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ABSTRACT

Between November 1988 and October 1996, >10,000 fish from the Breton Shelf, Sable Island Bank
and the northeastern Gulf of Maine were examined for larval anisakines. Larval sealworm,
Pseudoterranova decipiensgcurred in 30 of 39 species surveyed, including 8 new host records,
Enchelyopus cimbriysLycodes reticulatysEumesogrammus praecisusumpenus lumpretae-

formis Lumpenus maculatu€ryptacanthodes maculatusrtediellus atlanticugandTriglops mur-

rayi. The parasite was most prevalent and abundant in mature demersal piscivores and benthic con-
sumers. Sealworm densities (nr'kgpst wt.), however, were greatest in small benthophagous fish
including matureE. cimbrius A. atlanticus T. murrayiand Aspidophoroides monopterygjusnd

juvenile Hippoglossoides platessoidesNOVA revealed that geographical disparities in sealworm
prevalence and abundance were highly significant in 14 of 20 species tested, although significant
disparities between samples from each of the three areas were evident ldnlglatessoides

Almost invariably, infection parameters were greatest in fish from Sable Island Bank. ANOVA also
indicated that sealworm prevalence and/or abundance increased significantly in Sable Island Bank
populations ofGadus morhuaH. platessoidgsand seven other species between 1985-1986 and
1989-1990. Routine examinations, in which host flesh was sliced and candled, proved as effica-
cious as digestion in warm (35° C) pepsin-HCI for detection of larval sealworm in the flesh of large
frozen fish. Procedures employing fresh (iced) samples, digestion at ambient temperature and mi-
croscopy are recommended, however, for surveys of small benthic consumers. Many of the seal-
worm infecting the latter hosts are tiny (2 to 10 mm in length) nematodes, which escape detection
by routine inspection, and may not survive in warm pepsin-HCI solution.

McClelland, G. and Martell, D.J. 2001. Surveys of larval sealwdtsedoterranova decipiens
infection in various fish species sampled from Nova Scotian waters between 1988 and 1996, with
an assessment of examination procediNé8MMCO Sci. Publ3: 57-76.
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INTRODUCTION worm surveys. Hence, in order to obtain accu-
rate worm counts when surveying infections in
s they lack direct economic significance,smaller demersal fish, more refined examina-
Asmall benthophagous fish, which in-tion procedures involving microscopic inspec-
clude the juveniles of commercially tion of host tissue squashes or digested host tis-
important demersal species as well as undesues might be required.
utilised species, are often overlooked as poten-
tial reservoirs ofPseudoterranova decipiens Given that fishes of diverse phylogeny are
larvae. Recent field and laboratory studies havequally susceptible to sealworm infection in the
shown, however, that they may be essential ilaboratory, light infection or absence of infec-
the transmission of sealworm to larger, comtion in natural populations of certain host
mercially exploited fish, if not directly to defin- species is probably attributable to ecological,
itive (seal) hosts (McClelland 1995). In an earbehavioural and physiological (e.g. host re-

lier survey of Sable Island Bank on the cen
Scotian Shelf (McClellaneét al. 1990, larval
sealworm were found in 26 of 32 marine fi
species. While it was most prevalent and ab
dant in large demersal piscivorés,decipiens
often occurred in greatest density (nr/unit h
weight) in small (juvenile and mature) benth
consumers (Fig. 1).

Laboratory experiments (McClelland 1995),
which P. decipiendarvae were transmitted t
fish via benthic copepod and amphipod int
mediaries, revealed that sealworm grew tg
length of 8 mm in crustacean hosts, but lar
as small as 2 mm in length were infective
small fish. One of the conclusions drawn frg
this study was that the primary fish hosts
sealworm are probably small benthic cg
sumers. It was also apparent that sealworm
vae recently transmitted to these hosts would
considerably smaller than those detected

ratponse) barriers to the transmission of the para-
site (McClelland 1995). Surveys of the diets

shand ascaridoid infections of flatfishes inhabit-
uring Sable Island Bank (Martell and McClelland

1994, 1995), for example, indicated that dispar-

psSties in parameters of sealworm infection

icamong sympatric flatfish species was largely
related to the exploitation of different prey.
Juvenile Canadian plaiceHippoglossoides

inplatessoides which were heavily infected with

0 sealworm, fed on benthic suprafauna, i.e. free
erswimming organisms (amphipods, mysids etc.)
) alosely associated with bottoiVinter flounder

ag@Pleuronectes americanyswhich was rarely
tanfected with larval sealworm, consumed more
nmsedentary infauna and attached epifauna.

of

nAs suggested by analyses of their diets, seals
lamay incur P. decipiensinfections primarily
liarough consumption of smaller fish. Larger de-
bwyersal fish, while often heavily infected, are

candling procedures typically employed in se

Fig. 1.

alseldom exploited by greyH@lichoerus grypus
(Benoit and Bowen
1990a, 1990b, Bowen
et al.1993) or harbour
seals Phoca vitulind
(Bowen and Harrison
1996) seals in Atlantic
Canadian waters.
Nevetheless, seals
may accumulate the
majority of their seal-

Microscopic view o
larval sealworm in
fish muscle tissu

The worms in th
photo are about 3-
cm in length.
Photo: T. Jense

worm by consump-
tion of relatively few,

large, heavily infected
fish (McClelland et

al. 1990). Moreover,
in light of anecdotal
reports that heads of

58
Sealworms in the North AtlantiEcology and Population Dynamics



larger prey are often discarded by seals, it igrimarily from February 1989 to October 1990
possible that exploitation of heavily infected(Fig. 2). Fish were caught in sets of 30 t060
mature piscivores is underestimated in surveysin. duration, with a Western IIA otter trawl
which rely on otoliths for identifying and age-towed at 6.5 kmh and stored in the freezer.
ing seal prey. On return to the DFO Halifax Fisheries
Research Laboratory, samples were allowed to
The “seal prey” time series was designed| tthaw for 24 h at room temperature (15 to @P
provide data for a predictive sealworm modeprior to inspection. After total length, weight
proposed at a two-part sealworm workshognd sex were recorded, visceral organs and
held in Halifax Nova Scotia in April 1987 and mesenteries were inspected for larval anisa-
June 1988 (Bowen 1990). Rather than monitokines. Each fish was then boned, and fillets,
ing larval sealworm infections in a single indi-napes (hypaxial musculature enclosing the
cator host, as is the case in the “sealworm|irbody cavity) and flesh which remained on the
dex” time series (McClelland and Martell 200(1,frame were examined for nematodes by slicing
McClellandet al.2000), the parasite was moni-and mechanical destruction of tissues (Power
tored in numerous fish species, at a few speci961). As a rule, nematodes were identified by
fied locations. As a consequence of dwindlingeye and counted, but inspection with a dissect-
groundfish resources and changing researéhg microscope was sometimes necessary in or-
priorities, the project was abandoned beforder to identify smaller worms and specimens
completion. Some of the data collected in thelamaged (e.g. cut into fragments) during bon-
Gulf of St. Lawrence have been reported (Bajilyng and slicing of fleshP. decipienssibling
and Marcogliese 1995, Marcogliese 1995), bugpecies B, recently designated Rasdecipiens
much of it remains unpublished. (sensu strictp (Paggiet al. 2000) is the only
species of sealworm known to occur in the wa-
a-ters surveyed here (Brattey and Davidson

“Seal prey” surveys of fish from the Scoti

(McClelland et al. 1990). The efficiencies of 163) were collected from the Scotian Shelf and
procedures used for detecting sealworm larvasputhwestern Nova Scotia during groundfish
namely candling, dissection and digestion, areampling cruises in June and July 1991. The
also assessed. flesh of individual fish, together with nema-
todes identified and counted following routine
inspection, were placed in a 4 L beaker contain-
ing 2 L of 1% HCI with 5 g of 1:10,000 pepsin
Marine fish samples were collected primarilyL*. After incubation for 2 to 3 h at 35 to 40° C
from Department of Fisheries and Oceanwith continuous stirring, the contents of each
(DFO) research vessels, Alfred E. Needler anbdeaker were strained through a series of sieves
Lady Hammond during cruises dedicated |twanging from 5.0 to 0.3 mm in mesh size. All
surveys of larvaP. decipiensand other paras nematodes recovered, including those severed
sites of marine fish and benthic macrofaunaduring boning and slicing of the flesh, were
Samples for an inventory of larval anisakines indentified and counted as above.

seal prey (the “seal prey” survey) were taken

from the southeastern Breton Shelf, Sabldo determine the frequencies of occurrence of
Island Bank and the northeastern Gulf of Mainsmaller sealworm larvae (2 to10 mm in length)
between November 1988 and August 1993, bum demersal fish, samples of various benthic

MATERIALS AND METHODS
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consumers were collected from the northeérkiCl solution. After incubation at room temper-
and southern slopewaters of Sable Island Bankture (18 to 22C) for 2 to 3 h with continuous
They were stored on ice in portable coolérstirring, the digests were inspected for nema-
while at sea, and refrigerated at 0 to 2° C on|réedes by decanting into finger bowls in 50 to
turn to the Halifax Lab. Within 2 to 5 days of 100 ml aliquots, and examining with a dissect-
capture, the fish were measured, weighed andg microscope at medium to high power. All
gutted. The viscera were inspected for nemaiematodes recovered, viable or necrotic, were
todes under low magnification with a ‘Luxor’ identified (with the aid of a compound micro-
lamp. Bodies of fourbeard rockling scope for smaller worms), counted, rinsed in
(Enchelyopugimbriug, Vahl's eelpoutl(ycodes| 0.9% saline, fixed in hot 5% glycerin in 70%
vahlii), hoolear @rtediellus atlanticus and | ETOH, and cleared in glycerin. Lengths of seal-
mailed sculpin Triglops murrayj), alligatorfish | worm were ascertained by placing cleared nem-
(Aspidophoroides monopteryg)uspiny lump-| atodes on a dissecting scope equipped with a
sucker Eumicrotremus spinosysand juvenile| drawing tube, and tracing their outlines onto a
plaice, collected from October 1991 to Augustomputer graphic tablet with an electronic pen.
1993, were examined by mechanical destrucFhe images were fed directly to a Mackintosh
tion of the flesh under a “Luxor” lamp. BodiesQuadra 700 where they were converted to actu-
of alligatorfish, sampled in August '93, andal nematode length on a precalibrated template
those of rockling, juvenile cod and haddockrom NIH Image (version 1.61).
(Melanogrammus aeglefinysmailed sculpin,
lumpsucker, and juvenile plaice and halibuQuantitative parameters of infection such as
(Hippoglossus hippoglossys sampled from prevalence (P), abundance (A), intensity (I),
May 1994 to October 1996, were placed, indiand density (D) are defined according to
vidually, according to size, in 0.4 to 4.0 LMargolis et al. (1982). Samples were parti-
beakers containing 200 to 2000 ml of pepsin tioned into 10 cm host length strata with num-
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bers and length ranges of strata varying witlshelf and on Sable Island Bank. In this docu-
host species according to length structures @hent, we report on but one of the three species,
samples. Spatial and temporal variations | if. decipiens.

prevalence and abundance were analysed by

two-way (location ¢ length, or survey ¢ length)On Sable Island Bank, prevalence and abun-
ANOVA (SYSTAT) for each host speciesdance of larval sealworm were greatest
(McClelland et al. 1983a). For ANOVA of| (P=100%, A, ranging from 31.08 to 151.31) in
prevalence, individual infected fish were aslarge sea raven, cod and monkfidtoghius
signed the value “1“, and each uninfected fishamericanu}, but heavy infections (P ranging
the value “0” (Li 1964; Neteet al. 1985). To | from 92 to 100%, A=12.54 to 17.56) were also
permit ANOVA of abundance, frequency distri-recorded in mature ocean poddacrozoarces
butions of sealworm counts, which were posiamericanu¥ , longhorn sculpin, and Canadian
tively skewed to varying degrees, were broughplaice (Table 1). Mature sea raven, cusk
closer to normality by a log (n + 1) transforma-{Brosme brosme cod, monkfish and ocean
tion (Platt 1975). pout were the most heavily infected hosts
(P=96% to 100%, A=13.44 to 108.20) in the
northeastern Gulf of Maine. On the Breton
Shelf, where no monkfish, and only two sea
Seal prey survey raven and two ocean pout were collected, the
From November 1988 to August 1993, a total oparasite was most prevalent (P=100%) and
9,523 fish belonging to 39 species were collectabundant (A=20.00) in cod >70 cm in length.
ed from the Breton Shelf, Sable Island BanKkhe infection of greatest intensity (I=721) oc-
and the northeastern Gulf of Maine. Sableurred in a 112 cm cod from the continental
Island Bank samples included 4,847 fish fronslope waters southeast of Sable Island.

32 species, while those from the Breton Shelf

and Gulf of Maine were comprised of 2,122Densities of larval sealworm infection were
fish from 24 species, and 2,554 fish from 23reatest (D >100 worms k¢post round weight)
species respectively. All fish from the Bretonin mature hookear sculpin, mailed sculpin and
Shelf and Gulf of Maine, and the majority ofalligatorfish, as well as juvenile (<20 cm in
those from Sable Island Bank were sampled béength) sea raven, longhorn sculpin and
tween February 1989 and October 1990Canadian plaice from Sable Island Bank (Table
Additional specimens of benthic consumerd). High sealworm densities (D ranging from 30
such as fourbeard rockling, Vahl's eelpoutto 100 kg) also occurred in Sable Island Bank
snakeblennylumpenus lumpretaeformjavry- | samples of juvenile windowpaneSdoph-
mouth Cryptacanthodes maculaflyshookear| thalmus aquosysand mature fourbeard rock-
and mailed sculpin, alligatorfish and spinyling, ocean pout, wrymouth, sea raven, long-
lumpsucker were collected from Sable Islandhorn sculpin, spiny lumpsucker and plaice.
Bank between October 1991 and August 1993Vhen compared with their counterparts on the
Data from Canadian plaice collected during theentral Scotian Shelf, small benthic consumers
latter period are not included in Table 1 or|ifrom the Breton Shelf and Gulf of Maine were
analyses of spatial and temporal variation bexelatively) lightly infected (D=2 to 42 K{.
low. Remarkably, the parasite was not found in
hookear sculpin and alligatorfish from the Gulf
When examined by routine procedures in whiclof Maine.

the musculature was sliced and candled, and the

viscera inspected by eye, larval sealworm andlthough sealworm larvae were confined pri-
whaleworm Anisakis simpléxwere found in| marily (>90%) to the fillets in the majority of
the majority of fish species (30 and 26 of B%ish surveyed, large numbers occupied body
host species respectively) inventoried. Larvaeavities and napes of large piscivores such as
of a third anisakine specieSpntracaecum 0s4 mature monkfish and various mature gadids
culatum were found only in Atlantic cod and and cottids. In large (> 50 cm in length) monk-
white hake (rophycis tenuisfrom the Breton| fish from Sable Island Bank (n=12), 132 (35%)

RESULTS
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41.76
38.36
15.43

4.79

Imax D
12
11

1.60
3.90 51
520 35
4.53

Gulf of Maine
P
55
74

95
100

n
67
96

132
15

D
5 112.05
42 185.58
61 103.15
64.87
15.05
10.20

98 17.56 122
100 12.33

22
46
71

I max

48

Sable Island Bank
P A
22 0.44
72 5.44
95 11.88

15
121

Parameters of P. decipiens infection
n
36
165
186
622

14.43
17.86
8.86
2.80

D

I max
3
33
28
12

0.46
2.14
2.83
2.46

Breton Shelf
A

p
33
67
87
77

n
83
152
379
39

Length
range (cm)
10

11-20
21-30
31-40

41

Host

Tablel. (cont'd)
Hippoglossoides platessoides

Species

7.77
6.63
0.04

1.68
4.50

<N N O
—

0.32

0.91
1.80
0.01

1
11
53

164
123
157

0.22
1.70

18
30

OOD|®O
™

20

20

Pleuronectes ferrugineus

47
65

21-30

31
13-47

14-30
31-51

Pleuronectes americanus

Reinhardtius

11
10

1.71

0.60

hippoglossoides

of 373 sealworm were found in the body cavity,
and 114 (31%), in the napes. Of 1,435 larvae in
Sable Island Bank cod >70 cm in length
(n=24), 318 (22%) occurred in the body cavity,
and 668 (47%), in the napes; 385 (20%) and
532 (27%) of 1,967 larvae respectively occu-
pied the body cavities and napes of 13 Sable
Island Bank sea raven > 41 cm in length. In the
Gulf of Maine, 246 (70%) of 358. decipiens
from 12 cusk >50 cm in length, and 54 (70%)
of 77 from 24 white hake >60 cm in length
were recovered from the napes. High frequen-
cies of sealworm in body cavities and napes
were not unique to larger fish. In a 1990 sample
of mailed sculpin from Sable Island Bank, 17
(11%) of 161 larvae infecting 12 to 15 cm fish
(n=20) occurred in the body cavity, and the
same number in the napes. Sixteen (31%) of 52
nematodes were found on the ovary, or free in
the body cavity of 5.6 to 9.5 cm spiny lump-
sucker (n=84) sampled from Sable Island Bank
in October '91.

ANOVA revealed that geographical disparities
in prevalence and/or abundance of sealworm
were significant P < 0.01) in 14 of 20 host
species sampled in at least two of the three sur-
vey areas (Table 2). Levels of infection in sam-
ples from Sable Island Bank were significantly
greater than those found in Breton Shelf sam-
ples in 10 of 14 species contrasted, and also ex-
ceeded those recorded in samples of 11 of 17
corresponding host species from the Gulf of
Maine. Contrasts of Breton Shelf and Gulf of
Maine samples, however, indicated that among
11 species common to both areas, only grey
sole Glyptocephalus cynoglosguand plaice
differed significantly in regard to parameters of
sealworm infection. Invariably, spatial dispari-
ties in infection levels in four lightly infected
hosts, silver hake Merluccius bilineari$,
wolffish (Anarhichas lupus redfish Sebastes
fasciatu$ and winter flounder, were not signifi-
cant. Plaice was the only host species in which
sealworm prevalence and abundance differed
significantly in each of the three survey areas.

Contrasts of 1986-87 (McClellaret al. 1990)
and 1989-90 samples (herein) indicate that ap-
parent increases in sealworm infection parame-
ters in 8 of 10 host species from Sable Island
Bank were statistically significant (Table 3).
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Table 2 Larval sealwormRseudoterranova decipienmfections in various groundfish species from
Breton Shelf (1), Sable Island Bank (2) and the northeastern Gulf of Maine (3); results of 2-way-A
of sealworm prevalence (P) and abundance (A) with host length and geographic origin.

the
NOVAS

Host Variation in P. decipiens infection parameters*
. Infection With host Areal/length Contrasts of areas
B . .
s level y area length interacton 1&2 1&3 2&3

Lophius americanus P i i i — — —
(areas 2 & 3) A *k% *kk *k%k - - -
Enchelyopus cimbrius P i — — i ns *x

A *kk - - *kk ns *%
Gadus morhua P ns rork * rork ns *

A *% *k%k * *k% ns *k%k
Melanogrammus aeglefinus P i ns ns — — —
(areas 2 & 3) A Fhk ns ns — — —
Merluccius bilinearis P ns ns ns — — —
(areas 2 & 3) A ns ns ns — — —
Urophysis tenuis P i i i ns *x *

A *kk *kk *%k%k ns * *k%
Lycodes vabhlii P * — — — — —
(areas 1 & 2) A ** — — — — —
Macrozoarces americanus P ns rrE ns — — —
(areas 2 & 3) A ns i ns — — —
Anarhichas lupus P ns i ns ns ns ns

A ns rrx ns ns ns ns
Sebastes fasciatus P ns * ns ns ns ns

A ns * ns ns ns ns
Artediellus atlanticus P rork — — Fork ns Fkk

A *kk - - *kk ns *k%k
Hemitripterus americanus P i i i — — —
(areas 2 & 3) A Fhk i * — — —
Myoxocephalus P i i *x — — —
octodecemspinosis (areas 2 & 3) A *hk i ns — — —
Triglops murrayi P i — — i ns rkx

A *kk - - *kk ns *k%
Aspidophoroides monopterygius P i — — i ns rkx

A *% - - *kk ns *k%k
Glyptocephalus cynoglossus P ** i ns * *x ns

A *kk *kk *% *% *k%k ns
Hippoglossoides platessoides P i i i Fhk il rkx

A *kk *kk *%k%k *k%k *k%k *%k%k
Pleuronectes ferrugineus P i — — — — —
(areas 1 & 2) A Fhk — — — — —
Pleuronectes americanus P ns — — ns ns ns

A ns — — ns ns ns
Reinhardtius hippoglossoides P ns — — — — —
(areas 1 & 2) A ns — — — — —

!significance when probability (Pr) < 0.01 (*), <0.001 (**), <0.0001 (***);
not significant (ns)
or not tested (—)
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Table 3. Two-way ANOVA's of prevalence and abundance of laRralecipiensn 1986-87 (McClelland
et al 1990) and 1989-90 samples of groundfish from Sable Island Bank.
Host Contrasts of Parameters of P. decipiens infection
Species Total No. Source of Prevalence Abundance
1986-87 1989-90 variation [PX Trend? [® Trend
Lophius americanus 65 64  Sample .0001* + .0000* +
Length .0000* .0000*
Sample x Length .0000* .0000*
Gadus morhua 318 289 Sample .0293 .0000* +
Length .0000* .0000*
Sample x Length .0128 .0000*
Melanogrammus 356 239 Sample .0000* + .0000* +
aeglefinus Length .0000* .0000*
Sample x Length .0000* .0000*
Urophycis tenuis 230 238 Sample .0988 .0000* +
Length .0000* .0000*
Sample x Length .2235 .0001*
Sebastes fasciatus 264 107 Sample .0131 .0172
Length .0000* .0000*
Sample x Length 5222 .6570
Hemitripterus 103 139 Sample .3183 .0137
americanus Length .0000* .0000*
Sample x Length .3972 4878
Myoxocephalus 174 155 Sample .0048 + .0001* +
octodecemspinosus Length .0000* .0000*
Sample x Length .0000* .0000*
Glyptocephalus 156 142 Sample .0000* + .0000* +
cynoglossus Length .1083 .0572
Sample x Length .5598 .3261
Hippoglossoides 278 1024 Sample 1472 .0003* +
platessoides Length .0000* .0000*
Sample x Length .0000* .0000*
Pleuronectes 216 408 Sample .0000* + .0000* +
ferrugineus Length .0000* .0000*
Sample x Length .0000* .0000*
*contrast significant (*) when probability P < 0.01.
%infection parameter greater in more recent sample (+).

Both prevalence and abundance of the pardsikdficacy of examination procedures

had increased in monkfish, haddock, longhoriRoutine examinations (slicing and candling) for
sculpin, grey sole and yellowtail flounderP. decipiengn the flesh of groundfish proved
(Pleuronectes ferrugineys while abundance very efficient when tested against digestion pro-
alone had increased in cod, white hake ancedures (Table 4). Atotal of 24 worms were re-
plaice. covered from cod 30 cm in length by routine
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Table 4. Prevalence (P), abundance (A), maximum intensity)(&nd density (D) (no. kg-1 host round

weight) ofPseudoterranova decipietevae found in frozen samples of Scotian Shelf and Gulf of Mal
groundfish by routine examination employing slicing and candling of host flesh, and following digeg

flesh in pepsin-HCI solution at 35° C; groundfish samples were collected in June and July 1991.

ne
tion of

Host Examination Parameters of P. decipiens infection
Species Lengthrange n Procedure P A Imax D
(cm)
Gadus morhua 20-30 29 Routine 31 0.83 5 6.17
Digestion 34 0.83 5 6.17
31-50 27 Routine 78 6.63 23 13.32
Digestion 81 6.96 23 13.99
51-68 34 Routine 58 1.97 21 1.40
Digestion 56 2.24 24 1.58
Hemitripterus 22-40 23 Routine 100 26.13 97 43.93
americanus Digestion 100 21.07 78 34.54
Myoxocephalus 24-28 30 Routine 30 0.53 3 3.22
octodecemspinosus Digestion 30 0.30 1 1.81
Hippoglossoides 13-20 30 Routine 37 0.40 2 11.19
platessoides Digestion 37 0.40 2 11.19
21-30 30 Routine 70 2.03 12 19.97
Digestion 70 2.00 12 19.66
31-40 83 Routine 84 BB 45 16.46
Digestion 90 5.3 40 15.82
41-53 20 Routine 85 3.15 11 4.14
Digestion 85 3.02 6 4.01

inspection and by subsequent Pepsin-HCI dtodes severed during boning and slicing of the
gestion. Prevalence increased when digestidtesh did not survive digestion, and the extrem-
yielded a additional single worm infection notities of many intact nematodes had also deterio-
detected mechanically. Nine (4%) of a total jofated. In plaice =241 cm in length, sealworm

188 larvae in 31 to 50 cm cod, and 9 (10%) oprevalence remained the same following diges-
89 larvae in 51 to 68 cm cod, escaped detectidion of the flesh, but there was a net loss of two
by slicing and candling, and there were marginworms; 62 larvae were found by mechanical in-
al increases in sealworm prevalence in bopthpection, and although digestion revealed a to-

length categories following digestion.

were found by routine inspection, and there was
a net loss of a one nematode following digesEvidently, many encapsulated, necrotic seal-
tion. While digestion procedures revealed jnworm in the flesh of sculpins were lost when in-
fection in one additional fish in the 31-40 cmcubated in pepsin-HCI at 35°C. Only 9 (56%)
length range, the total number of nematodesf 15, and 439 (72%) of 61R. decipiensde-

found (and hence, abundance) declined frorrected by mechanical inspection of the flesh of
458 following routine inspection to 440 afterlonghorn sculpin and sea raven, respectively,
the flesh was digested and sieved. Some nemaere recovered after digestion.

tal of four previously undetected worms from
three fish, six nematodes from two other fish
In plaice_<30 cm in length, a total of 73 worms were lost.

Sealworms in the North AtlantiEcology and Population Dynamics



Digestion of small benthophagous hosts and 26 mm in length, were recovered from di-
Digestion of host bodies at ambient temperagests of four juvenile haddock, 14-16 cm in
ture, followed by decanting and microscopidength.

examination of the sediment proved far more

efficacious for detecting sealworm in the flesfDISCUSSION

of small benthic consumers than routine dissec-

tions conducted with the naked eye or undefhe present survey confirms earlier observa-
low magnification with a “Luxor” lamp. Infecq tions (McClellandet al 1990) that, in Atlantic
tion parameters revealed by dissection of fresBanadian waters, larval sealworm is most
iced specimens (Table 5) were not dissimilar tprevalent and abundant in mature demersal pis-
those obtained through routine examination|ofivores (monkfishAtlantic cod cusk and sea
frozen samples (Table 1). Aside from threegaven), and, to a lesser extent, in mature benthic
(14%) of 21 larvae from alligatorfish, and oneconsumers (ocean pout, longhorn sculpin and
(0.5%) of 196 larvae from mailed sculpin, allCanadian plaice). The survey further reveals,
sealworm detected by dissection of small dehowever, that sealworm densities are greatest,
mersal fish exceeded 10 mm in length, th@ot only in the juveniles of sea rayéonghorn
smallest larvae being an 8.96 mm specimesculpin and plaice, but also in small, non-com-
from alligatorfish. mercial benthophagous species, such as
fourbeard rockling, Atlantic hookear and
When digestion procedures were employed, omailed sculpin, alligatorfish and spiny lump-
the other hand, 36 (24%) of 159 sealwornsucker. Rockling, hookear sculpin and mailed
found in rockling, 34 (46%) of 73 in mailed sculpin are new host records for sealworm, and
sculpin, 72 (84%) of 86 in alligatorfish wernethe parasite is also reported, for the first time,
<10.00 mm in length. In yearling plaicel(ss0 | from arctic eelpout Lycodes reticulatys

cm in length) and 0-group halibut, 31% (86 |offourline snakeblennyHumesogrammus prae-
277) and 55% (6 of 11) of the larvae, respeceisug, snakeblenny, daubed shanhyrfipenus
tively, were_<40.00 mm long. Rockling yielded maculatu3 and wrymouth (see McDonald and
the smallest larva, a 2.14 mm specimen, buargolis 1995 for most recent list).

sealworm as small as 3.01-3.27 mm in length

were also detected in mailed sculpin, alligatorAnalyses of spatial disparities in sealworm
fish and juvenile plaice. As apparent from sumprevalence and abundance in the present study
maries of sealworm infection parameters (Tableevealed that infection parameters in samples
5), digestion of rockling, mailed sculpin, alliga-from Sable Island Bank were significantly
torfish, and plaice_($5.0 cm long) yielded far greater than those found in Breton Shelf sam-

greater numbers of nematodes than dissec
Abundances of the parasite in digested sam
were greater than those found in dissected s
ples by a factor of 16 in rockling, three

mailed sculpin, 19 in alligatorfish, and five i
plaice; densities in digested samples excee
those found in dissected samples by 4- to

fold.

Only three (5% of 62) sealworm from juveni
cod, and 8 (4% of 196) from plaice >15 cm
length were <10 mm in length. Infection par
meters in digested plaice 18-26 cm in length
not differ significantly from those found in dig
sected plaice or previously frozen plaice (Ta
1) of similar size. Digestion of 32 lumpsucke
yielded only 11 worms, all of which exceedg
25 mm in length, while three sealworm, 9,

ioples for 10 of 14 species contrasted, and also
plesceeded those recorded in samples of 11 of 17
armerresponding host species from the Gulf of
nMaine. These results are consistent with the
nfindings of earlier multispecies, and “sealworm
déadex” surveys (McClelland and Martell 2001,
1McClellandet al. 1990, 2000), and clearly re-
flect the impact of the large Sable Island grey
seal colony orP. decipiendnfections in local
egroundfish populations. Grey seals probably
inhave a marked influence on infections in
a-groundfish from the Breton Shelf and north-
digastern Gulf of Maine groundfish as well, al-
- though harbour seals may play a significant role
plas definitive hosts in the latter region
rs(McClelland et al. 2000). Along the southern
>dNorwegian inshore, where grey seals are out-
lehumbered or absent, heavy sealworm infections
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in groundfish are attributed to harbour sealsontinued growth of the grey seal population.
(Aspholmet al. 1995, des Clers and AndersonAlthough this fact was not brought out in the
1995). In the past, this was also true for inshorpresent document, falling infection levels were
areas of the southern Gulf of St. Lawrence, andetected in small benthic consumers collected
the south shore of Nova Scotia (Scott anffom 1991 to 1993 even though they were sub-
Martin 1959). jected to more rigorous examinations. Heavy
sealworm infections could prove lethal to fish
There were great disparities in larval sealwornof this size, either directly, through damage to
infection parameters in small benthic conwvital organs and tissues, or indirectly, by im-
sumers from our three survey areas (Table| 1pairing the host's ability to forage and avoid
Hence, it would seem that these species migptedators (McClelland 1995). Possibly, the
prove useful, like Canadian plaice (McClellandmost heavily infected benthic consumers have
and Martell 2001, McClellandt al 2000), as| become increasingly vulnerable to predation
indicator hosts for monitoring geographical angressure as predator (seal) populations continue
temporal distributions of the parasite. Howevero grow, and groundfish stocks decline (Mohn
while surveys of these smaller fish may providend Bowen 1996). In support of this hypothesis,
a more accurate picture of local distributions|othe tails of worm count distributions in plaice
larval sealworm at specific sites, e.g. Sablérom Sable Island bank have become increas-
Island Bank, they would be difficult to conductingly truncated in more recent “index” surveys
on a larger scale. As evident from researcfMcClelland and Martell 2001).

cruises employing trawls equipped with liners,
these hosts are neither as widely distributed ndts evident from the results of earlier surveys
as abundant as plaice, and, because of thé¥oung 1972, Platt 1975, Wootten and Waddell
small size, they are not caught with commercial977, McClellandet al. 1990), accurate esti-
gear. Further, a significant proportion of larvalmates of sealworm levels in large piscivores,
sealworm found in these smaller hosts are < liicluding mature monkfish, gadids and scul-
mm in length (below), and can be detected onlgins, can only be obtained by examining napes
through time consuming digestion or tisspyeand body cavities, as well as fillets. The present
squash procedures and microscopy. Plaice efudy shows that nematodes occupying the
the size (31 to 40 cm TL) monitored in our “in-body cavity and napes may represent a signifi-
dex” surveys (McClelland and Martell 2001, cant proportion, if not the majority of sealworm
McClelland et al. 2000) are seldom infected in large demersal piscivores, and also in tiny
with smaller larvae, and can be examined effit<10 cm in length) benthic consumers such as
ciently by slicing and candling of the flesh.mailed sculpin and lumpsucker. Power (1961)
Notably, of 11 host species which were comédemonstrated that candling procedures, routine-
mon to the three areas surveyed here, plaidg conducted at fish plants for detection and re-
was the only the only species having significantnoval of larval sealworm from cod fillets, were
disparities in sealworm prevalence and abumot very effective. Using “destructive” exami-
dance in each area. nations in which fillets were cut into thin slices
prior to candling, he found that the majority of
Given the growth of the Sable Island grey seadealworm in the fillets of larger cod escaped de-
population over the course of the decgdéection on the production line. An assessment of
(Zwanenberg and Bowen 1990), it was not suPower’s slicing and candling technique (herein)
prising that parameters of sealworm infection imeveals that this approach, used in our present
our 1989-1990 samples of groundfish fromand earlier surveys (McClellanet al. 1990,
Sable Island Bank were significantly greate2000, McClelland and Martell 2001), may be as
than those recorded during an earlier survegfficacious as more laborious and time consum-
(McClellandet al 1990). As shown in our more ing digestion procedures. Indeed, some mori-
recent “sealworm index” surveys (McClellandbund nematodes from frozen samples, especial-
and Martell 2001), however, sealworm abunly those damaged during boning or filleting,
dance in 31-40 cm plaice from Sable Islandnay be destroyed when incubated in warm
Bank has been declining since 1990, despiteltlpepsin-HCI solution. Unfortunately, since de-
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Fig. 3
Length frequency
distributions of
larval sealworm,
Pseudoterranova
decipiensrecov-
ered from
fourbeard rockling
(Enchelyopus cim
brius),
mailed sculpin
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structive examination of both fillets and napestemporal and spatial comparisons with the re-
along with inspection the visceral organs andults of other investigators (McClellared al.
body have not been universally employed|irt990).

sealworm surveys, it is often difficult to make
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One final factor that must be considered whetarvae, naturally found in benthic crustaceans,
assessing the accuracy of survey results is|tlaad to those successfully transmitted to fish in
possibility that some sealworm larvae may simthe laboratory (McClelland 1995). This would
ply be too small to detect in the white flesh olseem to indicate that these hosts acqrlirge-
groundfish with the unaided eye. Larval sealeipienslarvae by feeding on invertebrate hosts
worm as small as 2 mm in length are infectiveluring a particular season or seasons, rather
to fish hosts in laboratory transmissionghan continuously throughout the year. Notably,
(McClelland 1995), and 4 to 5 mm sealwormMysis mixta which are naturally infected with
have been found in juvenile Icelandic codarval sealworm on Sable Island Bank (Martell
through microscopic examinations of tissueand McClelland 1995), are consumed by juve-
squashes (Péalsson MS 1979). However, thale plaice most frequently during winter
smallest larvae typically reported from surveygMartell and McClelland 1994). As a probable
employing candling of sliced or whole fillets consequence of exploitation lgf mixtain win-
have been 14 to 15 mm in length (Scott anter, there is a strong pulse of 2-10 mm sealworm
Martin 1957, Templemant al. 1957). Present larvae in spring samples of juvenile plaice from
results reveal that failure to detect smaller neSable Island Bank (McClelland 2000).

matodes is cause for concern, but perhaps, only

when it pertains to data from small ben-While not prominent in seal diets (Benoit and
thophagous hosts. Whereas the smallest nemBewen 199@, 199, Bowen and Harrison
todes detected by slicing the flesh of small bert996, Bowenret al 1993) small, seemingly in-
thic consumers were about 9 mm long, larvae aonsequential benthic consumers such as rock-
small as 2 mm in length were recovered by |diing, hookear and mailed sculpin, alligatorfish
gestion of host bodies at ambient temperatur@nd juvenile plaice are frequently consumed by
and microscopic examination of the sedimentarger, economically important species such as
Twenty-four to 84 % of the larvae yielded bycod (Scott and Scott 1988). Hence, they may be
digestion of fourbeard rockling, mailed sculpin,the source of heavy sealworm infections in
alligatorfish, and 9 to 15 cm juvenile plaicecommercially exploited fish, and play a signifi-
were <10 mm in length. Sealworm of this sizecant, albeit indirect role in the transmission of
also occurred in juveniles of cod and other comP. decipiensto seals. Aspholnet al. (1995)
mercially exploited species including haddockspeculate that bullrouM. scorpiu$ (shorthorn
(Melanogrammus aeglefinygplaice >15 cm in| sculpin in the northwest Atlantic) performs a
length, and halibutHippoglossus hippoglos: similar function in Norwegian inshore waters.
su9, but were not nearly as numerous in thesk some instances, sealworm may be transmit-
latter hosts. Only 4% to 5% of the larvae franted directly to seals by invertebrate hosts.
20 to 29 cm cod and 15 to 26 cm plaice werkarvae >5 mm in length appeared to be capable
<10 mm in length. The especially low wormof maturing in arin vitro system (McClelland
yields from dissections of alligatorfish (Table 5)and Ronald 1974P. decipiend.4s as small as
are attributable mainly to the anatomy of the3 mm in length have been found in stomachs of
species. Alligatorfish are thin elongate fish withnewly weaned harbour (Boulva and McLaren
thick skin and relatively little flesh, and often1979) and grey seal pups (unpublished data)
weigh only a gram or two. Sealworm larvaefeeding on invertebrates.

which average ca. 7 mm in length in alligator-

fish, were probably destroyed by the knife dUrACKNOWLEDGMENTS

ing dissection.
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length range, i.e. similar in size R decipiens| Herbing (University of Maine) and Mark
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June 1992 and August 1993 cruises, conductédsheries Centre, Moncton, N.B.) who assisted
pepsin-HCI digestions, and measured neman revisions to tables and graphics.

todes. We would finally like to thank Andre
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