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Synopsis

The distribution imd relative abundance, life history parameters, food habits, and metabolic rate were
determined for (iidiis ogac in Saqvaqjuac Inlet, northwest coast of Hudson Bay (63° N). Fish were demersal,
non-schooling. and distributed evenly down to 35 m depth. Growth was slow (maximum age 12y) and
mortality relatively low (0.5 y“’), G. ogac first spawned at 2–3 y and spawned annually thereafter, in late
March - early April. They tended to remain in the inlet and were not taken on the open coast. They are top
carnivores, taking primarily capelin when available, benthic crustacea (crabs, amphipods) when not. The
metabolic rate of G. o,gac is intermediate between the elevated rate of Arctic cod, Boreogadus  saida, and
eurythermal temperate species. Available data indicate they are not important in marine mammal and bird
food webs. Their biology is contrasted with that of Arctic cod, which are short-lived, cryopelagic,  feed on
pelagic crustacea.  and are an extremely important component of Arctic marine food webs.

Introduction

Gad(is  O<q[ic.  Greenland cod or ogac. is a mediun~-
sized fish with u circumpolar mid and low arctic
distribution (Leim & Scott 1966). In Canada it is
found on the Atlantic coast as far south as Nova
Scotia. north  t~~ t3affin  Island, iiloil~  the mainland
coast west  tt) (hc Bcaufort %a,  and throughout.
I{ucf son, James and Ungava bays. To the north its
distributitm  o~erlaps  with that of Arctic cod, Bore-
ogadus saida.  a slightly smaller fish with some di-
rect economic value in Europe, and enormous im-
portance x tin intermediate inArctic  marine mam-
mal and bird t’ood chains. To the south L’. ogac
twerlaps with G. morhliu. Atlantic cod, which has

played a major role in north temperate fisheries for
centuries. Compared to B. saidu and G. rnorhua,
G. ogac is poorly known; it has no present commer-
cial importance and its status as a link in bird and
mammal food chains has not been determined, but
appears to be minimal. Incidental aspects of G.
ogac biology have been discussed by various au-
thors (Boulva 1970, Scott 1952, Craig et al. 1982,
Jensen 1948), and Morin & Docfson (1986) report-
ed growth rates, food habits and distribution in the
large estuaries of James Bay and the east coast of
Hudson Bay, but there have been no comprehen-
sive investigations on the life history and general
biology of G. ogac.

The purpose of the present work, therefore, is to
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Fig. f. Saqvaqjuac and adjacent inlets.

determine the local distribution. growth rates, food Materials and methods
habits, respiration rate and other life history par-
ameters of G. ogac  at Saqvaqjuac Inlet on the Description of the study area
northwest coast of Hudson Ba~” (Fig. 1). We also
consider the biology of the species in the context of Saqvaqjuac is a small inlet 30 km north of Chester-
its environment and its role in marine food chains. field Inlet hamlet, Northwest Territories (Fig. 1).
Comparison with B. saida is made where data for Its climate and geography are discussed in Welch
both species exist. (1985). Saqvaqjuac Inlet is separated from Hudson

Bay by a narrow outer race that experiences very
strong (> 10 knot) tidal currents. The outer race
damps the tidal amplitude of 3--6m on the outer
coast down to 1–2 m in the Outer Basin, and further
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density.

constrictions dampen and skew the semi-diurnal

tides to about 0.6 m at the Canada Department of
Fisheries and Oceans Rcsetirch Station located on
the innermost (Camp) basin (Dalton 1981). The
small %qvaqjuac River (mean annual discharge
1.34 x l[)sm~  from 607 km? drainage) enters the
Inner Basin. und smaller streams enter the Inner
and Camp basins (Fig. 2), which results in consid-
erable dilution of surface waters in summer. Salin-
ity may be near zero immediately below the ice
during mcit:  later in the summer, tidal and wind
mixing gracluid]y Iowcr the pycrmcline. Temper-
atures may retich 100 C at the surface but do not get
much abo~,e freezing below the pycnocline. Maxi-
mum depths are 57 m (Camp Basin), 56 m (Inner

Basin), and > 40m (Outer Basin).
The inlet is ice-covered from early October until

early July, with channels freezing last and opening
first; part of the outer race never freezes. Oxygen
data indicate that deep water (>40m in 1983) in
the Camp Basin may not circulate every year, de-
pending upon freezeup conditions (H. Welch, un-
published). Water in Hawk Inlet (Fig. 2) below the
sill height of 10 m is anaerobic, dense (to 77.) and
does not circulate. Otherwise all habitat in Saqvaq-
juac Inlet is available to G. ogac.  Sampiing was also
done at adjacent Umiivik and Qaniqsluaajuq inlets
(Fig. 1), both hydrologically similar to Saqvaqjuac
Inlet.



Analy(icul

Here we outline all sampling and analytical meth-
ods; further details are given in Mikhail (1985).

Relative abundance and distribution of G. oguc
at 78 locations in the Saqvaqjuac area (Fig. 2),
including 54 sites chosen randomly within Saqvaq-
juac Inlet, was determined by angling catch-per-
unit-effort (CPUE) through the ice in spring 1983.
Jigging a 4.8cm long red and white spoon I m
above  the botmm for 0.5 h constituted onc unit of
effort. Measurements of the time required to raise
and lower the lure were made and all catch data
were normalized to zero depth to eliminate bias
due to reduced jigging time in deep water. Addi-
tional fish growth and distribution measurements
were taken in 1983 by trap nets (Beamish 1972) and
gill nets (3.7, 5.0, 7.5 and 10.Ocm stretched mesh)
at 15 sites chosen randomly from the 54 used for
CPUE. Qualitative samples for stomach contents
analysis were taken on lures during the open-water
season in Saqvaqjuac Inlet. One to five hours after
capture, each fish was measured (total length,
1 mm), weighed (total and eviscerated weight, 1 g),
and sexed. Otoliths were taken and stomach con-
tents preserved in formalin. Additional fish angled
March – August 1981 and August 1982 were also
analyzed for length-frequency distributions,
spawning season, and food habits.

Greenland cod were aged from fin rays (Beamish
& Harvey 1969) and otoliths, assuming otolith rings
are deposited annually, as has been shown for
other cod species (Craig et al. 1982, Bedford 1964,
Keir 1962). Otoliths were broken in half through
the SUICUS acusticus, smoothed with abrasive,
baked at 250° C for 5 rein, and immersed in 70Y0
ethyl alcohol for 0.5 h. The broken section was
viewed from above at 60x magnification by
mounting it vertically in plasticize, covering it with
glycerol and illuminating it from the side (modified
from Keir 1962). Distances from the focus outward
to each annulus on the largest radius of the section
was measured with an ocular micrometer (one divi-
sion = 0.17 mm). Fish length at each annulus was
back-calculated according to the modified direct
proportionality method (Bagenal & Tesch 1978).
Analysis of age-frequency distributions (Robson  &

Chapman 1961) were used to estimate survival and
mortality rates.

Preserved stomach contents were washed, total
volume determined bydispiacement in a graduated
cylinder, and food specimens identified and re-
corded as estimated percent of total volume for
each taxon. Unidentifiable digested material was
not included in percent composition calculations.
Percents were arcsine transformed (Elliot 1971).

Oxygen consumption was determined in 1983 for
56 cod ilt-igkd  nctir the laboratory and placed in a
flow respirometer within 0.5 h. The respirometer
and procedure were similar to that of Holeton
(1974). Fish were held in clear acrylic tubes with
diameters just small enough to prevent turning
around, at about 80?’o  oxygen saturation at (F’, 5°,
and 10° C (f 0.20). Fish for 0° determinations were
captured in water at 0° * O.1° and held 24 h in the
tank before beginning measurements. Fish for 5°
determinations were caught at 2.5° and held three
days, at 3, 4, and 5° before beginning measure-
ments. Fish for 10° determinations were captured
from 10° water and held in the tank 24h at IWC
before beginning measurements. Oxygen was de-
termined according to Carpenter (1965), using a
photometric end point (Welch & Bergmann 1985),
with an overall precision of f 0.15 mg Ot h-’.

Statistical analyses were performed using SAS
(1982 a,b) procedures.

Results

Distribution and relative abundance

The total units of jigging effort were 172, or 86.0 h.
No G. ogac were caught immediately below the ice
or in midwater during 4.5 h of effort (Table 1), nor
were any taken outside the inlets during 6h of
effort. Analysis of variance showed no significant
(P= 0.05) differences between the two inlets, the
eight fishermen, or regions of Saqvaqjuac Inlet,
although there was a slight tendency for CPUE to
increase with increasing distance from the outer
coast of Hudson Bay (Table 2). Although analysis
of variance showed no significant differences in
CPUE with depth (Fig, 3), more intensive sam-

;
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Fig. 4. Weekly variation of mean CPUE for Gadus ogac in
Saqvaqjuac Inlet. 2 S.D. CPUE data are normalized for lure
transit time to zero depth.

June. and became zero by 1 July. Despite intensive

T b~ effort no G. ogac could be jigged through the ice

41
anywhere inside or outside Saqvaqjuac Inlet the

,1 i – I first week of July. Immediately after iceout on 10

Depth  (m)

Fig. .1. Variu[ion of mum ungiing catch-per-unit-effort (CPUE)
of {Mm  qyrc  I m atsovc ihc bottom  ut various rfcplhs. Only the
upper 95[’!,  (..1. is shown. C.PUE data have bcmr normalized for
lure transit time to zero depth. a-@uriqshraajrrq Inlet. 1 June
1983: I&rqv:lqjutic hrlet. May - June 1983.

pling in wi.ttcr >30 m deep might have resulted in
significant}’ lower catchesin  deep water.

There were highly significant differences in
CPUE with time (Fig. 4). CPUE was 7-9 in late
May - early June. decreased to.> 4 the last week in

Tub/r J. Absolute CPUE rtatir uncorrectuf  for lure transit time,
through the same holes where no Gadur ogac were cmrght
immediately below the ice or in midwater, Saqvaqjuac Inlet,
1983.

Date }+ole no. Depth m CPUE data
(1 m above bottom)

July. cod were easily angled and netted throughout
the Inlet.

Age and growth

Otolith ages were used for growth analyses al-
though fin-ray ages were not significantly different
from otolith ages for individual fish (Baird’s T test,
p = 0.0068). Analysis of covariance showed no dif-
ferences between sexes in the total length/otolith
radius relationships (p>  0.1); sexes were com-
bined for further analysis. Trap nets sampled small-
er fish more efficiently than angling or gill nets
(Fig. 5). Recruitment appeared to be fairly con-

Table 2. Mean angling CPUE (no. of fish per 30 min. %~. at
p = 0.025) of GadM ogac from Qaniqsluaajuq Inlet (1 June
1983) and Saqvaqjuac Inlet (May-June 1983) andoutercoast of
Hudson Bay. CPUE data are normalized for lure transit time to
zero depth.

M Muy
28 ,Miry
28 May
30 May
30 May
30 May
6 June
7 June
8 June

20
j~
39

50
4X
5(J
11
]3
17

13
9

13
22

8
~~
17
lx

7

4
4
5
7
7
9

1
3
4

Location Mean CPUE
950/0 C.1.

Qan Inlet 6.4 4.6
Saq Inlet 5.7 0.9
Cfimp basin 6.0 1.4
Inner b;]sin 5.5 1.5
O u t e r  Ixwin 4.6 3.0
Outer COUS[ of I lmfson Il;iy 0.0 0.0
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Fig. 5. Length-frequency of Gadm  ogac caught by different
types of fishing gear. Saqvaqjuac Inlet, 19S3.

stant from year-to-year, with no great variations in
year-class strengths, although the 1979 year-class
may have been relatively weak (Fig. 6). Growth
curves for G. ogac were different between Saqvaq-
juac and Qaniqsluaajuq inlets; Qaniqsluaajuq fish
grew more rapidly early in life but Saqvaqjuac fish
became larger by age 8 (Fig. 7). The mean weight-
Iength relationship for 1058 G. ogac captured 1981-
1983 at Saqvaqjuac and Qaniqsluaajuq inlets was

log,OW  = -5.01 + 3.08 log,,, L,

where W = weight in grams and L = length in mm.
Annual survival was not significantly different be-
tween the two inlets because of the relatively small
sample from Qaniqsluaajuq; the annual survival
for Saqvaqjuac fish was 0.55 for females and 0.45
for males, or about 0.5 for the population as a
whole.

The sex ratios of mature G. ogac was 57F:43M in
Saqvaqjuac Inlet and 33 F:67M in Qaniqsluaajuq
Inlet in 1983; the difference was significant
(p< O.005. chi-square goodness of fit). Amongst
immature fish in Saqvaqjuac Inlet, males were
slightiy more abundant than females.

Five gravid males and eight gravid  females were
jigged in Saqvaqjuac Inlet during March and April
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Fig. 6. Length-frequency by year class for Gadus  ogac, Saqvaq-
juac Inlet, 1983. N = 237.

1981. By late April no more gravid fish were caught
and spawning was probably completed. Age at first I
maturity was estimated for fish that were known
spawners (Table 3). A few females spawned in
their second year and most males and females in
their third year. Probably all fish older than three
years spawn annually, since we found no fish older
than three that were in non-spawning condition
during the spawning season.

Food habits

Greenland cod in the Saqvaqjuac area were omniv-
orous benthic predators, feeding on a wide variety
of prey species. Crabs, Hyas coarctacu.r,  amphi-
pods, polychaetes and fish comprised 77% of the
food of 370 cod taken between March and Septem-
ber 1981–1983 (Table 4). Analysis of covariance
showed no significant differences in diet composi-
tion between the inlets, or time of day and location
within Saqvaqjuac Inlet. There were significant dif-
ferences in diet composition within Saqvaqjuac In-
let for season of the year (p< 0.01), ice-covered
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Fig. 7. Relationship between mean back-calculated body length and age of Gadus  ogac,  95% C. I.. 1983.

period between 1981 and 1983 (p< O.02), and
length-group during the ice-covered season in 1983
(p< 0.05). However, the differences were all rela-
tively slight and should not be emphasized, because
sampling effort was not evenly distributed across
the spectrum of variables.

Tabfe3.  Distribution of maturity stages for Gadu.sogac.  Saqvaq-
juac Inlet, ,May - August 1983.

Age Virgin Spent
F M F M

1
2
3
4
5
6
7
8
9

10
12

4 7
8 17 2
1 1 10 10

11 17
20 14
30 17
22 9
15 6
11
3
2

Metabolic rate

Oxygen uptake rates were high and variable during
the first hours in the respifometer,  relative to later
rates (Fig. 8). Serial regressions of Oz uptake were
performed backward in time, to the time where
inclusion of earlier points resulted in slopes signif-
icantly different from zero (p> 0.1). At O“ C and
5° C the slopes were not significantly different from
zero after 60 h, while at 10” C the slope from the
start was not different from zero. Therefore the
average rates after 60 h at 0° C and 5° C, and after
48 h at 10” C were used in order to minimize the
effects of stress and handling.

The logarithmic relation between routine ox-
ygen consumption rate (mg Oz h-[) and body-weight
(g) at wiOUS  temperatures is presented in Fig. 9.
Multiple regression analysis resulted in the follow-
ing equation:

Log (Iz = -1.813 + ().750 logW + 0.048 T,

where OZ = oxygen-uptake in mgh”’, W = total
weight in g, T = temperature in 0 C, and R2 = 0.92.
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Discussion last, and cod could not be caught outside the inlet tit
any time. Growth curves (below) also suggest that

Distribution und rehltivc  ubunduncc adult fish did not leave the inlet. Second, cod may
llilVC II1OV(A  to dccpcr water to ilVOid SUddCd OS-

Th~ appilrctl(  disappciir:lncc of ~od in Silqviiqjtla~ motic  ~hilll~~.  Winter Sidinity  id temperature in
Inlet in Ciirly July could have had several causes. Saqvaqjuac Inlet is csscntiidly  uniform from top to

First. cod may have moved out ot’ the inlet. This is bottom at ithottt  34.2% timl -1 .8° C (Welch, unpub-
highly unlikely because they disappeared in all ba- Iished). At the onset of melt the water direc?ly
sins simultaneously rather than the Outcr Bilsin beneath the icc becomes diluted and warmer, and

Table 4. Food analysis of Gadus ogac by the volumetric method. Each number represents the percentage of the total volume of all
contents in the sample. The following organisms were identified to phylum, genus or species: crab (Hyas crwcracus), capelin (Malkxus
viflosus).  blenny (Lurrrperrus  spp. ). Arctic shanny (S[ichaeusp  urrerus),  Greenland cod (Gadus ogac), American sand lance (Ammodytes
americamu), Arctic cod (Boreogadus  saida),  slender eel blennv (Lumpemn fabricii). horse  shoe fan worm (phylum phoronida).
Saqvaqjuac Inlet (1981. 1982 and 1983). Qaniqsluaajuq  Inlet. 1983  and Umiivik [nlct. 1983.

Food item Saqvaqjuac Inlet Umii Qan All
Inlet Inlet data

ice open open ice open ice ice comb.
cover water water ccrvcr water cover cover
1981 1981 1982 1983 1983 i9g3 1983

Crab
-. . . -. .- - -. -

Amphiprxkr
Polychaeta
Fish. unidcnt.
Capelin
Sculpin spp.
Shrimp
Fish eggs
Algae
Cumacea
Crab zocx
Shrimp eggs
Blenny
Mysidacea
Fish kirvac

Arctic shanny
Grccrrhmd cod
Crah eggs
Tanaidacea
American sand lance
Mysid larvae
Invertebrate eggs
Arctic cod
Shrimp I:wv;x
Slender ccl blcnnv
Bivahi;l
Horscshrrc fan worm

20.1
4.5
4.7

23.2
37.9
2.8

0.2

1.6

1.1
().6
3.3

9,3
18.4
46.6

7.5
2.0
1.6
0.8

2.2

2.6
9.()

—

14.3

42.9

1.4

30.0

11.4

33.4
18.9
7.2

10.6

4.2
3.3
6.3
4.3
2.0
0.8

1.7
1.7
1.5
1 .()

().2
().6
0. I
0.5
0.5
().5
(),3
0,3

(). 1

11.4
35.5
11.1
13.5

1.3
1.4

10.8
1.3
4.8
1.8
4.0

().3

().9
0.8
i .0

(). I

>.b

4.5
11.8
7.5

57.5

5.0

X.1

13.>
4.6
9.0

20.4

8.2
7.6

16.1
1.9

12.4

If)
~,~

1.7

2.9
0.5

L1.u
18.6
14.2
13.5
5.8
4.4
4.0
3.9
3.2
1.6
1.5
1.5
1.3
1.1
0.9
0.8
fJ,7
0.5
0.3
().2
0.2
0.2
0.2
(). I
O. I
(). 1
0.1

I“{ltal pcrccnl I(N) 1(N) I(U) 100 I(H) 100 100 100

Numbt.r {II’ I’ish St 01 7 Ifo ()() x 24 370
—.. . .
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this mixed layer gradually deepens until late Au-
gust. Dead crabs, H})as courctacus,  are common in
late June – early July in shallow water in the inlet,
where they apparently die from osmotic shock.
However. angling CPUE data showed no move-
ment toward deeper water. und low salinity water

;..
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did not occur deeper than IOm in July 1983. The
most likely reason for the decline in angling CPUE
is that cod stopped feeding for a brief period, for
unknown reasons. No trap or gill net sets were
made during the period in question because the ice
was deteriorating. On the east coast of Hudson
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Bay, Greenland cod have hccn observed to lw-
come less abundant in gill net catches as summer
progressed in the Innuksuac  estuary (Mm-in ct ill.
1980) iind in the Eustmain  cstuiiry (Lambcrt  &
Dodson 1982); the decline in the Eastmain was
attributed to the progressive warming of coastal
waters.

The fairly even distribution of catch from 4 to
30m water depth, and the fact that every hole
fished inside the inlet yielded at least one fish per
half hour, indicates that G. ogac were distributed
along the bottom of Saqvaqjuac Inlet without any
marked depth preference. However. we did not
sample below 35 m depth and cod may have been
less abundant in the deepest water (57 m maximum
depth). Boulva (1970) caught 301 G. ogac in Cam-
bridge Bay, N.W.T. by angling and gill net; 97.3{X,
came from (P30 m depth, z.T~o from 30-40 m, and
none below 40 m, despite some effort in deep wa-
ter. Jensen (1948) recorded G. ogac as common in
the fiords of west Greenland from shoreline down
to 400m, but not occurring on the outer bank of
Davis Strait. We were unable to catch G. ogac
beneath the ice or in midwater, and it appears to be
strictly demersal at Saqvaqjuac. B. saida. of which
only two were caught (by jigging) during our study,
are also known to be distributed evenly along the
bottom down to 400 m in the Chukchi and Bering
seas (Lowry & Frost 1981) and along the bottom of
Barrow Strait, Northwest Passage (R. Crawford,
personal communication), But B. saidu  also forms
part of the ‘cryopclaijc’  fauna of the Arctic bilsin
(Andriashcv  1970),  being abundtint  under icc and
in mid-water throughout its range (Jensen 1948,
Lear 1979). They often form massive schools in late
summer and autumn (Craig 1982, Andriashev et al.
1981. Welch personal observation), when they may
migrate shoreward and along the coast.

G. oguc appear to be relatively sedentary and do
not migrute much distance, according to our data.
Growth rates were quite different between Saq-
vaqjuac and Qaniqsluaajuq  inlets (Fig. 7). If the
two populations mixed to any great extent we
would expect the length variance for each year to
be much greater or that the two curves would not
be significantly different. We did catch pelilgic
young-of-the-year cod in plankton nets suspended

in the tkfill  race at the mouth of Si~qvaqjuac inlet in
lute June, so it muy bc that interchange between
populilti(~ns  mostly occurs via the young; wc were
unabic to angle iiny cod in Mi~y – June outside the
inlets. G. ogac may move more extensively in other
parts of its range; one individual tagged in Cam-
bridge Bay was recovered in Wellington Bay 67 km
distant (Hunter, in Boulva 1970). In general G. I
ogac tend to be sedentary, non-migratory, demer-
sal and solitary, whereas B. saida are more mobile,
pelagic, ice-associated, and frequently aggregate in
large schools.

Growth and maturity

G. ogac from Saqvaqjuac reach about 450mm and
1.2 kg, comparable to G. ogac from SE Hudson
Bay (Morin  & Dodson 1986), but elsewhere it is
reported as reaching 5 kg at Cambridge Bay (in
Morin & Dodson 1986, no source given) and ‘many
weighing upwards of 6-7 kg’ in west Greenland
(Jensen 1948). Jensen also records the maximum
age as 11 years, so growth rates of some G. ogac in
Greenland must be far higher than at Saqvaqjuac.
In SE Hudson Bay it reaches 21 years (Morin &
Dodson i986).  There is general agreement that it
spawns at 34 years (Table 3; Jensen 1948) about
March–April. B. saida also reach maturity in their
third year (Lowry & Frost 1981) and probably
spawn annually thereafter, although the capture of
two non-spawning females agc 4 and 5 (Craig et al.
1982) suggest that some may spawn every second
year. In any case the high mortality for post spawn-
ers (maximum age about 6 y) means that repeat
spawning is much less important for B. saida than
for G. ogac.

Food habits

G. ogac feeding habits are remarkably constant
throughout its range. Although they take a great
variety of prey (e.g. Table 4), fish are the primary
food when available. In years when capelin were
relatively abundant in Saqvaqjuac Inlet (e.g. 1979,
Welch, personal observation), cod fed on them



:~lrmjst  c’xc)lusiwilv.  In{}lhcr  yc; lrs. {)rhcncalhicc
cover bct’ow cap~lilll~~glll}  [hcirsulllltl~r  llligr:l-
tions into the inlet. ~riibs, twnthic  amphipods and
polychactes  were major prey. I{lscwhcrc  f;. ~),q[w
have iilso bCeII  f(wId to t’ccxt oil  fish near the bt~t-
tom, supplemented by common bcnthic  ~rus(il~~it
(e.g. capeiin, Sitt-td  Iancc,  sculpin, G. oguc in the
Innuksuitc  estuary; citpelin.  siit~d Iiirtcc.  stickle-
backs and hcnthic ilmphipods in the Eastmilin  cstu-
iiry; sculpin. sci.I  Srtiiils,  itncl  bcnthic  invcrtcbriitcs  in
southern Labrador (summarized in Morin & Dod-
son 1986); and in Greenland. capelin supplement-
ed by other hottom-dwelling  fish and invertebrates
(Jensen 194S)). This is very ditlcrcnt  t’rom B. .wida.
which take mostly copepods, hyperiid amphipods,
ice-iiss(>ciiit~d  ~rtisti]c~:i. ilrtd other p~litgk prey. It
is likely thitt the [ood habits 01” the two cod spccics
are quite different in areas where they overlap.

ibfe(clbolic’  rate

We consider our ()? consumption rates to be equal
to standard or basal metabolism rather than rou-
tine metabolism (Brett & Groves 1979, Fry 1971),
because our fish were constrained from normal
swimming i]~tivit~  by the respiration chambers,
and allowed to acclimate and respire without feed-
ing.

There has been consideritble debate as to wheth-
er polar fish compensate try maintaining higher
metirbolic rates iit very low temperatures than
would be expected from studies on temperate spe-
cies. Scholander  et al. ( 1953) and Wohlschlag
( 1960. 1963) concluded from their own studies that
there was polar itdaptati(m.  Holeton (1973, 1974)
questioned that work on the basis that the earlier
results obtained on Polilr fish included times of
strrx and short iicc[imation  times. Brett & Groves
(IL)7c))  ,Ilscusscc{ the prohlcm and concluded that
Holeton’s  own dtita on Boreogadus  suidu  support-
ed the polar adaptation hypothesis, whereas his
data for more sluggish Arctic species of cottids.
zoarcids and Iipiirids showed lower ‘uncompensat-
ed’ rates. Recent work on the cryopelagic  notothe-
nid Pugo[henia borchgrevinki  in Antarctica showed
that W“ohlshlag’s  results probably had been elevat-
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Fix. /(). T’hc relationships between oxygen consumption and
temperature for polar, temperate, and tropical fish (solid lines)
as commonly accepted in earlier literature (e.g. Scholander et
al. 1957; Wohlschlag 1964). Lower broken line applies to data
for an Antarctic zoarcid having ‘unusually’ low metabolism
(Wohlschlag 1%3). Recent data for Arctic fish (Holeton 1973,
1974 and present study) have been plotted for comparison. Key
to data: 1 = Boreogadas saida; 2 = Arctic cottids; 3 = Arctic
zoarcids; 4 = Arctic liparids; 5 = Salvelinus alpinus; 6 = Dailia
pectorafis; 7, 8 and 9 = Ga&r  ogac (present study) (redrawn
from Holeton 1974).

ed by handling stress, but that the species still has a

metabolic rate two-fold higher than temperate fish

at low temperatures (Forster et al. 1987). The posi-
tion of G. ogac is therefore of theoretical interest
because it bridges the gap between temperate spe-
cies which die at the temperature of freezing seawa-
ter, and polar stenotherms which never experience
temperatures above O“C.

Our data show that at -1.5” C, the basal metabo-
lic rate for G. ogac (point 7 in Fig. 10) would be
about half that for 1?. saida, and intermediate be-
tween Arctic and temperate forms. At 5° C G. ogac
approaches the temperate curve, and at 10° C falls
exactly on it. The Q,[l is 2.5, reasonably close to the
tncan of 2.3 used us a general figure for fish (Brett
& Groves 1979) and does not imply any sort of
cold-adapted compensation. We conclude that G.
ogac  does in fact have a metabolic rate which is
intermediate between polar stenothermal and tem-
perate eurythermaJ, along with the obvious ability
to function at the temperature of freezing seawa-



tcr, -1 .8” (‘. III this rc~:lrd  il is intcrcsling  Ilxll  Ihcy
have a solute in the blood which depresses the
freezing point below -2° C (Van Voorhies et al.
1978). At the same time they have a high tolerance
for moderate temperatures and low salinities; Och-
man & Dodson (1982) reported G. ogac larvae
from water as low as -1% salinity in SE Hudson
Bay.

Position of Gadus ogac in the Arctic food web

G. ogac appear to have few predators in the Saq-
vaqjuac Inlet. Ringed seal, Phoca hispida,  are
common outside the inlet but rarely come far in-
side. Harbor seal. Phoca vitulina,  occur regularly
in the inlet but only several at a time. They are
frequently observed to eat anadromous charr at the
mouths of both the Saqvaqjuac and Connery rivers
(to the north) (Welch, personal observation) but
their potential predation rates on G. ogac are un-
known. Anadromous charr from the Saqvaqjuac
River have been caught with large numbers of uni-
dentified fish larvae, probably G. ogac, in late June
in the Camp Basin, but in general they contain
capelin and epibenthic crustacea (Welch, unpub-
lished). Johnson (1980) also found that returning
anadromous charr on the Kent Peninsula had not
fed extensively on G. ogac. We found no cod in the
stomachs of 50 sculpin (Myoxocepha/us  and
others) examined from Saqvaqjuac Inlet in 1983.

Beluga whales. Delphinap(erus Ieucas. feed exten-
sively on capelin in the Churchill River estuary (P.
Richard. personal communication) and sometimes
contain G. ogac in the Eskimo Point (SW Hudson
Bay) area (R. Walker, personal communication);
however. white whales are not common near Saq-
vaqjuac and only rarely come inside the inlet.

Approximately two million thick-billed murres
feed in Hudson Bay and Hudson Strait, taking
3S[)g  f i s h  d 1 ~it~h (Morrison & Gaston IWKi), or

3,5 kg km 2, primarily /\. .suida  with Iesscr amounts
of benthic fish, but 6’. oguc was not found (Gaston
& Noble 1985). Black guillemots in Hudson Bay
have similar feeding habits (Cairns 1987). It seems
highly unlikely that G. ogac would be present at the
offshore islands and feeding areas where these

birds were studied, yet not bc found at all in stom-
ach contents, suggesting that 6’. ogac is rare away
from the mainland coast, bays and estuaries.

McLarcn (1958) listed food species for 220 ring-
ed seals from Hudson Bay, Ungava Bay, northern
Labrador, and Baffin Island. A variety of fish were
eaten, especially B. saida, which had been eaten in
every locality except Southampton Island (5 stom-
achs) and Churchill (2 stomachs); G. ogac was not ‘
listed as prey at any locality.

From this we conclude that, in Hudson Bay at
least, and probably throughout its range, G. ogac is
not a major prey species for marine birds or mam-
mals, or for other common near-shore fish preda-
tors. It functions as a carnivorous ‘dead-end’, rath-
er than as a vital intermediary in Arctic food webs.
This is very different from the role played by B.
saida, whose central importance as whale, seal,
bird and charr food is universally recognized.

Summary of life history of Gadus ogac at Saqvaq-
juac

G. ogac are medium-sized fish (35cm long; 0.3kg)
abundant in Saqvaqjuac Inlet (jigging CPUE 17 h-i
in early June). It is demersal and non-schooling,
feeding opportunistically on large epibenthic prey
(crabs, amphipods, polychaetes and fish) but pre-
ferring capelin in those summers when capelin mi-
grate into Saqvaqjuac Inlet in large numbers. G.
ogac are slow growing (annual mortality 0.5), ma-
turing at age 2 or 3 y, after which they spawn
annually beneath the ice in March and early April.
They reach at least 12 y of age. Larvae are pelagic
and may pass in and out of the Inlet with the tidal
currents, but adult fish exhibit growth rates charac-
teristic of their particular inlet and apparently do
not move more than a few kilometers, remaining in
their home inlet for life. They are not like Arctic
cod, 130reo~@us  saidu, a shorter-lived species
which often schools, is often or usually pelagic,
feeds primarily on planktonic crustacea, and is a
key component of Arctic marine bird and mammal
food chains. G. ogac appear to have relatively few
predators and are not the primary food of any
common top predator; instead, they fill the top
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prcd:~ltw  rtdc in shallow I Iuds{m Ilay hcnlhic  [(NMI
chains. ‘I ”lwir nwlaholic  rate is slighily  Iowur than
that of h’. suit-la at similar tcmperiltures,  being in-
tcrmedialc  Iwt wccn cold stenothcrrnic ilnd tcmpcr-
ate eurylhcrmic.
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