 
infection with sealwonn "Phocaner:oiasis" can hardly 
be considered a major public health problem in North 
America. Of the 45 confirmed cases documented 
throughout the world, 37 occurred in . Japan where 
fish is traditionally eaten raw. In North hr.lerica, 
where fish is usually deer frozen and/or well cooiced 
beforehand, a mere handful of cases (six in the 
U.S.A., one in Canada) have been reported. \.lhile 
symptoms such as severe epi9:stric pain, nausea, and 
vomiting frequently occurred in Japanese cases, 
North American cases were virtually asymptomatic. 
\./hen the infection is allcwed to run its course, the 
partially enbedded nematodes either withdraw or are 
expel led from the tissues of the stomach wall and 
the sy:nptoms quicicly di sap pear ("self cure"). 
i<ecovery can be expedited by re:TJoving the wonn with 
gastrofiberopt ic biopsy forceps. 

Although seahvonn would seem to have little 
public health significance in North k.lerica, the 
elevation of the parasite to a status of medical 
importance can only aggravate the existing 
cosmetic problem. Now, processed fish will be 
subject to much closer scrutiny, not only by those 
government agencies who regulate the quality of 
seafood products, but also by wholesalers, 
retailers, and consumers alerted to the problem 
through government publications, trade journals, and 
the popular media. Thus, it becomes increasingly 
important to reduce the number of wonns in fillets 
to the satisfaction of potential customers and not 
merely to comply with government regulations. 
Indeed, under existing tolerances for maximum 
numbers of wonns in fish fillets (one wonn per three 
pounds of fillet in Canada, one per two pounds of 
fillet in the U.S.A.), the average consumer of cod 
stands a good chance of finding seal wonn. By 
selling fish which merely complies with government 
standards regarding wonn infestation, retailers 
could run into numerous cooplaints from consumers 
and, as a conseq~ence, they would seek out suppliers 
whose products have the fe1Vest wonns. In the end, 
the marketplace decides what level of worm 
infestation is acceptable and products free of wonns 
and other flaws find the most lucrative markets. 

Unfortunately, the renewed concern over 
sealwonn has come at a time when eastern Canadian 
fisheries are attempting to expand operations and 
enter new markets as a result of the extension of 
Canada's offshore jurisdiction (Appy 1978). In 
North American markets, eastern Canadian cod is 
reputed to be wormy (Chit·,.,,ood 1970), even to the 
extent the problem is percei•ed as uniquely Car.adian 
(Gdense 1978). Odense considers this a :nyth as many 
offshore cod stocks in eastern Canada are rather 
lightly infected, "'hile :;ec:l.,-orm has '.lecone a 
problem in conpet ing E·Jro;:> an cod fisheries, 
rarticularly tho5e of lcel nd, RrHain, and ·::1r .... ay 
(Young 1972; Platt 1975; IJ orge et al. 1981 ). 
Ciden$e feels that the Curr ::ens, h~~ever 1 ~oe~\e been 

coping with their seal .. onn prot.lem sc.~;·:·:•, a -: h·:ter 
than eastern Canada through superior q•.al i tf cor.trol 
and promotion. 

L !FE CYCLE 

Ova 

Ova of P. decipiens are 45 m to 50 m in 
diameter and-partially e:nbryonated when passed with 
the faeces of the se~ host {Scott 1955). The ova 
settle in sea water and adhere to the su'.lstrate. 
Development to ensheathed second- (third- ?) stage 
larva occurs within the ova, with r.:ean denlopment 
time to hatch varying fr(.(JJ eight days at 2o•c to 52 
days at 5°C {McClelland 1982). The lowest 
temperature at which e;.i::;ryonic devel o;:i~nt and 
hatching are ~nown to occur is 2°C, while 
temperatures 2.24°C are lethal to ova. 

Ensheathed Second- (Third- ?) Stage ~arvae 

The larval nematodes which hatch frcrn the eggs 
are approximately 200 ..,m in length and have retair.ed 
the cuticle of the previous ~arval stage as a sh'Ooth 
(Scott 1955). The larvae anchor th&se1 ves to the 
substrate by their caudal extrenities and oscillate 
vigorously at temperatures >lO"C; at 5°-l0°C the 
larvae are rather sluggish and at <5°C, virtt.oally 
inactive. As stored food reserves of the 
non-feeding larvae are consumed, activity declines; 
and, if not ingested by a suit ab le host, the 
nematodes ultimately beccme inactive ;,;id die. The 
post-hatch survival period for ensheathed larvae 
varies from .$.48 h at 2o•c to 140 days at 5•c 
(McClelland 1982). 

First Intermediate Host 

When ingested by benthic, epibenthic and natant 
copepods of the Harpacticoida and Cyclopoida, 
recently hatched larvae of P. decipiens ensheath in 
the gut of the crustacean and penetrate to the 
haer.iocoel (McClelland 1982). Mature female copepods 
develop the heaviest infections, while light 
infections occur in adult males and fifth copepodite 
females. In the copepod haenocoel the larval 
nematodes t>egin to grow, body length increasing at 
an exponential rate which varies with tE:f:lperature. 
Within the life span of its copepod host, 
P. decipiens grows an averaoe of 5~ and a maximum 
of 130'.t in length; such gro~th occurs within seven 
days at 15°C, 15 days at l0°C, and 35 days at 5•c. 
However, the nematode does not moult or undergo 
significant morphological change in copepods; and 
this indicates that these particular crustaceans are 
transfer or paratenic hosts, not true intermediate 
hosts. Although copepods have frequently been 
infected with P. decipiens in the laboratory and 
appear to be sui tab ie hes ts, natural infect ions in 
copepods have not yet been detected. 

Second Intermediate Host 

Eenthic ;r.acroinvertebrates, including 
crustaceans (mysids, isopods, amphipods, cucr.aceans, 
and decapods) , errant polychaetes, and molluscs 
{Nudibranchia :Coryphilla sp. ), becone infected "with 
P. cec1p1ens by ingesting copepods (McClelland 
T9E3a). The ne;:;ctodes invade the hae;.ocoels of 
crustaceans, the coel om of polychaetes, and the 
vis~eral mass of ·~ol luscan hosts. Latoratory 



ex~e-imer.ts have shown tha: the most suitable of the 
above hosts are gammarideon amphipods, Unciola 
irrorata and Garru;iarus lawrencianus; and natural 
in1ections have been detected in the latter species. 
l.''len groups of G. lawrencianus were fed copepods 
infected with P~ decip1ens, 100: become infected 
with the rarasTte; tne m~an intensity of infection 
was 60 ner.:atodes per amphipod. Ho\<.'ever, in a 
natural popu1ation of G. lawrencianus, only 
3 (0.15~) of 2,000 ampnipods were infected and each 
case was a single-worm infection. Natural 
infections have also been found in the amphipod, 
Caprella septentrio~alis {Val 'ter lg78), and in the 
polychaete, Lepidonotus squamatus (Val 'ter and 
P0pova 1974). 

Larval P. decipiens undergo significant growth 
and morphological development in the amphipod 
haemocoel {McClelland l9E3a). Initially, growth is 
rapid, with body length increasing at an exponential 
rate; the nematodes reach 2-3 mm in length within 
30 days at l5°C, 60 days at l0°C, and 140 days at 
5°C. The nematodes suhsequently enter an asymptotic 
growth phase, reaching 7-10 mm in length after 
90 days at l5°C. While in amphipods, P. decipiens 
also develops lip primordia and the characteristic 
intestinal caecum and, with rapid growth and 
differentiation of the genital primordium, beccxne 
ser.ually dimorphic. Evidently, P. decipiens reaches 
the infective stage, i.e., the stage at which they 
can infect the definitive seal host, in amphipods; 
and hence the life cycle may be completed without a 
fish host. 

Fish Hosts 

Larval P. decipiens >2 nvn in length are 
infective to-marine fish {McClelland 1983b). Smelt 
(Osmerus mordax). iuvenile cod, and various flatfish 
species w"filC!iTeed primarly on invertebrates 
probably become infected via amphipods or other 
macroi nvertebrate hosts. However, large pi sci vorous 
fish such as mature cod may also accumulate the 
parasite by feeding on smaller fish hosts {Scott 
1953). Sealworm infects a broad range of fish 
species (Margolis and Arthur 1979); and variations 
in abundance of the parasite with host species or 
population are probably related to host diet, 
proximity to seal colonies, and environmental 
temperature. 

h~en infected amphipods are ingested by fish, 
larval P. cecipiens escape from the haemocoel of the 
partialTy ciges:ea crustaceans and penetrate the gut 
wall of the fish; early penetrations occur in the 
stomach, but subsequent penetrations may occur in 
the intestines {McClelland 1983b). The nematodes 
traverse the coelom, often by burrowing through the 
liver or other visceral organs, and enter the 
hypaxial musculature. Although sott.e nematodes may 
remain in the viscera or hypaxial musculature, many 
ultimately migrate into the epaxial m~sculature. In 
smelt maintained at 15°C, sealwonn 2-7 mm in length 
escape from amphipod haemocoeles and penetrate the 
stomach wall within 2-3 h of ingestion; the larvae 
reach the hypaxial muscles within 12 h and the 
epaxial muscles within 24 h. However, the migration 
rate varies with size of sealwonn, size of fish 
being invaded, and ambient temperature. 

Once established in the tissues of a fish host, 
smal 1 seahorm 1anae continue to ~r-ow, with the 
rate of increase ir. body le~gth being linear at 
first but ult ir.:a:e:y hecomir.g as,:-ctot ic. The 
average length of seahorm in sr.iel: m.:intained at 

15 °C increased from 4 mm ( 2- 7 rr.m) to 28 mm 
(25-31 mm) over an eight-week period (McC1el land 
1983b). Sealwonn in the tissues of fish r.iaintained 
at temperature ~10°C usually remain fully extended. 
and active, while at <10°C they assume a spirally 
coi 1 ed position. The -capsule of host connective 
tissues surrounding some ne~3todes pres~mably 
develops after the parasite has bten in residence 
for some time and/or has completed la;val grC'wth. 
Although sealwonn larvae >5 r.im in length are 
infective to seals, they may grow to 50mm in length 
in fish hosts. 

Seal Host 

When fish or crustaceans infected with sealwonn 
are ingested by seals, the parasite escapes from the 
tissues (or haemocoel) of the intermediate host 
during digestion and partially embeds itself in the 
stomach wall (McClelland 198Ca). Usually, only the 
cephalic extremity of the worm is embedded, with the 
head being anchored in the submucosa by a "hyal i ne 
cap." Here the nematode perfonns its third and 
fourth larval moults, the third moult occurring 
after 2-5 days in the se~ stomach and the fourth 
and final moult after 5-15 days. Sealwonns reach 
sexual maturity after 15-25 days in seals, and eggs 
may be laid and subsequently passed in the faeces of 
seals as early as the 16th day. Ouri ng devel opr.ent 
in seals, the wonns occasionally leave the sto"'ach 
wal 1 to feed on gut contents and reattach ther.sel ves 
between meals. 

After 35-50 days in seals, adult females and 
adult males of P. decipiens may reach 82 mm 
{70-104 mm) and-54 mm (54-73 mm) in length, 
respectively; adult females r.~y contain 
200,000-500,000 eggs and lay several thousand eggs 
daily (McClelland 1980b). The average life span of 
the worms in seals is approximately 35 days, and the 
maximum is approximately 75 days. 

The grey seal {Hal ichoerus grypus) appears to 
be the most important definitive host of 
P. decipiens in the North Atlantic (Young 1972; 
l5"latt 1975; Mansfield and Beck 1977; McClelland 
l 980b; Bj¢rge et al. 1981 ). H:avy seal wonn 
infestations in the cod stocks of Great Britain, 
Norway, Iceland and eastern Canada are clearly 
related to the distribution and density of grey seal 
populations, although infestations in some areas 
where grey seals are rare, e.g. the southern Nova 
Scotia inshore and lower Bay of Fundy, are prct:.ably 
related to harbour seal {Phoca vitulina) 
populations. The average intensity or P. decipiens 
infection in eastern Canadian grey seals 
(approximately 600 wonns per seal) is about ten 
times greater than in harbour seals (approximately 
50 wonns per seal) frcxn the same region. Further, 
laboratory experiments have shown that survivorship, 
growth, and fecundity of P. decipiens are greater in 
grey seals than in harbour sea1s (McClelland 1930!:>), 
while at the same time the parasite is less -
pathogenic in the fonner host than in the latter 
{McClelland l980c). All these factors suggest that 
the sealworm has-an affinity for grey seals. In 
spite of their large nur.bers, harp seals {?hoca 
groenlandicus) evidently do not have a signiT"'iCant 
influence on the abundance of sealwonn in eastern 
Canada; intensity of infection in this seal is quite• 
low {<10 worms per seal). 

As a rule, P. decipiens is non patho\;eroic in 
free-living seals (loung ano Lo .. 1969); but it can 
often be pathos;enic in cc:ptive seals which 
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pr~s i niahl." are Llriaer ~:~~ss U"icClel land 1S30c). In 
ca;:itive seals, lesions ur l ocal i:ed infl.;n,:-,a"fory 
areas are frequently found in association wi~h dense 
clusters of ~onns tmb?dded in the stomach wall. 

SEALWORM IN E-STERN CANADIAN COD 

Accorcing to the major surveys of Scott and 
Martin {1957) and Te~plaman et al. {lg57), seal worm 
was most abundant in the fillets of cod from the 
lower Bay of Fundy, the southwestern Gulf of 
St. Lawrence, and southwestern Newfoundland. Scott 
and Martin simply recorded the numbers of nematodes 
recovered from graded fillets by routine candling at 
processing plants, and there was only a rough 
indication of where the fish were caught. Templeman 
et al., on the other hand, recorded length, weight 
and sex of cod as well as sampling locations; in 
this study fillets were sliced to facilitate 
detection of the parasites. Neither study reports 
the time of year when samples were taken, a factor 
of considerable importance in areas where there is 
seasonal migration of cod, such as in the southern 
Gulf of St. Lawrence {4T) and Sydney Bight {4Vn). 

Subsequent to the surveys above, there have 
been few attempts to docu~ent sealworm abundance in 
eastern Canadian cod. Scott and Martin {1959) 
recorded the numbers of nematodes in the fillets of 
young cod from southwestern Nova Scotia {Lockeport 
inshore) and the southern Gulf (northern New 
Brunswick and the Magcalen Islands); in this study, 
cod samples were stratified by age. Wiles (1968) 
examined cod from Newfoundland water previously 
surveyed by Templemen et al. (1957) in an effort to 
determine whether the imposition of a bounty on 
harbour seal had alleviated the sealworm problem. 
Finally, during a research cruise in 1975, Appy 
(1978) observed the prevalence (percentage of hosts 
infected in a sample or population) of sealworm 
infection in the fillets of cod from Fundy, Scotian 
Shelf and southern Gulf regions, and noted that 
geographic variations in prevalence of the parasite 
were similar to those reported by Scott and Martin 
(1957). Unfortunately, Appy examined only a few 
fish from each sampling location, used a very crude 
method for candling the fll iets and did not record 
the numbers of nematodes present in the fillets. 

Canadian records of worm infestation in cod are 
clearly inadequate and out of date. This Is 
particularly true in light of the apparent growth of 
the grey seal populatior. over the past t".o10 decades 
(~ansfield and Beck 1977; z·..,.anenburg et al. 1981). 
As this seal appears to be the most Important 
definitive host of the parasite, corresponding 
increases in abundance of sealworm might be 
anticipated. Processors interviewed during the 
preparation of this report noted that worm 
infestations had become a problem in Scotian Shelf 
{4Vs, 4W) cod and that this problem seemed to be 
getting 1<orse. According to the rpcords of Scott 
and Martin {1957) and Templeman et al. (1957), 
Scotian Shelf cod were lightly infected 25 years 
ago. 

S~ALWO~M IN EUROPEAN COD 

European records show heavy wonn infestations 
in cod from the west coast of Scotland, Irish Sea, 
Bristol Channel, west Engiish Channel and r:ortheast 
English crast {Young 1972), as well as in cod from 
the Faroe Piateau and most icelandic fisheries 

(Platt 1975). Hcw;?·:er, thi;se recarcs -:: .. ::.:-.er.~ tne 
a:-.mdance of the ;;arasites ir. the flesh, in:1uc;ng 
worms in the flaps (hypaxial muscula:uri; surrC>Jnding 
the c.oel omic cavity) with those in the fil ie:ts. 
Significant numbers of wonns occur in the flaps and 
they ~ecQne increasingly prevalent in this location 
in older cod. The abundance of sealwonn, i.e., ~ean 
number of worms per fish, in "''estern Icelandic cod, 
for example, is highe:r (2.4) than that report~ in 
cod from the southern Gulf of St. Lawrence; but in 
terms of n:;mbers of worms per unit fillet weight, 
the infect Ions may be similar. 

The abundance of sealworm in cod from southern 
Norwegian coastal waters (e.5) (Bj¢rge et al. 1581) 
is similar to that reported in westi;,rn lcela:1dic 
cod, and hence wonn infections in tlor,,egian coc r.;ay 
also rival those in cod frcxn the southern Gulf of 
St. Lawrence. Unfortunately, No...,,,.egi an records do 
not indicate lengths and weights of cod sampied or 
the distribution of worms in host tissues. 

DIS TRI BUTIDN OF SEAL WORM IN T1SSUES OF COD 

As Canadian records to date document nunbers of 
seal worm in cod fillets al one, they do not prcvije 
an accurate indication of the true abur.cance of the 
parasite. It is clear from European records that 
significant nur.bers of seal worm al so occur in the 
flaps (Young 1972; Platt 1975) end visceral 
mesenteri es {Pal sson 1979). Further, the 
distribution of the parasite in host tiss~es varies 
with the age of the host. In yearling cod from 
western Iceland, gz:; of the sealwo:ms occur in the 
fillets; but in four-year-old cod fran the same 
area, only 7(r,; of the worms occur in the fillets. 
The flaps are the primary site of infection in large 
British and !eel andic cod (>50 cm in ~ength) {Young 
1972; Platt 1975). For example, in Icelandic cod 
>100 cm in length, >80% of the parasites occur in 
the flaps. 

VARIATIONS IN SEALWORM INFECTION WliH AGE {LENGTH, 
WEIGHT) OF COD 

In a recent survey of eastern Canadian fish 
processors, Odense (lg78) found that there was some 
confusion as to whether small or la roe cod were now 
heavily infected with seal wonn. Ode ~se speculates 
that large cod generally have: fT1Qre worms on a 
per-fish basis but fewer worms on a ;;er-unit-we~ght 
basis than small cod. Certainly, records of worm 
infestations in eastern Canadian cod fillets (Scott 
and Martin 1957, 1959; Ter.:pleman et al. 1957) seen 
to support this view. Prevalence and abundance 
in cod fillets generally increase while n~r.ibers 
of worms per ~nit fillet weight decrease with size 
(age) of host. There are exceptions, namely In 
southern Gulf of St. Lawrence and Cape Breton cod 
where the numbers of parasites per unit fillet 
weight remain constant or actually increase with 
size of host. 

Scott and Mart in {1957) and Templer..an et al. 
(1957) point out that the parasites are r.iore 
difficult to detect in larger fillets; and this ;r.ay 
explain, in part, the apparent decrease ir. nur.Oers 
of worms per fillet v.·eight in larger fillets. 
Another explanation for this phencr.enon ·,,ould be the 
tenc2ncy of the r.e:matodes to locat2 in the flaps or 
viscera of larger cod as re;:iorted by European 
investi;ators {Young i972; Platt 1975; Palsson 
1979). ft.bundance of sealwonn clearly increc:ses ~·ith 
host s~ze (age) in Sritish and iceiandic cod, but 
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this is lar9ely due to accunul;Uon of tht: parasites 
in the flaps. The abunddnce of sealwonn in the 
fillets remains more or less constant or, at least, 
does not increase in proportion to fillet weight. 
Consequently, the number of nematodes per unit 
weight declines. 

OTHER FISH HOSTS OF SEALWORM 

P. decipiens or Phocanema-type larvae have been 
reported in more than 30 species of marine and 
anadromous fish in eastern Canada (Margolis and 
Arthur 1979). Most of the host species are 
groundfish belonging to the cod, flatfish, and 
sculpin families. In inshore areas near seal 
colonies, sealworm may be quite abundant in many of 
these fish hosts, even in brook trout caught in 
fresti.....ater several miles inland. As a rule, 
however, widespread infestations seem to be limited 
to cod and three or four other species. 

Eastern Canadian smelt are generally more 
heavily infected with sealworm than cod on a 
per-unit-weight basis, and on a per-fish basis in 
some areas (Scott 1955; Templeman et al. 1957). 
According to fish processors interviewed during the 
preparation of this report, sealworm has recently 
become a problem in American plaice and witch 
flounder (gray sole) throughout the southern Gulf of 
St. Lawrence (4T), Sydney Bight (4Vn), and Scotian 
Shelf (4Vs and 4W) regions. Infestations in plaice 
are extremely severe (as many as 70 worms per 
fillet) in the Cabot Strait and Chedabucto Bay 
areas. Evidently, the parasite has also increased 
in abundance in haddock from some areas of the 
Breton and Scotian shelves to the extent that the 
occasional catch has to be candled. 

There are few European records of sealworm 
infestation in marine fish species other than 
Atlantic cod. Wootten and Waddel 1 (lg77) found 
infect ions with larval Phocanema in long rough dab 
(American plaice), witch flounder, haddock, whiting 

- (Merlan9uis merlangus), poor cod (Trisopterus 
minutus), and dragonet (Callionymus lyra) from 
Scottish waters; but occurrences in these latter 
fish hosts were limited to isolated inshore 
locations and in each case the prevalence of 
infection was extremely low. 

OTHER ASCARIDOID NEMATODES JN COD 

Cod and other marine fish frcrn eastern Canadian 
and European waters are host to a r.~mber of 
ascaridoid nematodes, such as Anisakis spp., 
Contracaecum spp., Phocascaris spp. larvae and 
aaults of Hysterothylacium (Tnynnascaris, 
Cantracaecum) aduncum (Wootten 1978; P.argolis and 
Arthur 1979; Pal ssan 1979). These nematodes bear a 
supe ficial resemblance to sealworm and microscopic 
exam nations may be required to separate the 
spec es. 

Anisakis spp. larvae commonly kr.own as "herring 
worm" belong to the anisakinae, the same ascaridoid 
sub-family as the sealworm. The life cycle is 
similar to that of the sealworm, with the definitive 
host again being a marine mammal but, in this case, 
usually a cetacean (Smith and Wootten 1978). The 
first intermediate hosts of herring worm are 
believed to be ~rill (Eu;ihausiidae) (Smith 1971). 
Infective larvae of Anisa1:is spp. are found encysted 
both in the flesh and on the visceral mesenteries of 
marine fish but are often more pre,alent in the 

latter location (i'arsons and Hodder 19il; Woo::;:n 
1978; Pal sson 1979). Herring worm are i;;iportant 
fish parasites in their own right as they can be 
extremely pathogenic to humans when ingested in raw, 
undercooked and marinated fish. Herring worm 
disease "Anisakiasis" has been a public health 
problem in the Netherlands and Japan (Van Thiel 
et al. 1950; Ruitenberg 1970; Oshima 1972; Smith and 
Wootten 1978) although it has not been re;iorted 
frequently in North America (Jackson 1975; Margolis 
1977). 

Occurrences of ll.nisakis larvae on the visceral 
mesenteries of herring in eastern Canada were 
extensively surveyed by Parsons and Hodder (1971 ), 
but little is known of the distribution of the 
parasite in eastern Canadian cod. Templeman et al. 
{lg57) documented abundances of Anisakis larvae in 
the fillets of eastern Canadian cod but, as the 
flaps and viscera were not examined, these records 
are inccrnplete. Jn this study, the prevalence of 
the parasite in fillets of cod was generally c2%, 
the abundance c0.01. Anisakis larvae were greaLiy 
outnumbered by sealwonn in tne fillets except in cod 
frcrn some Newfoundland fisheries such as Fl er.ii sh Cap 
and the Grand Banks, which were lightly infected 
with ?hocanema. 1,nisakis larva were not foL:nd in 
cod from the southern Gulf of St. Lawrence. 

Evidently, the flesh of European cod is often 
heavily infested with Anisakis larvae, although the 
parasite is far more prevalent in the flaps than it 
is in the fillets (Young 1972; Platt 1975). Larval 
Anisakis is particularly abundant in Arcto-Nor..egian 
cod wnich is lightly infected witn sealworm. 

Contracaecum and Phocascaris spp. are anisakine 
nematodes which mature in the oastro-intestinal 
tract of piscivorous birds and-marine mammals 
(Berland 1953; Huizinga 1957). Experimental 
evidence indicates that the first intennediate hosts 
of these nematodes are copepods (Huizinga 1957; 
Davey 1959 ). Infective 1a rvae usually encyst on the 
visceral mesenteries of the fish host, with 
mesenteries of the pyloric caecae apparently being 
the preferred site in Atlantic cod (Palsson 1979). 
Accardi ng to Berland (1953), infective larvae of 
Contracaecum and Phocascaris spp. are 
morphologically inseparable, and hence specific 
identification of the larvae would be extrenely 
difficult. Contracaecum osculatum, for example, is 
a species which occurs in seals throughout the world 
and yet there has been only one positive 
identification of C. osculatum larvae in a fish 
host, that being in Baltic Sea cod, (Fa;erholm 
1982). 

Hysterothylacium {Thynnascaris, Contracaecum) 
aduncum is an ascaridoid which utilizes marine rish 
as intermediate and definitive hosts (Berland 1951 ). 
Larvae of this ner:iatode occur primarily in the body 
cavity (rarely in the flesh), while adults are found 
in the gastro-intestinal tract (Palsson 1979). 
Hysterothylacium larvae are al so found in a broad 
range of invertebrate hosts including coelenterates, 
molluscs, annelids, crustaceans, echinoderms, and 
chaetognaths {Norris and Overstreet 1975). 

POST-MORTEM MIGRATIONS OF ASCARJDOID NEMATODES JN 
FISH TISSUES 

~any eastern Canadian fishennen and fish 
pr0cessors int;:rview·ed during the pres nt study 
claimed that sealworm moves frcrn the f esh to the 
body cavity of cod stored (in the roun ) on ice; 
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thus, it would follow that round cod reaching 
processing piants would have fewer worms in the 
fillet than cod gutted at sea. Although there is no 
documented evidence to support this rationalization, 
it has frequently been cited as justification for 
the continued acceptance of round cod at fish plants 
in some areas, particularly in the southern Gulf of 
St. Lawrence. 

As the viscera decay more rapidly than the 
flesh of fish, it is far r.iore likely that parasitic 
nematodes would migrate from the body cavity to the 
flesh rather than in the opposite direction. Cheng 
(1976) found that Hysterothylacium {Contracaecum) 
aduncum escaped from the gastro-intestinal tract of 
dead cod and sumr.ier flounder (Para l i chthys dentatus) 
via the anus and gills or by m1grat1ng through the 
disintegrating gut wall to the body cavity and the 
flesh. As r.e~atodes found in the caelom and flesh 
were m0r;:ihological ly identifiable as enteric forms 
{fourth-stage larvae and adults), there was no doubt 
that migration had occurred. Non:ial ly, only the 
third-stage larvae of Hysterothylacium occurs in the 
coelom or flesh (Palsson 1979). 

There is some cor.troversy as to whether there 
is a significant migration of medically important 
Anisakis spp. larvae from the body cavity to the 
flesh of round fish. Some European investigators 
report experimental evidence of such a r.iigration 
occurring in mac<erel (Vik 1966) and herring (Smith 
and Wootten 1975). In these studies, relative 
abundances of Anisakis larvae in the flesh of fish 
stored round for periods of several hours to several 
days were compared with abundances of the parasite 
in the flesh of fish gutted at time of catch. Other 
investigators {Khalil 1969; Davey 1972) performing 
similar experiments found no evidence of a 
significant migration. 

CONTROL OF THE PROBLEM 

Odense (1978) described a number of possible 
solutions to the sealworm problem in the areas of 
biological control, technological innovations in 
q~ality control of fish processing and better 
pro:notion. Many of these solutions were 
subsequently discussed at a "Codworm (Sealworm) 
Workshop" conducted at the Department of Fisheries 
and Oceans Hali fax l:aboratory in March, 1979. 

Biological Solutions 

As seal~onn reproduce in the stomachs of seals 
(see life cycle above), the primary biological 
solution to the problem is control of seal 
populations. Grey SP.als (Halichoerus grypus) appear 
to be the most important defin1t1ve ho~d there 
appears to be a strong correlation between the 
distribution of grey seals and heavy sealworm 
infestations in cod stoc~s on both sides of the 
North Atlantic {Young 1972; Platt 1975; Mansfield 
and Beck 1977; McClelland l930b); other North 
Atlantic seals, such as harbour (?hoca vitulina) and 
harp seals {Phoca 5roenlandicus),---ar=e-of relatively 
minor importance as sealworm hosts. 

Annual culls have been conducted in grey seal 
breeding colonies in eastern Canada since 1967. The 
positive aspect of this pru£ram is that it is a 
hw-;ane Ull t>y cu.;;mercial sealers, with pelts and 
other prcducts be;ng utilized. 'iJ,:!O'·:er, as the seals 
breed in rnid winter and most of the population is 
;,idely dis?ersed and inaccessible, only a ~ew 

hundr'?C ar.~rnc1s, ~ainly pups, he·:::- ~:;;er: ::1-?r' re:::h 
year ('~ansfield and Ben 1977; Z;,an;;~b"-~ Hal. 
1981 ). The harvest is neither ·ccxn1;ierci al iy f:asit.le 
nor effective as a control of the seal pcpulation or 
the sealwor.n problem. Pups normally suffer a high 
mortality rate and require several years to r,.ach 
the reproductive age. The seal ~opu1at ion can be 
reduced more efficiently by culling mature anirr.als 
which, as it happens, also support the h;:a~iest 
sealworm infestations (McClelland 193Db). /.. lounty 
was placed on the grey seal in 1976, resulting in an 
additional 600-1,000 seals being eliminated each 
year between 1976 and 1980. The total nur..ber of 
seals taken through the bounty and culling ~rograms 
during the same yea rs ranged fr cm l ,300-2 ,000. Yet 
according to the most recent stock asses>m:nt, the 
population continues to grow (Z;,·anenburg et al. 
1981 ). 

Odense (1978) suggested that as an a1t<:•r.ative 
to killing seals the animals might be t•eated with 
"worm medicine," anthelmintics or vaccines, thus 
rendering them unsuitable hosts for seah;orm. Such 
treatments are used routinely for control of 
parasitic diseases in domestic or zoo animals, .. ~ere 
the patients are available for fol law-up tr~a'::ient 
and reexposure to the parasites can be ;:;re· .. ented 
but, unfortunately, would not be practical for 
controlling sealworm in free-living seals. Only 
unweaned or recently weaned ~,.ey seal pups in large 
island colonies are accessible and ap;irc.ac~.able for 
the treatment. The pups do not becQ;',e infected with 
sealworms until they have left the b•e~jing sites 
and learned to catch fish. They are s~!::se:;uc:ntly 
exposed to reinfection with the parasite thr:JJ~hout 
their lives. In r.iany parasitic diseases, the host 
normally develops a resistance to reinfection; but, 
in the case of sealworm, seals a;ipear to adapt to 
the presence of the parasite and support 
progressively heavier infections as they get older 
{McClelland l 980b). As seals do not develop 
"effective immunTty" to the parasite in ~ature, it 
is unlikely that such immunity could be induced 
artificially with a vaccine. 

Selective fishing for worm-free cod stocks is 
another solution to the sealworm problem. But 
clearly, this is only a temporary solution which 
merely avoids the problem and in no way controls it. 
Selective fishing can put excessive pressure on 
lightly infected stocks and ultimately it · .... ould be 
necessary to exploit wormy stocks again {Rae 1972). 
Further, wormy stoc~s are usually found in close 
association with seals {Scott and Martin 1959; 
B~~rge 1979), probably serving to reinfect these 
hosts. Failure to exploit fish stocks serving as 
reservoirs for larval seal worm tocether with the 
apparent growth of the seal population can only lead 
to increasing abundance of the parasite. As a 
result, the problem could spread to adjacent cod 
stocks and other fish species. 

Young {1972), noting that abundance and 
distribution of sealworm in the flesh of cod varied 
with the age of the host, suggested that selective 
fishing for lightly infected age classes of cod was 
a possible solution to the worm problem. Platt 
(1975) subsequently pointed out, however, that 
concentration of the fishing effort on a particular 
age group (in this case, older cod) might not be 
econanical ly feasible. Nevertheless, the manner in 
which worm aJundance varies with age of cod co.:ld be 
taken into consideration wher. managing the stocks. 
The goals of r;;a~ntaining heal~hy, prcdv.::the sto·:ks 
and minimizing . ..,.onn infestations need not conflict. 



5ic1ogical approaches to the sealwonn problem 
~ay cf!er, at best, reductions in the abundance of 
;.;onns in fl sh stoc~.s over the long tenn. 
Nevertheless, these measures are necessary to ensure 
that processors are provided with ftsh that can be 
processed into high-quality products, at a 
reason ab le cost. 

Technological Solutions 

Unlike biological approaches to the sea1wonn 
problem, technological solutions, many of which 
should be applied at present, offer immediate 
relief. 

First, the potential health hazard can be 
eliminated through proper cooking, freezing, 
salting, sm~king or drying of fish, although further 
investigation is needed to detennine what degree of 
processing is adequate to destroy the wonn in each 
case (Margolis 1977). Unfortunately, while a 
certain number of parasites may leave the flesh 
during some of these processes, many persist, 
nonviable, but still unacceptable from the aesthetic 
point of view. Although many of these procedures 
can be regulated at the processing level, cooking, 
for instance, is usually performed by the consumer 
or retailer and it follows that these parties should 
be apprised of the potential hazard. This, of 
course, draws attention to the parasite. More 
rigorous cooking standards are necessary to prevent 
potential parasitic infections from beef, pork, and 
mutton; parasites, such as tapewonns and trichinella 
are far more pathogenic than sealwonn but, unlike 
sealwonn, are not plainly visible to the naked eye. 

The candling procedure used for detection and 
removal of the parasites from fillets has seen 
little or no improvement during the decades it has 
been in use. A number of innovations to improve the 
efficiency of the procedure have been proposed, such 
as thin slicing of fillets, optimizing transmitted 
and incident light conditions, and frequent rotation 
of candlers to avoid eyestrain, fatigue, and 
boredom. However, these practices were either 
unacceptable to processors or were practiced for a 
time but subsequently fell into disuse. The time 
has come, perhaps, to give these procedures another 
look. Odense (1978) has devised a new candling 
tab1e incorporating cros~ed polarizing filters, 
which may provide improved opportunities for 
detecting the parasites and at the same time reduce 
eyestrain. This device is being tested currently. 

There have been a number of recent attempts to 
develop sophisticated ultrasonic or photosensitive 
devices to detect wonns, bones, and other flaws in 
fillets. Such devices would not eliminate the need 
for candlers but would screen out flawed fillets for 
subsequent candling or, perhaps, processing into 
fish meal or other products, while fillets free of 
flaws could bypass the candling operation. At 
present, however, use of automated wonn detectors 
appears to be impractical under industrial 
conditions and perhaps too expensive for smaller 
processing plants. 

OBJECT! VES 

The main objective of the present study was to 
document current abundances of sealwonn and related 
species of parasitic nematode n southern Gulf of 
St. Lawrence (4T) and Sydney B ght (4Vn) cod, 
plaice, and gray sole, indicat ng distributions of 

the parasites in the flesh and viscera of the host 
and variations in their at.:;n::ance with sex, body 
length, and geographic origin of the host. ~. second 
objective was to investigate, by experimental means, 
possible migration of these parasites fran the 
viscera to the flesh (or vice versa) of iced round 
cod. 

~ATERJALS AND METHODS 

COLLECTION ANO EX~~INATION OF FISH SAMPLES 

Samples of round cod (Gadus morhua), A~erican 
plaice (Hippoglossoides plate550taesr;-and witch 
flounder {Glyptocephalus cynoslossus) were collected 
fran commercial inshore and orrsrore draggers, 
Danish seiners, and long lir.ers in the southern Gulf 
of St. Lawrence (4T) and Sydney Bight {4Vn). 
Usually the fish were measured as they were 
selected, in an effort to stratify the sa:r.ples into 
5-cm length groups containing equal ni;mbers of fish. 
Cod samples, for example, were divided into ten 
length groups: ~30 cm, 31-35 cm, 36-40 cm, 
41-45 cm, 46-50 cm, 51-55 cm, 56-60 cm, 61-65 cm, 
66-70 cm, and ~71 cm. However, because of the type 
of gear being used, variations in the size of fish 
caught in different fisheries, or the small size of 
the catch, particularly frcm inshore boats, it was 
often difficult to fil 1 the smaller and/or larger 
length categories. Fish in some samples, collected 
for the investigators by fishermen, were of random 
length. 

The samples were transferred to OFO, Halifax 
Fisheries Research Laboratory, and stored either on 
ice for examination in the fresh condition or frozen 
at -l7°C and examined at a later date. 
Parasitological examinations 1~ere similar to those 
described by Templeman et al. (1957), Young (1972), 
and Platt (1975). The fish were measured (to the 
nearest cm in length), weighed {to the nearest 
0.1 kg), gutted, sexed and filleted. The visceral 
organs, mesenteri es and peritoneum were scanned with 
the naked eye, and nematodes detected therein were 
tentatively identified and counted. The nanatodes 
were placed in labelled vials of 0.9% saline and 
their identities subsequently verified by 
microscopic examination. The fillets and flaps of 
cod and plaice were inspected by systenatic 
destruction of the flesh (Wiles 1968); witch fillets 
were simply candled. Flesh adhering to the frames 
was also inspected for nematodes or portions of 
nematodes severed during filleting. Nematodes in 
the flesh, clearly identifiable as sealwonn, were 
simply counted, while those of uncertain identity 
were examined microscopically. 

INVESTIGATION OF MIGRATIONS OF LARVAL ANISAKINES IN 
ROUND COO 

The following experiments were pe;fonr.ed in 
order to determine if larval anisakines migrate fran 
the viscera to the flesh {or vice versa) of cod when 
it is stored in the round after capture. In 
February, 1980, 334 cod, 45-65 cm in length, were 
collected from a side dragger on the "Edge of 
Ground" (4Vn). Of these, 187 we~e eviscerated 
immediately after capture while the remainder were 
divided into three groups of about 50 fish 
each and were then stored on deck for periods of 
6 h, 12 hand 24 h, respectively, prior to being 
eviscerated. The viscera and bodies of individual 
fish were stored in sepa;ate label led pol.>e7.hylene 
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bags and ;..ere s.;hs.,quen~ ly e>.a:ni nee for r.P1"?.t.oties as 
above. 

In a similar experiment, 164 cod, 50-60 cm in 
length, were collected from a long liner on Scatari 
Bank (4Vn) in October, 1981. The sample was 
separated into three groups, each containing 50-60 
randomly selected fish. Cod fran one of these 
groups were eviscerated in01ediately after capture; 
the viscera and bodies of individual fish were 
stored in separate labelled polyethylene bags. The 
other two groups were stored round, on ice, until 
examination in the laboratory four days later. 
After a routine examination was made of viscera and 
flesh for larval anisakines, flesh from the flaps 
and fillets was retained in individual label led 
polyethylene bags and subsequently digested in a 
pepsin-HCl solution. The digestion procedure was 
employed in order to detect small or unencysted 
nematodes which might have been overlooked during 
routine examinations and, at the same time, test the 
efficiency ?f the routine examination. 

DIGESTION PRO~EDURE 

The digestion technique used herein was adapted 
from procedures described by Novotny and Uzrnann 
(1960) and Smith and Wootten (1975). The solution 
consisted of 5 g of l:lo,noo pepsin per litre of 1% 
hydrochloric acid. Fil lets of individual cod were 
placed in 4-L beakers containing 2 L of solution, 
the flaps in 1-L beakers with 0.5 L of solution. 
These mixtures were incubated in a water bath at 
35°-40°C, coup~ed with frequent stirring. After 
2-3 h of incubation, they were strained through a 
series of sieves ranging from 5-mm to 0.3-mm mesh. 
Nematodes recovered from the sieves were identified 
by microscopic examination. 

STATISTICAL ANALYSIS 

Counts of larval anisakines in individual fish 
were transformed by log 10 (X+l). Variations in worm 
counts with sex, sample and length of host were 
analyzed by three- and two-way ;\NDVAs (Type I I I) 
using.the GLM procedure (SAS 1982). Program PIV of 
BMDP-79 (BMDP-79 1979) was used for regression 
analysis of worm count/host length relationships. 

Cells with zero frequency were eliminated from 
the analysis of cod parasites by including all fish 
~45 cm in length in a single length stratum and by 
deleting or.e ~ample (Cheticamp, N.S.) lacking cod 
~61 cm in ~ength. For the sa:ne reason gray sole 
~35 cm in length were grouped in a single length 
stratum. Due to a scarcity of male plaice 2:.41 cm in 
length, ANOVAs involvinq variations in wonn counts 
with host sex were CC>:nputed for three host length -
strata: ~30 cm, 31-35 cm, and 36-40 cm. All six 
length strata, frClll <30 to -50 cm incl1Jsive, were 
used, however, in twCi-.,·ay a-rialyses of variance 
related to sampling and length of plaice. ~here 
blank cells persisted in spite of those precnutions, 
their influence on the results ~ere investigated by 
repeating analyses with Type IV ANOVAs. 

RESULTS 

LARVAL ANISAKINES IN 4T . .;~rn ::vn coo 

Three species of 1.:r\al .:nisakine, Pho~nr.-ema 
decipiens, Anisakis sr., 3nd Contracaecum 
UhDcc:scarfsTsr-:---;ere> :;--~nd Tr;"""Y;'Tria---avn cod. 

Prevalences M•C a~u·.:l::n:es of <?ach ":! :, 

are sur.mari;ed by ho;t sample anc ~<'nC'­

Table 1, and sampling locations ore ~~.d 
Fig. 1. 

od12 ~·;J':' .:i es 
gr·1up in 

cated in 

Frequency distributions of untransf:inaec ·~orm 
counts shown for combined cod samples t;erein 
(Figs. 2, 3 and 4) were in each case s~ewDd to the 
right to varying de9rees. Graphic tests e:.nploying 
normal probability plots, ho.,ever, show that the 
distributions are brought re:rr.arkably close to normal 
by the log transformation. This was also the case 
for frequency distributions of wonn counts in plaice 
and gray sole (Figs. 8 and 10). 

~- decipiens 

Of the more than 10,000 se.:1 ~orm, ecovered 
frooi 4T and 4Vn cod, 90~ were found in he fi1 lets, 
7% in the flaps and 3~ in the coelcrnic avity 
(Table 2). Infections in the flaps and crielcr.i wt:re 
most common in large ;;iar~et and steak cod, 
particularly in specimens with heavy infestations in 
the fillets. Sealwonn from the fillets and fiaps 
were 15-60 mm in length while these fc·und on the 
visceral organs and mesenteri es and on the 
peritoneum were 8-42 mm in length. ;;;,,-;;a to des in the 
flesh and coelcm were usually encysted; however, 
unencysted nEc-matodes occurred with increasing 
frequency when ~a1c;iles were stared on ice for 
prolonged periods. 

Abundance of sealworm in 4T and 4Vn cod varied 
from sample to sample, with ~nsh.Jre fish seneral ly 
being more heavily infected than offshore fish 
(Table l; Fig. 5). The heaviest infections occurred 
in samples collected from the 4T inshore near 
Souris, Pri nee Edward Island, in the s;:iri ng of 1981 
and frooi Frenchman's Shoal (4Vn) in the su:nmer of 
1981. The lighest infections were found in 4T 
offshore cod collected r.ear St. Paul's !sland in 
November, 1980. 

Invariably, worm abundance increased with host 
length, not only on a per-fish but often on a 
per-unit-weight basis (Table l; Fig. 5). In r.ost 
samples, steak cod (..?.71 cm in length) had the 
greatest number of wonns per unit fillet weight. 

Although sealworm app;:ared to be slightly more 
abundant in male cod than in female cod (Table 3), a 
three-way ~.rrnvA revealed that variations in worm 
abundance attributable to host sex were not 
significant in interactions or as a main effect 
(Table 4). Variations attributable to host 1ength 
and sampling, on the other hand, were highly 
significant both in interaction and as main effects 
(Tables 4 and 5). 

A priori contrasts of samples differing in 
respect to geographic origin and/or season of 
capture show that variations attributable to 
sampling in two-way ANOVAs were largely a result of 
differences in wonn abundance in inshore and 
offshore fish (Table 5; Fig. 5). f;ot only did 
inshore and offshore fish differ significantly in 
mean worm count (?~0.0001 ), but also in ~he ..,·onn 
count/hcst length ir.teraction. Mean worm counts in 
cod from 4T and 4Vn offshore, on the other hcnd, did 
not differ significantly, althDugh wonn counts in 
4Vn winter and sun:ner s::mples differed at P.:o.o:os. 

Plots of eel l 1;;;:ans of trans fon-ed •• :in counts 
versus host lencth se""'ed to inCicate the ex1s::!nce 
of a linea:- rel2tiu~· .sni;:.i ~et ... een sc:a1~.;nr. c.t: .... r.:ar.:e 



and host length (rig. 5). P~yress1on analysis, 
h ~ wever, revealed that although regression 
coefficients were invariably highly significant 
(D~0.0001), the resultant regressions often 
e~plained less than 10% of the variance. 
Distributions of residuals (error) as shown in 
scatter plots were far from nonnal; and in fact, the 
departure from nonna1ity was so severe that tests 
for signi7icance of regression coefficients would be 
"'eaningless (see Underwood 1981 ). Hence, it was not 
possible to compare samples by covariant analysis of 
wonn count/host length regressions. 

Anisakis sp. 

Anisakis larvae found in 4T and 4Vn cod varied 
frCJTl 12 mm to 35 mm in length and closely resembled 
A. simplex as described by Pal sson (1979). The 
nematodes were usually encysted on the surface of 
the liver (61%) and on the mesenteries surrounding 
the pyloric caecae (31'.':) (Table 2); in cod271 cm in 
1 ength, they occurred more frequently on the pyloric 
caecae (49'..:) than on the liver (42%). Anisakis 
larvae were found infrequently in the flaps (1.21%) 
and fillets (1.11%). 

Prevalence and abundance of wonns invariably 
increased with host length, and cod collected in 4T 
were more heavily infected than cod frCJTl 4Vn 
(Table l; Fig. 6). The three-way ANOVA (Table 4) 
indicates that the influences of host length and 
sampling on wonn abundance were highly significant 
as main effects and in interaction, while host sex 
(Table 3) was not a significant factor. A priori 
contrasts (Table 5; Fig. 6) reveal that 4T offshore 
cod differed significantly frCJTl 4Vn offshore cod in 
mean wonn count (P~0.0001) and the wonn count/host 
length interaction (~0.0001 ). In an overal 1 
comparison of inshore cod with offshore cod, the 
difference in sample means and interactions was not 
significant, while the difference between mean wonn 
counts for inshore and offshore fish frcm 4T alone 
was significant at P~0.05. 

Contracaecum (Phocascaris) sp. 

Larval Contracaecum from 4T and 4Vn cod were 
7-23 mm in length and closely resemble larvae of 
C. oscu1atum cultivated in vitro by McClelland and 
°[onald (1974b). The nematodes werP. encysted on 
visceral organs and mesenteries with most (96%) 
occurring on the mesenteries of the pyloric caecae 
(Table 2); only a few (0.11%) were found in the 
flesh. Unlike encysted larvae of P. decipiens and 
Anisakis which were spirally coilea, l.Ontracaecum 
1 a rvae were either fully extended or sharply 
recurved (similar to a hairpin). 

While they were found infrequently in smal 1 
cod, Contracaecum larvae were often quite abundant 
in cod .261 cm length (Table 1; Fig. 7). Cod fran 
4T, especially offshore fish, were far more heavily 
infected than cod from 4Vn. According to the 
three-way ANOVA, wonn abundance was influenced 
significantly by host length and sampling not only 
in the two-way interaction and as main effects but 
also in a three-way interaction with host sex 
(Table 4). Host sex, however, was not a significant 
factor in two-way interactions with length or sample 
or as a main effect. As indicated by a priori 
contrasts, variations in the ANOVA related to 
sampling ;;ere attributable to differences in wonn 
abundance in inshore and offshore cod and also to 
differences between 4T and 4Vn cod (Table 5; Fig. 7). 

LARVAL A~ISAKINE~ IN 4T AND 4Vn PLAICE 

Abuh~ances of larval anisakines in 4T and 4Vn 
plaice are summarized by host sample and length 
group in Table 6, and sampling locations are 
indicated in Fig. 1. Frequency distributions for 
untransfonned counts of P. decipiens are shown for 
the combined samples in Tig. 8. 

!· decipiens 

Sealwonn in 4T and 4Vn plaice (Table 7) were 
found almost exclusively (98%) in the fillets. 
Prevalence and abundance of the parasites increased 
with host length in samples frcm the southwestern 
Gulf; however, in the 4Vn samples, there was a 
decrease in intensity of infection in fish ~51 cm in 
length (Table 6; Fig. 10). The sample fran Shediac 
Valley (4T) was the only one in which the parasite 
increased in abundance with host length on a 
per-unit-weight basis. 

While male plaice see;ied to be 1;iore heavily 
infected than females of corresponding length 
(Table 8), a three-way ANOVA for fish ~40 cm in 
length indicates that variations in worm cbundance 
attributable to host sex were not sianificant 
(Table 9). Variations related to host length and 
sampling were again highly significant, but the 
sample x length interaction became significant only 
when host length strata.?.41 cm were incl .. ded in the 
analyses (Table 10). As shown by contrasts 
(Table 10; Fig. 9), the significance of variations 
in sample means and sample mean x host length 
interactions was mainly related to differences 
between southwestern Gulf (Pt. Escuminac, 
New Brunswick, and Shediac Valley) and southeastern 
Gulf (Chet icamp) and 4Vn samples. Mean wonn counts 
and wonn count/host length interactions did not 
differ significantly in inshore samples collected 
near Cheticamp (4T) and Cape Smokey (4Vn) in the 
fal 1. These inshore samples, in turn, did not 
differ in either of the above respects frcxn an 
offshore sample taken on the "Edge of Ground" (4Vn) 
in winter. 

Anisakis and Contracaecum (Phocascaris) sp. 

Significant numbers of Anisakis and 
Contracaecum larvae were found in plaice from 
western 4T (Shediac Valley and Pt. Escuminac), but 
only a few specimens were found in samples from 
Cheticamp and 4Vn (Table 6). In fact, only one 
Contracaec.im larva was found in the Chet icamp sample 
and this parasite was not detected in 4Vn samples. 
Only two Anisakis larvae were found in the fillets; 
the remainder occurred in the body cavity, most 
frequently (56%) on the liver (Table 7). 
Contracaecum larvae were found primarily on the 
mesenter1 es of the pyloric caecae, and only two 
specimens were detected in the fillets. The two-way 
ANOVA indicates that variations in abundance of 
these two nematode species related to host length 
and sampling were highly significant (Table 10). 

LARVAL ANISAKINES IN 4Vn WITCH (GRAY SOLE) 

All P. <iecipiens larvae found in 4Vn witch 
occurred Tn tne hi lets. Only two Anisakis larvae 
were found in the three samples, both in the coelcm, 
and no Cuntracaecum larvae were detc-cted. 
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Prevalence and abundance of P. deci~iens and 
the abundance of the parasite per-unit h 1 1et weight 
all increased with host length {Table 11 ). While 
variations in worm abundance related to host sex 
(iable 12) were not significant, those associated 
with host length and sampling were highly 
sisnificant (Table 13). 

HYSTEROTHYLACJUM ADUNCUM JN 4T AND 4Vn COD ~ND 
FLA1rlSH 

A fourth species of ascaridoid nematode was 
found in the coelom and occasionally in the flesh of 
4T and 4Vn cod, plaice, and witch. However, aside 
fr()ll a few encysted third-stage larvae found in 
small cod and plaice from 4T, most of the specimens 
we;e unencysted fourth-stage larvae or adults of 
enteric origin. Records of these nematodes in the 
coelom and flesh (Table 14) do not reflect their 
overall abundance as many specimens were found 
protruding from the mouth, gills and anus, or free 
of the fish host. Further, the gastro-intestinal 
lurren of the host was not inspected. They are cited 
here nevertheless as evidence of migration of 
parasitic nematodes from the gut lumen to the 
coelom and flesh after the death of the host. 

MIGRATION OF LARVAL ANJSAr.JNES JN ROUND COD 

There was no evidence of a migration of larval 
anisakines from the viscera to the flesh of round 
cod within 24 hours of catch (Table 15). Sealworm 
occurred primarily in the flesh, with only two 
{0.5:::) of 408 larvae being found in the viscera of 
freshly gutted cod and three {l.8%) of 171 larvae in 
the viscera of cod left ungutted for 6-24 hours 
after catch. Conversely, Anisakis occurred mainly 
in the viscera and only four (3.0~) of 131 were 
found in the flesh of freshly gutted cod and three 
{l.9":.'.) of 15g in the flesh of round cod. 

The experiment with Scatari Bank cod (Table 16) 
also failed to provide conclusive evidence of 
migrations of larval anisakines in round cod. In 
this case, sealworm did not occur in the viscera of 
either freshly gutted cod or cod stored on ice for 
four days prior to evisceration. The distribution 
of Anisakis sp. larvae between viscera and flesh was 
sir.nlar in freshly gutted and round cod; nine {21'.t) 
of 43 Anisakis larvae occurred in the flesh of the 
former, 13 (24%) of 55 in the flesh of the latter. 
In ;espect to infections in flesh alone, however, 
round cod had relatively fewer nematodes in the 
flaps than freshly gutted cod; four (2%} of 203 
sealworm and five (38%) of 13 Anisakis larvae in the 
flesh of round cod occurred in tne rlaps; while of 
the ne1T.atodes in the flesh of freshly gutted cod, 
nine (7%) of 123 sealworm and six {67":.'.) of nine 
Anisakis were in the flaps. As the total numbers of 
nematodes were small and as respective distributions 
of sealworm and Anisakis in tissues of freshly 
sutted and round cod varied by only a few r.ematodes 
in each case, the results were not subjected to a 
further analysis. 

Following digestion of the flesh of S~atari 
Bank cod, it became clear that a number of ner..atodes 
had escaped detection by routine examination of 
fillets and flaps (Table 16). Of the nematodes in 
the flesh of freshly gutted and rClund cod, 45 (13%) 
of 339 se:alworm and 15 (68:.:} of 22 AnisaUs sp. 
larvae were recovered b.i• digest ion.----

Dl'.>CUSSJON 

Before the results of the present stuay can be 
discussed or compared with results of similar 
studies, several factors must be considered. 
Fil lets, flaps, and viscera were examined for 
ascaridoid nematodes in our study, whereas onl; the 
fillets were examined in earlier s~rvevs of ;;as:ern 
Canadian groundfish (Scott and 1·:artin °1957, l9S9; 
lempleman et al. 1957; \..'iles 1968; ?.ppy 1978). In 
our study, no;,r..atodes in the fillets and flaps were 
recovered by systE:matic destruct ion of the flesh. 
As shown in experiments in which the f1esh of cod 
was digested follo~·ir1g routine examination, some 
P. decipiens (13%) and most !:.r,isakis sp. larvae 
T68%) in tne fillets and flaps werr: not detr:cted by 
systematic destruction of the flesh. Te•;i1:c.an 
et al. {1957) found P. deci~ iens and ;,nisakis sp. 
larvae in the fillets o-f easte:rn Ce:•.aG1an 9rouncfish 
by cutting the fillets into thin slices prior to 
candling. ihis latter apprc.ach ap;it::ars· to be ni:arly 
as reliable for detection of sealwonn as systC<:.atic 
destruct ion of the flesh (?owe:r 1961) arid has 
subsequently been adopted by Euro;:;ean invescigators 
(Young 1972; Platt 1975). Experiments cond~ctr:d by 
?ower (1961), however, indicate t~a~ coc:;;;:er.:ial 
candling procedures e;;iploye:d in the Scott ar.d ::art in 
(1957) survey of eastern Canadian cod were ~robcbly 
less than half as efficient for finding wo~s as the 
met hods above. 

Records of seal worm i nfes tat ion are usually 
reported as average num)ers of ~c;rms r-er f~ sh, per 
fillet, or per unit fil 1et "'eight; but ave.-age or 
mean worm counts are often ~isieading. rr~~ency 

distributions of worm counts are invariably skewed 
to the right with most ii sh either uninfected 
or lightly infected {Platt 1975; Palsson 1979; 
herein). When sample sizes are s:nal l, the r;.ean worm 
count may be greatly influenced by occurrences of 
heavy infestations in a few fish. As worm e:b,rndance 
varies with length or age of host {Plaa 1975; 
herein), the mean count is also influenced by the 
structure of the sample with regard to length or age 
classes present and relative nunbers of fish 
included in each class. The influence of length or 
age structure of sampling r2r.lains when mean counts 
are computed for broad categories such as scrod, 
market, or steak cod. In other studies discussed 
here, samples appear to have been chosen at random 
and have nonnal frr:quency distributions for ase or 
length of fish. Our samples, hc1>ever, were selected 
according to a forced or:hogc",al design in which 
they were stratified into length g:-oups ccnte:ir.ing 
equal numbers of fish. Most of these ;arnples 
conform with the design to so:ne degree. 

The difficulty of c()npa ring the fi ndi nss of 
various surveys is cropounded by the fact that fish 
length or age strata chosen for data sum:-.aries often 
differ. Moreover, growth rates of cod and flatfish 
populations vary seog;aphical 1y {Kohler 195~; P;owles 
1965; Pitt 1975; Beacham l9o2} and, hence, fish of a 
siven year class nry in size fran population to 
population. Conversely, fish in corres;>onci ng 
length strata may differ in age. 

Although ~ampling locations in the pr;;s::nt and 
earlier surve_ys often coincide, the times of ~·;:ar at 
which samples were collected may differ. l.'ith 
seasor.al ;;iigrations of cod and plaice, ;;artic~~arly 
41 stocks {l~a rt in anc Jean 1964; ?owl es i965), 
various transient populations may occur :n a ghen 
10cation at different times of year. jr, ~r.e event 
~~at the same cod or :--~atfish rcpi.;:~tion 1-"~s ~n :act 
been sampled in current arid ;;ast SJ~\eys, fish in 



coincident length strata may differ in age due to 
chan~es in growth rates over the intervening years 
(Kohler 1964; Powles 1965). 

Frequency distributions of wonn counts in the 
present study are positively skewed but brought 
remar~ably close to normality by the log

10 
(n+l) 

transformation. Eecause of the complexity of design 
and the lack of sufficient numbers of observations 
in some cells, the possibility that the 
distributions are negative binomials was not tested. 
Platt (1975) applies the above transformation to 
data on sealworm and /,nisakis larvae in northern 
European cod, having first established that wonn 
count distributions lie between Poisson and negative 
binomials. In Pa1sson's (1979) study of larval 
anisakines in cod from the Icelandic inshore area, 
wonn count distributions are in fact negative 
bi ncimi al s. 

/,NQVAs reported here are of non-orthogonal 
design, i.e. unbalanced with unequal numbers of 
GJservations in the individual eel ls, and main 
effects (host length, sample and sex) are assumed 
"fhed." The disparity in eel l size is often 
severe, with some cells, albeit a small minority, 
having no observations. With Type II ANOVAs offered 
in the SPSS and 6MDP packages used for preliminary 
analyses here, cross-contamination of interaction 
and main effects rnay occur in analyses of unbalanced 
data (Fruend and Littel 1981 ). This problem was 
resolved by reanalyzing the data with Type I I I and 
Ty;:ie IV A:WVAs, which subsequently became available 
in the GL~ procedure (SAS 1982). ~ith the Type III 
.C.NO\'A, each effect is adjusted for all other effects 
and significance of main effects can be considered 
in the presence of interactions. Type IV functions 
have been designed for analyses in which cells of 
zero frequency are involved. In the few cases where 
this situation applied to our analyses, results of 
Type III and Type IV ANOVAs were similar. 

Oi stribut ions of error tenns were not tested 
for nonnality for the fol lowing reasons (see 
Underwood 1981 ). First, most tests for normality 
require large samples and, as indicated above, some 
cells contained few observations. Secondly, for 
co~plex designs such as the one used in the present 
study, none of the tests for normality are 
practicable. Finally, non-normality has little 
effect on statistical procedures which compare 
treat"'ent means, and thus it may be safe to 
disregard this assumption. 

In all likelihood, the assumption of 
homogeneity of variances has also been violated in 
this analysis. When heterogeneity of variance is 
severe, the probability of Type I error is greater 
than specified in the table of F-ratios, and the 
factors in ANOVA are prone to false significance 
{Bliss lSiO; Underwood 1981 ). In the present study, 
however, the data were not tested for homogeneity of 
variance. :.ccording to arguments presented in 
Underwood's {1981) review, ANOVA is robust to many 
types and magnitudes of departure fran homogeneity 
of variance and may be more valid than tests of the 
assumption. Hence, prior tests for homogeneity of 
va ri a nee may not be necessary. 

A priori contrasts are non-orthogonal and 
consequently prone to results of false significance 
(as is the case with heterogeneity of variance, the 
probability of Type I error is greater than 
s~ecified in the table of F-ratios). For 
descriptive purposes, it is often more corvenient to 
confine such analyses to orthogonal contrasts; but . . 

this should not prevent the investi9ator frcrn 
testing those contrasts of greatest the~retical 
importance (Harris 1975). 

Given the above l{mitations, the results of our 
analysis must be interpreted with caution. i.'hile 
non-significance, e.g., effect of host sex, is a 
reliable result, significant results r.ay be dubious 
{t;nder..iood 1981 ). Underwood infHs :.hat one way of 
offsetting the possibility of false significance 
would be to test significance at a lower probability 
level; i.e., lower than the P~0.05 1evel nonr.al ly 
eir.ployed in such tests. Our analysis indicates that 
apparent variations in worm abundance related to 
host length and geographical origin are for the most 
part highly significant (P~0.0001 ). 

SEALWORM IN 4T ANO 4Vn COD ANO FLt..TFISH 

It would be difficult to conclude that sealworm 
abundances in the fillets of 4T cod reported here 
differ from those reported 25 years ago {Sect t and 
Hartin 1957; Templeman et al. 1957). Although there 
were great variations in abundance of sealworm in 4T 
cod examined in present and past studies, 
infestations generally fall within the same range. 
In the recent Bradel le Bank sample, steak cod had 
heavier infections, while scrod and market cod had 
lighter infections than previously reported. 
Infections in small inshore cod collected off 
Cheticamp in the fall of 1980 were light in 
comparison with earlier records fran this area; and 
yet cod samples from the neighbouring Souris, 
P.E. I., inshore in the spring of 1981 had extremely 
heavy infections, rival ling those found in cod fron 
Caraquet, N.B., in 1946. 

Sealworm seems to be somewhat more abundant in 
the fillets of local 4Vn cod than previously 
reported by Scott and Mart in {1957). Worm counts 
were consistently greater {three- to tenfold) in the 
1981 samples, regardless of sampling location or 
grade of cod. Our analysis revealed that 
differences of lesser magnitude among our own 
samples were often highly significant. The 
possibility that worm counts have inflated by 
inclusion of heavily infected migrant cod frcrn 4T 
applies only to Scott's and Martin's study. In our 
study, a distinction has been made between local 4Vn 
cod, collected from late May through early October, 
and cod collected in winter which was presur..ably a 
mixture of local 4Vn and migrant 4T cod. Methods 
used to find nematodes in the fillets in our study, 
however, may have been two to five times as 
efficient as the com::iercial candling procedures 
employed by Scott and Mart in (see Power 1961 ). \.!nen 
this factor is taken into consideration, evidence 
that seal wonn has be cane more nurrerous in 4Vn cod is 
less convincing. 

The 4T plaice examined in our study were 
heavily infected with sealwonn, g"neral ly having 
more worms per unit fillet weight than cod. 
According to processors, the worr.i problem in 4T 
plaice, particularly off the Chet i camp to Pleasant 
Bay area of Cape Breton, is a recent development. 
Given the lad of historical records fran this area, 
however, it is difficult to confirm this claim. The 
records of Templeman et al. {1957) show significant 
nur.ibers of worms in plaice fran the 4T offshore. In. 
fact, the parasite appears to have been as .:b ndant 
in plaice sampled fran Bradel le !:ank in this arly 
study as it was in our sample fr~ Shedi ac Va ley. 
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On the other hand, the ~eavy sealworm 
infections in 4Vn plaice reported in this study are 
without precedent. According to Templeman et al. 
(1957), infections in 4V plaice were extremely rare; 
the prevalence of the parasite in a sample from Cape 
North 4Vn was only 4::;. Similarly, sealworm 
infections in 4Vn gray sole (witch flounder) were 
much heavier in our study than reported by Templeman 
et al. (1957), .;ho founo only one worm in 116 witch 
from the "Edge of Ground" (4Vn). While current 
in7ections in sole are much lighter than those in 
cod and plaice, they still exceed government 
standards (one worm for every three pounds or O. 73 
worms per kg of fillets), and candling would be 
required in processing. 

Sealworm appears to be no more abundant in 4T 
and 4Vn cod then it is in many European cod stocks 
(Young 1972; Platt 1975; Bj\lrge et al. 1981 ). 
However, in European cod, the parasite accumulates 
more frequently in the flaps and becomes 
increasingly prevalent in this location in larger 
fish. In British cod, for example, P. decipiens is 
equally abundant in the flaps and fiTlets of fish 
<50 cm in length; in fish >50 cm in length, the 
num)ers of worms in the fillets remain more or less 
ccr.stant while numbers in the flaps increase at an 
exponential rate with host length (Young 1972). As 
a consequence, European cod generally have fewer 
worms in the fil 1et anc fewer worms per unit fillet 
weight than 4T and 4Vn cod, herein. Sealworm 
infections in European fisheries are confined mainly 
to cod; and infections in other groundfish species, 
such as witch or plaice (long rough dab), are rare 
(Wootten and Waddell 1977). 

SEALWORM ABUNDANCE IN GROUNDFISH AND GREY SEAL 
DISTRIBUTION 

The persistence of heavy sealworm infestations 
in 4T cod and plaice and the apparent increase in 
abundance of the parasite in 4Vn cod and flatfish 
are difficult to explain in terms of grey seal 
distribution, as records of the seal in the southern 
Gulf and Sydney Bight have been rather infrequent. 
Recent records of grey seal distribution, however, 
are based largely on frequencies of bounty kills and 
gear entanglements, usually involving gill nets 
(Zwanenburg et al. 1981). An apparent sea rci ty of 
grey seals in a given area may merely indicate that 
fishermen who might normally hunt the seal are more 
profitably occupied or, possibly, the lack of an 
active gill net fishery. 

Co;:;parisons cf current information on worm 
infestations in groundfish with recent records of 
grey seal distribution and abundance may be 
misleading, as the relationship between the two 
phenomena is not an instantaneous one. Depending on 
environmental temperature, hatching and development 
of the parasite in poikilothermic intemediate hosts 
may requi rt! periods of several months to several 
years duration (McClel 1and 1982, 1983b). Upon 
reaching the "infective" stage (i.e. ,-infective to 
seals) in the fish host, the sealworm may persist 
indefinitely in encysted form. Hence, there would 
be a considerable time lag between the gro..rth or 
decline of the seal population in a given area and 
corresponding changes in the abundance of sealworm 
in groundfi sh. 

1-:ar.sfield and E'ed (19i7) speculate that the 
ice-breeding grey seal colony in Georges ~ay may 
hc:ve grc~n in recent years as a result of incrrased 
ice st:bility ir. the area following the cons~ruction 

of :ht- Ce:nso Causeway. The heavy worm ·;-.f statiJ~s 
currently found in Souris cod and Ch,ti:am ~la Ice 
may be related to the existence of this co ony 
and/or increa~ed nur..bers of ~ransient seals 
migrating to and from the colony via the 
Souris/Cheticamp area. Apparent increases in 
seal worm abundance in 4Vn groundfish may also be 
attributable to the more frequent occurr~nce of 
transient seals. Grey seals ;;;igrating b':-t,...een the 
eastern Nova Scotia/Sable Island area and the Gulf 
of St. Lawrence via the Cabot Strait would pass 
through 4Vn en route. This rr.igration route has 
probably been used with incre.:sing fr;,quency in 
recent years as a result of the growth of the seal 
population and/or the cause.,,ay having bloc~ed access 
to the Gulf via the Strait of Canso. Heavy 
infections in cod from Frenchman's Shoal t.ave 
probably resulted from the increased a~unda nee of 
grey seals on S.:atari Island and along the Cape 
Breton coast between Louisbourg and Fourchu. 
Numerous grey seals were also sighted on drift ice 
over the "Edge of Ground" tVn at the tirae we were 
sampling from ccr.;m::rciai dragsers in FE:bruary 198D 
and 1981. 

ANISAKIS SP. LARVAE I~ 4T AND 4Vn COD A~D FLATFISH 

The abundance of larval A:iisakis in whole 4T 
and 4Vn cod was 1.65 in our stlidy, w1 h the prasite 
generally being most numerous in 4T f sh. Abundance 
in the flesh was 0.032; 0.018 in the il lets, and 
0.020 in the flaps. Significant nur.bers of the 
parasite also occurred in plaice from the 
southwestern Gulf, but infect io~s were rare in 
Cheticamp and 4Vn plaice. The overall intensity of 
infection in plaice was 0.040, and only two lan·ae 
were found in the fillets of 1,681 plaice. In an 
earlier survey (Templeman et al. 1957) in which only 
the fillets of groundfish were examined, the overall 
abundance of Anisakis in eastern Canadian cod was 
0.014. The parasite was most abundant in cod frCJll 
Newfoundland waters but was not detected in either 
cod or plaice from the 4T offshore. 

Anisakis larvae appear to be far more numerous 
in European cod. Jn fact, infections in the flesh 
of cod from many European fis~eries are heavier than 
those found in whole 4T and 4Vn cod herein. 
According to Young (1972), ab;..ndances in the flesh 
of cod from the northeast and southeast British 
coasts and from the North Sea were 2.6D, 2.54 and 
l .S2 respectively. Platt (1975) reports abunc:!an.:es 
in cod flesh ~anging from 2.0 to 4.4 on Faroe rs:.:nd 
Bank, from 1.7 to 2.8 in Ice1andic fisheries, and 
from 4.1 to lD.2 in ecstern Arctic and 
Arcto-Norwegian waters. 

Since they are somewhat s;:ial ler than seal.,,orm 
and greyish to yellowish-white in colOJr, An;sakis 
larvae are difficult to detect in the flesn or 
groundfish (1-'ootten and Waddell 1977). il.s shown in 
our digestion experiment, 6~ of these r.e;;.atodes in 
the flaps and fillets of average size (50-SD cm) cod 
escaped detection by slicing arid systEr.Jatic 
destruction of the flesh. Technic;:ies used for 
routine examinations of the f:esh in the present 
study, however. were similar in efficiency to these 
emp1 oyed in su:-veys of Euroj:'ean cod (Yc"ng 1972; 
Platt 1975). Hence, the a;iparc:nt difference in 
:::iundance of .!.nisakis in the flesh of eastern • 
C<:r.adi an and E1...; ro:Jean cod is not at tri bl.t ::b le to 
differences in e~~;:;i nation procr:dt;res. Gne may 
fur:her ~on lude th.:t if r.1: 1;,:,e:rs of Arois:!:is in the 
flesh of ~c tern C.:rcdian cc.c ~.: ·.-e b~en g-eatly 
t..nf~resti::-c c-d. they have li~=nise !:.een 



underestimated, for European cod. Given that this 
para~ite can be pathogenic to humans (Smith and 
Wootten 1978) and at the same time difficult to 
detect by procedures routinely employed in fish 
processing, the fact that Canadian cod has much 
lighter infections than European cod should be of 
advantage in the marketplace. 

Of course, it is possible that Anisakis may not 
be as abundant in areas we surveyed as they are in 
other eastern Canadian fisheries. According to 
Parsons' and Hodder's (1971) survey of herring, 
larval Anisakis infections in 4T stock were somewhat 
iighter than those occurring in the Scotian Shelf, 
sou':.hwestern Nova Scotian, and various Newfoundland 
stoc~s; herring from Gabarus Say (4Vn), however, had 
fairly heavy infections. Appy (1978), on the other 
hand, reported that the prevalence of "mesenteric 
nematodes" (mainly larval Anisakis) was higher in 
cod from the southern Gulf of St. Lawrence than in 
Scotian Bank and Bay of Fundy cod, while abundance 
was fairly uniform throughout these areas. 

The distribution of Anisakis larvae in the 
tissues of the fish host appears to vary. In the 
present study, these nematodes occured mainly on the 
liver and visceral mesenteries and only two or three 
percent were found in the flesh during routine 
examinations. When additional nematodes, however, 
were recovered from flaps and fillets of cod by 
digestion procedures, the frequency of the parasite 
(in the flesh) ..ias 22~ - 11% in the flaps and 11% in 
the fillets. Young (1972) found Anisakis larvae to 
be more numerous in the flesh (69%) than in the 
viscera (31%) of North Sea and British cod, but in a 
later study of North Sea cod (Wootten and Waddell 
1977), mean intensity of infection in the flesh was 
only eight (12%) compared to 23 (88%) in the 
viscera. According to Palsson (1979) the parasite 
occurred more frequently in the viscera of Icelandic 
cod, the frequency in the flesh being about 25% in 
one- to two-j·ear-old and about 10% in three-year-old 
fish. European investigations invariably report, 
however, that most of the Anisakis larvae occurring 
in the flesh were concentratea in the hypaxial 
muscult~re of flaps rather than being evenly 
distributed between flaps and fillets as was the 
case herein. Of the Anisakis larvae found in the 
flesh of European cod, 90~ (Young 1972) to 100% 
(Wootten 1978) were in the hypaxial musculature. 

CONTRACAECUM (PHOCASCARIS) SP. LARVAE IN 4T ANO 4Vn 
COD ANO rLA1rISH 

Contracaecum larvae on the visceral mesenteries 
of coc and plaice herein closely resemble infective­
(third-?) stage larvae of C. osculatum reared in 
vitro by McClelland and Ronald ( 1974b). The fact 
that they were more numerous by far Tn 4T fish is 
probably attri~utable to the seasonal occurrence of 
harp seals in the southern Gulf, as mature 
C. osculatum are most c0t:1monly found in this seal 
s;iec;es (oerland 1963; Mansfield and Beck 1977; 
l'alsson 1979; McClelland 1980b). Although they 
vi sit there but a few months of the year, harp seals 
greatly outnumber the combined populations of other 
resident and migrant seal species in the southern 
Gulf. Moreover, among seal species of the Northwest 
/..tlant ic, harp seals are most heavily infected with 
f· osculatum on a per-seal basis. 

There is less li~elihood that the larval 
ntna o~es re?arted here are Phocascaris spp., 
alth uah thirc-staoe lar\ae or Contracaecum and 
~~cc scaris s~p. nay be 1:io rphological ly inseparable 

(Palsson 1979). Adults of Pho~ascaris spp. occur in 
the gastro-intestinal tracts or various seal species 
in the Northwest Altantic, but the principal host in 
the southern Gulf of St. Lawrence would be the 
hooded seal (Cystophora cristata); infections· in 
harp and grey seals are extremely light (Berland 
1963; McClelland 1980b). The hooded seal population 
in the southern Gulf Ts small, numbering in the 
hundreds, and like the harp seal, occurs there only 
during the breeding season. 

Unfortunately, it was not possible to make a 
positive identification of Contracaecum larvae on 
the basis of their morphology or seographical 
distribution. It may be necessary to rear some of 
these nematodes to maturity in order to confi nn 
their specific identity. This can be accomplished, 
as shown with sealworm (Scott 1953; McClelland 
1980a), by transmitting the larvae to the suspected 
definitive host. Alternatively, the parasite may be 
reared to maturity or near maturity in vitro 
(McClelland and Ronald 1974b). Recently, larval 
nematodes from the viscera of Baltic cod were 
identified as C. osculatum, following surgical 
implantation and maturation in the peritoneal 
cavities of laboratory rats (Fagerholm 1982). 

VARIATIONS IN ABUNDANCE OF LARVAL ANISAKINES WITH 
LENGTH OF FISH HOST 

Larval anisakine infections usually increase in 
intensity with length, weight or age of fish host 
(Scott and Martin 1957, 1959; Templer.ian et al. 1957; 
Parsons and Hodder 1971; .Young 1972; Platt 1975; 
Wootten and Waddell 1977; \.lootten 1978; Pa"lsson 
1979; herein). These nematodes ultimately become 
encysted in fish tissues, emerging only upon 
ingestion by a subsequent host. Hence, they may 
persist throughout the life span of the fish, 
becoming increasingly numerous through cumulative 
reinfections. On the other hand, as indicated by 
occurrences of cysts containing dead and 
dis integrating worms, the paras it es may eventual ly 
be eliminated, possibly as a consequence of a host 
reaction. Even under these latter circumstances, 
however, the nematodes would be rrore numerous in 
larger fish as the frequency of reinfection would 
increase with the appetite of the host. 

Of course, the rate at which fish accumulate 
larval anisaki nes would depend not only on the 
quantity of prey cons urned, but on di et preferences 
as well. Cod becc.rne increasingly piscivorous as 
they mature, and 4T and 4Vn cod are no exception in 
this regard (Kohler and Fitzgerald 1969). Cod r.iay 
become infected with larval anisakines by feeding on 
invertebrate or smaller fish hosts (Scott 1954; 
Smith 1974; McClelland 1983b), but the parasite 
would probably occur more Tr'equently in a di et of 
fish. For example, young plaice which become 
increasingly important in the diet of large cod 
(Powles 1965; \..'aiwood et al. 1980) are themselves 
heavily infected with sealworm. 

As shown in present and earlier studies (Scott 
and Martin 1957; Templeman et al. 1957), increases 
in sealworm abundance in 4T and 4Vn cod are either 
proportionate to or greater than increases in host 
weight; and large cod have as many or more worms per 
unit fillet weight than smaller cod. Prevalence and 
abundance of worms, on a per-fish or per-fillet • 
basis, increase dramatically with the size of the 
fish, while efficiency of candling procedures used 
to detect the parasites declines with increasing 
thickness of fillet (Power 1961 ). Given the above 

1 
:1 
l 
l 
l 
) 

a 
J 

} 

} 

] 

} 

J 
] 

J 
J 
J 
J 
} 



J 

1 
l 
1 
l 
1 

1 
) 

} 

l 
j 

l 
J 

J 
J 

J 

1 

1 

factors, it .;oi.:ld seerr. that :he worn, rrob1er.i in 41 
and 4Vn cod might be allel'ioted by fishing for 
smaller cod and, by management practices, 
maintaining young cod populations in these areas. 
According to processors, however, the worm problem 
is not the only concern. ~arket cod are ;enerally 
preferred for pr0cessing into fillets, steak and 
market cod for saltfish ~arkets. Scrod may have 
fewer worms but take longer to process (per unit 
weight) and deteriorate more rapidly than market 
cod. 

As previously discussed, sealworm tend to 
accumulate more fr~quently in the flaps than in the 
fillets of large European cod (Young 1972; Platt 
1975). As a consequence, the parasites become less 
ni.:merous per unit fillet weight with increasing 
length or age of host. Young (1972) suggests that, 
under these circumstances, selective fishing for 
large cod, together with removal and separate 
processing of flaps, might be a useful approach to 
the worm problem. ~hile dismissing selective 
fishing as an uneconomic option, P1att endorses the 
separate processing of flaps, noting that infections 
with Anisakis sp. larvae as well as sealworm are 
concentrated in these tissues. 

On a per-unit-fillet-weight basis, sealworm is 
most numerous in small plaice from 4T and 4Vn 
(Templeman et al. 1957; this study). The apparent 
decrease in the frequency of reinfection in mature 
plaice is probably attributable to change in diet. 
Crustaceans and annelids serving as precursor hosts 
of the parasite (Val 'ter 1978; Val 'ter and Popova 
1974; McClelland l9e3a) make up the greater part of 
the diet of young plaTce, while the mature fish feed 
mainly on echinoderms and molluscs (Powles 1965; 
Minet 1973). 

Unfortunately, we were not able to establish 
mathematical r~ationships between variations in 
worm abundance and host length. Plots of mean 
transformed worm counts versus mean host length seem 
to indicate the existence of linear regression, and 
a relationship is also implied by the significance 
of host length and host length/sample mean 
interactions in two-way ANOVAs. Resression 
analysis, however, rel'eals gross violations of the 
assumption of normality of the distribution of 
error, and under this circumstance, tests for 
significance of regression coefficients are 
meaningless (Underwood 1981 ). \./hen this analysis 
was completed for a few samples, the regressions 
explained <10: of the variance, although regression 
coefficients were a?~arently highly significant 
(?~0.00001). The above assum;·tion al so applies to 
tests of significance of correlation coefficients 
but may have been overl~oked by Platt (1975) in 
computing significance of correlations between 
transformed worm counts (P. decipiens and 
Anisakis sp. larvae) and Tength, weight and age of 
host turopean cod. 

VARIATIONS IN ARUt:OANCE OF LARVAL ANISAKINES WITH 
SEX OF FISH HOST 

Accardi ng to three-way A:>O\'As in this study, 
abundances of larval anisakines in 41 and 4\'n cod 
and flatfish did not vary significantly with host 
sex. In the case of Contracaecum sp. 1arvae in cod, 
the three-way interaction or host sex, length and 
sample was hi9hly significant (P_::.0.0001 ). The 
s~gnificance of this rcrticu1 r int~raction, 
hohever, ~as probably attri~u a~le to the influences 
of sa~p1e and 1ength, hhich ~ re also highly 

signjficant (P.:.:D.0001) in two-way in:e•a:t ieir. ,;nc es 
main effects. Sex was not significant as a :r.cin 
effect or in respective two-way inte•actions with 
length and sample. As previously surmised by 
Templeman et al. (1957) and Appy (197e) with regard 
to larval Phocar.erna and Anisakis infections in cod, 
variations in intensity of larval anisakine 
infections can be considered without reference to 
host sex. 

LARVAL ANJSAKINES AS BiOLOGICAL TAGS 

Our analyses (fixed-factor design - a priori 
contrasts) indicate that P. decipiens, A~isakis sp. 
and Contra~aecum (Phocascaris) sp. larvae coulo be 
used as b1olog1cal tags for 4T and 4Vn cod and 
flatfish stocks. Variations in ab:.indance of 
P. decipiens and Contracaecum larl'ae would be useful 
Tn d1scrimir.ating between inshore and offshore 
stocks. Quantitative cex;;parisons of Anisakis sp. 
and, particularly, Contra.::aecum sp. infect1ons might 
also be employed in di stir,gui sroing 41 fr::rn 4Vn 
stocks. 

As they occur mair.ly en the visceral or e:ns and 
mesenteries, Anisakis and C·~nt•acaecum a•e c r-t.:inly 
mare can~enient to study tnan sea: norm. Wit a 
trained eye they are readily identified and c~unted. 
If it is r.ot possible to examine s.:mples at sea, 
only the viscera need be collected for subsequent 
examination in the laboratory. C':;antite:tive studies 
of seal worm, on the other hand, are iaborious and 
time consuming (Appy 1978). They require that the 
fish~ boned and skinned and that a variety of 
procedures such as slicing, candling or Sjstematic 
destruction of the flesh be employed in detection of 
wonns embedded in fillets and r.apes. Of course, the 
efficiency of worm detect ion can vary greatly with 
the teijinique employed (Pcwer 1961 ). Given that 
proper facilities for these procedures are usually 
not available at sea, hundreds of ki1 os•ams of fish 
must be collected, stored, and transported to the 
1 ab oratory. 

As shown here and in earlier studies (Scott and 
r'.artin 1957; Templeman et al. 1957; Appy 1978), 
sealworm is most numerous (P2_0.000l) in the inshore 
cod of 41 and 4Vn. Once a distinction has been made 
between inshore and offshore samples, however, it 
becanes apparent tr.at warm abundances in our 4\'n cod 
samples were similar to those in our 4T samples. In 
the past, wr.en sealworm infections in local 4Vn cod 
were relatively light (Scott and 1·~artin 1957), 
seasonal irn~igrations of 4T cod must ~ave had a 
dramatic impact on the "Orm prob1em in 4Vn 
fisheries. \.lith the parasite uniformly abundant in 
4T and local 4Vn cod, as indicated in our current 
samples, this should no longer be the case. Indeed, 
Cape Breton processors interviewed here remarked 
that at one ti me the worm prcb1em in 4Vn cod 
fisheries w~s most severe in winter and spri na .. hen 
migrant 4T cod were present; but in recent years 
there were no sec:sor.al variations in worm 
i nfes tat ions. 

Sealworm counts in our samples of cod fretn the 
4Vn winter fishery were similar to those found in 
offshore cod frcxn 4i anc! ~Vn ~:.i::imer fisheries. \..'ith 
re9ard to at:undances of Contracaecum and ,;nisakis 
larvae, on the other hand, 4Vn winter coo se:;;;ples 
differed greatly (?s.0.0001) from 4i offshore cod, 
;,hile appearing more sir;;ilar to local ce>c collected 
frcm the GVn offshore in s;;;.;r;;;:r. On the ba is of 
ne;:;atcde co:,nt s, then, or.e woui d conc'uce t at 
cith0ugh 5Cniie migrant 4~ cod were inc~ ... :ed n th~se 



sam;:>les !:hey were mainly co•;;ri sed of local offshore 
fish. These findings are so~Ewhat surprising in 
light of tagging experiments (Martin and Jean 1964; 
Kohler 1975) which indicate that cod overwintering 
along the Laurentian Channel in 4Vn are mainly 
migrant CT cod. Moreover, distribution of tag 
recoveries from 4T sho~ that this migrant stock is a 
mixture of i"shore and offshore fish. 

As discussed above, Contracaecum sp. larvae 
probably belong to C. osculatum which, like 
sea1worm, mature ana reproduce in the 
gastro-intestinal tract of seals. The fact that 
adults of this nematode abound in harp seals 
breeding in the southern Gulf of St. Lawrence would 
explain why the larvae are so numerous in 4T cod 
while rarely occurring in local 4Vn cod. In 4T 
offshore cod 2.61 cm in length ( n = 261 ), prevalence 
of Contracaecum infection was 53%, abundance, 4.94. 
However, in cod 2.61 cm in length from the 4Vn winter 
fishery {:; = 768), prevalence and abundance of 
Contracaecum were 12: and 0.91, respectively. One 
might therefore conclude that only a small 
proportion {less than one-quarter) of the cod in the 
4Vn winter samples were migrants from 4T. At 
present, a conclusion of this nature would be 
presumptuous, since it is based on nematode 
abundances in a few samples of cod which may not be 
typical of commercial catches. \..'ith more extensive 
sampling and a larger data base, however, it may be 
possible to estimate {by reference to larval 
Contracaecum infections) what proportion of cod 
caugnt in the 4Vn winter fishery are migrant 4T 
fish. Harp seals are even mvre numerous off 
Labrador and northeastern t;ewfound1and than they are 
in the southern Gulf of St. Lawrence {Sergeant 1965, 
1966), and larval Contracaeum might also prove to be 
a useful biological tag for cod stocks in these 
areas. 

Fish parasites are most useful as tags when 
there is radical variation in their abundance in 
different host populations {Smith and Wootten 
1978). With regard to larval Contracaecum 
infections in 4T and ~Vn cod, this criterion has 
been met. Similarly, Platt (1976) has shown that 
Icelandic and Greenland cod stocks can be 
distinguished by differences in sealworm abundance; 
the prevalence of the parasite is high in the former 
and low in the latter stocks. Seasonal mixing of 
Icelandic and migrant Greenland cod on the spawning 
grounds south of Iceland is indicated by sealworm 
prevalences intermediate to those found in the 
component stocks. 

Our ar.alys is of larval ani sak i nes in 4T and avn 
plaice illustrates the perils of attempting to 
define a given fish stock by its parasitic 
infections. Worm counts in pl a ice frooi the 
southeastern Gulf {Cheticamp) were consistent with 
those in ~Vn plaice while differing significantly 
from those found in plaice from the southwestern 
Gulf (Pt. Escuminac, N.B. and Shediac Valley). This 
was particularly evident with Anisakis sp. and 
Contracaecum sp. larvae which occurred in 
signi fi.:ant nu;;ibers in saro;:iles from the southwestern 
Gulf but were rare or lacking in Cheticamp and 4Vn 
samples. According to ?owles (1965), southern Gulf 
plaice are a discrete stock, meristically distinct 
from 4Vn p1aice. ?owles' tagging experiments 
indicate, however, that the 4T stock consists of two 
main groups, a northern or "Hiscot:-Magdalen" group 
and a southern or "Ca;:;e Sreton" gro~p. Our samples 
fro71 ?t. Escuminac and the Shediac Valley would 
te1ong to the northern grc~p and our Cheticamp 
sa~?le to the southern group. 

~IGR~T!ONS OF ~SCA2!00!0 N~MAT03ES IN ICED ROUND 
FISH 

As indicated here and in Cheng's (1976) study, 
adult and immature Hysterothylacium {Thynnascaris, 
Contra caecum) aduncum typically round in tne 
gastro-intestinal tract of marine fish migrate 
through the gut wall to the body cavity and flesh 
after the death of the host. These n21natodes are 
also found escaping from the mouth, gills, and anus 
of fish stored on ice, in the round. The allegation 
that seal worm leave the fillets of round cod can 
probably be traced to the presence of migrant 
H. aduncum free among the bodies or in the body 
cavities of the fish. ~Jhile the adults of 
H. aduncum are often too large {>10 cm in length) to 
oe confused with sealworm, the im"'ature stages of 
the fomer are similar in size, shape and colour to 
the latter; to the layman, the two species would be 
inseparable. As some H. aduncum invade the flesh 
after the death of the-host, there would be an 
increase rather than a decrease in the numers of 
nematodes in the filiets of round cod. 

\.le found that the larval anisakines on the 
visceral organs and mesenteri es were usually 
encysted and remained so, long after the death of 
the fish host, even as surrounding host tissues 
decayed. However, occurrences of ur.encysted larvae 
and vacated capsules among host viscera indicate 
that some anisakines may excapsulate and these would 
be free, like H. aduncum, to migrate to the flesh. 
Experiments in-which the distributions of larval 
anisakines in the flesh of round and freshly gutted 
cod were compared (Table 16) neither proved nor 
disproved this possibility. Round cod had mo re 
Anisakis sp. larvae in the flesh (24% of the total) 
than freshly gutted cod (21% of the total), and the 
ratio of Anisakis in the fillets to those in the 
flaps was greater in the former (1.6:1) than in the 
latter (0.5:1 ). No seal worm were found in the 
viscera of round or freshly gutted cod, but the 
ratio of worms in fillets to woms in flaps was 
again greater in the former {4g.Q:l) than in the 
latter (13.7:1 ). While these results suggest that 
some larval anisakines may move to the fillets in 
iced round cod, they are far from conclusive. 
Distributions of the nematodes in the tissues of 
round and gutted cod differed by only a few worms in 
each case, and such differences could be attributed 
to natural variations. 

Similar experiments performed by Smith and 
\.iootten {1975) indicated significant migrations of 
Anisakis sp. larvae frcrn the viscera to the flesh of 
iced round herring. While only 4% of these 
nematodes occurred in the flesh of freshly gutted 
herring, 12~-20% were found in the flesh of iced 
round herring examined 37 hours after capture. As 
the fish used in this study were heavily infected 
(mean intensities of infection ranging from 9 to 22 
in various samples), there were noticeable increases 
in the nur.ibers of nematodes in the flesh, although 
the shift of worms from viscera to flesh was 
actually rather smal 1 on a percentage basis 
{8%-16%). Migrations of this order would be 
impossible to detect in the present study because of 
the low abundance of Anisakis (D.77-0.96). The rate 
of such migrations would also be influenced by host 
species and size of host; cod used in our study were 
considerably larger (averaging 1500 g) than the , 
herring {60-250 g) employed in Smith's and \.iootten's 
experiments. 
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TASLE 1. A~und11ru:es of larval .,,nls.,il.i:ies. t" 4i !'Ind tVn cod. 

Seflll le 

Shed I ec: 

V.l ley C4Tl 

S"l>t• 1980 

Pt. Escumlno:::::, 
N.B., CH) 

Jur.e IQ81 

Brade I le Senk 

CHl ~v. 1981 

Souris, P.E.f., 
<4Tl Aprll 1981 

Souris, 0 .. E.1., 
<Hl l'ey 1981 

Chettca"'P, N.S.' 
C4T l Nov. 1980 

St. Poul's l•lond 

(4Tl Nov. 1980 

Host 

Length ""•n 

range we19ht 

C"'11 Ci<gl 

~·o 

( 1-50 

51-60 
61-70 

:: 71 

.:'..30 
31-35 
Jf-40 
41-45 

45-50 
~1-55 

56-60 

~61 

.,_ 45 

4f-50 
51-55 

5l-60 

61-65 

66-70 

2. 71 

X-40 
41-45 

46-50 

5 l-5S 
51>-60 
61-6S 

66-70 

.<!. 71 

36-40 
41-45 

46-50 

Sl-55 

5!>-60 

61-SS 

6£-70 

.:.:. 71 

~ 's 
3o-40 

41-45 

4f-50 

~ 51 

.s. 50 
51-55 

~5-60 

61-65 
6,-70 

~ 71 

0.49 

0.99 
J.47 

2.50 
4. 49 

o. 17 

o.J4 

o. 56 
o. 75 
1.10 
J .40 

1.92 

2.60 

o. 75 
0.98 
1. 4 5 

I. 72 

~.16 

2.84 
~.50 

0.59 
o. 75 

1.00 

J.44 

1.91 
2.27 

2.74 
4.69 

22 

52 
37 
14 

10 

46 

37 

35 
48 
44 

40 
34 

23 

31 

33 

28 

35 

28 

2S 

29 

20 

JS 
27 

26 
36 
31 

13 
13 

C.60 11 

o. 78 33 

1.06 34 
1.46 33 

1.96 36 

2.38 26 

:.91 17 
4.63 20 

o.32 20 

o. 53 63 

o. 78 62 
1.04 106 

1.0 JS 

I .OJ IJ 

1.30 55 
I. 57 55 

J.95 
:'.4S 
! .. 67 

40 

29 

29 

St. ~eiul's Island ~ 50 I. ~4 

J .~6 

! • 70 

: . 39 
•• 7~ 

64 

99 

SS 
D 
24 

C4Tl 0.-C. 1980 51-SS 

5f-60 
61-70 
;:: 71 

Larval enlsok Ines d<otected 

Phoceiriema Anlsel<ls Ccr.~r~ 

?revelencea Abundanceb No. per Pre-.talence ,l.bundence Prevel~n::e A.~un~ence 

27 
44 

SJ 

79 

100 

26 

22 

54 
54 

55 
55 

82 
100 

SB 

21 
61 

69 

61 

84 
97 

30 

S8 

63 
77 

81 
84 

92 
100 

36 

61 
79 

76 
7S 

BS 
94 

95 

35 

33 

35 

43 
58 

40 

JS 
35 

JS 
72 

36 
39 

SS 

61 

96 

Q,4J 

0.62 
J .41 

2. 71 

10.so 

r..26 

Q,JO 

0.69 
1.10 
J, 14 

J .33 
2.29 

5.09 

1.06 

C.42 

o.a5 
1.31 

1.54 

2.84 

17 .31 

Q.45 

1.39 

J .93 
3.38 
5.22 

7.16 

13.92 
2S.3 I 

Q.91 

1.79 

2.91 
3.09 

5.28 

a.38 

16.3S 

15.60 

0.40 

O.S6 

o.5s 
o. 79 

1.2• 

o.oe 
o. 71 

o.ss 
0.63 
1.2a 
3.10 

Q.4S 

o. 73 
1.53 

2.88 
e.46 

i<g 

fl I let 

2.63 

I .S4 
2.67 

1.95 
6. 76 

4.80 

2. 77 

J.87 
4. 51 

J.26 
2.99 

3.63 

5. 72 

4.46 

1.36 
1.79 

2.42 

2.15 

2.86 
7. 76 

2.42 
5.90 

5.96 

6.82 
8.51 
9.26 

13.84 

13.84 

4.80 

1. 15 

e.50 
6.45 

s. 76 

10.26 

16.92 

9.19 

3. S2 

3.34 

2.52 
2.29 

2. 73 

Q.24 

1.50 
1.06 
o. 77 

1.so 
2. 13 

1.34 

I .6S 

2. 77 

3.4S 
4,47 

41 

77 

62 

64 

90 

II 
16 
40 

50 

48 

6J 
91 
96 

32 

5S 
75 

77 

86 

76 

86 

60 
45 

30 

81 
69 
77 
46 

77 

18 
30 

35 
45 

64 

54 

41 
70 

20 
19 

32 
43 

50 

62 

62 
73 
78 

86 
97 

45 

E>4 
62 
76 

83 

a.so 
1.63 
1.16 

1. 71 
e.oo 

0.15 

0.16 
0.60 

0.77 
1.20 
1.65 
2.62 

6.09 

0.45 

0.94 
2.11 
2.57 

3. 79 
4.04 

S.52 

1.20 
o. 79 

o.s2 
1.96 
1.28 
2.48 

1.00 

6.38 

0.21 

0.36 

a.as 
1.15 

I .Bl 

1.58 
Q.82 

4.15 

0.20 

0.25 

0.31 
Q.63 

0.82 

1.46 

2.00 

2.91 
2.73 
3.41 
S.93 

0.83 
J .40 

1.62 

2.27 
6. 7S 

15 
33 
57 

50 

0 

0 

3 
0 

2 
15 
44 

10 

0 

0 

14 
20 

25 

48 

62 

0 

3 

4 

17 

13 

IS 
S4 

0 

0 
9 
6 

22 

23 

12 
2S 

0 

0 

0 

0 

8 

22 

2S 
60 

59 

62 

4 

6 

16 

48 

so 

o.os 

0.25 
0.95 

!. 14 

•.20 

0 

0 
0.03 
0 

0.05 
0.20 

'· 74 
5.26 

0 

0 

0.32 
0.40 

1.54 

1.48 

3.69 

0 
o.os 
0.01 

O.JS 

o.sa 
0.19 
a.es 
4,38 

0 
0 

0.15 
0.18 

o.s6 
a.so 

0.18 
o. 70 

0 
0 

0 
0.02 

0 

Q,2J 
0.4' 

1.~1 

4.63 

J.03 
13.17 

o.o~ 

0.12 
c.se 
!.C'9 

10.79 

i5 



TA~~ 1. r;o,,t'd. 

So"'l'le 

F:d?S of Ground 

I 4Vn) Feb. 1980 

rdge of Ground 

14"/nl Fe!>. 1981 

Ed51" of Ground 

f4Vnl Mor. 1981 

ln90nlsh, N.s., 
(4VnJ t-!oy 1981 

r'rel"ld'l;nen' s 
S~ol (4Vnl 

July 1981 

E'.d99 of Ground 
(4Vn) June !981 

Host 

Length '·l~•n 

renge "Weight 

fem! fkgl 

.S.30 
31-35 
36-40 
41-45 

46-50 

51-55 

56-60 
61-65 
66-70 

-':. 71 

~35 

36-40 

41-45 

46-50 

51-55 

56-60 
61-65 

66-70 
.?..71 

.S.35 
36-40 
41-45 

46-50 
51-55 

56-60 

61-65 

66-70 

271 

35-40 

41-45 

46-50 

51-55 

56-60 
61-65 

66-70 

.::!. 71 

31-35 
35-40 
41-45 

46-50 

51-55 

56-60 
lil-65 

56-70 

.?.. 71 

< 45 
4&-50 

51-55 

5~-60 

61-65 

66-70 

.?.. 71 

0.18 29 

0.31 58 
0.48 50 

0.17 53 

1.00 70 
1.34 100 
1.67 105 

2.09 56 
2.56 29 

3.34 27 

o.J5 40 

o. 50 58 

o. 72 76 

1.02 58 
1.37 69 

1. 76 54 

2.18 61 
2. 71 47 
4. 74 43 

o.31 s2 

o. 50 80 
o. 68 74 
0.98 74 

1.34 79 

1. 79 71 

2.29 66 

2. 71 58 
.3.78 52 

0.55 11 

o. 77 22 
1.04 37 

1.34 38 

1.12 D 
2.13 36 
2."54 21 

•• 72 26 

0.38 9 
o.58 33 
(). 74 34 

1.03 36 
1.29 36 

1.59 " 
2.13 33 
2.60 38 
J.57 D 

0.65 13 
0.97 46 

I .JO 49 

1.57 43 

2.05 45 
2.46 45 

3.87 46 

~er-cent of f I sh Infected. 
~.·~en nu~e:""S of r.~~.et.:des ;-er f I sh. 

Lantal anfseklnes defected 

Phoceneme Anl~ek Is Contr- eC"eecum 

?rtNele.,cea Abundence b No. per Prevelence Abundenoe Prer.-elence Atlundenoe 

14 

36 
30 

19 
24 
45 

57 
48 

59 

63 

38 
40 

47 

41 
46 

46 

67 

81 
95 

15 

13 
34 

39 
46 

62 

71 

83 
96 

45 

73 

65 

63 

61 
64 

81 
96 

4' 

42 

59 
58 

e9 
84 

82 
87 
97 

23 
46 

51 
49 

62 

73 

67 

0.14 

o.84 
0.60 

0.36 
o. 74 

t .40 
2.51 

2. 16 
2.41 

5.22 

o.53 
o.84 

1.03 

1.34 

1.13 

2.22 
4. 18 

3.68 
15.58 

0.19 

0.15 
o. 74 
0.76 

1.38 
2.56 

2.86 
4.07 

7. 79 

1.00 

1.59 

1.49 

2.66 
2.00 

2.58 
4.07 

13.92 

0.56 
1.03 

1.00 

2.11 
3.83 

3.68 
9.24 

9.32 
11.24 

0.23 

0.98 

1.55 
o.67 

2.01 
3.04 

6.46 

kg 

f I I let 

2.38 

8.53 

3.83 
1.60 

2.21 

3.12 
4.53 

3.10 
2. 7' 
4.20 

4.58 

5.37 

4.38 

2. 75 
2.42 

3. 78 

5. 79 
4.09 

8.69 

1. 78 

o. 79 
3.32 
2.3~ 

3.17 
4.25 

3.65 
4.58 

5.37 

5. 70 

6.36 

4.4 2 

5. 74 

5.13 

J.63 

'· 55 
6.91 

4.54 

5.65 
7.02 

6.29 

9.15 
6.80 

10.80 
10.34 
8.60 

1.12 
3.17 
3. 76 

1.32 

3.15 
3.56 

'· 16 

10 

7 
B 

13 

33 
33 
26 

30 

21 
22 

15 
34 

45 

50 

55 

48 

59 

74 
74 

10 
45 

55 
57 

62 

63 
71 

64 

Bl 

55 
45 

59 

79 

70 

72 
78 

77 

22 
12 
18 
14 
44 

48 

55 
45 
76 

23 
26 

37 
51 
44 

56 

61 

0.24 

0.07 
0.10 

0.34 

0.91 
0.95 
0.63 

1.11 
1.55 

1.26 

0.18 
0.62 

o. 78 

1.03 

1.42 

1.24 

1.33 
2. 13 
J.88 

0.12 

1.10 
1.10 
1.43 

1.87 

1.65 
2.65 

2.52 

2.79 

1.09 

0.82 

2.14 

2.61 
2.00 

1.89 

2.63 

5.23 

0.56 
o. 15 
0.18 

0.39 
0.56 

o. 71 
0.94 

1.21 
4.36 

0.54 

0.33 
o. 74 

1.02 
0.87 

1.38 
2. 72 

0 

3 

0 

3 
2 
9 

14 

II 

0 

5 
I 

3 
6 
2 

15 
30 

19 

0 

0 
0 

5 

13 

10 
20 

33 
29 

9 

9 

5 
18 
6 
0 

12 

0 

0 

0 

0 
0 

0 
0 
) 

18 

0 

0 

2 

2 

0 

0 
0.03 

0.06 
0.02 

0 
0.12 
0.01 

0.46 

1. 76 

0.59 

0 
0.16 

0.03 

o. 19 

0.13 

0.02 

0.52 
1.06 

1.21 

0 

0 
0 

o. 18 

0.23 
0.46 

2.32 
3.43 

2.00 

0.18 

0.14 

0.11 

o. 71 
0.06 

0 
0.11 

2.65 

0 
0 

0 
0 
0 
0 

0 

0.26 
1.21 

0 

0 

0.02 

0.33 
0.02 

0.02 

0 

} 
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J 
l lAIJLF 2. rJistribution of larval a111sal ines in the tissues of 41 and 4Vn cod (n = 3,760). 

Host Larval ~nisakines Distribution of nematodes in host tissues (~) 

1 
1 ength 
range 

(cm) Sp n Fil lets Flaps Liver Pyloric Othr:ra 
ca e::a e 

·1 ~30 Phocanema 18 94.44 0 0 0 5.5 5 
An1sak1s 7 0 0 57. 14 0 42.86 
l'.'.ontracaecum 0 0 0 0 0 0 

J 31-35 Phocanema 50 96.00 2.00 0 0 2.00 
An1sak1s 31 0 0 83.87 6.45 9.68 
l'.ontracaecum 0 0 0 0 0 

R 
36-40 ?hocanema 196 97. 96 0.51 D o. 51 1.02 

An1saK1s 212 1. 42 1.89 77.83 13. 21 5. 66 
Contracaecum 13 0 7.69 0 92. 31 0 

41-45 Phocanema 457 95.84 1. 53 0.44 1.31 0.88 

l 
J';nisaK1s 342 1. 45 0.88 78.07 15.50 4.09 
l'.'.ontracaecum 6 0 0 0 100.00 0 

46-50 Phocanema 663 97.44 1.96 0. 15 0.30 0. 15 
An1sak1s 622 1. 45 1. 13 74.60 19.61 3.22 

] l'.ontracaecum 61 0 0 0 95.08 4.92 

51-55 Phocanema 943 95.33 3. 71 0 0.11 0.85 
i'inisaKis 946 1. 27 1.06 69.45 23.04 5. 18 
Contracaecum 136 0 0 0 96.32 3.68 

56-60 Phocanema 1202 96.76 2.75 0.08 0.08 0.33 
l\n1sak1s 864 0.69 1.27 69. 21 24. 31 4. 51 
l'.'.ontracaecum 312 0.32 0 0.32 97 .44 0.96 

] 61-65 Phocanema 1591 90. 70 5.03 0.63 2.58 1.07 
i'in1sak1s 868 1. 15 1. 27 60. 14 29.84 7 .60 
l'.'.ontracaecum 551 0 0 1.63 89.29 9.07 

66-70 ?hocanema 1670 91.68 6.41 0.36 0.66 0.90 
An1sak1s 773 0.65 1.29 54.20 36.09 7.76 
l'.'.ontracaecum 550 0 0 0.36 96.36 3.27 

~71 Phocanema 3576 82.24 11 .97 1. 31 2.63 1.85 

) An1saK1s 1549 1. 23 1. 23 41.83 48.81 6.91 
l'.'.ontracaecum 1120 0 0.09 0.09 98.57 1.25 

Totals ?hocanema 10366 89.89 6.80 0.65 1. 51 1. 15 
An1sal<1s 6214 1. 11 1.21 60.67 31.0l 6.00 

j l'.'.ontraceacum 2749 0.04 0.07 0.47 95.93 3.38 

arncludes unencysted nematodes in the body cavity as well as nematodes encysted on the 

J 
peritoneum and mesenteries of the stomach, intestines, spleen, gal lb~ader, gonads, etc. 

) 

J 

J 
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TA:.LE 3. Vorletlons in abundance of lorvol enls.ei-.lnes wlTh sex of hosT 4T end 4Vn cod. 

Host Lorvol onlsoklnes de1&cted 1 
Phoceneme An I sok Is Contrecc6cum 

Length Su n 
1 

range Prevelence Abundence Prevalence Abundance PrErVlllence Abundance 

<30 m 32 28 0.31 16 0.34 0 0 J 
57 19 0.21 7 0.01 0 0 

31-35 m 61 33 0.61 10 0.10 0 0 
137 28 0.45 16 0.20 I 0.01 ] 

36-40 m 145 34 0.68 29 0.55 3 0.06 
237 31 0.53 31 0.56 I 0.03 

(1-45 m 246 46 1.10 39 o. 7b 2 0.02 
256 40 o.eo 41 0.68 0 0 8 

(6-50 m 361 43 0.93 44 1.06 4 0.11 
325 47 1. 19 45 0.91 4 O.Ob 

51-55 m 350 52 1.63 59 1.65 9 0.24 1 
364 51 1.41 52 1.21) 7 o. 15 

56-60 m 286 64 2.58 57 1.45 13 0.59 
315 58 2.31 59 1.63 13 0.47 J 

6Hi5 m 199 71 4.84 65 1.96 15 0.84 
264 61 2.83 61 2.06 23 1.55 

66-70 m 154 79 4.94 66 2.40 27 1.73 1 
202 73 4.84 59 2.23 26 I .b6 

_2.71 m 130 93 I I.Bl 69 4.03 23 2.93 
216 90 10.12 75 4.53 31 3.3& _] 

To"tol s m 1964 56 2. 71 51 1.50 10 0.57 

2373 53 2.51 49 1.51 II o. 72 

} 

] 

J 
J 

J 

) 

J 

} 



J 

1 

l 
] 

J 

R 
1 

.1 

J 

, ] 

J 

J 

J 
J 

TABLE 4. Three-way ANOVA for variations in abundance of larval anisakir.es with 
sex, sample and body length of host 4T and 4Vn cod. 

Source of 
va ri at ion 

Main effects 

Host sex 

Host sample 

Host length 

Two-way interactions 

Sex x sample 

Sex x length 

Sample x length 

Three-way interactions 

(Sex x sample x 
1 ength) 

Error 

Nematode 
sp. 

Phocanema 
An1sak1s 
Contracaecum 

Phocanema 
An 1 saki s 
Contra caecum 

Phocanema 
An1 sakis 
Contracaecum 

Phocanema 
An1sakis 
Contra caecum 

?hocanema 
An1sakis 
Contra caecum 

Phocanema 
Ani saki s 
Contra caecum 

Phocanema 
Ani saki s 
Contra caecum 

Phocanema 
Anisak1s 
Contra caecum 

Degrees of 
freedom 

12 
12 
12 

6 
6 
6 

12 
12 
12 

6 
6 
6 

71 
71 
71 

71 
71 
71 

3,889 
3,889 
3,889 

Mean 
square 

0.081 
o.ogo 
o. 108 

3. 7g1 
2.045 
1.302 

10. 195 
3. 163 
2.356 

o. 141 
0.067 
0.056 

0.073 
0.057 
0.079 

0.284 
o. 18 9 
0.277 

o. 119 
0.089 
0.074 

0.099 
0.078 
0.043 

asignificance at P.s.0.05*, ~0.01**, ~0.001 ***, and ~0.0001 "****. 

Fa 

0.82 
1.16 
2.54 

38. 29**** 
26. :)3**** 
30.~o**** 

102.97**** 
40.74*•** 
55. 15**** 

1.42 
0.86 
1. 31 

0.73 
o. 74 
1.86 

2.a1~'1:** 

2.43**** 
6.49**** 

1.20 
1. 14 
1.74**** 

] !; 



TA9L[ is. T.c:r-.oy A!lOVA.s for "cr l otions In Dbundon09 of letr·val anlsoiil.lnes ,.,f'th S&nj)l'! end length of host lT crd .tVn 

cod erd cont .. csts of se"1)1~s grouped eccordlng to geogrcphlc origin crd/or sees.on of ccpt\.lre. 

Source of vor I ot Ion 

5.!fnpl~ means Host length Sor.:ple rneo!'IS x ~st length 

----
Contrest Ne mo to de 

spec I es d.f. Fa d. f. Fa d. f. Fa 

Two--•oy Aw.JVA ?hocerietNI 12 , •. 01···· 6 88.31 •••• n 2.96•••• 

Anlsokls 12 24. 79•••• 6 n., 1•••• n 2. 74•••• 

Contreceecum 12 24. 12•••• 6 ,a.90•••• n 1. 11•••• 

Inst-ore vs. off st-ore Phocenam.e I 167.6)•••• 6 3.01 .. 

An I sold s I 0.14 6 1.01 

Contrcceecum I 12. LJ•••• 6 3.26•• 

4T I ns~re vs. of fs~re 0 hoconema I 99.05•••• 6 3,52•• 

An I sokl s I 4.66. 6 0.99 

Contrec~um I 18.16···· 6 2.i;.e•• 

4T of1s!-ore vs. 4Vn 0 hocenemc I 2.54 6 1.66 

offshore Cwlr.ter) Anlsokls I 66. 59•••• 6 1 .. s-s•••• 
Contrcc:eecum I 147.25•••• 6 2'0.84 •••• 

4Vn offsl\:lr" lwlnter) Phoi: ~memo I 4.03• 6 1.43 

vs. 4Vn cf f st-ore Anlsokls I 1.90•• 6 1.17 
Csunmer) Con tr ?tCoe-cum I 19.31 •••• 6 !.59 .. 

4Vn o~ fsl"ore <summer) Phoccn~ I 68.51 •••• 6 o.es 
vs. 4Vn inst-ore An I sok Is I 17 .06···· 6 1. 14 

( s pr Ing ond suovnerl Con tr eccecum I 2.11 6 1.14 

"Slgn1flcence et P~o.os•,s.o.01•,~0.001•, end.5_0.0001••••. 
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l 
l 
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·1 7>8LE 6. il.Dundenc~s. of lervel onl$.;. Jnes In 4T end tVn pl.:llce. 

Host Larval anl.,<i<lnes detected 

rt.ocen~me ~ Cc-n+r eco-'!'c1Jm 

] 
5 errp le Length Me en n 

renge ... 1 ght Prevalence A!:>undence No. per Prev~lence Abundcnce Prei1elenc:e Ati..:"\:=~nce 

lcrnl (i<9) kg 

rj 
f I I let 

Shedtec _::JO O. IB 57 16 0.19 J.64 0 0 0 0 

Valley l4Tl Jl-35 0.29 374 24 0.30 J. 79 2 0.02 I o.oJ 0 
Nov. 1990 36-40 0.42 228 2B 0.39 ).38 4 0.04 4 0.10 

41-45 0.64 54 56 1.00 5.65 11 0.13 6 C.94 

> 46 1.21 15 93 2.47 7.42 20 0.21 7 0.20 

pt. Escurri1noc:, ~30 0.20 56 43 o. 77 14.65 2 0.02 0 0 
N.8., (4T) Jl-35 0.30 56 50 0.96 11.84 4 o •. o4 2 0.02 

June 1981 3E-40 o. 52 49 45 o. 73 4.99 4 0.04 4 0.04 

41-45 o. 76 63 59 1.33 6.20 3 o.oa 3 0.27 

46-50 1.10 21 90 2.95 9.46 19 0.33 14 0.33 

~51 1. 44 8 100 3.50 5. 15 '8 2.88 25 2.13 J 

l 
Cheticarrp t4Tl ~25 0.11 93 18 0.35 12.14 I 0.01 0 0 

Nov. 1980 ,6-30 0.19 67 32 0.84 16.89 0 0 0 0 

31-35 0.29 3J 45 1.00 12. 76 0 0 0 0 

~36 0.83 27 44 1.19 5.37 0 0 4 0.04 

lngonlsh, ~.s., 31-35 0.32 58 55 2.00 23.43 0 0 0 0 
(4Vnl 36-40 0.44 75 53 1.77 15.03 0 0 0 0 

Oct. 1980 41-45 0.66 68 57 2.38 13.55 0 0 0 0 J 
46-50 0.96 39 51 1.97 7.59 3 0.03 0 0 

~51 1.40 21 48 0.81 2.18 0 0 0 0 

Edge of Ground 31-35 0.31 25 32 0.96 11.68 0 0 0 0 
(4Vnl Feb. 1981 36-40 0.49 34 41 0.91 6.95 3 0.03 0 0 

] 
41-45 o.e9 54 63 2.67 14.41 4 0.04 0 0 
46-50 1.01 46 59 2.48 9.22 2 0.02 0 0 

~51 1.40 41 68 1. 71 4.58 2 0.02 0 0 ] 

J 

J 

J 

J 

] 



J 
TABLE 7. Dlstrlb.r.lon ci1 of lorvol onlsol<lnes In the tissues of 4T ond 4Vn plolce In• 1681 ). 

~-1 
Host Lervol anlseklnes Dlstrlb.rtlon <Sl of ner..oi'odes In host tlssu.s 

1,.ngth 

renge 
I cnl sp n F 11 l"ts Encysted on Un encysted 

In body 
cavity 

Liver Gos tr o- I ntes t I nal other visceral 
rnese nt er I es t Issues 

< 25 Phoceneme 36 100.00 
Anlsokls I - - - - 100.00 

Contreceecum 0 - - - - - ] 
26-30 Phoceneme 124 98.39 - - - 1.61 

An I sokl s I - 100.00 
Contrbc&eeum 0 - -

31-35 Phoceneme 337 9e.e1 - - 0.30 o.e9 ~ Anlsokls B 12.so 50.00 12.50 - ~5.00 

Contreceecum 13 7.69 - 84.62 - 7.~9 

36-40 F'hocanemo JOO 97.67 - - 1.00 1.33 ] An I sok Is II 9.09 63.~ 18. IB - (9. 18 

Contrecaec:um 25 4.00 - so.co 4.00 12.00 

41-45 ?hocaner.ie 455 98.68 0.22 - - 1.10 ,., 
An I sek Is 12 - 50.00 16.67 e.:n 25.00 

Contrec&ecum 69 - - 97.10 - 2.90 

46-50 Phoc.:ner.u!I 294 97.89 o. 70 - -- 1.41 

An I sok Is 9 - 88.89 11.11 
Contracaecum 7 - - 100.00 

~51 Phocenemo 135 95.56 2.22 - 0.74 1.48 

An I saids 26 - 46.15 53.85 - -
Contreceecum 20 - 10.00 90.00 - - ] 

Totol s Phoceneme 1671 98.14 0.36 - 0.30 1.20 

Anlsekls 68 2.94 55.88 29.41 1.47 10.29 

Con tr oceecum 134 1.49 1.49 91. 79 0.75 4.48 

I 
l 

_} 

] 

J 

j 
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TABLE 9. Three-way analysis of variations in abundances of 
larval Phocanema with sex, sample and body length of host 4T and 
and 4Vn pla1cea. 

Source of Degree of Mean 
va ri at ion freedom square Fb 

Main effects 

Host sex 1 0.004 0.09 
Host sample 4 o. 261 5.70*** 
Host length 2 0.296 6.4 7** 

Two-way interactions 

Sex x sample 4 0.059 1.28 
Sex x length 2 0.022 0.48 
Sample x length 8 0.040 0.87 

Three-way interaction 

Sex x sample x length 7 o. 051 1. 12 

Error 1204 o. 162 

aFor host iength s~rata ~40 cm. 
bsignificance at ?.::_0.05*, .::.0.01** and .::_O. 001*** • 



TA~ E 10. Twc-wey "NO\'.ls for vo•I otlons Jn ebundonce of lorvol a,,ls"' In$ wt th semple end length of host 4T and 4Vn 

plolce end contrests of stur~les. 

Controst 

Tw:r••Y AN~VA 

-·-=-st 4":" vs. east 
4i end 4Yn 

'lt.o'est 4T, I nsl"ore vs. 

offshore 

4T vs. 4Vn 

4T lnsl"ore vs. o'!fsl-ore 

P't. Escuminec, N.9." 
(4Tl vs. Chet lcorrp, 

N.S., <Hl 

Cht!tlcorrp 14Tl vs. 

ln9onlsh, N.S., C4Vn) 

Che~lcerrp-lngonlsh vs. 

4Vn off shore 

tJemotode 

species 

Phocanemo 

Anlsokls 

Con'fioceecum 

Phoconema 

An I sok Is 

Contrecoecum 

Phocenemo 
An I sok Is 

Contr~eecum 

Phoconeme 

Phocanemo 

0 hocenemo 

Phoceneme 

Phocenemo 

Somp le rneens 

d.f. Fa 

-
• }.96 .. 
4 21. se•••• 
4 11. 7, •••• 

I 4.}J· 

I 90. 63···· 
I 31.BJ•••• 

I 9.94 .. 

I 9,.94•• 

I 9.e.c•• 

I 0.16 

I 1.2e 

I e.e9•• 

0 .92 

0.20 

0 stpnlf1cenc:e et ~o.os·,~0.01••, ,£.0.001••• and ~0.0001-••. 

TABLE 11. Larval anisakines in 4Vn witch.a 

Host 

Sample Length Mean n 
range weight 
(cm) (kg) 

!naonish 31-35 0.25 33 
Oct. 1980 35-40 0. 41 99 

41-45 0.58 135 
46-50 0.83 49 
~51 1.12 8 

Edge of Ground ~40 0.29 55 
Feb. 1980 41-45 a.so 66 

46-50 0.73 56 
~51 1. 08 19 

Edge of Ground <35 0.22 45 
~ar. 1981 35-40 0.36 55 

41-45 0.49 65 
46-50 0.76 39 
.::Sl 1.04 9 

Host length 

d. f. Fa 

I I .Jo•••• 
14.91•••• 
4.41••• 

s ... pe meoris x host length 

d.f. Fa 

20 ~.,o•••• 

20 9.30-- .... 

20 3 • .tc•••• 

5 6.s4•••• 
22.69•••• 

6. 1&···· 
0. 9} 
}.57• 
}.41 .. 

,.oe•• 

1.39 

1. 7 1 

0 .69 

1.57 

Phocanema detected 

Prevalence Abunda nee No. per 
kg 

fillet 

6 0.06 0.91 
10 o. 16 1.22 
18 0.19 1.25 
43 0.53 2. 11 
50 0.88 2.g2 

2 0.02 0.24 
12 o. 12 0.90 
16 0.21 1.10 
26 0.32 1.10 

0 0 0 
2 0.04 0.37 

11 o. 12 0.92 
26 0.28 1.39 
67 1. 78 6.38 

asingle Anisakis larvae were found in the Cape Smokey and the Edge of Ground 
(Feb. 1980) samples; both larvae occurred in the body cavity. 

l 
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~ - ·. r i z. • .; ~ •• : ~ : :"Is . r. .:: :-- ~. - :- = . ~ t· ~·: ·. ~ ~ • . : :: : : ~. = .- : :: ::. . : ~ ~ $ -' 
_, :n ~~·). r.f ·1:-~t ~\r. •·i:ch. ---·--- ---- -

J 
Host Larval ?ho~ane::-.a det ected 

1 Length Sex n Prevalence Abundance 
range 
(cm) 

-1 
~35 m 41 2 0.02 

f 45 2 0.02 

l 36-40 m 114 5 0.10 
f 87 7 0.09 

41-45 m 102 19 0.21 

~l 
f l 6°3 12 o. 13 

46-50 m 35 23 0.40 
f 108 30 0.32 

R 2_51 m 3 33 0.33 
f 33 42 0.85 

Tot al s m 295 12 0.16 
f 436 17 0.21 

J 
TABLE 13. Two- and three-way analyses of variations in abun~ances 
of ?hocanema decipiens with sex, sample and length of host 4Vn gray 
sole. 

.l 
--
Source of Degree of Mean 
variation freedom square Fa 

J Three-way ANOVA 
main effects 

Host sex l 0.003 0.22 

J 
Host sample 2 0.120 8.25 ..... 
Host length 4 0.217 14.96···· 

Two-way interactions 

J Sex x sample 2 0.021 1.47 
Sex x length 4 0.003 0.22 
Sa171ple x length 8 0.054 3.69*** 

-1 Three-way interaction 6 0.005 0.37 

Error 703 0.015 

Two-way ANOVA 
rnain effects 

Hcst sample 2 0.131 9.06 ........ 
Host length 4 0.365 25. 30••** 

J 
Two-way interaction 

Sample x length 8 0.057 3.92 ...... 

:J 
Error 717 0.014 

asignificance at P~0.05 .. , ~0.01• .. , ~0.001•++ and ~0.0001 '"***. 

J 



TABLE 14. Migrant adults and fourth-stage larvae of 
Hysterothylacium aduncum in the body cavity and flesh of 
4T and 4Vn cod. 

Host Hysterothylacium detected 

Length n Prevalence Average no. 
range 
(cm) 

-
.s.30 95 7 o. 13 
31-35 201 8 0.23 
36-40 386 B 0.09 
41-45 S04 7 0.09 
46-SO 686 8 0. 10 
S1-S5 714 11 0. 19 
56-60 601 11 o. 1S 
61-6S· 471 8 0.16 
66-70 3S6 B o. 11 
~71 3S3 12 0.24 

Tota 1 s 4367 9 o. 15 

TABLE l S. Larval anisakines in viscera and flesh of freshly eviscerated 
cod and round cod. 

Host Hysterothylacium detected 

Time a n Mean Mean Sp Prevalence Abundance % in 
(hr) length weight flesh 

(cm) (kg) 

0 187 S5 1. Sl P. decipiens 49 2. 18 99.Sl 
7inisakis sp 26 0.70 3.0S 

6 49 SS 1. 42 P. decipiens 4S 1.33 98.46 
7inisak1s sp 20 0.88 0 

12 48 S4 l.4S P. decipiens 33 1.21 98.27 
7inisal::1s sp so 1.27 3.28 

24 so SS 1. S3 p. dee i ei ens 40 0.96 97.92 
7inisali:1s sp 34 1. 10 1.82 

aHours elapsed between time fish were caught and time they were 
eviscerated. 

1 
J 
l 
l 
1 

J 
[1 

J 

I] 

J 
] 

_\ 

l 

J 

l 
J 

J 
J 



1 
1 
l 
J 

l 
J 
a 
l 

,. ] 

j 

) 

l 
] 

J 
J 

) 

J 

J 
J 

TABLE 16. A~unCcn~s of :ervel enlseklnes In thti vlscere end fie-sh of gut1tC en1 round cod {5~60 cm lervth rerge1 f·an 

Scot or I eon> C4Vnl, Gctober 1981. 

Lor-val entsaior.lnes Pre ... ·ofenc::e 

detected by .A.bundonc:e 

destruction of No. per kg 
flesh fl I let 

1 In f I I lets 
J In flops 
S In viscera 

L erv e I en I sO... I nes Prevelence 

detected ofter At: unCence 

dlg"5tlon of flesh No. per kg 
fl I let 

1 In f 11 lets 
J In flops 
S in vlsc~ra 

Ile. detected by 

digestion os 
l of totol 
no. In 1 lesh 

No. detected by 

digestion as 
l of totol no. 

Gtttted cod 
Cn z 56; mean 

welght z l.~A kg) 

Phcx:enema .~n I sokl s 

55 4 I 
1.01 0.66 
4.02 0.04 

95 3 

0 92 

61 50 
2.36 o. 77 
•.50 0.11 

93 
7 14 

0 79 

12 67 

12 14 

~ound cod 

Cn • 57; rneen 

weight • 1.53 kgl 

Phoccr1eme1 

77 
3. II 
6.36 

99 

Bl 
3.63' 

7 .37 

98 
2 
0 

14 

14 

Anlsolds 

42 

0.01 

0.01 

4 
91 

49 

0.96 
0.29 

15 
9 

76 

69 

16 

Control 

Cn = 51; rneen 
wel~t-,t =- I.~~ Kgl 

Phocer,~rr.e Anlsekls 

63 53 
2.06 1.51 

4.10 0.20 

98 6 
I 0 
I 9' 
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FIG. 2. Frequency distributions of worm counts for Phocanema 
decioiens in 4T and 4Vn cod: cod stratified into 5-cm length 
groups. 
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sp. in 4T and 4Vn cod: cod stratified into 5-cm length 
groups. 
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ABSTRACT 

McClelland, G., R.K. Misra, and D.J. Marcogliese. 1983. Variations in abundance of larval anisakines, sealwonn 
(Phocanema decipiens) and related species in Scotian Shelf (4Vs and 411) cod and flatfish. Can. Tech. F.ep. 
Fish. Aquat. Sci. No. 1202, ix + 27 p. 

Larval anisakine infections in Scotian Shelf (4Vs) cod (Gadus morhua), plaice (Hippoglossoides 
platessoides), sole (Glyptocephalus cynoglossus), and yellowtaiTllTiiiari"Cla ferruginia) were surveyeo between 
February and November, 1982. Seal worm (Phocanema decipiens) occurred primarily in the fillets (85%) of cod, 
although many were found in the flaps (11%) and body cavity (3%); in flatfish, 98% of the wonns occurre:d in the 
fillets. Anisakis sp. larvae were encysted on the liver and visceral mesenteries, but a few ('"3%) were found 
in the flesh. In rrost cod and flatfish samples, prevalence and abundance of larval anisakines increased with 
host length. This trend was not apparent, however, for sealwonn infestations in plaice and yel lowtail szr:iples 
from west Banquereau Bank (4Vs) and 411. Sealworm was more numerous in 411 cod and flatfish than in 4\'s samples; 
worm abundance increased with proximity to Sable Island. Anisakis sp. larvae were most numerous in cod from 
the "outer" ~nks (Banquereau, Sable Island, and Western Banks); infestations in 4Vs (Banquereau Sank) sam?les 
were, however, similar to those in 411 (Sable Island and Western Bank) samples. Variations in abundance of 
larval anisakines with host length and geographic origin were highly significant. Geographical variations in 
sealwonn abundance in cod and plaice were similar although the prevalence and abundance in plaice ::_SO cm in 
length were greater than in cod of similar length. Plaice in this length range had rrore worms per unit fillet 
weight than all grades of cod. Sealworm abundances in the 1982 samples were considerably greater than those 
found in 4Vs and 411 cod and flatfish 2S years ago. 

Key words: Sealwonn, Phocanema decipiens, Anisakis sp., nematodes, parasitic, anisakine, cod, Cadus morhua, 
American plaice, Hippoglossoides platessoides, gray sole, Glyptoce;ihalus cynoglossus, yel 1owtail 
flounder, Limanda ferruginea, Scotian Shelf, prevalence, abundance, variations, geographic, host 
length, and host sex. 

Rt SU Mt 

McClelland, G., R.K. Misra, and D.J. Marcogliese. 1983. Variations in abundance of larval anisakines, sealwonn 
(Phocanema decipiens) and related species in Scotian Shelf (4Vs and 411) cod and flatfish. Can. Tech. Rep. 
Fi sh. Aqua t • Sci • No. 1 2 0 2, i x + 27 p. 

Nous avons etudie entre fevrier et novembre 1982 les infestations par nematodes anisakines de morue (Gadus 
morhua), de plie canadienne (Hippo lossoides platessoides), de plie grise {Gl*ptocephalus cynoglossus) et ae-Ta 
Tliiiaiide a queue jaune (Limanda erruginea en provenance du plateau Scotian (Vs). Le ver de pnoque (?hocaner.~ 
decipiens) se rencontre surtout dans les filets de rrorue (85%), bien qu'on en trouve plusieurs dans les 
"valets" (11%) et la cavite du corps (3%); chez les poissons plats, 98% des vers se trouvent dans les filets. 
Les larves d'Anisakis sp. sont enkystees sur les mesenteres hepatiques et visceraux, mais quelques-uns (<3%) 
ont ete trouves cans la chair. Dans la plupart des echantillons de morue et de poissons plats, la prevalence 
et l'abondance des larves anisakines augmentent en fonction de la longueur de 1 'h5te. Cette tendance n'est 
toutefois pas apparente dans la cas d'infestations par vers de phoque dans les echantillons de plie car.adienne 
et de limande a queue jaune recueillis sur le Banquereau (4Vs) et dans 411. Les vers de phoque sont plus 
abondants dans les echantil lons de morue et de pois sons plats de 411 que dans ceux de 4Vs; 1 'abondance des 
parasites augmente a mesure qu'on se rapproche de l 'ile de Sable. Les larves d'Anisakis sp. sont plus 
abondantes dans la rrorue des banes "exterieurs" (Banquereau, lle de Sable et ~·estern); Jes infestations dans 
les echantillons de 4Vs (Banquereau) sont toutefois semblables a celles des echantillons de ~w (ile de Sable et 
bane Western). 11 ya correlation tres etroite entre la variation d'abondance des anisakines larvaires et la 
longueur et l 'origine geographique de l 'hote. Les variations geographiques de l 'abondance du ver de phoque 
dans la morue et la plie canadienne sont identiques, bien que la prevalence et l'abondance des parasites dans 
des plies canadiennes ~SO cm de long soient superieures a celles observees chez des rrorues de ~me longueur. 
La plie canadienne, dans cette gamme de longueurs, contient plus de vers par poids unitaire de filet que toutes 
les categories de rrorue. L 'abondance des vers de phoque dans les echant il lons de 1952 est de beaucoup 
superieure a celle de 2S ans passes, dans la morue et les poissons plats de 4Vs et 411. 
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I NTROOUCT I ON 

A recent survey of larval anisakine infections 
in cod (Gadus morhua) and flatfish frcm the southern 
Gulf of ~awrence {4T) and the Breton Shelf (4Vn) 
revealed that sealwonn (?hocanema decipiens) has 
become increasingly numerous in 4Vn cod, hmerican 
plaice (Hippoglossoides platessoides), and gray sole 
(Glyptocepnalus cynoglossus) (McClelland et al. 
1983). lnese apparent increases in sealwonn 
abundance were attributed to growth of seasonally 
occurring populations of grey seals (Halichoerus 
gryphus) (definitive hosts of the parasite) along 
~eton and Richmond counties, Nova Scotia, and 
to increased frequency of migrant grey seals in the 
Sydney Bight and Cabot Strait areas. 

Fishennen and processors interviewed during the 
above survey stated that sealwonn infections in 4T 
and 4Vn groundfish were relatively light, however, 
co:npared to those currently found in Scotian Shelf 
groundfi sh. The severity of the wonn problem, has 
caused processors to reject cod from Banquereau 
(4Vs:, Sable Island, and Western banks (4W); and 
candling is often required in the processing of 
haddock (Melanogrammus aeglefinus) and other 
groundfisn from these same areas. These allegations 
were somewhat surprising in light of earlier reports 
on sealwonn abundance in Scotian Shelf fish, which 
showed that cod were lightly infected and the 
parasite was rarely found in other fish species 
(Scott and Martin 1957; Templeman et al. 1957). 

Again, the most likely explanation for the 
increasing severity of the sealwonn problem in 
Scotian Shelf fisheries would appewr to be the 
growth of the grey seal population. The grey seal 
breeding colony located on Sable Island (4W) has 
grown by more than tenfold over the past two decades 
(Mansfield and Beck 1977; Zwanenburg et al. 1981 ), 
and several thousand seals now congregate on or near 
the Island throughout the year (Zwanenburg, pers. 
cooim.1). The Scotian Banks lie on the seals' 
migratory routes frcm Sable Island to the Nova 
Scotian mainland, Cape Breton, the Gulf of 
St. Lawrence and Newfoundland. Further, seals based 
on Sable Island may spend much time feeding on 
adjacent banks. 

The primary objectives of the present study 
were to document current abundances of sealwonn and 
related species of parasitic nematode in Scotian 
Shelf (4Vs and 4W) cod and flatfish, and to show 
distribution of the parasites in host tissues and 
variations in their abundance with host lenoth and 
geographic origin. Alleged increases in sealwonn 
infestations in Scotian Shelf groundfish would then 
be investigated by comparison of our records with 
earlier reports (Scott and Martin 1957; Templeman 
et al. 1957). The impact of the Sable Island grey 
seal colony on the wonn problem in Scotian Shelf 
fisheries might be examined by analyzing variations 
in wonn abundance in Scotian Bank groundfish with 
proximity to Sable Island. 

lMarine Fish Division, Department of Fisheries 
and Oceans, 6edford Institute of Oceanography. 

MATEl<IALS ANO ME1HOOS 

COLLECTION ANO EXAMINATION OF FISH Sf...":PLES 

Cod and flatfish samples were collected frcrn 
conmerci al draggers and frCl!I the E. E. Pri nee during 
Department of Fisheries and Oceans scientific 
cruises (Fig. l ). A forced orthogonal sampling 
design was employed where the fish were stratified 
into 5-cm length groups containing equal nur.bers of 
fish. Ideally, cod would be stratified into ten 
(::.30-cm, 31-cm to ~5-cm, 36-cm to 40-cm ••• ~71-cm) 
and flatfish into six (.:_30-cm, 31-cm to 35-cm ••• 
.::_51-cm) length categories. However, because of 
inaccuracies of measurement at sea and scarcities of 
fish in certain length categories, efforts to 
confonn to the sampling design were only partially 
successful. 

Samples were inspected in the fresh condition 
when time permitted or stored at -17° C and exc:mi ned 
later. The fish were measured, l>'cighed, gutted, 
sexed and filleted. The fillets and flaps (hypaxi al 
musculature of the abdomen) were ir.spected by 
systematic destruct ion of the flesh (Power lg61; 
Wiles 1968). All nematodes found in the flesh and 
on the visceral organs and mesenteries were 
identified and counted. 

STATISTICAL ANALYSIS 

Frequency distributions of wonn counts which 
were positively skewed to varying degrees (Figs. 2 
and 3) were brought close to normality by a 
log10 (x + l) transfonnetion (Platt 1975). 
Variations in transfonned wonn counts related to 
host length, sex and sampling were analyzed by 
three- and two-way ANOVAs using the GLM procedure 
(SAS lg82); because of our inability to conform to 
an orthogonal design (above), Type III f..NOVAs were 
employed (Fruend and Lit tel 1981 ). Cells with zero 
frequency were eliminated from analyses of cod 
parasites by including al 1 fish .s_40 cm in length and 
those .!:£ 6 cm in 1 e ng th in s i ng le length strata and 
by deleting one sample (East Bar, Sable Island Bank) 
lacking cod~ 51 cm in length. For the sc::;;e reason, 
gray sole .:_35 cm were grouped in a single length 
stratum. Because of a scarcity of r..ale plaice 
:!_41 cm in length, ANOVAs involving variations in 
wonn counts with host sex were canputed for three 
host length strata, '.:.30-cm, 31-cm to 35-cm, and 
36-cm to 40-cm. All six length strata, c::lO-cm to 
.::.51-cm inclusive, were used, however, in t1-•o-way 
analyses of variance related to se:;;-,pl i ng or length 
of plaice. \..'here blank cells persisted in spite of 
the above precautions, their influence on the 
results were investigated by repeating analyses with 
Type IV ANOVAs. 

Data frcrn a survey of 4T and 4Vn cod and 
flatfish (McClelland et al. 1983), together with 
those from the present study, were used in a 
comparison of geographical variations in sealwonn 
abundance in cod and plaice. Because of disparities 
in sample and cell sizes (Fig. 10), direct analyses 
of geographical correlations in worm abundance in 
these host species were not pqssible and the 
following approach was employed. Plaice s.;;nples 
were ranked in ascendino order of m~an transformed 
wonn counts and, following the exc ;;;;ile of Snedecor 
and Cochrane (1980), significance of re-;;re>sions of 
weighted mean wonn counts on rank 1o<ere tested. 
Analyses of wonn count/rank regressions l':ere 
repeated for cod, with the se::np1es be~;1g :ssigned 
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the same ranks as plaice samples fr001 corresponding 
locations. As variances for cod and plaice 
regressions were dissimilar, regression coefficients 
were c001pared by a x2 method (Armitage 1971 ). 

RE SUL TS 

LARVAL ANJSAKJNES IN 4Vs and 4W COO 

Two species of larval anisakine nematode, 
seal worm (P. deci pi ens) and Ani saki s sp., were found 
in great abundance in 4Vs and 4W cod (Table 1). A 
few (one to four) larvae of a third anisakine 
species, Contracaecum (Phocascaris) sp., were found 
in samples from P.isaine, Canso and Sable Island 
banks but this parasite was not detected in the 
remaining samples. 

Sealworm occurred primarily in the fillets 
(86~). although significant numbers were also found 
in the flaps (11%) and in the coelomic cavity (3%) 
(Table 2). Infect ions in the flaps and coel om were 
most common in large market and steak cod, 
particularly in specimens with heavy infections in 
the fillets. Anisakis sp. larvae, which closely 
resemble A. simplex (Palsson 1979), were usually 
encysted on the surface of the liver (60%) and on 
the mesenteries surrounding the pyloric caecae; they 
were found infrequently in the flaps (1.5%) and 
fillets (l.3%) . 

Prevalence and abundance of sealworm and 
Anisakis invariably increased with host length 
(lab le 1; Figs. 5 and 6). Jn most samples, market 
and steak cod Z.61 cm in length had the greatest 
number of sealworm per unit fillet weight. The 
influence of host length on worm abundance was 
highly significant (P.s.0.0001) both as a main effect 
and in interaction with sampling effects (Tables 3, 
4 and 5). Worm abundance did not vary 
significantly , however, with host sex (Table 3). 

As shown by fixed-factor design - a priori 
contrasts (Tables 4 and 5), geographical variations 
in worm abundance were highly significant 
(P~0.0001 ). The distributions of sealworm and 
Anisakis in 4Vs and 4W offshore cod, however, 
differed. Sealworm abundance increased with 
proximity to Sable Island (Fig. 4). The parasite 
was least abundant in Misaine and east Banquereau 
cod (4Vs) and most abundant in cod fran Sable Island 
Bank (4W); 4W cod were more heavily infected by far 
than 4Vs cod (P::.0.0001) (Table 4; Fig. 5). Anisakis 
sp. larvae, on the other hand, were more abundant in 
cod from the "outer" (Banquereau, Sable Island and 
Western) banks of 4Vs and 4W, (~0.0001) than in cod 
from the "inner" (Misaine, Canso and Middle) banks 
(Table 5; Fig. 6). Anisakis counts in 4Vs 
(Banquereau Bank) samples and 411 (Sable Island and 
Western banks) samples did not differ 
significantly. 

LARVAL ANISAKJNES IN 4Vs and 411 FLATFISH 

American plaice, gray sole, and yellowtail 
flounder collected fran 4Vs and 4W were heavily 
infected with sealworm (P. decipiens) but the 
parasite was more abundant in plaice than in the 
other two hosts (Table 6). Almost all of the worms 
(98':) were found in the fillets. As shown for cod 
(above), worm abundance in offshore samples of 
flatfish increased with proximity to Sable Island, 

and abundance in 4W samples were significantly 
greater (P_g).0001) than those found in 4Vs samples 
(Tables 7 and 8). 

Jn gray sole samples, and in plaice samples 
fran Misaine and east Banquereau, prevalence and 
abundance of sealworm increased with host 1enoth. 
This trend ~as not, however, evident in west· 
Banquereau and 4W plaice samples or in yel lo....tail 
samples. As indicated by a two-way ANOVA (Table 7), 
variations in seal worm abundance with length of 
plaice were not highly significant (P~0.05). 
Significant nurroers of Anisakis sp. larvae were 
found in large plaice fr001 east eanc;uereau Bank; in 
this sample, the prevalence of infection was 2~. 
abundance, 0.61 for plaice~46 cm in length 
(n = 91 ). As this parasite occurred less frequently 
i n the remaining flat f i sh s amp 1 es (pr ev a 1 en ce < 5%) , 
however, variations in its abundance were not 
analysed. 

COMPARISON OF SEALllORM ABUNDANCES JN 41, 4V and 4W 
COD AND PLAICE 

A c001pari son of cod and plaice samples fr an the 
southern Gulf of St. Lawrence (4T) and the Breton 
Shelf (4Vn) (McClelland et al. 1983) and those 
collected fr001 the Scotian Shelf (4Vs and 4W) in the 
present study shows that plaice :>SO cm in length 
have a greater prevalence and abundance of seaiworm 
than cod of similar length (Figs. 7 and 8). Plaice 
in this length range have considerably more worms 
per unit fillet weight than all grades (scrod, 
market and steak) of cod (Fig. 9). 

These distinctions aside, geographical 
variations in sealworm abundance in the two hosts 
appear to be similar (Fig. 10). C001parison of worm 
count/rank regressions indicates that the geographic 
distribution of the parasite in plaice, 31-40 cm in 
length, did not differ significantly fran those 
found in scrod, market and steak cod (Table 9; 
Figs. 10 and 11). Distributional similarities were 
not apparent, however, when sampling locations were 
ranked according to ascending order of mean worm 
counts in 41-50 cm plaice. Under the latter 
circumstances, worm count/rank regressions for cod 
were not significant. 

DISCUSSION 

Comparison of our records with earlier reports 
(Scott and Mart in lg57; Templeman et al. 1957) shows 
that sealworm (P. decipiens) is far more abundant in 
Scotian Bank ( 4Vs ano 4\0i) cod and flatfish than it 
was 25 years ago (Table 10). Worm counts in our cod 
and plaice samples fran Misaine and east Banquereau 
banks (4Vs) were similar to those found in 4T and 
4Vn offshore samples (McClelland et al. 1983) while 
abundances of the parasite in our west Sanquereau 
(4Vs) and 4W samples were significantly greater. 
The great disparities between current and past 
records may be attributable, in part, to variations 
in season or location of sampling, inconsistencies 
in age or length structures of samples or to 
differences in examination procedures (McCleliand et 
al. 1963). The magnitudes of the disparities are so 
great, however, there can be little doubt that the 
parasite has becane r.ore abundant in Scotian Shelf 
groundfish in recent years. For excmple, sealwonn 
abundances in the fillets of steak cod ~71 an in 
length) collected in 1982 were i~some cases nore 
than 100 times greater than previously reported. 
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Jn th;; past, candling would not have been 
required in the processing of 4Vs and 4W cod and 
flatfish; but at present, wonn infestations greatly 
exceed the government standard for maxi Mum numbers 
pennitted in processed fillets (five per 15-pound 
block or o.n per kg fillet). Efficiencies of 
commercial procedures for detection and removal of 
wonns from fillets have been estimated at less than 
so: (Power 1961) and, obviously, more rigorous 
inspection would be necessary in order to bring 
infestations in the fillets of 4Vs and 4W cod and 
plaice to acceptable levels. 

Increases in abundance of sealwonn in Scotian 
Bank groundfish shown here clearly coincide with the 
growth of the Sable Island grey seal colony 
(Mansfield and Beck 1977; Zwanenburg et al. 1981 ). 
Sealwonn matures and reproduces in the gastro­
intestinal tract of seals and, in the North 
Atlantic, the grey seal appears to be the most 
important definitive host of this parasite (Scott 
1953; Young 1972; Platt 1975; Mansfield and Beck 
1977; McClelland 19BOa, b and c; Bjorge et al. 
lg81 ). While they may not be the most numerous seal 
species in a given locale, grey seals usually 
support the oreatest numbers of mature P. decipiens, 
on an individual and collective bas is. -Grey seals 
seem to develop a tolerance for P. decipiens as they 
become reinfected with successively greater numbers 
of wonns as they mature but exhibit little or no 
inflammatory response (McClelland 19BOb and c). A 
typical adult grey seal may support several nundred 
mature females of P. decipiens, each of which may 
produce progeny nuiiher1ng in the hundreds of 
thousands. 

The relationship of sealwonn abundance in 
Scotian Shelf groundfish to the Sable Island grey 
seal population is implied not only by the 
coincident growth of both seal and parasite 
populations in recent years but also by the 
geographical distribution of the parasite. As shown 
here, sealwonn abundance in cod and flatfish 
increases significantly with proximity to Sable 
Island. Although sealwonn has been perceived as a 
problem occurring primarily in inshore fish 
(Templeman et al. lg57; Scott and Mart in 1959; Young 
1972; Appy 1978), wonn counts in our cod and plaice 
samples from Sable Island and Western banks, 150 km 
to 200 km offshore, exceeded those found in 4T and 
4Vn inshore samples (McClelland et al. 1983). 
Notably, the distribution of sealwonn in Scotian 
Bank cod differed from that of Ani sak is sp. 1 a rvae. 
Anisakis larvae, which presumably mature and 
reproduce in cetaceans, were more numerous in cod 
from the "outer" banks (Banquereau, Sable Island and 
Western banks) of avs and 4W than in cod fr001 the 
"inner" banks (Misaine, Canso and Middle banks). 
Abundances of Anisakis in Banquereau Bank (4Vs) 
samples, however, did not differ significantly from 
those found in Sable Island Bank and Western Bank 
(4W) sam;iles. 

The ful 1 extent of the wonn problem currently 
being experienced in eastern Canadian fisheries 
remains to be defined. Grey seals have become more 
numerous, not only in the Sable Island area but 
throu~hout eastern Canada (Zwanenburg et al. 1981 ). 
Fishennen and processors interviewed here stated 
that sealwonn was becoming a problem in groundfish 
off southwestern Nova Scotia (4X), southern 
Newfoundland (3P) and the northern Gulf of St. 
Lawrence (4R and 4S). E\'idently, Anisakis sp. 
larvae have also become r.iore numerousln"""The flesh 
of norther~ Gulf, southern Newfoundland and Labrador 

cod. Jn view of these devel opr.oents, the survey of 
larval anisakines, which has been canpleted for 
southern Gulf (4T), Breton (4Vn) and Scotian shelves 
(4Vs and 4W), should be extended to the remaining 
eastern Canadian fisheries. 

As our studies show, it may be ;;()re con·;er.i;;nt 
to determine geographic distribution of sealworm 
through surveys of American plaice rather than cod. 
lhe greatest advantage to using pl a ice in such 
surveys is logistical. Since they are r.iuch smaller 
than cod, plaice samples are easier to transport, 
require less storage space and can be examined r.ore 
quickly. While significant nurrbers of sealworm are 
found in the flaps and viscera of cod, the parasite 
occurs almost exclusively in the fillets of plaice 
and examinations of othe:r tissues would not be 
necessary. Cod are heavily infected with related 
species of ascaridoid nematode (Anisakis and 
Contracaecum sp. and Hysterothylacium aduncum), and 
microscopic examinations a_re needed in oroer to 
identify and separate these s>-ecies fran seal;.onn 
(McClelland et al. 1983 ). These other species of 
nematode, hcwever, rarely occur in the fillets of 
plaice. 

American plaice is widely distributed along the 
east coast of North America fran Hamilton Inlet, 
Labrador, to Cape Cod; they occur inshore and 
offshore, in shallow and deep water (Powles 1965). 
While some populations migrate to deeper water in 
winter (Powles 1965), seasonal or longer-term 
migrations of plaice (Pitt 1969) are not as 
extensive as those undertaken by cod (~art in and 
Jean 1964). It would be less difficult, then, to 
'interpret geographical origins of sealworm 
infections by surveying plaice. 

The influence of host length on wonn abundance 
is less significant in plaice than in cod. Hence, 
in surveys of plaice it may be safe to ignore this 
source of variation and select samples of limited 
1 ength range. Accardi ng to our conpa ri son of 
sealwonn infections by 4T, 4V and 4W cod and plaice, 
geographical variations in abundance of the parasite 
in plaice 31 on to 40 cm in length are most similar 
to those found in cod. Pia ice in this length range 
have a greater abunda nee of seal worm than scrod and 
carry more wonns per unit fillet weight than scrod, 
market or steak cod. 

We have shown in present and earlier studies 
(McClelland et al. lgS3) that seal worm abundances in 
plaice can be defined for limited geographic areas. 
But before we can establish a relationship bet .. ·een 
larval sealwonn abundances and the distribution and 
densities of seal host populations, more information 
is required on: 

1) densities of local seal populations and 
seasonal variations in these densities. 

2) geographical and seasonal variations in 
abunda nee of mature seal worm in the 
gastro-intestinal tract of seals. 

3) regulation of hatching and devel opr...:ntal 
rates of the parasite (in poikilothermic 
hosts) over the range of envi ra;iental 
temper a tu res • 
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TABL( t. lot""ltef anTscKlnes ln round 4Vs end ~\rt' cod, 1982. 

Locetlon 

4Vs, deeps 

north o1 

Mlsetne 

eenk 
!f"eb.) 

4Vs, E'ostern 

Shoe I, 
Eenquerea.r 

Senk 
IMeyl 

AVs, West 

Senquere8U 
Senk 
(,r.ug. l 

4Vs, West 
Benouereeu 
Senk 

tSept.l 

AW, Canso P.onk 

Hole 

tApr.l 

411, Middle 
Senk 
(July) 

Host 

Length 

renge 
!cml 

~45 
46-50 
51-55 
56-60 
61-65 
66-70 

~71 

Tote I 

~40 

41-45 

46-50 
51-55 

56-60 
61-65 

66-70 

~71 

Tote I 

~J5 

J6-40 
41-45 

46-50 
51-55 
56-60 
61-65 
66-70 
271 

Total 

~J5 

36-40 
41-45 
46-50 
51-55 
56-60 

~61 

Tote I 

~JO 

Jl-J5 
36-40 
41-45 
46-50 

51-55 
56-60 
61-65 

66-70 

~ 71 

Tote I 

~JO 

31-J5 
36-40 
41-45 
46-50 
51-55 
56-60 
61-65 

Total 

20 

22 
27 
J4 
26 
26 

26 

181 

J2 
2J 
32 
21 
28 
24 

17 

15 

192 

J6 
29 

2B 

J5 
20 
J2 
27 
20 
2B 

255 

" 29 
21 

28 

2B 
25 
JO 

194 

22 

25 
27 
20 
24 
24 

23 
21 

7 

12 

205 

D 
2J 
26 
26 
23 
25 
24 

II 

205 

?rev e I 9ncea 
(j) 

JO 
4 I 

52 
41 

62 

88 
81 

57 

34 

61 
56 
67 
1\4 

79 

76 
87 

6J 

19 

J4 

J6 
71 
85 
81 
78 
95 

96 

64 

21 

" JS 
71 

89 
84 

93 

62 

5 
44 

J7 
60 
67 
79 
78 
86 

100 

100 

60 

J 
J5 

35 
62 
70 

84 

96 
100 

56 

P. 09clolens 

Abundenc:eb 

Cmexlmum 
no.) 

0.45( J) 

o. 551 ,, 

O.BI I 2l 
1.44120) 
2.19( 141 
4.42124) 

11.00(75) 

J.04 ( 75) 

o. 5Jt 3l 
I .J9 I 7) 
I .OJ( 4l 
1.52( 5l 

1.e21 6> 
2.251 5) 
4.18( 15) 

11.07156) 

2.JBl56l 

0.22( 21 

o. 521 3l 
o. 791 5) 

2. I IC 12 l 
J.25( 8) 
4.471221 
4.46!21) 

6.J5( 16) 
10. 50140) 

J.35140) 

O.DI 21 
0.83( 6) 

0.52( 4l 
2.501131 

5.J5117) 
5.48117) 

5. 77122> 

2.75122> 

0.14( 3) 

o.ee1 11 

I .JOl23l 
1.45( 7) 
2.00(15) 

'. 50126) 
2.61I10) 
5.10116) 

B.57120> 
19.08154) 

3.421 54) 

0.061 21 
0.481 3l 
0.58( 4) 
1.81( 15) 
2.JO! 11 l 
2.68115) 
5.461 IJ) 

10.2712 ll 

2.JOl21) 

j In 

11 llets 

56 

100 
86 
92 
89 
96 

69 

BO 

100 
94 

100 

94 
96 
94 
86 

79 

88 

88 
100 
100 
100 
99 

92 
92 
92 
B5 

91 

100 
100 
100 
97 

9J 
95 
90 

94 

100 
95 
94 

100 
92 
88 
83 
79 

82 

76 

83 

100 
B2 

100 

92 
95 

91 
86 
81 

88 

No. per 
kg 

111 let 

1.12 

1.67 
1.69 
2.38 
2.96 
5.09 
5.80 

J.83 

J.34 
5.89 
3.09 
3.12 
2.89 
2.68 

J.90 

5.86 

3.85 

1.62 
2.63 
J.02 

5.85 
1.02 

6.35 
4.48 
6.03 
7.33 

5. 76 

2.61 
4.68 

2. II 
7.02 

7.59 
9. 13 
6.16 

6.49 

2.79 

7.37 
7.14 
6.20 
5.61 
9.47 

J.e• 
5.81 
7.98 

11.85 

7.JJ 

o.e2 

J.J5 
2. 71 
6.SJ 
6.50 
5.67 
8.74 

13.19 

7.03 

Anlsekls sp. lorvee 

Prevelence 
(j) 

10 

2J 
48 
47 

54 
50 

62 

43 

16 
48 
56 

52 
71 
67 

71 

87 

55 

56 
55 
54 

71 

BO 
84 
85 
85 
86 

72 

58 
48 
48 
57 

68 
BO 
93 

65 

12 
26 
20 
25 
D 
65 
57 

43 
75 

" 
6 

22 

19 
42 

65 
60 
50 
64 

40 

Abundance 

lme.xlmum 
no.) 

0.10< I l 
0.501 7) 
0.591 ,, 

1.47114) 
0.96! 6) 
1.21 ( 9) 

1.54110) 

0.98114) 

0.25( ,, 

1.261 Bl 
2. 16 ! 16) 

1.48 I Bl 
1.64114) 
2.04116) 

J. 71 ( 171 

6.13126) 

2.02128 l 

0.861 41 
0.901 7) 
0.96( Bl 
2.46(13) 

2.95<15) 
J.50! 12) 
2. 78! 9) 
4.20119) 
6.57(241 

2.671241 

1.24( 5) 

0.86( 5) 

0.761,, 

I. 14 ! 81 
2.001 7) 
2.041 7) 

4.53141) 

1.84 !41) 

o.o5t 1 > 
0.16( 2> 
O.JJt 2l 
0.50( 5> 
0.38 I ,, 
0.6J( 5) 
1.04( ,, 

0.95( 4) 
1.57( 7) 

J.17113) 

0.69( 13> 

0.09( 2) 
0.26( 21 
0.23( 2l 
0.69( ,, 
1.)2( 8) 

1. 76( 161 
I .OB t 5 l 
1.73( 6) 

0.84 ( 161 

1 

l 
rl 

rl 

1 

~j 

"} 

} 

~ 

l 

.J 
J 
J 

J 

J 
] 

J 
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l 
\ 

J 

J 
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} 
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TAPL£ 1. !con1'dl. 

Host 

Loc.ot Ion 

Sob le Is I ond 
Benk (Off 

Eest Serl 
CSept.l 

West Sob le 

Is 1 ond Bonk 

<June) 

\ll'estern 

Bonk 

C Ju lyl 

Edge of 
\lies tern 

Bonk 

CSept.l 

eoundery 
4W-4X 

Chebucto 

Heod 

C~ordil 

Ler9th 

ronge 
<cm> 

-00 
31-35 
36-40 

41-45 

46-50 

Tote I 

95 
36-40 

41-45 

46-50 

51-55 
56-60 
61-65 
66-70 

2_71 

Tote I 

.95 
36-40 
41-45 

46-50 

51-55 

56-60 
61-65 
66-70 

2.71 

Toto I 

.:;.35 

36-40 
41-45 

46-50 

51-55 

56-60 
.?_61 

Tote I 

.00 
31-35 
36-40 
41-45 

415-50 

51-55 

56-60 

.2.61 

Toto I 

"PerO!trrt of fish Infected. 

bveon no. of net:":~todes per f 1 sh. 

39 

21 
30 

JJ 
24 

147 

J2 
24 

22 

JO 

IB 

26 
22 
20 
16 

210 

17 

14 

29 

JI 

J2 
40 

20 
B 

IJ 

204 

16 
19 
J4 

JS 

28 

15 

7 

154 

10 
24 

2J 
28 

J2 

21 
IJ 

21 

172 

Prevelencea 

CS> 

41 

62 

6J 
91 

96 

69 

22 
SB 
6B 

B7 
94 

100 

95 
100 
BB 

76 

IB 

4J 

72 

Bl 

94 

90 

90 
100 

100 

79 

IJ 
J2 
74 

B6 

9J 
B7 

100 

71 

50 

JI! 
57 

6B 
Bl 

90 

100 

90 

72 

P. cleclplens 

Abundonaob 

(rr.ex1mum 

no.) 

I.OJ( 6) 

1.81 c 7> 
4.57( 61) 

7.85( 29) 
14.21 ( 54) 

5.54( 61) 

O.J8( Jl 

1.83( II l 
3.09( 16) 

4.63( 11 l 
9.61 ( 39) 

12.19( 43> 
16.27( 9J) 

27. ISC 114) 

41.91CIB3l 

11.06( IBJ) 

0.24( 2) 

1.211 4) 

2.24( IB) 

J.BIC 23> 
5.B4C JI) 
B.13C 24) 

10.35( 46) 

11.B8C IB> 
34.54( 173) 

7.19Cl73l 

0.25( 2) 

1.11 ( 6) 

2.03C 8l 
3.29( 13) 

4.04( 9) 

7.67< 45) 
14.t3C 35) 

3.49( 45) 

C.50C 1 l 

'· 13( 7) 
1.39( 101 
2.07< 9) 

2.91 ( 15) 
7.52( 49) 

10.92( 2Bl 
l!.91 ( 142) 

4.6BC 142) 

S In 

f 11 lets 

95 

95 
93 

95 

94 

95 

100 

93 
97 

92 

93 
91 

85 
80 
70 

82 

100 

94 

92 
9B 

96 
B7 

BS 
BS 
71 

84 

100 

96 

91 
96 

84 

B6 

91 

100 

93 
97 

97 

97 

92 

92 
67 

84 

""'· per 
kg 

f 11 let 

13.19 
14.23 

23.66 

29.67 

4 I .B7 

2B. 73 

3.61 

10.20 

13.55 

13.JS 
20.59 

IB.95 
18. 79 
24.55 

26.02 

19.6B 

2. II 
5.95 
B.01 

10.91 

12.JB 

1 l.9B 

I l.B2 
11.64 

17. 73 

12.21 

l.9B 
5. 77 
7.34 

B.53 

B.24 

11.21 
14.32 

B.91 

7.94 
9.19 
B.03 

8.Bl 
B.49 

15.43 

17.JJ 
7. 74 

10.19 

~sp. larwoe 

Pre.ielenc:e 

cs) 

13 

48 
43 

76 

BJ 

50 

13 
50 

59 

83 
7B 

85 
B6 
95 

Bl 

67 

24 

29 
41 

48 

63 
45 

55 
8B 
85 

48 

19 
42 

56 

60 

79 

BO 
B6 

59 

0 

B 
17 

IB 

41 
67 

69 
B6 

37 

Abunc!cnce 

(r.·~xlmum 

no.) 

o. 15 ( 2> 
o. 71 ( 4) 

O.BJ C Bl 
J.21 ( 14) 

•.sec JJ> 

1.92 ( 33) 

O. IJC I l 
1.04( 5) 

) • 14 ( 7) 

J.17C 121 
2. 7BC )5) 

6.00C JI l 
•.95( 28) 

7.75( 28) 

6.BB< 25 > 

!.45( JI) 

0.24C I l 

0.36C 21 
0.86( 9) 

o.B1 c 6> 
1.19( 4) 

O.BJC 5l 
1.95( 9) 
6.63( 2)) 

17. 77( 156) 

2.21 ( 1561 

0.19C I l 
O.B4 ( 4) 

1.91 ( 15) 

1.60( 9) 

2.64( 10) 

2.40( 9) 
4.86( 13) 

l .BJ< 15 l 

0 
0.29 ( 6) 

0.26( 2) 
C.54( 10) 

2.53(61) 

2.1oc B> 

3.oB c 14 > 
7.33( 5J) 

2.02c 61 > 

5 
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l TABLE 3. Three-way ANOVA for variations in abundance of larval anisaY.ines with 
sex, sample and body length of host, 4Vs and 4W cod. 

Source of Nematode Degrees of Mean 
variation sp. freedom square fa 

range l 
(cm) 

---
] Main effects 

Host sex Phocanema 1 o. 020 0.19 
An1sak1s 1 0.053 0.68 

Host length Phocanema 6 9.733 90.95**** J 
~.n1sak1s 6 3.260 41. 72**** 

Host sample Phocanema 9 3. 117 29.13**** 
i'ln1sakis 9 1.489 19.06**** j 

Two-way interactions 

Sex x length Phocanema 6 0.095 0.8g 
An1sak1s 6 0.041 0.52 

1 
} Sex x sample Phocanema 9 0.096 0.90 

hni sab s g o. 159 2.03 

Length x sample Phocanema 54 0. 276 2.58**** 
;?;n1sakis 54 0. 159 2.03**** 

J Three-way interaction 

(Sex x Length x Phocanema 53 0.089 0.84 
Sample) Aii1sal:1s 53 0.081 1. 03 J 

Error Phocanema 1 ,833 0.107 

! 
An1sabs 1 ,833 0.076 

asignificance at PS0.05*,~ 0.01**, ~0.001***, and ~0.0001****. 

J 

) 

} 

i 
t 
] 

J 
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TABLE 4. Two-way AN8VAs for variations in abundance of Phocane~~ decipiens with sample and length of 
host 4Vs and 4W cod and constrasts of samples. 

Contrast 

Two-way ANOVA 

4Vs vs. 4W 

East e.a nque re au 
vs. 

West Banque re au 

Misaine - East 
Banque reau vs. 
West Banquereau -
Canso - Middle Bank 

Sable Island -
Western Banks 
vs. West Banquereau 
- Canso - Middle Bank 

Sable Island 
vs. 

Western Bank 

Sable Island -
Western Bank vs. 
Chebucto Head 

Sample means Host len~th 
d.f. Fa d. f. F 

9 32.50**** 6 94.31**** 

145. 32**** - -
14.45**** - -

52.40**** - -

63.65**** 

10.06** 

7.52** 

asignificance at P~0.05*, ~0.01**, ~0.001***, and ~0.0001****. 

Sample means x host len2th 
il. f. Fa 

54 2.80**** 

6 6.22**** 

6 3.84*** 

6 4.40* 0 

6 3. 10** 

6 1.19 

6 5.00**** 

TABLE 5. Two-way ANOVAS for variations in abundance of Anisakis simplex with sample and length of 
host 4Vs and 4W cod and constrasts of samples. 

Contrast 

Two-way ANOVA 

4Vs vs. 4W 

Misaine - Canso -
Middle Sank vs. 
East Banquereau -
lo.'es t Banque reau -
Sable Island -
Western Bank 

East Banquereau -
West Banque re au 
Sank vs. Sable 
Island - Western 
Bank 

Sable Island -
lo.'estern Banks vs. 
Chebucto Head 

Sample means 
d.f. Fa 

9 20.39**** 

0.36 

66.24**** 

0.78 

2.02 

Host len2th 
d. f. Fa 

6 41.73**** 

- -
- -

asignificance at P~0.05*, ~0.01**, ~0.001***, and ~0.0001••••. 

Sa~le means x host length 
il.f. Fa 

54 2.21**** 

6 0.47 

6 0.84 

6 1.01 

6 1.50 

1 

1 
\ 

1 

1 

1 

lj 

1 

1 

} 

] 

J 

J 

] 

J 

1 

J 

1 
J 
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l TABLE 6. Larval ?hocaner.;a decipiens in 4Vs and 4W flatfish, 1982. 

Host ~· decipiens larvae 
-

l Species Location Length n Prevalence a Abunda nceb No. per 
range (%) (maximum kg 
(cm) no.) fi 1 let 

1 
Plaice Holes north ~3S 46 33 0.3S( 2) 4.41 

of Misaine 36-40 S2 35 O.BS(lO) 6. 7S 

l 
Bank 4Vs 41-4S 3S 43 0.49( 2) 2.81 
(Feb.) 46-SO 46 so l.63(24) 6. 76 

~Sl 31 71 l. 94 ( 6) S.20 

Total 210 44 l.Ol (24) S.48 

f1 Plaice Eastern Shoal, .'.0.3S 44 32 o. 43( 3) 4.44 
Banquereau 36-40 21 33 0.62( 6) 4.44 
Bank, 4Vs 4l -4S 2S 24 O.S6( 7) 2. 7B 

1 
(May) 46-SO 27 44 0. 93 ( 8) 3. 30 

2Sl 64 SS l.31 ( 7) 2 .S4 

Total 181 42 0.86( B) 2.BS 

} 
Plaice Mi sa i ne Channel , dO 34 so 0.82 ( 4) 16.40 

4Vs 3l-3S 36 67 2.19 (10) 26.96 
(July) 36-40 31 39 0.6S( 3) S.00 

4l -4S 30 so l. 00( 7) S.43 
46-SO 11 64 0.82( 2) 2.96 
2Sl 16 S6 0.94( 3) 2.04 

Total lSB S3 l. lS (l 0) 7.37 

Plaice Sable Island .!.30 19 B9 3. 11 ( 9) 43.31 

J Bank 3l-3S 36 78 2. 64 ( 8) 30. 16 
4W 36-40 42 95 3.69( 18) 26. BB 
(July) 4l-4S 3S 89 2. 91 ( B) 1S.2S 

46-SO 37 78 2. 16 (10) 8.26 
,;,Sl 26 77 l.92(14) 4. 71 

l Total 19S 85 2. 77 (18) 14. Sl . 
Plaice Edoe of s.2S 24 8 0.08( 1) S.36 

.1 
Wes ~ern Bank, 26-30 30 43 0.83 ( s) 19. 13 
4W 31-3S 3S 69 2. 14 ( 9) 27. 31 
(Sept.) 36-40 34 76 2. 18(10) 17.44 

4l -4S 24 75 l .6 7 ( 4) 8. 61 
46-SO 16 63 l. 31 ( 4) 4.86 

l L.Sl 16 so O.S6( 2) l. 14 

Total 179 56 l.37(10) 9. 63 

Plaice Chebucto ~20 34 9 0. 12( 2) 9.62 

J Head, 4W 21-2S 4S 40 0.6g( 6) 22. 14 
(March) 26-30 go 42 o. 77( 8) 16.S3 

31-3S 47 S3 1. 17 ( 9) 13.06 
36-40 lS 67 3.20(17) 24.62 

i 
.'!.41 17 65 2. 12 ( 7) B.43 

Total 248 42 0.98(17) 14.99 

Gray sole Misaine Channel, ~30 12 8 0.08( l) 2.S8 

J 
4Vs 3l-3S 11 9 0.09 ( l) l. 14 
(Nov.) 36-40 22 5 O.OS( l) 0.37 

41-4 s 21 33 0. 43( 3) 2.31 
46-SO 27 15 o. l S ( 1) 0.62 

> Sl 22 32 0.32( l) 1.01 

J Total 11 S 18 o. 20( 3) l. 06 

J I • 
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TABLE 6. (cont'd}. 

Species 

Gray sole 

Gray so le 

Yel lowtail 

Yel lowtail 

Ye 11 owta il 

Host 

Location 

Canso Bank Hole, 
4W 
(Nov.) 

Sable Is l and 
Sank, 4W 
(June) 

West Banquereau 
Bank, 4Vs 
(Sept.} 

East Sable 
Island Bank, 
4W 
(Sept.} 

Pt. Escumi nae ,c 
N. B. (4T} 
(June '81} 

apercent of fish infected. 
bMean number of nematodes per fish. 

Length 
range 
(cm) 

< 20 
21-25 
26-30 
31-35 
36-40 
41-45 
46-50 
251 

Total 

<40 
4l-45 
46-50 
251 

Total 

31-35 
36-40 
41-45 

Total 

.s.25 
26-30 
.!:_31 

Total 

.s.25 
26-30 
~31 

Total 

n 

16 
14 
24 
24 
9 
6 

12 
17 

122 

22 
41 
44 
15 

122 

91 
73 
22 

186 

44 
45 
35 

124 

16 
99 
54 

169 

'Collected during earlier survey (McClelland et al. 1983). 

P. decipiens larvae 

Prevalence a 
(%) 

D 
0 
4 
8 

11 
17 
42 
76 

19 

27 
34 
43 
73 

41 

24 
23 
27 

24 

20 
49 
34 

35 

0 
5 

15 

8 

Abunda nceb 
(maxi mum 

no.) 

0 ( ) 
0 ( ) 
0.04( l) 
0.08( 1) 
o. 11 ( l) 
0.17 ( l) 
0.75( 3l 
l .06( 3 

o. 26( 3) 

0.27 ( l) 
0.51 ( 3) 
0.68( 5) 
l. 27 ( 3) 

0.62( 5) 

0.40( 4) 
0.37 ( 6) 
0.36( 2) 

0.38 ( 6) 

0.30( 2) 
o. 76( 6) 
o. 57 ( 4) 

0.54( 6) 

0 ( l 
0.05( l 
o. 17( 2) 

0.08( 2) 

No. per 
kg 

fillet 

0 
0 
0.89 
l. 19 
1.08 
l.04 
3. 35 
3.36 

2.40 

2.42 
3.50 
3.21 
4.81 

3.94 

4. 19 
2.54 
2.06 

3.08 

13.73 
14.33 

6.48 

lo. 55 

0 
1.28 
l.81 

l.20 

1 
l 
\ 

l 
l 

,j 

} 

l 
} 

·1 

I 

J 

J 
J 

~ 

} 

-1 
I l 
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TABLE 7. Three- and two-way analyses of variations in abundance of 
Phocanema decipiens with sex, sample and length of host, 4Vs and 4W 
plaice. -- -

-. 

J 
Source of Degrees of Mean Fa 
variation freed001 square 

l THREE-WAY ANOVAb 

Main effects 

1 
Host sex 1 o. 170 2.72 
Host length 2 0.461 7. 38*** 
Host sample 5 0.785 12. 58"*** 

R Two-way interaction 

I - Sex x length 2 0.026 0.42 
Sex x sample 5 0.065 1.05 

i 
Length x sample 10 0.210 3.37*** 

Three-way interaction 

l 
Sex x length x sample g o. 176 2.82** 

Error 663 0.062 

J 
TWO-WAY ANOVA 

J Main effects 

Host length 5 o. 173 2. 61 * 
Host sample 5 l.94 zg.22**** 

. 
J Two-way interaction 

Sample x length 25 0.280 4. 22**** 

} Error 1, 118 0.066 

Contrast ---

l 4Vs vs. 4W (Sample) l 4.554 68.58**** 
4Vs vs. 4W 5 0.204 3. 07*"* 
(Length x sample 

} 
interaction) 

asignificance at P~0.05*, ~0.01 **, ~0.001***, and ~0.0001 ****. 
bRestricted to plaice~40 cm. 

~ 

i 
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TABLE 8. Three- and two-way analyses of variations in abundance of 
Phocanema decipiens with sex, sample, and length of host, 4Vs and 4W 
gray sole. 

Source of 
variation 

THREE-WAY ANOVA 

Main effects 

Host sex 
Host sample 
Host length 

Two-way interaction 

Sex x length 
Sex x sample 
Sample x length 

Three-way interaction 

Sex x sample x length 

Error: 

TWO-WAY ANO VA 

Main effects 

Host length 
Host sample 

Two-way interaction 

Sample x length 

Error 

Contrast 

4Vs vs. 4W (Sample) 
4Vs vs. 4W 
(Length x sample 

interact ion) 

Degrees of 
freedom 

1 
2 
4 

2 
4 
8 

5 

332 

2 
4 

8 

344 

Mean 
square 

o.ooo 
0.097 
0.040 

0.057 
0.033 
0.054 

0.022 

0.022 

o. 185 
0.254 

0.063 

0.022 

o. 334 
0.094 

Fa 

0.00 
4.36* 
1.79 

2.56 
1.46 
2.42* 

1.00 

8. 32*** 
11.42**** 

2.83** 

15.00**** 
4. 20** 

asignificance at Ps.D.05*, ~0.01**, .S.0.001 ***, and ~0.0001 ****. 

l 
1 

~ 
~l 

1 

1 
'l 
=1 

} 

J 

} 

J 
J 

J 

J 

J 

J 

l 
] 
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TABLE 9. Comparisons of weighted regressions for geogra;ihic variation of sealwonn intensity 
in 4T, 4V and 4W cod and plaice. 

Plaice a Cod b bl= b 2 

b1c b2 
Length Trans fonned Length Trans forr.oed x2 

range wonn counts vs. rank range wonn counts vs. rank 
(cm) (cm) 

F p F p 

31-40 134 . 62 0.0000 ~so 17.76 0.0023 0.830S 
31-40 134.62 0.0000 Sl-70 16.26 0.0030 2.96S8 
31-40 134. 62 0.0000 z. 71 6. 71 0.0283 0.3903 
31-40 134.92 0.0000 Total 14.30 o. 0044 0. 2411 

41-SO 44.36 0.0000 ~so 0.0082 0.9271 
41-SO 44.36 0.0000 Sl-70 o. 0086 0.92S3 
41-SO 44.36 0.0000 ~71 0.01S2 0.9003 

asamples ranked in ascending order of mean worm count (see Figs. 10 and 11 ). 
bRanks of sampling locations correspond to those for plaice. 
'Regression coefficient. 

p 

0.6347 
0.0811 
0. s 39 7 
0. 6293 

1 j 



TABLE 10. Comparison of seal•orm aoundances In Scotian Shelf (4Vs and 4Wl cod and flatfish: currerrt and earlier records. 

Species 

Cod 

Cod 

Cod 

Cod 

Host 

Loce'tfon 

4Vs, fr.llselne 

Oenk c 

4Vs, 

E?inquereeu 
Benk c 

.sw, Censo 
Benk c 

4W, Middle 
Senk C 

Cod 4W, Wes tern 
Senk C 

Cod 4Vs end 4W d 

Pia Ice 4Vn and 4Vs d 

Gray 4V and 4Wd 

sole 

Length 
ren9e Can) 

or 1rade 

31-50 
51-70 

.::. 71 

Jl-50 
51-70 

2. 71 

< 30 
Jl-50 

51-70 

~71 

~30 

31-50 
51-70 

> 71 

~30 

31-50 
51-70 

.::_71 

~30 

Jl-50 
51-70 

>71 

.S..30 
31-40 

41-50 

> 51 

90 
31-40 
41-50 

>51 

42 
113 
26 

326 
266 

49 

22 

96 
75 
12 

33 
112 
60 

10 
165 
146 

15 

B2 
648 

748 

I IB 

52 
404 

JBI 
173 

83 
358 
561 

90 

19B2a 

Prevalence Abundance No./kg 
f I I let 

36 
59 
Bl 

49 

82 
94 

51 
83 

100 

3 
53 
92 

10 
63 
92 

100 

52 
83 
92 

20 
45 

52 
61 

4 

7 

23 
43 

0.50 
2.14 

11.00 

0.96 
3.69 

10.02 

0.13 
1.40 

4.47 
19.92 

C.06 

1.39 
5. IB 

0.10 
2.23 
7.53 

31.80 

0.17 

1.53 
5.91 

IB.31 

0.62 
1.21 
1. 75 
1.42 

0.04 
o.oe 
0.29 

o.n 

1.48 
3.25 100 
5.BO 

3.96 150 
5.39 2, 950 
6.45 I, 150 

2. 79 
6.35 
6.37 

12.53 

0.82 

50 

5.62 200 
B.56 1,300 

800 

1.11 

7.92 250 
11.42 3,500 

16.93 2,100 

2.39 40 

6. 12 226 
8.39 350 

10.68 41 

11.54 214 
11.29 61 
B.05 31 
3.22 18 

o.56 12 
0.62 40 
1.68 91 

2.48 44 

1946-56b 

PrevelenO!t Abundance No./kg Worms/kg fl I let ( 'S0-'82) 
f 11 let Worms/log f 11 let (' ~6-' 56l 

II 

6 

II 
14 

B 

12 
8 

II 

II 
II 
12 

B 
15 

IB 
10 

2 
3 
3 
0 

0 
3 
2 

O. IB 

O. IB 
0.16 
0.36 

0.18 
0.12 
0.20 

o. 14 
0.16 
0.24 

o.oe 
0.20 

0.36 
0.12 

0.02 

0.07 

0.03 

0 

0 
0.03 
0.02 
0.02 

o.2e 

0.44 

0.20 

O. IB 

0.10 

0.29 
0.15 
o.09 

0.29 
0.20 

0.11 

0.90 
o. 75 
o.09 

1.11 
0.68 

0.13 
0 

0 
0.39 
0.14 

0.07 

13.59 

9.05 
26.95 
35.65 

63. 70 

19.36 
57.07 

27.31 
57. 10 
1~3.89 

6.BO 

11.19 
119.67 

9.66 
16.60 

61.92 

2.10 

12.00 
35.0 

eiprevalenee and aOundance besed on nerne1odes In fl I lets, flaps end vlscere: prevalence :z percent of fish Infected; 

borevelenee end ebuncenc:e for fl I lets only. 
ebundenc:e • me en no. of nema~O!s ;.ier f 1 sh. 

t:;;ecords for 1946 to 1956 frCJ11 Scott and Martin ( 1957l: n • no. of f I I lets e•emlned: 
2 

df<ecords for 1946 to 1956 Iran Te"'!' lemon et ol. ( 1957). 

Prevalence • 1.5 x percerrt of fl I lets Infected; 
Abundance • 2 x eve,..ege no. of worms per ft I lei". 
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FIG. 2. Frequency distributions of sealworm counts from individual 
cod for combined 4Vs and 4W cod samples. (Sample from East Bar, 
Sable Island Bank, omitted; cod stratified into ~50-cm, 51-cm to 
70-cm, and ~71-cm length groups.) 
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FIG. 3. Frequency distributions of larval Anisakis counts 
from individual cod for combined 4Vs and 4W cod samples. 
(Sample from East Bar, Sable Island Bank, omitted. Cod 
stratified into ~50-cm, 51-70-cm, and ~71-cm length 
groups.) 
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FIG. 5. Mean transformed sealworm count versus mean host length 
for 5-cm length strata of 4Vs and 4W cod; comparison of worm 
counts in 4Vs and 4W samples. (Sample from East Bar, Sable Island 
Bank, omitted.) 
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1 NTRODUCT ION 

In . resp0nse to concerns .raised by the.Atlantic fishing industry, 
the ADM, Atlantic Fisheries Service, established a task force to analyze 
and plan means to reduce the problems faced by the industry due to the 
infestation of commercially important fish stocks by the nematode parasite 
Phocanema decipiens whose primary host is the grey seal . The task force was 
directed to examine thoroughly the questions of how to reduce the level of 
infestation of the parasite in fish stocks and how to improve the efficiency 
and effectiveness of means of removing the parasite from fish fillets. The 
task force was asked to consider an increased cull of grey seals in 1983 
and beyond as a means of reducing infestation rates in fish stocks in the 
long-term. 

The task force was requested to develop alternative plans for 
reducing the abundance of grey seals in Atlantic Canada and report on the 
risks to the Canadian fishing industry associated with alternative culls. 
Further, the task force was requested to report on means of improving the 
procedures for removal of the parasite from fish fillets and to propose a 
plan to monitor the effects of any proposed cull on future parasite 
infestation levels. Advice was also sought on opportunities to improve 
the biological basis for management of grey seals associated with any 
proposed cull. · 

Economic Considerations 

There is no doubt that for fish caught in sub-area 4VW there 
has been a dramatic increase in t.he level of parasitic infestation. This 
problem is spreading into different areas such as southern Newfoundland. 
Two of the costs to the processing industry have been quantified, i.e. 
reduced yield and labour to remove parasites {candling). These were 
estimated as being in excess of $29 million for cod only for 1982. This 
does not include reduced revenues due to pack downgrading. More 
information on this is included in the section on economies. 

Biological Background 

Distribution and Infestation Rates of Phocanema decipiens in Groundfish 

Phocanema decipiens is a nematode (worm) parasite found in a 
number of groundfish: species. In The Northwest Atlantic, cod, American 
plaice, witch flounder and yellowtail flounder are all intermediate 
hosts. The parasite is also sometimes found in haddock and has been 
reported in over 30 fish species. The range of distribution in the 
Northwest Atlantic is from Labrador to Cape Cod. Within that area, 
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.:...--· ..... -•. ·=: : the highest levels of incidence are in NAFO Divisions 3P, 4T, 4V, 4W 
and to a lesser extent, 4X. f.. decipiens a·re also common in groundfish 
in the Northeast Atlantic, especi'ally in Scotland, Norway and Iceland. 
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Recent study of the incidence of this parasite indicates that 
it has become far more abundant (in some cases 100 times greater) in cod 
in the Eastern Scotian Shelf area and Sidney Bight (4Vs and 4W) than it 
was 25 years ago. American plaice in Subdivision 4Vn, which \-Jere rarely 
infested 25 years ago, are now subject to heavy infestation. Infestation 
levels in plaice and other flatfish in Subdivision 4Vs and Division 4W 
are significantly greater than found 25 years ago and increase \·Ii th proximity 
to Sable Island. There is not sufficient evidence to conclude that the 
current infestation rate of the worm in cod in Division 4T differs from 
that 25 years ago. 

Life Cycle of Phocanema decipiens 

Eggs are passed with the faeces of the seal host, settle to the 
bottom and adhere to the substrate. The development time t9 hatching is 
d0pendent on water temperature and ranges from 8 days at 20 C to 52 days 
5 C. Upon hatching, the larvae anchor themselves to the subtrate until 
they either die, or are ingested by copepods. The larval forms then move 
through a series of invertebrates in the food chain eventually entering a 
broad range of fish species. Once in the fish, the worms penetrate the 
stomach or gut wall_ and migrate to the musculature where they continue 
to grow to lengths of up to 60 mm and become encapsulated by host 
connective tissue. 

When an infested fish is consumed by a seal, the parasite escapes·· 
from the tissue and partially embeds itself in the stomach wall of the seal. 
f.. decipiens reach sexual maturity after 15-25 days in the seal. Adult 
worms may grow to 104 mm in length; adult females may contain 200,000 -
500,000 eggs and lay several thousand eggs a day. The average life span 
in the seal is approximately 35 days, the maximum approximately 75 days. 

The grey seal appears to be the main definitive host (host in 
which the nematode matures) in the North Atlantic. The average infestation 
rate in grey seals is about 10 times that in harbour seals and is, on 
average, several hundred worms per stomach in some seasons. The infestations 
found in the lower Bay of Fundy, however, are probably related to harbour 
seals. The intensity of infestation in harp seals is quite l~.J_<-1-0: rm~ 
per seal). Seals do not appear to develop a resistance ~r~-1nfect1on """"'· 
by sealworm, rather they appear to adapt to its presencfi' and support 
progressively heavier infestations as they get older~There appears to 
be a strong correlation between the distribution of grey - seals and heavy 
infestations off.. decipiens in cod on both sides o~g..Nor~h-Ation=tl 
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Geographical Distribution and Abundance of the Grey Seal 

Grey seals are found from Labrador to Cape Cod with the greatest 
numbers found in NAFO Division 3P and Sub-area 4 which consist of the south 
coast of Newfoundland, the Gulf of St. Lawrence and the Scotian Shelf. The 
most important breeding areas are on Sable Island and on drifting ice in 
Northumberland Strait and St . Georges Bay. 

Estimates of the abundance of grey seals in the Northwest 
Atlantic are derived by relating estimates of pup production to the 
population aged one and older using a life table and maturity schedule. 
Pup production estimates are obtained from the results of several large 
scale mark-recapture experiments carried out between 1977 and 1983 on 
Sable Island and in the Gulf of St. Lawrence. On this basis, CAFSAC 
has concluded that the 1983 abundance of grey seals aged one and older 
in the Northwest Atlantic was likely between 60,000 and 130,000. Extensive 
direct observation and marking has shown that the pup production on Sable 
Island has been increasing at a rate of 12% per year and that the number 
of pups increased from 350 in 1962 to 6,000 in 1983. The overall Northwest 
Atlantic grey seal population has also been increasing steadily, but the 
actual rate of increase is not known. 
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ECONOMIC CONSIDERATIONS 

1. Introduction 

The purpose of this chapter is to document processing costs 
attributable to parasites Phocanema decipiens and Anisakis simplex 
(where possible} and consider the impact parasites have on the 
market value of Canadian groundfish production. It should be 
noted that Phocanema is a fairly well-documented problem. Anisakis, 
on the other hand, has only recently been identif_ied as a problem 
which must sooner or later be addressed by the Canadian fishery. 
While the focus in this chapter is on Phocanema, Anisakis is 
included v:here data permits. 

The following sections deal with incremental processing costs and 
decreased market value caused by parasites in groundfish. First, 
however, an examination of prevalence is undertaken. 

2. The Parasite Problem: Prevalence 

(1 

I 

' 

The terms prevalence and incidence are generally interchangeable. 
They mean the percentage of fish possessing at least one parasite. The 
term abundance means the number of parasites per unit of fish (per fish, 
per pound fillet weight, etc.}. Because Departmental officials have 
examined the prevalence of parasites, we will not try to duplicate 
their work in this paper. Rather, this section presents an industry 
estimate of prevalence. 

Whereas the Phocanema rrnblem was once confined to cod in 
limited geographical areas, the problem has now spread to other species 
and a much broader area. 

Flounder is as heavily infested as cod. Greysole, haddock and 
catfish are becoming targets on the Scotian Shelf. DF0 1 s Inspection 
Service has conducted extensive tests of finished product in Atlantic 
Canada to determine performance measured against the proposed final 
product grade standards. From the 1982/83 sununary information , it 
is apparent parasite infestation leads to significant quality 
degradation of Canadian fish 

Of the information presented at the June 22, 1983 meeting, the 
following serves to demonstrate the severe nature of the parasite 
problem: From 1980 to 1982 .• of steak cod sampled from NAFO area 
4VsW had a mean. worm count per fish of 18.31, and the mean worm count 
per kilogram was 10.68. 

Whereas the Phocanema problem was once confined to the Gulf 
of St. Lawrence and Sydney Bight, the problem is now much more 
widespread. The Gulf of St. Lawrence offshore and southern Gulf 

1 Distributed to Members of the Working Group on Fresh and Frozen 
Groundfish, July 4, 1983. 
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. 1 

inshore fisheries show stable parasite infestation. A relatively 
newer problem is reported by processors on the Gulf side of Cape 
Breton. Evidence indicates prevalence in the Sydney Bight area is 
three to ten times the prevalence during the 1950's. In NAFO area 
4W, parasite abundance falls off as distance from Sable Island 
increases. There is evidence, however, that fish in 4X is infested: 
recent product inspection checks in South West Nova Scotia have 
revealed unacceptable high levels of parasites. 

The infestation rate in South Coast of Newfoundland and the 
Newfoundland Gulf has increased in alarming proportions in the 
last five years . General estimates indicate infestation has increased 
four to six fold in that time. Phocanema is reported from the inshore 
and offshore 3Ps and 3Pn cod, but is more restricted to inshore cod 
in 4RS. With respect to the rest of Newfoundland, Phocanema seems 
to be prevalent in the area west of and including 3Ps and in recent 
years has spread east to areas 3l and 3NO. 

Anisakis is generally confined to the Northern cod stock because 
of the areas inhabited by its hosts. 

Based on aggregated corporate data made available from which 
the general observations made in this section are extracted, we 
believe it is accurate to surrrnarize the Phocanema and Anisakis 
problem in Table 1. 

Table l 

1982 Parasite Prevalence 

A. Cod 

Parasite NAFO Area Round Weight Finished Product Weight 1•2 

Pounds Pounds No. 2_er lb. 

Phocanema 4Vs-Vn-W 164,022,000 54,127,000 2.50 
II 3Pn, 4RST 340,831,000 112,474,000 1.50 
II 3Ps 70,528,000 23,274,000 .40 

Anisakis 2J ,3Kl 3 215,024,000 70,958,000 .22 

B. Flounders 

Phocanema 4VWX4 24, 182, ODO 7,013,000 2.00 

1 Assumes 33% yield for cod; 29% yield for flounders. 
2 Finished product weight means weight following cutting but before trimming. 
3 Vessels over 100 ft. caught 97,561 mt. 
4 Major problem at present does not extend beyond 4VWX. 
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Parasites in cod cost fish processors money. Incremental costs 
to processors are caused prtmarily by decreased yields and additional 
labour (primarily candling and trimming). 

Yields 

The act of removing a parasite from fish flesh involves cutting 
the flesh of the fish. The removal of a single parasite results in decreased 
yield. When cutting fish with a significant level of infestation, processors 
often cut away the nape because of parasite concentration in that area. 
Disposal of the nape reduces yield 3.5 points or about 10 percent of finished 
produce weight. 

Napes are approximately discarded from approximately 25 percent 
of Northern cod due to Anisakis. It is · estimated that napes are discarded 
from 40 percent of cod caught on the Scotian Shelf due to Phocanema. In 
the Gulf, Phocanema claims 35 percent of the napes. 

The cost of parasites in terms of decreased yield can be 
approximated by calculating the cost of discarded napes. The following 
steps form this calculation: 

1. The approximate w~ighted average market price for Canadian cod products 
in 19A2 was $1.63. This is calculated by summing the product~ of 
pack type (such as premium) and µa ck lyµe 111arket price for major 
pack types. 

2. Of 2J,3KL cod, 25 percent of the napes are discarded due to Anisakis. 
The cost is: 215,024,000 pounds x 25% discarded napes x 3.5% yield 
loss x $1.63/lb. weighted average market price, or $3,067,000. 

3. Of 4Vs-Vn-W cod, 40 percent of the napes are discarded due to 
Phocanema. The cost is: 164,022,000 pounds x 40% discarded napes 
x 3.5% yield loss x $1.63/lb weighted average market price, or 
$3,743,000. 

4. Of 3Pn, 4RST and 3Pn cod, 35 percent of the napes are discarded due 
to Phocanema. The cost is: 411,359,000 pounds x 35% discarded napes 
x 3.5% yield loss x $1.63/lb. weighted average market price, or 
$8,214,000. . 

The total cost of parasites due to lost yield was $15,024,000 in 1982 

1 $1.63 is $U.S. 1.33 at 1.23 exchange rate. 
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Candling and Trimming Labour-

The major direct cost for fish processors caused by parasites 
is the incremental labour cost for candling and trimming. There is a 
cost attributed to the capital outlay for candling tables and the 
potential costs caused by modification to a plant to accommodate candling 
tables. It may also be necessary to include additional costs for training 
and supervision related to incremental candling and trimming labour. For 
the purpose of this paper, however, only the incremental direct labour 
costs of searching for and removing parasites are identified. 

These costs for cod are identified in Table 2. 

Table 2 

Incremental Candling and Trimming Costs 
to Fish Processors due to Parasites in Cod 

Parasite NAFO Area Finished Product \-!eight Labour Cost1 I ndu_s try Cost 

Pounds No. 12.er lb. 

Phocanema 4Vs-Vn-W 54,127,000 2.50 $.094 $ 5,088,000 
II 3Pn, 4RST 112,474,000 1. 50 .072 8,098,000 
II 3Ps 2::!,274,000 . 40 .015 814,000 

Anisakis 2J ,3KL 70,958,000 .22 .00352 248,000 

Total $14,248,000 

1 1982 incremental labour cost per pound given approximate average infestation 
level. 

2 $.0035 is actual incremental cost per pound of napes ($.035). 

3 Industry cost is labour cost per pound x total finished product \·1eight 
at given level of incidence. 

Table 2 reveals an expenditure of over $14 million in 1982 for direct labour 
to remove parasites .in cod. This can only increase because the life cycle 
of the parasites means that even with immediate action, no reduction of 
the growth of the parasite problem can be expected to place over the next 
few years. 

Incremental processing costs of cod in 

1. yield 
2. labour 

1982 are: 

$15,024,000 
14,248,000 

$29,272,000 

3 
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Incremental Costs due to Parasites in Flounders 

Table 1 revealed that the abundance of parasites in flounders is 
approximately 2.0 per finfshed pound of fillets. Research an~ data 
collected to date has not focused on the cost to processors of parasites 
in flounders. It appears the cost of detection and removal in terms 
of additional labour ts not. as great as it is for cod. This is because 
flounder fillets are relatfvely thinner, so parasites are easier to 
detect and remove. 

The other major point, however, is that the abundance of parasites 
in flounders is a severe problem but so far it is restricted geographically. 
The concern of processors is that the abundance 1vil 1 increase, and in 
addition, it will become a generalized east coast problem. For instance, 
the Phocanema incidence in flounders off Newfoundland approaches that 
currently in existance on the Scotian Shelf, the magnitude of the 
Phocanema problem in flounders would approach that of the Phocanema 
problem in cod. 

Decreased Market Value 

Parasites decrease the market value fish processors receive for 
their products. Decreased market value is caused primarily by down­
grading of product and rejections. This subject will be addressed. 
qualitatively rather than quantitatively. 

Downgrading of Product 

Deworming can only reliably remove approximately 75 percent of 
the parasites in fish. In fish fillets thicker than 5/8 inch, it becomes 
very difficult to see some parasites (even under ideal conditions). Hith 
heavily infested fish, the common industry practice is to "strip" or cut 
the fillet longitudinally in order to decrease the thickness of the flesh 
and make parasites more readily visible. Even with stripping, only 
about 80 to 85 percent of the parasites are likely to be removed. 

The upper limit to parasite removal means there is a certain 
raw material infestation level beyond 1vhich the final product will 
automatically be downgraded. For example, if the customer specification 
permits no more than four parasites per 20 pounds, the raw material can 
have no more than 16. parasites per 20 pounds (4 divided by .75). For all 
cases where the parasite level exceeds 16 per 20 pound sample, the processor 
cannot meet that customer's specification. 

Thus, there can be certain raw material which is diverted to 
lower value packs because it is known removal of parasites cannot be 
accomplished without incremental costs exceeding incremental revenue. 
This is an example of.downgrading caused directly by parasites. 

.• 

J 

1 
) 

J 

1 
1 

J 
·i 

l 

l 
j 

I 
J 

J 

.J 

J 



l 
l 

c.-·: 

... • - 9 -

·• 
l -------- - Downgrading is also caused indirectly. If parasitic fish 

l 

J 
A 
J 
] 
) (-) 

} 

) 

J 

J 

1 
j 

J 
j 

' \ . .' ....__ _. 

-is being processed, the volume of production decreases. To the extent 
raw material is held longer before production because of the time 
taken to remove parasites, other quality problems which contribute to 
downgrading arise. For instance, texture will deteriorate while raw 
material is held prior to processing. 

On the south coast of Newfoundland particularly in 3Ps, 
parasitic infestation in the fillet has reached the point where high 
grade premium packs such as Long John Silver are not attainable. This 
is due to the removal process which downgrades the product. Cod from 
4Vn is regularly packed as block pack, whereas in 3Ps and 4RS, 3Pn, 
50 percent of the pack, which v1ould normally be prime pack, is down­
graded to block pack. 

Rejections 

Increasingly the buyers of Canadian fish products are using 
parasites as a bargaining lever to decrease the price for Canadian fish. 
Many major buyers have a specification calling for no parasites. They 
also have no tolerance. Thus, these buyers are able: at any time, to 
reject product because it does not meet the specification and demand a 
lower price. Because the practice has increased dramatically during the 
current rec~ssion, we believe the rejections reflect a desire for lower 
priced product more than an increased prevalence of parasites. In any 
event, these rejections do decrease the market value of Canadian fish. 

6. Conclusion 

This chapter has examined costs absorbed by fish processors 
due to parasites. It was possible to estimate costs for reduced 
yield and incremental labour for cod based on 1982 at over $29 
million per year. It was not possible to quantify estimated 
costs for processors due to reduced market value because down­
grading and rejections are more often due to a variety of factors 
rather than parasites in isolation and industry estimates of the 
impact of parasites varied widely. 

There can be no doubt that processors consider the costs of 
parasites onerous and cannot afford to neglect the problem. 
Processors support a grey seal cull to confine and hopefully 
reduce the Phocanema problem. The processing industry supports 
further research not only into Phocanema and grey seals but 
also into Anisakis and its hosts. 

Before remedial action is implemented and the beneficial effects 
of a grey seal cull are felt, processors will still be faced with the 
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costs of parasites. To some processors, pla~t closures may well be 
the optimal response to the problem. Others may adjust their 
buying practices - through something such as dockside grading - to 
more accurately reflect the true value of the raw material. 

There is considerable risk if a "no-action" decision is taken 
with respect to the size of the grey seal herd. Processors will be 
faced with escalating costs to deal with an increasing parasite 
problem. This fact cannot be disputed. As well, a decision to 
postpone taking action for a period of say five years could result 
in grey seals and any proposed cull being the exclusive target of 
some groups. Although these have in1plications for processors' 
costs. They arc difficult to quantify at this point. They should 
be kept in mind and an attempt at quantification made should the 
Department consider a "no-action" decision. 
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Introduction 

The purpose of this chapter is to examine the current tech­
nology used to locate and remove parasites and speculate about future 
technological developments in this field. The current technology is 
common industry practice. Future technol_ogies which can be developed 
for the fishery deserve more thought than the current timetable allows. 

Prior to dealing with technologies, it is useful to explain the 
parasite regulations in place at present. 

Parasite Tolerances 

Current government policy allows a maximum of 5 parasites in 15 
pounds of fish products. If the number of parasites exceeds 5 in 15 
pounds, the product is deemed unwholesome. Product can be unwholesome 
because of 1) bacteria, 2) toxic substances, or if it is 3) aesthetically 
offensive. While there is some debate about whether or not parasites 
contribute to unwholesome because they are toxic, there seems to be agree­
ment that parasites are aesthetically offensive. Unwholesome product can, 
of course, be detained by the Department of Fisheries and Oceans. 

As noted in the Economics Chapter, customer specifications can be 
for no parasites and no tolerance. This, of course, is virtually im­
possible to meet. Large customers are inclined to use parasites as a 
lever to negotiate price reductions. 

Current Technology 

It is assumed that readers are familiar with candling tables in 
use in fish plants in Atlantic Canada. There is a problem caused by 
the intensity of hght above the candli.ng tables because the minimal 
illumination requtred to light the fish plant provides too much back­
ground light to properly view the parasites in the fis~ flesh. 

A series of candling tables can be made available outside the 
normal production area. This allov1s for a particularly bad quality 
of fish to be candled a second time - it does not slow down production. 
This second candling area, however, cannot be accommodated in some 
plants due to size constraints. 

At the H.B: Nickerson and Sons Canso plant, relatively new candling 
tables are in use. These provide new table position and a unique system 
for separating candled products. 

In the realm of production management, variou~ techniques {such as 
team management whereby .work functions alter regularly) can be used to 
ensure the candling effort obtains maximum results. 
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Current Technology . . 
.A second majo~ asp~ct of _curre~t te~hn?logy i~volves buying 

practices. By grading fish at dockside, it 1s possible to predict 
quite accurately the antfcipated parasite removal problem and adjust 
production planning accordingly. It is also possible to establish 
a price mechantsm which penalizes the landings of fish containing 
parasites. 

New Technology 

New technology can be in one of two areas: l) detection, or 
2) removal. 

A variety of methods to improve detection of parasites are in 
various stages of development. First, a complete review of current 
candling techniques focusing on optimum illumination ts required. 
There is also a development tn the U.S. which should be followed 
closely. This is the utilization of sound frequencies to identify 
if fillets contain worms. This detection equipment could be linked 
to a mechanical separator such as an electric eye to physically 
separate fillets with parasites from those with . none: This develop­
ment would allow candling effort to concentrate on those fillets with 
a known infestation problem. Third, l~sers are being investigated in 
Japan. 

In the area of removal, a number of techniques new to Canada 
should be evaluated. First, there may be value in determining if 
Phocanema's sensitivity to extremes of hot and cold can be used to 
incourage parasites to leave the flesh . of fish. There are unconfirmed 
reports that the technique is used in Scandinavian countries Lo rid 
fish flesh of parasites_ This should be investiaated. Second, Baader 
Corporation is reported to be conducting an inve~tigation in Germany 
into a new technique which identifies fillets containing worms, locates 
the worms, and mechanically removes the worm. This technique is reported 
to combine ultra sound technology with conputer video equipment. 

Conclusions and Recommendations 

Because the incremental costs fish processors face as a result of 
the Phocanema problem are not anticipated to decrease in the foreseeable 
future - even with a grey seal cull - and because the benefits of a grey 
seal cull are anticipated only in the long term, there is an urgent need 
for the examination or review of new technologies and the establishment 
of research and development projects to create and adapt new technologies 
to the detection ' and removal of parasites in fish. · 

The time constraints in the current Task Force exercise prohibited 
generation of more complete data. It is recommended consultants be re­
tained to conduct work in this area and report back to the Department on 
an urgent basis. The work undertaken by consultants should include: 
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Conclusions and Recommendations • 

1 ) 

2) 

3) 

4) 

An examination of technologies currently available for the detec-
tion and removal of parasites in the fisheries an~ other industries; 

A field study of processing costs based on current industry practices 
to determine the opttmal techniques (including both equipment require­
~ehts· and ope~atfonal methologies) for parasite detection and removal, 
and; 

An evaluation of new techniques to determine effectiveness and cost 
of various alternatives ranging from industry adoption of optimal 
current techniques to novel techniques {such as lasers, ultra sound, 
etc.) ready for adoption by the Canadian fishing industry; 

An estimation of time required to implement either modified current 
techniques or novel techniques. 
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RISK ASSESSMENT 

· · 1. Introduction 

The purpose of this chapter is to assess the risk associated ~1ith 
a major cull on the grey seal population on the east coast of Canada. 
"Risk", in this case, refers to the potential negative impact on various 
industry sectors and on government resulting from anticipated publicity 
and pressures created by interest groups opposed to the killing of marine 
mammals. The assessment \·1ill identify "targets" of adverse publicity, 
and state the major variables affecting the degree or level of negative 
impact. An attempt will be made to assess the probability of significant 
negative impact on the Canadian fishing industry related to boycott 
activities by protest groups and to a heightened awareness of consumers 
and buyers of parasites in Canadian fish products. 

2. "Targets" of Adverse Publicity 

Potential "targets" of adverse publicity generated by interest 
groups opposed to the proposed culling of grey seals include: 

(A) The Canadian Fishing Industry 

The fact that the fishing industry in Canada \•/Ould be the major 
promoter of a culling operation would make it a primary target of protest 
groups. This, combined with the leverage provided the protest groups 
through the commerical threat of a boycott of fish products, p1&ces the 
Canadian fishing industry in a position of being a MAJOR target. Target­
able products would be those labelled as "Product of Canada". Therefore, 
the products most vulnerable would be retail products. The main product~ 
sold in the major retail markets outside Canada would include: canned 
salmon to Europe and Australia; canned herring and sardines to the U.S.; 
lobster frozen in brine to the U.S.; canned crab to France and the U.S.; 
canned lobster to the U.S.; and various groundfish packs to the U.S. 

The primary objective of the industry in supporting the culling of 
the grey seal herd is a reduction in prevalence of the seal worm. It is 
logical to assume that this rationale would become public knowledge and 
further activities of various interest groups may heighten the awareness 
that there are parasites in Canadian fish products. This heightened 
awareness may result in: 

(a) reduced consumption of fish products generally; 
{b) redirecting purchases towards competitive suppliers, eg. Iceland, 

therefore a loss of market share; 
tc) pressures to reduce prices leading to reduced margins. 
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' This risk element will be borne entirely by the Canadian fishing 
industry.· Suppliers of fresh and frozen groundfi sh products to Canadian. 
and U.S. markets will be most vulnerable. 

(B) The Canadian Government 

The Government of Canada, particularly the Department of Fisheries 
& Oceans, will be a MAJOR target of protest groups as being responsible 
for both the decision for and the implementation of a major culling 
operation. The Government would be placed under pressure to protect its 
international image. This would come primarily through the media, al­
though there could also be some political pressure in the form of ques­
tioning by opposition parties. Any defense of a management decision to 
cull the grey seal herd \'JOuld be more difficult given the inconclusive 
scientific evidence with respect to the size of the population as well 
as the correlation between the population and prevalence of parasites. 
An effective pre-planned communications strategy would be a prerequisite 
to a major culling operation. While it would be risky for the fishing 
industry to take a high profile position in support of Government {due 
to the potential reaction of consumers in response to a focus on the 
parasite problem), it is considered necessary for industry to provide 
visible support. 

{C) The Canadian Seal Hunt 

While there is no direct connection between the commercial seal 
hunt in Canada and a culling of the grey seal population, any protest 
of a grey sear cull would have an impact on the commerci a 1 hunt. A 
cull would revitalize protest activity against all sealing, for whatever 
reason, and complicate efforts to re-establish the seal pelt trade in 
Europe. Although this risk is acknowledged, it is suggested that, in 
relative terms, the impact on the commerical seal hunt would not be major. 

(D) Miscellaneous Sectors Involved in International Trade 

It is conceivable that sectors such as the tourism industry and 
various export industries may be affected as a result of international 
protest. It is the opinion of this Task Force that fish products would 
be the "best" focal point from the point of view of protesters organizing 
boycott action. It is unlikely that there would be any impact on other 
industries. 
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' 3. Variables in Assessing Risk 

It is difficult to provide precise estimates of risk or damage 
associated with adverse reaction to a major culling operation. It is 
useful to identify the major variables which would influence the level 
of risk or damage. 

(a) Level of money and effort expended by protest groups in organizing 
a boycott of Canadian fish products. 

(b) Level of publicity given to the link between the culling operations 
and the problem of parasites in fish and fish products. 

(c) Effectiveness of Government/Industry communications strategy. 

(d) Effectiveness and duration of culling operation. 

4. Boycott 

This section addresses the probability of a -~~icant negative 
impact resulting from boycott activities organized by protest groups. 
The chart outlined below attempts to quantify the risk measured on a 
scale of 0 (very low risk) to 10 (high risk). Due to the variables 
identified in Section 3, no attempt has been made to attach a "value" 
to lost sales if any. 

Canadian Market 

Retail .......•.. O 1 1 2 3 I 4 5 6 7 8 9 10 

Food Service • • • . . • . 0 l l 21 3 4 5 6 7 8 9 10 

United States Market 

Retail ..••••..•. O 1 2 3 LI 6 7 8 9 10 

Food Service .•....• 0 1 LI 4 5 6 7 8 9 10 

Processor • . • . • • . . ~ 2 3 4 5 6 7 8 9 10 

European Market 

Reta i 1 • • : • • • • . . . . 0 1 2 3 4 5 6 LI 9 10 

Processor • • . • • • . • 0 u=iJ 3 4 5 6 7 8 9 lO 

Japanese Market ..•••••• I 0 ii 2 3 4 5 6 7 8 9 lO 

From the above, it would appear that boycott activities would be 
most successful in the retail markets in Europe and the United States • 
While the 11 risk" with respect to the retail market in the U.S. is signi­
ficant, the major impact, should it occur, would likely be in the retail 
market in Europe. Communications strategies should thus be developed to 
focus on these market segments. 
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5. Heightened Awareness of Parasite Problem 

This section addresses the probability of a significant negative 
impact resulting from heightened consumer/buyer awareness of parasites 
in Canadian fish products. The chart outlined below attempts to quantify 
the risk measured on a scale of ·O (very low risk) to 10 (high risk). No 
attempt has been made to attach a "value'' to lost sales if any. 

Canadian Market 

Retail . . 
Food Service 

United States Market 

Retail . . . . 
Food Service : 

Processor 

European Market 

0 1 

0 

0 

0 1 

0 1 

2 3 4 5 

2 3 4 5 

2 

2 

2 

3 4 5 

3 4 5 

3 CL.SJ 

6 LI 9 10 
6 rr=sJ 9 10 

6 ~ 9 

6 [L]J 9 

6 7 8 9 

10 
10 
10 

Re ta i 1 . • . . . . . . . 0 1 LI 4 5 6 7 8 9 10 
Processor ....... ~ 2 3 4 5 6 7 8 9 10 

Japanese Market []] 1 2 3 4 5 6 7 8 9 10 

The major risk associated with increased consumer/buyer awareness 
of parasites in Canadian fish products is with the retail and food 
service markets in both Canada and the United States. Any impact would 
most likely be manifested in reduced fish consumption generally. Loss 
of market share would be more or less a factor depending on the effec­
tive communications program with the clear message that the parasite 
problem is not uniquely a Canadian problem, i.e. competing suppliers 
also have this problem. Pressures to reduce prices would be felt in 
the processor market in the United States. This market segment is 
relatively sophisticated and buyers will use the occurance of parasites 
as a price lever in any event. 
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CULL PROGRAM 

Introduction 

The task force examined several alternatives for reducing the 
abundance of grey seals, including ways of also reducing the abundance of 
the nematode parasite propagated by the grey seals. These alternatives 
included the present cull, and expanded cull, the current bounty program, 
an expanded bounty and various other possible programs such as anti­
fertility drugs, hiring of professional hunters on a contract basis. 
Lengthy discussions took place on all these alternatives. The administra­
tion of anti-fertility drugs to the breeding females would be a humane 
approach; however, it has several disadvantages: 

a) The technique is not proven. 

b) The logistics of adminsitering it to most adult 
females are almost impossible. 

c)· Even if successful, it would merely· stabilize the 
size of the herd at its present level until natural 
mortality reduced the numbers, thereby not addressing 
the parasite problem. 

The deworming technique is presently not effective for a lengthy 
period of time {in excess of four months) and the problem of locating all 
the animals, including the bulls, to administer the drug is almost 
insurmountable. 

Following discussions, it was concluded that the most practical 
way of reducing the grey seal population involves a combination of the cull 
and the bounty program. 

Departmental Cull 

The Department, using fishery officers, operating in concert 
with professional sealers employed by K. Karlsen Shipping Ltd. has been 
carrying out a controlled cull program every year since 1967. The program 
has operated in four areas, three islands off the coast of Nova Scotia; 
Arnet Island, Basque Island, and Camp Island, as well as the ice in Northum­
berland Strait and Georges Bay. The results of this program are summarized 
in the following table. 
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Tablel: Controlled Cull 1 

Year Male Female Total Adult2 Pups Total 

1967 14 3 17 212 229 .. -- ··- -· 

1968 16 2 18 - 134 152 

1969 3 19 189 589 778 

1970 125 520 645 

1971 122 743 865 

1972 22 110 132 599 731 

1973 4 35 64 558 622 

1974 17 - l 09 126 1042 1168 

1975 54 480 534 1619 2153 

1976 13 83 96 545 641 

1977 150 192 342 1046 1388 

1978 59 88 147 569 716 

1979 15 30 45 269 314 

1980 46 165 211 921 1132 

1981 119 277 396 1212 1608 

1982 140 578 718 1009 1846 

1983 136 527 663 1627 2385 

Note (1) Includes seals killed by others and found during the cull. 

(2) Not all adults sexed so total may be different from males 
plus females. 

This cull ~as not been successful in controlling the population 
increase of grey seals. It should be pointed out, however, that the cull's 
effectiveness has been reduced because of the effort expended in salvaging 
the animals' pelts. One can surmise, however, that without it the popula-
tion increase would have been even more dramatic. 
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There is an expanding breeding colony of grey seals on Sable 
Island. No cull program has been carried ~ut on Sable; however, we have 
been carrying out research on pup production and movements since 1962 . 
These show a steady increase in pup production (see Table 2). Tagging 

·experiements have shown that there is some intermixing of the Sable Island 
colony with the mainland population. The Sable Island colony is one of 
the largest known breeding colonies of grey seals that can be culled, and 
since there are no other know significant ones, except possible for the 
spring ice in Northumberland Strait, any major effort to reduce the seal 
populations will have to involve Sable Island. There is a possibility 
that some colonies may exist in the Gulf. of St. Lawrence. Efforts should 
be intensified to locate additional colonies in the Gulf during the pupping 
season since the key to population reduction may depend on this. 

The task force examined various options for increasing the cull, 
including culling the maximum number of seals possible and a number of 
alternatives which would permit the tagging of seals for scientific studies. 
Scientists have specifically requested that pup escapement from Sable Island 
be tagged and requested that no culling operations be conducted in the Gulf 
for one year to permit a large scale tagging operation. 
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Table 2: Actual Pup Production on Sable Island.~ 

. . . ... . --···· ... _.. . 
Year 

. . - 1 
Number of Pups ;. -... 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

350. ···-· ·- . - ... -·--·· -

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

400 

500 

660 

No data 

580 

750 

836 

930 

1060 

982 

1226 

1278 

No data 

2006 

2181 

2687 

2937 

3600 

3600 

4500 

6000 

(1) Estimates based on counts from Mansfield and Beck, 
1977, 1978,. 1979, 1980 from B. Beck. 

(2) It is estimated that there is approximately a 14% pup mortality 
which would mean a lower escapement figure that those indicated. 
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OPT ION 1 
... ... ... . .. . 

Option one is a tabulation of the maximum numbers of seals 
. that could be obtained through the most intensive cull program possible. 
Anticipate~ results are -summarized below: ·- -·· . · ... ··-·--·-·· 

. .. 

Location Pups 

1. Sable Island 6000 

2. Arnet Island 500 

3. Camp Island 250 

4. Basque Island 80 

5 • Anticosti Island (Summer Cull) 

6 .. Magdalen Islands 60 

7. Northumberland Strait Ice 3000 

8. Sable Island (Summer Cull) 

TOTALS 9890 

Adult 
Females 

3000 

200 

50 

20 

150 

20 

2000 

150 

5590 

Adult · 
Males 

600 

40 

10 

150 

600 

150 

1550 

. . .. -··--- -- . 

Total 

9600 

740 

310 

100 

300 

80 

5600 

300 

17030 
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OPTION 2 

Option two is similar to option one except that it allows the 
,escapement of a number of pups from Sable Island. This pup escapement 
would permit continued population assessments. However, it reduces total - ---· -­
removals, and would mean a longer program to achieve the target population 
level. The cost of option two does not significantly vary from option one. 
The estimated cull would then be: 

Location Pups 

1. Sable Island 4000 

2. Arnet Island -- 500 

3. Camp Island 250 

4. Basque Island 80 

5. Anticosti Island (Summer Cull) 

6. Magdalen Islands 60 

7. Northumberland Strait Ice 3000 

8. Sable Island (Summer Cull) 

TOTALS 7890 

Adult 
Fema 1 es 

3000 

200 

50 

20 

150 

20 

2000 

150 

5590 

Adult 
Males 

600 

40 

10 

150 

600 

150 

1550 

Total 

7600 

740 

310 

100 

300 

80 

5600 .. 

300 

15030 
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OPTION 3 \ 

Option three provides for the escapement of the seals on the_ _ 
-Northumberland Strait ice, Arnet Island and Magdalen Islands. The scientists 
state that this is necessary if we are to firm up our population estimates 
for the Gulf component of the herd. It should be noted that this option 
reduces the number of adult females being taken and consequently reduces the 
effectiveness of the cull, more so than option two. The estimated cull would 
then be: 

Location 

1. Sable Island 

2. Arnet Island 
! 

3. Camp Island 

4. Basque Island 

5. Anticosti Island 

6. Magdalen Islands 

7. Northumberland Strait Ice 

8. Sable Island (Summer Cull) 

TOTALS 

Pups 

6000 

250 

80 

6330 

Adult 
Females 

3000 

50 

20 

150 

150 

3370 

Adult 
Males 

600 

10 

150 

150 

910 

Total 

9600 

310 

100 

300 

300 

10610 
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OPTION 4 

] . - . : · -- ......... ~;::::. . · ... . 

1 

l 
H 

] 

J 

J 

) 

j 

(. . 

\ .. J / ...._ .' 

j 

J -

Option four combines options t1-10 and three. The revised . _ ·-·.:._-:: .... 
· totals would be as follows. This option would meet all the scientific . _ · -.:~ ·· -
request, but it is doubtful if \'Je could achieve a significantly reduced-:::- ·· ·-~,.--· 
population within a reasonable period of time. · · -· · - - · ·· · -- -. - -

Location 

·1. Sable Island 

2. Arnet Island 

-
3. Camp Island 

4. Basque Island 

5. Anticosti Island (Summer Cull) 

6. Magdalen Island 

7. Northumberland Strait Ice 

8. Sable Island (Summer Cull) 

TOTALS 

OPTION S 

Pups 

4000 

250 

80 

4330 

Adult 
Females 

3000 

50 

20 

150 

150 

3370 

Adult 
Males 

600 

10 

1 so 

l so 

910 

Total 

7600 

310 

100 

300 

300 

8610 

A concentrated cull is to be carried out in the Gulf removing 
maximum grey seals regardless of age and sex and allowing for only natural 
escapement. In addition, only the "adults" on Sable Island are to be culled. 
This, however, would leave the pup population susceptable to slow starvation. 
The grey seal cull in other areas would continue as in previous years. 
This would remove approximately 10,700 grey seals and leave a Sable Island 
pup population of 6000+ with a higher than normal (14%) mortality. 
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The following table provides the posi.tive and negative features 
l .'·. -. 
\.:..-· associated with each of the ~bove options: · 

=:- .-!" . .... --:_"!."":.. =--:...~~ "\. ·::· 

OPTION l 

OPTION 2 

c··\ 

OPTION 3 

OPTION 4 

OPTION 5 

C> 

Positive Features 

Results in largest number of 
animals killed. 

- Results in largest number of 
adult females killed and 
therefore the greatest impact 
on grey seal population 
growth. 

- Would be supported by industry 
in preference to other options 
if other options do not pro­
vide sufficient population 
reduction. 

Allows for continued, but 
reduced, scientific 
population estimation. 

- Partially meets scientific 
tngging rP~uirements in the 
Gulf. 

- Of all the options, provides 
the optimum scientific 
advice for population 
estimates and population 
intermixing. 

Would allow some pup escape­
ment for Sable Island for 
population estimates. 

- Possibly not generate as 
much negative publicity re 
the Gulf as this is an 
ongoing cull. 

Negative Features __ 

Eliminates the basis for 
estimating the grey seal 
population. 

- Maximum risk for protest 
activity because of kill 
on Sable Island (particular­
ly killing of pups). 

Killing on Sable Island 
would generate strong pro­
test as any killing or cull, 
options 1-5. 
Does not improve scientific 
knowledge. · 

- Reduces the overall rate of 
population reduction. 

- Weakens the ability to 
establish population 
estimates. 
Protest movements will react. 

- Slows rate of population 
reduction. 

- Removals from total popula­
tion reduced to questionable 
level as to effectiveness 
and the duration of the cull. 

- Protest movements will react. 

Would generate considerable 
adverse corrunent if the Sable 
Island pups were deemed to 
be starved to death. 

- Asthetic effect on the ice 
would raise concerns. 

- Of questionable scientific 
value. 

- Would slow down the popula­
tion . reduction program. 
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. The culling prog~am could take place ~uring the mont~of 

J 
( January and early February of each year and during the summer on Sable and 

::.--:.:.~-.-·:~~:~-- .Anticosti Islands.· The exact timing of the winter cull would depend on the 
start of pupping and o~ ~he weather and ice conditions •• 
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The seals will be killed using . firearms whenever ~ossible. Th~-- ·-~ · 

lower jaw will be retrieved for scientific purposes provided that this does 
not detract from the killing operation. On Sable Island the carcasses 
would be left for natural scavengers or burned. Consideration was given to 
salvaging the meat and the pelts, but the pelt market is very depressed and 
the costs of removing the carcasses and transporting them to the mainland 
outweigh the revenue to be obtained from the sale. Similarly, burying the 
carcasses or removing them with a tractor would upset the ecology of the 
Island. 

No more than six departmental personnel would be involved in the 
cull. Scientific staff would also be requested to retrieve jaws. An 
estimate of costs is included later in this report. 

Recommendations 

Of the five options presented, it is recommended that 3 and 5 
be rejected. Option 5 was supported only by the representative from COSS 
and would most certainly lead to industry withdrawing its public endorse­
ment of the program if adopted. Option 3 received no specific support from 
any task force member. 

While Option l would bring about the greatest and quickest reduc-
tion in the seal population, it would be the least defensible from a . 
scientific and resource manage111ent point of view. It v1uuld seriously impair 
the Department's ability to conduct stock assessments and could lead to 
accusations that the Department's intent was to eliminate grey seal stocks 
entirely. 

Options 2 and 4 provide the best balance of reducing the grey 
seal population while respecting programs to scientifically assess population 
levels. 

Should it be deemed to be asthetically important, up to five 
weapons, similar to those that have been field tested by Mr. T. Hughes, would 
be made available for culling under whatever option the cull is carried out. 

Subsequent Years 

Estimations of the numbers to be culled in subsequent years is 
of some concern as, at this time, insufficient scientific information is 
presently available. As to the effect of the removals under the various 
options given, using the present estimates, for example in Option 2, the 
Sable Island population would possibly support a cull of 3000 pups, 2000 
females, 400 males for two (3) to three (3) years, al lowing for immature 
females reaching breeding age to return to the breeding colonies: A 
possjble effect of the implementation of Option l and Option 4 is bein~ presently 
corrpi.ledto indicate the possible effects utilizing the minimum and maximum 
present population estimates of 60,000 to 130,000 (CAFSAC estimates). 
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r BOUNTY PROGRAM 
'-

·--.: --r-. _-.---~·- The current level of bounty kills is approximately 300 per year • 
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. The bounty program was commenced in 1976 and the initial payments were 
twenty-five dollars for an adult and ten dollars for a juvenile (less than · 
one year old). In 1979, this was increased to fifty dollars for adults and 
twenty-five dollars for juveniles. The lower jaw of the seal must be sub­
mitted to the Department as proof of the kill. The initial aim of the 
bounty program v1as to kill or drive away those seals who have learned to rob 
fishermen's gear for food. The money was to provide an incentive for action 
and to compensate for lost or damaged gear and catches. The returns pro­
vided necessary scientific information on the age composition and age 
distribution of the herds. 

Following an initial jump in 1979 \·then the bounty was inereased, 
the numbers of bounty kills have gradually been declining although the seal 
population has been increasing. 

There are se~eral arguments· against the bo~ntY ~~og~am:~·· 

a) It has been widely criticized as being inhumane 
because seals are often not killed quickly. 

b) It is ineffective as a population control measure. 

c} Fishermen do not appear to be greatly interested 
in it. 

Arguments in favour of the bounty include: 

a) It permits those affected, i.e. fishermen, to have 
a hand in solving their own problem. 

b) It is the only means of obtaining a random age 
sample of the population for stock assessment 
purposes. 

c) It deals with seals who rob fishing gear. 

The present bounty level in Canada is lower than that paid in 
Norway and Iceland, i.e. approximately $75.00 in Iceland in 1982 and $60.00 
in Norway. It is evident that the present bounty program is ineffective as 
a population control measure (declining returns) and it has been subject to 
fairly heavy criticism as being inhumane. 

A recent survey indicates that fishermen would participate far 
more actively if the payments were doubled to $100.00 for adults and $50.00 
for juveniles and also if hunting were permitted starting on February 15th 
instead of March 1st. Fishermen surveyed also estimated that they recovered 
up to 75% of the animals they shot. 
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There are three options available: 

L•.,.1 ... l 
(. 
. ·- .... OPTION l: Terminate the bounty program. . ~ - ·. - ··-.· - ~---· 

) 

] 

J 

J 

l 
J (_) 

I 
J 

J 
l 
l 

J 
J .. , . 

'. 

J 
J 

. . -. . . 
OPTION 2: Maintain the current program. 

OPTION -3:· ··oo~ble .. the payment lev~ls· ~-nd··-~nd~r·t~k~ ~-low· 
key publicity campaign to encourage more 
fishermen to participate with an objective of 
removing 1500 adults and 500 juveniles. 

Recommendation: 

Option three is recommended. 

Cost Estimates 

Bounty Program 

The estimated yearly cost of the enhanced bounty program would 
be $175,000 (Recent costs $10,000 approximately). In year one, there 
would be an additional cost of $5,000 for a low key promotion, mainly 
postable. 

Cull Program 

The estimates of cost for the various cull options was determined 
on the basis of the operation requiring six Fishery officers for 45 
days (two for Sable Island, two for Northumberland Strait and islands, 
and two for Anticosti and Magdalen Islands). 
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( . YEAR 1 
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~-~i~-· ---- _ .. ITEMS OPTION 1 OPTION 2 OPTION· 3 OPTION 4 
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( · 

Ammunition 10,000 10,000 6,500 6,500 

Helicopter (70 hrs) 30,000 (70 hrs) 30,000 (20 hrs) 7,500 (20 hrs) 7,500 

Fixed Wing (20 hrs) 6,300 (20 hrs) 6,300 

Accommodation 7,200 7,200 1,000 1,000 

Transportation 10,000 
(Sable/Anticosti Islands) 

10,000 10,000 10,000 

Comp. Allowance 9,045 9,045 5,200 5,200 

TOTAL 72 ,545 72,545 - 30,200 30,200 

Should alternative flying services be made available, i.e. 
Provincial aircraft, costs to the Department could be reduced by between 
$21,300 and $3,750. 

. Ammunition costs would be maintained at $10,000 as pups may be_ 
clubbed .should the "experimental" gun not be used. 

In addition. to the ~xpenses under the -various options, an 
additional $7,000 would be required to purchase equipment and rifles for six 
officers; equipment such as thermal underwear, protective clothing, emergency 
supplies, etc. Therefore, the maximum costs would be $79,545 to carry out 
the grey seal cull in the Scotia-Fundy/Gulf Regions. 

The advice in relation to the buying or removal of the grey seal 
carcasses from Sable Island was that the cutting open of the carcasses, and 
allowing for the natural decomposition and scavaging of gulls, would effec­
tively remove the majority of the carcass; other remains would subsequently 
be covered by drifting sand. 

To endeavor to bury the carcasses by utilizing a plough would be 
ineffective as (1) the composition of the sand would hamper the operation of 
a plough and tractor, and (2) most importantly the use of tractor and plough 
would be considerably.more detrimental to the terrain of Sable Island than 
the effect of the decomposition of the seal carcasses. 
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MONITORING AND SCIENTIFIC INFORMATION 
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The task force was requested to propose a plan to monitor the 
effects of any proposed cull on future parasite infestation levels and 
advise on opportunities to improve the biological basis for management 
of grey seals associated with any proposed cull. -

DFO is implementing in 1983 a program to monitor f. decipiens 
in samples of American plaice and Atlantic cod in Atlantic Canadian waters. 
Attention has been focused on American plaice as an indicator species of 
the parasite in the marine environment since they are relatively sedentary, 
easy to sample at sea, easy to examine for worms, have a weaker relation of 
infestation rates to fish length than cod and are widely distributed in the 
area to be monitored. It should be noted that this program is presently 
being carried out under contract. A long-term commitment of resources 
(2PY 0 & M) may be required to ensure the viability of this program. The 
extent of the present program should be examined to ensure thftt the south 
coast of Newfoundland is included. 

This program will provide a baseline for measuring future trends 
in abundance of the nematode. Repetition of the program in future years at 
the same level of coverage will pennit detection of changes of 253 or less 
in incidence and infestation rates of American plaice in a NAFO Division or 
Sub-division. Given the time lags associated with the life cycle of the 
parasite, the monitoring program need not be repeated every year. This 
program could be complemented by comprehensive survey of processors to 
determine the extent to which the problem affects their operations. 

CAFSAC has indicated that lhe ab1lity to E:'.:.tir.·.ate ·grey seal 
abundance in future depends on continued large scale t~1ging of pups and 
sampling of the population of animals aged one and older via a bounty 
program or equivalent means. It was noted that increased tagging of pups 
in the Gulf of St. Lawrence is particularly important. The task force 
also recommends that further aerial surveys in the Gulf of St. Lawrence 
be carried out. In order for a tagging program in the Gulf of St. Lawrence 
to provide meaningful results, all pups escaping from Sable Island should 
be tagged. 

Collection of jaws and the recording of brand numbers and/or 
letters, as well as an estimate of sure kills and possible kills should 
be part of any culling program. 

The task force also noted the present lack of resources dedicated 
to grey seal research and recormiended the assignment of 2PY's and appropriate 
0 & M to this program. 
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; 
COMMUNICATIONS STRATEGY .· 

The proposed communications strategy is premised on an anticipated 
negative public reaction to an increased grey seal cull. Anti-sealers in 
North America and Europe can be expected to react vigorously, targeting 
their activity, inter alia, on consumers of Canadian fish products. 

Because it is highly improbable that any communications plan 
can prevent such a reaction, the proposed strategy, as defined below, is 
to give the cull the lowest possible profile. Presentation of information 
in support of the cull should appear rational, reasonable and factual, and 
involve key people from government and industry. 

The strategy contemplates close cooperation with officials of 
the Department of External Affairs, since they 1Yill have to handle the 
anti-sealers• propaganda in the U.S.A. and Europe,.and facilitate move­
ment of expert personnel as required. 

Following are recommendations on subject areas and issues which 
should be addressed in a long-term communications strategy. 

1. No announcement of increase in cull 

A decision to increase the cull should be implemented as quietly 
as possible, without any public announcement. The importance of this 
approach should be impressed on others involved (e.g. processors, 
fishermen, provincial governments). 

2. Information package 

Straightforward, factual background data should be assembled for · 
an information package directed at both the general public and the 
news media. This should focus on the existing cull and include 
infonnation on the grey seal, seah10rm and fishing industry as 
follows: 

(a) History of grey seal cull to date, including culling methods 
numbers, within the context of Canadian policy on management 
of marine mammals; it should be noted there is no trade in 
grey seal products. 

(b) Grey seal population trend, research being conducted, impact 
of cull on population. 

(c) Role of grey seal as vector for sealworm in various fish 
species and stocks (fish consumption by grey seal could be 
noted). 
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(d) Relationship of grey seal population to worm infestation; 
lead time necessary to study the impact of culling on 
parasite abundance in fish. 

(e) Outline of studies into alternative methods of grey seal 
population control. 

(f) Identification of other seal culls, species culled, numbers 
taken and reasons for the cull: this would permit comparisons 
and show that Canada does not stand alone. 

(g) Statement on impact of cull on ecosystem of Sable Island 
"sanctuary". 

(h) Cost to fish processors of removing sealworm; product loss; 
downgrading. Resulting cost to Canadian consumers should be 
estimated. 

(i). Statement addressing health fear/concern which consurners may 
raise as a result of publicity regarding parasites in fish, 
and emphasizing that Canadian fish inspection procedures 
ensure that fish are safe for consumption. 

Communicators 

To cope with the image problem which is anticipated and the 
attendant need for people, rather than paper, to respond, it is 
recommended thnt kP.y personnel be designated to handle the issue. 
They must be capable of projecting, through the media, the genuine 
concerns of those employed in the fishing industry. They must be 
available to respond (often on short notice) to media requests 
in what could be antagonistic situations. 

In line with this, it is further recommended that there be 
up front public participation by the Fisheries Council of Canada 
and fishermen's organizations to identify the issue as a problem 
for the \·1orking person in the fishing industry. 

Statements of support from sources outside the fishing 
industry (e.g. municipal councils, community organizations, 
prominent individuals) should also be identified and utilized. 

Anticipated Cost 

The cost of communications activities resulting from an 
increased grey seal cull can be placed in two categories: 

(a) Publishing costs: DFO preparation of information kits 
(est. $40 per 1,000). This would include approximately 
10 pages of information in "fact sheet"format similar . 
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~~---~~---·~·. to. that produced on the harp seal hunt, plus copies of 
the Underwater World booklet on grey seals; 

( ..1 

(b) Travel costs: This is extremely difficult to forecast, and 
would depend on the nature and location of protest action, 
and personnel available to react. 
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CONCLUSIONS & RECOMMENDATIONS 

. . . ~ 

It is evident from recent studies that with respect to NAFO 
·Sub-Divisions 4VW AND 3Ps, the parasite problem is getting worse both 
in level of infestation and species affected. The most recent scientific 
information indicates that there has been a continuing increase of the 
grey seal population. -

This task force concluded that a culling program is the only 
presently feasible means of reducing the population of grey seals. It 
should start in 1984 and continue for at least five years. This program 
will have industry support provided that it achieves significant population 
reduction. Coupled with the cull program there should be increased 
scientific research to provide detailed information on the status of the 
grey seal population and the effects of the culling program on both popu­
lation size and parasite infestation. Information should be available to 
provide a review in three years. There must also be increased research 
into technological improvements to parasite removal techniques since the ­
parasite problem as it exists today will remaJn at this level or worse for 
several years. 

In conjunction with the culling program, the task force recommends 
an increased level of bounty payments to encourage increased activity with 
an objective of a minimum of 2,000 removals per year. 

The proposed communications strategy recommended is reactive -
i.e. no prior announcement, respond to criticism with fact sheets, statements 
that culling has been ongoing and that one scope and emphasis has changed. 
As well, responses should be_both by government and industry personnel. 
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Number of grey seals taken in DFO research bounty, and cull programs. 

1967 1968 1969 1970 1971 1972 1973 1974 1975 

Research - 66 140 305 - - - - 118 

Bounty 

Cull 229 152 778 645 865 731 622 1168 2153 

1976 1977 1978 1979 1980 1981 1982 1983 

Research - - - - - - 208 256 

Bounty 734 613 650 961 952 735 496 610 

Cull 641 1388 716 314 1132 1608 1846 2385 
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Note: The Interim Convention was signed in Washington on February 9, 
1957, on behalf of the GoverruJents of Canada, Japan, the Union of 
Soviet Socialist Republics, and the United States of America. The 
Interi~ Convention ca.:ne into force on October 14, 1957, and has since 
been a.::iended as follows: 

By a Protocol which was signed in Washington on October 8, 1963, 
and entered into .force on April 10, 1964. The 1964 Protocol extended 
the term of the Convention for six years and affected several changes in 
the scientific research programs to be carried out by the Party Govern-
men ts; 

By an exchange of notes among the Party Governments which 
became effective on September 3, 1969, and which extended the term of 
the Convention, as 8.l:lended, for an additional period of six years; 

By a Protocol which was signed in Washington on May 7, 1976, 
and entered into force on October 12, 1976. The 1976 Protocol extend­
ed the term of the Interim Convention for a period of four years, and 
made several changes in the scientific research programs to be carried 
out by the Party Governments and in the duties of the North Pacific 
Fur Seal Commission. 

The text of the Interim Convention, as amended, is as follows: 

The Goverrui:ents of Canada, Japan, The Union of Soviet Socialist 
Republics, and the United States of America, 

Desiring to take effective measures towards achieving the max­
imum sustainable productivity of the fur seal resources of the North 
Pacific Ocean so that the fur seal populations can be br'ought to and 
maintained at the levels which will provide the greatest harvest year 
after year, with due regard to their relation to the productivity of 
other living marine resources of the area, 

Recognizing that in order to determine such measures it is neces­
sary to conduct adequate scientific research on the said resources, and 

Desiring to provide for international cooperation in achieving 
these objectives, 

Agree as follows: 

Article I 

1. The term "pelagic sealing" is hereby defined for purposes 
of this Convention as meaning the killing, taking, or hunting in any 
manner whatsoever of fur seals at sea. 

(Printed - Nov. 1976) 
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2. The '"ords "each year", "a."!.nual" and "a."lnually" as used 
hereinafter refer to Convention year, that is, the year beginning 
on the date of entry into force of the Convention. 

3. Notting in this Convention shall be deemed to affect 
in any way the position of the Parties in regard to the li::i.its of 
territorial waters or to the jurisdiction over fisheries. 

Article II 

1. In order to realize the objectives of this Convention, 
the Parties .agree to coordinate necessary scientific research pro­
grams and to cooperate in investigating the fur seal resources of the 
North Pacific Ocean to determine: 

(a) what measures may be necessary to make possible the 
maximum sustainable productivity of the fur seal 
resources so that the fur seal populations can be 
brought to and maintained at the levels which will 
provide the greatest harvest year after year; and 

(b) what the relationship is between fur seals and other 
living marine resources and whether fur seals have 
detrimental effects on other living marine resources 
substantially exploited by any of the Parties and, 
if so, to what extent. 

2. The research referred to in the preceding paragraph shall 
include studies of the following subjects: 

(a) size of each fur seal herd and its age and sex com­
position; 

(b) natural mortality of the different age groups and 
recruitment of young to each age or size class at 
present and. subsequent population levels; 

(c) with regard to each of the herds, the effect upon the 
magnitude of recruitment of variations in the size 
and the age and sex composition of the annual kill; 

(d) migration routes of fur seals and their wintering 
areas; 

(e) numbers of seals from each herd found on the migra­
tion routes and in wintering areas and their ages 
and sexes; 

(f) relationship between fur seals and other living marine 
resources, including the extent to which fur seals 
affect comr:iercial fish catches, the damage fur seals 
inflict on fishing gear, and the effect of com:::ercial 
fisheries on the fur seals; 

- 2 -

1 

1 

l 
l 
J 

·1 

J 

l 

l 
] 

] 

l 
} 

l 
l 

-1 

J 



~\ 

· 1. 
\. . . 

\ 

1 
1 
n 
J 

1 
J 

J 

J 
l 
J 

} 

J 
1 

(g) effectiveness of each cethod of sealing froc the 
viewpoint of r-ana~e~ent and rational utilization 
of fur seal resources for ccnservation fUr~oses; 

(h) quality of seals~ins by sex, age, and time and 
method of sealing; 

(i) effects of man-caused environmental changes on 
the fur seal populations; and 

(j) other subjects involved in achieving the objectives 
of the Convention, as determined by the Com.:nission 
established under Article V, paragraph 1. 

3. In furtherance of the research referred to in this Article, 
the Parties agree: 

(a) to continue to mark adequate DUI!lbers of pups; 

(b) to devote to pelagic research an effort which, to the 
greatest extent possible, should be similar in extent 
to that expended in recent years, provided that this 
shall not involve the annual taking by all the Parties 
combined of more than 2,500 seals in the Eastern and 
more than 2,200 seals in the Western Pacific Oceans, 
unless the Colll!:!ission, pursuant to Article V, paragraph 
3, shall decide otherwise; and 

(c) to carry out the deter::iinations made by the ColD.!:lission 
pursuant to Article V, paragraph 3. 

4. Each Party agrees to pro~ide the Co~~ission annually with 
infor:nation on: -. 

(a) number of black pups tagged for each breeding area; 

(b) number of fur seals, by sex and esti~ated age, taken 
at sea a.~d on each breeding area; and 

(c) tagged seals recovered on land end at sea; 

and, so far is practicable, other information pertinent to scientific 
research which the Co!!!Dission may request. 

5. The Parties further agree to provide for the exchange of 
scientific personnel; each such exchange shall be subject to mutual 
consent of the Parties directly concerned. 

6. The Parties agree to use for the scientific pelagic 
research provided for in this Article only goverru:ient-owned or govel"Il­
ment-chartered vessels operating under strict control of their respect­
ive authorities. Each Party shall communicate to the other Parties the 
DB.IJes and descriptions of vessels which are to be used for pelagic 
research. 
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Article III 

In order to realize the purposes of the Convention, including 
the carrying out of the coordin1ted and cooperative research, each 
Party agrees to prohibit pelagic sealing, except as provided in Article 
II, paragraph 3, in the Pacific Ocean north of the 30th parallel of 
north latitude including the seas of Bering, Okhotsk, and Japan by any 
person or vessel subject to its jurisdiction. 

Article IV 

Each Party shall bear the expense of its own research. Title 
to sealskins taken during the research shall vest in the Party conduct­
ing such research. 

Article V 

1. The Parties agree to establish the North Pacific Fur Seal 
Commission to be composed of one member from each Party. 

2. The duties of the Cocmission shall be to: 

(a) formulate and coordinate research programs designed 
to achieve the objectives set forth in Article II, 
paragraph l; 

(b) recommend these coordinated research programs to the 
respective Parties for implementation; 

(c) study the data obtained from the implementation of 
such coordinated research programs; 

(d) recommend appropriate measures to the Parties on the 
basis of the findings obtained from t .he implementa­
tion of such coordinated research programs, including 

.oeasures regarding the size and the sex and age com­
position of the seasonal commercial kill from a herd 
and regarding a reduction or suspension of the harvest 
of seals on any island or group of islands in case the 
total number of seals on that island or group of 
islands falls below the level of maximum sustainable 
productivity; provided, however, that due considera­
tion be given to the subsistance needs of Indians, 
Ai.nos, Aleuts, or Eskimos who iive on the islands 
where fur seals breed, when it is not possible to 
provide sufficient seal meat for such persons from 
the seasonal colD.!:lercial harvest or research activities, 
and 

(e) study whether or not pelagic sealing in conjunction 
with land sealing could be per::iitted in certain 
circumstances without adversely affecting achieve­
ment of the objectives of the Convention, and make 
recommendations thereon to the Parties at the end of 
the twenty-first year after entry into force of the 
Convention. 
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3. In addition to the duties specified in paragraph 2 of this 
Article, the Co::::..=issicn shall, subject to Article II, para5~aph 3, 
deter~ine fro~ time to ti~e the nu.::iber of seals to be marked on the 
rookery islands, and the total nu=ber of seals which shall be taken at 
sea for research purposes, the times at ~hich sue~ seals shall be taken 
and the areas in which they shall be taken, as well as the nt.:.::1ber to be 
t~en by each Party, taking into account any recommendations made 
pursuant to Article V, paragraph 2 (d). 

4. Each Party shall have one vote. Decisions and reco:!!Oenda­
tions shall be made by unanimous vote. ~ith respect to any recom.:i::enda­
tions regarding the size and the sex and age composition of the seasonal 
commercial kill from a herd, only those Parties sharing in the sealskins 
from that herd under the provisions of Article IX, paragraph 1 shall 
vote. 

5. The Com.;:iission shall elect from its ~embers a Chairman and 
other necessary officials and shall adopt rules of procedure for the 
conduct of its work. 

6. The Commission shall hold an annual meeting at such ti~e 
and place as it may decide. Additional meetings shall be held when 
requested by two or more members of the Commission. 

7. The expenses of each member of the Commission shall be 
paid by his own Government. Such joint expenses as may be incurred by 
the Commission shall be defrayed by the Parties by equal contributions. 
Each Party shall also contribute to the Col!l.!Ilission annually an e~ount 
equivalent to the value of the sealskins it confiscates under the 
provisions of Article VI, paragraph 5. 

8. The Co!:lI!lission shall submit an annual report of its 
activities to the Parties. -~ 

9. The Commission may from time to time make recol!lmendations 
~o - the Parties on any matter which relates to the fur .seal resources 
or to the administration of the Commission. 

Article VI 

In order to implement the provisions of Article III, the 
Parties agree as follows: 

l. When a duly authorized official of any of the Parties has 
reasonable cause to believe that any vessel outfitted for the harvesting 
of living marine resources and subject to the jurisdiction of any of 
the Parties is offendi~g against the prohibition of pelagic sealing 
as provided for by Article III, ·he may, except within the territorial 
waters of another State, board and search such vessel. Such official 
shall carry a special certificate issued by the coopetent authorities 
of his Government and drawn up in the English, Japanese, and Russian 
languages which shall be exhibited to the master of the vessel upon 
request. 
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2. :inen the official after seerchir:g a vessel c::nti11ues to 
have reasonable cause to believe that the vessel or any person on 
board thereof is offending against the prohibition, he may seize or 
arrest such vessel or person. In that case, t~e ?arty to ~hich the 
o_fficial belongs shall as soon as possible notify the Party having 
jurisdiction over the vessel or person of such arrest or seizure and 
shall deliver the vessel or person as procptly as practicable to the 
authorized officials of the Party having jurisdiction over the vessel 
or person at a place to be a~reed upon by both Parties; provided, 
however, that when the Party receiving notification cannot iI:l!Jediately 
accept delivery of the vessel or person, the Party which gives such 
notification may, upon request of the other Party, keep the vessel or 
person under surveillance within its own territory, under the conditions 
agreed upon by both Parties. 

). The authorities of the Party to which such person or 
vessel belongs alone shall have jurisdiction to trJ any case arising 
under Article III and this Article and to impose penalties in con­
nection therewith. 

4. The witnesses or their testimony and other proofs neces­
sary to establish the offense, so far as they are under the control of 
any of the Parties, shall be furnished with all reasonable promptness 
to the authorities of the Party having jurisdiction to try the case. 

5. Sealskins discovered on seized vessels shall be subject 
to ccnfiscation on the decision of the court or other authorities of 
the Party under whose jurisdiction the trial of a case takes place. 

6. Full details of punitive measures applied to offenders 
against the prohibition shall be coi:municated to the other Parties not 
later than three.months after the application of the penalty. 

Article VII 

The provisions of this Convention shall not apply to Indians, 
Ainos, Aleuts, or Eskimos dwelling on the coast of the waters oentioned 
in Article III, who carry 9n pelagic sealing in canoes not transported 
by or used in connection with other vessels, and propelled entirely by 
oars, paddles, or sails, and manned by not more tnan five persons each, 
in the wey hitherto practiced and without the use of fireaI"I:ls; pro­
vided that such hunters are not in the e~ploy::ient of other persons or 
under contract to deliver the skins to any person. 

Article VIII 

1. Each Party agrees that no perscn or vessel shall be per­
mitted to use any of its ports or harbors or any part of its territory 
for any purpose designed to violate the prohibition set forth in 
Article III. 

- 6 -
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2. Each ?arty also agrees to prchibit the i=portation and 
delivery into and the traffic within its territories of s~ins of fur 
seals t~en in the area of the North ?acific Ocean ~entioned in 
Article III, except only those taken by the Union of Soviet Soci~list 
Republics or the United States of America on rookeries, those taken 
at sea for research purposes in acccrdance with Article II, paragraph 
3, those ta.ken under the provisions of Article VII, those confiscated 
under the provisions of Article VI, paragraph 5, and those inadvertently 
captured,which are taken possession of by a Party; provided, however, 
that all such excepted skins shall be officially marked and duly cert­
ified by the authorities of the Party concerned. 

Article IX 

l. The respective Parties agree that, of the total number of 
sealskins taken coo::u:iercially each season on land, there shall at the 
end of the season be delivered a percentage of the gross in number and 
value thereof as follows: 

By the U~ion of Soviet 
Socialist Republics to Canada 15 percent 

to Japan 15 percent 

By the United States 
of America to Canada 15 percent 

to Japan 15 percent 

2. Each Party agrees to deliver such sealskins to an auth­
ized agent of the recipient Party at the place of taking, or at some 
other place mutually agreed upon by such Parties. 

-. 
3. The respective Parties will seek to ensure 'the utilization 

of those methods for the capture and killing and marking of fur seals 
on land or at sea which will spare the f\J.r seals pain and suffering to 
the greatest extent practicable. 

Article X 

1. Each Party agrees to enact and enforce such legislation as 
may be necessary to guarantee the observance of this Convention and to 
make effective its provisions with appropriate penalties for violation 
thereof. 

2. The Parties further agree tc cooperate with each other in 
taking such measures as cay be appropriate to carry out the purposes of 
this Convention, including the prohibition of pelagic sealing as pro­
vided for by Article III. 
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Article 7.I 

The Parties agree to ceet in the twenty-second year after entry 
into force of the Convention to consider the recoc:u::endations in accord­
ance with Article V, paragraph 2(e) and to deter~ine what further agree­
ments may be desirable in order to achieve the maximllll sustainable 
productivity of the North Pacific fur seal herds. 

Article XII 

Should any Party consider that the obligations of Article II, 
paragraphs 3,4, or 5 or any other obligation undertaken by the ?arties 
is not being carried out and notify the other Parties to that effect, 
all the Parties shall, within three months of the receipt of such 
notification, meet to consult together on the need for and nature of 
remedial measures. In the event that such consultation shall not lead 
to agreement as to the need for and nature of recedial measures, any 
Party may give written notice to the other Parties of intention to 
ter~inate the Convention and, notwithstanding the provisions of 
Article XIII, paragraph 4, the Convention shall thereupon ter:ninate as 
to all the Parties nine months from the date of such notice. 

Article XIII 

l. This Convention shall be ratified and the instruments of 
ratification deposited with the Govern.oent of the United States of 
America as soon as practicable. 

2. The Government of the United States of America shall 
notify the other signatory Governments of ratifications deposited. 

3. This Convention shall enter into force on the date of 
the deposit of the fourth instrument of ratification. '~ 

4. The Convention shall continue in force for twenty-two 
years and thereafter until the entry into force of a new or revised 
fur seal convention between the Parties, or until the expiration of 
one year after such period of twenty-two years, whichever may be the 
earlier; ' provided, however, that the Conver.tion shall terminate one 
year from the day on which a Party gives written notice to the other 
Parties of an intention of teI"!!linating the Convention. 

5. At the request of any Party, representatives of the 
Parties will meet at a mutually convenient time within ninety days of 
such request to ccnsider the desirability of modi£ications of the 
Convention. 

6. The original of this Convention shall be deposited with 
the Govern;:ient of the United States of A=lerica, which shall co!:.!:lunicate 
certified copies thereof to each of the Governnents signatory to the 
Convention. 
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IN ·.vrT?rESS '1iE::::R:.:OF the undersigned, being duly aut!lorized 

by their respective Goverru:ients, have signed this Convention. 

DONE in Washington this ninth day of February 1957, in the 

English, Japanese, and Russian languages, each text equally authentic. 

FOR THS GOVEil.11-lENT OF CANADA: 

A. D. P. Heeney 

G. R. Clark 

FOR TES GCVERN~·!LNT OF JAl'AN 

Masayuki Tani 

FOR TRE GOVER..'fll'.ENT OF TEE UNION OF SOVIET SOCIA.LIST REPUBLICS: 

G. Zeroubin 

FOR THE GOVER!~ENT OF THE UNITED STATES OF .A.~RICA: 

William C. Eerrington 

Arnie J. Suomela 
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1980 PROTOCOL AMEHDim.; 'i'HB I1nEHIM CO!Nt:!l'.L'IO!J 
Ot~ co:JSERVA'.rIOH OF 

NOrt'l'lI PACIFIC FUR Sl::ALS 

r.rhe Governments of Canada I Japan I the Unio!'l of 

Soviet Socialist . ~epublics and . the United States of 

America, Parties to the Interim Conventioh on Conser-

vation of North Pacific Fur Seals, signed at Washing-

ton on Feoruary 9, 1957, as amended, hereinafter 

referred to as the Convention, 

Desiring to amend the Convention, 

Have a~reed as follows: 

Article I 

The Convention shall be applied as amended oy this 

Protocol as from the date of its entry into force. 

Article II 

In Articie V, parayraph 2(e) of the Convention, 

"twenty-first". ~hall be replaced by "twenty-fifth". 

Artie!~ III 

In Article VI, paragraph l of the Convention, 

"except within the territorial waters of another 

St~teM shall be replaced by "except within the areas 

in which another State exercises fisheries jurisdic-

t _ion". 



] 

1 
r'··1 x_. ..... 

- 2 

Article IV } 
In Article XI of the Convention, "twenty-second• 

] 
shall be replaced by "twenty-sixth". 

Article V 

In Artie!~ XIII, paragraph 4 of the Convention, ) 
"twenty-two~ shall be replaced by "twenty-si~". 

J 
Article VI 

l. This Protocol shall ue subject to ratifica- J 
tion or acceptance. Instruments of ratirication or 

acceptance shall be deposited with the Government of 

the United States of America . as soon as possiole. 
J 

2. A signatory Government which intends to ratify 

or accept this Protocol, may notify the Govern1:ien t of ~] 
the United States of America that it will apply this 

J Protocol provisionally in accordance with its laws and 

regulations pending fulfillment of domestic constitu-

tional requirements for ratification or acceptance. 
] 

3. The Government of the United States of America l 
shall notify the other si9natory Governments of ratifi-

cations or accept~nces deposited and of notifications of J 
provisional-applicatio.n made. 

4. This Protocol shall enter-into force provision- 1 
,: 

I ...._. ally on the date on which instruments of ratiri~ation or 
} 

J 

j 
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acceptance have been .deposited or the notifications of 

provisional application as referred to in parayraph 2 

above have been made ~y ~11 t~e signatory Governments. 

It shall continue in force provisionally until the date 

on which it enters into force definitively in accordance 

with the provisions of paragraph S. 

S. ?his Protocol shall enter into force <lefini-
. ' 

tively on the date on which instru~ents of ratification 

o·r acce_t.Jtance have been deposited by al 1 the .si>;Jna tocy 

Gove rn1:1en ts. 

6. ?he original of -this Protocol ~nall be depo-

sited with the Government of the United States of 

~raerica, which shall communicate certified copies 

thereof to each of the Governments si~natory to this 

.t'rotocol. 

IlJ WI'i'UESS WHEREOF the .undersigned, being duly 

authorized by their respective Governments, have si~neJ 

· ttit's Protocol~ ... ··-- -- ·-·· --- .·· ··---- ··· 

Done at Washington, this fourteenth day of October, 

nineteen hundred and eighty, in the ~nglish, French, 

Japanese, and Russian lanyuages, each text equally 

authentic. 



· R THE GOVE?JH·IBNT OF CANADA: 
OUR LE GOUVERNEHENT pu CANADA: 
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9T H11EHH ilPABHTEJlbCTBA KAH~: 
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FOR THE GOVERNMENT OF JAPAN: . 
POUR LE GOUVERNEMENT DU JAPON: 

l3 .if-1f/ ifX...Jtr ~ F- J? (:...: 
OT H.MEHH ilPABHTEJlbCTBA HITOHHH: 

d1J ~ 
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FOR THE GOVERNMENT OF THE UNION OF SOVIET SOCIALIST REPUBLICS: 
POUR LE GOUVERNEMENT DE L'UNION DES REPUBLIQUES SOCIALISTES SOVIETIQUES: 

'I t:··.:r l· ;f± ~ i.k~~ti ru l! tr ir---k!ft d) -t=- J? 1:.. : 

OT ID1EHH !lPABHTEJlbCTBA C0!~3A COBETCKHX C01U1AJIHCTW!ECKHX PECITYE!U1K: 
.. . .. . . . . ..· 

G-_ :J .,_J~,1;i ) . 

FOR THE GOVERNMENT OF THE UNITED STATES OF AMERICA: 
POUR LE GOUVERNEMENT DES ETATS-UNIS D'AMERIQUE: 

T Jl '/ -/; . -1t- '£ I fl JI:t J~ '7 f=- J7) I-=. .' 
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I CERTIFY THAT the foregoing is a true copy of 
the 1980 Protocol Amending the Interim Convention on 
Conservation of North Pacific Fur Seals signed at 
Washington on October 14, 1980, the original of which, 
in the English, Fr'ench, Japanese and Russian languages, 
is deposited in the archives of the Government of the 
United States.of America. 

IN TESTIMONY WHEREOF, I, Edmund S. Muskie, 
Secretary of State of the United States of America, ­
have hereunto caused the seal of the Department 'of 
State to be affixed and my name subscribed by the 
Acting Authentication Officer of the said Department, 
at the city of Washington, in the District of Columbia, 
this seventeenth day of October, 1980. 

>./ ( L.. c.t--:-,L (.{,, J L.£"' .~f. 'llt~l.J_/c.~ 
Secretaz;y 0£ State 

{!.
. ) 

' /') . 
By fvL-rL-LL· · / ( · }J /.ad d.L'-4 

Acting Authentication Officer 
Department of State 

~=-

~ :·, ;·.~. , .. .!~,~-~- .-...... ::,t.1'"~:\·:'":;-:::'~j~J:-;;;;~~-.; .-:~--:- .--...----;------.-i-;---~ --

another. St,ate exer<_:'i'~es f°i'sh-~ri~·5· Tu"ri's'di'c:: 
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1984 PROTOCOL ~MENDING THE INTERIM CONVENTlON 

ON CONSERVATION Of NORTH PAC!F!C YUR SEALS 

.::.·=:. :. -· 

The Governments_ of Canada, Japan, the onion o·f sovi~t .. 
Socialist ~epublics, a;~ the Onited States of America, Parties 

,,, 

t-

to the Interim convention on Conservation of North Paeifi-e Fur . 

seals, signed at Washington on February 9, 1957, as amended and 

applied, hereinafter referred to as the Convention, 

Desiring to amend· the Convention, 

Have agreed as follows: .. 
Art.icle I 

The convention shall be applied as amenaed by this ?rotoeol 

as from the date of it.s· entry into force. 

Article II 

In Article V, paca~raph 2(e) of the convention, •at the end 

of the twenty-~ifth year after entr~ i~to for~~ of the ~ 

Convention• is replaced by •by October 13, 1986•. 

Article III 

!n Article XI of th~ Convention, •in the t~enty-sixth year 

after entry into force of th~ Co"vention• is ceplaced by 

•within the one year period prior to October 14, 1987•. 

·~ 
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Article IV 

ln Article XIII of the Convention, paragraph 4 is replaced 

by the follo~ing: · •4. The Convention shall eontinue in force 

until October 13, 19S7 and thereafter until the eritry into 

force of a n~w or revised ~ur seal convention between the 

Partie~, or until October 13, 1988, whichever may be ±he 

earlier; provided, however~ that the ~op~ention shall terminate 

one year from the dqy on which a Party gives written ~otice to 

the other Parties of·~n intention of terminating the 

Convention.• 

Article V 

l. This Protocol shall be subject to ratification or 

acceptance. Instruments of ratification or acceptance shall be 

deposit~d witb the Government of the United States of America 

ae soon as possible. 

2. A eignatory Government which intends to ratify or accept 

this Protocol may notify the Government of the United states of 

A.ln~rica that it will apply this Protocol provisionally in 

accordance with its laws and regulatic;>ps pending .the 

fulfillment o! domestic constitutional re~uirements for 

ratifieation or acceptance. 

3. The Government of the United states· of America.shall 

notify the other sign~tocy Governments of ratifications or 

acc~ptances depo~ited and of notifications Gf provisional 

~pplication mad~. 
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'-----------:: ___ ----·- ----:::.._ 
th~ ca:e on w~ich instrument~ of ratification oc acce?t..nnc~ 

have been deposited with oc the notifications of provisional 

application as referred to in paragraph 2 above have been made 

to the Government of the United States of .America.by all the 

signatory Governments. !t shall continue0n_force) ~ ~CiJ'f"r1.~."c«.l.b­
provisionally until the date on which it ent~rs into force 

~ definitively in accordance ~ith the provisions of paragraph 5. 

S. This Protocol shall enter ~nto force ~efinitively on the 

date on which instruments of ratification oc acceptance have 

been ~epo=ited with the Government of the United States of 

A~erica by all the signatory Governments. 

6. Th~ original of this Protocol shall be deposi~ed with 

the Government of the United States of America, which shall 

communicate cer~ified copies thereof to each of the Governments 

si9natory to this Protocol. 

IN WITNESS WP.~REOF, the undersigned, being duly authorized 

by their respective Governrne~ts, have signed this Pr~tocol. 

Done at Washington this day of I 19~41 

in the English, French, Japanese, and Russian languages, each 

text being equally authentic. 
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l Appendix LXII. The Baffin Region Inuit Association's estimated seal harvest 
levels for 1981 to 1983. 

l Ringed Bearded Harp Hooded Harbour 
Community Year Seals Seal Seal Seal Seal Total 

1 Arctic Bay 1981 1560 20 41 0 0 1621 
1982 1820 48 86 0 0 1954 
1983 2458 60 86 0 0 2604 

'1 - Broughton Island 1981 5700 110 92 0 0 5902 
1982 4370 59 97 2 0 4528 

A 
1983 3699 38 348 3 1 4089 

Cape Dorset 1981 2190 234 6 0 3 2433 
1982 2220 211 6 0 3 2440 

-f 
1983 1802 177 21 0 2 2002 

Clyde River 1981 3730 60 28 1 0 3819 
1982 2565 17 8 0 0 2590 

1 1983 3148 32 15 0 0 3195 

Frobisher Bay 1981 2170 87 168 5 29 2459 

} 
1982 2130 79 153 0 1 2363 
1983 1360 36 74 0 0 1470 

Grise Fiord 1981 771 27 207 0 0 1005 

1 1982 776 11 115 0 0 902 
1983 723 23 185 0 0 931 

I 
Hall Beach 1981 891 83 1 0 0 975 

1982 361 76 0 0 0 437 
1983 969 154 11 0 6 1140 

J Igoolik 1981 1330 68 1 0 0 1399 
1982 1270 71 6 0 0 1347 
1983 1559 133 14 1 5 1712 

J Lake Harbour 1981 1910 121 22 3 4 2060 
1982 1210 83 6 0 12 1311 
1983 1461 89 14 0 1 1565 

J Nanisivik 1981 480 4 0 0 0 484 
1982 440 8 3 0 0 451 
1983 352 3 7 0 0 362 

) Pangnirtung 1981 5180 131 4630 1 0 9942 
1982 5320 54 4580 3 0 9957 
1983 4310 84 1658 5 1 6058 

Pond Inlet 1981 2010 20 7 4 0 2042 
1982 4070 27 56 5 0 4158 

l 1983 N/A N/A N/A N/A N/A N/A 

l 



Appendix LXII. The Baffin Region Inuit Association's estimated seal harvest 
levels for 1981 to 1983. (Continued) 

Ringed Bearded Harp Hooded Harbour 
Community Year Seals Seal Seal Seal Seal Total 

Resolute Bay 1981 188 7 0 0 0 195 
1982 233 4 3 0 0 239 
1983 249 16 0 0 0 265 

Sanikiluag 1981 2890 139 0 0 0 3029 
1982 2110 138 0 0 3 2251 
1983 2093 40 0 0 2 2135 

Outpost camps2 1981 5000 168 1060 0 53 6281 
1982 3240 7B 730 2 15 4065 
19B3 N/A N/A N/A N/A N/A N/A 

Total 19B1 36000 1279 6263 14 96 43645 
1982 . 32135 963 5B49 12 33 3B992 
19B33 24183 BBS 2433 9 39 2752B 

1 Excludes women in 1981 
2 There was 26 in 1981, 25 in 19B2 
3 Excludes Pond Inlet and outpost camps 

(Sources: 85, B6; Pattimore pers. ~· for 1983 estimated harvests) 
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Appendix LXIII. Estimated harvest of seals in the Keewatin Region, Northwest 
Territories. 

Estimated Harvest 
Community Period Number Period Number 

Baker Lake Nov. /81-Sept./82 - Nov. 82-Sept. 83 1 
Chesterfield Inlet Jan., Feb., Aug., 48 Oct. 82-Sept. 83 137 

& Sept. 82 
Coral Harbour Oct. 81-Sept. 82 977 Oct. 82-Sept. 83 
Eskimo Point Oct. 81-Sept. 82 448 Oct. 82-Sept. 83 278 
Rankin Inlet Nov. 81-Sept. 82 465 Oct. 82-Sept. 83 469 
Repulse Bay Oct. 81-Sept. 82 836 Oct. 82-Sept. 83 360 
Whale Cove Oct. 81-Sept. 82 134 Oct. 82-Mar. 83 57 

(Source: 87) 

Appendix LXIV. Reported harvest of seals in the Kitikmeot Region, Northwest 
Territories. 

Communitx_ 

Bay Chima/Bathurst Inlet 
Cambridge Bay 
Coppermine 
Gjoa Haven 
Holman Island 
Pelly Bay 
Spence Bay 

Reported 
Harvest1 

26 
112 
549 
371 

1,665 
339 

1,044 

1 Estimated harvest not available 

Hunter 
Response2 

(mean % + S.D.) 

95 ± 8.6 
79 :r 20 .4 
55 ± 20 .3 
52±17.6 
71 ± 22. 3 
89 ::i:' 1>. 5 
85 ± 20 .8 

2 Percentage of hunters contacted each month 

(Source: 88) 

Time Period 
(Year/Month) 

83/01 - 83/12 
82/10 - 83/11 
83/02 - 83/12 
82/09 - 83/11 
82/10 - 83/11 
82/10 - 83/11 
82/09 - 83/11 
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l Appendix LXV. Estimated seal harvests by Northern Quebec Inuit Communities* between 
1976 and 1980. 

·1 
Average 
Annual 

l Ringed Bearded Harp Harbour Estimatec 
Convnunity Year Seal Seal Seal Seal Total Harvest 

l 
Kuujjuarapik 1976 3,276 107 2 1 3,386 
(Poste-de-la-Baleine) 1977 2,114 66 2 o 2, 182 
(Great Whale River) 1978 1,282 42 0 2 1'326 1,986.6 

1979 1, 375 92 8 1 1,476 

a 1980 1,452 111 5 o 1, 563 

Inukjuak 1976 2,833 3,051 198 11 9 
1977 2,671 194 3 0 2,868 

j 1978 1, 281 71 0 22 1,374 2,283.2 
1979 1, 776 204 12 3 1,995 
1980 1, 842 285 11 o 2, 128 

l Akulivik 1976 956 101 3 o 1,060 
(Cape Smith) 1977 842 63 2 0 907 773.2 

1978 210 59 1 0 270 
1979 839 143 11 0 993 
1980 530 105 1 0 636 

1 
Salluit 1976 2,591 180 43 0 2,814 
(Sugluk) 1977 2,623 95 23 2 2,743 

1978 787 71 8 0 866 1,905.2 
1979 1,264 138 25 0 1,427 

l 1980 1,482 155 39 0 1,676 

Kangiqsujuaq 1976 4,740 213 58 6 5,017 

J 
(Maricourt) 1977 2,624 92 61 0 2,777 
(Waleham Bay) 1978 1, 313 64 27 1 1,390 2,813.0 

1979 2,451 98 15 1 2,565 
1980 2,195 95 18 8 2,316 

r] 
Quaqtaq 1976 1,117 64 8 5 1,194 
(Koartac) 1977 725 49 14 0 788 

1978 281 11 1 0 293 665 

J 
1979 499 39 9 o 547 
1980 462 37 4 0 503 

Kangiqsuk 1976 781 124 7 0 912 
(Bellin) 1977 495 122 2 0 619 
(Payne Bay) 1978 243 71 2 0 316 507.6 

1979 246 92 1 0 339 

J 1980 239 90 23 0 352 

J 
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Appendix LXV. Estimated seal harvests by Northern Quebec Inuit Communities* between J 
1976 and 1980. (continued) 

Average ' l 
Annual 

Ringed Bearded Harp Harbour Estimated ] Communitl Year Seal Seal Seal Seal Total Harvest 

Aupaluk 1976 278 37 4 o 319 
] (Hopes Advance Bay) 1977 125 15 o o 140 

1978 106 18 o o 124 200.6 
1979 258 37 1 1 297 
1980 106 17 o o 123 l 

Tasiujaq 1976 481 56 o 1 544 
(Leaf-Bay) 1977 209 25 0 4 224 

:J 1978 122 21 o 3 146 247.2 
1979 92 18 1 0 111 
1980 184 26 o 1 211 

Kuujjuaq 1976 706 119 2 3 830 J (Fort Chima) 1977 718 131 1 3 852 
1978 318 58 4 1 381 584.2 
1979 414 36 4 1 455 J 1980 303 86 2 12 403 

Kangiqsualujjuaq 1976 1,446 127 34 6 1, 613 rl (Port-Nouveau-Quebec) 1977 772 62 20 2 856 
(George River) 1978 374 35 1 5 415 794 I: 

1979 363 93 o 1 456 
1980 502 91 6 31 630 r] 

Killiniq 1976 652 70 100 6 828 789 
(Port Burwell) 1977 530 40 178 2 750 

J Fort-George 1976 2 o o o 2 
(Chisasibi) 1977 0 o o 0 o 

1978 20 2 o o 22 9 J 1979 21 o 0 o 21 
1978 0 o 0 0 0 

TOTAL 1976 19,865 1,396 272 37 21,570 J 
1977 14,448 954 306 13 15,721 
1978 6, 337 523 44 34 6,938 13,402.4 

] 1979 9,598 990 89 8 10,685 
1980 9,297 1,098 109 52 10,556 

* The members of the communities of Povungnituk and Ivujivik, and approximately half of the J 
members of the Salluit community did not take part in the survey. 

(Sources: 80, 90. 91) J 

J 
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Appendix LXVI. Estimated annual seal harvest by Northern Quebec Cree 
Communities from 1975 to 1979. 

Communitr 1975-76 1976-77 1977-78 1978-79 

Kuujjuarapik 224 175 130 50 
(Great Whale River) 

Chiaasibi 252 212 257 156 
(Fort George) 

Wemindji 62 91 83 69 

East main a 11 13 2 

Fort Rupert 2 1 0 a 

(Sources: 92, 93, 94, 95) 

Annual 
Average 
Harvest 

144.75 

175.4 

61 

6.5 

1 
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1 Appendix LXVII. Average annual harvest listed by seal species and community for 
the Northwest Territories, 1973 to 19B2. 

] REGION PINNIPEDS 

Baffin Harp Ringed Other 

1 Arctic Bay 29.6 [9J B13.9 [10J 145.4 [9J 
Broughton Island 214.0 [BJ 4,932.0 [9J 550.6 [9J 
Cape Dorset B.5 [6J B36.2 [9J 42B.6 [9J 

J 
Clyde River 1B.9 [7J 2,379.3 [9J 516.0 [BJ 
Frobisher Bay 115.4 [9J 1,117.7 [10J 379.4 [9J 
Grise Fiord 6B.O [9J 257 .o [9J B1.9 [7] 
Hall Beach 29 .1 [7J 205.1 [9J 101. 6 [7 J 

] Igoolik B.O [7J 1'391 .3 [ 9J 304.9 [9J 
Lake Harbour 13.3 [BJ 1,103.3 [9J 154.5 [9J 
Pangnirtung 2,531.3 [9J 7,31B.4 [9J 9B5.5 [9J 

~ 
Pond Inlet 16.3 [BJ B92.8 [9J 193.5 [BJ 
Resolute Bay 0.5 [6J 66.5 [BJ 14.0 [7J 
Sanikiluaq 0.4 [SJ 351.4 [9J 57.B [BJ 
Port Burwell+ 25.2 [4J 165.2 [4J 6.5 [4J 

.I Subtotal 3,07B.5 21,B30.1 3,920.2 

l 
Keewatin 

Chesterfield Inlet 2.5 [6J 45.3 [6J 77 .B [9J 
Repulse Bay 30. 5 [6 J 760.0 [BJ 213.5 [BJ 

1 
Coral Harbour 21.6 [7J 516.5 [BJ 206.3 [9J 
Rankin Inlet 0 1B.O [BJ 41.4 [BJ 
Eskimo Point 1.0 [7J B7 .o [9J 67.4 [BJ 
Whale Cove 0 [5J 35.3 [6J 60.2 [9J 

r 1 
Subtotal 55.6 1462.1 666.6 

J 
Kitikmeot 

Bathurst Inlet 0 [5J 34. 7 [6J 0.2 [6J 
Cambridge Bay 1.6 [5J 50.6 [7J 27.4 [BJ 

1 
Pelly Bay 0.2 [6J 210. 7 [9J 113.5 [BJ 
Spence Bay 0.2 [5J 310.6 [BJ 5B.6 [9J 
Baker Lake 0 [6 J 0.9 [BJ 49.9 [BJ 

l 
Gjoa Haven 9.2 [6J 110.9 [9J 63.0 [BJ 
Coppermine 3.5 [6J 1,606.7 [10J 127. 6 [BJ 
Holman Isl and 3.2 [6J 2,543.5 [10J 246.4 [7J 

J 
Subtotal 18 4,B6B.6 6B6.6 

Inuvik 

I Aklavik 0 [3J 1B.B [4J 4 [4J 
Inuvik 0 [3J 1 [4J 0 [3J 
Paulatuk 0 [3J 43 [ 5 J 27.3 [4J 

~ 
Sachs Harbour 0 [3J 73.6 [SJ 62.3 [4J 
Tuktoyaktuk 0 [3J 12.6 [5J 14.7 [6J 
-
Subtotal 0 149.0 1OB.3 . j 
GRAND TOTAL 3,152.1 2B,309.8 5,381.7 

J 
+ Port Burwell was moved in 1980. 
[HJ indicates number of years averaged. 
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I Appendix LXVIII. Number of seal pelts to the Hudson's Bay Company in the 
Western, Central and Eastern Arctic from 1941 to 1984. 

l Eastern 
Arctic 

] 
Year Western Central Eastern % of Total Grand Total 

1941 24 5,549 99.5 5,573 
1942 2, 101 100.0 2, 101 

J 
1943 1,825 100.0 1,825 
1944 4, 178 100.0 4, 178 
1945 4,500 100.0 4,500 
1946 3,434 100.0 3,434 
1947 86 326 9,290 95.7 9,702 
1948 13 461 12,378 96.3 12,852 
1949 34 745 9,683 92.5 10,462 

] 1950 299 910 4,578 79.1 5,787 
1951 409 184 3,900 86.8 4,493 
1952 96 309 4,952 92.4 5,357 
1953 541 479 6,017 85.5 7,037 

1 1954 619 659 8,380 86.7 9,658 
1955 425 604 10, 112 90.7 11,141 
1956 236 480 10,331 93.5 11,047 

J 1957 926 640 10,326 86.8 11, 892 

j 1958 702 988 9,898 85.4 11,588 
1959 391 837 12,084 90.7 13,312 
1960 626 1, 051 11,689 87.4 13,366 

J 1961 1,521 1, 815 14,989 81.7 18,325 
1962 1,354 1'121 16,370 86.8 18' 845 
1963 6,471 6, 147 36,902 74.5 49,520 

J 

1964 14,390 9,471 43,213 64.4 67,074 
1965 16,514 9,207 46,595 64.4 72,316 
1966 9,087 5,475 37,384 71.9 51,946 
1967 4,713 3, 880 23,485 73.2 32,078 

l 1968 2,838 1,589 19,351 81.3 23,778 
1969 7,829 6,840 35,281 70.6 49,950 
1970 6,923 4,228 27,262 70.9 38,413 

l 
1971 7,592 3,993 25,855 69.0 37,439 
1972 5,495 3, 516 20,129 69.0 29, 140 
1973 5,814 4, 143 25,214 71.6 35,171 
1974 5,362 3,935 28,693 75.5 37,990 

J 
1975 3,486 3, 770 34,809 82.7 42,065 
1976 2,897 2,284 29,408 85.0 34,589 
1977 2,068 1, 350 28,987 89.4 32,405 
1978 3,230 1,846 21, 327 80.7 26,403 

] 1979 4,841 1, 255 22,838 78.9 28,934 
1980 6,041 2,281 26,632 76.1 34,954 
1981 4,980 1,458 22,382 77 .6 28,810 

I 
1982 1,717 504 15, 519 87.5 17,740 
1983 1, 154 184 9,422 87. 5 17,760 
1984 372 23 4,097 91.2 4,492 

J (Source: Hudson's Bay Company, December 27, 1984) 

J 


