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ABSTRACT

Little is known about deep-sea Arctic fish communities, especially relating to

species distributions, basic biology and ecology. Surveys usually focus on commercially

exploitable species such as Greenland halibut (Reinhardtitts hippoglossoides) and shrimp

(Pandalus spp.). Most community studies on Arctic food web dynamics often overlook

underlying pattems such as shifting trophic position with environmental change. This is

the first study in which the fish/invertebrate food web of the deep-sea Arctic is described

in terms of predator-prey and host-parasite relationships. The objectives of this thesis

were to determine factors that affect community dynamics and trophic relationships

within deep-sea fish communities of Davis Strait and Baffin Bay and involved 1)

recognizing broad feeding patterns by combining fish groups, regardless of phylogenetic

relationships, by size andlor age class as well as similar ecologies, 2) determining factors

that affect community dynamics and trophic relationships in benthic Arctic marine

communities and 3) assessing the trophic position of individual species based on stomach

content analysis, parasite assemblages and stable isotope data. Four hypotheses were

generated, involving fish community composition with changing environmental

variables, the effectiveness of trophic guilds in the construction of deep-sea Arctic food

webs, the value of using parasites and stable isotopes in combination with stomach

content analysis, and the role of size and age class in determining trophic position.

Species within this region are distributed along one or more environmental

gradients such as latitude, longitude, temperature and depth, resulting in continually

shifting species cornposition throughout the system. Traditional methods of trophic

evaluation, namely guild determination and food web construction, were not appropriate
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for deep-sea Arctic communities due to the prevalence of generalist feeding throughout.

These results are different from previous reports on tropical or temperate marine

environments in which fìsh species can be separated into clear trophic levels. A

multivariate approach combining stomach contents and endohelminths demonstrated that

habitat utilization and diet best described trophic relationships within the region; fish

species were divided into trophic 'groups' based on their ability to utilize benthic and

pelagic zones. I provide, for the first time, an analysis of endohelminth communities of

deep-sea species that supports dietary information.Data from parasite infracommunities

revealed that, at best, they can be used to describe the preferred habitat zone of individual

fish species without stomach content analysis and, at the very least, they give strong

support to diet data. Due to the broad overlap of dietary preferences, tissue values of ôl3C

and ôlsN stable isotopes were not as useful to describe trophic position; these values

could not be used to designate a species to a clearly defined trophic position. However,

the use of differences in ôl3C and ôl5N values were used to reveal similar patterns of

habitat utilization and feeding strategies to those seen for diet and parasite analyses.

There was no significant relationship between fish size and stable isotope signature; diets

of different fish size classes overlap andlor prey species contain similar isotopic

signatures in the deep-sea.

I have provided Arctic science with the first insights into community dynamics

within deep-sea Arctic habitats. Hopefully, better decisions will be possible regarding the

health and structural integrity of marine Arctic communities in the face of environmental

change. Marine resource managers can no longer consider single-species populations

when assessing the health of marine communities as the data from this thesis clearly
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show a marine system in which the life histories of its species are inextricably

intertwined. Clearly for the future, disturbances such as single or multiple species

overfishing and/or global warming must be considered in the context of the National

Marine Fisheries Policy of 'Ecosystem-Based Management'.
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CHAPTER 1: GENERAL INTRODUCTION

Background

Little is known regarding assemblage and parasite-host relationships of deep-sea

fìsh species in the eastern Arctic. Many commercially important species such as redfish

(Sebastes sp.), Greenland halibut (Reinhardtius hippoglossoides) and roughhead

grenadier (Macrourtts berglax) have been studied extensively in terms of food preference

and parasite assemblages, but data on community structure and food web dynamics is

limited. Many species in the deep-sea environment have been overlooked in the literature

making it difficult to assess community structure and food web dynamics relative to

commercial fisheries.

Of particular interest are the poorly studied snailfish of the genera Liparis,

Paraliparis, and Rhodichthys, eelpouts of the genus Lycodes, and deep-sea sculpins of

the genera Artedielhts, Cothtnculus and Triglops. Their diet, parasites and life history

characteristics such as reproduction and early development are not well documented.

Most of these species are reported from the stomach contents of predators such as

Greenland halibut or American plaice (Hippoglossoides platessoides) (Arthur and Albert

1992a,b, Boje et al. 1997,Bray 1979, 1987,Bray and Gibson 1986, Gibson and Bray

1986, Khan et al. 1980, Khan et aL.1982, Margolis and Arthur l979,McDonald and

Margolis 1995, Rubec 1988, Scott and Bray 1989, Wierzbicka 1990,'Wierzbicka

I99Ia,b). These fish, as food, likely have a significant influence on the populations of top

predators.



Fish Assemblages in the deep-sea Environment

Ocean taxa have different physiologies and behaviours and utilize different

habitats (Gartner et al. 1997). Often fish species are categorized based on habitat type

(Fig. 1.1). Benthic species have physical contact with the bottom and are not particularly

mobile (Gartner et al. 1997) and include fishes of the families Bathysauridae,

Bathypteroidae and Zoarcidae (Gartner et al. 1997). The diet of these fishes is comprised

of polychaetes, anemones, echinoderms, and other benthic fishes'(Gordon and Mauchline

1 eeO).

Demersal fishes spend most of their lives near the ocean floor (within about five

meters) and move actively over the bottom. The term benthopelagic is sometimes used

synonymously with demersal; however, it is most often used for those species that spend

only part of their life cycle near the bottom (Gartner et al. 1997). Demersal fishes are

present in the Macrouridae, Synaphobranchidae, Halosauridae and Ophidiidae families

and feed mainly on organisms that swim freely and habitually near the ocean floor

(Gordon and Mauchline 1990).

Pelagic fishes frequent mid-water environments and can be further separated into

epipelagic (species existing above 200 m), mesopelagic (species existing between 200

and 1000 m) and bathypelagic (species existing primarily below 1000 m) (Gartner et al.

1997). Mesopelagic species include fish of the families Myctophidae, Stomiidae,

Gonostomiidae and Sternoptychidae. In addition, these species often undergo diurnal

vertical feeding migrations. Bathypelagic fishes are found in the Eurypharlmgidae and

Saccopharyngidae families (Gartner et al.1997). Pelagic species feed on organisms living

well off the sea bed (Gordon and Mauchline 1990).



Classifuing deep-sea fishes by habitat type is often difficult, as deep-sea fishes

tend to be opportunistic and many species alternate between habitats on a regular basis

(Dayton and Hessler 1972). However, these definitions may serve as a basis to

understand relationships between fishes in such little-understood environments.

The Baffin BaylLabrador Sea region is unique in that it is subject to several

current systems, each with a different temperature and direction of flow (Jones et al.

2003, Kiilerich l939,Tang et aI.2004). The West Greenland Current (WGC) flows south

to north along the eastern portion of this region, exposing species to warm, northerly

flowing waters. Conversely, the Polar Current (PC) flows in a north to south direction,

exposing species on the westem side of Davis Strait and Baffin Bay to colder Arctic

waters (Fig. 1.2). These two major current systems may produce two separate and distinct

ecological communities, one with more warm-tolerant species and the other with more

cold-tolerant species. By contrast, the unique physical characteristics and branching

current systems in the region suggests the likelihood of more complex biological systems.

Jorgensen et al. (2005) concluded that up to seven benthic species assemblages

exist in the Baffin BaylDavis Strait/Labrador Sea region based on environmental

characteristics such as depth, temperature, latitude and longitude. The area comprised of

Northwest Greenland and parts of Baffin Island has a major assemblage in shallow

(approximately 300 m) and cold (average2.6"C) waters. This assemblage is charactenzed

by Greenland halibut (R. hippoglossoides), two primary indicator species (i.e., species

unique to a particular assemblage such as Triglops nybelini, Artediellus atlanticus) and

several secondary indicator species (i.e., those nearly exclusive to one assemblage)

including Leptoclintts møculatus, Lycodes vahlii, Anarhíchas minor, Leptagonr.ts



decagoru,ts, Raja radiate and Careproctr.ts reinhardti.Each assemblage is characterized

by its own primary and secondary indicator species with unique associations to depth and

temperature. Given these findings, it is likely that these assemblages maintain similar but

distinct community dynamics and trophic patterns.

Parasite-host relationships in relation to diet and habitat type

Parasites are frequently used as indicators of ecological relationships among

hosts (Arthur and Arai 1980, Campbell et al. 1980, Lester et aL.200I, Mackenzie 1985,

Malek 2003, Zhokhov 2001). Examples of these associations are 1) feeding and

migration patterns of species such as Atlantic argentine (Argentina silus) (Scott 1969),

Atlantic salmon (Salmo salar) (Lund and Heggberget 1992), Atlantic herring (Ch.tpea

harengtrs) (Mackenzie 1985, McGladdery and Burt 1985), Pacific salmon of the genus

Onchorhynchus (Margolis 1965), American plaice (Hippoglossoides platessoides (Scott

1975) and pollock (Theragra sp.) (Avdeev et al. i989), as well as trophic relationships

(Huxham et al. 1995, Johnson et aL.2004), 2) feeding behaviour and phylogenetic

linkages (Campbell et al. 1980, Urawa 1989) and 3) stock identification (Mackenzie and

Abaunza 1998, Marcogliese et al. 2003). Campbell et al. (1980) recognized that helminth

life cycles and the specificity of a parasite species for intermediate and definitive hosts

were useful to link prey and predator. For example, Arctic marine fishes are important

intermediate hosts for nematode species that complete their life cycle in seals or toothed

whales. When the definitive hosts of these parasites are known it is possible to construct

food webs of Arctic marine communities without acfiial diet data.
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Access to a host is determined by diet and living conditions as well as

evolutionary and zoogeographical factors (Noble Ig73).Behaviour of the fish,

community diversity and population density are important in determining the parasite

load (Campbell et al. 1980). Riley (1951) found that only about one tenth of the organic

matter produced in the euphotic (surface) zone penetrates below 200 m. Similarly,

Vinogradov (1968) reported that at depths of 1000 to 2000 m, the amount of plankton

\ilas one quarter that of the surface. This general decrease of plankton and nekton with

depth in oceanic waters (Noble 1973) means that less nutrients reach the ocean floor.

However, there are alarge number of anirnals living on the bottom or immediately above

the bottom (Noble 1973) and many of these organisms are important as intermediate

hosts of fìsh parasites. The distribution and abundance of these intermediate hosts are

important in the maintenance of deep-sea fish parasite communities.

Parasite-host relationships of the deep-sea environment

Ecological factors (Grabda 1989, Holmes 7979, Kennedy and Bush 1994,Leong

and Holmes 1981, Wisniewski 1958, 'Wootten 1973), host specificity (Carney and Dick

2000, Choudhury and Dick 1998, Dogell1964, Hålvorsen 1971, Kennedy and Bush

7994), and fish host factors such as feeding rate, vagility and physiology affect the shape

of fish parasite communities (Chubb 1970, Johnson et al.2004, Kennedy 1990). Marine

food webs are shaped primarily by stratification of the water column which consequently

also affects the transfer of fish parasites to their hosts (Klimpel and Ruckert 2005). For

example, Klimpel and Ruckert (2005) showed that water stratification in the North Sea



affected the infection rate ofgadiform species as a result offeeding on pelagic hyperiid

amphipods which were intermediate hosts for the nematode, Hysterothylacium adunct¿m.

Noble (1973) recognized that little was known regarding the broad ecological

aspects of deep-water parasite-host relationships. This problem still exists today, as

scientists interested in parasites of marine species often confine their efforts to shallow

waters or to the description of new species rather than to understanding actual parasite-

host relationships within the deep ocean environment. Those fish species that have been

described in terms of parasites and diet usually represent commercially important species

such as salmon (Onchorhynchus spp., Salmo spp.), Atlantic cod (Gadus morhua),

Atlantic herring (Chtpea harengus) and Greenland halibut. In order to determine whether

or not deep-sea habitats differ from other habitat types in terms of parasite composition,

abundance and life cycle characteristics, further research is required with an emphasis on

food web and community interactions.

Preliminary studies have revealed general information regarding parasite

occuffence and diet in deep-sea fishes. Campbell et al. (1980), Noble (1913) and Noble

and Collard (1970) found that carnivorous benthic fishes are infected with relatively large

numbers of parasites, perhaps because of the high diversity of food present on the ocean

floor. In addition, benthic animals tend to be larger and more active than mid-water

species because of this increased food availability (Campbell et al. 1980). The kinds,

numbers and availability of food determine the frequency of ingestion of infected

intermediate hosts (Noble 1973). We would expect benthic species then to have higher

incidences and heavier infections of parasites.



Bathy- and mesopelagic fishes tend to harbour fewer numbers and types of

parasites than do other ecological groups of fishes (Campbell et al. 1980, Noble and

Collard 1970). These species are often faced with higher energy demands and decreased

food abundance (Noble 1973). Most of their energy must be conserved for obtaining food

and for reproduction (Noble 1973). Thus, Noble (1973) suggested the possibility that

these species cannot sustain high numbers of parasites, particularly those that would

demand a considerable share of available energy. However, lower parasite loads in these

organisms could be simply due to the lower incidence of infected intermediate hosts

(Noble 1g73).Alternatively, perhaps mid-water fishes have as many parasites per unit

weight as benthic fishes but benthic fish are larger and harbour more parasites species

(Noble 1973).

The role of mesopelagic species in parasite transmission

Most mesopelagic species migrate to the surface, or near the surface, at night

(Haedrich 1997, Noble 1973, Pearcy and Laurs 1966,Pearcy et aI.1977, Willis and

Pearcy 1982). Here, the type and availability of food items as well as parasites may be

quite different from those found in the deep-sea environment. Collard (1970) suggested

that mesopelagic fishes (primarily of the family Myctophidae) serve as intermediate

hosts, transporting parasites to predatory fishes in the deeper zones. There is little

evidence to support this hypothesis, as studies of this nature are rare. However, the

majority of parasites found in mesopelagic fishes are larvae. More research is required

regarding the relationship between parasitism and diet in the deep-sea environment.



Food webs and food web construction

Food webs represent descriptions of biological communities that focus on trophic

interactions between consumers and their resources (e.g. predators and their prey) (Cohen

1990, De Ruiter et al. 2005). Each interaction represents the transfer of nutrients and

energy, shaping the structure and function of the community as a whole. Cohen (1990)

likens a food web to a street map of a city (in this case, an ecological community),

helping to picture how a community works just as a street map provides a helpful

overview of a complex city.

Food webs are an important component of Arctic systems since what-consumes-

what in an energy limited environment is important, especially if single species are

exploited, as the feeding equilibrium among species can be altered. While it is important

to know the species present, for example using a deep-water trawl, it is equally, if not

more important to know how these species interrelate to each other. An obvious

interaction is through food webs and the degree of overlap of food items consumed

among species.

The concept of food webs has been known for some time (Cohen 1977 , 1978,

DeAngelis l992,De{ngelis et al. 7982, Pimm 1982, Valiela 1984) and may be studied in

various ways;by food consumption, parasite infracommunities (Carney and Dick 2000,

Arias-Gonzalez and Morand 2006, Hemandez et al.2007, Marcogliese et al. 2006), stable

isotope ratios (Bunn et al. 1989, Forsberg et al. 1993), and more recently using a

combination of the three (Johnson et aL.2004).

Food webs are usually determined through diet analysis. A major disadvantage of diet

analysis is that it provides data at apafücular point in time (Shoito-Douglas et al. 1991)



but fails to provide any long-term data. For example, prey species such as certain

crustaceans have a seasonal abundance and if sampling occurs during times other than the

period of peak abundance an important diet item could be missed or reduced in

importance within a food web. The solution is to collect diet data throughout the year but

this is costly and often impossible in Arctic marine systems. Complimentary methods

such as parasites and stable isotopes that reflect a longer time frame should aid in the

construction of more accurate food webs.

Parasite infracommunities and stable isotope ratios have been used to augment

diet data from freshwater (Johnson et al. 2004) and marine (Bulman et al. 2001,

Davenport and Bax 2002) fishes. Johnson et al. (2004) reported that parasite

infracommunities more accurately predicted trophic interactions than stomach contents in

freshwater yellow perch (Percaflavescens). This type of data is particularly important for

Arctic marine communities, as fish species are important intermediate hosts for several

nematode species that complete their life cycle in marine mammals such as seals or

toothed whales. With knowledge of the definitive hosts of these parasites it is possible to

construct food webs for Arctic marine communities without direct observation of the gut

contents of marine mammals.

Animals are similar in isotopic composition to their diets (Fry 1988, Kline et al.

1998, Monteiro et al. 799I, Peterson and Fry i987, Sholto-Douglas et al.1991, Thomas

and Cahoon 1993, Wainright et al. 1993). When whole food webs are examined,

differences in the way an animal processes isotopes of carbon, nitrogen and sulphur can

be detected (Peterson and Fry 1987). At each trophic level, an organism is enriched in the

heavier isotope relative to its diet (DeNiro and Epstein 1978). This enables scientists to



place species accurately into positions along a food web. Nitrogen is considered to be the

best indicator of trophic position as animals are usually enriched by 3.4 o/oo relative to

their prey (McCutchan et al. 2003, Minagawa and Wada 1984, Post 2002).taN is more

abundant and excreted in higher amounts than the stable isotope rsN, leading to the

organism being enriched in rsN relative to their food (Peterson and Fry 1987). Thus the

l5N/l4N ratio, or ôlsN, is a function of the trophic level occupied by an animal. The

carbon isotope t'C is considered less effective when determining actual trophic position

but remains an important descriptor of interactions within food webs. Because the ratio of

13C/tzC of organic matter produced from primary production is different for various plant

species, the origin of the carbon ingested by an animal can be traced (Peterson and Fry

1987,Fry and Sherr 1984).

Such analyses complement other methods of studying diets in that the stable

isotopic compositions of tissues represent a measure of the assimilated diet, both in the

long- and short-term (Kline et al. 1998, Monteiro et al. 7991, Sholto-Douglas et al. 1997,

Thomas and Cahoon 1993, Wainright et al.1993). Dalon and Hessler (1972) stated that

deep-sea environments differ from other ecological communities in that trophic levels

appear to merge. Thus, the roles of most predators are not as distinguishable from those

of decomposers (Dayton and Hessler 1972). As a result, in the case of deep-water marine

fishes, where different food items appear to be limited in areas and feeding location is

less clear-cut, stable isotopes may be less helpful (DeNiro and Epstein I978). However, if

combined with parasite analyses, stable isotopes may give better insights to feeding

strategies.
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Importance of age and size relationships

One major determinant of food web structure is the body size of its component

species (Cohen etal.1993, Memmott et aI.2000, Warren and Lawton 1987, Woodward

and Hildrew 2002). Woodward and Hildrew (2002) recognized that detailed food webs

including the ontogenetic dietary shifts of component species arerare. The authors

assessed the importance of body size within and among species of the Broadstone Stream

(UK) food web and found that this food web was affected primarily by seasonal and

ontogenetic shifts in the size spectrum. Body sìze along with seasonal changes in prey

abundance accounted for most of the changes in predator diets and consequently, trophic

position.

Age and size relationships are important variables when determining if and when

food preferences shift for an individual species (Monteiro et al. 1991, Sholto-Douglas et

aL. 1991).In general, larger fishes tend to take a greater proportion of larger food items

than do smaller fishes as their energy requirements increase. These fish may ingest

different types and quantities of food items and often move higher up in the food web

(Cohen et al.1993, Gordon and Swan 1996, Mauchline and Gordon 1985, Orr and

Bowering I99l). This in turn, affects the numbers and types of predators a fish will have

(Cohen et al. 1993) and the transmission dynamics of parasites within its community

(Bush et al. 1993).

Since fishes usually undergo a shift in food size preference over time, it is

difficult to assign each species a specific position along a food web. Instead, it may be

more advantageous to assign species to positions based on size class, assuming the

avallabrlity of prey species is limited and that deep-sea fishes are generalist feeders.
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Biology and ecology of key by-catch species within the Davis Strait/BaffÌn Bay

region

Descriptions of key by-catch species examined in this study (distribution/habitat,

diet, predation, parasites, reproduction and growth) as well as length/weight comparisons

can be found in Appendices 1-4.

Objectives

This study was designed to evaluate trophic structure in the deep-sea Arctic

environment and the effectiveness of food web construction in benthic habitats. This

involved 1) determining factors that affect community dynamics and trophic relationships

in benthic Arctic marine communities, 2) recognizingbroad feeding pattems by

combining fish groups, regardless of phylogenetic relationships, by size andlor age class

as well as similar ecologies, and 3) assessing the trophic position of individual species

based on stomach content analysis, parasite assemblages and stable isotope data.

Four hypotheses were proposed:

Hypothesis 1: If trophic guilds within a system represent differences in feeding

behaviour and food item preference, the analysis of stomach contents for deep-sea

species will reveal the presence of several trophic guilds within the Arctic marine

environment. From this, accurate food webs can be created.
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Hypothesis 2: If differences in parasite infracommunities and stable isotope ratios are a

reflection of food item consumption, then trophic guilds based on food item prevalence

will be identical, or nearly so, to those based on parasite prevalence and stable isotope

ratios.

Hypothesis 3: If trophic position is dependent on feeding mode as a reflection of body

size and age class, differences in feeding habits, parasite communities and stable isotope

ratios will occur with increasing size and age class.

Hypothesis 4: If fish species diversity decfeases with increasing latitude, then the

number of trophic guilds will be smaller and contain more species in higher latitudes.

Fish species in higher latitudes will feed on a wider variety of food items due to the

increased availability of prey species in the absence of predators found in more southerly

arctic marine environments. This will be reflected by an increase in parasite

infracommunity diversity as well as increase in the heavier isotopes of carbon and

nitrogen 1r3C andr5N¡.

i3



Figure 1.1. Bathymetric zones of the oceanic environment. (Adapted from Angel,I99l).
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Figure l.Z.Map of current flow through NAFO management areas within Baffin Bay and

Davis Strait. (Adapted from Trebl e, 2002). Red arrows represent warrner waters of the

West Greenland Current, blue arrows indicate colder waters of the Polar Current and

purple affows represent the moderate temperatures of the Labrador Current and mixing of

the West Greenland and Polar currents.
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CHAPTER 2: GENERAL MATERIALS AND METHODS

Study Area

This project was conducted in conjunction with the Greenland Halibut Otter

Trawl Survey in the North Atlantic Fisheries Organization (NAFO) Subareas 0 and 1. It

was a cooperative project of the University of Manitoba Department of Zoology,

Fisheries and Oceans Canada, Greenland Institute of Natural Resources, University of

Copenhagen, Nunavut Wildlife Management Board and Baffin Island communities

adjacent to the survey locatìons.

During September to November 2000 lo 2004, a stratified random survey was

conducted throughout NAFO subareas 0 (divisions A and B) and 1 (divisions A, C and

D) located between 61 and 75 degrees north latitude,T5 and 55 degrees west longitude

within Davis Strait and Bafflrn Bay (Fig. 2.1). Samples were collected using an A722

GRT stem trawler (MV Paamiut) equipped with an Alfredo III bottom otter trawl with

rock hopper ground gear. Mesh size was 140 mm with a 30 mm mesh liner in the cod

end. The region was stratified by depth and the number of stations per stratum was

proportional to its geographic area. The targetwas one set per 1030 km2 (300 nm2) with a

minimum of two sets per stratum as described in Bowering (1987), Treble (2000) and

Treble et al. (2001). Exceptions included depth range 401-500 in 0A South in 2001, 0A

North in2004 and 1CD in2004 due to adverse weather conditions. Stratification schemes

of subareas are provided in Tables 2.1 to 2.3. The number of tows completed within each

depth range from 2000 to 2004 is listed in Table 2.4. Surveys conducted in different years

occurred in the same time period (September - October) to decrease variation between

years. Similarly, surveys within the same year were completed consecutively to ensure

18



the least amount of seasonal variation. At each tow, environmental and biological data

were collected, including species data (total weight and number of each species),

geographical position (latitude and longitude), tow length (distance and time), wing

spread, depth and temperature. Near-bottom temperatures were measured in 0.1'C

increments using a Seamon sensor (Stan-Oddi,I04 Reykjavik, Iceland) mounted on a

trawl door. Salinity measurements were not conducted during the trawls and as such were

not included in this study. More detailed information about trawl gear is provided in

Jorgensen (1998). Trawling occurred over a 24-hour period with maximum tow duration

of 30 minutes. Average towing speed was 3.0 knots (kn).

Sømple Collections

Two thousand six hundred and twenty two specimens representing twenty-six fish

species were collected for stomach content and parasite infracommunity analysis. In

addition to Greenland halibut (Reinhardtius hippoglossoides), these included sculpins

(Cottunculus microps, Artediellus atlanticr,ts, Myoxocephalus scorpitts, Triglops

nybelini), blue hake (Antimora rostrata), eelpouts (Lycodes eudipleurostictus, L.

mcqllisteri, L. paamiuli), blacksmelts (Bathylagus euryops), lanternfish (Lampanyctcts

macdonaldi, Benthosema glaciale), Arctic cod (Arctogaùts glacialis, Boreogadus saida),

snailfish (Careproctus reinhardti, Liparís fabricii, Paraliparis bathybius, Rhodichthys

regina), black dogfish (Centroscylliumfabriciì), grenadier (Alacrourus berglax,

Coryphaenoides rupesrrzs), rocklings (Gaidropsarus ørgentatus, G. ensis), American

plaice (Hippoglossoides platessoides), redfish (Sebastes mentella), and eels

(Synaphobranchus kaupi).

19



Prior to sampling, fish species known to obtain total lengths greater than 250 mm

were separated into four size classes based on minimum and maximum recorded lengths

listed in Scott and Scott (1988) and Okamura et al. (i995). The initial objective was to

collect an equal number of samples from each size class to obtain a more accurate

assessment of food size and type. Not all size classes were represented within the study

arca and consequently, a minimum of 30 specimens of each species were collected,

representative of the size classes found within the study area. Immediately following

capture, specimens were frozen at -18oC and stored until necropsied. Data were collected

on length (total, standard, fork {when appropriate}), total weight, stomach contents,

parasites and gonad weight. Fish and organs were weighed using a Delta Range Mettler

PM460 scale to the nearest 0.001 g. Stomach contents of fishes were collected in order to

determine diet and possible modes of transmission of parasite species. Fish with empty

stomachs (34.1% of fish examined) were not included in diet analyses. Organs and

tissues of each fish were examined separately to compile a list of parasites within each

host species and organ as well as for the determination of parasite loads. Samples for

stable isotope analysis were also collected from each fish for determination of trophic

information.

Necropsy Procedures

The mouth lining and body surface of each fìsh were examined for ectoparasites

before the necropsy began. The eyes, heart, gills, stomach, intestine, pyloric caecae,

gonads, liver, urinary bladder and kidneys were then removed and placed in separate

Petri dishes with0.60/o saline for examination. Separation of each organ prevented
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mixing of contents and inaccurate determination of parasite distribution within the host.

During separation of each organ, examination of the mesentery was done as larval

nematodes andlor acanthocephalans are often found encysted in this tissue. Surfaces of

the heart, kidneys and liver were examined before being flattened under glass. Flattening

allows for the detection of transparent or concealed parasites within thick tissue such as

the liver. In addition, a section of muscle was examined from each fish for encysted

parasites.

The eyes, stomach, intestine, urinary bladder and caecae were carefully cut open

and scraped into a Petri dish containing 0.6% saline. The contents were gently separated

and examined for parasites under a Nikon SMZ-1 dissecting microscope. Stomach

contents were identified, enumerated and stored in70o/o ethanol for future reference.

Copepods and nematodes were similarly placed in7}Yo ethanol for future clearing and

identification. Trematodes, cestodes and acanthocephalans were fixed in AFA for 48

hours. Parasites were then placed |n10%o ethanol for storage prior to staining and

mounting. Individual parasite species within each organ were enumerated.

Staíníng and mountíng of parasites

Staining and mounting procedures were used according to Humason (1962).

Semichon's acetocarmine was used for the staining of trematodes, cestodes and

acanthocephalans. Specimens were placed in the acetocarmine solution for 20 minutes to

one hour (depending on the thickness/size of the specimen). Once properly stained, the

parasite was washedinT0% ethanol and placed into a Petri dish containing acidicT0o/o

ethanol for one to five minutes or until excess stain was removed. The parasite was then
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washed with basic 70o/o ethanol for an equal amount of time to neutralize the acid. Each

specimen was dehydrated completely through several one-hour changes each of 70o/o,

80o/o,95yo and I00%o ethanol. Following complete dehydration, each parasite was

transferred to xylene or Slide BriteO until the cuticle became clear. Specimens were then

mounted onto slides with Permount@.

Nematodes were cleare d 1n 5% glycerol, using methods described in Hays et al.

1998. After f,rxation, each specimen was added to a Petri dish containing glycerol and

trace amounts of powdered copper sulphate to prevent mould growth. The Petri dish was

then covered and kept dry at room temperature. As the alcohol slowly evaporated, the

specimen cleared and was eventually left in pure glycerine. Specimens were then

mounted in glycerine and identified.

Keys used in the identification of fïsh, parasite and prey species

Fishes were identified using various keys and descriptions found in Able and

McAllister (1980), Andriyashev (1954), Möller 200la,b, Nielsen and Bertelsen (1992),

Okamura et al. (1995), Scott and Scott (1988) and Whitehead et al. (1986). Parasites

were identified using keys and descriptions found in Bray (1979,1987), Bray and

Campbell (1995), Bray and Gibson (1986, 1991,1995), Campbell and Munroe (1977),

Campbell et al. (1982), Cone 1995, Dick and Choudhury (1995), Gibson and Bray (1982,

1986), Hogans (1986), Hunninen and Cable (1943), Klassen et al. (1989), Koie (1981),

Miller (1941), Nickol (1995), Rubec (1988), Scott and Bray 1989, Sþabin (1964) and

Zdzitowiecki and Cielecka (1998). Original literature was also used in the identification

of parasites. For example, the monogenean Macruricotyle newfoundlandiøe was
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identified using the original description in Campbell et al (1982). In addition, the original

description of the digenean trematode, Gonocerca phycidis, was obtained from Manter

(1e2s).

Food items were identified using keys and descriptions found in Hartman and

Fauchald (1971), Kathman et al. (1986), Sars (1890, 1899) and Squires (1990).

Authorities for fish and invertebrate food items were obtained from IT IS (Integrated

Taxonomic Information System; http://www.itis.gov/). Parasite authorities were obtained

from Bray (1919,1987), Bray and Campbell (1995), Bray and Gibson (198ó, 199I,7995),

Campbell and Munroe (1977), Campbell et al. (1982), Cone 1995, Dick and Choudhury

(1995), Gibson and Bray (1982,1986), Hogans (1986), Hunninen and Cable (1943),

Klassen et al. (1989), Koie (1981), Miller (1941), Nickol 1995, Rubec (1988), Scott and

Bray 1989, Sk1-abin (1964) andZdzitowiecki and Cielecka (1998).

Assessing Trawl Data

It is worth noting that although trawl data provide invaluable information about

marine communities, several factors may contribute to inaccuracy or imprecision. These

factors include inefficiency of sampling gear, fish avoidance behaviour and bias in terms

of sampling location. Inconsistencies of wing spread and trawl height are the most

common examples of gear inefficiency (Koeller 1991). Additionally, swept area often

increases with depth, resulting in overestimated density estimates for deep water

compared to those in shallow water. In addition, lack of stability in trawl perforrnance

due to unstable bottom contact by the ground gear can occur and is normally caused by

uneven bottom conditions. This will lead to imprecise survey indices (Walsh et al. 1993).

23



A variety of frsh behaviour problems are possible when sampling in the marine

environment. In trawl surveys, it is assumed that fishes behave according to certain

patterns. However, trawl avoidance and 'unavailability' (i.e., species existing higher or

lower in the water column than the gear) may occur to varying degrees during sampling.

Many of these difficulties can be circumvented by altering sweep angles, using

more precise gear and decreasing tow duration; however, factors such as fish avoidance

behaviour are inevitable. Despite this, trawl data collection remains an important, and in

fact, the only method of evaluating deep-sea marine communities.

24



Table 2.1. Stratification scheme for NAFO Subarea 0, Division B used in the 2000 and

2001 surveys. A conversion factor of 3.430 was used to calculate square kilometers from

square nautical miles (Bowering 7987,Treble et al. 2001).
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98
414
609

8972.9
1602.2
71 00. I
6714.3
5628.6
5371.4
7926.7
3234.5
1176.s
4970.1
730s.9

60,063.2

401 -500
s01 -750

75r-1000
1001-1250
1251-1500
401-500
50i-7s0

7s1-1000
r001-1250
401-s00
501 -750
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Table 2.2. Stratiftcation scheme for NAFO Subarea 0, Division A South used in the 2001

and2004 surveys. A conversion factor of 3.430 was used to calculate square kilometers

from square nautical miles (Bowering 1987,Treble et al. 2001).
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Stratum Sq. N Miles Approx. # Units Sq. Km Depth (m)
024
025
030
031
032
033
034
040
041
042
043
044
04s
046
047
048
049
0s0
051
0s2
0s3
0s4
055
0s6
057
0s8
059
060
061

Total

281
1527

1004

832
391
305
r56

90
510
330
280
130

100
50

160
t70
110
100
110
250
240
200
190
160
180
80

240
100

60
190

100
170
190
210

443
472
289
268
281
686
6s3
547
491
437
477
214
649

253
r2s
416
220
5tt
422
471

14,529

1296 480
s46 200

963.8 401-500
5237.6 501-7s0
3443.7 751-1000
2853.8 1001- 1250
134t.1 1251- 1500
1046.2 501-7s0
53s.1 401-500
4445.3 1251-1500
1872.8 1001-12s0
1519.5 7s 1- 1000
1619.0 501-750
99r.3 401-500
9t9.2 501-750
963.8 751- 1000

2353.0 1001-12s0
2240.0 1251-1s00
1876.2 1251-1s00
1684.1 1001-12s0
1499.0 751-1000
1636.1 501-750
734.0 401-500
2226.1 s01-750
867.8 401-500
428.8 401-500
t426.9 501-750
154.6 501-7s0

1293.1 7s1-1000
1447.s 1001-1250
161s.5 r25L-1500
49,834
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Table 2.3. Stratification scheme for NAFO Subarea 0, Division A North used in the 2004

survey. A conversion factor of 3.430 was used to calculate square kilometers from square

nautical miles (Bowering 1987,Treble et al. 2001).
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Stratum Sq. N Miles Approx. # Units Sq. Km Depth (m)
062 114 40 391.0 401_500

066 576
067 674
068 1051
069 1602
070
07r
072
073
074
07s

190

530
230
190
220
350
540

507 170
81

1274
42r
t429
53

I 033
t224
968

270
150
380
450
350
2t0
120
300
110

822
302
494 180

130
450
310
300

19s1.7 s01-7s0
5440.0 751-1000
2342.1 1001-1250
197 5.7 12s 1- 1500
23t1.8 501-750
3604.9 7s 1-1000
s494.9 751-1000
1739.0 7s1-1000

063
064
06s

080
081
082

085
086
087

091

Total

569
1 586
683

8i8
22,634

420
140
520
20

30 277.8 1001-12s0
4369.8 1001-12s0
1444.0 1251-1s00
4901.s 751-1000
181.8 1001-12s0

076 999 360 3426.6 7s1-1000
077 898 330

083 583
084 320

078 732
079 401

3080.1 7s1-1000
2s 10.8 100 i - 12s0
1375.4 12s0-1s00
3s43.2 s01-7s0
4198.3 s01-750
3320.2 s01-750
1999.7 7s1-i000
1097.6 401-s00
2819.5 301-400
103s.9 401-s00
1694.4 501-750
1193.6 401-s00
4232.6 301-400
2874.3 401-s00
2805.7 501-750
77,634

088 348
089 1234
090 838
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Table 2.4. Number of tows conducted in each depth range during the 2000, 2001 and

2004 surveys. Subarea 0B was sampled in 2000 and 2001. Subarea 0A South was

sampled in 2001 and 2004. Subarea 0A North was sampled in 2001 and 2004. Subareas

1A and 1CD were sampled in2004. 'S' denotes south, 'N' denotes north.
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Depth Range (m)

<500 501-750 751-1000 1001-1250 12s1-1500

Year Subarea

2000 0B t2

2001 0B 9

OAS 1

2004 0AS 4

OAN 1

1A T2

lCD O

14

5

I6

11

5

22

4

T2

8

6

I2

I4

13

13

8

7

6

11

10

l8

18

6

4

11

t6

6

10

10
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Figure 2.1,. }l4ap of NAFO management areas within Baffin Bay and Davis Strait

(NAFO, 2008; used with permission). Data used for analysis were collected from 04, 14,

08, 1C and lD between 2000 and 2004.
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CHAPTER 3: USING ENVIRONMENTAL VARIABLES TO PREDICT THE

STRUCTURE OF DEEP.SEA ARCTIC FISH COMMUNITIES

Introduction

Efforts to exploit Arctic marine fisheries are increasing as landings of the world's

marine fisheries have plateaued and for some species catches have declined (Hutchings

and Myers 1995, Zhao et aL.2003). The Arctic Ocean is heterogeneous, due in part to

latitude, variability in ocean currents, salinity and depth, so marine fish populations will

likely vary both regionally and locally. Eight ecoregions have been designated for the

Canadian Arctic compared to six for the Pacific region and seven for the Atlantic region

(Powles et aL.2004). Consequently, the need to know how Arctic marine fish

communities are structured overall and locally is essential for long term sustained

fisheries. In the face of past exploitation, effective management decisions require an

understanding of the biological and ecological processes that drive community dynamics.

Food webs are traditionally used for this purpose; however, they are often incomplete and

do not account for factors such as changes in latitude, longitude, depth and/or

temperature.

In1999, Fisheries and Oceans Canada launched their Greenland Halibut Arctic

Survey, an ongoing project aimed at investigating Greenland halibut populations

throughout Davis Strait and Baffin Bay. Their secondary objective was to survey by-

catch populations in order to discem which species represent important prey items andlor

competitors of Greenland halibut. Before more detailed trophic studies could be

undertaken, a simple species inventory was required, focusing on species diversity with

changing environmental variables.
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Several authors have investigated community structure using multivariate

statistical methods. ln recent years, the effects of changing environmental conditions on

terrestrial (Kitahara and Fujii 2005), freshwater (Amsinck et aL.2006), estuarine

(Juareguzar et al.2004) and marine invertebrates (Cai et aL.2007, Mannin and Bucklin

2005) and fish (Bertolo and Magnan2006, Kochzius 2007, McField et aL.200I, Pusch et

al.2004) have been of great interest, either in terms of human impacts or trophic

evaluation.

The first objective discussed in Chapter 1 involved determining factors that affect

community dynamics and trophic relationships in benthic Arctic marine communities.

That objective was the primary focus of this chapter; to investigate the role of

environmental variables on marine fish community composition using multivariate

analytical methods in order to predict changes in trophic structure within the Davis

Strait/Baffin Bay region. More specifrcally, to determine 1) if environmental variables

could be used to predict fish species composition within Davis Strait and Baffin Bay and

2) if this information is applicable to the construction of Arctic food webs.

Methods

Døta Anølysís

Trawl data collected in the 2000-2004 surveys were used in this analysis.

Sampling methods are described in detail in Chapter 2. Distance measures of latitude and

longitude, bottom depth and water temperature chosen for comparison with abundances

of I45 fish species (Table 3.1). Latitude and longitude coordinates were converted to

northing and easting UTM (Universal Transverse Mercator) distance measures using the
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conversion software GeoTrans2 (Northrop Grumman Infonnation Technology,2002).

Easting values were further convefied to make distance measures comparable to each

other by calculating the distance west of each transect frorn the rnidpoint of UTM zone

23. Fish abundance for each tow was log transformed and organizedinto a covariance

matrix in order to meet assumptions of linearity and to avoid giving equal weights to

abundant and rare species. Environmental data for each tow were also logged and

standardized in a correlation matrix. Redundancy analysis (RDA) of environmental data

with species abundance was run using the statistical software CANoCo 4.53.

Results

Fourty-two per cent of the total redundancy in species abundance is predicted

fi'orn variation in the envirorunent (Table 3.2). Eigen values (E) and the cumulative

proportion of canonical variance accounted for by each canonical axis (CSE) indicate that

rnost of the variation is accounted for in the first two axes with E values of 0.321 and

0.071 and CSE values of 16.0 and92.8o/orespectively.

Scatter plot results (Fig. 3.1) illustrate how species data are constrained by the

environmental data. Temperature and latitude are negatively correlated along RDA Axis

1 indicating that community cornposition differs between high latitude areas with low

temperatures and low latitude areas with higher temperatures. Longitude is also

negatively correlated with ternperature but less so than latitude as indicated by its shorter

vector length. Depth also influences cornmunity composition, and is accounted for along

RDA Axis 2.

The proportional differences (by number) of twenty common by-catch species in

f,rve depth ranges within NAFO subareas 0A and 0B between 2000 and 2001 are shown
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in Figure 3.2.In subarea 0A B. saÌda dominated in shallow waters whereas S. mentella

had the highest proportion at the same depths in 08. Two species dominated in tows

greater than 600 m within subarea 04, the most abundant of which was the snailfish, Z.

fabricii. Rocklings (G. ensis) also dominated these tows, and increased in proportion with

increasing depth. The increase of G. ensís corresponded to a decreases of Z. fabricii.In

08, more species were present overall and no one species dominated at depths greater

than 800 m. Synaphobranchus kaupi and A. rostrata were not collected from 0A but there

was a definite increase in proportion with depth in 08. Lantemf,rsh, L. macdonaldi and B.

gløciale, decreased in proportion with increasing depth in 08. Though G. ensis

represented a smaller proportion of the by-catch overall in subarea 08, it followed a

similar pattern to that of 0A in terms of increasing proportion with increasing depth.

Figures 3.3 and 3.4 represent generalized food webs based on known diet

preferences, demonstrating the differences in fish community structure in southern vs.

northern latitudes. Several fish species are absent to the north (04; Fig. 3.4) compared to

the south (08; Figure 3.3), including S. køupi, C. fabricii, A. rostrata, C. rupestris and B.

euryops.
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Discussion

The distribution of fish species differed within and between subareas and

consequently, the Davis Strait/Baffin Bay region may be composed of several 'distinct'

communities. Although many species were common throughout the study area, several

others varied in abundance according to one or more environmental variables.

Redundancy analysis comparing fish species abundance with environmental variables

supports this hypothesis and provides an explanation for observed changes in community

structure. Species with low LC scores, i.e. those species closest to the origin of the

ordination, were not significantly correlated with any of the four environmental variables;

they were ubiquitous throughout Arctic waters regardless of environmental change. Re-

examination of the raw data confirmed that these fishes were relatively abundant

throughout the study area and may be considered 'core' species (e.g. Greenland halibut,

polar sculpin) whereas others are relatively rare (e.g. Greenland shark, Somniostts

microcephalas). Several species, many of which represent key predators or prey, vary

along environmental gradients such as depth, temperature andlor latitude. The presence

or absence of these species, or 'variants', within deep-sea environments may affect shifts

in the trophic position of many individuals, effectively altering the community dynamic.

These findings corroborate those of Jorgensen et al. (2005). Macrourus berglax,

A. rostrata, C. rupestr¿s and S. kaupi were closely associated with each other in low

latitude/high temperature areas, whereas A. atlanticus, L. fabricÌi and B. saida were most

closely associated with high latitude/low temperature areas (Fig. 3.1). Differences in

depth were also comparable to Jorgensen et al. (2005). For example, S. mentella was

most closely associated with shallow water and more strongly correlated with low
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latitudelhigh temperature areas, whereas P. bøthybir,¿s and R. hyperborea were more

closely associated with deep waters and high latitude/low temperature areas.

Communities in higher Arctic latitudes differ from those to the south in that

organisms such as lanternfish (L. macdonaldi) and grenadier (C. rupestr,rs) begin to reach

the limits of their geographical distribution, likely due to physiological limits with respect

to temperature or habitat preferences with respect to spawning or feeding. For example,

lanternfish such as L. macdonaldi are an important food item for C. rupestris.Itis

possible that populations of C. rupestris follow their food source and will remain further

south due to the increased availability of prey. As the abundance of southern species

declines, those tolerant of decreasing temperatures or those with diet items that remain

abundant throughout the Arctic (such as L. fabricii and G. ensís) become more important

within the community as predator and prey species. Consequently, species interactions

and food web structure are altered and certain species may replace others in terms of

trophic importance. Figures 3.3 and 3.4 represent generalized food webs based on known

diet preferences, constructed to demonstrate this shift in community structure between

northem (04) and southern (08) communities. A number of fish species within each

trophic level are lost to the north (04), including important predator and prey species,

such as S. kaupi, C. fabricii, A. rostrata, C. rupestr¿s and B. euryops. As expected, some

species are replaced by others of a similar trophic position (e.g.A. glacialis, C.

reinhardtí); however, the number of species and linkages decreases overall.

According to RDA results, longitude has less influence on community

composition than the temperature/latitude gradient; however, it remains an important

descriptor of community structure in terms of changes in current flow and physical
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characteristics of the ocean bottom (Tang et al.2004). For example, shelf length on the

Canadian side of Baffin Bay/Davis Strait is shorter than that of the Greenland side (Tang

et aL.2004). Consequently, the distribution of deep- and shallow-water species at similar

latitudes will differ in accordance with shelf association at different longitudes. This

pattern was also noted by Jorgensen et al. (2005). The Davis Strait/Baffin Bay region is

unique in that it is subject to several cuffent systems, each with a different temperature,

salinity and direction of flow (Jones et aL.2003, Kiilerich, 1939, Tang et. al.2004). For

example, the'West Greenland Current (WGC) flows south to north along the eastern

portion of this region, exposing species to warmer, more saline northerly flowing waters.

Conversely, the Polar Current (PC) flows in a north to south direction, exposing species

on the western side of Davis Strait and Baffin Bay to colder Arctic waters. The Arctic

Ocean receives IIYo of the world river runoff in addition to freshwater flux due to sea ice

melt (Shiklomanov et al. 2000). Consequently, species along the Canadian side of Davis

Strait and Baffin Bay are exposed to a less saline environment, especially to the north

(Cuny et al. 2005). Two such different current systems in a relatively small geographical

areamay produce two separate and distinct ecological communities; one with more

warm-tolerant species adapted to higher salinities and the other with more cold-tolerant

species adapted to lower salinities. The absence of significant differences between these

two areas may be explained by a high degree of current 'mixing' within this relatively

narow region, resulting in areas more similar in terms of environmental conditions than

previously thought. For example, as the WGC travels north, warrn water 'branches offl

from the main direction of flow to circulate and mix with the colder waters to the west.

Similarly, as the PC travels south, its colder waters mix with the warmer eastem waters.
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As a result, the temperature and salinity gradients are less discrete from east to west than

from south to north with the exception of shallow shelf waters along the west coast of

Greenland (Cuny et al. 2005), and species composition is similar. Though the effects of

current movement may have an important impact on species distribution in relatively

shallow shelf waters (i.e., <800 m), temperature and salinity are known to stabilize and

remain relatively uniform at greater depths (Cuny et al.2005, Tang et al. 2004). As a

result, species distribution at greater depths will not be affected.

Redundancy analysis confirmed that approximately 42 per cent of species

distribution can be predicted using a combination of the four environmental variables;

latitude, longitude, temperature and depth. As latitude increases, proportions of by-catch

species at depth change drastically. As species are lost from the system, predators

become increasingly dependent on the remaining organisms to meet daily dietary

requirements and the removal or depletion of a common food source could result in

pafüal or complete collapse of the system. With this information, it is now possible to

predict community composition in different areas along the Davis Strait/Baffin Bay and

to construct food webs representative of these communities. Because community

structure appears to change gradually along environmental gradients, it may prove

difficult to separate out distinct trophic communities and construct a corresponding food

web for each. Alternatively, it may be more useful to describe the region in terms of

shifting trophic position with assemblage along the temperature/latitude and depth

gradients rather than attempt to construct several different food webs that may not

encompass all of the variation seen in this dynamic environment.
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Table 3.1 . List of fish species within Davis Strait and Baffin Bay in 2000-2004 surveys

for which abundances were compared with four environmental variables (latitude,

longitude, temperature and depth) in redundancy analysis. Families are listed in

alphabetical order.
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Agonidae
Leptagoruts decagonus (Bloch & Schneider)

Alepocephalidae
Alepocephalidae gen. sp.

Alepocephalus agassizii Goode & Bean
Alepocephalus bairdii Goode & Bean

Alepocephalus sp.

B øj acal ifor nia me galop s (Lutken)
Bathytroctes sp.

Xeno dermic ltthy s cop ei (Gill)
Ammodytidae

Ammodytes sp.

Anarhichadidae
Anarh ich a s denticul atu s (Kroyer)
Anarhich a s minor Olafsen

Anoplogasteridae
Anop lo gas t et' conlutct (Valenceinnes)

Bathylagidae
Bathylagus eutyops Goode & Bean

Bythitidae
Bythites fusc¿¡s Reinhardt

Ceratiidae

Ceratias holbo el I i Kroyer
Chiasmodontidae

Chiasmodon nqger Johnson

Chimaeridae

Hydrolagus ffinis (de Brito Capello)
Clupeidae

Cl upea harengus Linnaeus

Cottidae
Artediellus atlanticus Jordan & Evermann
Artediel I u s uncin atus (Reinhardt)

les

Liparis tunicatus Reinhardt
Liparis sp.

P aral iparis b athyb ius (Collett)
Paraliparis copei Goode & Bean
P aral iparis garmani Burke
Rhodichthys regina Collett

Lophiformes
Lophiformes gen. sp.

Lotidae
Gaidropsarus argentatus (Reinhardt)

G aidrop s ar us errsls' (Reinhardt)

Gaidropsarus sp.

Mo lva dypterygia (Pennant)

Macrouridae
Coryphaenoides brevibarbrs (Goode & Bean)
C o ryp h a enoides guen th e ri (Vaillant)
Cotyp haeno ides ntp e s tris Gumerus
Macrouridae gen. sp.

Macrow"us b erg\ ax Lacepede
Nentmia bait'dii (Goode & Bean)
Nezttmia sp.

Trachyrhynchus murray i Gunther
Melamphaidae

P or om itra cra s s icep s (Gunther)

Scop e I ogadtts b eani (Gunther)

Moridae
An t imo ra ro strata (Gunther)

L ep i di o n e q u e s (Gunther)
Myctophidae

B ent ho s ema g I acial e (Reinhardt)

Lampanycttrs macdonaldi (Goode & Bean)
Myctophidae gen. sp.

ies Continued...

Pleuronectidae

G lyp to cep h a I us cy no gl o s s us (Linnaeus)

Hipp og I o s s oides p I at es s oides (Fabricius)
Hipp ogl os stts hipp ogl o s stts (Linnaeus)
Re in hardtius hipp o gl o s s o ides (Walbaum)

Psychrolutidae

C o ttu ncul us microp s Collett
Cofttmctilus thomlt s o ni (Gunther)

Rajidae

B at hyraj a sp inic øud a (Jensen)

Malacoraj a spinacider mis (Bamard)
Raja bathyphila (Holt & Byrne)
Rajafyllae (Lutken)

R aj a hyp erb o r e a (Collett)
Raja radiata (Donovan)
Raja sp.

Saccophar¡mgidae

S accop harynx ampul I ac eu s (Harwood)
Scorpaenidae

Seb as tes marintt s (Linnaeus)
Sebast es men tel I a Travin
Sebastes sp.

Scyliorhinidae
Apristtu'trs pr'ffindortrm (Goode & Bean)

Serrivomeridae

Serrivomer beanü Gill & Ryder
Stephanoberyciformes gen sp.

Sternoptychidae

A rgyr op e I ecus hemigymnus Cocco
Argyrop e lectts o lfers i (Cuvier)

Stichaeidae

Lepto cl irut s macul atus (Fries)

es Continued...
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Icelus b icorms (Reinhardt)

Icelus spafula Gilbert & Burke
Gymnocctn thtts triaspis (Reinhardt)

My oxo cephal us scorp ius (Linnaeus)

Trigl ops pingelii Reinhardt
Tr"iglops nyb elini Jensen

Cyclopteridae
Cycl op terop s is macalpini (Fowler)
Cyc I opterus lumpus Linnaeus

E umicro tremtrs derj ugini Popov
Eum icr o tremtts sp ino s tts (Fabricius)

Etmopteridae
C entro scy I lium fabricii (Reinhardt)

Eurypharyngidae
Euryp harynx p el ecano ide s Vaillant

Gadidae

Arc to gadus gl acial is (Peters)

B o r e o gadtt s s ai da (Lep echin)

Gonostornatidae

Cyclothone braueri Jespersen & Taning
Cycl o thone micro don (Gunther)

Cyclothone sp.

Gono s to m a b athyp hil um (Vaillant)
Gonostomct sp.

Liparidae
Carep ro c ttts microptts (Gunther)

C arepro cttts rein h ardti (Kroyer)
Lip aris fabricii Kroy er
Liparis gibbus Bean

My c t op h um p Ltn c t a t um Rafinesque
No t o s c op elus lvo ey eri (Malm)

Mlxinidae
Myxine sp.

Myxinidae gen. sp.

Nemichthyidae
Nemichthy s s co I op ac eu s Richardson
Nemichtþidae gen. sp.

Notacanthidae

N o t ac ant h us c h emnitzii Blo ch
Polyacanthonotus rissoanus (De Filippi & Verany)

Notosudidae

Scopelosaw'us lepidus (Krefft & Maul)
Oneirodidae

Oneiro des es chric h tii Lutken
Osmeridae

MalloÍus vil| osus (Muller)
Paralepididae

Arc lozenus rrsso (Bonaparte)

Magnisudis atl antica (Kroyer)
P ara I ep is c oregonoides Risso
Paralepididae gen. sp.

Plat¡roctidae
Hol tbyrnia anomala Krefft.
Ho I tbyrnia macr op s li4aul
Holtbyrnia sp.

Maulisict microlepis Sazonov & Golovan
Plaflrtroctidae gen. sp.

Sagamic hthys schnalcenb e clt i (Krefft)

Stomiidae

B orostomias antarcticus (Lorurberg)

C haul io dus s I o ani Bloch & Schneider
Mal acosteus niger Ayres
Rhadin es thes dec imLt s (Zugmayer)
Stomias åoa (Risso)

Stomiidae gen. sp.

Synaphobranchidae

S),nap h o b ranchtts kat tp i Johnson
Trachichthyidae

Hop I o s tethu s atl anticu s Collet
Zoarcidae

L),c en chelys murq ena (Collett)
Lycenchelys sp.

Lycodes adolfiNielsen & Fossa

Lyco des esmarlcii Collett
Ly co de s eudip I etn'o s ticl¿ls Jensen

Lycodes mcal I isteri Moller
Lycodcs paami¡l¡i Moller
Ly c o de s p al I i du s Collett
Ly co de s reticul a tus Reinhardt
Lyco des s emirutdu s Reinhardt
Lycodes squamiven ter- Jensen

Ly c o d e s v a hl ii Reinhar dt
Lycodonus mit"abilis Goode & Bean
Mel ano stigma at I a nt icunt Koefoed

New Species No 1

New Species No 2
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Figure 3.1 . Scatter plot results from RDA of fish abundance and environmental data.

Axis 1 corresponds to a cold-to-warm temperature gradient whereas Axis 2 corresponds

to a deep-to-shallow depth gradient. T : Tempetature, D : Depth, Ln: Longitude, Lt:

Latitude. \Ib M. berglax, Ar: A. rostrata, Cr: C. ntpestris, Sk: 'S. kat'tpi, Sme : ,S.

mentella, Aa A. atlantictts, Bs: B. saida,Lf: L. fabricíí,Rah: R. hyperborea,Pb'. P.

bathybius. Total redundancy in species predicted from variation.in the environment:

0.422. Eigen values (E) and cumulative proportion (%) of canonical variance (CSE)

accounted for by each axis: Axis 1 : 0.321,76.0 %; Axis 2 : 0.07I,92.8o/o, Axis 3 :

0.025, 98.60/0, Axis 4 : 0.006, 100.0%.
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Figure 3.2. Proportion of the twenty most common by-catch species over five depth

ranges (400-600, 601-800, 801-1000, 1001-1200, >1200) within a) NAFO subarea 0A

and b) NAFO subarea 08, in 2000 and 2001'
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Figure 3.3. Generalized food web representing common predator and prey fish species in

NAFO subarea 0B based on stomach content data from 2000-2001samples. Dietary

information for Gonatus fabricii was obtained from Nesis (1965), Kristensen (1983) and

observations from 2000 -2004 surveys.
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Figure 3.4. Generalized food web representing common predator and prey fish species

within in NAFO subarea 0A based on stomach content data from 2000-2001samples.

Dietary information for Gonatus fabricíi was obtained from Nesis (1965), Kristensen

(1983) and observations from 2000-2004 surveys.
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CHAPTER 4: TROPHIC STRUCTURE OF DEEP-SEA BENTHIC FISH

COMMUNITIES _ THE USE OF TROPHIC GUILDS AND MULTIVARIATE

ANALYSIS

Introduction

Although new Arctic marine fisheries are being developed without a

comprehensive national policy (Dick and Chambers 2005) the Strategic Framework for

Nunavut Fisheries (2004) indicated the need for a multi species approach to develop

fundamental knowledge of Arctic fish communities. In order to maintain a stable marine

Arctic ecosystem with an on-going commercial fishery, the accumulation of basic

biological knowledge is required, both at the species and community levels and should

include food webs information. This is particularly important for northern regions as

species diversity decreases with increasing latitude and many organisms reach the limits

of their geographical distribution.

Contrary to most tropical species, Arctic fishes tend to be generalist feeders,

selecting prey items that are readily avallable within their respective habitat zones (i.e.,

position in the water column). Benthic species tend to feed on sedentary organisms or

other benthic species, whereas benthopelagic fishes feed on benthic prey as well as

pelagic species. While deep-sea fishes share several common food items, there are

differences in food availability among these habitat types or 'zones'.

The use of trophic guilds to describe community interactions and construct food

webs is well documented (Alvim and Peret 2004, Angel and Ojeda 2007, Bulman et al.

2001, Davenport and Bax 2002, Luczkovich et aL.2002). Some studies have focussed on

a subset of species to predict trophic structure within a community, while others have
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incorporated the majority of species within a study area. For example, Bulman et al.

(2001) classified seventy marine species on the southeastem Australian shelf into trophic

guilds using the Bray-Curtis Dissimilarity Index with stomach content data. Similarly,

Luczkovich et al. (2002) used published and observed dietary information to determine

trophic guild structure of fishes and macroinvertebrates of a seagrass food web in the

northeastern Gulf of Mexico. Hierarchical classification has been effective in describing

tropical systems in which most species exhibit specialised feeding behaviour; however, in

deep-sea Arctic habitats, feeding strategies are largely unknown and such methods may

be inappropriate. If large overlaps of prey species (i.e., generalist feeding strategies) exist

within these communities, a clear separation of trophic levels based on food items and/or

parasite species may be difficult.

The concept of resource partitioning has been expanded over the years, following

Root's (1967) definition of a trophic guild as 'a group of species that exploit the same

class of environmental resources in a similar way' regardless of taxonomic differences.

Later, the concept of trophic guild and food web structure was revised to include

ontogenetic shifts in niche utilization and the importance of body size with respect to

guild association, particularly in marine environments (Cohen et at.1993, Garrison and

Link 2000, Haedrich and Merrett lgg2,Jennings et a|.2002. Munoz and Ojeda 1998, Piet

etal.1999, Werner and Gilliam 1984, Woodward and Hildrew 2002). Consequently,

studies focussing on the trophic structure of fish communities should consider all aspects

of habitat utilization in order to provide accurate dietary information.

Although stomach content analyses reveal accurate diet data, they often represent

only short-term information (Sholto-Douglas et al.l99I). Methods that incorporate
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longer term information, in addition to stomach contents, would aid in the construction of

more accurate food webs. Parasite infracommunities and stable isotope ratios are useful

in this respect and have been used to augment stomach content data for freshwater fishes

(Johnson et aI.2004) and marine (Bulman et al. 2001, Davenport and Bax 2002)

ecosystems. For example, Johnson et al. (2004) found that parasite infracommunities

more accurately predicted trophic interactions than stomach contents alone in yellow

perch (Percaflavescens) from Canadian Shield lakes.

Parasites are frequently used as indicators of ecological relationships between

hosts (Arthur and Arai 1980, Holmstad et al. 2004, Lester et al. 2001, Mackenzie 1 985,

Malek 2003, Zhokhov 2001). Some examples demonstrate 1) feeding and migration

pattems of Atlantic argentine (Argentina silus) (Scott 1969), Atlantic salmon (Lund and

Heggberget 1992), Atlantic herring (Ch.pea harengtts) (Mackenzie 1985, McGladdery

and Burt 1985) and pollock (Avdeev and Avdeev 1989), as well as trophic relationships

(Huxham et aL. 7995 , Johnson el al. 2004), and 2) feeding behaviour and phylogenetic

linkages (Campbell et al. i980, Urawa 1989). Campbell et al. (1980) recognized that

helminth life cycles and the specifìcity of a parasite species for intermediate and

definitive hosts were useful to link prey and predator. For example, Arctic marine fishes

are important intermediate hosts for several nematode species that complete their life

cycle in marine mammals such as seals or toothed whales. With knowledge of the

definitive hosts of these parasites it is possible to construct food webs for Arctic marine

communities without direct observation of the gut contents of marine mammals.

The remainder of the thesis focuses on the last two general objectives stated in

Chapter 1; 2) recognizingbroad feeding patterns by combining fish groups, regardless of
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phylogenetic relationships, by size and/or age class as well as similar ecologies, and 3)

assessing the trophic position of individual species based on diets, parasite assemblages

and stable isotope data. Hypotheses I and2 were generated from these objectives and are,

inpart, investigated in this chapter.

The specific objectives of this chapter were to 1) determine if hierarchical

clustering (guild formation) is an effective method of trophic evaluation in deep-sea

Arctic f,tsh communities using diet and parasite data with size class, and2) evaluate the

application of endohelminth communities þarasite species transmitted in the food) as

indicators of trophic position in deep-sea marine fishes.

Methods

Species ønd samples

One thousand one hundred and one samples representing twenty-six fish species from

Subarea 0B (Fig. 4.1) were collected for stomach content and parasite infracommunity

analysis and are listed in Table 4.l.In addition to Greenland halibut (Reinhardtír.rs

hippoglossoides), these include sculpins (Cottunculus microps, Artedielh.rs atløntics,

Tríglops nybelini), blue hake (Antimora rostrata), eelpouts (Lycodes eotdipleurostictus, L.

esmarkii, L. vahlii, L. paamíuti, L. reticulalzs), blacksmelts (Bathylagtts euryops),

lantemfish (Lampanyctus macdonalcli, Benthosema glaciale),Arctic cod, (Boreogaclus

saida), snailfish (Liparisføbricii), black dogfish (Centroscylliumfabricii), grenadiers

(Møcrourtts berglax, Coryphaenoides rupesrrzs), rocklings (Gaidropsarus argentahts, G.

ensis), American plaice (Hippoglossoides pløtessoides), redfish (Sebastes mentella), and
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eels (Synaphobranchus kaupi). The total sample sizes for each species are listed in Table

4.1.

Species of the same genera for which fewer than 30 individuals were collected were

grouped for analysis (e.9. L. esmarkii, L. vahlii and L. retictilatus will now be referred to

as'Lycodes spp.'); G. argentat¿rs was grouped with G. ensis and will now be referred to

as'Gaiclropsarus spp.'). Antimora rostrata, C. fobricii, C. rupestrís, Gaidropsar¿rs spp.,

H. platessoides, M. berglax, R. hippoglossoides, S. mentella and S. kaupi are known to

reach maximum lengths of >250 mm, and were separated into 'taxa' based on size

classes. A maximum value of 1 meter was used as a base for size class partitioning (as the

largest fish collected was 1 m in length); class 1 : 0-250 mm,2:251-500 mm, 3 :501-

750 mm, 4:750-1000 mm.

Trophic guild construction

Food Groups

Food items were identified and assigned to one of ten major food groups, based on

known biology and habitat preferences, as follows; Benthic Invertebrates (BI: Bivalvia,

Gastropoda, Echinodermata), Copepoda (CO), Benthic Crustaceans (BC: other

amphipods, isopods, ostracods), Pelagic Amphipoda (family Hyperiidae, PA), Polychaeta

(PO), Cephalopoda (CE), Pelagic Crustaceans (PC: mysids, euphausiids, decapods),

Pelagic Fish (PF: lanternfish, cod), Benthopelagic Fish (BPF: grenadier, Greenland

halibut, rocklings), and Benthic Fish (BF: eelpouts, sculpins). The abundance (per cent

by number) of each food group was calculated for all fish taxa and analysed using cluster

analysis. Cluster analysis was performed using SYNTAX 5.1 (Podani 1997).
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Pørasíte Communítíes

Thirty endohelminth species found in fish hosts of this area are listed in Table 4.3.

Cluster analysis of parasite abundance data was used to determine the value of parasite

infracommunities as predictors of trophic guild structure. Cluster analysis was performed

using Syn-Tax 5.1 (Podani 1997).

Using Parasite Commttnities to Predict Guild Structure

Average parasite and food abundances found in the trophic guilds produced by

hierarchical classification were combined for RDA to determine the value of parasites as

predictors of food preference within specified trophic guilds. In this analysis, parasite

abundance values were treated as environmental variables, food group abundances were

defined as species variables and guilds represented the sample values.

Using Food Gror.rp and Parasite Abundance for Individual Trophic Evqluation

Parasite and food abundances of individual taxa were combined for RDA to determine

the value of parasite communities as predictors of trophic position without prior guild

designation. In the analysis parasite abundance values were treated as environmental

variables, food group abundances were defined as species variables andtaxarepresented

the sample values.
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Results

Trophic Guild Construction

Food Groups

The trophic guild structure of subarea 0B based on food gïoup abundance is

illustrated in Figure 4.2.Usingthe Bray-Curtis Dissimilarity Index fishes were clustered

into eleven guilds based on a dissimilarity score of 0.5 (Table 4.3). Eight of these

contained two or more taxa (guilds 1-7, 10) and three corresponded to one taxon (guitds

8, 9 and 11). Although some food groups maintained similar abundances throughout

(pelagic crustaceans), guilds corresponded either to a distinct combination of food group

abundances or a relatively high abundance of one particular food item. For example,

guild 1 fishes tended to have low abundances of all food groups, while species in guild 10

maintained high abundance values for pelagic amphipods. Similarly, guild 11 (À.

hippoglossoides, size class 4) was separated based on the presence of a single food group

with a relatively high abundance value (benthopelagic fishes).

Parøsíte Communítíes

Hierarchical clustering of parasite infracommunity data resulted in a different

guild structure than that of food group abundance. At the same dissimilarity score (0.5),

few groups were apparent, and those grouped together were known to differ in terms of

food group preference. For example, C. fabricii (size class 2) and L. macdonaldi are

known to have different diets (Table 4.3) but were grouped together here based on the

absence or low abundance of most parasite infections.
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Using Parasite Communities to Predict Guild Strt¿cture

Redundancy analysis of food group and parasite abundance within the trophic

guilds defined by hierarchical clustering (Fig. 4.2,Table 4.3) revealed no significant

correlations (Table 4.4). Ninety-five per cent of the variation was contained along axis 1

(eigenvalue :0.952) and Monte Carlo test for significance yielded an f-ratio of 0 and p-

value of 1.0.

Using Food Group and Parasite Abundancefor Individual Trophic Evaluation

Redundancy analysis for food group and parasite abundance with individual fish

taxa yielded significant correlations. In many cases, parasite species are significantly

correlated with one or more food groups and these, in turn, are significantly correlated

with fish taxa (Fig. 4.4). The parasite species, S. furciger (SF), Stenakron vetustum

(STK), L. rachion (LR) and Echinorhynchus sp. (AC), are closely associated with food

goups such as benthic invertebrates (BI), benthic crustaceans (BC), pelagic crustaceans

(PC) and polychaetes (PO) and are significant along axis 1 (eigenvalue: 0.405).

Neophasis bttrtii and, to a lesser extent, L. elongatum, are closely associated with pelagic

amphipods (PA) and are significant along axis 2 (eigenvalue 0.317). Monte Carlo test for

significance yielded an f-ratio of 1 8.859 and p-value of 0.086. Three trophic groups are

apparent in Figure 4.4; trophic group 1 consists of parasites S. furciger, Stenalcron

vetr.tstum, L. rachion, Echinorhynchns sp., Trematoda lawae, Lepídapedon sp., L.

steenstrupi, Philobythos sp., G. macrouri, Capilløriø sp., and G. phycidis, the food

groups benthic invertebrates, benthic crustaceans, pelagic crustaceans, polychaetes and

copepods and are closely associated with benthic fish species Lycodes sp., C. rupestris

(size class 2), C. microps, L. paamittti, L. eudiplettrosticttts, M. berglax (size classes 2
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and 3), A. atlantict¿s and Gaidropsaras sp. (both size classes). Trophic Group 2 consists

of parasite species, D. varicus, F. felis, H. levínseni, Lecithaster gibbostts,

Lecithophyllum sp., Otodístomtrm sp., Podocotyle sp., P. sqttamatus, Bothriidae sp.,

Cestoda sp. plerocercoids, G. squali, Gilquinia sp. plerocercoids, Spathebothrittm sp.,

C o ntr a c ae cum law ae, P s ert d o t err anov a sp. law ae, Ani s aki s sp. larvae, and

Acanthocephala sp. larvae, in addition to the food groups Cephalopoda, pelagic fishes,

benthopelagic fishes and benthic fishes. These species are closely associated with all

remaining fish species with the exception of L. fabricii and T. nybelini. Trophic Group 3

includes parasite species N. burtii and L. elongatum, the food group pelagic amphipods

and fish species T. nybeliní and L. fabricii.

Discussion

Trophìc Guild Construction

The concept of trophic guilds has become increasingly important in ecology,

allowing scientists to compare the functional organization of animal assemblages in

different geographic regions (Burns 1989, Cartes et al. 2002, Garrison and Link 2000,

Grossman 1986, Livingston 1982, Munoz and Ojeda 1997,1998, Terborgh and Robinson

1986). Most aquatic and marine studies focus on tropical or waÍn-water systems in

which fish species tend to have distinct habitat preferences and the overlap of feeding

habits is limited. As deep-sea Arctic habitats have fewer prey species and less niche

specialization than tropical marine ecosystems, there is a tendency for these systems to

contain alarger number of generalist feeders. While this makes separation of species into

trophic guilds difficult, it was believed that the use of habitat zone of both predator and
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prey species to assess differences in feeding preference would be more effective. Bulman

et al. (200i) and Davenport and Bax (2002) found this method of prey categonzation

useful in that cluster analysis of food categories based on habitat zone provided

functional guilds of fish species off the eastern Australian shelf. My goal was to use a

similar method with stomach content data to determine the guild stnrcture of Arctic

marine communities.

Caution must be taken when interpreting results of hierarchical clustering. Most

clustering algorithms will give rise to a hierarchy regardless of whether or not objects are

hierarchically interrelated (Legendre and Legendre 1998);however, validation is possible

by comparing cluster results to the raw data and determining whether such similarities

andlor differences reflect patterns observed in cluster analysis. A cut-off point of 0.5 was

used to define the trophic guilds described in Figure 4.2 because it appeared as though

fish species were assigned to guilds based on observable pattems ìn the data set (Table

4.3). Benthic fishes such as M. berglax, Gaidropsctrus sp., A. atlantictts and most

eelpouts (genus Lycodes) in guild 6 were known to consume similar food items, as did

taxa in guild 3 (8. euryops, L. macdonaldi, S. mentella size class 1). A closer look at

individual food group abundance revealed that in several cases, taxathat differed ìn the

abundance of important food groups were placed into the same guild. For example, the

lanternfish B. glaciale feeds almost exclusively on copepods and was grouped with

Arctic cod (8. saida) based on the high abundance of copepods in both diets. However,

B. saida does not feed exclusively on one or two food groups but rather on a combination

of several food groups in addition to copepods which would normally place the species

into a different trophic level. In addition, while no fish were found in cod stomachs of
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this particular subarea, cannibalism has been observed on several occasions in B. saicla of

surrounding waters (Chambers, pers. obs.).

While copepod abundance is high in the diet, hierarchical clustering may obscure

less obvious but equally important trophic information that would place individuals into

realistic trophic positions within the food web. One explanation for the ambiguous results

seen in diet-based cluster analyses is that stomach content data provide information on

feeding habits within a short time period. This, in addition to the fact that several deep-

sea species have a tendency to eject stomach contents upon capture, lead to the

conclusion that additional methods of analysis were necessary for an accurate evaluation

of trophic structure in this region. Parasites allow linkages to be made among fish species

in terms of predator- prey relationships and may do so without the need for direct

observation of stomach content. For example, benthic species such as sculpins and

eelpouts were the only hosts infected with trematode metacercanae, and as such are

considered important prey species for piscivorous fish or marine mammals in higher

trophic positions. Ascarid lawal nematodes in fish are also a good example, as they can

be identified to genus and are accurate predictors of marine mammals in the area.

Anisakis species utilize odontocete or 'toothed' whales as definitive hosts (Hays et al.

1998) whereas Contracaecum sp. and Pseudoterranova sp. complete their life cycle

within seals such as Phoca vitulina (Borgsteede et al. 1990). The ability of nematode

lawae to infect a wide range of fish hosts may also be a reflection of marine mammal

distribution. For example, Contracaecum sp. and Pseudoteruanovq sp. show little host

specificity for their larval stages and have been reported from several species throughout

the north Atlantic (Dick and Choudhury,1995).
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In the past, parasite data have provided supportive evidence for dietary

investigations of fìsh species and in at least one case were proven to be more accurate in

terms of describing fìsh trophic position (Johnson et aL.2004). Assuming guild formation

using food group data was accurate, cluster analysis using parasite data should reflect

guild structure (Fig. 4.2). The lack of group structure for parasite cluster analysis (Fig.

4.3) at the same dissimilarity score (0.5) suggests that either parasites are not as useful in

describing trophic relationships in this environment, or more likely, that guild structure

using food group abundance does not adequately describe the trophic position of deep-sea

Arctic species. Clustering analysis included fishes with host-specific parasites, whether or

not transmission was through an intermediate host common to all fish diets. If these

species were removed from the analysis a simpler, more interpretable evaluation of

trophic structure would be possible, but this omission would mask important predator-

prey relationships.

Using Parøsite Communitíes to Predict Guíld Structure

Redundancy analysis using average food group and parasite abundance within

each guild in Figure 4.3 was carried out to determine whether in any instance, parasite

species could be used as predictors of feeding strategy. Parasites were not significantly

correlated with food group abundance in the pre-defined guilds, indicated by an

eigenvalue close to 1.0 along the first axis (0.952, Table 4.4). Monte Carlo test for

significance generated an f-ratio of zero and p-value of 1.0, confirming that guild

construction is not an ideal method of trophic evaluation for deep-sea Arctic fish species.

A potentially important constraining factor in this study is the method used to

group food items. The preferred habitat zone (i.e., benthic, benthopelagic, pelagic) of
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prey items was used as the basis for food groups as opposed to taxonomic similarity. The

idea was that in a system likely comprised of predominantly generalist feeders, the

availability of prey species would take precedence over all other variables involved in

prey selection. Consequently, trophic guilds and intra-guild parasite communities would

reflect the position that each fish species occupies in the water column. This is a valid

hypothesis; however, it fails to take zone shifting of species, i.e., the ability of certain

species to utilize more than one zone within the water column, into account. For example,

benthic species such as sculpins and eelpouts lack a swim bladder and as a result

maintain contact with the ocean floor and are able to feed only on other benthìc species.

Conversely, benthopelagic (or demersal) species such as dogfish inhabit the zone just

above the ocean floor (within a few meters) and are able to access prey both in the water

column and along the bottom. In doing so, benthopelagic species will compete with

benthic species while maintaining their ability to feed on prey that are less accessible to

their benthic counterparts.

Usíng Food Group and Pørasite Abundance for Indívìdual Trophic Evaluøtíon

Due to the failure of hierarchical clustering to depict trophic structure accurately

and to test the usefulness of food groups based on habitat zone in trophic studies of this

region, the concept of guilds was abandoned and individual taxa were analysed in terms

of food groups and parasite abundance. RDA revealed the presence of three groups in the

community (Fig.4.4), the two most prominent of which reflected positive correlations

between parasite and food group abundance with habitatzone. Trophic Group 1 was

charactenzed by benthic fish taxa and were most closely associated with benthic food

groups such as benthic crustaceans, benthic invertebrates and polychaetes. Parasite data
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supported food group and species associations in that the parasite species correlated with

this group are transmitted through predominantly benthic intermediate hosts. For

example, Lycodes spp. fed mainly on benthic invertebrates such as brittle stars

(Ophiuroidea), and had the highest infections of S. fttrciger thal utilize brittle stars as

second intermediate hosts (Schell 1970). Trophic group 2 consisted of all

benthopelagiclpelagic fish species in the study and was charactenzed by short vector

lengths (i.e., closer proximity to the origin of the ordination). Short vector lengths of food

and parasite species in this group indicated a high level ofgeneralist feeding and

infection by parasites with little or no host specificity such as D. varicus (Bray 1979).

Trophic group 3 included the shallow-water species T. nybelini and the common

gelatinous snailfish, L. fabricii, both of which fed extensively on pelagic amphipods

(family Hyperiidae). These fish species were considered specialist feeders and in the

absence of other parasite species, were likely categonzed based on low abundances of

rare parasites. Both eigenanalysis and Monte Carlo test results (listed inFig.4.4)

confìrmed that parasite species are significant predictors of food group abundance in

fishes of subarea 0B, indicating that in the benthic marine communities of the Arctic,

over 72o/o of food group consumption can be predicted by parasite infracommunity

structure.

To date, the description of natural communities in terms of guild structure and

species interactions has been relatively successful but in most cases, these communities

have species that feed on relatively small numbers of prey items. These communities are

readily partitioned into distinct trophic guilds based on specific feeding niches. By

contrast, in Arctic benthic marine communities food web complexity decreases at higher
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latitudes and prey species are lost, but predators become less specializedintheir selection

of food species resulting in overlap of trophic position. In other words, trophic structure

is more dependent on prey availability and habitat zone. Consequently, the most effective

means of community assessment is to separate species based on their ability to exploit

prey species within the different habitat zones.
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Table 4.1. Total sample size and letter codes of twenty-three fish species collected from

NAFO Subarea 0B in 2000 and 2001 for stomach content and parasite infracommunity

analysis.
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Latin Name Common Name Letter Code N

Antímo r a r os tr ata (Gunther) Blue Hake Ar

Aa

Beu

Bg

48

45

63

60

94

40

54

JI

15

47

21

85

58

10

49

55

6

11

45

119

38

64

32

Artediellus atlanticus Jordan & Evermann Hookear Sculpin

Bathyløgus euryops Goode & Bean

B enthos ema glaciale (Reinhardt)

B o r eo gadt ts s aida (Lepechin)

C entros cy llium fabricii (Reinhardt)

C o ryp h a eno i de s ntp e s/r¿s Gunnerus

Cottunculus microps Collet

Gaidropsarus argentatas (Reinhardt)

Gaidrops arus ensis (Reinhardt)

Polar Sculpin

Arctic Cod Bs

Black Dogfish Cf

Roundnose Grenadier Cr

Cm

Arctic Rockling Ga

Three-Beard Rockling Ge

Rakery Beaconlamp Lm

Gelatinous Snailfish Lf

Esmark's Eelpout Les

Double-Line Eelpout Leu

Goitre Blacksmelt

Glacier Lantemfish

Lycodes sp.1

Arctic Eelpout

Vahl's Eelpout

Hippoglossoides platessoides (Fabricius) American Plaice Hp

L a mp any c tt s m a c d o n a I di (Reinhar dt)

Líp ar is fab ri cii Kr oy er

Lycodes esmarkii Collet

Lyco des ettdip let ros tictt ts Jensen

Lycodes paamiuti Möller

Ly c o des r eti cu I atus Reinhardt

Ly co des v ahlii Reinhardt

Macrourus berglax Lacepede

Reinhardtius hippoglossoídes (Walbaum)

Sebastes mentella Travin

Sy nap ho b r anchus kaup i Johnson

Triglops nybelini Jensen

Roughhead Grenadier Mb

Greenland Halibut Rh

Deepwater Redfish Sme

Slatjaw Cutthroat Eel Sk

Mailed Sculpin Tn

Lvp

Lyr

Lyv

l0



Table 4.2. Names and letter codes of thirty parasite species recovered from twenty-three

fish species within NAFO Subarea 0B in 2000 and 2001. 'Trematoda larvae' refer to at

least two species of digeneans, all of the family Opecoelidae. Identification to genus and

species was not possible.
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Parasite Species Code

D erogenes varicus (Müller)

F e I Io dis t omt tm felis (Olsson)

G I o me ri cirrus mac r o uri (Gaevskaj a)

Gonocerca phycidus Manter

Hemíurus levins eni Odhner

Lecithaster gibbostts (Rudolphi)

Lecíthophylh.tm sp.

DV

FF

GM

GP

HL

LEC

LI

LEP

LS

NB

OF

POD

PS

SF

STK

TL

BO

CP

PHY

GS

GQP

SPA

CL

PL

ANL

CAP

ACL

AC

Lepidopedon elongatum (Lebour) LE

Lepidapedon rachion (Cobbold) LR

Lepidapedon sp.

Lep i dop hy I lum s t e ens trup i O dhner

Neophasis burtiBray & Gibson

Otodistomttm sp.

Podocotyle sp.

P r o s o r hync htts s quamatus O dhner

St e r ing op h o rus fur cí ger (Olsson)

Stenakron vetustum Stafford 
.

Trematoda sp. Larvae

Bothriidae sp.

Cestoda sp. Plerocercoid

Phílobythos sp.

Gi I quini a s q uali (Fabricius)

Gi lquinia sp. Plerocercoid

Spathebothrium sp.

Contracaecum Larvae

Pseudoterranova Lawae

Anisakis Lawae

Capíllaria sp.

Acanthocephala Lawae

Echinorhynchus sp.
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Table 4.3. Ãverage abundance of ten food groups for each fish taxa within the eleven trophic guilds defined using hierarchical

clustering. PA: Pelagic Arnphipods, CO: Copepoda, BI: Benthic Invertebrates, BC: Benthic Crustaceans, POL: Polychaeta,

CEP : Cephalopoda, PC: Pelagic Crustaceans, PF: Pelagic Fish, BPF: Benthopelagic Fish, BF: Benthic Fish. Size classes were

def,rned as: 1 :0-250 mm,2:251-500 mrn, 3 : 501-750 mm,4:750-1000 mm.
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Guild

I A. rostrata

A. rostrata

H. platessoides

R. hippoglossoides

R. hippoglossoides

C. fabricii
R. hippoglossoides

C. rupestris

C. rupestris

Gaidropsar¿ls sp.

B. etuyops

L. macdonaldi

S. mentella

B. glaciale

B. saida

C. fabricii
S. mentella

S. køupi

S. kaupi

A. atlantictts

M. berglax

1

2

2

1

2

2

J

1

J

2

1

1

1

1

1

J

2

2

J

I

1

0.06 0.06

0 0.03

0.33 0

0.40 0

0.2t 0.03

00
0.04 0

0 0.31

00
0.07 0.17

0.0s 0.s 1

0 0.27

0.12 0.31

0.03 1.25

0.21 2.02

00
0.08 0

00
00
0.02 0.13

0 0.82

4

00
0 0.03

00
00
0 0.04

00
0 0.18

0 0.06

00
0.17 0.50

0.02 0.03

00
0 0.04

00
0 0.02

0.06 0

0.08 0

0 0.0s

0.02 0.02

0.s8 0.76

0.55 1.64

0.13 0.13

0.16 0

0.07 0

0.07 0.13

0.01 0.19

0 0.21

0 0.07

00
00
0 0.03

0.02 0

00
0 0.15

00
0 0.02

0 0.88

0 0.75

0.35 0.55

0.18 0.4r

0.27 0.31

0.27 0.36

0.31 0

0.34 0

0.20 0

0.53 0

0.34 0.01

0.42 0.17

0.39 0.04

0.94 0

0.70 0

1.40 0

0.08 0

0.08 0

0.19 0

00
0.8i 0

0.24 0

00
0.10 0.i0

0.0s 0

0.16 0.02

0.27 0

0

0

0

0

0.01

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0.20

0

0.08

0.17

0.04

0

0

0.03

0

0

0

0

0

0.29

0

0.1s

0.09

0.11

0
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L. ettdipleurosticttts

L. paamiuti

M. berglax

Gaidropsarus sp.

C. microps

Lycodes sp.

H. platessoides

C. rtrpestris

L. fabricii
T. nybelini

R. hippoglossoides

8

9

10

1

1

2

1

1

1

1

2

1

1

411

0.06 0.r4

0.02 0.04

0.03 0.29

0.03 0.33

0 0.19

0.07 0

00
0 7.01

4.02 0.48

9.81 0.09

00

1.45 2.04

1.29 2.47

1.38 0.79

0.07 t.31

0.22 2.54

8.70 3.81

0.17 0.33

0 0.37

0. i 0 0.05

0.03 0

00

0.24 0.14

0.24 0.04

0.47 0.r2

0.03 0.07

0.11 0.14

0.33 0

0.r1 0

0 0.11

00
0.03 0

00

0.t4

0.27

0.79

0.21

3.16

4.67

0

4.59

0.02

0

0

0

0

0

0.17

0

0

0

0

0

0

0

0 0.04

00
0 0.12

0.03 0.03

00
00
00
0.04 0

00
00
1.00 0
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Table 4.4. Eigenvalues and Monte Carlo for significance between food group and parasite

abundances found in trophic guilds defined by the Bray-Curlis Dissimilarity Index.
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Axis 1 Axis 2 Axis 3 Axis 4

Eigenvalue 0952 0.036 0.007 0.004

Sum of all canonical Eigenvalues: 0.999

F-Ratio: 0

P-Value 1.000

77



Figure 4.1. Map of the Davis Strait/Baffin Bay region defining the boundaries of NAFO

Subarea 0, Division B sampled in 2000 and 2001 (Treble, 2002).
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Figure 4.2. Eleven trophic guilds within NAFO Subarea 0B based on food group

abundance for thirty-two fish taxa using the Bray-Curtis Dissirnilarity Index. Guild 1:

Antimora rostrata (I), A. rostrata (2), Hippoglossoides platessoides (2), Reinhardtius

híppoglossoides (1,2,3), Centroscylliumfabricii (2); Guild 2: Coryphaenoides rupestris

(1, 3), Gaidropsaras spp.; Guild 3: Bathylagus euryops, Lampanyctus macdonaldi,

Sebastes mentella (1); Guild 4: Benthosema glaciale, Boreogadus saida; Guild 5: C.

fabricii (3), S. mentella (2), Synaphobranchus kaupi (2,3); Guild 6: Artediellus

atlanticus, Macrourus berglax (1,2), Lycodes eudipleurostictus, L. paamiuti,

Gøidropsaras spp. (1); Guild 7: Cottunculus microps, Lycodes spp.; Guild 8: 1L

platessoides (1); Guild 9: C. rupestris (2); Guild 70: Liparis.fabricii, Triglops nybelini;

Guild 11: R. hippoglossoides (4). Numbers in brackets beside species/taxa denote the size

class of each taxon. No size class indication denotes species that only attain sizes within

size class 1. size classes were defined as: 1 :0-250 mm,2:251-500 rnm, 3 : 501-750

mm,4: 750-1000 rnrr.
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Figure 4.3. Eighteen trophic guilds within NAFO Subarea 0B based on parasite

abundance for thirty-two fish taxa using the Bray-Curlis Dissimilarity Index. Guild 1:

Antimora rostrata (1); Guild 2: Coryphaenoídes rupestris (3), Bathylagus eLtryops; Guild

3: Sebastes mentella (2); Guild 4: Reinhardtius hippoglossoides (1); Guild 5: A. rostrata

(2), Synaphobranchus kaupi (3); Guild 6: Hippoglossoides platessoides (2), R.

hippoglossoides (4); Guild 7: S. kaupi (2), Macrourus berglax (2); Guild 8:

Centroscyllitmfabricii (2), Lampanyctus macdonaldi, H. pløtessoides (1); Guild 9: ,L

ntentella (l), Benthosema glaciale; Guild 70: Boreogadus saida, Gaidropsarz;s spp. (1);

Guild 17: Artediellus atlantíczs; Guild 12: C. rupestris (2), Triglops nybelini; Guild 13:

Gaidropsarus spp. (2); Guild 14: C. fabricii (3), Cottunculus microps, Lycodes spp.;

Guild 15: M. berglax (2), L. eudipleurostictus, L. paamiuti; Guild 16: 11. hippoglossoides

(3), C.rupestris (1); Guild 17: Lipørisfabricii; Guild 18: R. hippoglossoídes (2).

Numbers in brackets beside species/taxa denote the size class of each taxon. No size class

indication denotes species that only attain sizes within size class 1. Size classes were

defined as: 1 : 0-250 mm,2:251-500 mm, 3 : 501-750 mnl4: 750-1000 mm.
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Figure 4.4. RDA scatterplot illustrating the relationship of food group and parasite

abundance for twenty-three fish taxa in subarea 08. PA : Pelagic Amphipods, CO :

Copepoda, BI: Benthic Invertebrates, BC: Benthic Crustaceans, POL: Polychaeta,

CEP : Cephalopoda, PC: Pelagic Crustaceans, PF: Pelagic Fish, BPF: Benthopelagic

Fish, BF : Benthic Fish. Letter codes for fish taxa are listed in Table 4.2 and for parasites

in Table 4.3. Eigenvalues of the first four axes were 0.405, 0.317,0.210 and 0.033,

respectively. Sum of all canonical eigenvalues was 0.996. Monte Carlo test for

significance yielded an f-ratio of 18.859 and a p-value of 0.086.
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CHAPTER 5: USING STABLE ISOTOPES OF CARBON AND NITROGEN TO

PREDICT TROPHIC STRUCTURE IN DEEP-SEA ARCTIC FISH

COMMUNITIES

Introduction

Understanding community dynamics and trophic stnrcturing in marine systems,

particularly in the Arctic, is essential in the context of environmental change. Alterations

in clirnate regimes and subsequent shifts in water temperature, salinity and current

systems will have significant effects on the range extensions of fish species, inter- and

intra- specific competition as well as rates of extinction. Such changes would also be

confounded by irnpacts of increased shipping activity and by commercial exploitation of

single or rnultiple species. Without baseline knowledge of structural dynarnics, it will be

difficult to detect changes in community cornponents or contribute to conservation and

reclamation strategies once changes begin to accumulate.

Although stomach contents continue to be prirnary indicators of ecological

relationships among species, a major disadvantage is that they provide dietary

information at only one particular point in time (Sholto-Douglas et al. 1991).

Endohehninth communities are oÍïen used to supplement dietary investigations,

providing longer tenn information and revealing predator-prey linkages that rnay

otherwise be overlooked (Carnpbell 1980). Though the analysis of parasite data is useful

for trophic linkage determination between species, it also has potential lirnitations. For

example, some parasite species maintain seasonal fluctuations within their fish hosts

(Buneson and Olson l9T4,Hakalahti et al.2006, Simkova etal.2004) and as aresult,

their usefulness as indicators of ecological relationships may depend on appropriate
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sampling times. In addition, soûte small mesopelagic fishes harbour few or no

endohelminth parasites. Consequently, additional longer-term methods are being

implemented in trophic studies to supplement diet data and provide a clear understanding

of trophic relationships within whole communities.

Recently, trophic studies in marine habitats have included analysis of carbon and

nitrogen isotopes in conjunction with diet data in order to corroborate findings for trophic

structuring within an ecosystern (Davenport and 8ax2002, Johnson et aL.2004). Stable

isotope ratios in animal tissues are useful for constructing food webs as animals are

similar in isotopic composition to their diets (Kline et al. 1998, Monteiro et al.I99I,

Peterson and Fry i987, Post 2002, Sholto-Douglas et al.I99I, Thomas and Cahoon 1993,

Wainright et al. 1993). As a consequence, stable isotope analysis is becorning an

irnportant research tool for the examination of trophic relationships within freshwater

(Johnson et aI.2004, Kline et al. 1998) and marine envirorunents (Davenport and Bax

2002, Michener and Lajtha 2007, Monteiro et al. 7991, Sholto-Douglas et aL.1997,

Thomas and Cahoon 1993), providing a continuous measure of an animal's trophic

position, i.e., a measure of the assirnilated diet, both in the long- and shorl-term (Kline et

al. 1998, Monteiro et al. 1997, Sholto-Douglas et al. 1991, Thomas and Cahoon 1993,

V/ainright et al. 1993, Post 2002).

Though stable isotope analysis often plays a key role in trophic studies, Dayton

and Hessler (I972) suggested that deep-sea environments differ from other ecological

comrnunities in that the trophic levels may merge. As a result, the roles of predators are

not always distinguishable from those of decomposers and stable isotopes may be less
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helpful. This idea has not yet been tested but rernains an impoftant question in deep-sea

ecology.

Results in Chapter 1 indicate that trophic guilds are not appropriate for the

constn¡ction of food webs in deep-sea Arctic cornmunities but elements of Hypotheses 1

and2 are still valid; namely that parasites and stable isotope ratios should reflect diet

preference and that if trophic position is dependent on feeding mode as a reflection of

body size and age class, differences in feeding habits, parasite communities and stable

isotopes will occur with increasing size and age class. Consequently, the objectives of

this chapter were to detennine if 1) stable isotopes of carbon and nitrogen could

distinguish trophic position in deep-sea Arctic fishes and 2) stable isotopes of carbon and

nitrogen are reflective of diet preferences and endohehninth infections in deep-sea fish

species within the Davis Strait/Baffin Bay region.

Methods

Study Areø and Species Collected

The study area included NAFO Subarea 0 (divisions A and B, Fig. 5.1). Sarnpling

methods are described in detail in Chapter 2.Data used in this chapter included sarnple

collections frorn 2000, 2001 and 2004. Two thousand one hundred and eighteen samples

representing nineteen fish species were collected and lengths, weights, sex, stornach

contents and parasite species identified and enumerated (Table 5.1). A minimurn of 10

samples from each species were randornly selected within each subarea for stable isotope

analysis, for a total of 320. These included Greenland halibut (Reinhardtius

hippoglossoides), sculpins (Cottunculus microps, Artedíellus atlanticus, Triglops
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nybelini), blue hake (Antimora rostrata), eelpouts (Lycodes eudipleurostictus, L.

paamiuti), blacksrnelts (Bathylagus euryops), lantemfish (Lamparryctus macdonaldi,

Benthosenta glaciale), Arctic cod (Boreogadus saida), snailfish (Liparis fabricii), black

dogfish (C entr o s cy I lium fabri cii), grenadi ers (Mac r o urus b er g lax, C o ryp h a eno i d e s

rupestris), rocklings (Gaidropsarus ensis), American plaice (Hippoglossoídes

platessoides), redfish (Sebastes mentella), and eels (Synaphobranchus kaupi).

Støble Isotope Determìnatíon

Methods for stable isotope analysis were adopted from Thornas and Cahoon

(1993). A dorsolateral sample of muscle tissue from each fish was collected and dried in

an oven at 40oC. Once dry, samples were ground into a fine powder and used directly for

carbon and nitrogen analyses. ôl3Carbon and ôlsnitrogen isotopic analyses on the muscle

(protein) were accotrplished by continuous flow ion ratio mass spectrometry (CF-IRMS)

using a GV-Instruments@ IsoPrime attached to a peripheral temperature controlled

EuroVector@ elemental analyzer (EA) (University of Winnipeg Isotope Laboratory,

UWL). 1.0 mg samples of oven-dried fish muscle were loaded into tin capsules and

placed in the EA auto-sampler in accompaniment with intemally calibrated

carbon/nitrogen standards (Phanna cottonseed and casein proteins: ô13 C: -22.95 and -

26.98 %o Vienna PeeDee Belemnite (VPDB); ðrs N : 5.00 and 5.94 o/oo Air, respectively).

Batch files were set up as follows: 4 casein, 4 pharma,10 samples (every 5th sample

duplicated and every 15th sample was done in triplicate), 4 cottons eed,4 casein, etc....

Carbon and nitrogen isotope results are expressed using standard delta (õ notation

in units of per mit (%o) . The delta values of carbon (ôr 3 
C""rr) and nitrogen (ôl s 

N".11)

represent deviations from a standard, such that ô.o,.p1" : l(Rru,rpl/Rrtun¿uro)- 1 ] 
x I 03 where R

is the t3Clt2C or 'sN/loN ratio in the sarnple and the standard. The standards used for

carbon and nitrogen isotopic analyses are VPDB and IAEA-N-I (IAEA, Vienna),

respectively.
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Analytical precision, determined from the analysis of duplicate samples, was t
0.16 o/oo for ôr3C and + 0.1 8 %o for ô15N. Accuracy was obtained through the analysis of

laboratory standards used for calibration ofresults.

Using the equation: ôr3C' : ôr3C + D (I + 3.g0lr+287lL) where õr3C' represents

the lipid-normalized value of the sarnple, D represents the isotopic difference between

protein and lipid, I represents a constant (-0.207) and L represents the proportional lipid

content of the sample, Kiljunen et al. (2006) determined that fish muscle contained zero

extractable lipid at a C:N ratio of approximately 3.0. No sample in this data set contained

a C:N ratio of 3.0 or greater and consequently, lipid extraction was not required.

Trophic Evaluøtíon - Food Groups and Pørasite Comnrunities

Food items were identified and assigned to one of ten major food groups, based

on known biology and habitat preferences, as follows; Benthic Invertebrates (BI:

Bivalvia, Gastropods, Echinodennata), Pelagic Arnphipods (PA : family Hyperiidae),

Copepoda (CO), Benthic Crustaceans (BC: other amphipods, isopods, ostracods,

cumaceans), Polychaeta (PO), Cephalopoda (CE), Pelagic Crustaceans (PC: mysids,

euphausiids, decapods), Pelagic Fish (PF: lantemfish, cod), Benthopelagic Fish (BPF:

grenadier, Greenland halibut, rocklings), and Benthic Fish (BF: eelpouts, sculpins). The

abundance (per cent by number) of each food group was used in the analyses.

Parasites were fixed in AFA, stored in70o/o ethanol, stained, mounted on slides

and identified as in Chapter 4. Abundance values (%by number) for the 22

endohehninths were calculated and used in the rnultiple regression analyses.
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Cølculatíons ønd Støtístical Anølyses

Average stable isotope values of ôr3C and õrsN (Table 5.3) were plotted on the

same graph for nineteen fish species within Davis Strait and Baffin Bay. Each species

was assignecl to one of thrce general feedirig gloups, which included benthic,

benthopelagic, and pelagic. Multidimensional Scaling (MDS) was then performed using

Syn-Tax 5.1 in order to visualize relationships between species and feeding groups

relative to the data. MDS is a type of ordination used in data visualization to investigate

similarities or dissimilarities in data (Borg and Groenen 2005, Cox and Cox 2001). To

test the assigned feeding gfoups the global optimization routine of non-hierarchical

clustering package in cluster analysis was performed using Syn-Tax 5.1 (Podani 1997).

This was used to iteratively determine three groups. Global optimization partitions

individuals intop mutually exclusive groups (or clusters). The number of clusters is

determined a priori,which for these data was three groups (benthic, benthopelagic, and

pelagic). The iterative search is a relocation process, similar to Æ-means clustering,

beginning with a random partition. The routine produces the selected number of gtoups,

such that group membership is optimizedby minimizing the ratio of within-group

distances to between-group distances. Because solutions from random partitions are not

unique, the process was repeated 50 times. Horn distance was selected because of the

efficient manner in which it weights partial overlaps (Horn, 1966).In all cases data were

not normally distributed, requiring the use of nonparametric statistics. To determine

whether groups were significantly different a Kruskal-V/allace test was used with Dunn's

procedure for multiple groups, for both the assigned groups and optimal groups using

XLStat (Addinsoft ,2006). Mann-Whitney tests in XLStat (Addinsoft ,2006) were used in
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order to determine whether the assigned groups were distinguishable from optimized

groups based on the frequency distributions of carbon and nitrogen.

The percentage of all ten food item groups was used to construct a l00o/o stacked

column histogram in order to compare diet types of fish species. Lastly, ôr3C and ôr5N

were individually plotted against total length (mm) for each species and R2 values were

calculated.

A stepwise multiple regression analysis was employed using SPSS (version 15.0)

in order to test the effectiveness of ôr3C and ôlsN as predictors of diet composition and

parasite infracommunities. Multiple regression allows the simultaneous testing and

modelling of multiple independent variables, with the model:

y : 0o + Þrxr + þzxz+ F¡x¡ .... f e.

Where y is the dependent variable and x is the independent variable(s).

90, Fr, Fz, B3, etc. (parameters) are estimated by obtaining:

ì, : Oo I brxr rbzxz* b¡x¡...

Where b : regression coefficient. The estimation is done according to linear least

squares. The model is: Y: XF + e. The solution is: b: (X'X)-rX'Y.

Carbon and nitrogen were tested separately and together with ten food groups and

twenty-two parasite species (Table 5.2). Assumptions of normality and linearity,

homoscedasticity and independence of the data were met, determined by examination of

the response scatterplot.
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Results

Stable isotope analysis of carbon revealed ðr3C signatures from -10.9 to -27 .5

(Fig. 5.2). Strictly benthic species such as C. microps, M. berglax, A. atlanticus and L.

eudipleurostíctus maintained the least negative values (<- 19), whereas the most depleted

values of ôl3C (> -2L 0) were found in T. nybelini, B. elryops, B. glaciale and L.

macdonaldÌ. ôrsN values were highest (>15.0) for R. hippoglossoídes and most of the

strictly benthic species (C. microps, M. berglax, A. atlanticr.s, L. eudipleurosticttts) (Fig.

5.2). The lowest õrsN values (<12.5) were found in C. ntpestris, L. macdonalcli, B.

glaciale, A. rostrata, L. fobricii and S. kar,tpí.

When ðlsN was plotted against õl3C using the average values for each species

(Fig. 5.2) three possible trophic groups emerged; 1) species with low ôr3C and ôrsN

values (8. glaciale, B. euryops and Z. macdonaldi), 2) species with intermediate values of

ôr3C and ôtsN 1rR. hippoglossoides, B. saida, L. fabrícii, T. nybelini, S. kaupi, C.

rupestris, S. mentella, G. ensis, H. platessoides, C. fabricii, A. rostrata) and 3) species

with high ôr3C and õlsN value s (C. microps, A. atlanticr.ts, L. ettdipleurosticttts, L.

paamiuti and M. berglax). Multidimensional scaling (MDS) based on Bray-Curtis

similarities resulted in a similar pattern in that benthic, benthopelagic and pelagic species

were clustered together (Fig. 5.3).

A ôr3C vs. 8l5N scatterplot for all fish samples analysed is presented in Figure

5.4. All individuals were assigned to one of three goups;benthic, benthopelagic or

pelagic based on the presumed habits of the species. The three groups were

distinguishable, with some overlap, using a Kruskal-Wallis test with Dunn's procedure
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for multiple comparisons. There was visibly more overlap between benthopelagic and

pelagic species than between benthopelagic and benthic species (Figure 5.4).

Results of a global optimization routine using Horn distance are presented in

Table 5.3. Kruskal-Wallis multiple pairwise comparisons using Dunn's procedure found

significant differences between all three groups with a Bonferroni corrected significance

level of 0.0167. Definitive group assignment was determined when 50Yo or more of the

individuals from each species were included based on the global optimization results.

Mann-Whitney pairwise tests between natural groups and global optimized groups for

benthic, benthopelagic, and pelagic groups determined that the distributions of carbon

and nitrogen values between the natural and optimized groups were not statistically

different, with exception of the pelagic nitrogen group.

The proportion of diet categories found in the stomachs of nineteen fish species

studied, in order of fish group (i.e., benthic - pelagic) is presented in Figure 5.5. The diet

of benthic species was charactenzed by benthic invertebrates and benthic crustaceans

while that of benthopelagic species was charactenzed by pelagic amphipods, cephalopods

and to a lesser extent, pelagic crustaceans and benthopelagic fish. Pelagic species were

charactenzed by large amounts of copepods and pelagic crustaceans in the diet.

The proportion of endohelminths found in the nineteen fish species examined, in

order of fish group (i.e., benthic - pelagic) is presented in Figure 5.6. Most endohelminth

species were prevalent among fish trophic groups; however, G. macrouri and Trematoda

Iarvae were most abundant in benthic species. Benthopelagic fishes maintained the

largest number of non-host specific endohelminths, with particularly high abundances of
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Cestoda plerocercoids, Contracaecum larvae and Anisakis larvae. Pelagic species were

the least parasitized, with most fish containing either few, no or host-specific parasites.

Multiple regression using ôrsN as a predictor of food gïoups indicated that few

food groups in the diet can be predicted using nitrogen isotope signals (Table 5.5).

Nitrogen isotope values were able to predict two groups: Benthic Invertebrates and

Benthic Crustacea, with f-ratios of 9.798 and 1 1.056, respectively and p-values of .005

and .003, respectively. ô''C was a better predictor of diet as it was significantly

correlated with Benthic Invertebrates (f-ratio 13.35, p-value 0.001), Benthic Crustacea (Ê

ratio 7 .235, p-value 0.013), Polychaeta (f-ratio 71.498, p-value 0.003) and Pelagic

Crustacea (f-ratio 4.586,p-value 0.043). When õrsN and ôl3C were combined, three food

groups were predicted; Benthic Invertebrates (Êratio 8.276, p-value .002), Benthic

Crustacea (Êratio 6.36,p-value .007) and Polychaeta (f-ratio 5.518, p-value 0.011).

Based on multiple regression analysis, ôlsN was a poor predictor of parasite

infracommunities with no significant relationships (Table 5.6) but ôr3C was a significant

predictor of six parasite species: GlomericirrLß macrouri (f-ratio 5.272, p-value 0.03 1),

Gonocercø phycidis (f-ratio 6.395, p-value 0.019), Cestoda plerocercoids (f-ratio 4.39I,

p-value 0.047),Anisakislawae (f-ratio 4.616, p-value 0.042), Capillaria sp. (f-ratio

11.521, p-value 0.002) and Echínorhynchr.rc sp. (f-ratio 9.772, p-value 0.005). When

values for ôlsN and ôr3C were combined they predicted the abundan ce of Capillaria sp.

(f-ratio 6.258, p-value 0.007) andEchinorhynchus sp. (Êratio 5.26,p-value 0.014).

A plot of 8l3C against total length revealed low or no correlation with low R2

values. Five species (C. fabrícii, C. microps, G. ensis, L. fabricii, S. kaupi) from subarea
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0B had R2 values > 0.2 but none were > 0.7.In subarea 0A three

pøømiuti and,S. mentella) had R2 values > 0.2 but none > 0.39.

species (G. ensis, L.

Discussion

Traditionally, stable isotopes of carbon and nitrogen have been used to define

trophic categories within a system, allowing ecologists to separate food webs into their

respective components and determine the supporting linkages. In most cases, the isotope

values of a fish species, particularly nitrogen, reflect its diet, whether it be small

zooplankton, larger invertebrates or fish. In communities dominated by specialist feeders,

each species will have unique isotopic signatures and as a consequence, trophic position

is more readily predicted.

Dayton and Hessler (1972) and DeNiro and Epstein (1978) recognized that diet

overlap is common in deep-sea environments, making it difficult to separate species into

discrete trophic positions. My results corroborate this observation as isotope values of

carbon and nitrogen were unable to separate species into discrete trophic units. Rather,

ðl3C and ôr5N values separated species based on habitat preferences for feeding (Figs.

5.2,5.3,5.4), suggesting that habitat zone (i.e., benthic, benthopelagic, pelagic), is more

important in the determination of trophic structure within deep-sea Arctic environments

than are inter-specific partitioning within zones. For example, benthic species such as

sculpins (C. microps, A. atlanticus) and eelpouts (Lycodes spp.) had the highest Er3C and

ôrsN signals (Figs. 5.2,5.4) and fed primarily on benthic crustaceans and other benthic

invertebrates (Fig. 5.5). Benthopelagic species such as R. hippoglossoides and,S.

mentella, which fed on avanety of benthic, benthopelagic and pelagic species, had
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intermediate ôl3C and ôlsN values, whereas pelagic/mesopelagic species such as

lantemfish fed on copepods and small pelagic invertebrates and maintained the lowest

ôl3C and ôl5N values.

It is generally accepted that a difference in trophic level occurs when the ôr5N of

an animal is enriched by 3.4oloorelative to its diet (DeNiro and Epstein 1981, Hobson and

V/elch l99Z,Michener and Schell 1994, Minagawa and Wada 1984, Peterson and Fry

1987, Post 2OO2). The ôrsN values in this study ranged from 11.3 to 16.1 (Fig. 5.2),

suggesting that at least three trophic levels of fishes occur within this community.

However, using ôlsN to evaluate trophic level within such a system may be misleading as

species with the highest ôtsN values were not necessarily the largest predators. Rather,

smaller benthic fishes maintained the highest ôr5N values, likely due to the consumption

of small invertebrate detritivores and other benthic invertebrates with higher ôlsN signals.

Larger predators maintained intermediate õlsN levels and fed on a variety of prey items

including pelagic invertebrates with lower ôl5N signals. Consequently, in deep-sea Arctic

environments, ôlsN is useful to predict the habitat preference of species (i.e. pelagic,

benthopelagic, benthic) but is unable to predict individual trophic position as traditionally

defined.

Carbon isotope values often reveal the original source of organic carbon to the

food web and are generally used to distinguish feeding habitat preferences, where

depleted carbon signals indicate a more pelagic feeding strategy (France 1995, Hobson et

aL.2002, Le Loc'h and Hily 2005, Moller 2006). Contrary to the literature, ðr3C in my

study was a better predictor of feeding strategy than ôlsN; benthic species maintained the

highest values of õr3C (> -Igo/oo), followed by benthopelagic (-21 to -7go/oo) and pelagic
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species (< -2Ioloo Fig. 5.2). This suggests that although carbon has been considered by

some to not accurately predict trophic position (Hobson and Welch 1992, Hobson et al.

1995, Hobson et al. 2002,Iken et aL.2005), it is a valuable indicator of feeding strategy in

environments where generalist feeding predominates and the separation of species into

distinct trophic positions is difficult.

Takai et al. (2002, 2003) suggested that primary production in the pelagic

environment has little bearing on demersal fishes as demersal species depend on carbon

from benthic primary production. However, there is exchange of energy among the

pelagic, sympagic (ice-associated) and benthic communities in the Arctic (Bauerfeind et

aL.2005, Belicka 2002, Hobson et aL. 7995, Werner and Auel 2005, Wemer et al.2004).

For example, Belicka (2002) found that although deep-water habitats are less productive,

some portion of pelagic primary production reaches bottom sediments despite ice cover

and light limitations. Consequently, the carbon source for benthic species is likely a

combination of pelagic, sympagic and demersal producers.

Fry and Sherr (1984) found that phytoplankton õr3C ranges from -24 to -18o/oo,

macroalgae from -27 to -8, sea grasses from -15 to -3 and microphytobenthose from -20

to -10o/oo. Though isotope values in the Arctic may differ slightly frorn those in temperate

systems, ôl3C values in my study (range -22 to -18) suggestthat any one or combination

of phytoplankton, microphytobenthos or macroalgae could be carbon sources for Arctic

marine species. It is worth noting that Thimdee et al. (2004) found organisms in deep

waters off the coast of Thailand derived their carbon through planktonic sources;

however, it is diffrcult to make comparisons between the two systems due to different

environmental conditions.
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Evidence thus far indicates that stable isotopes of carbon and nitrogen predict the

preferred feeding habitat (i.e. pelagic, benthopelagic, benthic) of deep-sea Arctic fishes;

however, their ability to predict specific diet and endohelminth communities is less clear-

cut. Multiple regression analysis indicated that ôrsN and ôl3C values were unable to

predict the majority of food groups (Table 5.4) but were able to predict benthic prey.

Nitrogen values predicted two groups; Benthic Invertebrates and Benthic Crustacea, with

Êratios of 9.798 and I 1.056 respectively and p-values of .005 and .003, respectively.

ôl3C was a better predictor of diet revealing a significant correlation with Benthic

Invertebrates (f-ratio 13.35, p-value 0.001), Benthic Crustacea (Êratio 7.235, p-value

0.013), Polychaeta (f-ratio 11.498, p-value 0.003) and Pelagic Crustacea (Êratio 4.586, p-

value 0.043). When ôlsN and ôr3C were combined, they predicted three food groups;

Benthic Invertebrates (f-ratio 8.276, p-value .002), Benthic Crustacea (f-ratio 6.36,p-

value .007) and Polychaeta (f-ratio 5.518, p-value 0.011). Consequently, combining ôr5N

and õr3C with stomach content d,ata candistinguish benthic feeding from that in other

habitat zones but is less useful to distinguish between other zones.

Based on multiple regression analysis using parasite species, õl5N was unable to

predict parasite infracommunities (Table 5.5). By contrast, ôl3C values predicted six

parasite species; Glomericirrus mc¿croLtri (f-ralio 5.272, p-value 0.031), Gonocerca

phycidis (f-ratio 6.395, p-value 0.019), Cestoda plerocercoids (f-ratio 4.397, p-value

0.047), Anisakis larvae (f-ratio 4.676, p-value 0.042), Capillaria sp. (Êratio 11.521, p-

value 0.002) and Echinorhynchtts sp. (Êratio 9.7lz,p-value 0.005). The ability of ôr3C

values to predict infections of G. macrouri, Cestoda plerocercoids and Anisakis lawae

suggest that parasite infracommunities in addition to stable isotopes are useful for



distinguishing benthic vs. other types of feeding within deep-sea Arctic environments.

Consequently, a combination of carbon and nitrogen isotopes along with diet and parasite

data can be used to separate benthic from benthopelagic species, but are less able to

identify the trophic position of a species within deep-sea Arctic systems.

There is a general view in the literature that as an animal becomes larger it

consumes larger and different food items. Consequently numerous reports show a high

correlation between body size and diet (Cohen et al. 1993, Memmott et al. 2000, Moller

2006, Warren and Lawton 1987, Woodward and Hildrew 2002). Möller (2006) found for

gadoids and Greenland halibut that trophic position increased significantly with fish

length, indicating that a change in diet at a higher trophic level was correlated with size

and age. This suggests that the ôlsN and El3C signatures within deep-sea Arctic food

webs will change depending on the proportion of larvaelintermediate/adult individuals of

each species in the diet and that food web structure will change with ontogenetic shifts in

its component species. Supporting evidence for this comes from inshore species along the

coast of Baffin Island. The sculpin species Myoxocephalus scorpi¿¿s showed increasing

ôlsN values with fish length, suggesting that clear separations can be made with respect

to trophic level and age for an Arctic fish species (Appendix 6). Similarly, Cocheret de la

Morinière et al. (2003) found that, for all carnivorous reef fishes tested in Spanish Water

Bay in Curaçao (Caribbean Sea), there was a significant positive relationship between

ôlsN content and fish size. In their study, comparison of gut content analysis with stable

isotopes revealed that fish size and increasing SlsN content were associated with

decreasing dietary importance of small crustaceans and increasing consumption of

decapod crabs or prey fishes. In addition, Badalamenti et al. (2002) found increasing ôrsN
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levels with fìsh length when examining fish species in an area recovering from intense

commercial fishing. This was thought to be indicative of changing trophic level with age.

Data from my study, in contrast to the literature, did not support a strong positive

correlation between length and ôlsN or ôr3C values for Arctic deep-sea species (Table

5.6). At best, regressions showed slight positive correlations of ôlsN with size and small

R2 values (i.e., less than 0.1). The regressions for most species showed a slight negative

correlation between ôt3C and total length and R2 values were not significant. These

observations were similar to Ferraton et al. (2007) who reported no correlation between

length and õl3C or õlsN ofjuvenile European hake (Merluccius merluccius) in the

Mediterranean Sea. Jennings et al. (2001 ,2002b) also reported that some species within

the North Sea and Northeast Atlantic communities had a negative correlated or had a

non-significant positive correlation of ôtsN with length. In these communities, the largest

species did not always feed at the highest trophic levels, suggesting that body size is not

always the best predictor of trophic position.

The absence of or a very weak correlation between size and trophic positron

suggests several possibilities. Large fish shift their diet to a lower trophic level or small

benthic species shift to a diet with higher ôl3C or ôlsN signals. Perhaps, in deep water

benthic communities, the type and location of prey in pelagic, benthopelagic and benthic

zones are also important. For example, the prey species of a benthic micropredator (e.g.

polychaetes), have higher õr5N signatures than pelagic zooplankton. Consequently, the

ôr5N signals of carnivorous species feeding on same-sized,prey on the ocean bottom vs.

pelagic environment would be higher. Based on these observations it appears that ôrsN

and ôr3C are less useful in estimating the trophic position of individual species in the
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Arctic benthic environment, relative to size, but quite useful to predict trophic position

within the community in terms of feeding pattems.
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Table 5.1. Latin names, common names and samples sizes of nineteen fish species

analyzed for carbon and nitrogen stable isotopes collected within NAFO subareas 0A and

0B between 2000 and 2004.
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Latin Name Common Name N

Antimor a r o s tr(rta (Günther)

Artediellus atlantictts Jordan & Evermann

Bathylagus eLuyops Goode & Bean

B e n tho s ema gl ac i al e (Reinhardt)

B o r e o ga du s s a i d a (Lep echin)

C en tro s cy I litrm fa bri c i i (Reinhardt)

C o ryp h aen o i d e s ntp e s tris Gumerus

Cottuncultts microps Collet

G ai dr op s arus en s i s (Reinhardt)

Hipp o gl o s s o i d es p I a tes s oides (Fabricius)

L amp any c tu s mac d o naldi (Reinhardt)

Lip ar i s fabr i c i i Kroyer

Ly c o d e s eu dip I eur o s ti c tus J ensen

Ly c o d e s p aa miu t i Møller

Macrourus b ergl ax Lacepede

Re i n h ar d t iu s h ipp o gl o s s o í d e s (W albatm)

Sebaste s men tell a Travin

Sy nap ho br an c htts kaup i Johnson

Blue Hake

Hookear Sculpin

Goitre Blacksmelt

25

25

25

Glacier Lanternfish 25

Arctic Cod 24

Black Dogfish 24

Roundnose Grenadier 24

Polar Sculpin 25

Three-BeardRockling 27

American Plaice 25

Rakery Beaconlamp 24

Gelatinous Snailfish 25

Double-Line Eelpout 26

Lycodes sp.l 24

Roughhead Grenadier 29

Greenland Halibut 38

Deepwater Redfish 25

Sladaw Cutthroat Eel 29

Trislops ry/belini Jensen MalledSculpin 25
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Table 5.2. Names and letter codes of thirty parasite species recovered from fish species

within NAFO subareas 0A and 0B between 2000 and 2004.

10s



Parasite Species Code

D erogenes varicus (Müller)

Fello distomum fel i s (Olsson)

G I o me ri c ircus mac r o ur i (Gaevskaj a)

Gono c erc a phycidus Manter

Hemiurtts I evins eni Odhner

Lecithaster gìbbosus (Rudolphi)

Lep i d op e d o n e I on gatum (Lebour)

Lepidap edo n rac hion (Cobbold)

Podocotyle sp.

P r o s o r hy n c hus s quama¡as Odhner

S t eri n gop h o r a fur c i ge r (Olsson)

S t en akr o n v e hs tum Stafford

Trematoda sp. metacercariae

Cestoda sp. Plerocercoid

Philobythos sp.

Gilquinia squali (Fabricius)

Contracctecttm Lawae

Pseudoterranova Lawae

Anisakis Lawae

Capillaria sp.

Echinorhynchus sp.

Acanthocephala Lawae

DV

FF

GM

GP

HL

LEC

LE

LR

POD

PS

SF

STK

TL

CP

PHY

GS

CL

PL

ANL

CAP

AC

ACL
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Table 5.3. Composition of optimized benthic, benthopelagic and pelagic fish groups (%)

based on carbon and nitrogen isotope values. Definitive group assignment was assumed

when 50o/o or more of the individuals from each species were included based on global

optimization. Results of Mann-'Whitney pairwise test between natural and global benthic,

benthopelagic and pelagic groups for carbon were 0.812,0.397 and 0.905, respectively

and for nitrogen, 0.356, 0.218 and 0.002, respectively.
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Species GrouP (based on mean C & N) n Benthic Benthopelagic p"luei.
Cottunculus microps Benthic 4g g7.g2 2.Og 0

Lycodes paamiuti Benthic 15 93.33 6.67 0

Macrourtts berglax Benthic 51 g6.27 13.73 0
Lycodes eudipleurostíctus Benthic 3l g1.0g 1g.g2 0
Artediellus atlantictts Benthic 3g 7g.g5 21.05 0

Gaidropsarus ensis Benthopelagic 69 47.g3 46.3g 5.g0
Hippoglossoides platessoides Benthopelagic 33 42.42 54.55 3.03
Triglops rybelini Benthopelagic 47 4.26 63.g3 3r.91
Reínhardtius hippoglossoídes Benthopelagic 59 15.25 62.71 22.03

Liparis fabricii Benthopelagic 55 14.55 5g.1g 27 .27
synaphobranchus kaupi Benthopelagic 23 4.35 56.52 39.13

Boreogadus saida Benthopelagic 31 16.13 51.61 32.26
centroscylliumfabricii Benthopelagic 34 17.65 50.00 32.35

Sebastes mentella Benthopelagic 40 11.50 42.50 40.00
Antimora rostrata Benthopelagic 42 4.76 47.62 47.62

Coryphøenoides rupestris pelagic 26 0 3g.46 61.54

Bathylagus euryops pelagic 25 4.00 24.00 j2.00
Benthosema glaciale pelagic 22 0 27.27 72.73
Lampanyctus mqcdonaldi pelagic 17 0 11.76 gg.24
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Table 5.4. Results of a standardised multiple regression analysis using stable isotopes of

carbon, ôl3C 1C¡, nitrogen, ðtsN 1N¡, and a combination of ôr3C and ôr5N as predictors of

ten food item groups. Values in bold indicate significant p-values.
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Isotone variable R2 F-ratio n-value
Pelagic Amphipoda
Copepoda
Benthic Invertebrates
Benthic Crustacea
Polychaeta
Cephalopoda
Pelagic Crustacea
Pelagic Fish
Benthopelagic Fish

0.001

0.025
0.299
0.32s
0.r21
0.049
0.058
0.1 05
0.007

0.012
0.586
9.798
1 1.0s6
3.151
1.189
r.403
2.692
0.162
0.545

0.915
0.452
0.00s
0.003
0.089
0.287
0.248
0.1 14

0.691
0.468Benthic Fish 0.023

C Pelagic Amphipoda
Copepoda
Benthic Invertebrates
Benthic Crustacea
Polychaeta
Cephalopoda
Pelagic Crustacea
Pelagic Fish
Benthopelagic Fish

0.054
0.023
0.367
0.239
0.333
0.091
0.166
0.023
0.014

1.320
0.s30
13.354
7.235
11,498
2.30t
4.s86
0.s42
0.328
1.887

0.262
0.474
0.001
0.013
0.003
0.r43
0.043
0.469
0.512
0.1 83Benthic Fish 0.076

CÆ{ Pelagic Amphipoda
Copepoda
Benthic Invertebrates
Benthic Crustacea
Polychaeta
Cephalopoda
Pelagic Crustacea
Pelagic Fish
Benthopelagic Fish
Benthic Fish

0.089
0.030
0.429
0.366
0.334
0.09s
0.1 66
0.106
0.041
0.076

r.070
0.345
8.276
6.360
5.518
1.154
2.196
1.306
0.544
0.903

0.360
0.712
0.002
0.007
0.011
0.334
0.1 35
0.291
0.588
0.420
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Table 5.5. Results of a standardised multiple regression analysis using 8r3C 1C¡, ô15N 1N¡

and a combination of ôl3C and õlsN as predictors of infection by twenty-two parasite

species. Values in bold indicate significant p-values.
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Isotope variable R2 F-ratio o-value
N D. varicus

F. felis
G. macrouri
G. phycidís
H. levinseni
L. gibbosus
L. elongatttm
L. rachion

C D. varicus
F. felis
G. macrouri
G. phycidis
H. levínseni
L. gibbostts
L. elongatum
L. rachion

Podocotyle sp. 0.008
P. squamattrs 0.058
S. fr.trciger
S. vehtstum
Trematoda Meta. 0.053
Cestoda Plero. 0.078
Phylobythos sp. 0.032
G. squali
ContracaecumL. 0.009
PseudotenanovaL. 0.038
Anisakis L.
Capillaria sp. 0.034
AcanthocephalaL. 0.001

0.058 t.427
0.004 0.086
0.041 0.990
0.048 t.172
0.020 0.458 0.506
0.093 2.357
0.007 0.161
0.009 0.206 0.692

0.1 83 0.673
1.427 0.244

0.1 30 J.+JJ 0.077
0.7580.004 0.097

1.296 0.267

0.244
0.77t
0.330
0.290

0.138
0.692

0.r76
0.394

0.003 0.0ó6 0.799
0.202 0.658
0.904 0.352

0.034 0.81s 0.378
0.807 0.378
0.034 0.856

1.946

0.754

0.030
0.040
0.1 86
0.218
0.010 0.227
0.002
0.002

0.704 0.410
0.962 0.331
5.272 0.031
6.39s

Echinorhynchtts sp. 0.029 0.695 0.413

0.019
0.638

Podocotyle sp. 0.001
P. sqtramatus 0.050
S. fr,trciger
S. vehtstum

0.012 0.276
0.021

0.050 0.824
0.035 0.853

0.60s
0.886

r.219 0.281

0.76r
0.561
0.440
0.047

0.958 0.338

Trematoda Meta. 0.026
Cestoda Plero. 0.160
Phylobythos sp. 0.040
G. sqttali 0.023
ContracaecumL. 0.011
PseudoterranovaL. 0.041
Anisakis L. 0.167
Capillaria sp. 0.334
AcanthocephalaL. 0.012

0.004 0.094
0.015 0.348

0.618
4.391

0.s30
0.262

.0474
0.613

0.988 0.330
4.616 0.042
1t.521 0.002
0.286 0.598

Echinorhtnchus sp. 0.297 9.772 0.005
Cn{ D. varicus 0.197 2.703 0.089
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F. felis
G. macrouri
G. phycidis
H. levinseni
L. gibbosus
L. elongatum
L. rachíon

0.044
0.1 89

0.220
0.066
0.162
0.018
0.047

0.070
0.1 58
0.015

0.s06
2.559
3.105
0.771
2.133
0.199
0.544
0.094
0.826

0.638
2.168
2.148
0.269
0.144
0.587

6.258
0.r46

0.609
0.100
0.065
0.475
0.r42
0.821
0.588
0.911
0.451

0.538
0.13 8

0.t41
0.766
0.867
0.s64

0.007
0.865

Podocotyle sp. 0.008
P. sqttamatus
S. furciger
S. vetttstum
Trematoda Meta. 0.055
Cestoda Plero. 0.165
Phylobythos sp. 0.163
G. squali 0.024
ContracaecumL. 0.013
PseudoterranovaL. 0.051
Anisakis L. 0.i70
Capíllaria sp. 0.363
AcanthocephalaL. 0.013

2.064 0.1s 1

0.167 t.847

2.254 0.t29

Echinorhvnchus sp. 0.323 5.260 0.014
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Table 5.6. Comparison of R2 and slope of carbon and nitrogen vs. total fish length for

each species by location. Minimum and maximum stable isotope values are included.

Total refers to results for 0A and 0B data combined. N/A refers to a species' absence

within the location.
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Species
A. rostrata

A. atlantictts

B. euryops

B. glaciale

B. saida

C. fabricii

C. rttpestris

C. microps

Location
OB

OA
Total

OB

OA
Total

OB

OA
Total

OB

OA

Total
OB

OA
Total

OB

OA
Total

OB

OA
Total

OB

OA
Total

OB

OA

Total
OB

OA
Total

25
nla
nJa
T2

13

25
25

nJa

nla
I2
13

25

11

13

24
24
nJa

nla
24
n/a
nla
t2
13

25
15

l2
21

13

t2
25

R2C
0.110
n/a
nla

0.051
0.111
0.024
0.005
nla
nJa

0.001

0.025
0.002
0.038
0.002
0.000
0.212
nla
nJa

0.1 95
nJa
nJa

0.374
0.002
0.071
0.ó95
0.346
0.479
0.007
0.072
0.000

Slooe C Min. C
0.005

nJa

nJa

-0.008
-0.009
-0.005
-0.004

nla
nla

-0.003
0.023
-0.007
0.004
-0.002
0.001
0.007

nJa

nla
0.002
nla
nJa

-0.017
-0.001
-0.007
0.021

0.007
0.01s

-0.001
0.00s
0.000

-2r.t6
n/a
nla

- 19.80
-2r.90
-2r.90
-26.59

nla
n/a

-23.42
-25.29
-25.29
-22.25
-22.93
-22.93
-23.35

nla
n/a

-22.55
nla
nla

-20.46
-21.23
-2t.23
-24.67
.).) 10-LL.Z-O

-24.67
-20.06
-2t.86
-21.86

G. ensis

H. platessoides

Max C R2N SloneN
-18.01

nJa

nla
-16.75
-17.4t
-16.75

-5.68
nla
n/a

-20.50
-20.63
-20.50
-r8.77
-t4.45
-14.45
-r7.21

nla
nJa

-r8.92
nla
nla

-16.23
-T6,91
-16.23
-17.t3
-i 8.52
-17.t3
-r7.33
-17.33
-r7.33

0.024
nla
nla

0.087
0.477
0.087
0.083
nla
nJa

0.001

0.408
0.151

0.292
0.147
0.265
0.318
nla
nla

0.011
nJa

nla
0.00008
0.023
0.006
0.502
0.6s9
0.495
0.1 68
0.049
0.001

0.00s 9.41
nla nla
nla n/a

0.015 14.t2
0.021 1s.31
0.015 14.t2
-0.01s 9.01
n/a n/a
nla n/a

0.09s 8.55
0.112 9.47
0.087 8.s5
0.017 13.15
0.014 11.97
0.018 11.91
0.011 10.28
n/a n/a
nla n/a

0.001 8.28
nJa n/a
nla nla

0.000 13.88
-0.005 15.23
-0.003 13.88
0.021 s.91
0.028 11.25
0.024 5.91
-0.008 12.26
0.004 12.75
0.000 12.26

Min N Max N
18.72
n/a
n/a

20.t5
t9.99
20.15
16.50
nla
nla

17.50
15.11

17.s0
18.13
16.92
t8.13
T9.21
nla
n/a

17.95
n/a
n/a

20.56
22.50
22.50
16.84
22.84
22.84
16.13
16.75
t6.75
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L. macdonaldi 0B
OA

Total
L. fabricii 0B

OA
TotaI

L. eudipleurostictus 0B
OA

Total
L. paamiuti

OA
Total

M. berglax 0B
OA

Total
R. hippoglossoides 0B

OA
Total

S. ntentella 0B
OA

Total
S. kaupi 0B

OA
Total

T. nybeliní 0B
OA

Total

24
nla
nla
I2
13

25
13

13

26
13

11

24
t7
T2

29
20
18

38

i5
i0
25

29
n/a
nJa

12

13

25

0.022
nla
nJa

0.518
0.1 50
0.000
0.054
0.089
0.055
0.047
0.670
0.018
0.1 35
0.046
0.012
0.091
0.023
0.000
0.r27
0.389
0.061
0.279
nla
nla

0.061
0.058

OB

-0.009
nla
nla

0.021
-0.013
0.000
0.003

-0.011
-0.007
0.008

-0.002
-0.004
0.003
0.001
0.003
0.001

-0.004
0.000
0.009
0.005
0.00s

-0.018
nla
nJa

0.012
-0.022

-25.5s
n/a
n/a

-2t.33
-22.59
-22.s9
-19.67
-22.02
-22.02
-22.90
-20.89
-22.90
-22.36
-22.26
-22.36
-24.87
-25.04
-25.04
-22.8s
-21.16
-22.85
-26.23

n/a
nla

-22.86
-23.93

-20.t4
nla
nla

-19.17
-r9.65
-19.65
-17.27
-r5.93
-15.93
-t7.26
-r1.39
-r7.26
-15.42
-17.30
-15.42
-r9.34

-8.57
-8.51

- 10.86
-t9.20

-10.86
-8.s4
nla
n/a

-r9.6r
-r7.lr

0.256 0.0s1
nJa n/a
nla nla

0.163 0.016
0.2r4 -0.00s
0.023 -0.006
0.000 0.001
0.044 0.010
0.030 0.008
0.1 16 -0.017
0.220 0.040
0.014 0.010
0.194 0.003
0.417 0.004
0.090 0.003
0.246 0.002
0.037 0.001
0.16s 0.002
0.016 -0.002
0.63s 0.011
0.t12 0.006
0.002 0.001
nJa nla
nla n/a

0.562 0.0s 1

0.10s -0.019

8.82
nla
nla

12.98
t4.t4
t2.98
14.30
15.28

14.30
11.59
t6.28
11.s9
12.30
16.r4
t2.30
t2.72
13.13
12.72
9.91

12.99
9.91

9.82
nJa

nla
t2.59
tt.9r

1 8.16
n/a
nJa

r6.s6
17.07
t7.07
21.03
23.46
23.46
18.89
26.62
26.62
17.53
19.34
19.34
17.50
r7.99
11.99
11.02
16.86
17.02
17.57
nJa

n/a
17.19
t6.04
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Figure 5.1. Map of the Davis Strait/Baffin Bay region defining the boundaries of NAFO

Subarea 0, divisions A and B where sampling took place between 2000 and2004

(Adapted from Trebl e, 2002).
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Figure 5.2. Scatterplot of average ôl5N vs. average ôl3C for nineteen fish species

collected within Davis Strait and Baffin Bay between 2000 and 2004. Lines indicate

standard error bars.
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Figure 5.3. Results of non-metric multidimensional scaling (MDS) using principle

coordinates analysis based on Bray-Curtis similarities of average carbon and nitrogen

isotope values for nineteen fish species within Davis Strait and Baffin Bay. MDS

indicates three groups coffesponding to benthic, benthopelagic and pelagic species.
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Figure 5.4. Scatterplot results of ôr3C vs. ôl5N for all samples. Kruskal-Wallis multiple

pairwise comparisons using Dunn's procedure found signif,rcant differences among the

three groups with a Bonferroni corrected significance level of 0.0167 for carbon and

nitrogen.
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Figure 5.5. Proportion of ten food groups found in stomachs of nineteen fish species

within the Davis Strait/Baffin Bay region from 2000-2004. Species : Ar'. A. rostrata, Aa:

A. atlantictrs, Beu: B. ettryops, Bg: ,8. glaciale, Bs: B. saida, Cf: C. fabricii, Cr: C.

rupestris, Cm: C. microps, Ge: G. ensis,Hp: H. platessoides, Lm: L. macdonaldi,Lf: L.

fabricii,Leu L. erdipleurosticttrs,Lyp: L. paamiuti,Nlb: M. berglax, Rh: A.

hippoglossoides, Sme: ,S. mentella, Sk: S. kaupí,Tn: T. nybelini. Food Groups: PA:

Pelagic Amphipods, CO: Copepods, BC: Benthic Crustaceans, PO: Polychaeta, CE:

Cephalopoda, PC: Pelagic Crustaceans, PF: Pelagic Fish, BPF: Benthopelagic Fish, BF:

Benthic Fish.
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Figure 5.6. Proportion of twenty-two parasite species found in nineteen fish species

within the Davis Strait/Baffin Bay region from 2000-2004. Species : Ar: A. rostrata, Aa:

A. atlanticus, Beu: B. enryops,Bg: B. glaciale, Bs: B. saida, Cf: C. fabricii, Cr: C.

rupestris,Cm: C. microps, Ge: G. ensÌs,Hp: H. platessoides, Lm: L. macdonaldi,Lf: L.

fabricii,Leu: L. eudipleurostíctr.ts,Lyp: L. paamittti,lttlb: M. berglax, Rh: R.

hippoglossoides, Sme: ,S. mentella, Sk: S. kaupí,Tn: T. nybelini. Parasite names are listed

in Table 5.2. NOTE: no endohelminths were found in any B. glaciale specimens.

t27



1009ó

909¿

8û_qó

70%

609¿

409',o

i00,ô

s'Dli @IT !GÀ{ .--GP =m +LEC .::LE

a STK 11. TL .':r C? 'j PIfy ,¡': GS E CL 
^ 

pL
VLR \'POD =PS TSF
i*Al llCAI' øÄCL.rAC

Aa Cm Leu Llp Nfb Ge Hp Lf Tn Rh Sk Cf Aï Sme Bs Cr Beu Lm Bg

r28



CHAPTER 6: USING ENVIRONMENTAL VARIABLES TO PREDICT DIET

PREFERENCE AND ENDOHELMINTH INFECTIONS OF DEEP-SEA ARCTIC

FISH SPECIES

Introduction

Several factors including age, geographical location, habitat preferences, and

reproductive status, are involved in diet preference of and endohelminth diversity in

fishes. For example, most fish species undergo some type of dietary shift during their

ontogeny and in most cases move higher up the food chain (Cohen et aL.1993, Memmott

et al. 2000, Møller 2006, Warren and Lawton 1987, Woodward and Hildrew 2002).

Though fish size is an important component in prey selection, environmental factors such

as latitude, longitude, water temperature, salinity and depth contribute on a more basic

level due to the physiological tolerance limits and preferences of each species. Each fish

species exists within a unique set of environmental conditions and as a result has evolved

different survival mechanisms, feeding strategies and diet preferences. As a consequence,

those species will have a distinct assortment of prey items available to them and will be

r,.ulnerable to unique combinations of parasitic infections (Campbell et al. 1980).

There are a number of studies on the feeding strategies of marine fishes in tropical

systems (Barletta and Blaber 2007, Bonaldo et aL.2007, Kotrschal and Thomson 1986,

Layman et al. 2005) due to the high level of diversity and feeding specificity of

constituent species. Less is known about the Arctic marine environment; however,

researchers are beginning to describe community structure in this dynamic environment

(Chambers and Dick 2005,2007, He 2005, Jorgensen et aI.2005, Møller 2006,

Prokopowicz and Fortier 2002). For example, Jorgensen et al. (2005) defined several fish
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assemblages throughout Davis Strait and Baffin Bay, concluding that the northern Baffin

Bay region contained more fish assemblages with fewer species than the more speciose

southern Davis Strait. Each assemblage differed based on temperature and depth in

addition to latitude and longitude. Chambers and Dick (2007) found similar results,

concluding that a combination of four environmental variables (latitude, longitude,

temperature and depth) significantly influenced the distribution of fish species throughout

Davis Strait and Baffin Bay. As species assemblages change along these environmental

gradients, the trophic position of individual fish species will also change.

The distribution of invertebrate prey species also affects the trophic structure of

marine communities, influencing the trophic position of species throughout the food web.

For example, differences in copepod (Prokopowicz and Fortier 2002) and decapod

(Chambers pers. obs., He 2005) species distributions have been found throughout Arctic

waters of Baffin Bay and Davis Strait, attributed to environmental characteristics and the

physiological limits of each species. Though deep-sea fish species of the eastem Arctic

tend to be generalist feeders (Chambers and Dick 2005) the distribution of copepods and

other invertebrate species will nevertheless contribute to the shape and dynamics of their

communities.

While there are numerous single-species studies in marine environmental

research, few attempt to synthesize available data in the context of an entire ecosystem.

Additionally, while many assumptions have been made with respect to the distribution

and environmental preferences of endohelminth andlor diet species of deep-sea Arctic

fishes, few authors have incorporated both endohelminth and diet data in the context of

trophic relationships within this system. This chapter combines endohelminth, diet and

130



environmental data in order to describe trophic relationships of deep-sea Arctic species

with changing environmental conditions.

This chapter incorporates different aspects of the original objectives;

environmental variables, parasite, diet data and fìsh age and size classes are used again

but they are combined in order to investigate differences in trophic patterns throughout

the study area. Here, the objectives were to determine if 1) environmental variables

(latitude, longitude, temperature and depth) could be used to predict feeding habits and

endohelminth infections of deep-sea fish species in the Davis Strait/Baffin Bay region,2)

total fish length in conjunction with environmental variables was a better predictor of

feeding habits and endohelminth infections than environmental variables alone, and 3)

feeding habits and parasite infracommunities of fish species differed between subareas

within Davis Strait and Baffin Bay.

Methods

Study Area and Sømple Collectíons

Study area included NAFO subareas 0 (divisions A and B) and 1 (divisions A, C

and D). Sampling methods are described in detail in Chapter 2.Data used in this chapter

included sample collections from 2000, 2001 and 2004. Stomach content and parasite

infracommunity data for 2,547 samples and23 fish species (Table 6.1) were analyzed.

Species evaluated were Greenland halibut (Reinhardtitts hippoglossoides), sculpins

(Cottttnculus microps, Artedielhts atlantictts, Tríglops nybelini), blue hake (Antimora

rostrata), eelpouts (Lycodes eudipleurosticttts, L. mcallisteri, L. paamittti),blacksmelts

(Bathylagtrs euryops),lantemfish (Lampanyctus macdonaldi, Benthosema glaciale), cod
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(Boreogadus saida), snailfish (Careproctus reínhardti, Liparisfabricii, Paraliparis

bathybius, Rhodichthys regina), black dogfish (Centroscyllitmfabricíi), grenadier

(Macrourus berglax, Coryphaenoides rupesfrzs), rocklings (Gaidropsarus ensis),

American plaice (Hippoglossoides platessoides), redfish (Sebastes mentella) and eel

(Synaphobranchts kattpi). Fish species data (diet and parasites) were combined in order

to detect changing distribution patterns in prey and parasite species with environmental

variables.

Døta Anølysis

Food Grottps - Community

Food items were identified and assigned to one of ten major food groups as

follows; Benthic Invertebrates (BI: Bivalvia, Gastropods, Echinodermata), Copepoda

(CO), Benthic Crustaceans (BC: other amphipods, isopods, ostracods), Pelagic

Amphipoda (family Hyperiidae, PA), Polychaeta (PO), Cephalopoda (CE), Pelagic

Crustaceans (PC: mysids, euphausiids, decapods), Pelagic Fish (PF: lanternfish, cod),

Benthopelagic Fish (BPF: grenadier, Greenland halibut, rocklings), and Benthic Fish

(BF: eelpouts, sculpins).

The total number of each food group in all individual samples were combined

with five environmental variables (latitude, longitude, temperature, depth and fish tength)

for Redundancy analysis (RDA) and Monte Carlo significance test. It is usually more

effective to use raw data in statistical analyses than it is to use calculated data (i.e.,

abundance, mean intensity) as real pattems within the dataset will be more easily

detectable. Consequently, total numbers (or raw data) were used in the multivariate

analyses. Two analyses were carried out: one RDA excluding total fish length and one

t32



including total fish length for environmental variables. Monte Carlo tests for significance

were performed for both.

Parasite Infections - Community

The total number of each parasite species (Table 6.2) within each fish host (Table

ó.1) was combined with f,rve environmental variables (latitude,longitude, temperature,

depth and total fish length) for Redundancy analysis (RDA) and Monte carlo

significance test. Two analyses were carried out; one RDA excluding total fish length and

one including total frsh length for environmental variables. Monte Carlo tests for

significance were performed for both.

Environmental variables wíth diet and parasític infectíons - Individual Fish Species

Two analyses were performed for each of twenty-three fish species. One RDA

involved using the five environmental variables (latitude, longitude, temperature, depth

and total fish length) with all food groups found in each particular fish species (i.e.

previously defined food groups not recovered from any stomachs of a particular species

were excluded). The second RDA included the five environmental variables (latitude,

longitude, temperature, depth and total fish length) with all parasite species collected

from individuals of each particular species.

Food Groups and Parasitic Infections - Subarea Comparisons

Food group and parasite data were separated into three subarea comparisons: 0A

vs. 0B (north vs. south), 0A vs. 1A (northwest vs. northeast) and 0B vs. iCD (southwest

vs southeast). Only fish species common to both subareas being compared were used in

the analysis. For example, though A. rostrata, C. fabricii, C. rupestr¡.s and L. macdonaldi

were common species within subarea 0B they were not included in the analysis of 0B vs.
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0A due to their absence in subarea 04. The total number of each food group and parasite

species in fish species common to the two subareas were analysed. A two-tailed t-test for

significance was performed for each subarea comparison in order to determine whether

there were significant differences in food group consumption andlor parasite infections

between subareas. In order to avoid bias in terms of variable size differences within

species, equal proportions of size classes were used from each species.

Results

Food Grottps - Community

A significant correlation between food group consumption and a combination of

depth, temperature, latitude and longitude when fish species were combined for

redundancy analysis with food groups and environmental variables (f-ratio of 24.798 and

p-value of 0.002, Fig.6.2). 93.2% of the variance was contained within the first two

axes. Most food groups remained close to the origin of the ordination, regardless of a

close association with one or more environmental variable. Benthic invertebrates (BI),

Copepoda (CO) and pelagic amphipods (PA) were more closely associated with

shallower depths, lower temperatures and slightly more westem latitudes while

cephalopods (CE) were more closely associated with higher temperatures. Most fish prey

groups (benthopelagic and benthic) were associated with deeper waters and higher

latitudes whereas polychaetes, pelagic fish, benthic crustaceans and to a greater degree

pelagic crustaceans, were more closely associated with higher latitudes, eastern

longitudes and to a lesser extent, deeper waters.
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Total fish length was also determined to be an important factor in food group

consumption (Fig. 6.3). The analysis yielded an f-ratio higher than that without total

length (30.521 vs 24.798), with a total redundancy of 0.061 and a p-value of 0.002 .95%

of the variance was contained within the first two axes. Larger food item groups are more

closely associated with greater total lengths (benthopelagic fish and benthic fìsh),

whereas other food item groups are influenced by other environmental variables in

addition to total fish length. Cephalopods, pelagic fish, polychaetes and pelagic

crustaceans were more closely associated with greater total length, depth, and latitude.

Benthic crustaceans were more closely associated with higher latitudes while benthic

invertebrates appear to be less affected by changing environmental variables. Copepods

and pelagic amphipods were more closely associated with shallower waters, smaller fish

and lower temperatures.

Parasite Infections - Community

Parasite species redundancy analysis followed a similar pattem to that for food

item groups in that a combination of environmental variables including total fish length

was an accurate predictor of parasite infections with an f-ratio of 6l .457 (Fig. 6.5) vs.

23.603 (Fig. 6.a; total length not included), though p-values were equal (0.002). 88.4% of

the variance was contained within the first two axes compared to 90.5%o when total fish

length was included. Many parasite species were associated with larger frsh (Fig. 6.5) and

total length appeared to be most important in predicting the abundance of species such as

cestode plerocercoids, Gonocerca phycidis and Echinorhynchus spp. Parasites such as

trematode metacercariae and Hemiunts levinseni were more closely associated with hosts

at higher latitudes and eastem longitudes while Lepidophyllum steenstrupi and
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Phylobythos spp. were more abuundant in hosts at lower latitudes and deeper waters.

Lepídapedon rachion preferred hosts in deeper waters at higher latitudes while

Lecithophyllttm sp. preferred hosts at higher temperatures and western longitudes.

Food Groups and Parasitic Infections - Subarea Comparisons

Differences in food group consumption were more pronounced for north (04) vs.

south (08) comparisons (Table 6.3). There were signifìcant differences in seven of the

ten food groups within fish stomachs between subareas 0A and 0B; significantly more

copepods, benthic crustaceans, polychaetes, pelagic crustaceans, pelagic fish and benthic

fish were consumed in subarea 0A (p-values 0.0011, 0.0001, 0.0018, 0.0038, 0.0018 and

0.0104, respectively), while significantly more cephalopods were consumed in subarea

0B (p-value 0.0116). Copepods and cephalopods were consumed in larger numbers in 0A

(Table 6.4; p-values 0.0470 and 0.0002) when compared to 14, while polychaetes were

more abundant in fishes from 1A (p-value 0.0022). When the two southern subareas were

examined (Table 6.5), benthic crustaceans and polychaetes were found in significantly

higher numbers in fishes from 1CD (p-values 0.0008, 2.6l4IE-06).

Differences in parasite infections were seen in all subarea comparisons. When

comparing subarea 0A with 0B (Table 6.6), H. levinseni, Podocotyle sp., cestode

plerocercoids and Contracaecumlawae were significantly more abundant in 0A (p-

values 0.0010, 0.0280, 0.035 and 0.0106, respectively) while Lecithophylltm sp. and

Echínorhynchus gadi were more abundant within subarea 0B (p-values 0.0010 and

0.001S). When comparing 0A to 1A (Table 6.7), Lecithaster gibbosus, Steringophorus

furciger, cestode plerocercoids and PseudoterrønovalaÍvae were significantly higher in

number within 0A (p-values 0.0046, 0.0114, 0.0001 and 0.0035, respectively), while
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Capillaria sp. and E. gadi were significantly higher in 1A (p-values 0.0019, 0.0060).

When comparing the southern subareas (08 vs. 1CD) (Table 6.8), L. gibbostts,

Lecithophylh.tm sp., and Phylobythos sp. were significantly higher in 0B (p-values

0.0097,0.0001, 0.0002) while G. phycidis, L. elongatum, Podocotyle sp. and Capillaria

sp. were significantly higher in 1CD (p-values 0.0008, 0.0168, 0.0308, 0.00003).

Discussion

Food Groups and Parasite Infections - Commttnity

Our ability to evaluate ecosystems in terms of their breadth, health and dynamic is

based solely on the amount of reliable data that is available for study. In most tropical

and many temperate systems, an overwhelming amount of data is available with respect

to species inventories, biology and ecology; however, in the deep-sea Arctic,

comprehensive knowledge of ecosystem function is just beginning to accumulate.

Jorgensen et al. (2005) defined several fish species assemblages throughout Davis

Strait and Baffin Bay using a combination of cluster analysis and a Bayesian multinomial

logit model. They found that northern regions contained more fish assemblages with

fewer species than the southem, more speciose regions. Each assemblage was defìned by

temperature and depth in addition to latitude and longitude. Chambers and Dick (2007)

found similar results, concluding that a combination of water temperature, latitude,

longitude and bottom depth strongly influenced the distribution of fish species in the

Davis Strait/Baffin Bay region. Fish species were distributed along a low latitude/high

temperature to high latitude/low temperature gradient while some were more highly

correlated with depth. The proportions of fish species differed between northern and
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southern regions at each depth range, resulting in unique assemblages of species

throughout the region.

The initial objective of this chapter was to determine whether or not diet and

parasite infracommunities differed in fish between subareas of Davis Strait and Baffin

Bay, and if so, the secondary objective was to determine if it was possible to predict

dietary pattems and parasite infections using environmental data. A redundancy analysis

using food group (Figs. 6.2, 6.3) and parasite (Figs. 6.4, 6.5) data from fishes within these

assemblages showed that a combination of latitude, longitude, temperature and depth

significantly predicted food group consumption and parasite infections in a similar

manner. Examination of the food group RDA output (Fig. 6.2) showe d 93 %of the

variance contained within the f,rrst two axes, suggesting that diet preference is influenced

almost exclusively by these four environmental variables. The addition of total fish

length to the RDA (Fig. 6.3) confirmed what has been shown for fish communities

globally; larger food groups such as fish were more abundant in the diet of larger taxa

while smaller food groups such as copepods were more abundant in smaller taxa. Though

total length affected food group abundance within fish diets, the amount of variance

contained within the first two axes increased by only 2Yo, indicating that total length was

not the most important variable affecting food group consumption. This corroborates

stable isotope results in Chapter 5, in which increasing ôrsN values did not always reflect

increasing total fish lengths. Though increases in size will allow fish to feed on a wider

variety of larger prey items due to physiological adaptations such as larger gape size

(Juanes et al.2002,King 2005, Wemer Ig77) (e.g. benthopelagic and benthic fish; Fig.
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6.3), other factors related to evolutionary adaptations in Arctic environments are more

important in determining prey type.

Similar results were seen for parasite species; 88 % of the variation was

contained within the first two RDA axes when total fish length was not used and 91%

when used. As a fìsh grows and more prey items become available, it will become

vulnerable to different or additional parasitic infections. Most food groups and parasites

came out close to the origin of the ordination, indicating that although they may be

associated with one or more environmental variables, many are common throughout the

study area. Nevertheless, many species were closely associated with paticular

environmental characteristics. For example, the digenean H. levinseni was closely

associated with high latitudes, whereas L. steenstrupi and Phylobythos sp. were found in

larger numbers in fish at greater depths (Figs. 6.2, 6.3). consequently, if certain

environmental variables are known, it is possible to predict the food groups most

abundant in fish diets and parasite infections most likely to be found. As a result,

assumptions can be made with respect to prey species and the parasite community

distributions within the different regions of the Davis Strait and Baffin Bay. For

example, using figure 6.2,we can predict that pelagic crustaceans will represent an

important part of fish diets at high latitudes, whereas benthic invertebrates such as

isopods will be more important in fish diets at greater depths. Fish at higher latitudes will

be more likely to have infections of H. levinseni while fish at greater depths are more

likely to carcy infections of L. steenstrupi.

It is not surprising that environmental variables influence the availability of food

and parasite species within this or any other marine environment. All animal species have
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a set of physiological lirnits and barriers which provide them with natural boundaries and

exclude them from particular geographical regions, atlarge and small scales. In some

cases, the distribution of entire taxonomic groups (e.g. family Squalidae) may vary

according to physiological limits, whereas in others, a genus will be ubiquitous but there

will be species differences according to environmental conditions. Prokopowicz and

Fortier (2002) found differences in Calanus (Copepoda) species distribution and

abundance within Baffin Bay based on temperature and depth preferences. Calanus

glacialís, an Arctic water species, was more numerous on the western side of Baffin Bay

due to the influence of strong Arctic surface waters. By contrast , C. finmarchicus, a

boreal Atlantic species that tolerates wider temperature ranges, was able to survive in

areas where Arctic and Atlantic waters mix. Calanr,ts hyperboreas was more numerous in

deep-water habitats and was found to be the most abundant species within the region. The

presence and abundance of several parasite species have also been shown to vary with

environmental conditions. Marcogliese and Cone (1997) found that parasite diversity in

the American eel (Anguílla rostrata) was influenced by pH gradients within Nova.scotia

rivers. Goater et al. (2005) found that helminth community structure in whitefish

(Coregoru.ts ch.peaformes) was influenced by one or more gradients of water colour,

phosphorous concentration and productivity level. Additionally, Hakalahti et al. (2006)

found that hatching, transmission and/or development of the ectoparasite Argulus

coregoni and the trematode Diplostomttm spathaceum were controlled by surrounding

environmental temperatures.
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Food Groups and Parasite Infections - Subarea Comparisons

Since i950, the western North Atlantic has been divided into sections based on a

combination of international boundries (Canada, Greenland, France, USA) and stock

distributions of cod and other marketable fish species. There are seven divisions between

the northern limit of Baffin Bay and Cape Hatteras (numbered 0-6), each one further

subdivided into two or mote subareas (4, B, C, etc.). Though differences in the

distribution and catch rates of commercial species have been reported between subareas

(Jorgensen 1998,2002, Treble 2002, Treble and Bowering2})2, Treble et al. 2000,

Treble and Jorgensen 2002), no comparative studies with respect to ecosystem function

and trophic structure have been attempted.

The last objective of this chapter was to determine if there were differences in

food group consumption and parasite infections between subareas. Though latitude and

longitude were found to influence diet and parasite infracommunities significantly in

combination with other environmental factors, the ability to make generalizations

regarding biota in each subareamay be important for future work in the north Atlantic,

pafücularly with respect to ecosystem-based management.

Differences in diet were most pronounced in northem (04) vs. southern (08)

comparisons. Signifìcantly more cephalopods were consumed in the south, while

significantly more copepods, ctustaceans, polychaetes and fish were consumed in the

north. Kristensen (1977) found decreasing abundance of G. fabricii towards Baffin Bay,

suggesting that this species is more abundant, particularly smaller body sizes, in southern

waters. However, this pattern could be due to higher temperatures or the higher

prevalence of cephalopod predators within southern regions (Chambers and Dick 2007).

t4r



Species such as A. rostrata, C. fabricií, C. ntpestr¿s and S. kaupi had greater numbers of

G. fabricii in their diet but were not found in northern subareas such as 04.

Consequently, a higher proportion of cephalopods in the diet of southem species was

expected. Converseley, there were higher numbers of 'small-bodied' predators in

northern Baffin Bay, leading to an increased consumption of copepods and other

crustaceans, polychaetes, and small fish.

Differences in food group consumption between eastern and western subareas of

Davis Strait and Baffin Bay were also apparent and likely due to assemblage differences

with various depth and shelf characteristics. Lee et al. (2005) acoustically mapped the

ocean bottom throughout Davis Strait and Baffin Bay, confirming that extended shallow

waters exist off the coast of Greenland due to the large extension of the ocean shelf.

Jorgensen et al. (2005) found that there were different species assemblages in eastern vs.

western Baffin Bay due to these extended shallow water habitats, illustrated by a greater

diversity of smaller benthic species such as sculpins and alligatorfish. Consequently,

benthic food groups such as polychaetes and benthic crustaceans would be expected to

predominate.

Differences in parasite infections were also seen between subareas, reflecting

pattems of host distribution and feeding strategy. Fish species in subarea 0A were

infected by higher numbers of cestode plerocercoids (Table 6.6), ataxon that uses pelagic

crustaceans as intermediate hosts. This is not unexpected, as significantly higher

abundances of pelagic crustaceans were seen in the diets of 0A fish. Additionally,

Podocotyle sp. infections were significantly higher in fish from 1CD than 08. Podocotyle

sp. is known to use amphipods as a second intermediate hosts (Klimpel et aL.2006), a
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prey item found in significantly higher numbers in fish stomachs from 1CD. Though

abundances of various parasite species increase or decrease within certain areas, most

species are present throughout the Davis Strait/Baffin Bay region. The fact that most fish

are generalist feeders in the Arctic results in low host specificity of its constituent parasite

fauna, suggesting that habitat preference of fish hosts is the most important factor

determining parasite communities within the system. This corroborates the findings of

Klimpel et al. (2006), who reported that parasite species diversity in Arctic marine fishes

depends on a combination of host feeding behaviour, availability of hosts (both

intermediate and final), depth and host migration. The authors postulated that ahigher

degree of generalist feeding in fish species would encourage low host specificity of

parasites and result in the infection of numerous host species.

Low parasite host specificity is a result of generalist feeding, which can be used to

make broad conclusions regarding food web pattems within Arctic marine systems.

Endohelminth data have been a valuable supplement to diet as a predictor of fish trophic

position both regionally and locally, more so than stable isotopes. Results from Chapter 5

illustrate that although stable isotopes can be used to determine feeding strategies of

deep-sea Arctic fishes, they are less useful in distinguishing species differences along

latitudinal or other environmental gradients. Generalizations about the abundance of

parasite species within individual subareas and along environmental gradients within

Davis Strait and Baffrn Bay can be made as patterns of infections closely follow pattems

of fish host distribution and habitat utilization. Each location within this region can be

described in terms of expected predatorlprey relationships and as a result, most and least

likely parasite-host relationships. While individual subarea differences are valid for some
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generalizations, descriptions of species assemblages and food web dynamics based on

environmental gradients within the entire system will be more valuable for evaluations of

the marine Arctic.

Generalist feeding predominates in Arctic marine fish species but one needs to be

careful not to generalize too much. It is inaccurate to assume that all similar benthic fish

taxa in the Arctic maintain similar feeding strategies. Chambers et al. (Appendix 6) found

that the diet of shallow water species such as M. scorpius consisted primarily of two

Gammarus spp. (Amphipoda). This contrasts with its deep-sea counterpafis (C. microps,

A. atlanticus), with a similar life history, but with a diet of mostly bivalves and

polychaetes? even in environments with high amphipod abundance. Perhaps these

differences relate to nutrient or lipid content of prey species. The data support the

observation that trophic interactions are affected by changing environmental variables

and that each microcommunity (or assemblage) maintains a unique trophic structure with

distinct predator-prey relationships.
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Table 6.I. Latinnames, common names and letter codes of twenty-three fish species

collected within NAFO subareas 0 (divisions A and B) and 1 (divisions A, C and D)

between 2000 and 2004.
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Latin Name Common Name Letter Code

Antimo r a r o s tr at a (Günther)

Artediellus atlanticus Jordan & Evermann

Bathylagtts euryops Goode & Bean

B ent h o s ema gl aci al e (Reinhardt)

B o r eo gadus s aída (Lepechin)

C a r ep r o c tr,ts r einhar d ti (Kroyer)

C entros cy llium fabricii (Reinhardt)

C o ryp ha eno i des rt tp e s/r¿s Gunnerus

Cottunctilus microps Collet

Gaidropsarus ensis (Reinhardt)

Hípp o glos s oides p lat es s oi des (Fabricius)

L amp a ny c tt s ma c d o n a I d i (Fteirdrlar dt)

Lip aris fabri cii Kr oy er

Lyco des eudip leuro s ti ctus Jensen

Lycodes paamiuti Møller

Ly c o d es mca I li s t er i Reinhardt

Macrourus berglax Lacepede

Paraliparis bathybius (Collet)

Reinhardtius hippoglos soides (Walbaum)

Rhodichthys regina Collet

Sebastes mentella Travin

Synap h o b r anchus kaup i Johnson

Trigl ops nyb eliní Jensen

Blue Hake

Hookear Sculpin

Goitre Blacksmelt

Glacier Lanternfish

Arctic Cod

Sea Tadpole

Black Dogf,rsh

Roundnose Grenadier

Polar Sculpin

Three-Beard Rockling

American Plaice

Rakery Beaconlamp

Gelatinous Snailfish

Double-Line Eelpout

Paamiut's Eelpout

Mcallister's Eelpout

Roughhead Grenadier

Black Seasnail

Greenland Halibut

Threadfin Seasnail

Deepwater Redfish

Slatjaw Cutthroat Eel

Mailed Sculpin

Ar

Aa

Beu

Bg

Bs

Car

Cf

Cr

Cm

Ge

Hp

Lm

Lf
Leu

Lvp

Lym

Mb

Pb

Rh

Rr

Sme

SK

Tn
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Table 6.2. Names and letter codes of twenty-nine parasite species collected from twenty-

three fish species collected in NAFO subareas 0 (divisions A and B) and 1 (divisions A,

C, and D) between 2000 and 2004.
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Parasite Species Code

Derogenes varicus (Müller)

F e llo dis tomttm felis (Olsson)

G lomericiruus mãcroLtri (Gaevskaj a)

Go no cerca phy cidis Manter

Hemiurus levins eni Odhner

Lecithaster gibbostts (Rudolphi)

Lecithophyllum sp.

Lep i dop e do n e I o ng atum (Lebour)

Lep idap e don r achío n (Cobbold)

Lepidapedon sp.

Lepidophy lh.tm s teens trupi Odlner

Neophasis burtiiBray & Gibson

Otodistomttm sp.

Podocotyle sp.

Pro s o r hynchus s quamal¿¿s Odhner

Steringop ho rus ft trciger (Olsson)

S t en alrr o n v e tt ts tum Stafford

Trematoda sp. Larvae

Bothriidae sp.

Cestoda sp. Plerocercoid

Phylobythos sp.

Gi I qrdni a s quø li (Fabricius)

Gilquinia sp. Plerocercoid

Contracøecum Larvae

Pseudoterranova Lawae

Anisalcis Larvae

Capillaria sp.

Acanthocephala Lawae

Echinorhynchtts sp.

DV

FF

GM

GP

HL

LEC

LI

LE

LR

LEP

LS

NB

OF

POD

PS

SF

STK

TL

BO

CP

PHY

GS

GSP

CL

PL

AL

CAP

ACL

AC

148



Table 6.3. Results of a two-tailed test for significance between ten food groups found in

twenty-three fish species collected in NAFO subareas 0A and 0B between 2000 and

2004. Sample size of fish examined in 0A was 832, and 781 in 08.
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Food Group Subarea Mean St.D. DF P-value

Pelagic Amphipods 0A 0.9760 4.2198 1607.6 0.3610

0B 0.7939 3.7825

Copepoda 0A 1.8305 10.9669 1059.3 0.001 I

0B 0.s032 3.9890

Benthic Crustaceans 0A 1.1683 2.9469 1490.8 0.0001

0B 0.6850 2.0s9s

Benthic lnvertebrates 0A 0.2764 1.1539 1610.4 0.2955

0B 0.3342 r.0620
Cephalopoda 0A 0.0445 0.2804 1457.5 0.0116

0B 0.0858 0.3613

Polychaeta 0A 0.1563 0.5326 ß12.1 0.0018

0B 0.0896 0.2947

Pelagic Crustaceans 0A 0.9784 4.7808 1038.1 0.0038

0B 0.4673 1.6527

Pelagic Fish 0A 0.0745 0.5694 969.1 0.0018

0B 0.0102 0.1598

Benthopelagic Fish 0A 0.0132 0.1143 1490.2 0.1629
0B 0.0064 0.0798

Benthic Fish 0A 0.0709 0.4116 11529 0.0104

0B 0.0307 0.1800
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Table 6.4. Results of a two-tailed test for significance between ten food groups found in

twenty-three fish species collected in NAFO subareas 0A and 1A between 2000 and

2004. Sample size of fish examined in 0A was 507 and2I2 in iA.
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Food Group Subarea Mean St.D. DF P-value

Pelagic Amphipods 0A 1.4517 5.3238 653.5 0.1607

1A 1.0094 3.0291

Copepoda 0A 0.7239 3.1319 698.9 0.047

1A 0.4t04 t.0782
Benthic Crustaceans 0A 1.8107 3.7763 353.9 0.5128

1A 2.033 4.2963

Benthic lnvertebrates 0A 0.355 1.3875 527.4 0.791

1A 03302 1.0278

Cephalopoda 0A 0.0493 0.2425 660.4 0.0002

1A 0.0047 0.0687

Polychaeta 0A 0.1598 0.4357 272.4 0.0022
rA 03302 0.7506

Pelagic Crustaceans 0A 1.5523 6.2068 476.3 0.0915

1A 2.3066 s.1079
Pelagic Fish 0A 0.0789 0.6725 594.3 0.7151

lA 0.0943 0.436

Benthopelagic Fish 0A 0.0217 0.1458 482.7 0.4683

1A 0.0142 0.1184

Benthic Fish 0A 0.0986 0.5051 605.2 0.5576
1A 0.0802 0.3202
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Table 6.5. Results of a two-tailed test for significance between ten food groups found in

twenty-three fish species collected in NAFO subareas 0B and lCD between 2000 and

2004. Sample size of fish examined was 488 in 0B and 178 in lCD.
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Food Group Subarea Mean St.D. DF P-value

Pelagic Amphipods 0B 0.084 0.7631 629.7 0.8008

lCD 0.073 0.3s3

Copepoda 0B 0.5615 4.0914 607.3 0.1024

lCD 0.236 0.9628

Benthic Crustaceans 0B 0.3033 1.1598 241 0.0008

1CD 0.7697 1.6833

Benthic lnvertebrates 0B 0.131 1 0.5831 350.8 0.3606

lCD 0.1742 0.5186

Cephalopoda 0B 0.127 0.4443 3f7 3 0.1131
lCD 0.1798 0.4399

Polychaeta 0B 0.0676 0.2672 189.9 2.61F-06

1CD 0.382 0.8505

Pelagic Crustaceans 0B 0.6414 2.3764 299 0.4568

1CD 0.8034 2.520t
Pelagic Fish 0B 0.0225 0.243 326.1 0.2791

1CD 0.0449 0.2334

Benthopelagic Fish 0B 0.0123 0.1103 206.5 0.0742

lcD 0.0449 0.2334

Benthic Fish 0B 0.0533 0.2338 262.5 0.0859

icD 0.0955 0.2947
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Table 6.6. Results of a two-tailed test for significance between parasites recovered fiom

twenty-three fish species collected in NAFO subareas 0A and 0B between 2000 and

2004. Sample size of fish examined was 832 in 0A and79l in 08.
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Parasite Subarea Mean St.D. DF P-value
Derogenes variats 0A 0.9952 4.3397 1300.2 0.6281

0B 0.8553 6.8871
Fellodistomum felis 0A 0.0036 0.06 1049.4 0.1402

0B 0.01ls 0.1382
Glomericirrus ntacrouri 0A 0. 1382 1.5252 1462 0.1964

0B 0.055 t t.0245
Gonocerca pltycidus 0A 0.6599 6.1281 1042.6 0. I I I

0B 0.2996 2.t423
Hemiurus levinseni 0A 0.8305 3.151I I108.8 0.001

0B 0. 13 19 | .27 t7
Lecithaster gibbosus 0A 0.5613 4.1583 1419.8 0.5642

0B 0.7055 s.709
Lecithophyllum sp. 0A 0.0012 0.0347 791.8 0.001

0B 0.0602 0.3859
Lepidopedon elongatum 0A 0.2356 4.9102 832.7 0.1862

0B 0.0102 0.lsl6
Lepidapedon racltion 0A 0.0204 0.3339 1010.6 0.2502

0B 0.0064 0.t072
Lepidapedon sp. 0A 0.0012 0.0347 783.8 0.342j

0B 0.0243 0.6799
Lepidophyllum steenstrupi 0A 0.0096 0.2774 1261.3 0.6801

0B 0.0051 0.1431
Neophasis burtii 0A 0.0998 2.8775 83 1.8 0.3367

0B 0.0038 0.061 9

Podocotyle sp. 0A 1.9507 17.7266 1004.7 0.028
0B 0.5288 5.5949

Prosorhynchus squamatus 0A 0.0781 0.883 1422.1 0.4419
0B 0.0499 0.5628

Steringophorusfurciger 0A 0.7416 5.0836 1271.2 0.2013
0B t.18s7 8.3643

Stenakron vetustum 0A 0.0048 0. 1096 794.7 0.0956
0B 0.0704 1.0938

Trematoda sp. Larvae 0A 1.1731 23.3896 834.8 0.1659
0B 0.0474 t.0797

Cestoda sp. Plerocercoid 0A 6.6887 24.8158 1457.5 0.0305
0B 3.5557 32.5051

Philobythos sp. 0A 0.0096 0.1624 1227 0.6109
0B 0.0064 0.0798

GilErinia sp. Plerocercoid 0A 0.0024 0.049 1520.6 0.5975
0B 0.0013 0.0358

ContracaecuntLawae 0A 5.8714 44.2029 938.2 0.0106
0B 1 .8207 10.9 108

PseudoterranovaLarvae 0A 0.4327 5.7119 938.4 0.2106
0B 0.1767 1.4113

Anisakis Lawae 0A 0.1971 2.3751 1064.9 0.2t72
0B 0.0883 0.8748

Capillaria sp. 0A 2.2596 12.3808 l58l 0.0896
0B 1.169 13.3439

Acanthocephala Lawae 0A 0.2368 1.5906 1353.6 0.6952
0B 0.1972 2.3658

Echinorhynchus sp. 0A 0.5625 3.0509 9i5.6 0.0018

0B L5506 8.301 8
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Table 6.7. Results of a two-tailed test for significance between parasites recovered from

twenty-three fish species collected in NAFO subareas 0A and 1A between 2000 and

2004. Sample size of fish examined was 507 in 0A and272 in 14.
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Parasite Subarea Mean St.D. DF P-value

Derogenes varicus 0A I .3 I I 6 5.3177 468.6 0.7609

r A 1.4292 4.4498

Fellodistontuntfelis 0A 0.0059 0.0768 506 0.0833

rA 0 0

Glomericitttts ntacrouri 0A 0.2268 1.9494 602.2 0.062

lA 0.0s66 0.4091

Gonocerca phycidus 0A 1.0848 7.8241 715.4 0.6696

lA t.2642 3.4375

Hentiurus levinseni 0A 0.3984 1.8669 445.5 0.5127

1A 0.3066 | .6451

Lecithaster gibbosus 0A 0.6746 4.9769 516.4 0.0046

l A 0.0425 0.3274

Lecithophyllum sp. 0A 0.002 0.0444 506 0.3178

rA 0 0

Lepidopedon elongatunt 0A 0.3491 6.2442 712.9 0.7697

lA 0.2547 2.393

Lepidapedon rachion 0A 0.0355 0.4341 317.2 0.0213

1A 0.1368 0.s72

Lepidophyllunt steenstrupi 0A 0.0158 0.3553 589.2 0.502

1A 0.0047 0.0687

Neophasis burtii 0A 0.1637 3.6862 506 0.3178

lA 0 0

Podocotyle sp. 0A 2.8402 22.5585 697.7 0.4068

I A | .'7925 lt .1799

Prosorhynchus squanrcttus 0A 0.0237 0.20'/2 332 0.8155

lA 0.0283 0.256

Steringophorusftu'ciger 0A 0.9132 5.5286 635.1 0.0114

r A 0.2453 1.3859

Stenakron vetusnun 0A 0.0059 0.1332 536.6 0.6931

l A 0.0094 0.0969

Trernatoda sp. Larvae 0A L8738 29.9487 696.7 0.849

lA 2.1934 14.9087

Cestoda sp. Plerocercoid 0A 8.6824 28.3424 674.7 0.0001

lA 3.n32 8.5917

Philobythos sp. 0A 0.002 0.0444 506 0.3178

lA 0 0

Contracaeatm Lawae 0A 3.645 44.0357 578.7 0.4114

lA 1.9764 7.9043

Psettdoterranova Lawae 0A 0.2998 2.2194 515.2 0.0035

iA 0.0094 0.1374

AnisakisLawae 0A 0.1696 1.9878 525.7 0.102

r A 0.0236 0.1806

Capillaria sp. 0A 3.1953 15.0339 243.4 0.0019

1 A 1t .1179 35.420'7

AcanthocephalaLawae 0A 0.2919 1.9655 711.6 0. 1501

r A 0.1462 0.743

Echinorhynchus sp. 0A 0.9448 4.0823 273.9 0.006

iA 2.3585 6.9476
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Table 6.8. Results of a two-tailed test for significance between parasites recovered from

twenty-three fish species collected in NAFO subareas 0B and 1CD between 2000 and

2004. Sample size of fish examined was 488 in 0B and i78 in 1CD.
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Parasite Subarea Mean St.D. DF P-value

Derogenes varicus 0B 1.2971 8.6627 443'8 0.8459

lCD 1.1798 6.1231

Fellodistomumfelis 0B 0.0i84 0.1745 363 0'6001

lCD 0.01 12 0.1499

Glomericirnts ntacrouri 0B 0.0861 | .2947 227 .7 0'60 I I

l cD 0.1742 2.t041

Gonocerca plrycidus 0B 0.4611 2.6958 212.6 0.0008

r cD L8483 s.2026

Hentùrus levinseni 0B 0.0164 0J424 421.6 0.6138

rcD 0.0112 0.1057

Lecithaster gibbosus 0B 0.9221 6.5943 53 1.9 0.0097

1CD 0.1292 0.8767

Lecithophylhm sp. 0B 0.0922 0.4814 547-2 0.0001

l cD 0.0056 0.075

Lepiclopedon elongatunt 0B 0.0225 0.37 57 205.5 0'0 I 68

rcD 0.1742 0.8082

Lepidapedon rachion 0B 0.0471 0.7926 647.7 0.538

lcD 0.0225 0.2366

Lepidophyllum steenstrupi 0B 0.0164 0.2558 220.1 0.6276

I CD 0.0337 0.449'/

Neophasis burtii 0B 0 0 177 0.31i9

rcD 0.404s 5.3218

Podocotyle sp. 0B 0.4652 3.101 I 179'9 0.0308

r cD 3.8s39 20.6863

Prosorhynchus squamatus 0B 0.0307 0.3751 359.7 0.7727

lCD 0.0393 0.32s3

Steringophonts ftu'ciger 0B 0.8033 5'5689 218.6 0.2863

r cD 1.646t 9.9679

Stenakron vetustum 0B 0.1045 1.3772 263.7 0.8329

lcD 0.1348 1.7251

Trernatoda sp. Larvae 0B 0 0 177 0-1579

1CD 0.01 12 0.10s7

Cestoda sp. Plerocercoid 0B 5.1291 40'9896 302.7 0.0957

I CD 1 1.3258 42.8326

Philobythos sp. 0B 0.0656 0.3895 487 0.0002

ICDOO
GilEinìa sErali lawae 0B 0.002 0.0453 177.3 0.3338

lCD 0.06'74 0.8994

Contracaeamt Lawae 0B 2.7336 15'491 I 203.8 0. 1633

lCD 6.4719 34.398

PsettdoterranovaLawae 0B 0.1967 1.6508 183.7 0'3768

tcD 0.6854 7.2915

AnisakisLawae 0B 0. l70l 1.1255 267.8 0.0107

lCD 0.4663 1.3',784

Capillaria sp. 0B L8033 16.851 237.8 0.00003

lcD 10.4775 25.0609

Acanthocephala Larvae 0B 0.2602 2.9783 554.2 0.2726

1 CD 0. I 0ó7 0.4927

Echinorhynchus sp. 0B 2.3053 9.9963 267.4 0.3282

I CD 3.309 12.2663
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Figure 6.1. Map of NAFO management areas within Baffin Bay and Davis Strait.

(NAFO, 2008). Data used for analysis were collected from 04, 14, 08, 1C and 1D

between 2000 and 2004.
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Figure 6.2. RDA scatterplot illustrating the relationship between food groups of twenty-

three Arctic marine fish species and four environmental variables. 'La' refers to latitude,

'Lo' to longitude, 'TE' to temperature and 'D' to depth. CO refers to Copepoda, CE to

Cephalopoda, PA to Pelagic Amphipods, PC to Pelagic Crustaceans, BC to Benthic

Crustaceans, BI to Benthic Crustaceans, PO to Polychaeta, BF to Benthic Fish, BPF to

Benthopelagic Fish, and PF to Pelagic Fish. Monte Carlo test for significance yielded an

F-ratio of 24.798 and P-value of 0.002.
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Figure 6.3. RDA scatterplot illustrating the relationship between food groups of twenty-

three Arctic marine fish species and five environmental variables. 'La' refers to latitude,

'Lo' to longitude, 'TL' to total fish length, 'TE' to temperature and 'D' to depth. CO

refers to Copepoda, CE to Cephalopoda, PA to Pelagic Amphipods, PC to Pelagic

Crustaceans, BC to Benthic Crustaceans, BI to Benthic Crustaceans, PO to Polychaeta,

BF to Benthic Fish, BPF to Benthopelagic Fish, and PF to Pelagic Fish. Monte Carlo test

for significance yielded an F-ratio of 30.521 and P-value of 0.002.
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Figure 6.4. RDA scatterplot illustrating the relationship between endohelminths of

twenty-three Arctic marine fish species and four environmental variables. 'La' refers to

latitude, 'Lo' to longitude, 'TE' to temperature and 'D' to depth. Parasite species codes

are listed in Table 6.2.Monte Carlo test for significance yielded an F-ratio of 23.603 and

P-value of 0.002.
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Figure 6.5. RDA scatterplot illustrating the relationship between endohelminths of

twenty-three Arctic marine fish species and five environmental variables. 'La' refers to

latitude, 'Lo' to longitude, 'TL' to total fish length, 'TE' to temperature and 'D' to depth.

Parasite species codes are listed ìn Table 6.2.Monte Carlo test for significance yielded an

F-ratio of 67.457 and P-value of 0.002.
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CHAPTER 7: GENERAL DISCUSSION

Community studies in the Arctic marine environment are often monospecific or

focus on subsistence and commercially important species with management implications.

Single-species investigations are valuable as stepping stones to a broader understanding

of Arctic systems, but the isolation of a species or population overlooks complex

evolutionary and ecological interactions and obscures the dynamic of the system as a

whole (Pianka 1987). Hall and Raffaelli (1991) stated that the primary goal of ecological

studies is to understand the nature of species interactions in order to explain the observed

pattems and dynamics of communities. Food webs and food web theory have been used

to describe community interactions worldwide. Undoubtedly, they contribute to our

understanding of practical problems such as wildlife management and toxicology (Cohen

et al. 1993), but their accuracy depends on factors such as duration ofstudy, geographical

scale, species distributions, number of species included in the study, frequency of

sampling and intensity with which samples are analyzed (Paine 1988). The resulting food

webs then depend on the spatial, temporal, allometric and taxonomic scales set out by

individual researchers (Peters 1 988).

Traditional food web studies are difficult in benthic deep-sea Arctic communities

because of limited sampling window, restricted sampling areas in terms of physical

characteristics of the ocean bottom, biased sampling gear and perhaps the most important,

these areas are speciose and community composition changes with environmental

variability over a relatively small geographic area. Consequently, understanding

community composition and how it changes with the physical characteristics of its

environment must be a priority before any other ecological or biological studies can
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proceed. This idea became the underlying theme of the thesis. Before the four hypotheses

discussed in Chapter 1 could be addressed, a greater understanding of community

structure and species composition in Arctic marine waters was necessary. In particular,

how abiotic factors affect species displacernent in the context of physiological limits and

preferences. A combination of latitude, longitude, temperature and depth strongly

influenced the distribution of fish species in the Davis Strait/Baffin Bay region. Most

species were distributed along latitude/temperature gradients while depth or longitudinal

gradients were more important to others. Fish distribution along these gradients signified

gradually changing species composition relative to physical and environmental

characteristics. Because of this gradually shifting community composition, trophic

studies within the region should focus on shifting trophic dynamics rather than fixed food

web constructs. This is a significant finding as the majority of communities worldwide

are described in terms of energy transfer through fixed food webs. Such descriptions may

be useful in small, static communities, but in most marine environments and particularly

in the Arctic, pathways will disappear and appear based on geographical position.

A significant component of the thesis dealt with how best to describe the trophic

structure of deep-sea Arctic fish communities in this complex environment.

Theoretically, if one particular area was chosen, traditional methods of food web

construction should result in an accurate description of trophic pattems within that

community. Hypothesis 1 was: if trophic guilds within a community represent differences

in feeding behaviour, diet analysis would reveal the presence of several trophic guilds

within the Arctic marine environment and from this a fixed food web could be developed.

Traditional methods, such as trophic guild determination, as the basis of food web
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construction are not appropriate for Arctic communities due to the prevalence of

generalist feeding and infections by non-host specific parasites. Instead, a multivariate

approach focusing on habitat utilization (benthic, benthopelagic, pelagic) best described

the dynamic of these Arctic marine communities. Benthic and benthopelagic species were

separated out based on food group consumption and endohelminth infections, as well as

those species preferring shallower habitats by more specific dietary requirements. Single

linkages in complex food webs are useful when examining specific predatorþrey

relationships, but they contribute little to the mechanics of these ever-changing

'microcommunities'. More effective methods of understanding trophic relationships in

deep-sea Arctic communities require the identifìcation of trophic groups through habitat

utilization.

Trophic relationships are most commonly determined through diet analysis. This

is a useful method to determine trophic linkages, but in most cases, it provides only short-

term information and fails to elucidate the full spectrum of a species' diet (Sholto-

Douglas et al. 1991). Hypothesis 2 focussed on the importance of parasite communities

and stable isotope data in defining trophic linkages. Chapters 4 and 5 investigated both

methods and found that, within the context of trophic 'groups' based on habitat

utilization, both methods provided information regarding feeding strategy, although

endohelminth communities represented a more precise tool in the determination of

trophic relationships. Results from Chapter 4 indicated that trophic groups were separated

based on utilization of food groups within certain habitat zones (benthic, benthopelagic)

and were parasitized by endohelminths whose intermediate hosts utilized the same zones.

Consequently, parasite infections which indirectly provide longer term diet data canbe
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used to support or replace diet data when describing trophic relationships in the Arctic

deep-sea. Similarly, stable isotope analyses from many environments can supplement

information on diet (Kline et al. 1998, Monteiro et al.I99I, Sholto-Douglas et aL.1991,

Thomas and Cahoon 1993, Wainright et al.1993). Because animals are similar in isotopic

composition to their diets, it is often possible to determine an individual's diet and assign

it a specific trophic level. However, my interpretation in Chapter 4 supports Dayton and

Hessler's (1972) belief that in deep-sea environments, trophic levels merge and the

specific roles of predators are not as distinguishable from those of detritivores. Stable

isotopes may not be as useful in the deep sea as in other environments in terms of

describing the individual trophic position of an individual species. The purpose of

Chapter 5 was to test this idea and determine how useful stable isotopes are in the

description of trophic relationships within the Arctic deep-sea. Although stable isotopes

did not show the separation of taxa into clear trophic positions, differences in carbon and

nitrogen isotopes did depict patterns in habitat utilization and feeding strategy. Preference

for benthic vs. benthopelagic habitats defined carbon and nitrogen isotopic signatures

more so than fish size, suggesting that similar isotope ratios were due to comparable diets

within each habitat zone. So, although stable isotopes are useful in defining species in

terms of habitat preference, parasite and stomach content data are most useful in

determining trophic relationships within the Arctic deep-sea.

Chapter 6 represented an extension of hypotheses 1 and2 with a focus on

environmental impacts. The first five chapters illustrated that a) fish community

composition (i.e., assemblage) is significantly affected by changing environmental factors

within a relatively sma1l area, and b) diet, parasite and stable isotope data canbe used to
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predict feeding preferences for habitat groups (benthic, benthopelagic, pelagic) in Arctic

marine waters. The next obvious question was whether or not environmental variables

significantly affected prey consumption of fish within this region and if so, which

variables were best at predicting diet. An examination of food group preference with

environmental variables (Chapter 6) illustrated that environmental variables such as

latitude, longitude, temperature and depth were the best predictors of food group

preference in deep-sea Arctic fish species. Changing environmental variables determine

species distribution and community composition at every trophic level, influencing the

types of prey available within each microcommunity. Many larval f,rsh remain closely

inshore before swimming or being passively transported offshore as adults or juveniles

(Scott and Scott 1988). Consequently, inshore fish predators will have exclusive access to

these individuals as food items while strictly off-shore species will be forced to feed on

other fish and invertebrates. Other prey types will have a more gradual increase or

decrease along environmental gradients, further shaping the pool of available prey

species at each geographic position. My results also support the idea that fixed food webs

are not appropriate for Arctic marine systems as a whole. Rather, assessing benthic

communities along shifting environmental gradients is more effective when defining

trophic relationships within this unique environment.

Grouping prey species based primarily on habitat utilization is useful in regions

that are less well-known and speciose, especially the small invertebrates. Paine (1988)

stated that the aggregation of lower-level organisms such as small invertebrates is useful

because they are smaller, less observable, less well known ecologically and likely more

similar in terms of trophic position. A limitation, especially in large oceanic
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environments, is the possible existence of different feeding strategies within one

taxonomic group. For example, within the Copepoda, several species of calanoids are

carnivorous (e.g. genus Euchaeta) (Yen 1991). Though Euchaeta spp. was rare in my

study, the regular occuffence of this genus in a fish's diet may alter its trophic position

and make the determination of trophic position more difficult. Consequently, grouping all

Copepoda together into one trophic group may compromise descriptions of trophic

position. Paine (1988) discussed this problem in terms of food web construction, stating

thal aggregation of taxa into more 'convenient' units excludes the treatment of species

from web structure and alters the intrinsic nature of community structure. There are

problems in grouping taxa for trophic studies, but until detailed studies are available for

each species within this and other environments, I believe grouping the more speciose

taxa for the purpose of trophic evaluation is valid.

Hypothesis 3 dealt with age and body size as a reflection of trophic position, i.e.

feeding preferences, parasite communities and stable isotopes will differ with increasing

body size. Fish species were divided into taxa based on size (chapter 4) and results

showed that although larger food groups were slightly more abundant in larger fish taxa,

deep-sea Arctic fishes remained generalist feeders with overlapping diet preferences. No

significant relationship was found between fish size and carbon or nitrogen isotope ratios

(chapter 5) but in both chapters, habitat utilization was the most important factor in

determining trophic relationships. Fish size was found to influence food group preference

for most fish species (chapter 6) but it was not the best indicator of diet preference. When

data were combined, fish size and age were found to be less important in diet selection

and determination of trophic position than previously assumed. The diet of most fish
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species remained similar throughout their ontogeny even though larger fish fed on larger

prey. This is likely due to the propensity of Arctic species for generalist feeding as a

result of low levels of competition. Results in this chapter contrast with the majority of

reports in the literature. Similar studies in different marine or freshwater environments

have found that fish undergo large dietary shifts during their ontogeny, usually due to

larger gape size (Juanes et aL.2002, King 2005, Werner 1977). Though increasing gape

size allows fish to expand their diet to include larger prey such as fish and large

invertebrates, it does not significantly affect individual trophic position as indicated by

food group consumption, stable isotopes or parasite infracommunities.

Hypothesis 4 discussed species diversity with latitude, postulating that if species

diversity decreases with increasing latitude, the number of trophic guilds will be smaller

and contain more species at higher latitudes. Though the concept of guilds was rejected in

Chapter 4, the idea put forth is important with respect to changing dlaramics in Arctic

cornmunities. If the diversity of large-bodied predator species decreases with increasing

latitude, the remaining fish species at higher latitudes will feed on a wider variety of food

items due to the increased availability of prey in the absence of predators. In the Davis

Strait/Baffin Bay region, larger-bodied predators such as C. fabricii, S. kaupi, C. rupestris

and A. rostrata disappear to the north. This reduction in predator diversity may influence

changes in food group consumption seen in Chapter 6. In the northern subarea (04), a

larger number of food item groups were consumed by the remaining fish species,

including copepods, benthic crustaceans, polychaetes, pelagic crustaceans, pelagic fish

and benthic fish. Consequently, this hypothesis may be altered to state that species

assemblages and in turn, food webs, will contain fewer species with increasing latitude.
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These food webs will likely be more complex in terms of number of linkages per

constituent species as remainingtaxabroaden their diets and become associated with a

Iarger number of prey items.

It is apparent that deep-sea communities of the eastern Arctic are complex.

Changing physicochemical variables within the Davis Strait and Baffin Bay have resulted

in continually changing species composition and trophic structure with latitude and

longitude, so much so that itmay be impossible to use traditional methods of trophic

evaluation for the illustration of energy transfer. Rather, identification of shifting patterns

within the system in the context of habitat utilìzation and species assemblage becomes

more important, allowing scientists and resource managers to make more accurate

predictions regarding community health and reactions to intensifyrng pressures such as

commercial fishing and global warming.
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APPENDIX 1: BIOLOGY AND ECOLOGY OF KEY FISHES FROM DAVIS

STRAIT AND BAFFIN BAY
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Introduction

Little is known about the basic biology and ecology of deep-sea Arctic manne

fish. Many commercially important species such as Atlantic cod (Gadus morhua),

Greenland halibut (Reinhardtius hippoglossoides) and the roughhead grenadier

(Macrourtrs berglax) have been studied extensively in terms of food preference and

parasite assemblages; however, by-catch species have been overlooked in the literature

due to their relative unimportance. Of particular interest are the poorly studied snailfish

(genera Liparis, Paraliparis and Rhodichthys), eelpouts of the genus Lycodes, deep-sea

sculpin (genera Artediellus, Cothtnculus and Triglops).In addition to the diet and

parasites of these fish, simple life history characteristics such as growth rate, reproductive

strategy and development remain unclear. Most of these species have been found in the

stomachs of top predators such as Greenland halibut or American plaice

Qlippoglossoides platessoides) (Arthur and Albert 7992a,b, Boje et al. 1997,Bray 1979,

1987 ,Bray and Gibson 1986, Gibson and Bray 1986, Khan et al. 1980, Khan et al. 1982,

Margolis and Arthur l979,McDonald and Margolis 1995, Rubec 1988, Scott and Bray

1989, Wierzbicka 1990, l99Ia.b). Thus, depending on their importance in the diet, they

may have significant influence on populations of these top predators. In order to

understand the population structure and stability of commercially important species, we

must first understand the dynamics of the community from which they come.

This report includes a summary of known literature regarding the

distribution/habrtat, diet, predation, parasites growth and reproduction of twenty-six

Arctic marine fish species as well as recently collected information. In many cases, the

215



information given here represents the first ever description of a species in terms of basic

biology and ecology. All summaries include known literature as well as information

collected in the Davis Strait/Baffin Bay region during 2000 to 2004.

In the following section, I describe the known distribution, diet, predators,

parasites, reproduction and growth of fish species chosen for this study, using both

published information and data collected from the present study. Summaries of food

items, parasites and length/weight data can be found in Appendi ces 2,3 and 4.

Class Elasmobranchii

Order Squaliformes

Family Squalidae

C e n t r o s c v I I i u m fa b r i c í í (Reinhar dt\ - B.lack D o efrsh

Distribution/Habitat

This species occurs only in the Atlantic Ocean, from lceland, Faroe Islands and

the British Isles to Senegal and discontinuously to the southwest of Africa (Scott and

Scott 1988). Centroscylliumfabricii occurs most frequently off bottom, occasionally

forming schools (Scott and Scott 1988). It can be found to depths of 275 to 1600 m, but is

most common at depths greater than 400 m in Canadian waters (Scott and Scott 1988).

This species occurs at bottom temperatures of 3.5 to 4.5'C. During winter, it has been

known to occur near the surface in the northern part of its range (Scott and Scott 1988).
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Diet

Centroscyllittmfabricii feeds primarily on cephalopods, pelagic crustaceans,

jellyfish and small fish such as Sebastes sp. (Jensen 1948, Scott and Scott 1988). Several

new species of crustaceans and fish prey are listed in Appendix 2.

Predation

No information available prior to this study.

Parasites

Eight species were known to parasitize C. fabricii, including three protozoans,

one trematode, and four copepods (Margolis and Arthur l979,McDonald and Margolis

1995).In this study, eight additional species were found to parasitize C. fabricii,

including one trematode, one monogenean, three cestodes, and the lawae of three

nematodes. Parasites of this species are listed in Appendix 3.

Reproduction and Growth

Centroscylliumfabricii is an ovoviviparous species (Templeman 1963). There is

little information regarding growth and development; however, mature females have been

found up to 84 cm in length (Templeman 1963). Length, weight, temperature and depth

data as found in the literature have been summarized in Appendix 4 along with that found

in the present study.
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Class Actinopterygii

Order Anguilliformes

Family Synaphobranchidae

S v n øp h o b r a n c h u s k øu p í J ohns on - Kaup' s Ãrr ow to oth E ell L ongnos e E,el

Distribution/Habitat

Synaphobranchtts kar.tpi is a benthic species occurring in deep water up to 3000 m

or more (most commonly between 800 and 2000m (Sulak and Shcherbachev 1997). Scott

and Scott (1988) claimed that water temperature may be a limiting factor for this species

which had not been found in waters below 7.4'C; however, Sulak and Shcherbachev

(1997) listed its temperature range between -1 and -10'C. The distribution of 
^1. 

kaupi is

wide, occurring worldwide between 60oN and 40oS latitude.

Diet

This species feeds mainly on decapods, Natantia and amphipods; however, it is

also known to prey upon fishes and cephalopods (Saldanha and Bauchot 1986). A

surnmary of the diet of this species can be found in Appendix 2.

Predation

Little information is available regarding predation of this species; however, Du

Buit (1978) reported S. køupi in the stomach of a benthic species Coryphaenoides

rupestris.
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Parasites

McDonald and Margolis (1995) reported two nematodes (Contracaecum sp.,

Hysterothylacium sp.) and one copepod species (Lophottra gracilis) as parasites of ,5.

kattpi.In this study, two more nematodes were found in this species, in addition to two

trematodes and cestode pleroceroids. For a more detailed list see Appendix 3.

Reproduction and Growth

Little information regarding reproduction and growth is available for this species.

Spawning males and females have been observed in summer months, most commonly in

June. These individuals were 47 to 60.5 cm long in waters deeper than 700 m (Scott and

Scott 1988). This species is believed to achieve lengths of approxim ately 7 4 cm. Bruun

(1937) found that young pass through a leptocephalus stage lasting 18-22 months. During

this phase the eyes are characteristically telescopic (Scott and Scott 1988). Length,

weight, temperature and depth data as found in the literature have been summarized in

Appendix 4 alongwith that found in the present study.

Order Myctophiformes

Family Myctophidae

Benthosema sløcíøle (Reinhardt\ - Glacier Lanternfish

Distribution/Habitat

Benthosema glaciale is a mesopelagic species, o.ccurring in temperatures of zero

to 18'C. It is most abundant at 4 to 16'C (Scott and Scott 1988). Benthosema glaciale
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can be found from surface waters to depths up to 530m. During the day, it is found

mainly below 457m, while at night, it is most abundant at 46 to 91m (Scott and Scott

1988). Older fish are found at greater depths at night than are younger fish (Scott and

Scott 1988) . Benthosema glaciøle occurs in the northwest Atlantic from Davis Strait,

west Greenland, Labrador, Newfoundland and the Scotian Shelf to Cape Hatteras (Scott

and Scott 1988). It is the most common myctophid north of 40'N in the North Atlantic

(Albikovskaya 1988) and makes up a major portion of the deep scattering layer (Greer-

Walker and Nichols 1993).

Diet

The diet of B. glaciale consists mainly of calanoid copepods and euphausiids

(Hully 1984, Gjosaeter 19J3, Kawaguchi and Mauchline 1982). In addition, Kawaguchi

and Mauchline (1982) found various amphipods, decapods, and fish in the stomachs of -8.

glaciale collected in the Rockall Trough. Other benthic invertebrates may also be

important. Kinzer et al. (1993) found that myctophids of the genus Benthosema inthe

Arabian Sea also consume ostracods, decapods, amphipods, cladocerans, polychaetes and

fish larvae. Retrieval of stomach contents by Chernov a et al. (1992) support these

findings. A summary of food items can be found in Appendix 2.

Predation

Benthosema glacíale is important in the diets of many commercial and non-

commercial fishes (Scott and Scott 1988). It may be important to species such as

Greenland halibut, Atlantic cod and American plaice (Albikovskaya and Gerasimova

1993,Bergstad and Hoines i998, DeBlois and Rose 1995, 1996, Fjosne and Gjosaeter
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1996, Hop et al. 1992,1993, Hussy et al. 1997). Walker and Nichols (i993) found B.

glaciale to be common in the stomachs of mackerel (Scomber scombrus).

Parasites

Two parasite species have been recorded from B. glaciale, one cnidarian and one

copepod (McDonald and Margolis 1995). In this study, one cestode, one nematode and an

additional copepod were found to parasitize this species. See Appendix 3.

Reproduction and Growth

Females mature between the ages of 2+ years, and lengths of 37 mm or longer

(Halliday 1970, Kawaguchi and Mauchline 1982). Those with ripening eggs were found

in January and February (Albikovskaya 1988, Halli day tOlO¡,which suggests that

spawning occurs in spring and early summer (Halliday 1970). Males are also known to

reach maturity at2+ yeaß of age (Halliday 1970). Gjosaeter (1981) suggested that

maturation of this species is related more to length than age, stating that 45 to 50 mm is

the lower limit of size at which first spawning occurs. Kawaguchi and Mauchline (1982)

concurred.

Halliday (1970) found the mean length ofjuveniles to be 17.3 mm in July. At one,

two and three years of age, mean lengths were 24.6,37 .5 and 46 mm, respectively. Fish

of 4+ years were 52 and 58 mm (Halliday 1970). Albikovskaya (1988) determined that

growth is rapid during the first two to three years, decreasing markedly thereafter. The

largest specimen of B. glaciale was found by Gjosaeter (1973) off the coast of NoÍway,

and measured 103 mm in length.

Eggsize and number have not been reported for this species; however, Hussam

(1992) found that mature ovaries of the related species, B. fibulatum, contained large
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numbers of varying egg sizes. Three groups of eggs were observed; those less than 0.06

mm, developing eggs around 0.07 mm and mature eggs 0.4 to 0.66 mm. Length, weight,

temperature and depth data as found in the literature have been summarized in Appendix

4 along with that found in the present study.

Lampanvctus macdonøldí (Good,e & Bean\ - Fiakerv Beaconlzmp

Distribution/Habitat

Lampanyctus macdonaldi is a mesopelagic species in temperate to subpolar

waters (Scott and Scott 1988). It occurs throughout the North and South Atlantic oceans

between 550 and 1000 m (Scott and Scott 1988). Juveniles are most common at depths

between 60 and 775 m, whereas adults occur in deeper waters (Nafoaktitis et al. lg77).

Diet

copepods appear to be important in the diet of L. macdonaldi; however,

Kawaguchi and Mauchline (1982) suggested that this species is an opportunistic feeder.

In the present study, copepods were the most prevalent food item; however, cumaceans

and mysids were also present in the diet. A summary of food items known for this species

can be found in Appendix 2.

Predation

This species has been found in the stomachs of a number of shark species, such as

Etmopterus spinax and Centroscymnus crepidøter(Gordan and Mauchline 1990), as well
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as trachichthyids, such as Hoplostethus atlanticus (Mauchline and Gordon 1984c). In this

study, S. kattpt and G. argentatus were found to feed on L. macdonaldi.

Parasites

No published information was available prior to this study; however, only one

parasite was found for this species. The plerocercoids of an unknown cestode species

were found in the stomach and intestine.

Reproduction and Growth

Kawaguchi and Mauchline (1982) proposed that spawning begins in late June or

early July, based on larvae found in the Rockall Trough. These larvae were at the earliest

stages of development in mid-July. Metamorphosis begins in September, and larval

development lasts approximately two months (Kawaguchi and Mauchline 1982). Mature

females have been found at four to five years in age and lengths of approximately I23

mm (Kawaguchi and Mauchline 1982). The authors found one mature female with7020

eggs with an average diameter of 0.5 mm. Length, weight, temperature and depth data as

found in the literature have been summarized in Appendix 4 along with that found in the

present study.
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Order Salmoniformes

Family Bathylagidae

B øt hv I ø g u s e u rv o p s G o o de & B ean - G oitr e Blacksmelt

Distribution/Habitat

Bathylagus euryops is a bathypelagic species occurring in temperate and subarctic

regions of the North Atlantic (Scott and Scott 1988). In the northern part of its range, this

species is found at depths between 20 and 500 m as postlaruae and between 500 and 1800

m as juveniles and adults (Cohen 1964, Scott and Scott 1988). Bathylagus eutyops occurs

from the Davis Strait off the coast of Greenland to the south and east coasts of lreland,

the Faroe Islands, Denmark Strait and southward to Bermuda (Cohen 1964).It is also

found along the Labrador coast, northem Newfoundland, the southern edge of Grand

Bank, Georges Bank and off Long Island (Scott and Scott 1988).

Diet

Little is known regarding the diet of B. etryops; however, Beebe (1933) found

small crustaceans in the stomachs of samples from Bermuda. Several new food ìtems

were found for this species in the present study, including several copepod species,

ostracods, hyperiid and other amphipods, isopods, mysids and echinoderms. A summary

of food items for this species can be found in Appendix 2.
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Predation

Rass and Kashkina (1967) concluded that piscivorous fish and marine mammals

prey upon B. euryops; however, more information is needed. In this study, R.

hippoglossoides was a predator of B. euryops.

Parasites

One copepod (Paeonocønthus antarcticensrs) has been described from this

species (McDonald and Margolis 1995). In this study, several additional parasites were

found in B. er.uyops, including six trematodes, two adult cestodes as well as

plerocercoids. A summary of the parasites of this species can be found in Appendix 3.

Reproduction and Growth

There is little information regarding growth or reproduction of this species. Cohen

(1964) found that younger specimens were most abundant in the spring, whereas older

specimens were taken in summer and fall months. Adults can grow to 19 cm (Scott and

Scott 1988).

Reproduction and growth may be similar to the closely related B. ochotensis.

Miya (1995) collected small larvae of .8. ochotensís in November from the Sagami Bay in

Central Japan. These specimens had most likely just completed yolk absorption. Larvae

tend to occur at shallower depths than adults and larger juveniles, at approximately 400 to

450 m (Miya 1995). Females of this closely related species are considered mature at

lengths greater than or equal to 100 mm (Miya 1995). Length, weight, temperature and

depth data as found in the literature have been summarized in Appendix 4 along with that

found in the present study.
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Order Gadiformes

Family Moridae

A ntím o r a r o str ata (Günther\ - Blae H,ake

Distribution/Habitat

Antimora rostrata is a benthopelagic species, occurring over mud bottoms (Scott

and Scott 1988). It is most cornmon at depths of 1300 to 2500 m (Wenner and Musick

1977); however, it can be found at depths between 451 and2904 m (Scott and Scott

1988, Grey 1956). This species is the dominant member of the benthic fish community at

the former depth range (Gordon and Mauchline 1990, Wenner and Musick 1977).

Vy'enner and Musick (1977) showed that fish length positively influences depth of capture

for this species. In addition to size, sex also influences depth preference. Iwamoto (I975)

found that males are most common in shallower waters, while females are most abundant

at greater depths. Antimora rostrata has been found in2.7"C water (Cohen 1977);

however, little is known about temperature preferences. This species occurs worldwide in

all oceans and is widely distributed in the North Atlantic (Grey 1956, Scott and Scott

1 988).

Diet

Food items of A. rostrara include benthic invertebrates such as crustaceans and

cephalopods (Scott and Scott 1988). Obtaining information on diet composition is

difficult for this species, as in most cases, the stomach is everted upon capture due to

inflation of the swim bladder. However, several new food items were identified for this
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species, including fish, copepods, amphipods, and other crustaceans as well as

polychaetes. A list of food items found in this species can be found in Appendix 2.

Predation

No information is available regarding predators of A. rostralø; however, it is

assumed that they are prey of large predatory fish inhabiting the same areas (Scott and

Scott 1988). In this study, A. rostrata was found in stomachs of R. hippoglossoides.

Parasites

Eight species were known to parasitize A. rostrata, including four protozoans, two

trematodes and two copepods (Bray and Campbell 1995, Hogans 1986, McDonald and

Margolis 1995). In this study, eleven additional trematodes, two monogeneans, one

cestode (in addition to plerocercoids), three nematodes and two acanthocephalans were

found to parasitize A. rostrata. These parasites are listed in Appendix 3.

Reproduction and Growth

Mature specimens of A. rostrata are rarely encountered; however, Wenner and

Musick (1977) found two females with enlarged gonads in the western North Atlantic.

One female weighed 1 .3 kg and measured 51.2 cm standard length. This specimen

contained an estimated 1,351,300 eggs between0.22 and 0.33 mm in diameter. The other

female weighed I.4 kg at 60.6 cm and contained 760,000 eggs between 0.6 and 0.85 mm

in diameter. Iwamoto (197 5) found specimens to be mature at 65 cm total length or more.

Adults may grow to 54.6 cm in length, and males are, on average, smaller than females

(Wenner and Musick 1977). Length, weight, temperature and depth data as found in the

literature have been summarized in Appendix 4 along with that found in the present

study.
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Family Macrouridae

C o r v p h ø e n o í d e s r u p e st r i s Gunnerus - Roundnos e Gr enadier

Distribution/Habitat

Coryphaenoides ntpestris is a slope-dwelling species (Kelly et al. 7996),

inhabiting deep waters from 400 to 1200m (Grey 1956, Scott and Scott 1988). Some have

been reported to depths of 2500m (Atkinson et al. 1982), and occurrence above 500 m is

rare (Grey 1956). Juveniles are most common at depths of 1000 m, and it has been

suggested that a vertical migration takes place in conjunction with seasonal fluctuations

in fall months (Pechenik and Troyanovskii 1970). Parsons (1976) found that greatest

concentrations of C. rupestris occured at temperatures between 3.5 and 4.5'C. This

species undertakes diumal vertical feeding migrations (Sawatimsky 1969, Haedrich

I974), and juveniles become bathypelagic afte.r their first year (Bergstad and Gordon

tss4).

In the eastern North Atlantic, C. rupestris occurs from Greenland, Iceland, and the

coast of Norway through the Irish Sea to the Bay of Biscay. In the western North

Atlantic, it occurs along the Davis Strait, Labrador, Newfoundland and Grand Bank to

Cape Hatteras (Scott and Scott 1988).
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Diet

This species feeds on various small crustaceans, squid and fishes, depending on

locality (Mclellan 1977, Scott and Scott 1988). Throughout life, copepods remain an

important component in the diet. As the fish increases in size, amphipods, mysids,

euphausiids and decapods become more important (Gordon and Swan 1996). Mauchline

and Gordon (1984a) found a predominance of decapods in the diet of C. npestris in the

Rockall Trough. This species is a benthopelagic or pelagic feeder (Haedich 7974,

Mauchline et aL. 7994, Mauchline and Gordon 1984a), undertaking significant vertical

feeding migrations (Haedrich I974). Feeding is seasonal, done mainly in autumn and

winter (Scott and Scott 1988). A list of food items for this species can be found in

Appendix 2, including several new food items from the present study.

Predation

Coryphaenoídes rupestrís has been found in the stomachs of whales (Rass 1967),

Greenland halibut and redfish (Atkinson et al.1982, Scott and Scott 1988). Redfish tend

to feed on younger, smaller individuals (Scott and Scott 1988). This species may be

important in the diets of many other fish species; however, more research is required. In

this study, larger individuals of this species were found to be cannibalistic. Reinhardtius

hippoglossoides also fed on this species.

Parasites

Forty-one different parasites have been collected from C. ntpestris, including a

large number of protozoans and trematodes. Parasites from Monogenea, Cestoda,

Nematoda, and Copepoda have also been found (Bray 1979, 1987, Gibson and Bray

1986, Margolis and Arthur I9l9,McDonald and Margolis 1995). In the present study,
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one new trematode in addition to one monogenean, one nematode and a copepod were

identified as parasites of C. rupeslr¿s. See Appendix 3.

Reproduction and Growth

Time and place of spawning are not yet known; however, several hypotheses have

been proposed. The most widely accepted explanation is that spawning occurs in

Icelandic waters. Eggs and larvae are carried by the Irminger Current to waters south of

Greenland (Scott and Scott 1988). Baffin Island waters are reached by way of the West

Greenland Current, and to Labrador and eastern Newfoundland by way of the Polar and

Labrador currents (Scott and Scott i988). At 40 to 50 cm in length, the grenadiers begin a

return migration (Atkinson et al. 1982), spawning at depths below 850 m (Sawatimsky

re6e).

Sawatimsky (1972) found spawning males and post-spawning females at the end

of October, to depths between 580 and 850 m. Kelly et al. (1996, 1997) found spawning

individuals throughout the year but noted that most fish were spent or recovering in April

and ripe and spawning between July and November. Podrazhanskaya (197I) found pre-

spawning individuals in May and post-spawning individuals in August. These studies

suggest that C. rupestris spawns in spring and autumn (Geistdoerfer I976, Marshall

1965); however, Grigor'ev (1972) proposed that this species spawns intermittently

throughout the year. Geistdoerfer (1979) agreed that C. rttpestris is a serial spawner.

Females produce an estimated 16,500 eggs (Marshall and Iwamoto 1973), and

Marshall (1965) noted that small, medium and large eggs are found together in ripe

ovaries. Eggs appear to be fertilized at the time of spawning (Marshall 1965), and

measure about 2.3 mm in diameter (Grigor'ev and Serebryakov 1981). Fertilized eggs
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were mesopelagic from October to December, whereas juveniles were at these depths

between December and February (Bergstad and Gordon I9g4).

Information regarding growth rate and development is scarce; however,

Sarr¿atimsky (1971) found that fish between nine and fourteen years of agc wcrc

immature. These specimens measured 60 to 70 cm in length and weighed between 0.4

and 0.8 kg. This species is considered slow-growing, late maturing and long-lived (Scott

and Scott 1988). Specimens have been found up to 60 years of age (Kelly et al. 1997).

Females of the species tend to grow at a faster rate than males (Atkinson et aL.1982).

Length, weight, temperature and depth data as found in the literature have been

summarized in Appendix 4 along with that found in the present study.

Macrourus berglax Laceped,e - Roughhead Grenadier

Distribution/Habitat

Macrotrus hergla.x is a sr¡barctic species inhabiting ternperatures of zero to 3.5oC

(usually above 2"c) andbottom depths of 200 to 1000m (Andriyashev 7954,

Sawatimsky 1984, Marshall and Iwamoto 1973).It is most abundant down to 600m.

(Marshall and Iwamoto 1973). This species is found in the eastern North Atlantic off

southern Greenland, Iceland and northern Norway. In the western North Atlantic, it is

present from Davis Strait along the continental slope, Newfoundland, Grand Bank, Nova

Scotia, Sable Island Bank, Brown Bank, and Georges Bank (Scott and Scott 1988).
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Diet

Macrotrrus berglax feeds on various benthic invertebrates including bivalve

molluscs, shrimp, starfishes, as well as a few fishes (Mclellan 7911, Savvatimsky 1984,

Scott and Scott 1988). Composition of diet also appears to vary according to size. Larger

roughhead grenadiers prefer bivalves, shrimp and fishes, whereas smaller grenadiers feed

mainly on small bivalves, starfishes, shrimps and polychaetes (Scott and Scott 1988).

Several new food items were found in this species, including various crustaceans,

echinoderms and cephalopods listed in Appendix 2.

Predation

Macrotrus berglax has been found in the stomachs of cod (Sawatimsky 1969)

and Greenland halibut (Scott and Scott 1988). It is assumed to be irnportant in the diets of

several other species found in the same region (Scott and Scott 1988). It was also found

in the stomachs of R. híppoglossoides.In this study, larger individuals of this species

were cannibalistic.

Parasites

Fifty-one species are known to parasitize M. berglax (Bray 7979, Campbell1992,

Campbell et al. 1982, Gibson and Bray 1986, Margolis and Arthur I979,McDonald and

Margolis 1995, Zubchenko 1975). Parasites of M. berglax are similar to those for C.

rupestris, though alarger number ofcopepods and protozoans have been found. I found

nine additional trematode species, two cestodes, two nematodes and an acanthocephalan

juvenile to parasitize M. berglax. See Appendix 3.
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Reproduction and Growth

Macrourus berglax is thought to spawn in winter and early spring (Marshall and

Iwamoto 1973, Sawatimsky 1984). At spawning, eggs are3.4 to 3.85 mm in diameter;

however,smallereggs0.5 to2.75 mmmayalsobecontainedinthe ovary atthistime.

Yanulov (1962) estimated the number of eggs to be 25,000 and suggested that eggs are

laid intermittently over a long spawning period. Spawning grounds are not known at this

time.

Macrourus berglax is a slow-growing, late-maturing, long-lived species (Scott

and Scott 1988). Females tend to grow faster than males after age seven (Sawatimsky

1984,1994, Scott and Scott 1988). Sar,r¡atimsky (198a) found 15 year-old females to be

65 to 15 cm in length and weigh 1 .56 to 2.54 kg. Females 17 to 25 years of age were 67

to 89 cm in length (Sawatimsky 1971). Southern populations grow larger than their

northem counterparts (Sawatimsky 1984). Length, weight, temperature and depth data as

found in the literature have been summarized in Appendix 4 along with that found in the

present study.

Family Gadidae

Arctosadus gløcíølìs (Peters\ - Arctic Cod

Distribution/Habitat

This species is endemic to the Arctic (Andriyashev 1964), occurring in the North

Atlantic off the coast of Greenland and in the Arctic Ocean (Cohen et al. 1990). This
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species is cryopelagic, i.e., a pelagic species associated with sea-ice biota for at least part

of its life cycle (Andriyashev 1970, Sufke et al. 1998).

Diet

The diet of A. glacial¿s consists of pelagic prey such as copepods (especially

calanoid copepods), amphipods, mysids, ostracods and chaetognaths (Sufke et al. 1998).

Less common food items include foraminiferans, euphausiaceans and tanaidaceans

(Sufke et al. i998). In this study, small fish species were also found in the diet. A detailed

list of food items can be found in Appendix 2.

Predation

No information is available at this time; however, it is assumed that predators of

this species are similar to those of B. saida. In this study, A. glacialis was found in

stomachs of Lycodes eudipleurostictus and .R. hippoglossoides.

Parasites

Hemiurus levinseni was the only known parasite of this species (Gibson and Bray

1986). I found two additional trematodes and three nematode species to parasitize A.

glacialis,listed in Appendix 3.

Reproduction and Growth

Information regarding reproduction and growth of this species is limited;

however, Sufke et al. 1998) observed specimens up to 34.5 cm in length off the coast of

Greenland. Individuals less than 10 cm in length live in swarrns or schools of specimens

of the same relative size (Sufke et al. 1998). Sufke et al. (1998) also found that females

mature faster than males and are longer-lived. Length, weight, temperature and depth
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data as found in the literature have been summarized in Appendix 4 along with that found

in the present study.

Boreogødus søìdø (Lepec}nin\ -Polar Cod,

Distribution/Habitat

Boreogadtts saidø is pelagic, forming huge schools at depths of i00 to 300m and

temperatures of -i.85 to 3.6oC (Backus 1957, Jensen and Jensen 1991, Scott and Scott

1988). Juveniles have also been found in large numbers at surface depths of I-2m

(Cannon et al. 1991). Boreogadtts saida is a circumpolar species, occurring off the

northern coast of USSR, in the Bering Sea, Chukchi Sea, Barents Sea, Scandinavia,

Greenland, and throughout the Canadian Arctic. In the Canadian Atlantic, it is present

along the Baffin Island region and Davis Strait into Hudson Strait and Hudson Bay, to

Labrador, Strait of Belle Isle, Gulf of St. Lawrence, northern Newfoundland and Grand

Bank (Scott and Scott 1988).

Diet

Boreogadtts saída feeds primarily on plankton, eating mainly pelagic

invertebrates (Coyle et al. 1997, Jensen and Jensen 1991, Scott and Scott 1988). Small

individuals feed on copepods including nauplii and eggs, consuming more of amphipods,

mysids, euphausiids and various fish species as they grow (Bradstreet et al. 1986, Jensen

and Jensen 1991, Michaud et al. 7996,Scott and Scott 1988) . Largecod are occasionally
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cannibalistic (Scott and Scott 1988). A list of food items for this species can be found in

Appendix 2.

Predation

Many species utilize the polar cod, including marine mammals such as the harp

seal, bearded seal, ringed seal, beluga whale and narwhal (Scott and Scott 1988). Fish

predators include Atlantic salmon (Salmo salar), Arctic char (Salvelinus alpinus),

Atlantic cod, Greenland halibut and Greenland cod (Gaùrc ogac). Seabirds and man are

also important predators of B. saida (Jensen and Jensen 1991, Scott and Scott 1988). Due

to its importance in the diet of so many species, B. saida is vitally important to the Arctic

marine food web (Jensen and Jensen 1991). In this study, larger B. saidawere

cannibalistic. This species was also found in the stomachs of G. ensis, C. reinhardti, L.

eudipleurostictr.ts, L. mcallisteri, M. berglax, M. scorpius and,R. hippoglossoides.

Parasites

Twenty-three parasite species were reported to parasitize B. saida previous to this

study, the majority of which were trematodes (Bray 1979, Gibson and Bray 1986, Jensen

and Jensen 1997,Khan et al. 1997, McDonald and Margolis 1995). I found an additional

seven trematodes, one cestode, three nematode, two acanthocephalans and one copepod

to also inhabit B. saida. See Appendix 3.

Reproduction and Growth

Boreogadtts saida is believed to spawn under the ice from December to March,

and in some regions in late fall (Altuktrov 1979, Scott and Scott 1988). Mature females

produce 2I,000 eggs or more, ranging from 1.5 to 1.9 mm in diameter (Andriashev 7954,

Scott and Scott i988). Hatching occurs after about 80 days (Altukhov 1979). Young-of-
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the-year are planktonic, whereas older fish are found either dispersed throughout the

water column, near the bottom and under ice, or in large schools (Bradstreet et al. 1986).

In their study, Bradstreet et al. (1986) found young-of-the-year to be more concentrated

in the eastern Arctic, within 50 meters of inshore water. Growth of young is relatively

rapid and varies depending on location (Bradstreet et al. 1986, Jensen et al. 1991). Jensen

et al. (1991) found that growth stops during winter months, and is not solely regulated by

the availability of light.

Bradstreet et al (1986) recognized that this species is relatively short-lived, rarely

attaining a length of more than 300 mm or anage of seven years. Cod off the Labrador

coast tend to grow faster than those from Arctic waters, living up to six years of age, as

opposed to ten in the Arctic (Scott and Scott 1988). Jensen et al. ( I 991) stated that B.

saida rarely exceeds five years of age. Length, weight, temperature and depth data as

found in the literature have been summarized in Appendix 4 along with that found in the

present study.

Family Lotidae

G a í d r o p s ø r u s ø r g e n t ø t u s (Reinhar dt\ - S ilv er v T hr e eb e ar d Ro clding

Distribution/Ilabitat

Gaidropsarus argentat¿rs occurs in temperatures between 0.5 and 3.1oC and

depths of 400 to 2260 m. It is usually found between 400 and 500 m (Scott and Scott

1988). In the eastern North Atlantic, it ranges from Greenland to Iceland, the Norwegian
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Sea to the Faroe Islands. In the western North Atlantic, this species is found from

Greenland, south to Baffìn Island and Labrador to Grand Bank (Scott and Scott 1988).

Diet

The diet of G. argentatus consists of various fish, amphipods, euphausiaceans and

decapods (Svetovidov 1986). Several new food items were found for this species,

including various amphipods, fish and cephalopods. A summary of food items for this

species can be found in Appendix 2.

Predation

The only known predator of G. argentatus is Greenland halibut.

Parasites

There are no previous records of parasites of G. argentatus; however, I found

eleven different trematodes, one cestode, four nematodes and two acanthocephalans

parasitizingthis species. For a list, see Appendix 3.

Reproduction and Growth

There is no information regarding growth and reproduction of this species.

Length, weight, temperature and depth data as found in the literature have been

summarized in Appendix 4 along with that found in the present study.
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Gø¿dr¿psørzs ¿zs¿s (Reinhardt) - Threebeard Rockling

Distribution/Habitat

Gaidropsarus ensis is a deepwater species, found at depths of 1500 m and

temperatures of -0.2 to 2.47"C (Scott and Scott 1988). It ranges from Baffin Bay and

Greenland to Labrador, Flemish Cap, Grand Bank, and from the Scotian Shelf to Cape

Hatteras (Scott and Scott 1988).

Diet

The diet of G. ensis consists of various fish species, crustaceans and molluscs

(Svetovidov 1986). Many new food items were found for this species, including fish,

crustaceans (especially amphipods), molluscs and polychaetes. For a more detailed list,

see Appendix 2.

Predation

There is no published infonnation; however, this study found G. ensis in the

stomachs of R. híppoglossoides.

Parasites

Three parasites have been reported from G. ensis, including two protozoans and

one copepo d (Sphyrion lumpi) (McDonald and Margolis 1995). In this study, sixteen new

trematodes, three cestodes, four nematodes, two acanthocephalans and one copepod was

found to parasitize G. ensis. See Appendix 3.
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Reproduction and Growth

Information regarding growth and reproduction of this species is unavailable.

Length, weight, temperature and depth data as found in the literature have been

summarized in Appendix 4 along with that found in the present study.

Order Scorpaeniformes

Family Scorpaenidae

Redfishes

In the Canadian Atlantic, there are three species of S¿óastes, all diffrcult to

distinguish (Scott and Scott 1988). Juveniles of all three are pelagic (Honda and Kan-no

1997, Reilly et al. 1992), adopting a benthic lifestyle over rocky or clay-silt bottom in the

adult stage (Scott and Scott 1988). Redfish are pelagic or bathypelagic feeders (Anderson

1994). Adults rise off the bottom at night to feed, whereas lawae feed during the day

(Anderson 1994).

Prey items vary with season, increasing in number during late spring and summer

due to increased prey abundance (Albikovskaya and Gerasimova 1993, Anderson 1994).

As redfish lawae grow, they switch from smaller food types such as euphausiid or

copepod eggs and nauplii to cyclopoid and later calanoid copepods and copepodites

(Anderson 1994, Runge and de Lafontaine 1996). Pelagic crustaceans such as amphipods,

copepods and euphausiids are the primary food for adults (Albikovskayaand Gerasimova

1993, Scott and Scott 1988); however, prey items also include hyperiids, shrimp,

chaetognaths, ctenophores, squid, polychaetes, and anchovy (Albikovskaya and

Gerasimova 1993).
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Sebastes mentella Travin - Deepwater Redfish

Distribution/Habitat

Sebastes mentella is thought to ascend higher up in the water column to feed than

any other Sebastes sp. (Scott and Scott 1988). It occurs at the greatest depths, from 350 to

700m, occasionally reaching 1100m (Scott and Scott 1988). Sebastes mentella is the most

widely distributed of the genus, occurring throughout the North Atlantic except the North

Sea and Gulf of Maine (Barsukov et al. 1984). It predominates in northem waters such as

Baffin Island, and moves further out to sea (Scott and Scott 1988).

Diet

Redfish have extensive diets including amphipods, mysids, isopods, euphausiids,

fish and other invertebrates. For a list see Appendix 2 (Anderson 1994, Runge and de

Lafontaine 1996, Scott and Scott 1988).

Predation

Predators of redfish include Atlantic halibut, Greenland sharks, thomy skates,

redfish, Greenland halibut, Atlantic cod, swordfish, harbour seals (Albikovskaya and

Gerasimova 1993, Du Buit 1995, Fjosne and Gjosaeter 1996, Hop et al. 1992, Hop et al.

7997,Michalsen and Nedreaas 1998, Pedersen 1994, Pedersen and Riget 1993, Scott and

Scott 1988). In this study, S. mentella was occasionally cannibalistic. It was also found in

the stomachs of C. fabrÌcii, S. kaupi, G. argentatus, A. atlanticus and M. berglax.
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Parasites

Thirty-four parasite species have been reported from S. mentella, the majority of

which are trematodes (Bakay 1990, Bourgeois and Ni 1984, Bray and Gibson 1996,

Margolis and Arthur l979,McDonald and Margolis 1995, Moran et al. 1996). In this

study, an additional seven trematodes, two cestodes, one nematode and one

acanthocephalan were identified in S. mentella. For a summary, see Appendix 3.

Reproduction and Growth

Sebastes mentella is also ovoviviparous, often spawning earlier in the season and

in deeper water than the other two Sebastes species (Barsukov and Zaldtarov 1972, Scott

and Scott 1988). St. Piene and de Lafontaine (1995) found that redfish spawning is

relatively short-lived and occurs in late May to early June for the Gulf of St. Lawrence

population. The authors go on to state that fertllization and embryogenesis most likely

occur between January and April. Females produce 1500 to 70,000 eggs, numbers

increasing with body size (St. Pierre and de Lafontaine 1995). Males reach sexual

maturity at a fork length of approximately 18.5 cm, whereas females tend to mature at a

smaller size than those of ,S. marinus, at about 29.5 cm (Ni and Templeman 1985).

Length, weight, temperature and depth data as found in the literature have been

summarized in Appendix 4 along with that found in the present study.
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Family Cottidae

A rte d íe I I u s øt I a nt i c u s J or dan & Ev er mann - Ho ok-E ar S culpin

Distribution/Habitat

Artedíellus atlanticl.ts has been found between -7.7 and 3oC, but normally occurs

in temperatures below 0'C (Von Dorrien 1996).It is present in waters around the coasts

of North America from Cape Cod to southeastern Baffin Island (Scott and Scott 1988),

with reports from Greenland, Iceland, Svalbard, Scotland, the Faro Islands, Norway,

Barents Sea, Kara Sea, and Laptev Sea (Andriyashev 1954, Fedorov 1984, Jensen 7952a,

Van Guelpen 1986, Von Dorrien 1996). It is a benthic species during all life stages (Von

Dorrien 1996), usually on soft bottom to depths of 384 m (occasionally to 795 m) (Jensen

1952a, Scott and Scott 1988, Van Guelpen 1986). Larger fish most often occupy deeper,

colder waters (Scott and Scott 1988).

Diet

Published information regarding the diet of A. øtlanticus is limited; however,

several benthic invertebrates have been identified as important food items. These include

small fish (as well as their eggs and larvae), copepods, ostracods, amphipods, cumaceans,

decapods, isopods, mysids, bivalves, cephalopods, gastropods, echinoderms and annelids.

This species is occasionally cannibalistic. For a more detailed list see Appendix 2.
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Predation

No published data are available; however, in this study, A. atlanticu,s was found in

the stomachs of R. hippoglossoides.In addition, this species was occasionally

caruribalistic.

Parasites

There is no published information; however, I found sixteen trematode species,

four cestodes, four nematodes and two acanthocephalans parasitizing A. atlantict¿s. See

Appendix 3.

Reproduction and Growth

Jensen (1952a), Van Guelpen (198ó) and Von Dorrien (199ó) found that males of

this species tend to be larger than females. Males and females have been reported to

lengths of 10.9 and 10.6 respectively (Van Guelpen 1986). Von Dorrien (1996) reported

the largest specimen, at 13 cm.

Spawning is thought to occur from May to November for A. atlantictrs (Able

1978, Andriashev 1954,Backus 1957, Van Guelpen 1986, Jensen I952a). Jensen (1952a)

found that mature females of 95 and 105 mm in length contained 57 to 77 eggs

respectively, all approximately 4.0 mm in diameter. Able (I978) suggested that since

they were not found in ichthyoplankton catches in the St. Lawrence estuary, A. øtlantictts

larvae are benthic. Support for this theory comes from a laboratory study conducted by

Von Dorrien (i996). I showed that age at maturity varied for different populations of l.

atlanticus. For example, 80 per cent of females from the Barents Sea were stage IV at

maturity, as opposed to those from the Svalbard, where only half were at this stage. Von

Dorrien (1996) also found that female gonads accounted for more than half of the gutted
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body wet weight. In this study, more than 100 eggs were incubated; however, most did

not develop. By mid-November, only 15 developing embryos remained. Eggs hatch after

seven months, and larvae are at an advanced developmental stage resembling their

parents (Von Dorrien 1996). These lawae showed strictly benthic behaviour throughout

development, and began to feed after three to four weeks post-hatching. Length, weight,

temperature and depth data as found in the literature have been summarized in Appendix

4 alongwith that found in the present study.

Mv o x o c e p h a I u s s c o r p i u s (Linnaeusl - Sho r tho r n S culpin

Distribution/Habitat

Myoxocephaltts scorpi¿¿s is considered an inshore species, preferring cool shoal

waters over smooth and weedy bottoms in northem (40"N - 80"N) waters (Fedorov 1984,

Scott and Scott 1988). Maximum depth for this species was found to be 145 m; however,

it is rarely found below 37 m (Scott and Scott 1988).

Diet

This species is an extremely generalist feeder, eating crab, shrimp, amphipods,

sea urchins, marine worrns and other benthic invertebrates in addition to small fish such

as gobies, herring or cod (Cardinale 2000, Ebling and Alshuth 1989, Gibson and Robb

1996, Wheeler 19ó9). In this study, gammarids represented the majority of the diet. For a

more detailed list see Appendix 2.
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Predation

Eggs of this species are occasionally preyed upon by other fish species, despite

male guarding behaviour (Scott and Scott 1988). Predators on larvae and adults include

sea birds, whales; dolphins, gadids, seals, sharks and skates (Bowman et al. 2000, Hall et

al.1998, Santos et al. 2001). In this study, adults were occasionally cannibalistic.

Parasites

This species is heavily parasitized. Margolis and Arthur (1979) listed several

parasites including two protozoans, two myxosporidians, six trematodes, one cestode,

three nematodes and four hirudinoideans. For a detailed list see Appendix 3.

Reproduction and Growth

This species spawns in late November or early December and may last for

approximately one month in Newfoundland waters (Ennis I970a,b). Off Iceland

Saemundsson (1949) reported that spawning takes place later, in January or February in

the south and west or in May and June in the north and east. In Newfoundland, spawning

occurred over rocky bottom at depths of 6 to 1 1 m (Fahay 1983). Eggs are 2 to 2.5 mm in

diameter, are red-yellow to pinkish in colour and contain an oil globule. They are laid in

v-shaped crevices, are adhesive and kept clean and well aerated my males (Ennis

197}a,b). Males guard the eggs until hatching, while females move into deeper waters.

Development of the embryos takes approximately three months, usually in temperatures

of about 0"C.Larvae areT to 9 mm long (Fahay 1983) and tend to remain near the

bottom.

Males mature earlier than females and tend to be smaller. Males mature at four to

six years of age while females mature between six and eight years of age (Ennis
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797}a,b). Size, age at maturity, maximum size attained and length of life often differ

between habitats (Saemundsson 1949). This species may live to fifteen years. Observed

maximum length was 50.6 cm for females and 42.2 cm for males (Ennis I970a,b).

Length, weight, temperature and depth data as found in the literature have been

summarized in Appendix 4 along with that found in the present study.

Zrielaps rryá¿lrni Jensen - Bieeye/Mailed Sculpin

Distribution/Habitat

Triglops nybelini occurs at temperatures between -0.1 and -1.8'C (Pietsch 1993)

and depths between 135 and 930 m (Scott and Scott 1988, Pietsch 1993). It is more

cornmon between 200 and 600 m, and is occasionally found in inshore waters (Scott and

Scott 1988). This species is nearly circumpolar in distribution, not found in the North

Pacific and Bering Sea. It is present from the Beaufort Sea to Baff,rn Island, Ungava Bay,

Labrador, from Baffin Bay to Greenland, Barents Sea, Kara Sea and Laptev Sea (Scott

and Scott 1988).

Diet

Little published information is available for T. nybelini in Canadian waters (Scott

and Scott 1988). In Soviet Seas, this species feeds predominantly on planktonic

crustaceans such as Themísto spp. and Calaruts hyperboreus (Andriyashev 1954). This

was also true in the present study; however, other food items were occasionally present.
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These included euphausiids, isopods, gastropods, echinoderms and polychaetes. For a

detailed list of food items, see Appendix 2.

Predation

Little information is available regarding predation of this species; however, it is a

known food item of seabirds such as the thick-billed murre (Gaston et al. i985). Triglops

sp. have also been found in the stomachs of American plaice (Klemetsen 1993, Martell

and McClelland 1992). In this study, T. nybelini was also found in stomachs of .R.

hippoglossoides.

Parasites

No published information was available; however, in this study, thirteen

trematodes, three cestodes, four nematodes, two acanthocephalans and one copepod were

found to parasitize T. nybelini. See Appendix 3.

Reproduction and Growth

Information regarding reproduction and growth of this species is limited;

however, in Greenland waters, most specimens collected in June appeared to be spent

females (Scott and Scott 1988). Eggs are demersal and Andriashev (1949) found that the

number of eggs spawned ranges from 100 to 2739 for the genus Triglops. One female

obtained from the Kara Sea in August contained 307 eggs measuring 2.8 mm in diameter

(Andriashev 1954). Thus, it has been suggested that this species spawns in summer

(Andriashev 1949, Scott and Scott 1988). Females tend to be somewhat larger than males

(Pietsch 1993). Males possess a prominent urogenital papilla (Pietsch 1993). Length,

weight, temperature and depth data as found in the literature have been summarized in

Appendix 4 alongwith that found in the present study.
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Family Psychrolutidae

Cottunculus mícrops Collett - Polar Sculpin

Distribution/Habitat

Cottunculus mícrops is a benthic species occurring in temperatures of 1.3 to 4'C

(Scott and Scott 1988) and depths between 770 and 896 m (Andriyashev 1954, Scott and

Scott 1988). Its range includes the North Atlantic Ocean, Arctic Ocean and Barents Sea

(Andriyashev 1954, Scott and Scott 1988).

Diet

Little published information is available regarding the diet of C. microps;

however, benthic invertebrates including polychaetes, amphipods and other crustaceans

are known food items (Andriyashev 1954). I found many new food items for the species,

including several crustaceans, cephalopods and echinoderms. For a list of food items see

Appendix 2.

Predation

No published information is available; however, in this study C. microps was

found in stomachs of R. hippoglossoides.

Parasites

Five species were known to parasitize C. mícrops prior to this study (Bray 1979,

Margolis and Arthur 79l9,McDonald and Margolis 1995). I found ten additional
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trematodes, one monogenean, three cestodes, three nematodes, two acanthocephalans and

one copepod parasitizing C. microps. See Appendix 3.

Reproduction and Growth

There is little information regarding growth and reproduction for this species;

however, Andriashev (1954) reported that specimens from the Barents Sea contained

ripening eggs in June and July. These specimens contained between 124 and220 eggs

approximately 4.5 mm in diameter. Growth rate in unknown for this species; however,

they have been reported to lengths of 30 cm (Jensen 1952a). Scott and Scott (1988)

observed that females tend to be longer than males. Length, weight, temperature and

depth data as found in the literature have been summarized in Appendix 4 along with that

found in the present study.

Family Liparidae

C ø r e p r o ctu s r e ình ar dti Kr ov er- S ea T adpo(e

Distribution/Habitat

This species ranges from the Gulf of St. Lawrence north to Baffin Bay and Davis

Strait, Greenland and eastward to Jan Mayen Islands, Novaya ZemIya and the Kara Sea.

Diet

Little published information is available regarding the diet of C. reínhardti. Stien

and Able (1986) reported unspecified benthic crustaceans from the stomachs of C.
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reinhardti. An extensive diet was found for C. reinhardti in this study, including

crustaceans (mostly amphipods), cephalopods and polychaetes. For a detailed list, see

Appendix 2.

Predation

Although information on predators is scarce, Berestovski (1990) found C.

reinhardti in the stomachs of the skate, Raja radiata, inthe Barents and Norwegian Seas.

Fish of the genus Careproctt¿s have been found in stomachs of R. hippoglossoides, along

with several other species from the family Liparidae and as such, this species is also

assumed to be a food item of the predator.

Parasites

McDonald and Margolis (1995) reported one trematode from this species,

Stenakron vetushtm.I found an additional eight trematodes, one cestode, two nematodes,

two acanthocephalans and one copepod. See Appendix 3.

Reproduction and Growth

Little is know regarding reproduction and growth of this species; however, Able

and Irion (i985) found mature females at 72 cm or more with eggs larger than 4 mm,

suggesting that eggs and larvae are demersal. Length, weight, temperature and depth data

as found in the literature have been summarized in Appendix 4 along with that found in

the present study.
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Zip¿ris føáric¿ï Kroyer - Gelatinous Snailfish

Distribution/Habitat

Liparís fabricii is a circumpolar benthic species occurring in temperatures of -1.5

to 0.56'C and depths between 49 and 100 m (Able and McAllister 1980, Scott and Scott

1988). This species is occasionally pelagic (Able and McAllister 1980, Backus 1957,

Scott and Scott 1988). It is a circumpolar species, found in arctic seas of Alaska, Canada,

Greenland, Iceland, Europe and the USSR (Scott and Scott 1988). In Canada, it is found

from Yukon to northern Ellesmere Island, Baffìn Island, Labrador and Grand Bank

(Backus 1957). Adults and juveniles are presumed to be planktonic in the Gulf of St.

Lawrence (Able and Irion 1985).

Diet

This species is known to feed on invertebrates such as amphipods (Green and

Steele 1977), mysids, euphausiids, gammarids, other crustaceans and polychaetes (Able

and McAllister 1980, Scott and Scott 1988). I found it to be occasionally cannibalistic.

For a detailed list of food items see Appendix 2.

Predation

Liparis fabriciihasbeen found in the stomachs of Atlantic cod, seals, and

seabirds including tems and muffes (Able and McAllister 1980) . Liparis fabricii was

found in stomachs of M. berglax, B. saída, G. ensis and,R. hippoglossoides in my study.

It was occasionally cannibalistic.
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Parasites

No published information was available; however, I found eleven trematodes, two

cestodes, four nematodes and one copepod species to parasitize L. fabricü. See Appendix

aJ.

Reproduction and Growth

There is little information regarding growth and reproduction of this species.

Andriashev (1954) suggested that spawning occurs in September and October after

observing females that contained eggs 2.1 to 2.7 mm in diameter. The author also noted

that 485 to 735 eggs per female. In addition, young 12 to 3l mm in length have been

reported off Labrador and Baffin Island in July and August (Dunbar 1947). Young are

planktonic in the St. Lawrence River and Gulf of St. Lawrence (Able and McAllister

1980), the Strait of Belle Isle (Dannevig 1919) and off Labrador (Backus 1951, 1957 ,

Able and Irion 1985). Able and McAllister (1980) reported that males tend to be larger

than females. Length, weight, temperature and depth data as found in the literature have

been summanzed in Appendix 4 alongwith that found in the present study.

P a r a I i p a r í s b ø t h v b i u s ( C ollett\ - Black S easnail

Distribution/Habitat

Paraliparis bathybius occurs in temperatures usually below OoC at depths of 600

to 4000m (Nielsen and Bertels en 1992).It is usually bathypelagic and can be found in
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Western Greenland in the Davis Strait and the Norwegian Sea (Andriyashev 1954, Grey

1956, Okamura et al. 1995).

Diet

The diet of P. bathyóias consists of various amphipods, gastropods and mysids

(Stein and Able 1986). Decapods and polychaetes were also found in stomachs in the

present sfudy. For a list of food items see Appendix 2.

Predation

There was no information available prior to this study. Though no specimens

were found in stomachs of other species, it is likely that predators of Z. fabricii and other

snailfish also feed on P. bathybius.

Parasites

No published information was available; however, I collected one trematode and

one cestode from P. bathybius. See Appendix 3.

Reproduction and Growth

No information is available at this time; however, ovaries of several size classes

or "generations" have been found in the ovaries of other Paraliparis species, including P

balgueriasi and P. hureaui from the Weddell Sea (Matallanas 1999). Length, weight,

temperature and depth data as found in the literature have been summarized in Appendix

4 alongwith that found in the present study.
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Rhodichthvs regina Collett - Threadfrn Seasnail

Distribution/Habitat

Rhodichthys regina occurs at depths between 1150 and 2400 m (Grey 1956,

Nielsen and Bertelsen 1992) around Greenland and the Norwegian Sea (Okamura et al.

1995). It is present in the west around Baffin Bay and the Davis Strait, and in the east

from the Laptev Sea arid north of NovayaZemlya (Grey 1956). This species tends to

occur in waters with temperatures below 0'C (Grey 1956).

Diet

Bjelland et al. (2000) reported shrimp/prawn remains of the infraorder Caridea

(Decapoda) as well as unidentified foraminiferans as food items for R. regina.I found

copepods, several amphipods, mysids, echinoderms and polychaetes in stomachs of this

species. See Appendix 2.

Predation

No information available prior to this study. Though no specimens were found in

stomachs of other species, it is likely that predators of Z. fabricii and other snailfish also

feed on R. regina.

Parasites

No information was available in the literature; however, I found five trematodes,

one cestode and one nematode to parasitize R. reginø. See Appendix 3.
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Reproduction and Growth

As described for P. bathybitts. Length, weight, temperature and depth data as

found in the literature have been summarized in Appendix 4 along with that found in the

present study.

Order Perciformes

Family Zoarcidae

EELPOUTS

This family consists of benthic to bathypelagic marine coldwater fishes found in

the Arctic, Antarctic, Atlantic and Pacific Oceans (Scott and Scott 1988). Eelpouts are

important food items for many commercial species such as Atlantic cod, Atlantic halibut

and Greenland halibut (Scott and Scott 1988).

Lv c o d e s e u dí p le u r o s t i ct u s J ensen - D oubleline E elp out

Distribution/Habitat

Lycodes eudipleurosticttts is found in temperatures from zero to 4.9"C and depths

between 188 and 975 m (Møller and Jorgensen 2000, Nielsen and Berlelsen 1992). It is

present off the coasts of Greenland to Iceland, Beaufort Sea, Norwegian Sea and

northwestern Barents Sea to Severnaya Zemlya (Møller and Jorgensen 2000, Okamura et

al.1995).
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Diet

Valtysson (1995) found various fish, polychaetes, echinoderms, molluscs and

sponges in the stomachs of L. eudipleurostictus. I found several species of amphipods in

the diet as well as decapods, isopods, mysids, pycnogonids, ostracods and cumaceans.

For a list of known food items see Appendix 2.

Predation

No information regarding predation of this species is available; however, it is

assumed to be an important food item for commercial species such as Atlantic cod,

Atlantic halibut and Greenland halibut. In this study, L. er.tdípleurosticttts was often found

in stomachs of R. hippoglossoides.

Parasites

Two species of parasites from L. eudipleurostícttts have been described, including

one annelid and one protozoan. tn this study, sixteen trematodes, one cestode, four

nematodes, two acanthocephalans and one copepod were recovered from this species. See

Appendix 3.

Reproduction and Growth

Very little information is available regarding growth and reproduction of this

species; however, Møller and Jorgensen (2000) found ripening gonads in females greater

than23 cm and males greater than29 cm in length. The number of eggs per female

ranged from 120 to 300, with diameterc2.7 to 8 mm (Jensen 1952b, Møller and

Jorgensen 2000). Length, weight, temperature and depth data as found in the literature

have been summarized in Appendix 4 along with that found in the present study.
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Lvc o d e s pøam i utí Möller - P aamfiit' s Eelpout

Distribution/Habitat

Lycodes paamiuti is found in the Norlh Atlantic from Davis Strait to the

Greenland and Norwegian seas (Møller 2001b). It occurs at depths between 350 and 1300

m and temperatures below 4"C (Møller 2001b).

Diet

Little published information is available for this species; however, it is assumed to

have eating habits and prey species similar to other Lycodes species of similar size. I

found that assumption to be true compared to the diet of.L. eudipleurostictus.For a

detailed list, see Appendix 2.

Predation

No information has been published with regard to predation of Z. paamiuti.In this

study, it was found in stomachs of S. kattpi, M. berglax and R. hippoglossoides.

Parasites

No information was available in the literature; however, this study found seven

trematodes, three cestodes, two nematodes and two acanthocephalans parasitizing L.

paamiaúi. See Appendix 3.

Reproduction and Growth

Little infonnation is available at this time. This species is known to reach lengths

of 22 - 24 cm (Møller 2001b) and it is possible that females are smaller than males.

Length, weight, temperature and depth data as found in the literature have been

summarized in Appendix 4 along with that found in the present study.
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Lv c o des m c øllisterí Nloller - P eter' s Ee\tout

Distribution/Habitat

This species occurs in the Northwest Atlantic from Baffin Bay to Hudson Strait

(63'N to 70'N latitude) (Møller 2001a). It is found at depths from approximately 300 -

700 m in temperatures between 1 and -loC.

Diet

Published infonnation regarding the diet of this species is lacking; however, in

this study the diet of L. mcallisteri was similar to other Lycodes species. See Appendix2.

Predation

No information has been published with regard to predation of L. paamiuti.In this

study, it was found in stomachs of M. berglax.

Parasites

No information was available in the literature; however, I found five trematodes,

one cestode, three nematodes and one copepod parasitizing L. mcallisteri. See Appendix

J.

Reproduction and Growth

Little is known regarding reproduction and growth of this species. It has been

known to reach sizes of 23 to 37.5 cm, with males often larger than females (Møller

2001a). Length, weight, temperature and depth data as found in the literature have been

summarized in Appendix 4 along with that found in the present study.
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Order Pleuronectiformes

Family Pleuronectidae

R e i n h ø r dt i u s h i p p o g I o s s o i d e s (W zlb aum\ - G r e enland IJalibut I T urbut

Distribution/IIabitat

Reinhardtius hippoglossoides occurs at bottom temperatures of -0.5 to 6.OoC, with

preferred temperatures of zero to 4.5"C (Scott and Scott 1988). Total depth range is 90 to

1600 m, with larger fish occurring in deeper waters (Scott and Scott 1988). Reinhardtius

hippoglossoides is considered partly pelagic, spending much of its time off the bottom

(Scott and Scott 1988). It is found in the Atlantic and Pacific Oceans. In the northeast

Atlantic, it occurs around Iceland and the Greenland Sea to the Arctic Ocean, Barents and

Norwegian seas to the Faroe-Shetland Ridge (Scott and Scott 1988). In the northwest

Atlantic, R. hippoglossoides is present from Smith Sound in westem Greenland, along the

Labrador coast, Newfoundland banks and the Gulf of St. Lawrence to the southern edge

of the Scotian Shelf and Georges Bank (Scott and Scott 1988). It rarely inhabits the Bay

of Fundy (Barret 1968).

Diet

The list of prey items of Greenland halibut is extensive, including various

invertebrates and fishes (Atkinson et al. 1982, Bowering and Lilly l992,Dawe et al.

1998, Orlov 7997 a, b, Palsson 1997, Rodri guez et al. 1995, Scott and Scott 1988). Over
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30 new food items were found for this species in the present study. For a detailed

description see Appendix 2.

Predation

The Greenland shark is considered the most important predator of .R.

hippoglossoides, although other fish such as cod, salmon and other Greenland halibut

also feed on them (Bowering 1983, Dunbar and Hildebrand 1952, Scott and Scott 1988).

Marine mammals such as the beluga whale, narwhal, and hooded seal are also known

predators (Mansfield 196l,Bowering 1983), as well as humans.

Parasites

Fifty-four parasite species are known from,R. hippoglossoides, including several

protozoans, trematodes, cestodes, nematodes, acanthocephalans, and copepods. One

representative each of Annelida, Monogenea and Isopoda are also listed (Arthur and

Albert 7992a, b, Boje et al. 1997,Bray 1979, 1987, Bray and Gibson 1996, Gibson and

Bray 1986, Khan et al. 1980, 7992,Margolis and Arthur l979,McDonald and Margolis

1995, Rubec 1988, Scott and Bray 1989,Wierubicka 1990,1991a, b). In this study,

eleven additional trematodes, one monogenean, one cestode, two nematodes and two

copepods were found to parasitize R. hippoglossoides (Appendix 3).

Reproduction and Growth

This species is believed to spawn in the Davis Strait in winter or early spring at

depths between 650 and 1000 m (Bowering 1983, Templeman 1973). Females may

produce 30,000 to 300,000 eggs, depending on body length, and egg diameter is 4.0 to

4.5 mm when fertilized (Scott and Scott 1988). Eggs and small larvae occur at depths

between 600 and 1000 m; however, larvae soon rise to surface waters (around 30 m)
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where they remain until a length of about 70 mm is reached (Scott and Scott 1988).

Throughout this growing period, young are carried by current action southward to the

continental shelf, Labrador and Newfoundland, as well as northward along the Davis

Strait (Bowering 1978, 1983). They eventually descend to greater depths;however, they

are not as closely associated with the bottom as other flatfish species (Scott and Scott

i988). Bowering (i983) found large numbers of young in the Baffin Bank region,

suggesting this may be a nursery area for this species.

Males and females have similar growth rates to the ages of five to seven or

lengths of approximately 45 cm (Scott and Scott 1988). At this point, females grow faster

and tend to be longer-lived (Scott and Scott 1988). Length, weight, temperature and depth

data as found in the literature have been summarized in Appendix 4 along with that found

in the present study.

H íp p o g I o s s o í d e s p I øt e s s o ì d e s (F ab ricius\ - Ãmerican Plaice

Distribution/Habitat

Hippoglossoicles platessoidesis a demersal species (Klemetsen 1993), preferring

water temperatures of slightly below zero to 1.5"C (Scott and Scott 1988). However, it

has been found up to 13'C (Scott 1982a). This species prefers sand or mud bottoms to

depths of 73 to 274 m or more (Scott and Scott 1988). Hippoglossoides platessoides
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occurs in the eastern North Atlantic from Iceland and Spitsbergen to the British Isles and

English Channel (Scott and Scott 1988). In the western Atlantic, it occurs in deep water

from Frobisher Bay, Baffin Island, westem Hudson Bay (Hunter et al. 1984), along the

Labrador coast, Newfoundland banks, Gulf of St. Lawrence, Scotian Shelf, Bay of

Fundy, and Gulf of Maine to Rhode Island (Scott and Scott 1988).

Diet

This species has an extensive list of prey items from published literature

(Klemetsen 1993, Martell and McClelland lgg2,1gg4, Ntiba and Hardin g7993,Packer

etal.1994, Palsson 1997, Powles 1965, Scott 1973, Scott and Scott 1988, Zamano

1992). Food items vary with size and locality, but in general include crustaceans such as

mysids and amphipods, polychaetes, cnidarians, echinoderms, molluscs and fish such as

capelin (Mallotus villosus), sand lance (Ammodytes sp.) and mailed sculpin (Triglops

nybetini)(Klemetsen 1993, Martell and McClelland I992,Powles 1965, Scott 1973,

Scott and Scott 1988). Six new food items were identified for this species in the present

study and are listed in Appendix 2.

Predation

Predators of American plaice include cod, halibut and Greenland sharks, though

other large fishes are assumed to feed on them as well (Scott and Scott 1988). In this

study, H. pløtessoides was found in stomachs of R. hippoglossoides.

Parasites

Sixty-six parasite species are known from 1L platessoides, including several

protozoans, trematodes, cestodes, nematodes, acanthocephalans, and copepods. One

representative each of Annelida and Monogenea are also listed (Boily and Marcogliese
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7995, Bray 1979, 1987 , Bray and Gibson 1986, Gibson and Bray 1986, Lile I 998,

Margolis and Arthur I979,McDonald and Margolis 1995, Morrison and Shum 1983,

Scott 1982b, Stafford 1904,Zubchenko 1980). In my study, three additional trematodes,

two cestodes, one nematode, one acanthocephalan and one copepod were also found to

parasitize H. platessoides (Appendix 3).

Reproduction and Growth

This species spawns at depths to 182 m, beginning in February and extending into

August, depending on location (Nevinsky and Serebryakov 1973,Pitt 1966, Scott and

Scott 1988, Walsh 1994). Spawning migrations are not common; however, Milinsky

(1944) found that the Barents Sea population is an exception. The number of eggs

produced by a female depends on body size and age to a lesser extent (Bagenal 1955, Pitt

1964). For example, females approximately 40 cm in length produce an average of

250,000 to 300,000 eggs, whereas one 70 cm in length can produce up to 1.5 million (Pitt

1964). Eggs are 1.5 to 2.8 mm in diameter, depending on the population, and are free-

floating near the surface (Scott and Scott 1988, Walsh 1994). Fertilized eggs are carried

great distances, and time to hatching depends on water temperature (Scott and Scott

1988). Upon hatching, young arc 4 to 6 mm in length, and 18 to 34 mm at transfonnation

(Fahay 1983). Lawal growth takes approximately three to four months, after which larvae

settle in oceanic nursery areas in offshore banks to mix with older juveniles and adults

(Milinsky 7944, W alsh 1982).

Growth rate varies among populations; however, a7l are slow-growing and long-

lived (up to 25 years of age) (Pitt 1982, Scott and Scott 1988, Walsh 1994). Males mature

faster than females (at 4 to 5 years as opposed to 5 or more years for females); however,
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they grow more slowly and are not as long-lived (Minet 1973, Scott and Scott 1988).

Length, weight, temperature and depth data as found in the literature have been

summarized in Appendix 4 along with that found in the present study.
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APPENDIX 2. FOOD ITEMS OF TWENTY-SIX FISH SPECIES WITHIN DAVIS
STRAIT AND BAFFIN BAY- A COMPENDIUM OF PRESENT STUDY AND

PUBLISHED DATA
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Common
Narne

Latin Narne

Species ID#

Black Dogfish

C en t ro s cy I I i unt fa b ri c i i
27

Longnose Eel

Synaphobranchus kaupi

t52
Food Iterns FISH

Melamphaidae

Scopelogaúrs beani**
Sebastidae

Sebastes sp.*

Sebastes ntentella**
Zoarcidae

Lycodes sp.**
Fish sp.**
INVERTEBRATES
Cnidaria

Crustaceat'

Decapodax*

Oplophoridae

Acanthephyra sp.*''

Pandalidae

Pandalus sp.xx

Pasiphaeidae

Pasiphaea sp.*t'

Euphausiacea

Euphausiidae

Mollusca

Bivalvia**
Cephalopodax

Gonatidae

Gonanrs fabricii**
Annelida

Polychaetax*

*Previously published and found in present study
**New record, found in present study

Thysanopoda aaúifrons*a' Mollusca

Mysidacea** Bivalvia**
Mysidae Cephalopoda

Ambylops abbreviataà'* Gonatidae

FISH

Centriscidae

Mac ro ramp hos us sco lopax

Myctophidae

Lant pa ny c tu s nta c do n a ldi x *

Sebastidae

Sebasles ntentella*x
Zoarcidae

Lycodes paanrùÍit'\'
Fish sp.x

INVERTEBRATES
Malacostraca

Amphipoda**
Euphausiacea

Decapoda*

Hippolytidae

By thocaris graci lisa'*

Isopoda**

Mysidacea+x

Mysidae

Boreontysis sp.**

Gonatus fabricii**
Sepiolidae

Rosslzr sp.

Annelida

Polychaeta**
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Glacier Lanternfish

Bentltosenta glaciale
290

FISH Mysidacea**

Larvae Mysidae

INVERTEBRATES Boreontysis sp.**

Crustacea Euphausiacea

Copepoda Euphausiidae

Calanoida Meganyctiphanes nontegicus

Acartiidae Thysanoessa sp.

Acartia clausi Mysidacea

Aetideidae Annelida

Aetideus arnatus Polychaeta

Udeuchaeta sp. Chaetognatha

Calanidae* Oikopleuridae

Calanus finmarchicus Oikopleura sp.

Calanus helgolandicus Sagittidae

Calatus hyperboreus* Sagitta sp.

Centropagidae

Centropages typicus

Clausocalanidae

Pseu doca lanu s e Io ngatus

Eucalanidae

Rhincalantts nasuflts

Euchaetidae

Euchaeta norvegica

P a ret t c ha e ta n o rvegi ca

Heterorhabdidae

Heterorhabdias sp.

Meso rhabdus b revicau da tu s

Lucicutiidae

Lttcicutia sp.

Metridinidae
Metridia lucens

Metridis sp.

Pleuronzamma sp.

Pleuronmmma robttsta

Cyclopoda sp.

Ostracoda

Halocyprididae

Conchoecia borealis

Conchoecia sp.

Malacostraca

Arnphipoda

Hyperiidae

Parathemisto oblivia
Themisto compressa*

Thentisto libelula
Decapoda

Sergestidae

Sergestes sp. larvae

Decapoda sp. larvae
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Rakery Beaconlarnp

Lampanyc t us macdona ldí
283

INVERTEBRATES
Crustacea*

Copepoda

Calanoida

Aetideidae

I/a ldivie lla b revico rn is

Augaptilidae

Euaugaptilus sp.

Calanidae*

Ca lanus ltyperbo reusa'*

Calantrs f nnmrchiats

Euchaetidae

Euchaeta nonegica
Eucltaeta sp.

Lucicutiidae

Lucicutia sp.

Menidinidae
Metridia sp.

P I eu ro ntantnt a a b do nt in a I i s

P leu rontamnta graci lis

Pleurontanma robusla

Pleurontatnma sp.

Megacalanidae

Bathycalanus princeps

Scolecitrichidae

Sco ttoca larus pe rseca ns

Cyclopoda sp.

Ostracoda

Halocyprididae

Conchoecia sp.

Malacostraca

Amphipoda

Hyperiidae

Metacyphocaris helgae

Thentislo compressa

Scina sp.

Curnacea

Diastylidae

Diastylis rathkei**
Decapoda larvae

Euphausiacea

Euphausiidae

T hys a n o p o d a a cutift'o rt s

Mysidacea*

Eucopiidae

Eucopia sp.

Mysidae

Boreontysis sp.**
Boreomysis tridens

Mollusca

Chaetognatha

Tunicata
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Goitre Blacksrnelt

Bathylagus eut?ops

202

Blue Hake

Antimora rostratct

432

INVERTEBRATES FISH

Crustacea* Notosudidae

Copepoda** Scopelosaurus lepidus**

Calanoida Fish sp.**

Calanidae INVERTEBRATES

Calanus hyperboreus** Crustacea*

Calanusfinnnrchicus** Copepoda

Euchaetidae Calanoida

Euchaeta glacialis** Calanidae

Ostracoda** Calanus hyperboreus*+

Cypridinidae Malacostraca

Philomedes brenda*+ Amphipoda

Malacostraca Calliopiidae

Arnphipoda*x Aphentsa sP.**

Hyperiidae*x Hyperiidae

Themisto abyssorunt** Hyperia ntedusarum**

Thentisto contpressa** Lysinassidaet'*

Themisto libellula** Decapoda**

Lysíanassidae** Pandalidae

Onisimus litoralis+* Pandalus sp.**

Euphausiacea Mysidacea**

Euphausiidae Mollusca

Thysanopoda acutif'ons+* Bivalvia

Isopoda** Cephalopoda

Mysidacea Gonatidae

Mysidae Gonatus fabricii*+
Boreomysis sp.+* Annelida

Echinodemrata Polychaeta**

Ophiuroidea**
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Roundnose Grenadier

Co ryp h aeno ides rupestris

481

FISH

Bathylagidae

Marouridae

Coryphaenoides rupestri s* *

Cottidae

Myctophidae

Alepocephalidae

Xeno rlerntic h t hys copeî

Paralepididae

Notolepis rissoi

Synaphobranchidae

Syn apho b rartc hu s ka u p i
INVERTEBRATES
Ctenophora

Salpidae gen. sp.

Crustacea

Copepoda*

Calanoida

Aetideidae

A eti deo ps i s nu L I t i s e r ra t a

Calanidae

Calanus hyperboreus*

Calanus fnmarcluts**
Euchaetidae

Eucheata norvegica

Eucheata sp.

Metridinidae

Pleuromantnta robusta

Phaennidae
Xanthocalanus

profundus

Cyclopoida sp.

Ostracoda

Cirripedia (Larvae)

Malacostraca

Anrphipoda*

Arnpeliscidae

Ampellisa sp.

Haploops tubicola**
Lysianassidae**

Anonyx tntgrrvl'*

Eurytenes gtylhrs*+

Onisintus sp.**

Orchomenella sp.x*

Oediceridae

Arrhis sp.**

Cumacea

Diastylidae
Diastvlis rathkeix*

Decapoda

Pandalidae

Pandahts sp.

Pasiphaeidae

Pasíphaea tarda

Oplophoridae

Hynrcno do ra glacia lis **

Euphausiacea

Euphausiidae

Mega nyct i ph a tt es tro nte gi ca

Thysanopoda aat tifrons+*

Isopoda

Tanaidae

Tanaidacea sp.

Mysidaceax

Chironornidae

Hemintysis sp.

Mysidae

Anúylops abbreviata**
Boreomysis sp.*

Mollusca

Bivalvia
Gastropoda

Cephalopoda"

Gonatidae

Gonanrs fabricii**
Echinodennata

Ophiuroidea

Ophiuridae

Ophiocten sp.

Spatangoidea

Holothuroidea

Annelida

Polychaeta*

Chaetognatha

Lawacea
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Roughhead Grenadier

Macrounts bergla,t
4'74

FISH

Amrnodytidae

Ammodytes sp.

Gadidae*

Boreogaùts saida**
Liparidae*x

Liparis fabricii+*
Lotidae

Gaidropsarus sp.¿'*

Macrouridae*

Macrounts bergla,t**
Osmeridae

Mallons sp.

Rajidae

Sebastidae

Sebastes sp.

Sebastes mentella**
Zoarcìdae*

Lycenchelys sp.a'*

Lycodes sp.**'

Lycodes ntcal listeri **

Lycodes paantiuti**
Fish sp.**
INVERTEBRATES
Crustacea*

Copepoda+

Calanoida

Calanidae

Calanus sp.*+
Calanus hyperboreus*

Calarurs fnntarchus**
Euchaetidae

Etrchaeta glacialis**

Ostracodaxt'

Cypridinidae

Philontedes brenda+*

Malacostraca

Amphipoda*

Ampeliscidae

Haploops sp.**

Haploops üúicola*q'
Haploops setosa**

Calliopiidae

Apherusa sp.**

Epimeridae

Epimera loricata''*
Eusiridae**

Easii'rrs sp.**

Eusirus hontiá'*

Gammaridae**

Gatnmants sp.**

Lilljeborgia sp.**

Hyperiidae**
Hyperia sp.**

Hyperia galba**
Thentis to libe I lu la*a'

Lysinassidae*

Anonyx sp.**

Anonyx lilljebolia**
Attottyx tutga-t**

Eutytenes gtyllus**
Nannonyt sp.**
Onisimus sp.**

Ottisi¡ntts no rnt a n i **

Orchomene serratusx*
Orchontenella sp.**

Oediceridae''*

Anhis phyllonyx**
Pardaliscidae

Halice abyssi*x'

Photidae**

Atttonoe sp.**

Stegocephalidae**

Andania abyssi**
Stegocephalus sp.*t'

Stenothoidae**

Stenotltoe sp.**

Cumacea**

Diastylidae

Diastylis rathkeix*
Decopoda*

Crangonidae

Sclerocrangon ferox**
Galatheidae

Munida sp.**

Hippolytidae

Bythocaris gracilis**
Pandalidae

Pandalus borealisx

Pasiphaeidae

Pasiphaea sp.*+

Oplophoridae
Hyntenodora

glacialis**
Euphausiacea*x

Isopoda*

Eurycopidae

Eusirus cuspidalus** Eutycope sp.¿'*
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Arctic Cod
lvlacrountsberglaxContinued... Arctogadusglacialis

452
Aegidae** FISH

Aega sp.** Fish sp.

Gnathidae INVERTEBRATES
Gnathio sp.** Crustacea

Lophogastridae Copepoda

Gnathophausia zoea** Calanoida

Munnidae** Calanidae

Munnopsidae*:ß Calanus hyperboreus**
Paranthuridae Euchaetidae

Calatlrura sp.** Eucheata glacialis**
Tanaidae*+ Malacostraca

Mysidacea* Amphipoda*
Eucopiidae Hyperiidae

Eucopia sp.*a Thentisto sp.**
Mysidae Themisto abyssonmt**
Boreomysis sp.++ Thentisto libellula**
Erythrops nticrops+-'r' Decapoda*x
Etythrops sp.*+ Euphausiacea
Pseudomnta sp.** Mysidacea*

Echinodennata* Mysidae
Asteroidea* Boreontysis sp.'k*
Holothuroidea{'* Tanaidacea
Ophiuroidea* Ostracoda

Ophiothricidae Annelida
Ophiocantha sp. Polychaeta

Mollusca Chaetognatha
Bivalvia t'

Cephalopoda*

Oegopsida

Gonatidae

Gonatus fabricii**
Octopoda

Octopodidae

Octoptts sp.**
Gastropoda*

Buccinidae

Buccitumt sp.

Annelida+

Polychaeta*
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Polar Cod

Boreogadus saida

451

FISH Cumacea

Cadidae Leuconidae
Boreogadus saida* Eudorella sp.

Fish sp. Leucon sp.

Eggsilarvae** Decapoda

Liparidae Hippolytidae
Liparisfabricii** Eualus gaintardii

INVERTEBRATES Majidae
Protozoa Hyas sp.

Tintinnidae Paguridae

Tintinnus sp. Isopoda**
Crustacea* Mysidacea

Copepoda* Mysidae
Nauplii Boreomysis sp.*+

Eggs Euphausiacea

Calanoida Euphausiidae

Acartiidae Thysanoessa inennis
Acartia longirentis Mysidacea

Aetideidae Mysidae
Deluginia tolli Mysis oculata

Calanidae* Pseudomnta tntncatunl
Calanus glacialis Mollusca
Calanus hyperboreus* Bivalvia*
Calanus finmarchiats* Cephalopoda**

Centropagidae Gonatidae
Limnocalaruts macrunß Gonatusfabriciix*

Clausocalanidae Gastropoda (Larvae)

Microcalanus pusillus Annelida
Pseudocalanus ntinufus Polychaeta

Euchaetidae Chaetognatha

Euchaeta glacialis Larvacea

Oithonidae

Oithona atlantica
Oithona similis

Temoridae

Eultemora sp.

Cinipdia
Malacostraca

Arnphipoda*

Hyperiidae*

Parathemisto sp.

Themisto sp.**

Thentisto abyssontm**
Th ent i s t o co ntp res s a * *

Themisto libellula**
Lysianassidae**

Oedicerotidae

Mottoculodes sp.
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Silvery Three-Beard Rockling
Gaid ropsarus a rgen ta tu s

455

FISH MOIIUSCA

Lotidae Cephalopoda*x
Gaidropsarus sp.** Gonatidae

Myctophidae Gonans fabricii'F*
Lampanyctus macdonaldi** Gastropodax*

Sebastidae Annelida
Sebastes ntentella** Polvchaeta**

Zoarcidae

Lycodes sp.**
Fish sp.*

INVERTEBRATES
Crustacea*

Copepoda

Calanoida

Calanidae

Calanus hyperboreus**
Malacostraca

Amphipoda*
Ampeliscidae

Haploops tubicola**
Calliopiidae

Apherusa sp.**
Eusiridae

Eusirus cuspidatus**
Eusirus holmi**

Garnmaridae

Lilljeborgia sp.**
Lysinassidae*t'

Eutytenes gryllus**
Onisimus sp.**

Stegocephalidae**

Decopoda+

Hippolytidae
Bythocaris gracilis**

Oplophoridae

Hyntenodo ra glacia lis *+

Pandanlidae

Pandalus sp.**
Euphausiacea

Isopoda*x

Eurycopidae

Etuycope sp.**
Mysidacea**

Mysidae

A nbylops ob b ret¡iata **
Boreomysis sp.**
Erythrops nticrops**
Pseudontma afine**
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Three-Beard Rockling
Gaidropsarus ensis

4s3

FISH

Gadidae

Boreogadus saida*a'

Gobiidae

Labridae

Liparidae

Liparis fabricii*x
INVERTEBRATES
Crustacea

Copepoda*

Calanoida

Calanidae

Calanus hyperboreus**

Calanus fnmarcltus**
Euchaetidae

Euchaeta glacialis+*
Ostracoda*x
Malacostraca

Amphipoda*
Arnpeliscidae**

Haploops tubicola**
Calliopiidae**

Apherusa sp.**
Eusiridae**

Eusiras sp.**
Eusirus cuspidaüts**

Eusirus honti**
Rhachotropis sp.**

Gammaridae**

Gantnmrus sp.**

Lilljeborgia sp.**

Maera sp.x*

Hyperiidae

Hyperia galba**
Tltentisto sp.**
Thentisto abyssorum**

Thentisto compressa**

Th entis to Iibe I lu Ia*a'

Lysinassidae**

Anonyx sp.**

Attony-t tntgax**
Aristias microps*+

Haplonyx sp.**
Haplonyx albidus**
Onisintus sp.++

Onisintus litoralis**
Orchomene sp.x*

Orchontenella sp.**

Photidae*x

Podoceridae*x

Dulichia sp.**

Stegocephalidae**

Andania sp.a'a'

Andania abyssi**
Stegocephalus sp.**

Stenothoidae

Stenothoe sp.a'¿'

Cur¡acea**
Diastylidae

Diastylis rathkei**
Pseudocumatidae

Pseudocurna sp.**
Decapoda*

Hippolytidae

Bythocaris gracilis**
Pasiphaeidae

Pasiphaea sp.**
Oplophoridae

Acanthephyra sp.**

Hynteno do ra glacia lis *+

Euphausiacea**

Euphausiidae

Thysanopoda acutifro ns **
Isopoda*

Eurycopidae

Eutycope sp.**
Etttycope cornule**

Aegidae**
Aega sp.x*

Gnathidae

Gnathia sp.**
Paragnathis formica**

Munnopsidae**

Tanaidae**

Mysidacea*

Mysidae

Boreontysis sp.**
Etythrops nticrops**
ErytÌtrops sp.**
Parerytltrops sp.**
Pseudontnta affine**
Pseudontnta sp.**

Mollusca

Bivalvia**
Cephalopoda*

Gonatidae

Gastropoda**

Echinodemata

Asteroideax

Annelida

Polychaetax*

Ttyphosa sp.** Gonafus fabricii+*
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Deepwater Redfish

Sebastes ntentella

794

FISH
Engraulidae

Sebastidae

,Seóasles sp.

Sebastes ntentella**
Fish sp.**
INVERTEBRATES
Dinophyta

Ctenophora

Crustacea*

Copepoda*

Calanoida

Calanidae

Calaruts finnnrchicus
Calaruts glacialis
Calanus hyperboreus+

Eggs

Nauplii
Oithonidae

Oithona similis
Cyclopoida

Nauplii
Malacostraca

Arnphipoda*

Hyperiidae*

Themisto sp.*

Themisto contpressax*

Themisto libellula*a'
Garnrnaridea

Lysinassidaex*

Decopoda*

Pandalidae

Pandahts borealis
Pattdalus montogui

Pasiphaeidae

Pasiphaea sp.*+

Euphausiacea

Mysidacea*

Mysidae

Boreontysis sp.**
Mollusca

Bivalvia
Cephalopoda*

Gonatidae

Gonatus fabricii**
Gash'opoda

Limacinidae

Lintacina sp.

Echinodennata**

Annelida

Polychaeta+

Chaetognatha
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Hook-Ear Sculpin

A rtediel lus a t lanticus

810

FISH

Cottidae

A r ted ie I lus a tlantictts"'+

Psychrolutidae

Cottuttculus sp.*à'

Sebastidae

Sebastes ntentellaà'*

Fish sp.**
Eggs/Larvae**

INVERTEBRATES
Cmstacea*

Copepoda*

Calaniidae

Calarus hyperboreus**

Calanus f nntarcluts**
Ostracoda

Cypridinidae

Philontedes brenda*r'
Malacostraca

Arnphipoda*

Arrpeliscidae*t
Haploops tttbicola**

Aoridae**
Eusiridae

Eusznrs sp.*x

Eusirus cttspidahts**
Gammaridae

Gammartts sp.**

Li I lj eb o rgi a f s s i co r n is * *

Hyperiidae*

Themisto sp.**
Themisto libellula**

Lysinassidae**

Anonyx sp.**
Anonyx nugax**
Eutytenes gtylhts**
Olzlsinrls sp.**

Oediceridae**

Photidae**

Podoceridae

Erichtltonius toIIi**
Stegocephalidae**

Andania sp.**

Andania abyssÌ**
S tego cep ha loides sp.+*

Cumacea

Diastylidae

Diastylis rathkei**
Pseudocurnatidae

Pseudocuma sp.**
Decopoda

Oplophoridae

Acanthephyra sp.**

Isopoda*

Ci¡olanidae

Cirolana borealis**
Eurycopidae

Eurycope sp.++

Eurycope producta**
Gnathidae

Gnathia ntaûllaris+*
Mysidacea*

Mysidae

Ambylops abbreviata**
Boreomysis sp.**

Paretythrops sp.a'*

Mollusca

Bivalvia*
Cephalopoda*

Oegopsida

Gonatidae

Gonatus fabricií**
Octopoda

Octopodidae

Octopus sp.**
Gastropodax

Prosobranchia**

Echinodennata

Asteroidea*

Crinoidea

Echinoidea

Ophiuroidea#

Annelida

Polychaeta*

Oligochaeta*t'
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Shorthorn Sculpin
Myoxo c ep h a lu s s co rp i u s

108

FISH Portunidae
Agonidae Macropipus holsatus

Agottus cataphractus Isopoda

Amrnodytidae Chaetiliidae
Clupeidae Mesidotea entomon

Clupea harengus Mesidothen

Cottidae Mysidacea
Myoxocephalus sp. Mysidae

Gadidae Mysìs nti,tta
Boreogaùs saida** Praunusflexosus

Gasterosteidae Mollusca
Gasterosteus aculeafis Bivalviax

Gobiidae Mytilidae
Pontatoscltistus ntinutus Modiolus barbaûs

Osrneridae Gastropoda*
Pleulonectidae Trochidae
INVERTEBRATES Margarites untbilicalis
Crustacea Annelida

Copepodax Polychaeta

Calaniidae Nereididae
Calanus sp.++ Nereis pelagica
Calarus fittmarchus**

Malacostraca

Arnphipoda*

Calliopiidae*x
Apherusa sp.**

Hyperiidae**
Thentisto libellula**

Garnrnaridae

Gammarus sp.**

Gantnarus campylops**
Gamntants setosa*

Lysinassidae**

Onisimus edwardsi**
Onisimus litoralis**
O rc h ont e ne I I a mi rut ta* *

Decapoda

Crangonidae

Crangon allntanni
Crattgon sp.

Sclerocrangon sp.

Hippol¡idae
Lebbeus polarus

Majidae

Hyas sp.

Nephropsidae

Nephrops troruegica

Palaernonidae

Leander sp.
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Polar Sculpin

Cottunatlus microps

829

FISH

Eggs/Larvae**

INVERTEBRATES
Crustacea*

Copepoda*

Calaniidae*

Calanus hyperboreus*

Calarus finntarchus**
Euchaetidae

Euchaeta glacialis+*
Malacostraca

Arnphipoda*

Arnpeliscidae+*

Haploops setosa**
Caprellidae**
Calliopiidae**

Aplterusa sp.**
Hali ragoides ine nnis * *

Epirreridae

Epintera loricata**
Eusiridae*x

Eusints sp.x*

Eusints cuspidatus*x
Eusints honti**
Rhacltotropis sp.x*

Garlmaridae*x

Gamntants sp.**

Liljeborgia sp.**
Hyperiidae*

Hyperia sp.**
Hyperia galba**
Hyperia ntedusanun**

Thentisto compressa**
Lysinassidae*

Anonyx sp.**
Anonyx lilljeborjia+*
Anonyx rurga-r**

Aristias sp.**

Aristias microps**
EurVtenes sp.**
Eutytenes gtyllus**
Haplony.r albidtts*+

Nannonyx sp.**
Onisintus sp.**

Onisinuts litoralis**
Onisintus norntani**
Onisimus plantus**
Orchontene sp.**
Orcltomene ambylops**

O r c h o nt e n e p e c t i n a tu s + *'

Orchonrenella sp.**
Oediceridae

Arrhis phyllonyx**
Pardaliscidae

Pardalisca sp.**

Phoxocephalidae

Harpittia sp.**

Podoceridae

Dulichia sp.**

Ericltthonius sp.**

Erichtltonius tolli**
Stegocephalidae**

Andania sp.**
Andania abyssi**
S tego cep h a I o i d e s sp.Å'*

Syrrhoidae+*

Cumacea**

Diastylidae

Diastylis rathkei**
Pseudocur¡atidae

Pseudoamta sp.**
Decapoda

Hippol¡idae
By thocaris graci lis à'*

Hyppolytidae*x

Oplophoridae

Acanthephyra sp.**
Pasiphaeidae

Pasiphaea sp.**
Euphausiacea*

Euphausiidae

Thysanopoda aaúifro tts * *

Isopoda*

Aegidae

Aega sp.**
Calathura sp.**

Eurycopidae

Eurycope sp.**

E u ryco p e p h a I I an giunr Å' x

Gnathidae

Gnathia ntaxillaris**
Munnopsidaex*

Munnidae*+

Tanaidae**

Mysidacea*

Mysidae

Anbylops abbreviata**
Boreontysis sp.**

Erythrops sp.x4

Erythrops microps**
Pseudontnta ffine**

Pycnogonida**

Mollusca

Bivalvia*
Cephalopoda*

Gonatidae

Gonatus fabricii**
Gastropoda*

Prosobranchiax*

Echinoden¡ata**
Holothuroidea**
Ophiuroidea**

Annelida

Polychaeta*
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Arctic Mailed Sculpin

Triglops nybelini

8rs

Sea Tadpole

Careproctus reinhardti
28

INVERTEBRATES
Crustacea*

Copepoda

Calaniidae

Calanus hyperboretisa

Calaruts finmarclnts+*
Malacostraia

Arnphipodax

Hyperiidae

Thentisto sp.*

Thentisto abyssonmt**
Themisto contpressa**

Themisto libellula**
Decapoda

Euphausiacea**

Euphausiidae

T hys a nop o d a a cu tifi'o ns * *

Isopodar'*

Mollusca

Bivalvia
Gastropoda**

Echinodennata*x

Ophiuroidea**
Annelida

Polychaeta**

FISH

Gadidae

Boreogadus saida**
INVERTEBRATES
Crustacea**

Copepoda*

Calaniidae

Calanus hyperboreus**

Calanus finntarchus**
Malacostraca

Arnphipoda**
Arnpeliscidae**
Calliopiidae**
Eusiridae

Eusirus homi**
Rhachotropis sp.**

Gamrnaridaex*

Hyperiidae**
Hyperia sp.**
Thentisto sp.++

Tltemis to abysso runt4 *

Themisto contpressa**

Themisto libellula**
Lysinassidae**

Attonyx sp.**
Attottyx ttugcrt*'k

Haplonyx sp.**
Hippontedon sp.**
Onisimus sp.**

On i s i nut s e dyv a rtls i * *

Onisinttts li to ral is**
Onisimus norntoni**
Orchomene serratus\'*
Orchomenella sp.**

Oediceridae

Oediceros sp.*+

Pardaliscidae

Halice abyssi**
Stegocephalidae**

Andania abyssi**
Stegocephalus sp.**

S tegocep ha Ius irfla nts **
Stenothoidae*x

Curnacea

Diastylidae

Diastylis rathkei**
Pseudocumatidae

Pseudocuma sp.**
Decapoda*r'

Hippolytidae

Eualus sp.*\'

Isopoda**

Mysidacea+x

Mysidae

Boreomysis sp.**
Mollusca

Cephalopoda**

Gonatidae

Gonatus fabricii**
Annelida

Polychaeta**
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Celatinus Snailfish

Liparis fabricii
8s9

Black Seasnail

Paraliporus bathybius

855

FISH

Liparidae

Liparis fabricii**
Eggs/Larvae**

INVERTEBRATES
Crustacea*

Copepoda+

Calaniidae

Calanus sp.x*

Calanus hyperboreus**

Calanus finmarchus**
Euchaetidae

Euchaeta glacialis**
Ostracoda**

Cypridinidae

Philomedes brenda**
Malacostraca

Amphipoda*
Hyperiidae*

Hyperia sp.**

Hyperia Salba*¿'
Themisto sp.**
Th enzis to abysso runt**
Thentisto compressa**

Tltentis to libe I lu la**
Gammaridae

Gamntarus sp.

Ha lirages fu lvo ci nctus

S tegocep ha lo ides ch ris tianiens is

Lysinassidae

Onisinuts normani**
Decapoda

Pandalidae

Pandulus borealis

Euphausiacea

Mysidaceax

Mysidae

Ambylops abbreviata**
Boreomysis sp.**

Mysis oculata

Pseudomnta roseunt*

Mollusca
Bivalvia**
Cephalopoda*

Gastropoda**

Echinodennata

Ophiuroideax*

INVERTEBRATES
Phascolosornatidae Crustacea*

Phascolosonta sp. Copepoda

Annelida

Polychaetax

Chaetognatha

Calaniidae

Cala mts ltyperbo reus *+

Malacostraca

Arnphipoda*
Hyperiidae**

Hyperia galbaA'*

Themisto sp.''*
Thentisto abyssonmt**
T h ent i s to c o nt p ress a* *

Thenzisto libellula**
Lysinassidae**

Callisoma cretzata*+

Onisimus sp.à'*

Decopoda**

Oplophoridae

Hymenodo ra glacia lis**
Mysidacea*

Mysidae

Boreomysis sp.+*

Mollusca
Gastropoda

Annelida
Polychaeta**
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Threadfin Seasnail

Rhodichthys regina

852

Doubleline Eelpout
Lycodes eudip leuros tictus

736

Calanus hyperboreusx* INVERTEBRATES
Malacostraca Porifera

Amphipoda** Crustacea

INVERTEBRATES
Forarninifera

Crustacea+

Copepoda

Calaniidae

FISH

Gadidae*x

A rc togctdus glaciale **
Boreogadus saida**

Fish sp.x

Copepoda

Calaniidae

Calanus sp.**

Ca la nus hyperbo ret t s *+

Ostracoda*x

Arnpeliscidae**
Haploops sp.**
Haploops tubicolaa*

Eusiridae

Eusirus cuspidatus**
Eusirus homi+*

Epirneridae

Epintera loricata**
Hyperiidae**

Hype¿'ia sp.**
Hyperia ntedusanun*+

Themisto sp.**

Diastylidae

Diastylis rathkei**
Pseudocurnatidae

Pseudoatma sp.**
Decapoda*+

Isopoda**

Aegidae**
Paranthuridae

Calathura sp.**
Eurycopidae

Eutycope sp.**

Eutycope producta**
Gnathidae

Gna th ia ntaxi llaris **'

Munnopsidae**

Munnopsis typica**
Tanaidae**

Mysidacea**

Mysidae

Boreontysis sp.*+

Erythrops microps*+
Pseudontma ffine**

Pycnogonidax*

Molluscax

Bivalvia**
Cephalopoda**

Gonatidae

Gonatus fabricii**
Gastropoda**

Annelida

Polychaetax

Arnpeliscidae**

Haploops sp.**
Haploops tubicola*'*

Hyperiidae*x

Themisto sp-**

Haplonyx sp.**
Orchontenella sp.*x'

Ttyphosa sp-**

Stegocephalidae**

Andania sp.x*

Decapoda

Caridea

Mysidacea**

Mysidae

Boreomysis sp.**
Echinodennata**

Annelida

Polychaeta**

Thentisto abyssorum+* Cypridinidae
Thetnisto compressa** Philontedes brenda**

Lysinassidaex* Malacostraca
Eurytenes gtyllus*'* Arnphipoda*x

Thentisto abyssonun** Echinodennata*
Themisto compressa*a' Asteroidea*x
Themisto libellula*+ Ophiuroidea**

Gammaridae

Gantntans sp.**
Lilljeborgia sp.**

Lysinassidae**

Anonyx sp.**
Anonyx rutga-t+a

Hippomedon sp.**
Onisimus sp.**

Onisintus norntani**
Orchontene sp.+'F

O rc h om e n e pe cti nat us*x

Orchontenella sp.**
Podoceridae

Erictltonius tolli**
Stegocephalidae**

Andania sp.*a

Cumacea**
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Parniut's Eelpout

Lycodes paantiuti
87

INVERTEBRATES Decapodax*
Crustacea** Isopoda**

Copepoda Apseudidae**

Calaniidae Colletteidae
Calanus sp.+à' Haplocope sp.a*

Calanus hyperboreus** Eurycopidae
Ostracoda** Eutycope sp.**

Cypridinidae Eutycope producta*'*
Philontedes brendaa'* Gnathidae

Malacostraca Gnathia ntaúllarisa¿'
Arnphipoda** Paragnathis þrntica*+
Arnpeliscidae*x Paranthurìdae

Haploops sp.** Calathm'a sp.**
Haploops tubicola** Mysidacea*+
H(tploops setosa** Mysidae

Caprellidae Boreomysis sp.**
Aegitta echinata** Mollusca**

Eusiridae Bivalvia**
Errslnrs sp.** Cephalopoda**
Eusints cuspidatusx* Gonatidae

Garntnaridae Gonatus fabricii*+
Gantmarus sp.** Gastropoda*x
Gomntaracanthus sp.** Prosobranchia*x
Lilljeborgia sp.a'* Echinodennatax

Hyperiidae Ophiuroidea**
Themisto sp.** Annelida
Thentisto compressa** Polychaeta*

Lysinassidae**

Aristias sp.**

Anonyx nugax+*

Eutytenes gtyllus**
Onisimus sp.**

Onisimus norntani**
Orchomene sp.*+

Orchomenella sp.*x

Paramphithoidae sp.**
Podoceridae

Erictltonius sp.**
Erictltonius toIli**

Stegocephalidae**

Andania sp.**

Andania abyssi**

Stenothoidae

Stenothoe sp.**
S;T rhoidae

B ruze lia tu bercu lata**
Curnacea

Diastylidae

Diastylis rathkei**
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McAllister's Eelpout

Lycodes ntcallisteri
86

FISH

Gadidae**

Boreogadus saidaà'*

INVERTEBRATES
Crustacea**

Copepoda

Calaniidae

Calanus hyperboreus**

Malacostracax*

Arnphipodax*

Arnpeliscidaex+

Haploops sp.xx

Eusiridae**

Eusirus cuspidatus**
Epirneridae

Epimera loricata**
Galnmaridae**

Maera sp.**
Hyperiidae*x

Themisto contpressa**

Laphystiidae**
Lysinassidae**' 

Ànonyx nttgax*'à'

Haplonyx sp.**

Lysianella sp.**

Onisimus sp.**
Onisintus lito ral is ¿'*

Orcltomene sp.*'*

Orchomenella sp.**
Oediceridae**

Stegocephalidae**

Andania sp.**
Stegocephalus sp.x*

Isopoda{'*

Aegidae

Aega sp.**

Eurycopidae

Eurycope producta**
Gnathidae

Gnathia ntaxillaris**
Gnathia sp.**

Munnopsidae**

Trichoniscidae

Haplophthalnnrs sp.x*

Decapodax*

Hippol¡idae
Eualus sp.**

Mysidacea**

Mysidae

Boreomysis sp.**
Pycnogonida**

Mollusca*x
Bivalvia**

Echinodennata**

Ophiuroidea**
Annelida

Polychaeta**
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Greenland Halibut
Re i n h a rdt it t s h ipp o glo s s o i des

892

FISH

Agonidae gen. sp.

Arnrnodytidae

Amnlodytes marints
Anarhichadidae

Anarhichas sp.

Bathylagidae

Bathylagrs eutyops

Letrro glossus sc hntidti

Chiasrnodontidae

Chiasntodon niger
Cottidae

A rtediel lus at lanticus* *

Cottutratlus sp.**
Icelus sp.

Triglops sp.

Triglops nybelini**
Eurypharyngidae*x

Euryp hatynx pe lecano ides * *

Gadidae

Arctogddus glacialis*
Boreogadus saida*
G ai drops a ru s a rge n t a I u s

Micro ntesis tiu s po ttt oss ou

Hexagramrnidae

Liparidae*
Ca reproc tus cyps e lurus

E I a ssod i scu s t rente b t t nd u s

EIctssodiscus obsatus
Elassodiscus sp.

Paraliparis grandis

Paraliparis sp.

Liparis gen. sp.

Liparis fabricii**
Lotidae

Gaidropsarus sp.**
Gaidropsarus ensisa'*

Macrouddae*

Macrourus bergla-t*

Co ryphaeno ides rupes t ri s

Co ryphaenoides cine reu s

Nezmia bairdi
Melarnphaidae**

Scopelogadus beani**
Moridae

Antimora rostrotd

Myctophidae

B ent hosenta glacia Ie* *

Ste nobrac hius leuco ps aru s

Steno brac hiu s nan no chi r
Lampanychtus jordani

Nernichthyidae

Notacanthidae

Notacantlus chemnitzi

Notosudidae

Scopelosaurus sp.

Osrneridae

Mallons villosus

Phycidae

Ci liata s ep tentt'iona lis

Urophycis sp.

Pleuronectidae

H ippo glo s s o ides p I a t ess o i d e s

Rei n h a rd t iu s h ip po glos s o i des *

Psychrolutidae

CotttutcuIus nticrops

Malacocottus zonurus

Rajidae

Sebastidae

Seóasles sp.t'

Sebas to lo bus nmc roc hi r
Sebastes ntentella+*

Squalidae

Zoarcidae

Lycenchelys sp.

Lycodes sp.**
Lyco des ettdip I eu ro s tic tus * *

Lycotles paamiuti**
Lycodes vahli

Eggs/Larvae**

INVERTEBRATES
Cnidaria

Crustacea

Copepoda

Calaniidae

Calanus ltyperbo reus **

Ostracoda*1'

Malacostraca

Amphipoda {'

Arnphilochidae**
Eusiridae

ðasir"us sp.**
Eusirus cuspidatus**

Hyperiidae*

Thenxisto sp.x

T h e nt i s to abys s o runt a' *

T lt emís to c om p res s a * á'

Tltentisto libellula*

Lycaeidae sp.

Lysianassidae

Attottyx nuga-t*

Eutytenes grylhs4'*

Timetonxyx sp.

Gammaridae

Cumaceax*

Diastylidae**
Diastylis rathkei**

Decopoda

Hippolytidae

Eualus sp.a'*

Oplophoridae

Acanthephyra sp.*x

Hymeno do ra glacia lis * +

Pasiphaeidae

Pasiphaea tarda*
Pas iphaea mu I tiden tato*

Pandalidae

Pandalus boreolis*
Pandalus nTontagui*

Crangonidae

Po n toph i I us trc rvegi cr r s

Lithodidae

Euphausiacea

Euphausiidae

Mega tryc t i p h a ttes no rvegi ca

Sergestres arcticus

Isopoda**

Eurycopidae

Eurycope sp.**

Mysidacea*

Mysidaex

Boreontysis sp.**
Boreomysis artica

Mollusca

Cephalopoda*

Oegopsida

Chiroteuthidae

Chiroteuthis sp.

Gonatidae

B e r ry t eu t h is nt agis t e r
Gonans fabricii*

Teuthida

Octopoda (eggs and adults)

Octopodidae

Octopus vulgaris

Bivalvia
Myidae
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Rei n hardtius hippo gl osso ídes Continued

Mya arenaria

Gastropoda''

Buccinidae

Echinodennata

Asteroidea

Ophiolepidae

Ophiura texturata

.Annelida
Polychaeta*
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Arnerican Plaice

Hippoglosso ides p latessoi des

889

FISH

Arnrnodytidae

Amntodytes lancea

Clupeidae

Sprattus sprattus

Clupea harengus

Larvae

Gobidae

Cottidae

Triglops sp.

Triglops nybelitri**
Osmeridae

Mallonts villosus

Gadidae

Merlangius merlangus

Gadus ntorhua

Lotidae

Gaidropsants sp.

Fish sp.**
INVERTEBRATES
Cnidaria

Actinaria
Honnathiidae

Actinauge longicontis
Crustacea*

Copepoda

Calanidae

Calanus hyperboreus*

Cyclopoda

Malacostraca

Arnphipoda*
Arnpeliscidae

A mp e I i s ca nn c ro cep ln la
Aoridae

Unicola irrorata
Argissidae

Argissa hamatipes

Calliopiidae

H a I i rages fi ilvo c i n c ttts

Caprellidae

Aeginina longicornis

Caprella sp.

Corophiidae

Corophiun bonelli
Co rop hiunt c rassico nte

E ri c h t ho ni t ts n t b i co rn is

Eusiridae

Rhachotropís lobata

Rhadobtropis macropus

Rhachotropis oculata

ðrrslrrls sp.

Haustoriidae

Priscillina arm(tta

Hyperiidae

Thentisto sp.

Thentisto contpressa*

Ischyroceridae

Ischyroceros angdpes

Lysianassidae

Anonyx lilljeborgii
Haplonyx sp.**

Hippomedon serratus

Oedicerotidae

Arrhis phyllonx
Mottoculodes edwardsi

Mo no cu I o i des i n t e rnte di u s

Photidae

Leptocheirus pirtguis

Phoris sp.

Protomedeia fasciata
Pleustidae

Pleustes panopla

Pleustes glaber
S tenop leu s tes inernt is

Podoceridae

Dyopedos sp.

Pontogeneiidae

Pontogeneia inerntis

Stenothoidae

Metopa alderi
Metopa bruzelii
Metopa pusilla
Metopella augusto

Stenothoe brevicornis

Cumacea

Bodotriidae

Diastylidae

Diastylis rathkei

Diastylis sculpta

Dias tyl ís qu a drispino sa

Leuconidae

Eudorellopsis deþrmis
Larnpropidae

Lantp rops q ua drirep lica ta

Pseudocumidae

Pefalosarsia declivis

Decopoda*

Crangonidae
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Hippoglosso ides p latessoides Continued..

Crangon alntani

Crangon crangot't

Cra ngo n s eptems pitlosa

Hippolytidae

Spi ro nto c a ri s I i I Ij e bo rgi i
Nephryidae

Aglaop hannts nta I ntgreni

Pagurus bernhardus

Paguridae

Pandalidae

Diche lopanda lus lep tocents

Lumbrineries sp.

Pandalus borealis

Poftunidae

Liocarcinus depurator

Euphausiacea

Euphausiidae

Mega rtyc t i p h a tt es no rvegi ca

Isopoda

Idoteidae

Cltiridotea sp.

Edotea nnntosa

Itlotea phosporea

Janiridae

Janira alta

Mysidacea*

Mysidae

Boreonzysis sp.**

E ry th rops etyt h roptha lma
Mysis mixta

Neontysis antericana

Pseudonta tnillcatun't
Mollusca

Bivalvia*
Heterodontida

Ce raso to denn a pinrur Iatum

Cardiidae

C I i no c a rd iunt c i I i a t u n1

Petricolidae

Pet rico la plrc ladiforntes

Myoida
Hiatellidae

Hiatella arctica

Nuculoida

Nuculidae

Nuatlonta tenuis

Mrarlana pernula
Pteroconchida

Anorniidae

Anomia sp.

Pectinidae

Chlamys islandiats
Veneroida

Semelidae

Abra nitida
Gastropoda

Archaeogastropoda

Trochacea

Margarites costalis

Buccinidae

Buccinium undatunt

Nephmea sp.

Cephalaspida

Retusidae

Retusa obtusa

Cyclichnidae

Cyclichna gouldii
Naticacea

Naticidae

Polinices sp.

Neogastropoda

Cephalopoda

Gonatidae

Gonatus fabricii**
Echinodennata

Asteroidea**

Dendrochirotida

Molpadíida

Echinoida

Echinidae

Echinus esculentus

Scutellidae

Echinarachnitß parmct

Strongylocentrotidae

S t ro ngt lo ce n t t'o tu s d ro e b ac lt i e ns is

Euechinoidea

Ophiuroidea

Arnphiuridae

Amphiura Chiajei

Amphiura filiformis
Antphipholis squamata

Ophiuridae

Opiura albida
Ophiura sarsi

Annelida

Polychaeta*

Anrpharetidae

A nr pha re t e I i tds t roen i

289



Hippoglosso ides p latesso ides Continued...

Amphicteis gunneri

Sabellides borealis

Capitellidae

Cirratulidae

Flabeìligeridae

Phentsa ffinis
Maldanidae

Pra-rillura sp.

Nereididae

Nephtys neotena

Onuphidae

Onuphis conchylega

Opheliidae

Ophelia limacina
Ophelina acuntinata

Orbiniidae

Owenidae

Paraonidae

Aricidea suecica

Pectinaridae

Pectinaria granulata
Phyllodocidae

Phyllodoce nurcosa

Polyphysia crassa

Polynoidae

Harmothoe sp.

Sabellidae

Chone sp.

Ettchone incolor
Potamilla reniforntis

Scalibregrnidae

Scalibregnta inflatunt

Chaetozone chaetosa

Cossura longiciruata

Galatho¡-ena oatlata
Spiophanes kroyeri

Scolopacidae

Scolopos arntiger
Spionidae

Polydora spp.

Syllidae

Exogone hebes

Terebellidae

Triclto b ra nchus glacia I is
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APPENDIX 3. PARASITE SPECIES OF TWENTY-SIX FISH WITHIN THE
DAVIS STRAIT AND BAFFIN BAY - A COMPENDIUM OF PRESENT STUDY

AND PUBLISHED DATA

291



Common
Name Black Dogfish Longnose Eel

Latin Narne Centroscylliuntfabricii Synaphobranchus kaupi

Species ID# 2'7 152

Parasites APICOMPLEXA PLATYHELMINTHES
Haemogregarina delagei (Trernatoda)

Haentohormidiunt sp. Derogenes varicus*x

MASTIGOPHORA Lepidapedon sp.*

Ttypanosonm rajae Lepidapedon rachionà'*

PLATYHELMINTHES (Cestoda)

(Trernatoda) Cestoda gen. sp. Plerocercoid**

Otodistomunt cestoides NEMATODA
Otodistonnun felis** Anisakis sintplex Larya**

(Monogenea) Contracaecum sp.

Macruricotyle ttetuþundhndiae** Hysterothylaciumsp.
(Cestoda) Capillaria sp.**

Gilquinia sEøli*+ ARTHROPODA
Philobythos sp.** (Copepoda)

Cestoda gen. sp.** Lophoura gracilis

NEMATODA
Anisa kis sintp lex Larva**
Anisakidae gen. sp.*x

P s eudo ter ra n ova de cip i e n s Larva * *

ARTHROPODA
(Copepoda)

' Albionella centroscylli

Albionella fabricii
Ler naeopoda cen troscyl I ii
OmmatokoiÍa sp.

*Previously published and fbund in present study
**New record, found in present study
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Glacier Lanternfish Rakery Beaconlarnp

Benthosema glaciale Lantpanyctus ntacdonaldi

283290

Goitre Blacksrnelt

Bathylagus eut?ops

202

CNIDARIA PLATYHELMINTHES PLATYHELMINTHES

Hydrichthys sarcotretis (Cestoda) (Trernatoda)

PLATYHELMINTHES Cestodagen.sp.Plerocercoid+* Gonocercaphycidis**
(Cestoda) Herniuridae gen. sp.*+

Cestoda gen. sp.** Lecithaster gibbosus+*

NEMATODA Lecithophyllunt irelandeum*+

Capillaria sp.** Podocotyle sp.**

ARTHROPODA Steringophora sp.**
(Copepoda) (Cestoda)

Clatella adunca**' Bothriidae sp.**

Sarcotretis scopeli Pistana sp.x*

Copepoda gen. sp.x* Cestoda gen. sp. Plerocercoid**

ARTHROPODA
(Copepoda)

Paeo nocanthus an ta rcticens i s
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Blue Hake Roundnose Grenadier

Antintora roslratã Coryphaenoides rupestris

432 48t
APICOMPLEXA MICROSPORA

Haentohorntidium terraenovoe Loma branchialis

Haentohormidiunt sp. Lonta morhua

MYXOZOA MYXOZOA
Ceratomyxa sp. Auerbachia pulchra
Myxidium corypltaenoidiunt Auerbachia sp.

PLATYHELMINTHES Myxidiunt cotyphaenoidiunt
(Trernatoda) Myxidiunt ntelanocetunt

Derogenes varicus** Myxidiunt melanostigmunt

Dinosoma sp.*+ Myxidinn profundunt

Gonocerca phycidis+* Myxoproteus caliþnticus
Lepidapedon sp.* Zschokkella hildae

Lepidapedon elongatunt** PLATYHELMINTHES
Lepidapedon racltion** (Trernatoda)

Lepidophylhml steenstrupi** Derogenes varicus*
Podocotyle sp.** Dolichoenterunr sp. Metacercaria

Podocotyle reflexa** Glontericirrus ntacrouri*
Prosorhynchus squamatus** Glontericitus ulnteri
Steringophorafurciger* Gonocerca crassa

Trematoda sp. Metacercaria** Gonocerca ntacroþrntis
(Monogenea) Gonocerca macrouri

Dichlidophoridae** Gonocerca physidis*
Macruricotyle nevuþundlandiae*'* Hemiunts levinseni**

(Cestoda) Lepidopedon sp.

Philobythos sp.** Paraccacladiunt jamiesoni

Cestoda gen. sp. Plerocercoid** Paraltemiurus nterus

NEMATODA Proctopltantastes abyssorunt

Anisakis sintplexLarva** Steringophora sp.

Contracaeatnt/Phocascarissp. Larva** (Monogenea)

Capillaria sp.** Aporocolyle simplex

ACANTHOCEPHALA Diclidophora macrouri
Cotynosoma sp. Juvenile** Macruricotyle newfoundlandiae**
Echinorhynchus gadi** (Cestoda)

ARTHROPODA Bothriocephalus sp.

(Copepoda) Nybelinia sp.

Lophoura tetraphylla Philobythos atlanticus*
Sphyrion lumpi Pseudophyllider¡ gen.sp. Plerocercoid

Sc o lex p leu ron eclrs Plerocercoid *

Cestoda gen. sp.**
NEMATODA

Anisakis simplex Lawa*
Con tracaeant/Phocascaris sp. Larva x

Hys tero thy I aciu nt aduncan

Hysterothylacium sp.

Thynnascaris aduncunt

Capillaria sp.**

ACANTHOCEPHALA
Echinorhynchus gadi
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Roughhead Grenadier
Coryphaenoides rupestris Continued... Macrourus bergla,r

4',74

ARTHROPODA APICOMPLEXA
(Copepoda) Goussia caseosa

Cltondracanthodes radiatus Haemogregarina marshallairdi
Clatella adunca* Haentogregarina sp.

Sphyrion lmnpi Haemohormidium terraenovae
Copepoda gen. sp.** Haentoltormidium sp.

MASTIGOPHORA
Cryptobía dahli
Ttypa noso ma mu rnn netts i s

Trypanosonta sp.

MYXOZOA
Auerbachia pulchra
D attis i a n etuþu n d I atzdi a

Myti diu nt co typ h a e n o i di nn
Myxidium melanocetunt

Zschokkella kudoi

PLATYHELMINTHES
(Trernatoda)

Derogenes varicus*
Derogenidae gen. sp. Metacercariae**

Fellodistontunt sp.

Genolinea laticauda

Genolinea sp.

Gibonsia borealis

G lomerici rrus ntacrou ri *

Gonocerca crassa

Gonocerca phycidis*
Gonocerca sp.

Hemiurus let ittseni*
Leci t has ter gibbosus **
Lec i t ho p hy I lum b o t tyo p h o runt

Lepidapedon elongahmt

Lepidapedon sp.

Podocotyle atonton**
Podocotyle reflexa**
P ro s o r lty ttc h us s qu ant a tus **
S tegano de rma fo rmo umt * *

Stenakron vetustum**

Steringophora sp-**

St eri ngo p h o ra fu rc i ge r*
Trematoda sp. Metcercaria**

(Monogenea)

Cyc I o co ty I o i d e s pi ngu is

Diclidophora sp.

M a c r u rico ty I e newþ u n d I a ndia e*
(Cestoda)

B oth rio cep h a lus sco rpii**
P a ra bo thrio cep ha lus macru ri
P hi lo byt hos at Ia nticu s *
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Macrou nt s be rglctt Continued...

Arctic Cod

Arctogadus glacialis
452

Pseudophyllidea gen. sp. PLATYHELMINTHES
Scole,r pleuroneclls Plerocercoid* (Trernatoda)

Cestoda gen. sp. Procercoid** Derogenes varicus**
NEMATODA Hemiunts levinseni*

Anisakis sp. Larva* Steringophorafurciger**
Capillaria sp.** NEMATODA
Capillaria(Procapillaria)gracilis AnisakissimplexLarva++
Contracaeatm/Pltocascaris sp. Larva* Contracaeatnt/Phocoscaris sp. Larva**
Hysterotlrylacium adunamt Pseudoterranova decipiens Lalax*
Hysterothylaciunt sp. Capillaria sp.**
Ps ettdo t e ta nova de c ipie n s Larva * *

Spinitectus sp.

ACANTHOCEPHALA
Co tyrzosonta sp. Juvenile*x

Echinorhynchus gadi*
Echinorhynchus sp.

ARTHROPODA
(Copepoda)

C ho ndracan t ho des radiatus

C ho ndra co n t h o des fu b e rofu rc a nr s

Clavella aduilca

Clavellomimus macntri
La t e ra ca n t lnt s quad rip ed is

Lophou'a bouvieri

Sphyrion htmpi

Copepoda gen. sp.**
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Polar Cod

Boreogadus saida
451

Silvery Three-Beard Rockling

Gaidrops arus a rgen tatrß

455

APICOMPLEXA
H a ento h o rmi dium te rrae no vo e

MASTIGOPHORA
Ttypa noso nto nu rna nens i s

MYXOZOA
Myxidiunt bergense

PLATYHELMINTHES
(Trernatoda)

B rachypha I lus crenatus

Derogenes varicus +

Dinosoma sp.**
Gonocerca plrycidis**
Hemiurus levinseni*
Herniuridae gen. sp.**
Lecithaster gibbosus*
Lepidapedo n elo ngahrm**
Podocotyle sp.++

Podocotyle reflexa*
P roso r hynchus squ amatus **
Prosorhynchus squamatus Metacercaria

Trematoda sp. Metacercaria+*
(Cestoda)

B ot h rio cep halus sco rpii **
Cestoda gen. sp. Plerocercoid*

NEMATODA
Anaskis sintplex Larva*x
Anisakidae gen. sp.

C o n t ra c ae cunt/P h o ca sca ris sp. Larva * *

P s eu do t e r ra nova dec ipi e n s Lawa*
Capillaria sp.r'*
Nernatoda gen. sp.

ACANTHOCEPHALA
Co ry nos o nta sp. Juvenile**
Echinorhynchus gadi**

ANNELIDA
Hirudinea gen. sp.

ARTHROPODA
(Copepoda)

Clavella adwtca**
Copepoda gen. sp.*

PLATYHELMINTHES
(Trernatoda)

Derogenes varicus**
F e I I o di s to munt fe lis * *

G I o nt eri ci rru s nt a c ro u ri * *

Gonocerca phycidis**
Hemiurus levinseni**
Herniuridae gen. sp.+*
Lepidapedo n e lo ngatunt**
Podocotyle sp.**
Podocotyle reflexa**
P ros o r hy nc hus s qu ant atu s + *

S t e ri n go p h o ra fu rc i ger *+

(Cestoda)

Cestoda gen. sp. Plerocercoid**
NEMATODA

A trcs kis s i ntp I ex Larva * *

Contracaecunt/Phocascaris sp. Larva**
P s eudo t e rra nova de cip ie ns Larva * *

Capillaria sp.*x

ACANTHOCEPHALA
Co tynosonta sp. Juvenile**
Ech itto rlrync htts gadi**
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Three-Beard Rockling

Gaidropsarus ensis

453

Deepwater Redfish

Sebastes mentella
794

APICOMPLEXA
Haemogregarina sp.

Hae nto h o rmid i un teryaenovae

PLATYHELMINTHES
(Trernatoda)

Derogenes varicusx*
G I o m e ri c i rru s mac rou ri *á'

Gonocerca phycidis**
Hentiurus levinseni*a

Hemiuridae gen. sp.*8

Lecit has te r gib bosus**

Lep i d ap e do n e Io n ga tu nt * *

Lep idop hy I lu nt s te e ns f ntp i* *

Opecoelidae gen. sp.**
Podocotyle sp.**
Podocotyle atomon**
Podocotyle reflexa**
P roso rhynchus squamatus **
Steringophora sp.+á'

S te rin go p ho ra fu rc ige r* *

Trernatoda sp. Metcercari a**
(Cestoda)

B ot hriocep h alus sco rpiix*
Phylobythos sp.**

Cestoda gen. sp. Plerocercoid**

NEMATODA
A n as kis s i mp I ex Larva **
Contracaecunt/Phocascaris sp. Larva**
P s eudo t e rra nova de ci p i e n s Larva **
Capillaria sp.**

ACANTHOCEPHALA
Co tVnosom a sp. Juvenile**
Echinorhynchus gadi**

ARTHROPODA
(Copepoda)

Clavella adunca**
Sphyrion luntpi

CNIDARIA
Hydric h thys sarco tre tis

APICOMPLEXA
Haem o h o rnt i di u m t e r ra e nova e

MYXOZOA
Ceratomyxa macrospora

Myxidiwn incurvatunt

Myxidiunt sphaeriant
PLATYHELMINTHES
(Trernatoda)

Attontalotrema koiae

B rac hyp ha I lus crenatus

Crepidostonum sp.

Derogenes varicus*
Gottocerca phycidis**
Hemiurus levinseni*

Hentùtrus sp.

Herniuridae gen. sp.**
Lecithaster gibbovs*
Lecithophyllunt sp.**

Lec i t hop hy I I u nt bo t tyopho ru m

Lepidapedon sp.**

Lepidapedon elonga tmn**
Opecoelidae gen. sp.

Podocotyle sp.**
Podocotyle atomon*x

Podocotyle reflexa*
Steganoderma formonmt

(Monogenea)

Microcotyle sp.

(Cestoda)

Abothriunt sp.

B o t h riocephalus sco rpii
Eubothrium sp.

Gi Iquinia sp. Procercoidx*

Gri I lo tia sp. Plerocercoid

Phylobythos sp.**

S co I ex p I eu ro necl¡i Plerocercoid+

Trypanorhynchri gen. sp. Plerocercoid
NEMATODA

Anoskis sintplex Lawa*
Anisakis sp. Larva

Contracaecunt/Phocascaris sp. Larva*
Hystero t hy laciunt aduncum

P s e u do t e r ra no va dec i pí e ns Law a*
Capillaria sp.**

ACANTHOCEPHALA
Acanthocephala gen. sp.

Co rynosonta sp. Juvenile''*
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Sebastes ntentella
Continued...

Hook Ear Sculpin

A rtedie I lus at lanticus

810

Echinorhynchus gadi*
Neoec hino rhync ltus nt titi

ARTHROPODA
(Copepoda)

C ho nd racanthus no dos us

Clavella adunca*¿'

Peniculus clavafis
Sphyrion hmpi
Copepoda gen. sp.**

PLATYHELMINTHES
(Trematoda)

Derogenes vûriats**
G I o nt e rici r ru s nt a c rou r i *á'

Gonocerca phycidis**
Hemiurus levinseni**
Herniuridae gen. sp.**
Lecithas ter gibóos¿rs **

Lepidapedo n e lo nga tnn**
Lepidapedon rachion**
Neophasis burti**
Podocotyle sp.**
Podocotyle atomon*x
Podocotyle reflexa**
P roso rhynchus squama tus **

P ros o r hy n c h u s s q uam at u s Metacercaria**

S te rin go p h o ra fu rci ger* *

Trernatoda sp. Metcercaria**
(Cestoda)

B o t hriocep ha lus sco rpii*'*
Phylobythos sp.**

Cestoda gen. sp. Plerocercoid++

Cestoda gen. sp.**
NEMATODA

Attaskis simplex Lawa**
C o n t racaecu m/P ho cas c a ri s sp. Larva * *

Pseudo terranova decipiens Larva**
Capillaria sp.**

ACANTHOCEPHALA
Co tynoso ma sp. Juvenile**
Echinorhynchus gadi+*
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Shotthom Sculpin

Myoxo c ep h a I u s s co rp iu s

t08

Bigeye/Mailed Sculpin

Triglops nybelini

815

APICOMPLEXA PLATYHELMINTHES

Dactylosomtr beckeri (Trernatoda)

Einteria lairdi Derogenes varicus**

Eimeria nucleocola Gonocerca phycidis*4'

Haentogregarina ntyoxocephali Hemiut"tts levinsenix*

Haemogregarina sp. Hemiuridae gen. sp.**

MASTIGOPHORA Lecithaster gibåos¿¿s*x

Ttypanosoma murnzanensis Lepidapedon elongatun**
Ttypanosonta sp. Lepidapedon rachionx"

MYXOZOA Neophasis burti**
Ceratontyxa macrospora Podocotyle reJ'lexa**

Myxidium incurvatum Prosorlrynchus squantatus**

Myxidium ovifornte Prosorlrynchus squamahts Metacercaria**

PLATYHELMINTHES Steringophorafurciger**
(Trernatoda) Trernatoda sp. Metcercariax*

Brachyphallus crenatus** (Cestoda)

Derogenes variats* Bothriocephalus scorpii**
Henriuridae gen. sp.** Phylobythos sp.**

Lepidapedon rachion**' Cestoda gen. sp. Plerocercoid**

Podocotyle atontonx NEMATODA

Podocotyle reflexa** Anaskis sintplex Larva**
Podocotyle sp. Metacercaria** Contracaeatnt/Phocascaris sp. Larva**
Progontts nuelleri Psettdotemanova decipiens Larva**
Prosorhynchus squantatus* Capillaria sp.x*

Prosorhyttchtts squamatus Metacercaria** ACANTHOCEPHALA

Steganoderntaformosum Cotynosomo sp. Juvenile*x

Trernatoda sp. Metcercaria** Echinorhyrtchtts gadi**
(Monogenea) ARTHROPODA

Gyrodøctylus groenlandicus (Copepoda)

(Cestoda) Copepoda gen. sP.**

B o t h rinto ruts s tu ri o n i s * *

Cestoda gen. sp. Plerocercoid**

Cestoidea gen. sp.

NEMATODA
Co ntraca ecunt / P h o cas c a ri s sp. Larva x +

P s eudo terranova de cip ie n s Lawa*
Capillaria sp.**

ACANTHOCEPHALA
Co tynosom a sp. Juvenile**
Ec hino rhynchtts gadí**

ANNELIDA
Johanssonia arctica
Malntiana brLtnnea

Malntiana scorpii
Ocea nob de lla nticros toma

Platybdella olriki
ARTHROPODA
(Arnphipoda)

Lafystius sÍurionis
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Polar Deepsea Sculpin

Cottttnculus nticrops

829

Sea Tadpole

Ca repro ctus rei n hardti
28

APICOMPLEXA
Ha ento h o rnt i diu m ter ra e n o vo e

PLATYHELMINTHES
(Trernatoda)

A niso rchis o pistho rchi s

Derogenes varicus**
Derogenidae gen. sp. Metacercaria**

Gonocerca sp.

Gonocerca pltycidis*x
He I ico ne t ra p lowno nt i n i
Lepidapedo n elo ngatu m*a'

Lepidapedon rachion*+
Podocotyle sp.**
Podocotyle atomon**
Podocotyle reflexa**
P ro s o r hy nc ltü s s q u am ah ß Metacercaria**

S te ringo p h o ra fu rc ige r* *

(Monogenea)

Monogenea gen. sp.x*
(Cestoda)

Phylobythos sp.**

Cestoda gen. sp. Plerocercoid**
Cestoda gen. sp.*x

NEMATODA
Anaskis simplex Lawa**
Contracaecunt/Phocascaris sp. Larvat'*
Hysterothylaciunt sp.

Capillaria sp.+x

ACANTHOCEPHALA
Co tyttoso nta sp. Juvenile**
Ec hino rhynchus gadia'*

ARTHROPODA
(Copepoda)

Clavella adunca**

PLATYHELMINTHES
(Trernatoda)

Derogenes varicusá'*

Gonocerca phycidis**
Hentiurus levinseni**
Lecit has te r gibåos¿rs **

Lepidapedo n e Io ngalunt*4'

Lepidapedon rachion**
Podocotyle reflexax*
P ro s o r hy nc hus s quantat u s a' *

Stenakron vetusttull

(Cestoda)

Cestoda gen. sp. Plerocercoid**

NEMATODA
Contracaeatm/Phocascaris sp. Larva**
Capillaria sp.**

ACANTHOCEPHALA
Co ryttosonta sp. Juvenile*x

Echinorhynchus gadi**
ARTHROPODA
(Copepoda)

Clavella adunca¿'*
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Gelatinus Snailfish

Liparis fabricii
8s9

Black Seasnail

Paralaparis bathybius

855

PLATYHELMINTHES PLATYHELMINTHES
(Tlematoda) (Trematoda)

Derogenes varicus** Podocotyle sp.**

Hentiurus levinseni** (Cestoda)

Lecithaster gibåos¿rs** Cestoda gen. sp. Plerocercoid**

Le c i t ho phy I lum i re I an deu nt * *

Lepidapedo n e lo nga fu nt*x
Lepidapedon rachion**
Podocotyle sp.*a

Podocotyle otomon**
Podocotyle reflexa**
P ro s o r hy nc hu s s qu anta tu s * *

S t e ri n go p h o r a fu r c i ge r t' )'

(Cestoda)

Cestoda gen. sp. Plerocercoid**

Cestoda gen. sp.x*

NEMATODA
Anaskis simplex Larva **

Contracaeatnt/Phocascaris sp. Lawa**
Ps eu do te rra nova d e cip i e n s Larva + *

Capillaria sp.**

ARTHROPODA
(Copepoda)

Copepoda gen. sp.*x
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Threadfin Seasnail

Rhodichthys regina

852

Doubleline Eelpout

Ly co d es eu d ip I eu ro s ti c tu s

t50

PLATYHELMINTHES
(Trematoda)

Derogenes varicus**
Gonocerca phycidis**
Lepidapedo n e lo ngatunt**
S t e ri n go p h o ra fu rci ge r* *

Trematoda sp. Metcercaria*{'
(Cestoda)

Cestoda gen. sp. Plerocercoid**

NEMATODA
Capillaria sp.**

MYXOZOA
Myxidium sphaeriant

PLATYHELMINTHES
(Trernatoda)

Derogenes varicus**
Gonocerca phycidis**
Hentiurus levinseni**
Hemiuridae gen. sp.**
Lecit h a s t e r gi b bos u s * *

Lepidapedon sp.**

Lepidapedo n elo ngatunt**
Lepidapedon rachion**
Lepidophyl hm s teens trupi**
Podocotyle sp.a*

Podocotyle reflexa**
P roso rhync hus squamatus **
Stenakron vehtstunt**

Steringophora sp.**
S te ri n go p h o ra fu rci ge r* *

Trernatoda sp. Metcercaria**
(Cestoda)

Cestoda gen. sp. Plerocercoid**

NEMATODA
A naskis si nplet Larva **

Contracaecunt/Phocascaris sp. Larva**
P s eu do t e rra n or)a dec ipi en s Law a* *

Capillaria sp.**

ACANTHOCEPHALA
Co tynoso ma sp. Juvenile**
Echinorhynchus gadi**

ANNELIDA
Platybdella olriki

ARTHROPODA
(Copepoda)

Clavella adunca**
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Pamiut's Eelpout

Lycodes paantiuti

87

McAllister's Eelpout

Lycodes ntcallisteri
86

PLATYHELMINTHES PLATYHELMINTHES
(Trernatoda) (Trernatoda)

Derogenes variats** Derogenes vclricus**

Lecithaster gibbosus++ Gonocerca phycidis**
Lepidapedon rachion** Lepidophyllnn steenstrupi**

Neophasis bturi¿'* Prosorlrynchus squanxatus**

Stenakron vetustum** Trematoda sp. Metcercariax*

Steringophora furciger** (Cestoda)

Trernatoda sp. Metcercaria*x Cestoda gen. sp. Plerocercoidx*

(Cestoda) NEMATODA

Gilquínia sqrrali Plocercoid++ Anaskis sintplex Latwa**

Cestodagen. sp. Plerocercoid** Contracaeaun/Pltocascaris sp. Lawa**
Cestoda gen. sp.x+ Capillaria sp.**

NEMATODA ARTHROPODA
Contracaeatnt/Phocascarissp. Larva** (Copepoda)

Capillaria sp.** Copepoda ge. sp.**
ACANTHOCEPHALA

Cotynosoma sp. Juvenile**
Echinorhynchus gadi+*
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Greenland Halibut

Rein hard titts h ippo glosso id es

892

APICOMPLEXA Macruricotyle netuþuttdlandiae**
Haemogregarina platessae (Cestoda)

Haemoltorntidium teruoenovae Bothriocephalus scorpii*
Haemoltonnidium sp. Gilquinia sqaall Procercoidx*

MICROSPORA Grillotia erinacaus Plerocercoid

Ttypanosonta murmannensis Grillotia sp. Plerocercoid

Ttypanosonta sp. Phyllobothriun thrida-t Plerocercoid

MYXOZOA Scolex pleuroneclis Plerocercoid

Ceratomyxa drepanopsettae Scolex sp. Plerocercoid+

Ceratomyxa ranlosa NEMATODA
Myxidium inatrvatunt Aniskidae gen. sp. Larva

Myxidium sphaericum Aniskidae gen. sp.**
Myxoproteus reinhardti Anisakis simplex Lawa*
Myxoproteus sp. Anisakis sp. Lawa

Ortholinea divergens Contracaecunt/Phocascaris sp. Larva*

Schtlntania quadrilobata Hysterothylaciunt aduncunt

Parantyxproteus reinhardti Pseudotetanova decipiens Larva+

PLATYHELMINTHES Capillaria sp.**
(Trernatoda) ACANTHOCEPHALA

Anomalotrema koiae Cotynosoma stnilnosum Juvenile

Brachyphallus crenatus Cotyttosoma sp. Juvenilex

Derogenes varicus* Echinorhynchus gadi*
DÌnosoma triangulata Echinorhynchus laurentianus

Dissosacats laevis ANNELIDA
Fellodistomuntfelis** Johanssonia arctica
Fellodistonnm furcigernn ARTHROPODA
Genarchopsis nutlleri (Copepoda)

Glontericirnts ntacrouri** Clavella adunca**
Gonocerca plrycidus** Hatschekia hippoglossi

Hemiurus levinseni* Neobrachiella robustct

Lecithaster confusus Neobrachiella rostratct

Lecithaster gibbostrs* Sphyrion hmpi
Neophasis burti** Copepoda gen. sp.*+

Otodistomum velipontmMetacercaria (lsopoda)

Otodistomunt sp. Metacercaria Aega psora

Podocotyle sp.**
Podocotyle etonton*+

Podocotyle reflexa**
Progottus muelleri

P ros o rhy n c h o ides grac i les c e n s

P roso r hync hu s squama fi ts **

Rhipidocotyle sp.**

S tega no de rnta fo nn o su nt *

Stenakron vetustunt*

Steringopltora sp.*+

S t e ringo p h o ra fu rci ge r*
Trematoda sp. Metcercaria**

(Monogenea)

Entobdella sp.
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Arnerican Plaice

Hippoglosso ides p latesso ides

889

SARCOMASTIGOPHORA Steringophora sp.**
Cryptobia bullocki Steringophorafurciger*

APICOMPLEXA Steringotrema ovãcutunl
Eimeriorina gen. sp. Zoogonoides viviparus
Haentohormidium terraenovcte (Monogenea)

Haentohormidiwn sp. Aporocotyle simples*
MICROSPORA (Cestoda)

'Pleistophora hippoglossoides Bothrintomts sturionis
MASTIGOPHORA Gilquinia sqrrall Procercoid**

Ttypanosonta munnanensis Grillotia erinaceus Plerocercoid
MYXOZOA Scolex pleuronecl¡s Plerocercoidx

Ceratontyxa drepanopsettae Cestoda gen. sp.**
Davisia amoena NEMATODA
Leptotheca sp. Anisakis simplex Larva*
Myxidium bergense Anisakis sp. Larva
Myxidiunt incurvatunt Ascarophis arctica
Myxidiunt sphaeriatm Capillaria sp.**
Mycoproteus sp. Capillaria/Procapillaria gracilis
Myxosporea gen. sp. Capillaris kabatai
Ortltolinea divergens Contracaecum osculatunt Lawa
Schulmania aenigntatosa Contracaecunt/Phocascaris sp. Larva*

PLATYHELMINTHES Cucullanus heterochrous
(Trernatoda) Hysterothylaci¿tnt adntcum

Anisoporus m(tnteri Nematoda gen. sp.

Brachiphallus crenahß Pseudoterranova decipiens Lawa*
Cryptocotyle linguaMetacercana ACANTHOCEPHALA
Derogenes varicus* Corynosonta sp. Lawa**
Digenea gen. sp. Cotynosoma wegeneri Juvenile
Diphterostomttm microacetabulum Echinorhynchtts gadi+
Fellodistontunt felis** Echinorhynchtts laurentiaruts
Fellodistonumt furcigerunt ANNELIDA
Genolinea laticauda Johanssonia arctica
Gonocerca phycidus* ARTHROPODA
Gonocerca ntacriformis (Copepoda)

Hentiurus comnutnis Acanthocltondria cornuta
Hentiurus levinseni* Argthts ntegalops

Hentiurus sp. Lernaeocerca branchialis
Lecithaster gibbosus* Neobrachiella rostrata
Lepidapedon elonganmt** Copepoda gen. sp.**
Neophasis burti
O to dis to mu m ve I i po rum Metacercaria

Podocotyle atonnn
Progonus muelleri
P roso rhynchus squamatus*

Pseu dozoogo ttoi des xr baeq u ipo rus
S teganode rnta fo rntosunt

Stenakron vetusfum*

Stenakron sp.

S t ep ha no s lo nnt nt b acc atum Metacercaria
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APPENDIX 4: MINIMUM AND MAXIMUM LENGTTI, WEIGHT, TEMPERATURE AND DEPTH FOR TWENTY-SIX
FISH SPECIES WITHIN THE DAVIS STRAIT/BAFFIN BAY REGION.

A) LITERATURE VALUES (okamura et al. 1995, scoft and scott lggs)
B) PRESENT STUDY
C) AVERAGE VALUES (Present Study)
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a) Literature Values
Min. Max Length Vin. Úe'glrt

Species Length(mm)* (rnm) (g) (g) (m) Max. Depth (m) (oC) (oC)

AntÌnora rostt'ota NA 750 NA NA 229 3000 NA 4.00
Arctogadus glacitlis NA 325 NA NA 0 1000 NA NA
Artediellus otlanticus NA 150 (SL) NA NA 35 900 -1.70 4.00
Bathylagus euryops 37 190 (SL) NA NA 20 (PL), 500 (J&A) 1800 NA NA
Benthosema glaciale 17.3 103 (SL) NA NA 0 1085 0:00 18.00

Boreogadus soida 5.5 400 NA 130 0 73 I -0.70 3.60

Careproctus reinhqrdti NA 300 NA NA 150 1200 NA NA
Centroscylliutrrfubricii 140 1070 NA NA 180 1600 3.50 4.50
Cor¡tphaenoides rupestris 5.1 700 NA 800 350 2500 1.00 4.50
CottunculLts nia'ops NA 300 NA NA 165 1000 0.00 4.00
Gaidropsottts argentotus NA 412 NA NA 150 2260 0.00 3.10
Gaidropsants ensis 2.4 420 NA NA 0 1569 -0.20 2.47
Hippoglossokles plarcssoicles 4 820 NA 6400 l0 713 -0.50 13.00

Lantpanyctus nmcdonaldi NA 163 NA NA 60 1000 NA NA
Lipuris fctbt'icii l2 200 NA NA 20 1750 -1.50 0.56
Lycodes eutlipleurostictus NA 445 NA NA 25 464 NA NA
Lycodes ntcallisteri NA 375 NA NA 298 668 1.00 -1.00
Lycodes paaniuti NA 240 NA NA 350 1300 NA NA
MacroLtrus berglax NA 1100 NA 254 100 1000 <0 4.00
Myoxocephalus scorpius 7 .4 900 NA NA 0 145 0.00 3.20
Paraliparis bathybius NA 253 (SL) NA NA 600 2824 NA NA
Rhodicltrhys regina NA 310 (SL) NA NA 1080 2365 NA NA
Reinhardtius hippoglossoides <70 1200 NA 7000 I 2000 -1.00 6.00
Sebastes nrcntella NA 550 NA NA 300 I 100 0.20 I .20

S¡tnaphobranchus løupi NA 1000 NA NA 120 4800 -1.00 10.00

T¡'¡glops nyòel¡rl 27 t 70 NA NA 135 930 -0. I 0 - l .80
* Minimum recorded lengths of fish caught (may not indicate minimum length after hatching)

SL:Standard Length, PL=Post Larval, J=Juvenile, A:Adult, NA:Not Available
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Prcsent St

Antintora roslrú10

Arcloguchts glaciaIis

A rledi el I u s al I ûn l.i cu s

Bathylagus euryops

Benlhosema gfuciale

Boreogadus saida

Cat'eproctLrs re inh o rd I ì

Cen I roscy I li u n fabrici i
Co t'yph ueno ides rupes t ri s

Collunculus tnicrops

G a i dropsa rus a rgen talu s

Gaidropsarus ensis

Hippoglossoi des p I a tesso ides

Lcun p rn y c I u s n acclo n a kli
Liparis fabricii
Lycodes eudip leu ros t i c t u s

Lycodes ncallísteri

Lycodes paontiuti

Macrounts bet'glax

Myoxoceph a Ius sco t pius

Paroliparis bathybius

Rhodichtltys regina

Rein h arclÍi us h i ppogl os so i des

Sebastes ntentella

Synaphobronchus kaupi

Min. Length

96.0

95.0

55.8

74.9

43.9

63.0

58.4

18r.0

151.0

45.0

85.0

t35.0

79.0

5 r.3

82.0

t24.0

100.0

122.0

39.0

20.4

136.0

82.0

68.0

230.0

68.0

Max Length

433.0

286.0

195.0

191.0

83.0

240.0

200.0

790.0

869.0

268.0

386.0

490.0

435.0

r 85.0

460.0

381.0

3 58.0

25t.0

791 .0

277.0

235.0

212.0

953.0

480.0

607.0

r 56.0

Min. Weight Max. Weight

3.87

2.64

1.69

2.t9

0.90

0.92

1.93

22.t5

10.03

L06

2.25

2.50

20.22

2.48

L42

1.33

5.95

2.t2

8.25

0.8s

17.03

7.83

3.25

r.40

6.07

7 19.00

t25.44

I 15.25

70.52

6.22

97.76

I14.85

3456.00

837.00

361.26

539.49

1064.00

808.50

36.06

7'7.05

279.31

277.t8

84.7 |

3909.22

703.68

81 .23

46.99

l 0644.00

2000.00

293.91

Min. Depth

665

437

341

700

430

34t

385

619

713

450

466

630

434

703

341

385

681

422

519

5

96'7

624

385

437

477

Max. Depth

1468

934

t276

l 354

1442

I 166

l38l
I 395

r 468

1345

t4t9
I 468

t4t3
l4l 3

t375

934

t337

l38l
I 360

5

I 381

l 383

I 468

t404

1442

967

0.79

0.75

-0.41

0.19

0.r0

0.03

-0.40

0.20

3. l6

-0.40

-0.09

-0.09

0.03

1.30

-0.04

-0.3 s

0.20

0.20

-0.35

l.l6
-0.04

-0.04

-0.35

0.r0

2.60

-0.35

Max. Ternp

4.39

t.64

3.s0

4.21

3.ó0

t.70

t.70

4.21

4.20

4.2r

3.80

3.90

5.53

3.90

3.80

3.50

1.20

3.80

4.97

1.42

0.80

2.30

4.3t

4.97

3.70

3.00
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c) Present Studv - Average Values

Species

Antintorct rostrato

Arctogadus glacialis

A rtediel I us a t I an ticus

Bathylagus eutyops

Benthosema glaciale

Boreogadus saida

Careproc tu s rei n ha rd ti
Ce ntroscy I I i unt fa b ri ci i
Coryphaenoides rupestris

CotlttncuIus nticrops

Ga i d ropsa ru s a rgento tus

Gaidropsarus ensis

H ippoglossoid es p la tessoi des

La t npa nyc I u s tt to ctlo tm ld i
Liparis .fabrici i
Lycod es eud ip I eu ros ti ctu s

L),codes ntcallisteri

Lycodes paanriuti

Macrourus berglax

Myoxocep ha Ius sco rpi us

Paraliparis bathybius

Rhodichthys regina

Rein ha rd ti tt s h ippoglosso ides

Sebastes tnentella

Synaphobranchus kaupi

Triglbps nybelini

Average Length (rnm) Average Weieht (e) Average Depth (m) Avelase Ternrr. (oC)

276.1

1s4.9

131.3

144.6

64.3

119.4

134.4

s06.4

346.s

t6t.4
2t9.6

286.6

280. r

t 28.1

121.1

234.9

261.9

r 89.6

4l 0.0

r61.6

r 90.0

t74.4

4s5.8

2t9.4

482.2

ltt.4

166.13

30.48

31.18

30.51

3.0 r

13.71

35.03

805.67

r 48.83

95.33

124.10

262.93

221.81

t6.39

19.08

70.50

107.98

31.t7

506.77

tzt.64
36.03

24.10

1 333.1 r

236.70

r r 6.36

t2.55

976

566

510

1029

771

512

740

I 001

1il5
829

793

I t07

658

1062

752

621

1076

699

965

8

I 339

1302

849

ó89

t092
513

3.s6

1.24

1.59

2.6s

1.96

l.0l
0.93

3.44

3.45

|.26

2.13

1.77

2.53

3.43

r.tó
1.49

0.51

1.84

2.t8
1.29

0.35

0.24

2.05

2.72

3.44

L09
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APPENDIX 5. LITERATURE VALUES OF õI3C AND õ15N FOR INVERTEBRATES FOUND IN STOMACHS OF FISH

SPECIES FOUND IN THE DAVIS STRAIT/BAFFIN BAY AREA
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Bivalvia
Chlamys islandica
Chlamys varia
Mya truncata
Serripes groenlandíca
Hiatella arctica
Macoma calcareq
Muscuh.ts discor
Mollusca
Buccinttm sp.
Gonatus fabricii -18.1

Copepoda
Calanus finmarchus
Calanus hyperboreas
Mysidacea
Mysidacea gen. sp.

Mysis oculata
Euphausiacea
Euphausiacea gen. sp.

Megany ctiphanes norvegica
Decapoda
Pandalus borealís
P asiphaea multidentata
Lebbíus Polaris
Eualus fabricii
Amphipoda
Hyperiidae gen. sp.

Tltemisto libelhila

Møl1er Nyssen et al.
(2006) (2002)

i3c 15N 13C 15N

-16.9 7.8

Sherwood & Rose
(2006)

13C lsN

- -18.8 10.4 - 13.1

-20.5 7.9
-r9.4 8.4

Grall et al. Hobson & Welch
(2006) (1ee2)

13C 1sN 13C lsN

-19.0 8.s

-17.4 10.0

-t7.4

-16.6

9.1

9.4

-2t.7

-20.6

-15.3

-19.0
-18.7
-18.9
-17.5
-20.5

t0.4

9.3

tt.4
t0.4

14.3

10.3

13.5

-18.2
-20.3

9.s
8.9
9.8

10.8
7.9

t2.6

-18.9

-22.5

-20.4 9.2

10.3

-16.9 r4.5

-20.3 lL7
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Onisimus glacíalis
Stego cephalus inflatus
Ampelisca richardsoni
Eusiris perdentatus
Epimeria similis
Orchomenella pinguides
Polychaeta
Isonoda

-27.t 6.6
-23.7 9.3
-25.t 10.1

-22.3 10.9
-18.0
-20.8

16.6
7.4

-r8.2
-15.0

11.4
15.1
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APPENDIX 6

SHORTHORN SCULPIN (Myoxocephulus scorpius Linnaeus) FROM FROBISHER

BAY, CANADA: BIOLOGY, DIET, PARASITES AND STABLE ISOTOPES
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Introduction

The shorthom sculpin (Myoxocephalus scorpiers) is a benthic fish species associated

with cool shoal marine waters, distributed on both sides of the Atlantic Ocean and in the

Arctic where it ranges from Alaska through Hudson Bay to Baffin Island, Svalbard and the

Kara Sea (Scott and Scott 1988). Scott and Scott (1988) described the general biology of

this species and other reports deal with the food of sculpin (Moore and Moore T974),

growth and sexual maturity (Ennis 1970a) and parasites (Scott and Scott 1988,

Sulgostowaska et al. 1990). Recently there has been an interest in the shorthom sculpin as

an intermediate host for the transmission of the sealworm (Pseudoterranova decipiens)

(Jensen and Andersen 7992, Jensen 1997, Midtgaard et al. 2003). Shorthorn sculpin are a

food source for Arctic char (Sølveliruts alpinus) in northern Labrador (Dempson et al.

2002) and juvenile shorthorn sculpin have been found in Arctic char from Bay of Two

Rivers and the Sylvia Grinnell estuary, Frobisher Bay, Nunavut (T.4. Dick, unpubl. data).

From the limited information on shorthorn sculpin food habits, its food preferences

appear to be fairly broad (Moore and Moore 1974) and Norderhaug et al. (2005) described

them as generalist feeding on a wide range of kelp-associated invertebrates.

The growth of shorthorn sculpin in the Canadian Arctic is described here, and data

on food, parasites and stable isotopes are applied to provide insights on the feeding patterns

and trophic position of shorthom sculpin. The reproductive state of the shorthorn sculpin

and liver as an energy storage organ were also evaluated. In addition, Gonadosomatic

indices (GSI) and liver somatic indices (LSI) were investigated with respect to length, age

and sexual maturity of this species. In addition, the effect of the acanthocepahalan

Echinorhynchus gødi on growth is described
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Materials and Methods

Study øreø

The sample sites were at the north end of Frobisher Bay Baffin Island close to the

community of lqaluit. Site one was at Peterhead Inlet (63" 46' N, 68o 42' W), west of

Iqaluit, and site two, about 10 km east, was close to Iqaluit at the Sylvia Grinnell River

estuary (63o 43'N, 68o 46' W). Water temperature (to 10 meters) was measured using a

YSI 650 MDS (Multiparameter Display System). All sample sites within Peterhead Inlet

and the estuary were 10 meters or less and consequently, only one temperature reading was

taken per site.

Sample collectíon

Shorthorn sculpin were collected in early July 2002 from the Sylvia Grinnell estuary

(n: 21) and mid September 2005 from Peterhead Inlet (n: 80). Specimens were collected

in the intertidal zone (approximate maximum intertidal range of 11.2 m) from intertidal

pools (typically along concave depressions at the base of glacial erratics). Experimental

gillnets (38, 64, 89 , 7l4 and 1 3 9 mm stretched mesh) set and picked at low tide

(approximately 12 hours) were used.

All specimens were ftozenshortly after capture for later examination. Fish were

thawed, measured, weighed and eviscerated. Sex was detetmined and the weight of the

liver and gonads were recorded. Intact food items from the stomach and the intestine were

identified and counted. Epaxial muscle was collected for stable isotope analysis, placed in

aluminum tinfoil and dried for 48 hrs in an oven prior to analysis. The following organs

were examined for parasites: esophagus, stomach, intestine divided into fore, mid and hind
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gut, liver, spleen and body cavity. Otoliths were removed, wiped cleaned and dried. Prior to

counting the growth rings, the otolith was etched across the nucleus, pressure applied to

crack the otolith through the nucleus and then heated over an alcohol burner. Rings were

viewed under a dissecting microscope and all rings counted. Additional details on this

method can be found in the Manual on Generalized Age Determination (C.A.R.E. 2006).

Stable isotope anølysis

ô13Carbon and ôrs Nitrogen isotopic analyses on the muscle (protein) were

accomplished by continuous flow ion ratio mass spectrometry (CF-IRMS) using a GV-

Instruments@ IsoPrime attached to a peripheral temperature controlled EuroVector@

elemental analyzer(EA) (University of Winnipeg Isotope Laboratory , (JWIL,Manitoba).

One mg samples of freeze-dried fish muscle were loaded into tin capsules and placed in the

EA auto-sampler in accompaniment with internally calibrated carbon/nitrogen standards

(Pharma and Casein proteins: ôt'C : -22.95 and -26.98 %o VPDB (Vienna PeeDee

Belemnite); ôtsN : 5.00 and 5.94 o/oo air, respectively). Batch files were set up as follows: 4

casein, 4 pharma,10 samples with every 5th sample duplicated and every 1 5th sample was

done in triplicate. Carbon and nitrogen isotope results are expressed using standard delta

(ð) notation inunits per mil (o/oo). The delta values of carbon (ðl3C""u) and nitrogen

(ô15N..1) represent deviations from a standard, such that ôro,rpl": [(Rru,r,pt"/R.1un¿0.¿)-1]*103

where R is the 13Cltzc or ''N/toN ratio in the sample and the standard. The standards used

for carbon and nitrogen isotopic analyses are VPDB and IAEA-N-I (IAEA, Vienna),

respectively.
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Analytical precision, determined from the analysis of duplicate samples, was + 0.16

%o for ôr3C and t 0. 1 8 %o for ô15N. Accuracy was obtained through the analysis of

laboratory standards used for calibration ofresults.

Data ønølysís

The von Bertalanffy growth function [L1¡;: Lco (1-e-k(t-tol¡, was used to model the

length-at-age of male and female shorthom sculpin from Peterhead Inlet. The parameters

for the model are t: age, Lç¡: length at age, L oo: maximum length, K: body growth

coefficient and t6: theoretical age at which length is zero (Ricker 1975). To determine

whether there was a statistically significant difference between male and female growth, an

analysis of residual sum of squares (ARSS) was used to compare male and female von

Bertalanffy curves (Chen et al. 1992, Haddon 2001). The four steps to perform the ARSS

are: 1) calculate the residual sum of squares (RSS) from the male and female von

Yertalanffy growth curves and the degrees of freedom (d.f.), 2) the RSS and d.f. are both

added to produce the summed RSS and d.f., 3) the data from both curves are pooled and the

RSS and d.f. for the new curve is calculated, and 4) an F-statistic is calculated:

FJRSS" - RSS")/(d.f. RSSn - d.f.nss")

RSS. / d.f.nss,

(RSSD - RSS')/ 3(K - 1)
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Where RSSp and RSS. are the residual sum of squares from the pooled and individual von

Bertalanffy curves, respectively, K is the number of curves being compared and N is the

total or pooled sample size.

Diet data were analyzed as follows: per cent frequency (number of a specific cliet

item divided by the total number of all diet items) and frequency of occurrence (o/o

individuals with a specific diet item) (Cortés 1997).

Analysis of covariance was used to determine if there were differences in total

weight and liver weight (logro transformed) between sexes using length (logto transformed)

as a covariate. Indices were calculated for liver (liver somatic index, LSI) (fliver weight/

total weight - gonad weightl x 100) and gonads (gonadosomatic index GSI) (fgonad

weight/ total weightl x 100). All statistical analyses were performed using SPSS for

Windows v. 11.0.1 (SPSS 2001). Assumptions of all statistical tests (e.g. normality and

homogeneity of variance) were checked before analysis and data was transformed when

necessary in order to meet the assumptions.

Parasite prevalence, mean intensity and abundance for parasites were calculated

according to Margolis et al. (1982). Fulton's condition factor (total weight x 105/ length3)

was calculated to determine if parasite burden influenced the health of the fish. A Kruskal

V/allis test was used to determine if there was a difference in the mean size of E. gadi

among the foregut, midgut and hindgut. A Bonferonni correction was then applied to

conduct pairwise comparisons using the Mann Whitney test.
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Results

E nvíro nmental c o ndítíons

Maximum intertidal range was 1 1.2 m at both sample sites. Vertical temperature

profiles collected at high tide and location of gill net sets were at the edge of the low tide

zone. The surface temperature in mid September was i .42 "C at Peterhead Inlet and 1.16

"C at 10 m compared to the Sylvia Grinnell estuary where water temperafure at the surface

was 8.22 oC and at 4 m was -0.37 'C in late July.

Shorthorn sculpin growth charøcteristícs

Figure 46.1 outlines the von Bertalanffy growth curye and Table 46.1 presents the

von Bertalanffy growth function parameters of female and male shorthorn sculpin from

Peterhead Inlet. The range of ages in the samples was 3-16 for females and 3-11 for males

(Fig. 46. 1 ) and no sìgnificant differences in growth were detected (F(3, l7): 3 .09 , p >

0.05). Length weight relationship of logarithmically transformed data was expressed as

Log,o weight (g) :3.28 x log length (mm) - 5.44,f:0.99 for samples collected at

Peterhead Inlet. There were no significant differences in weight between males and females

(F (1,71) : 2.58, p > 0.05) for samples collected at Peterhead Inlet.

The identification of sexually maturing individuals was based on GSI values > 2 at

a length of 200 mm for females 6 years of age (Figs. Ã6.2 andA6.3) and a GSI value of >2

at a length of -100 mm and 4 years of age for males (Figs. A6.4 and 46.5). LSI plotted

against length of female and male shorthorn sculpin (Fig. 46.6) showed differences for the

Peterhead Inlet samples. LSI and length were weakly correlated in females (r2:0.28, p <

0.001) but no statistically significant correlations were detected for males. Significant
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differences in liver weight were detected between males and females (F(1,70): 6.48,p <

0.05) and the LSI means and standard deviation for females and males were 6.52 + 2.08

and 4.31 + 1.19, respectively. The plot of LSI against GSI (Fig. A6.7) for the Peterhead

Inlet sample shows a significant correlation for both female (r2:0.59, p < 0.05) and male

(r2:0.i9, p < 0.05) shorthorn sculpin.

Shorthorn sculpin diet

Food items recovered from shorthorn sculpin are outlined in Table 46.2. The three

most common food items for sculpin from Peterhead Inlet were the amphipods: Gammarus

setostts, Onisimus litoralis and O. edwardsií. Frequency of occurence took into account

the number of individual diet items /individual fish and ranking of diet items was

Gammarus setoslrs, Onisimus litoralis and Gammarus sp.. Similarly, for the Sylvia

Grinnell shorthorn sculpin sample, the ranking of the three most important diet items were

different between the per cent frequency and frequency of occurrence. The most abundant

diet by per cent frequency and frequency of occurrence were G. setostrs, O. edwctrdsii and

O. litoralis. Overall, Gammarus setosLts and OnÌsim?,rs spp. were the most important diet

items, comprising 99.5 % of the total per cent frequency of food consumed by the

shorthonr sculpin from Peterhead Inlet and comprisinggT.3o/o of the total per cent

frequency of food consumed by shorthorn sculpin from the Sylvia Grinnell estuary.

S horthorn sculpín parasites

The most abundant parasite species found in shorthorn sculpin from Peterhead Inlet

were the nematode, Capilløria sp., the acanthocephalan Echínorhynchus gødi and the

trematode, Prosorhynchtts squamøtus (Table 46.3). Similar results were found for the
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Sylvia Grinnell estuary samples (Table 46.3). The larval ascarid nematodes were present at

low abundances, Pseudoterranova in shorthorn sculpin from Peterhead Inlet and Anisakis

in sculpin frorn the Sylvia Grinnell estuary. Two other parasite species, Derogenes varicus

and a cestode plerocercoid, were found in low numbers in shorthorn sculpin from both

sample sites.

Echinorhynchus gadi had high prevalence values of 87.5 Yo and 100% and mean

intensities of 34.71and 28.33 in samples from Peterhead Inlet and Sylvia Grinnell River,

respectively. The median size of E. gadi differed along the gut H(2): 33 .7 , p < 0.01 . There

were no size differences between the foregut and midgut U(6109.5), p > 0.05, although

comparisons between the hindgut and the midgut U(11943), p < 0.01, and foregut U(614),

p < 0.01, indicated there were differences in size. Most of the worTns were concentrated in

the midgut and there was no evidence of pathology resulting from attachment by the

proboscis. Echinorhynchus gadi was present in numbers as high as 139 and there was a

low but significant effect of the parasite on condition factor (r,:0.22, p < 0.05), LSI (rr:

0.3, p < 0.05) and GSI (rr: 0.28, p < 0.05). There was an increase in the parasite numbers

with host size and this appears to be related to increased diet intake of the intermediate

host.

Capillaríø sp. was found in some Gammarus sp. and Onisímus sp. specimens from

the stomach contents of shorthorn sculpin.
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Stuble ísotopes

Stables isotope ratios for carbon and nitrogen from the muscle samples of shorthorn

sculpin from both sites are shown in Fig. 46.8. The nitrogen signal ranges between 12 and

17 %o and the carbon from approximately -16 to -20 %o. The nitrogen signal for G. setosLts

and O. litoralis was between 6 and 7 o/oo. The carbon signal ranged from -1 7 o/oo for G.

setosus to -19 %o for O. litoralís and -20 %o for T. libellula (Fig. 46.8). A regression of

total length on the nitrogen signal shows an increase in the nitrogen ratio from about 72 o/oo

in shorthorn sculpin 50 mm in length to >77 o/oo for shorlhorn sculpin over 300 mm in

length (Fig. 46.9). Nitrogen stable isotope values were positively correlated with shorthorn

sculpin lengths (Fig. 46.9).

Discussion

Age, Growth ctnd Condition

When shorthom sculpin growth characteristics were evaluated, there were no

significant differences between the growth of males and females. The shorthorn sculpin in

this study grew much slower and were longer lived than those from European waters

(Luksenburg and Pedersen,2002) and Ennis (I970a) reported that female shorthom sculpin

grew faster and were larger than males > 4 years of age, for specimens collected from

Newfoundland waters. The maximum age of shorthorn sculpin in our samples was 16 years

for females and 11 years for males and this was comparable to a report by Ennis (1970a)

where the oldest females and males were 15 and 14 years, respectively.

The GSI values in this study were < 2 and2-9 for immature and maturing

females, respectively and <2 and 2-4 for immature and maturing males, respectively, for
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the period from early July to mid September. Ennis (1970b) found that shorthorn sculpin in

Newfoundland waters spawned in late November and early December. Data on sexual

maturing individuals were similar to that reported by Ennis (1970a), where females and

males matured at 5-6 and 5 years, respectively and also agrees with a length of 15 cm for

mature males and a length of 20 cm for mature females from Iceland waters (Saemundsson,

1927, cited in Ennis 1970a).

The LSI differed between juvenile and adults, between mature females and males.

An increasing LSI with increasing fish size could suggest the liver as a site of energy

storage. However, the high correlation of LSI with GSI indicates that most of the increase

in LSI is likely associated with increased biosynthetic activity as eggs develop, especially

as yolk is synthesized. Further support for this interpretation is the poor correlation of LSI

and GSI in males. An unresolved question is whether a cold-water species such as

shorthorn sculpin has obvious energy reserves or must feed constantly to survive. The

absence of visceral fat and the small muscle mass relative to total body size (T. A. Dick,

unpublished data) suggests that the shorthorn sculpin has limited energy reserves and relies

primarily on available food as a survival strategy. However, stored lipids are important in

freshwater sculpin species from Lake Baikal. For example, Cottocomephortts inermís

stored lipids in the liver and total body lipids were depleted during spawning (Kozlova,

1997). Clearly more work is needed on the type and location of energy reserves in sculpin

species, including the Arctic marine populations of shorthorn sculpin.
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Diet

While shorthorn sculpin in this study fed mainly on amphipods, Scott and Scott

(1988) reported that this species fed on crabs, shrimps, sea urchin, gobies, small cod,

marine worlns and possibly herring. Moore and Moore (1974) found shorthom sculpin in

the Cumberland Sound area of Baffin Island fed heavily on benthic gastropods, Littorina

søxatilis and Margarites umbilicalis, the bivalve, Modiolaria díscors. According to Moore

and Moore (1974), shorthorn sculpin, under limited illumination, fed on brightly coloured

plankton. Undoubtedly shorthorn sculpin are opportunistic generalist feeders in the

bentholittoral zone but there must be some selectivity in feeding as there appears to be little

overlap in the diet between shorthorn sculpin and anadromous Arctic char diets (T.A. Dick

unpublished data), even though both species of fish frequented the intertidal zone in the

study area.

PørøsÍtes

Fourteen species of metazoan parasites were collected from shorthorn sculpin and

these data can be compared to the list provided by McDonald and Margolis (1995), where

13 metazoanparasitic species, five of which are annelids, were report ed. Brachyphallus

crenatus, Lepidapedon rachion, Hemiuridae sp., Bothrimomus sturionus, E. gadí,

Corynosoma sp., and Capillaria sp. appear to be new host records for North America.

Echínorhynchtts gadi and the ascarid, Hysterothylacium adunca, were reported from

shorthorn sculpin from the south-east Baltic by Sulgostowaska et al (1990). The presence

of the larval ascarid nematodes in the shorthom sculpin is not new, as Jensen and Andersen
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(1992), Jensen (1997) and Midtgaard et al. (2003) discussed the transmission of

Pseudoterronova decipiens from shorthorn sculpin to seals.

Most of the parasite species were transmitted through diet. For example, the

crustacean, Themisto libellula, transmits Prosorhynchtts squamatous and Bothrimoruts

sturionis. Capillaria sp. is transmitted by Gammarus sp. and Onisimus sp. and E. gadi is

also transmitted by Gammarus (lsinguzo and Dick, unpublish. dala). Brachyphallus

crenatLß is transmitted by Mysß oculata and M. mixta (I. Isinguzo and T.A. Dick,

unpublished.data).

The foregut and midgut appear to be a more suitable location in the host for the

growth of E. gadi. Echinorhynchus gadi was found at intermediate prevalence and intensity

of 13-20 o/o and 1-4, respectively in the shorthorn sculpin from Hel (south-east Baltic) by

Sulgostowaska et al. (1990) and can be compared to prevalences of 88-100 Yo and

intensities ranging from 28-35 in our study. It appears that E. gadi affects the growth of

shorthorn sculpin.

Trophíc Posítíon

Stable isotopes ratios for ôr5N indicates a high trophic level for small and large

shorthorn sculpin indicating the major diet type is similar. The ratio of ô13C (_17 %o to -19

%o) indicates G. setos¿¿s is a common food item of shorthorn sculpin and this is

corroborated by the abundance of this diet item. The nitrogen values for shorthom sculpin

generally corresponds with literature values as it is within the range of published data for

benthic fish species (Sherwood and Rose, 2005), although some of the values reported here

are higher. If G. setosr¿s is one of the main food items throughout the year, a shift of I %o
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in the ðr5N ratios for shorlhom sculpin seems high. Nitrogen stable isotopes values in this

study for amphipods (G. setosLts and O. lítoralis) are lower at - 7 o/oo than that reported for

amphipods 1ôrsN 9.2 o/oo)by Sherwood and Rose (2005). Nevertheless, the carbon signal for

these two food items supports the range of ôl3C values reported from shorthorn sculpin in

our study. Although fish, polychaetes and gastropods were rarely found in the diet of

shorthorn sculpin, they may occur more frequently in the diet at other times of the year.

Literature values for polychaetes are õrsN : 16.6 %o (Sherwood and Rose, 2005) and Grall

et al. (2006) reported values of ôr5N as 1 1 .2 o/oo to 15 .7 o/oo for annelids and ôr5N as 9 .2 o/oo to

13.5 o/oo for molluscs. The increase in nitrogen stable isotope values with increasing fìsh

length suggests that larger shorthorn sculpin are consuming food with a higher nitrogen

signal. Although rare in our samples, one of the largest shorthom sculpin had an Arctic cod

(Boreogadtts saida) in its stomach. Clearly mixing dietary items of organisms with quite

different stable isotope signals complicates the interpretation of the trophic position for a

species.
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Table 46.1. Von Bertalanffy growth function parameters of female (n:41) and rnale (n:

34) M. scorpítts.
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Table A6.2. Total per cent frequency (%) and frequency of occurrence (%o) of food items

in M. scorpius sampled from Peterhead Inlet and the Sylvia Grinnell River estuary,

Nunavut.
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Peterhead Inlet (n: 80) Sylvia Grinnell (n:21)

Per cent

frequency

Frequency

of occurrence

Per cent

frequency

Frequency

of occurrenceFood item

Amphipoda

Gammarac athus relÌc tus (Sar s)

G ammants s e to sLts (Dementieva)

Gammants sp.

Th emis to lib e I lula (Lichtenstein)

Onis imus e dw ards ii (Kroyer)

Onisimus litoralis (Kroyer)

Copepoda

C al anus hyp erb oretrs (Kroyer)

Gastropoda

Gastropoda sp.

Malacostraca

Mysis oailata (Fabricius)

Polychaeta

Polychaete

Actinopterygii

B o r e o g a du s s ai da (Lep echin)

0.1 I

0.23 2.5

0.03

0

63.97

1.08

0.09

4.52

29.98

0

70.0

I 1.3

3.8

7.5

52.5

1.23

35.95

0

0

33.s0

21.85

0.61

0.74

0.t2

19.0

71.4

0

0

23.8

28.6

23.8

3.8

t4.3

4.81.3
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Table 46.3. Prevalence (Yo),mean intensity (+ SD) and abundance (+ SD) of parasites in

M. scorpitts sampled from Peterhead Inlet and the Sylvia Grinnell River estuary,

Nunar,.ut.
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Parasite

Trematoda

Brachyphallt s crenctttts (Odhner)

D erogen es vcu'i ctts (Muller)

Lepidapedon rachion (Cobbold)

Hentiu"idae sp.

Podocotyle sp. larvae

P o d o c o ty I e ato nxon (Rudolphi)

P r o s o r hync h us s quamalus (Odhner)

Prosorhynchus squamatus larvae

Unknown trematoda sp.

Trematoda sp. laruae

Cestoda

B o tltr imo rus s tur i o ni s (Duvernoy)

Cestoda sp. plerocercoid

Nematoda

Anisalcis larvae
Ps eudo terranova decfii iens LaÍvaea'
(Krabbe)

Capillaria sp.

Acanthocephala

Corynosoma sp. larvae

E c hin o r hy n c hus gadi (Zoega)
* n:73

Prevalence

Peterhead Inlet (n: 80)

5

48.8

1.3

2.5

1.3

8.8

62.5

26.3

1.3

1.3

25

33.8

0

25

91.3

13.8

87.5

Mean intensity

2.75 +2.22

2.51 + 1.86

2.00 + 0.0

1.50 + 0.71

2.00 + 0.0

3.43 +2.76

10.48 + 15.66

3.86 +2.74

1.00 + 0.0

5.00 + 0.0

2.40 + 2.76

19.10 +24.07

0+0

3.70 + 2.60

98.18 * 126.t4

2.08 + 1.08

34.71+ 40.25

Abundance

0.14 + 0.74

1.23 + 1.87

0.03 +0.22

0.04 + 0.25

0.03 +0.22

0.30 + 1.24

6.55 + 13.35

t.0t +.2.20

0.01 + 0.1 1

0.06 + 0.60

0.60 + 1.71

6.65 + t6.69

0+0

0.93 + 2.05

89.59 + 123.62

0.31 + 0.85

30.38 + 39.36

Prevalence Mean intensity Abundance

Sylvia Grinnell estuary (n:21)

0

8l
0

0

0

0

52.4

23.8

0

0

0+0
4.53 + 6.04

0+0
0+0
0+0
0+0

51.55 + 54.98

6.40 + 6.31

0+0
0+0

0+0
7.0+0

0+0
3.67 + 5.70

0+0
0+0
0+0
0f0

27.0 L 46.98

1.52 + 3.97

0+0
0+0

0+0
0.33 + 1.53

0.19 + 0.40

0+0
111.86 t 89.25

0+0
28.33 + 20.48

0

4.8

t9

0

100

0

100

l+0

0+0
111.86 +89.25

0+0
28.33 + 20.48
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Figure 46.1. Mean length al age and von Bertalanffy growth curves of female (solid

line) and male (dashed line) M. scorpir.ts collected from Peterhead Inlet.
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Figure A6.2. Gonadosomatic index plotted against total length of immature and mature

female M. scorpitts from Peterhead Inlet. Dashed line indicates shift from immature

(below) to mature (above). Arrow indicates length of sexual maturity.
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Figure A6.3. Gonadosomatic index plotted against age of immature and mature female

M. scorpitts from Peterhead Inlet. Dashed line indicates shift from immature (below) to

mature (above). Arrow indicates age of sexual maturity.
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Figure A6.4. Gonadosomatic index plotted against total length for immature and mature

male M. scorpius from Peterhead Inlet. Dashed line indicates shift from immature

(below) to mature (above). Arrow indicates length at sexual maturity.
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Figure 46.5. Gonadosomatic index plotted against age for immature and mature male M.

scorpíus from Peterhead Inlet. Dashed line indicates shift from immature (below) to

mature (above). Arrow indicates age of sexual maturity.
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Figure A6.6. Liver somatic index plotted against lengfh of female and male M. scorpius

from Peterhead Inlet.
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Figure 46.7. Regression between liver somatic index and gonadosomatic index of female

(solid line, 12:0.585, p < 0.05) and male (broken line,r2:0.189, p < 0.05) M. scorpius

from Peterhead Inlet.
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Figure 46.8. Stable isotope ratios of M. scorpius and important food items from

Peterhead Inlet and the Sylvia Grinnell River estuary fPolychaete values are from

Sherwood and Rose (2005), molluscs and annelids values are from Grall et all (2006)1.
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Figure A6.9. Regression of total length and nitrogen isotope values from M. scorpít'ts

from Peterhead Inlet.
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