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Abstract

Understanding trophic interaction within deep-sea marine communities is critically
important as commercial exploitation increases in the Arctic. Undoubtedly, the
Arctic marine environment will be subject to the same environmental and human
stressors as its southern counterparts and, as a result, community stability is
vulnerable. The objectives of this study were to test the predictive power of
environmental variables on fish community composition using redundancy analysis
and to determine if this information could be used to differentiate distinct trophic
communities throughout the Davis Strait/Baffin Bay region. This analysis used data
collected in benthic surveys from 2000 to 2004, and results indicate that water
temperature, latitude, and depth strongly influence the distribution of fish species in
this region. Latitude and water temperature were strongly negatively correlated, and
the majority of species were distributed along the low latitude/high temperature to
high latitude/low temperature gradient. Some fish species were more highly
correlated with depth. Proportions of most by-catch species differed between
northern and southern regions at each depth range. Since community structure
changes gradually along environmental gradients, perhaps it is more appropriate to
describe the communities as shifting their trophic status along environmental
gradients rather than as distinct communities with distinct food webs in a specific
region of the Arctic.

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,
indicating that 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. Research in these areas is relatively recent and has
focused on commercially important species such as Greenland
halibut (Reinhardtius hippoglossoides) (Treble, 2002; Treble et al.,
2000, 2001). By-catch species and their role in ecosystem dynamics
have been largely overlooked. Past exploitation indicates that
effective management decisions require an understanding of the
biological and ecological processes that drive community dynam-
ics. Food webs are traditionally used for this purpose; however,
they are often incomplete and do not account for factors such as
changes in trophic status with body size, latitude, and/or depth.

In 1999, the Department of Fisheries and Oceans Canada
(DFO) launched their Greenland Halibut Arctic Survey, an
ongoing project aimed at investigating Greenland halibut popula-
tions throughout Davis Strait and Baffin Bay. Their secondary
objective was to survey by-catch populations in order to discern
which species represent important prey items and/or competitors
of Greenland halibut.
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The objective of this project was 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 specifically, the goals were (1) to determine if environmental
variables could be used to predict fish species composition along
Davis Strait and Baffin Bay, and (2) to ascertain if this
information is applicable to the construction of Arctic food webs.

Methods
SAMPLING AREA

This project was conducted in conjunction with the Green-
land 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 Man-
agement Board, and Baffin Island communities adjacent to the
survey locations.

Between September and November 2000-2004, NAFO
surveyed subareas 0 (divisions A and B) and 1 (divisions A, C,
and D) located between 61 and 75°N, and 75 and 55°W within
Davis Strait and Baffin Bay (Fig. 1). Samples were collected using
an A722 GRT stern trawler (MV Paamiut) equipped with an
Alfredo III bottom otter trawl with rock hopper ground gear
(Treble et al., 2000). Mesh size was 140 mm with a 30 mm mesh
liner in the cod end. Each subarea was divided into eight depth
strata, and transects were randomly chosen from each (Bowering,
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1987; Treble et al., 2000, 2001). Samples were collected from 318
randomly preselected tows (depths from 400 to 1500 m and
temperatures from —1 to 4°C). At each tow, environmental and
biological data were collected including geographical position
(latitude and longitude), tow length (distance and time), depth,
bottom temperature, and species data (total weight and number of
each species). Trawling occurred over a 24-hour period with
maximum tow duration of 30 minutes. Average towing speed was
3.0 kn.

DATA ANALYSIS

Data collected from tows in the 2000-2004 surveys were used
in this analysis. Four environmental variables were chosen for

FIGURE 1. Map of North At-
lantic  Fisheries Organization
(NAFO) management areas with-
in Baffin Bay and Davis Strait.
Data used for analysis were col-
lected from 0A, 1A, 0B, 1C, and
1D between 2000 and 2004. Of
the current flows through NAFO
management areas within Baffin
Bay and Davis Strait, dashed
arrows represent warmer waters
of the West Greenland Current,
solid arrows indicate colder
waters of the Polar Current, and
dotted arrows represent the mod-
erate Labrador Current.

comparison with abundances of 145 fish species (Table 1),
including distance measures of latitude and longitude, bottom
depth, and water temperature. Latitude and longitude coordinates
were converted to northing and easting UTM (Universal Trans-
verse Mercator) distance measures using the conversion software
GeoTrans2 (Northrop Grumman Information Technology, 2002).
Easting values were further converted to make distance measures
comparable to each other by calculating the distance west of each
transect from the midpoint of UTM zone 23. Fish abundance for
each tow was logged and organized into a covariance matrix in
order to avoid giving equal weights to both abundant and rare
species. Environmental data for each tow was 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.
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FIGURE 3. Proportion of 20
most common by-catch species
within (a) NAFO subarea 0A
and (b) NAFO subarea 0B be-
tween 2000 and 2001.



List of species found within Davis Strait and Baffin Bay in 2000-2004 surveys.

TABLE 1

Species

Alepocephalidae
Alepocephalus agassizi
Alepocephalus bairdii
Alepocephalus sp.
Ammodytes sp.
Anarhichas denticulatus
Anarhichas minor
Anoplogaster cornuta
Antimora rostrata
Apristurus profundorum
Arctogadus glacialis
Arctozenus rissoi
Argyropelecus hemigymnus
Argyropelecus olfersi
Artediellus atlanticus
Artediellus unicatus
Asteronestida sp.
Bajacalifornia megalops
Bathylagus euryops
Bathyraja spinicauda
Bathytroctes sp.
Benthosema glaciale
Boreogadus saida
Borostomias antarcticus
Bythites fuscus
Careproctus micropus
Careproctus reinhardti
Caristias sp.
Centroscyllium fabricii
Ceratias holboelli
Chauliodus sloani
Chiasmodon niger
Clupea harengus
Coryphaenoides brevibarbis
Coryphaenoides guentheri
Coryphaenoides rupestris
Cottunculus microps
Cottunculus thompsoni
Cyclopteropsis macalpini
Cyclopterus lumpus
Cyclothone bathyphilum
Cyclothone braueri
Cyclothone microdon
Cyclothone sp.
Eumicrotremus derjugini
Eumicrotremus spinosus
Eurypharynx pelecanoides
Gaidropsarus argentatus
Gaidropsarus ensis

Gaidropsarus sp.
Glyptocephalus cynoglossus
Gonostoma bathyphilum
Gonostoma sp.
Gymnocanthus tricuspis
Hippoglossoides platessoides
Hippoglossus hippoglossus
Holtbyrnia anormala
Holtbyrnia macrops
Holtbyrnia sp.
Hoplostethus atlanticus
Hydrolagus affinis

Icelus bicornis

Icelus spatula
Lampanyctus macdonaldi
Lepidion eques
Leptagonus decagonus
Leptoclinus maculatus
Liparis fabricii

Liparis gibbus

Liparis sp.

Liparis tunicatus
Lithodes maja
Lophiformes
Lycenchelys muraena
Lycenchelys sp.

Lycodes adolfi

Lycodes esmarki
Lycodes eudipleurostictus
Lycodes mcallisteri
Lycodes paamiuti
Lycodes pallidus
Lycodes reticulatus
Lycodes seminudus
Lycodes squamiventer
Lycodes vahli

Lycodonus mirabilis
Macrouridae
Macrouriformes
Macrourus berglax
Magnisudis atlantica
Malacosteidae
Malacosteus niger
Mallotus villosus
Maulisa microlepis
Melanostigma atlantica
Molva dipterygia
Myctophidae
Myctophum punctatum

Mpyoxocephalus scorpius
Myxine sp.
Myxiniformes
Nemichthyidae
Nemichthys scolopaceus
Neolithodes sp.

New Species No 1

New Species No 2
Nezumia bairdii
Nezumia sp.
Notacanthus chemnitzi
Notolepis rissoi kroyeri
Notoscopelus kroeyeri
Oneirodes eschrichi
Paralepididae

Paralepis coregonoides
Paraliparis bathybius
Paraliparis copei
Paraliparis garmani
Platytroctidae
Polyacanthonotus rissoanus
Poromitra crassipes
Raja bathyphila

Raja fyllae

Raja hyperborea

Raja radiata

Raja sp.

Raja spinacidermis
Reinhardtius hippoglossoides
Rhadinestes decimus
Rhodichthys regina
Saccopharynx ampullaceus
Sagamichthys schnakenbecki
Scopelogadus beani
Scopelosaurus lepidus
Sebastes marinus
Sebastes mentella
Sebastes sp.

Serrivomer beani
Stephanoberyciformes
Stomatidae

Stomias boa
Synaphobranchus kaupi
Trachyrynchus murrayi
Triglops pingeli
Triglops nybelini
Xenodermichthys copei

Results and Discussion

TABLE 2
Total redundancy in species that is predicted from variation in the RDA rfesults %n Table 2 sh(?w tha't 42.2% of t'he' tOtf‘I
environment, eigenvalues (E), and cumulative proportion of canon- redundancy in species abundance is predicted from variation in
ical variance (CSE) accounted for by each canonical axis in the the environment. Eigenvalues (E) and the cumulative proportion

redundancy analysis (RDA). of canonical variance accounted for by each canonical axis (CSE)

indicate that most of the variation is accounted for in the first two

Axis E CSE axes with E values of 0.321 and 0.071 and CSE values of 76.0 and
1 0.321 76.0 92.8%, respectively.
2 0.071 92.8 Scatterplot results (Fig. 2) illustrate how species data is
3 0.025 98.6 constrained by the environmental data. Temperature and latitude
4 0.006 100.0

are negatively correlated along RDA Axis 1 indicating that

Total redund: 10422 . .- . . . .
ot redundancy community composition differs between high latitude areas with
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low temperatures and low latitude areas with higher temperatures.
Longitude is also negatively correlated with temperature but less
so than latitude as indicated by its shorter vector length. Depth
also influences community composition and is accounted for along
RDA Axis 2.

Sampling of benthic marine Arctic habitats revealed that 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 remain common throughout the study area, several others
appear to vary in abundance. Redundancy analysis comparing fish
species abundance with environmental variables supports this
theory and provides an explanation as to why changes in
community structure occur. Scatterplot results in Figure 2 indicate
that species with low LC scores, i.e. those species closest to the
origin of the ordination, are not significantly correlated with any
of the four environmental variables, suggesting they remain
ubiquitous throughout Arctic waters regardless of environmental
change. Reexamination of the raw data confirms that these fish
remained 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
[Somniosus microcephalus]). Several species, many of which
represent key predators or prey, vary along environmental
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FIGURE 4. Generalized par-
tial food web of NAFO subarea
Copepoda 0B representing common predator

and prey species based on stomach
content data from 2000-2001 sam-
ples.

gradients such as depth, temperature, and/or latitude. The
presence or absence of these species, or “‘variants,” within deep-
sea environments may affect shifts in the trophic status of many
individuals, effectively altering the community dynamic.

The present study corroborates findings of Jorgensen et al.
(2005). M. berglax, A. rostrata, C. rupestris, and S. kaupi were
closely associated with each other in low latitude/high temperature
areas, whereas A. atlanticus, L. fabricii, and B. saida were most
closely associated with high latitude/low temperature areas
(Fig. 2). Differences in depth were also comparable to Jorgensen
et al. (2005). For example, S. mentella was most closely associated
with shallow waters and more strongly correlated with low
latitude/high temperature areas, whereas species such as P.
bathybius and R. hyperborea were more closely associated with
deep waters and high latitude/low temperature areas.

Figure 3 illustrates the proportional differences (by number)
of 20 common by-catch species in 5 depth ranges within NAFO
subareas 0A and 0B between 2000 and 2001. In subarea 0A B.
saida dominated in shallow waters, whereas S. mentella had the
highest proportion at the same depths in OB. Two species
dominated in tows greater than 600 m within subarea OA, the
most abundant of which was the snailfish L. fabricii. Rocklings (G.
ensis) also dominated these tows and increased in proportion with
increasing depth. The increase of G. ensis corresponded to
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a decrease of L. fabricii. In 0B, more species were present overall,
and no single species dominated at depths greater than 800 m. S.
kaupi and A. rostrata were absent from 0A but showed a definite
increase in proportion with depth in O0B. Lanternfish L.
macdonaldi and B. glaciale decreased in proportion with increasing
depth in O0B. Though G. ensis represented a lower proportion of
the by-catch overall in subarea 0B, it followed a similar pattern to
that of OA in terms of increasing proportion with increasing depth.

Communities in higher Arctic latitudes differ from their
southern counterparts in that organisms such as lanternfish (L.
macdonaldi) and grenadier (C. rupestris) begin to reach the limits
of their geographic distribution. As their abundance declines,
other species such as L. fabricii and G. ensis 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 4 and 5 demonstrate this shift in community
dynamics, illustrating important differences in food web structure
between northern (0A) and southern (0B) communities. Fish
species at each trophic level are lost further north (0A), including

important predator and prey species such as S. kaupi, C. fabricii,
A. rostrata, C. rupestris, and B. euryops. As expected, some species
are replaced by others of a similar trophic level (e.g. A. glacialis, C.
reinhardti); 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
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 on 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 current systems, each with
a different temperature 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
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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 western side of Davis
Strait and Baffin Bay to colder Arctic waters (Fig. 1). Two such
different current systems in a relatively small geographical area
have been theorized to produce two separate and distinct
ecological communities; one with more warm-tolerant species
and the other with more cold-tolerant species. The absence of
significant differences between these two areas may be explained
by a high degree of current “mixing”” within this relatively narrow
region, resulting in areas more similar in terms of environmental
conditions than previously thought. For example, as the WGC
travels north, warm water “‘branches off”’ 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 eastern waters to a certain extent (Fig. 1). As a result, the
temperature gradient is less from east to west than from south to
north, and species composition remains similar. Though the
effects of current movement may have an important impact on
species distribution in relatively shallow waters (i.e. <800 m),
temperature and salinity are known to stabilize and remain
relatively uniform at greater depths (Tang et al., 2004).
Consequently, species distribution at greater depths will not be
affected as significantly.

Conclusions

Redundancy analysis confirmed that approximately 42% of
species distribution can be predicted using a combination of 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 partial 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 status 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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