Review of experimental and natural invertebrate
hosts of sealworm (Pseudoterranova decipiens)
and its distribution and abundance in macroin-
vertebrates in eastern Canada

David J. Marcogliese

Environment Canada, St. Lawrence Centre, 105 McGill Street, 7th Floor, Montreal, Quebec,
Canada H2Y 2E7

ABSTRACT

Experimental and natural invertebrate intermediate hosts of sealWeaudoterranova decipiens

as well as transmission experiments of sealworm from invertebrates to fish are reviewed and sum-
marized. Experimental hosts include copepods, mysids, cumaceans, isopods, amphipods, decapods,
annelids, and molluscs. Invertebrates collected from eastern Canada between 1989 and 1995 were
checked for nematode infections by microscopic examination of dissected animals or enzymatic di-
gestion of bulk samples. Third-stage larval sealworm were found in mxedenfysis americana

Mysis stenolepjsfrom Passamaquoddy Bay, the Bras d’Or Lakes, inshore Cape Breton, Sable
Island and Sable Island Bank. Infected amphipdasphiporeia virginiana, Americorchestia me-
galophthalma, Gammaruspp.) were found only on Sable Island. Typical infection rates in ma-
croinvertebrates were 1-4/1000. No sealworm infections were found in approximately 18,000 am-
phipods examined from Sable Island Bank, the site of the most heavily infected fishes in eastern
Canada. In Wallace Lake, a brackish pond on Sable Island, infection rates were much higher in my-
sids than in amphipods. Estimates of rates of transmission of sealworm from invertebrates to fish
were derived from infection levels in Wallace Lake and feeding experiments involving sticklebacks
and invertebrate prey. It is concluded that mysids may be much more important than amphipods in
transmitting sealworm to fish hosts.

Marcogliese, D. J. 2001. Review of experimental and natural invertebrate hosts of sealworm
(Pseudoterranova decipienand its distribution and abundance in macroinvertebrates in eastern
CanadaNAMMCO Sci. Publ3:27-37.

INTRODUCTION

re parasitic nematodes (Anisakidae)nvertebrates, which transmit the larvae to fish
hose adults infect stomachs of sealswhen ingested (McClellandt al 1983). Seals
Eggs are passed with the feces and sink to tipically acquire the parasite by ingesting in-
bottom at a rate of 1.01 x 1@n/s (McConnell| fected fish.
et al. 1997), where free-living larvae hatch.
There is debate over how many moults occur ifihree sibling species designatédeudoterra-
the egg, and whether andr an L stage larva nova decipien#, B and C have been found in
hatches (Koieet al 1995, Measures and Hongthe North Atlantic, with types B and C occur-
1995). Development and hatching are temperaing in Canadian waters (Pagegt al 1991).
ture, but not salinity, dependent (Brattey 1990Type B @. decipiensensu stricto after Pagefi

&alworms Pseudoterranova decipiens Measures 1996). These larvae are infective to
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al. 2000) is found primarily in grey sea
(Halichoerus grypug but also in harbour sea
(Phoca vitulind in the western North Atlantic

sted considerable growth, but little morphologi-
scal change and no moult was detected

, (McClelland 1982).

and type C is found only in bearded seals

(Erignathus barbatys (Paggi et al 1991).

A variety of macroinvertebrates have been in-

Bristow and Berland (1992) suggested that thiected experimentally with sealworm. These in-
data on sealworm distribution and abundancelude five species of decapods, three species of

from the Gulf of St. Lawrence must be inte

preted carefully because all three seal speciesidibranch, mysid,

are found there. However, this is incorrect
the bearded seal occurs rarely in the Gulf, be
confined to colder waters off Labrador and

r-amphipods, and single species of polychaete,
cumacean, and isopod
agTable 1) (Jareckeet al 1988, McClelland
ingP90, Burt 1994). Among these hosts, the
tacumaceans, isopods and decapods displayed a

the north. All sealworms recovered from sealfaemocytic response which destroyed the para-

and fish off Nova Scotia, Newfoundland, andsite (McClelland 1990).

the Gulf of St. Lawrence arB. decipiensB

The amphipods
Gammarus oceanicusGammarus lawrencia-

(Paggiet al 1991, Brattey and Davidson 1996,nus and Unciola irrorata and crab zoea could

Brattey and Stenson 1993). Thus, surveys of

ilbe infected upon direct exposure to newly-

vertebrates, fish and seals in the regions of ¢alsatched larvae (Jareckaal 1988, McClelland

tern Canada discussed herein are dealing

only one species of sealworm. In European waenthic

wit990). However, serial transmissions involving

copepods Halectinosoma Tisbe

ters, the situation is more complex, with consiAmeiraandParacyclopinaspp.) as initial hosts
derable geographic overlap of sibling species fgroved much more efficacious (McClelland

and B (Pagget al 1991).

A variety of microcrustaceans and macroinverpods,

1990). All other macroinvertebrates only be-
came infected upon exposure to infected cope-
but not to newly-hatched larvae

tebrates have been infected experimentally wittMcClelland 1990). McClelland (1990) used

the sealworm (McClelland 1982, McClellan
1990). Nonetheless, until recently, records
natural infections of sealworm in invertebrat

dadult gravid female seabrms from grey seals
o&s a source of infective larvae in his experi-

esnents, whereas Jareclet al (1988) used

were sporadic and important questions pertairworms from both grey and harbour seals with
ing to sealworm transmission remained unanvarying success. Burt (1994) infect8docean-
swered. Herein, experimental and natural infedeus with hatched larvae produced by worms

tions of sealworm in invertebrates are review
and integrated together with new developme
in understanding the sealworm life cycle.

EXPERIMENTAL RECORDS

McClelland (1982) successfully infected 1
species of harpacticoid copepods and one
clopoid with larvae hatched from eggs obtain
from gravid female sealworms recovered frg
harbour and grey seals (Table 1). The sucg
rate of experimental infections varied fro
58% to 100% in prevalence and 1.25 to 18.1(
mean intensity among the species and stg
tested. Mature females developed the heav
infections. Calanoid copepodsurytemorasp.
and Pseudocalanusp.) did not become infeg
ted, though one unpublished record of an inf
ted calanoid exists (see Burt in McClella
1995). Larvae in infected copepods demons

effom grey seals, but was unable to obtain infec-
ntsons with those from harbour seals.

Sealworms did not survive beyond 21 days af-
ter free-living larvae were intraperitoneally in-
jected or administered orally into rainbow trout

| 2(Oncorhynchus mykiséSmithet al. 1990), im-

cyplying that invertebrate intermediate hosts are a
edequirement for completion of the sealworm
niife cycle. In a further set of experiments,
ebcClelland (1995) demonstrated that only

mworms larger than 1.41 mm in length, and usu-
) ially larger than 2.00 mm, were infective to fish.
108s sealworms cannot attain this size in microin-

iegertebrate hosts such as copepods, these results
imply that macroinvertebrates are an essential
- component of transmission. However, efficien-

ey of transmission improves when a microcrus-
ndlacean host is incorporated into the life cycle
trgMcClelland 1995).
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Table 1 List of invertebrates experimentally infected with the sealwése(doterranova deci
pieng. Direct transmission refers to exposing the invertebrate to the free-living infective lafvae.
Serial transmission refers to exposing the invertebrate to an infected precursor invertebrate host,
such as a copepod.
Species Mode of transmission Reference
Crustacea
Copepoda (Harpacticoida)
Halectinosoma spp. direct McClelland (1982)
Danielsennia typica direct McClelland (1982)
Tisbe furcata direct McClelland (1982)
Tisbe spp. direct McClelland (1982)
Alteutha sp. direct McClelland (1982)
Diosaccidae g. sp. direct McClelland (1982)
Ameira longipes direct McClelland (1982)
Enhydrosoma carticauda direct McClelland (1982)
Phyllothallestris sp. direct McClelland (1982)
Tachidius brevicornis direct Jarecka et al. (1988)
Macrostella sp. direct Jarecka et al. (1988)
Parathalestris sp. direct Jarecka et al. (1988)
Copepoda (Cyclopoida)
Paracyclopina sp. direct McClelland (1982)
Copepoda (Calanoida)
Tortanus discaudata direct Burt (in McClelland 1995)
Mysidacea
Mysis stenolepis serial McClelland (1990)
Cumacea
Diastylis polita serial McClelland (1990)
Isopoda
Edotea triloba serial McClelland (1990)
Amphipoda
Gammarus lawrencianus direct Jarecka et al. (1988)
Gammarus oceanicus direct, serial McClelland (1990)
Unciola irrorata direct, serial McClelland (1990)
Decapoda
Crangon septemspinosa serial McClelland (1990)
Palaemontes vulgaris serial McClelland (1990)
Hyas coarctatus zoea direct Jarecka et al. (1988); Burt (1994)
Hyas araneus zoea direct Jarecka et al. (1988); Burt (1994)
Cancer borrealis zoea direct Jarecka et al. (1988); Burt (1994)
Annelida (Polychaeta)
Phyllodoce sp. serial McClelland (1990)
Mollusca (Nudibranchia)
Coryphilla sp. serial McClelland (1990)
NATURAL INFECTIONS 1993a, 1993b, 1996a, Marcogliese and Burt

1993, Jacksomet al 1997), and gammarid and
Naturally infected invertebrates have beemraprellid amphipods, prawns, mysids, and poly-
found in both Canadian and European watershaetes in Europe (Uspenskaya 1960, Val'ter
(Fig. 1). These include mysids and gammariénd Popova 1974, Valter 1978, 1987, Lick
amphipods in eastern Canada (Scott and Blad®91) (Table 2). In addition, infected isopods
1960, McClelland 1990, Marcogliese 1992aand mysids have been found in the stomach
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Fig. 1.
A variety of

methods aref
used to sample

invertebrates
for parasite
analysis, in-
cluding dip
nets, traps and
benthic sleds.
Photo:

D. Marcogliese .
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contents of Atlantic cod@adus morhupin | are available from the Pacific Ocean or the
Norway and American plaicéd{ppoglossoides southern hemisphere.

platessoidesfrom Sable Island Bank respec-

tively (Bjorge 1979, Martell and McClelland Normally, determination of infection in inverte-
1995). However, until recently, little quantita- brates requires dissection and microscopic
tive data on infections were available. No recexamination of individuals (Fig. 2), a very
ords of invertebrates infected with sealwormime-consuming and laborious process, perhaps

i
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explaining the paucity of data. Using a modifi-animal) can be determined correctly, but not ne-
ed Baermann apparatus (Marcogliese 1992agessarily prevalence (percentage of animals in-
1993a, 1993b, 1996a, Marcogliese and Buffected). However, abundances are usually so
1993, Jacksont al 1997), large numbers of in- low in invertebrate intermediate hosts that mul-
vertebrates can be processed fresh to obtain|litiple infections are extremely rare (though a
nematodes, a technique permitting proper fixasingle mysid containing two sealworms was

tion of parasites for morphometric study. Thdound by microscopic examination from

drawback of this system is that only total numWallace Lake, Sable Island, in 1994). Rates of
ber of worms in the sample may be determinedhnfection in the natural environment tend to be
but multiple infections per host can not. Thusin the order of 0.2-7.5 sealworms per 1000 in-
mean abundance (mean number of parasites partebrates (Table 3). Generally, when quantita-

Table 2 List of invertebrates found naturally infected with sealwdPseidoterranova decipi-
ens.
Species Location Reference
Crustacea
Mysidacea
Mysis mixta Bras d’Or Lakes, N.S. Scott and Black (1960)
Sable Island Bank, N.S.2 Martell and McClelland
(1995)
Mysis stenolepis Bras d’Or Lakes, N.S. Scott and Black (1960)
Brandy Cove, Marcogliese and Burt (1993)
Passamaquoddy Bay, N.B.
Neomysis integer Elbe estuary Lick (1991)
Neomysis americana Wallace Lake, Marcogliese (1992a, 1993a,
Sable Island, N.S. 1996a)
Sable Island Bank, N.S. Marcogliese (1996a)
Mysis stenolepis +/or Bras d”Or Lakes, N.S. Jackson et al. (1997)
Neomysis americana St. Ann’s Bay,
Cape Breton Island, N.S. Jackson et al. (1997)
Isopoda
Idothea neglectar Norway Bjorge (1979)
Amphipoda (Gammaridea)
Marinogammarus obtusatus | White Sea Val'ter (1987)
Gammarus lawrencianus Northwest Arm, N.S. McClelland (1990)
Unciola irrorata Northwest Arm, N.S. McClelland (1990)
Americochestia North beach, Sable Island, N.S. | Marcogliese (1993a)
megalophthalma
Amphiporeia virginiana South beach, Sable Island, N.S. | Marcogliese (1993b)
Gammarus spp.' Wallace Lake, Sable Island, N.S.| Marcogliese (1996a)
Amphipoda (Caprellidea)
Caprella septentrionalis White Sea Val'ter (1978)
Decapoda
Sclerocrangon boreas Barents Sea Uspenskaya (1960, 1963)
Annelida (Polychaeta)
Lepidonotus squamatus White Sea Val'ter and Popova (1974)
* Amphipods were reported &ammarus oceanicus Marcogliese (1992) an@. oceanicusndGammarus setosuis
Marcogliese (1993a). However, there since has been some disagreement between experts who have examined the speci-
mens ofG. setosus one claiming it i$5. setosuand anothelG. lawrencianus For that reason they were reported ag
Gammarusspp. in Marcogliese (1996a), and that nomenclature is retained herein.
2These infected host specimens were collected from the stomach contents of fish.
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Fig. 2. Larval sealworms_(Pseudotanova
decipieny in an amphipod (L) and a mysid (R).
Photo: D. Marcogliese

tive data are available, they suggest that mysid®rtebrates in the Northwest Arm is puzzling
are more important than amphipods as intermé&ecause there is no seal population in that vicin-
diate hosts of sealworm in eastern Canadiy. In contrast, infected mysids were found in
Naturally infected amphipods were found onlyor on Sable Island, Sable Island Bank,
on Sable Island (Marcogliese 1993a, 1993tRPassamaquoddy Bay, St. Ann’s Bay and the
1996a), the home of the largest breeding colorgras d’'Or Lakes (Fig. 3). When amphipods and
of grey seals in the Northwest Atlantic, and |irmysids were collected from the same site, mean
the Northwest Arm, near Halifax, Nova Scotiaabundance in mysids was higher than in amphi-
(McClelland 1990). The finding of infected in- pods (Marcogliese 1992a, 1993a, 1996a).

Table 3. Mean abundance of sealworRsgudoterranova decipienseported in quantitative
surveys of invertebrates (expressed as number of sealworms per 1000 invertebrates).

Neomysis americana
Neomysis americana
Neomysis americana

Wallace Lake (1990)
Middle Wallace Lake (1995)
Wallace Lake (1991)

Host Location Abundance Reference

Mysis spp. Bras d’Or Lakes (1958) 0.6 Scott and Black (1960)

Lepidonotus squamatus White Sea (1962-67) 1.0 Val'ter and Popova
(1974)

Marinogammarus White Sea (1984) 7.5 Val'ter (1987)

obtusatus

Gammarus lawrencianus | Northwest Arm McClelland (1990)

Unciola irrorata Northwest Arm McClelland (1990)

Marcogliese (1992a)
Marcogliese (1992a)
Marcogliese (1993a)
)
)

Neomysis americana Wallace Lake (1994) 4.0 Marcogliese (1996a

Neomysis americana Sable Island Bank (1995) 2.3 Marcogliese (1996a

Mysis stenolepis Brandy Cove (1991) 2.0 Marcogliese and Burt
(1993)

Mysis stenolepis +

Neomysis americana Bras d’Or Lakes (1993) 0.2 Jackson et al. (1997)

Mysis stenolepis +

Neomysis americana St. Ann’s Bay (1993) 0.5 Jackson et al. (1997)

Americochestia North beach, Sable Is. (1990) 4.6 Marcogliese (1993a)

megalophthalma

Americochestia North beach, Sable Is. (1991) 1.3 Marcogliese (1993a)

megalophthalma

Amphiporeia virginiana South beach, Sable Is. (1991) 25 Marcogliese (1993b)

Amphiporeia virginiana South beach, Sable Is. (1992) 1.0 Marcogliese (1993b)

Gammarus spp. Wallace Lake (1992) 0.5 Marcogliese (1996a)

Gammarus spp. Wallace Lake (1994) 0.3 Marcogliese (1996a)
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NEGATIVE RECORDS _ _ .

ing 1,047 specimens dfarinogammarus obtu-
Though polychaetes have been implicated isatusand 1,664 ofCaprella linearis though
the sealworm life cycle, no sealworm wereone infected mysid Mysis stenolep)s was
found from 4,819 polychaetes collected fronfound (Marcogliese and Burt 1993,
Sable Island Bank in 1989-90 (MarcoglieseMarcogliese 1996b). The two latter amphipods
1996b). Nor were sealworms found in 17,80Qvere collected either directly on or near harbour
amphipods belonging to 36 species from Sablgeal haul-out sites. In addition, no sealworm
Island Bank and vicinity, including 3,874 speci-were found in 1,36@ammarus lawrencianus
mens ofUnciola irrorata; 1,254 mud shrimpg and Gammarus oceanicusollected in Metis
(Crangon septemspingsa780 hermit crabs Bay, in the St. Lawrence estuary (Jacksbal
(Pagurusspp.); 1,147 cumaceans; 735 isopodst997). No sealworm were found from over 800
or 170 megalops of Cancer irrorata| crab zoea and 294 isopodisldtea balthica
(Marcogliese 1993a, 1996b, Jacksenh al | collected in the Bras d'Or Lakes, where infec-
1997). Most of these specimens were collecteig@d mysids also were found (Jacksen al
from areas close to Sable Island, the waters997). In addition, 405 specimenslobalthica
around which contain the highest levels of jnfrom Prince Edward Island, an area of high
fection in fish in eastern Canada (McClellatd sealworm abundance in fish, were not infected
al. 1985, 1987). Infected mysiddNéomysis| (Jacksoret al 1997).
americand, however, were collected from the
same locality (Marcogliese 1996a). Nor weréMlany of the organisms mentioned in the pre-
sealworms found in 3,500 amphipods franceding paragraph or closely related species
Passamaquoddy Bay, New Brunswick, includhave previously been recorded as natural or ex-
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perimental hosts for sealworm (Val'ter 197
1987, Bjorge 1979, McClelland 1990) (S
Tables 1 and 2). Among amphipod, obtusa-
tus and a caprellidCaprella septentrionalis
were infected in the White Sea (Val'ter, 197
1987), ands. lawrencianusandU. irrorata, in
the Northwest Arm, Nova Scotia (McClellan
1990). The isopoddotea neglectavas found
among fish stomach contents (Bjorge 197
Successful laboratory infections includa.
lawrencianus G. oceanicus U. irrorata, C.
septemspinosand crab zoea (Jarecls al
1988, McClelland 1990, Burt 1994). Yet, neg
tive results may be biased due to limited sam
sizes and other confounding factors. Howey
when comparative quantitative data are av
able, as from various sites in eastern Cang
mysids typically are infected with sealwor
while other potential hosts often are not,
only exception being samples directly on Sal
Island. These results further imply that mys
are more important than other organisms
sealworm transmission.

TRANSMISSION TO FISH

On Sable Island Bank, a comparative quant
tive survey of three sympatric pleuronecti
with varying degrees of sealworm abundarn
demonstrated a strong association of sealw
infection with the amount of suprabenthic pr¢
and to a lesser extent epibenthic prey, in the
(Martell and McClelland 1995). America
plaice had the heaviest infections, followed
yellowtail flounder Pleuronectes ferrugineys
and lastly, winter floundeiP{euronectes ameri
canug. American plaice principally consum
cumaceans, amphipods, mysids, and pagu
yellowtail flounder primarily polychaetes, cu
maceans, amphipods, and tunicates; and wi
flounder mainly polychaetes, crustaceans,

tunicates (Martell and McClelland 1994).

Length of sealworms from naturally infecte
macroinvertebrates varies from 1.1 to 9.0 n
(McClelland 1990, Marcogliese 1992a, 1991
1993b, Marcogliese and Burt 1993, Jacks
1995, Martell and McClelland 1995
McClelland (1995) demonstrated that a mi
mal size of sealworm larvae must be attaine
the invertebrate host to allow successful tra
mission to fish. However, in his experimen

8larger fish tended to be refractory to infection
eevia infected invertebrates, leading him to pro-
pose that the small larvae in invertebrates may
have difficulty in establishing in larger fish be-
8cause of the extensive migration required.
Moreover, small nematodes are rarely found in
dnaturally infected commercial fishes, but do oc-
cur in experimentally-infected and wild-caught
9small benthophagous fishes (McClelland
1995). By implication, these small fishes may
be important as bridges between macroinverte-
brates and large piscivorous fish (McClelland
aand Martell 2001).
ple
eflThe discovery of infected populations of three-
ailkpine (Gasterosteus aculeafusnd fourspine
ad@peltes quadracyssticklebacks in brackish
mponds frequented by harbour seals on Sable
hésland (Marcogliese 1992b) permitted examina-
bléon of the sealworm life cycle and transmission
dslynamics in an enclosed relatively simple eco-
isystem consisting of few invertebrate and fish
species (Marcogliese 1996a). Mysidslep-
mysis americanawere more heavily infected
than amphipodsGammarusspp.), their infec
tion levels being positively correlated with
ithose in fourspine sticklebacks. Both threespine
dsand fourspine sticklebacks fed preferentially on
1cenysids over amphipods. Given the infection
ormates ofN. americanaand Gammarusspp. and
>ytheir respective densities in Wallace Lake, den-
distties of infected invertebrates could be calcula-
n ted. The density of infected mysids (1.5 pé&y m
byvas greater than that of infected amphipods
(0.36 per M) in the pond. These results imply
that the probability of a fish encountering an in-
efected mysid is greater than that of an infected
idamphipod, despite the fact that amphipods were
I- almost three times as numerous as mysids. By
ntertegrating the data on infection levels in in-
angertebrates with information derived from feed-
ing experiments, the rate of transmission of
sealworm from invertebrates to fish could be
>ddetermined. Transmission rate was about 100
nnimes higher via mysids than via amphipods,
3aand fish accumulated parasites at a rate of about
ofh per month from mysids. These rates may be
. similar to those experienced by small bentho-
niphagous fish at sea, given that infection densi-
] itles in Wallace Lake sticklebacks are similar to
nghose of certain small benthophagous fishes on
itshe Scotian Shelf (McClelland 1995), that my-
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sids are preferred prey, and that infection levelsnportant than amphipods in transmission of

are comparable between mysids from Wallaceealworm to fish, but the role of amphipods in

Lake and Sable Island Bank (Table 3). the transmission process should neither be ig-
nored nor underestimated.

Distribution records of sealworm in inverte-

brate hosts from eastern Canada, both from are-

as of high sealworm abundance in fish and fr ré‘CKNOWLEDGEMENTS
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REFERENCES

Bjorge, A.J. 1979. An isopod as intermediate host of cod-weiskDir. Skr. HavUndersl16: 561-
565.

Brattey, J. 1990. Effect of temperature on egg hatching in three ascaridoid nematode species from
seals. In: Bowen, W.D. (ed.); Population biology of sealwdPse(doterranova decipi-
eny in relation to its intermediate and seal hoS&n. Bull. Fish. Aquat. Sc222: 27-39.

Brattey, J., and Davidson,W.S. 1996. Genetic variation withgeudoterranova decipiens
(Nematoda: Ascaridoidea) from Canadian Atlantic marine fishes and seals: characteriza-
tion by RFLP analysis and genomic DN@an. J. Fish. Aquat. Scb3: 333-341.

Brattey, J., and Stenson, G.B. 1993. Host specificity and abundance of parasitic nematodes
(Ascaridoidea) from the stomachs of five phocid species from Newfoundland and
Labrador.Can. J. Fish. Aquat. Scrl: 2156-2166.

Bristow, B., and Berland, B. 1992. On the ecology and distributi®sefidoterranova decipies
(Nematoda: Anisakidae) in an intermediate hidgipoglossoides platessoideés northern
Norwegian waterdnt. J. Parasitol 22: 203-208.

Burt, M.D.B. 1994. The sealworm situation. In Scott, M.E., and Smith, G); (@dsasitic and in-
fectious diseasescademic Press, Inc. New York, 347-362.

Jackson, C.J. 1995. Varying roles of hyperbenthic crustaceans in the transmission of marine hel-
minth parasites. M.Sc. thesis, University of New Brunswick, Fredericton. 68 pp.

Jackson, C.J., Marcogliese, D.J., and Burt, M.D.B. 1997. The role of hyperbenthic crustaceans in
the transmission of marine helminth parasi@an. J. Fish. Aquat. Scb4: 815-820.

Jarecka, L., Choudhury, A., and Burt, M.D.B. 1988. On the life cycRsetidoterranova decipi-
ens experimental infections of micro and macroinvertebr&e. Can. Soc. Zooll9: 32
(abstract).

35
NAMMCO Scientific Publications, Volume 3



36

Koie, M., Berland, B., and Burt, M.D.B. 1995. Development to third-stage larvae occurs in the eggs
of Anisakis simplexand Pseudoterranova decipiengNematoda, Ascaridoidea,
Anisakidae)Can. J. Fish. Aquat. Scb2 (Suppl. 1): 134-139.

Lick, R.R. 1991. Investigations concerning the life cycle (crustaceans - fish - mammals) and free-
zing tolerance of anisakine nematodes in the North Sea and the Baltic Sea. PhD
Dissertation, University of Kiel, Kiel. 195 pp. (In German with English summary).

Marcogliese, D.J. 1992aleomysis american@rustacea: Mysidacea) as an intermediate host for
sealwormPseudoterranova decipielfiSlematoda: Ascaridoidea), and spirurid nematodes
(Acuarioidea)Can. J. Fish. Aquat. Sc#9: 513-515.

Marcogliese, D.J. 1992b. Metazoan parasites of sticklebacks on Sable Island, Northwest Atlantic
Ocean: biogeographic consideratiohsk-ish Biol 41: 399-407.

Marcogliese, D.J. 1993a. Larval parasitic nematodes infecting marine crustaceans in eastern
Canada. 1. Sable Island, Nova Scatig-elminthol. Soc. Wask0: 96-99.

Marcogliese, D.J. 1993b. Larval nematodes infecthkmgphiporeia virginiana(Amphipoda:
Pontoporeioidea) on Sable Island, Nova Scdti®arasitol 79: 959-962.

Marcogliese, D.J. 1996a. Transmission of the sealwBsaydoterranova decipiefi§rabbe) from
invertebrates to fish in an enclosed brackish pdnBxp. Mar. Biol. Ecol205: 205-219.

Marcogliese, D.J. 1996b. Larval parasitic hematodes infecting marine crustaceans in eastern
Canada. 3Hysterothylacium aduncurd. Helminthol. Soc. WasB3: 12-18.

Marcogliese, D.J., and Burt, M.D.B. 1993. Larval parasitic nematodes infecting marine crustaceans
in eastern Canada. 2. Passamaquoddy Bay, New Brunswidklminthol. Soc. WasBO:
100-104.

Martell, D.J., and McClelland, G.. 1994. Diet of sympatric flatfisk#ppoglossoides platessoi-
des Pleuronectes ferrugineuBleuronectes americanufsom Sable Island Bank, Canada.
J. Fish Biol 44: 821-848.

Martell, D.J., and McClelland, G. 1995. TransmissiorPséudoterranova decipierjslematoda:
Ascaridoidea) via benthic macrofauna to sympatric flatfishigspoglossoides platessoi-
des Pleuronectes ferrugineu®. americanuson Sable Island Bank, Canaddar. Biol.
122:129-135.

McClelland, G. 1982Phocanema decipieridematoda: Anisakinae): experimental infections in
marine copepod€£an. J. Zoal60: 502-509.

McClelland, G. 1990. Larval sealworiRgeudoterranova decipiensfections in benthic macroin-
vertebrates. In: Bowen, W. D. (ed.); Population biology of sealwBsaydoterranova de-
cipieng in relation to its intermediate and seal hoS&n. Bull. Fish. Aquat. S&@22: 47-65.

McClelland, G. 1995. Experimental infection of fish with larval sealwdsgudoterranova deci-
piens (Nematoda: Anisakinae), transmitted by amphipdgin. J. Fish. Aquat. Scb2
(Suppl. 1): 140-155.

Sealworms in the North AtlantiEcology and Population Dynamics



McClelland, G., and Martell, D.J. 2001. Juvenile Canadian pldggglossoides platessoides
and other small benthic consumers as primary fish hosts of larval sealworm
(Pseudoterranova decipiens eastern CanaddlAMMCO Sci. Publ3: 57-76.

McClelland, G., Misra, R.K., and Marcogliese, D.J. 1983. Variations in abundance of larval anisa-
kines, sealwormRhocanema decipiepsind related species in cod and flatfish from the
southern Gulf of St. Lawrence (4T) and the Breton Shelf (4€ah. Tech. Rep. Fish.
Aquat. SciNo. 1201. ix + 51 p.

McClelland, G., Misra, R.K., and Martell, D.J. 1985. Temporal and geographical variations in
abundance of larval sealworiRseudoterranovdPhocanempdecipiensin the fillets of
American plaiceHlippoglossoides platessoigan eastern Canada: 1985-86 surveyan.

Tech. Rep. Fish. Aquat. Sblo. 1513. ix + 15 p.

McClelland, G., Misra, R.K., and Martell, D.J. 1987. Variations in abundance of larval anisakines,
sealworm, Pseudoterranova decipienand related species, in eastern Canadian cod and
flatfish. Can. Tech. Rep. Fish. Aquat. S¢b. 1392. xi + 57 p.

McConnell, C.J., Marcogliese, D.J., and Stacey, M.W. 1997. Settling rate and dispersal of sealworm
eggs (Nematoda) determined using a revised protocol for myxozoan shdPasasitol.
83: 203-206.

Measures, L.N. 1996. Effect of temperature and salinity on development and survival of eggs and
free-living larvae of sealwornP&eudoterranova decipien€an. J. Fish. Aquat. Scb3:
2804-2807.

Measures, L.N., and Hong, H. 1995. The number of moults in the egg of sealworm,
Pseudoterranova decipier{dlematoda: Ascaridoidea): an ultrastructural stu@gn. J.
Fish. Aquat. Sci52 (Suppl. 1): 156-160.

Paggi, L., Mattiucci, S., Gibson, D.l., Berland, B., Nascetti, G., Cianchi, R., and Bullini, L. 2000.
Pseudoterranova decipiespecies A and B (Nematoda: Ascaridoidea): nhomenclature de-
signation, morphological diagnostic characters and genetic mafgests. Parasitol 45:
185-197.

Paggi, L., Nascetti, G., Cianchi, R., Orecchia, P., Mattiucci, S., D’Amelio, S., Berland, B., Brattey,
J., Smith, J.W., and Bullini, L. 1991. Genetic evidence for three species within
Pseudoterranova decipier{slematoda, Ascaridida, Ascaridoidea) in the North Atlantic
and Norwegian and Barents sdas. J. Parasitol 21: 195-212.

Scott, D.M., and Black, W.F. 1960. Studies on the life-history of the ag®amidcaecum decipiens
in the Bras d’Or Lakes, Nova Scotia, Canall&ish. Res. Board Cai7: 763-774.

Smith, J.W., Elarifi, A.E., Wootten, R., Pike, A.W., and Burt, M.D.B. 1990. Experimental infection
of rainbow trout,Oncorhynchus mykissvith Contracaecum osculatugiRudolphi, 1802)
and Pseudoterranova decipierfgrabbe, 1878) (Nematoda: Ascaridoijle@an. J. Fish.
Aquat. Sci47: 2293-2296.

Uspenskaya, A.V. 1960. Parasitofaune des crustacés benthiques de la mer de Barents (Parasitic fau-
na of the benthic crustaceans of the Barents 8e@a) Parasitol. Hum. Com5: 221-242.

37
NAMMCO Scientific Publications, Volume 3



38

Uspenskaya, A.V. 196Rarasitic fauna of benthic crustaceans from the Barents Aead. Nauk
SSR, Moscow. 127 pp. (In Russian).

Val'ter, E.D. 1978. An occurrence dérranova decipienfNematoda, Ascaridata) in the amphipod
Caprella septentrionali&royer. Vest. Mosk. Univ., BioB3: 12-14.

Val'ter, E.D. 1987 Marinogammarus obtusaty&mphipoda), a new intermediate host of the ne-
matode Pseudoterranova decipiendNauch. Dokl. VWss. Shk., Biol. Na@k 28-32
(Canadian Translation of Fisheries and Aquatic Sciences No. 5419).

Val'ter, E.D., and Popova, T.l. 1974. The role of the polychepéddonotus squamatyk.) in the
biology of anisakidsTr. Belomorsk. Biol. St. Mosk. Gos. Undz 177-182. (Canadian
Fisheries and Marine Service Translation Series No. 3604).

Sealworms in the North AtlantiEcology and Population Dynamics



	01 Marcogliese cropping pages_Page27
	01 Marcogliese cropping pages_Page28
	01 Marcogliese cropping pages_Page29
	01 Marcogliese cropping pages_Page30
	01 Marcogliese cropping pages_Page31
	01 Marcogliese cropping pages_Page32
	01 Marcogliese cropping pages_Page33
	01 Marcogliese cropping pages_Page34
	01 Marcogliese cropping pages_Page35
	01 Marcogliese cropping pages_Page36
	01 Marcogliese cropping pages_Page37
	01 Marcogliese cropping pages_Page38

