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ABSTRACT

The b'io'logy and physioìogy of Greenland cod, Gadus ûqac, in

Saqvaqjuac Inlet on the northwest coast of Hudson Bay, were

examined in May-August 1983.

Mean anglÍng catch per unit effort (CPUE) reached its maxjmum

under the ice-cover during the first week of June, then dropped to

zero in early July at ice break-up. During the open-water period,

Greenland cod were agaÍn very numerous throughout the inlet. No

signifjcant differences in CPUE were found between varjous depths

and locations, suggesting that they were distrjbuted aìong the

bottom of Saqvaqjuac Inlet without any depth preference between z

and 25 m depth. Angì'ing and gi'11 netting selected for larger

fish, whereas trap netting selected large numbers of small fjsh.

Ihe 1977 year class dom'inated the catch.

Greenland cod first spawned at age two years for females and

three for males. They apparently spawn from February to Apriì

every year. They reached an age of twelve years or more and were

slow grow'ing.

Greenland cod were opportunistic carnjvores. Thejr most

important food items were: Crustacea (crabs and amph'ipods),

followed by po'lychaetes and fjsh. Crabs and- amphipods were the

ma'in food items durìng the ice-cover period, and amphÍpods and

f ish were the dominant food items during the open-water per^.iod.

Metabolic rates of unfed Greenland cod were determÍned at

OoC, soc and 10oC. Routine oxygen consumption was comparabìe to

that of other arctic fishes (43.0 mg 0e.kg-1.f,-1 at OoC).



Temperature had an ìmportant effect on the relationship between

routine oxygen consumption rate and size. The estimated QtO of

Greeniand cod lvas 2.5, indicat'ing that this fish species js

affected by changes 'in temperature and depended upon the.-- arct'ic

env'ironment.
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INTRODUCTION

The cod famiìy (GadÍdae) from an economic point of rZiew is

the most important of all fam'ilies of fish, and is second only to

the herring famì'ly in volume of commercial ìandings (Ryan 1979).

The cods are widely distributed and essentia'ìly marine except, for

one spec'ies (Lota lota) which is distributed in the fresh waters

of the northern parts of North America and Eurasia (Le'im and Scott

1966). Codfish are found on both sjdes of the Atlantic Ocean, jn

the north Pacific Ocean, and in the Arctic Ocean down to about 250

fathoms (Ryan 1979). Twenty-five species of Gadidae are known

(Bailey et al. 1970).

The most important species of cod, the Atlant'ic cod , Gadus

morhua, has recejved by far the most attention. Boreosadus saida,

the Arctic cod, is found mostly in Arctic waters and is known to

be an r-selected spec'ies (Craig et aì. 1982). Gadus ogac, the

Greenland cod, is known to be an k-selected spec'ies (Craig et aì.

1982). It has a more southerìy d jstribution 'in the m'id-arctic and

sub-arctic than Arctic cod, and is found mostly jn inlets and in

the shallow waters of the Arct'ic Ocean from west Greenland to

PoÍnt Barrow, Alaska (Craig et aì. 1982; Ryan 1979). This spec'ies

also occur as far south as Bras d'Or Lake, Nova Scotia, where it
is considered a small but permanent part of the fauna (Scott

1e52) .

Very ljttle 'information is available on the bjology and

phys'ioìogy of thjs fjsh species. The pos'itìon of Greenland cod as

a trophic link in the polar ecosystem is also not known.
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Svetov'idov (1948), jn his recordìng of the USSR fauna,

reported that q. oqac 'is not economicalìy important. G. oqac

stays and spawns a'long the shores of Greenland, oaau.*ing in

February-March under the'ice, where it feeds on fish and arnphipods

(Ryan 1979)

Jensen (1948) reported that in many places in south

Greenland, where Greenland cod was hjstoricalìy a very common

fish, it now has become rare. These fishes have sjnce spread

further north. The cause of th'is change 'in distribut'ion may have

been due to the rise in temperature of the sea which has taken

p'lace in recent years a'long west Greenland (Jensen 1948).
' 

Ochman and Dodson ( 1982) stud jed the compos'it'ion and

structure of the I arval and juven'i 'le f i sh communi ty of the

Eastma'in river and estuary in James Bay. They reported that

G.oqac larvae were taken in surface waters of the Bay, where

sal'in'itìes ranged from 4 to 20/"" and temperatures from 5 to 15oC,

and were captured from July 1-15 (hatch'ing date).

Greenland cod are reported to have a depressed blood freez'ing

point, presumabìy as a result of theÍr occurrence in freezing seas

(Schoìander et ai. 1957). The solute which depresses the freezing

po'int has been regarded as a member of the non-protein nitrogen

fractjon and antjfreeze gìycoprotein (Gordon et al. 1962; Van

Voorh'ies et al . 1978) .

The purpose of this work was to study G. oqac in the fieìd,

carry out laboratory experiments on its bioìogy and physÍo'logy, to

determ'ine its relative dìstributìon and abundance in a restricted

locale, positjon 'in the food web, general bìoìogy, and metaboljc
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rate. Thjs work is the first detai'led study of Greenland cod in

Canadian Arctic waters.
t. 

,
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MATTRIALS AND METHODS

DESCRIPTION OF THE STUDY ARTA

The study was carrìed out at the Saqvaqjuac research camp

which was establ'ished by the Department of Fisherjes and 0ceans,

Canada, in L977. The camp 'is centered at 630 39 'N, 900 39' t.l on

the northwest shore of Hudson Bay about 40 km north of

Chesterfield Inlet (Fig. 1).

Saqvaqjuac has a mjdarctic maritjme cl'imate, with an annual

temperature range of about 65oC. Mean air temperature is about

+10oC ìn Ju'ly and -27oC in December-March (t.le'lch 1985). Spring

ice break-up throughout the jnlet starts in June and 'is comp'leted

by early July; freeze-up occurs about 1 October. Ice thickness

reaches 2 n by Apri'l . F'igure 2 i I lustrates the morphometry of

Saqvaqjuac Inlet where maximum water depth recorded was 56 m (G.

Brunskill and R. Hesslein, Freshwater InstÍtute unpub'lished data).

Typica'l temperature, oxygen and saljnity profiles of Saqvaqjuac

Inl et f or 1983 are presented 'in F'igure 3. A more detai I ed

descriptìon of the Saqvaqjuac climate, geo'logy and hydrology can

be found in Welch (1985) and Dalton (1981). Sjxteen species of

fish are known to occur in Saqvaqjuac Inlet (Table 1).

Relative abundance and distribution

Catch per unit angìing effort (CPUE) was used to deterÍn'ine

relative abundance and distribution of Gadus ogac in late spring
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Figure 1. Saqvagjuac and 'its adjacent inlets.

(af ter [,lel ch 1985) .
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Fìgure 2. Morphometric map of the basin of the Saqvaqjuac Inlet

at the research camp. (G. Brunskill, R. Hessle'in,

unpubì j shed data) .
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Figure 3. Salinity, temperature and oxygen profi'les

of Saqvaqjuac Inlet taken from dìrect'ly south

of the fjeld camp.

(Saqvaqjuac Project data).

A) 4 June 1983 for temperatures and

salinities profiles. 8 June 1983

for oxygen profile.

b) 27 August 1983.
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Table 1. Fish species occuring in Saqvaqiuac Inleta.

ScÍentific name Common name

Gadus ogac

Boreogadus saida

Salvel inus alpinus

Mal lotus vi I losus

GymnelÍs virjd'is

Stichaeus punctatus

Lumpenus spp.

Lumpenu s f abric'i i

Ammodytes ameri canu s

Gvmnocanthus tri cusp'is

Icelus bicornis

Myoxocephal us scorpioi des

M. quadricorn'is

M. scorpius

Gasterosteus acul eatus

Greenland cod

Arct'ic cod

Arctic char

Capel i n

Fish doctor

Arct'i c shanny

B ì enny

Slender eel bìenny

American sand lance

Arctjc staghorn scuìpin

Twohorn sculpin

Arct'ic scuìp'in

Fourhorn sculpin

Shorthorn scu 1p'i n

Threespine stickleback

Lumpf i shCycl opteru s I umpus

a Scientific and common names taken from Leim and Scott 1966.
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1983. Fjfty four holes were drilled through the ice (water depth

> 2.0 m) on Saqvaqjuac Inlet (F'ig. a), 12 holes outs'ide the outer

basin, e'ight holes on Qaniqs'luaajuq Inlet south of Saqvaqjuac

Inlet and four holes on Umiivik Inlet north of SaqvaqjuaC (Fig.

1).

Angììng equipment cons'isted of a 4.8-cm long red and white

spoon w'ith a treble hook attached to 10-kg breaking strength

bra'ided black nyìon I ìne with a brass snap swivel. Jigg'ing one

meter above the bottom for 0.5 h constjtuted one unjt of effort,

normalized to zero depth to account for rais'ing and lowering t'ime.

No físh were caught from outside the outer basin at Saqvaqjuac

Inlet. Inside the jnlet, fish were not caught by jigging ìn

midwater and beneath the 'ice.

An attempt was made to calibrate CPUE data to obtain absoiute

abundunce of Greenland cod, us'ing an underwater video camera

suspended from the ice over the lure. The princip'le is
I

CPUE = | (v'isual distance)(swimm'ing speed) (%response)

These three factors can be determined by v'isual observat'ion of the

response area surrounding the fjsh'ing'lure. Unfortunately the

attempt was unsuccessfu'1, probab'ly for two reasons: f irst, the

camera system was not adequate for the task, and secondly the

attempt took place at a time when no cod could be angled.

To determine the relative distributjon of G. ogac during the

open-water period, 15 of the above mentioned 54 sj tes j n

Saqvaqjuac Inlet were chosen randomìy and fished wjth giìl nets

(10.0, 7.5,5.0 and 3.7 cm stretched mesh size) earìy in July. A

single trap net (Beamish 1972) was also set at various locations

in the camp basin of Saqvaqjuac Inlet, and 'in August three trap
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Fìgure 4. Saqvaqjuac In'let, showing the three bas'ins and

the s'ites sampìed during the ice-cover period.
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nets were fjshed. Trap nets were first empt'ied in the morning and

evenìng and moved at 3-4 d 'intervaìs, but were subsequently

emptied only in the morning because no fish were taken between

morni ng and even'ing. Qual i tati ve samp'les of q. ogac for f ood

habjts were taken by casting small lures durÍng open-water season

at Saqvaqjuac Inìet.

tach fish was measured (total length 1 1 mm), we'ighed (totaì

and eviscerated weight I t g) and sexed, one to fjve hours after

capture. Otoliths were taken and stomach contents preserved in

formal i n.

' Additional sampìes obtained earl'ier by othelinvestigators

(March-August 1981 and August 1982) by jigging and trap nett'ing

were also ana'ìysed for length-frequency distributions, spawning

season and food habits.

Agg. and qrowth

Greenland cod fin rays and otol'iths were collected from

Saqvaqjuac Inlet during spring and summer 1981 by other

researchers, in order to establjsh the best method for ageing.

These fin-ray sections and otoliths were subsequentìy prepared and

read. Otoliths have been used for age determination on other cod

species (e.g. Craig et a'|.1982; Bedford 1964; Keir 1962). These

authors have showed that otoljth rings are lajd down every year on

cod.

Each otoljth vras broken in half through the center of the

intemupt'ion Ín the sulcus acusticus. The broken surface was
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smoothed on a fine carborundum stone, then the otolith was baked

for 5 min at 250oC, which turned the hyaline zone brown and

enhanced annulus visibility. Otoljths were then jmmersed-'ìn 70/,

ethy'l alcohol for 0.5 h. The broken section was viewed from above

(60x magnifìcation) by mounting the broken otolith verticaììy in

pìasticine, covering it w'ith glycerol and illuminating it from the

side. This ageing method 'is modified from Keir (1962). Djstances

from the focus outward to each annulus on the largest radius of

the section r{as measured with an ocular micrometer (one d'iv'ision =

0.17 mm).

Back-cal cul ated length at each annulus was cal cu I ated

according to the modjfjed direct proportjonality method (Bagenaì

and Tesh 1978):
0

L*-a= n (L-a) (1)n -¡-
wheret Ln = length of the fish when annulus 'n'was formed

L = length of f ish at t'ime of capture

0n = length to annulus 'n' on the otolith

0 = total otol'ith radius

a = correction factor, obtained from total

length-otol ith radius relationsh'ip

þlal ford pl ot

The l,lalford plot (Ricker 1975) was used to estjmate the

asymptotic length (t). Mean 'length at a given age (Lr) was

regressed against mean 'length one year ìater (Lt*t). The point

where the regression I ine met the I ine of equaì ity was the
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asymptotjc length (L ).

Y=a+bX

where: y = L¡+l

X=L,
f,

a = intercept

b = slope

At the pojnt of intercept with the line of equaljty, Y

Therefore, by substituting and rearranging

a 'intercept

(2)

orL (Hel lawel I I974) .æ çr 1-s ì ope

Surv'ival and mortal i ty rates

An analysjs of the age-frequency distribution (Robson and

Chapman 1961) was used to estimate the survival and mortality

rates for both sexes of Greenland cod in Saqvaqjuac and

Qanìqsluaajuq inlets.

l.le jqht-lenqth rel at'ionship

The weight-'length relationship Ì{as determjned as:

X

L
oO

bl.l=aL (Ricker 1975)

wherei l¡J = total we'ight in g

L = total length in mm

a & b are constants calculated by

'l east-squares regression

(3)
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Condition factor

The cond jt'ion factor (K) for each length group of Gr_eenland

cod was calculated according to:

K = 105(t.¡/13) (Bagenaì and resh 19zB) (4)

where: l.l = total weight in g

L = total ìength in mm

Food habits

Stomach contents were preserved in formalin, subsequent'ly

washed wjth water, and total volumes ( * 1 mL) determìned by

displacement in a graduate cylinder.

Food organisms were identjfìed and recorded as estjmated

percent of total volume for each taxon. Digested materials were

not included 'in calculatjons of percent composìtion. Percents

were transformed using the arcs'ine transformation for statistical

ana'lysÌ s (El I iott 1971).

Metabol ic rate

Routine oxygen consumption was determined for 56 G. oqac

obtained by angl'ing near the camp, held in sea water and

transported to the respirometer within 0.5 h. F'ish appeared
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hea'lthy over the duration of the experiment. Obviously injured or

unhealthy fjsh were not used.

The respirometer was similar to that used by Holeton :1 Lgll),

employing two jnsulated 260 L poìyethy'lene tanks (Fjg. 5). Sea

waterin the tanks was renewed every 10 days. Rapid circujat'ion

was effected by aeration below the two stainless steel coo'ling

co'ils used to control tank temperature. The resp'iratory chambers

were clear acryìic cylinders wjth rubber stoppers at the ends.

þlater was siphoned from the reservoìr into each respiration

chamber through a syringe needle in one stopper, and out v'ia a

screened gìass tube and down througtr tygon@ tubing through a

g'lass capì'llary tube wh'ich regu'lated the water f low. The water

passed through a 130 mL gìass bottle standing in a polyethylene

collecting chamber from whence 'it was pumped back up to the

reservoir (Fig. 5).

A maximum of six respiration chambers were used at any one

time, rangìng from 27 cn in d'iameter and .16 cm ìong (LZ} mL

capacity) to 9.5 cm jn diameter and 41.5 cm (3100 mL capacity).

Movement was suffjciently limited to prevent the fjsh from turn'ing

around. Flow rate was reguìated such that oxygen in the chambers

was about 80% of saturation.

Oxygen was determined according to Carpenter (1965), except

that the titration utiIized a photometric end point (tdeìch and

Bergmann 1985). 0verall prec'ision of the method was I O.tS mg

-10o.h'. Rate of oxygen consumpt'ion was calculated as the¿

difference between the 0, content of water from the tank and the
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Fìgure 5. The respirometer used for determ'ining

the metabolìc rates of Greenland cod.
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water in the 0Z bottles muìtipìjed by the flow rate, whjch was

gauged w'ith a graduated cyìinder and a stopwatch.

Resp'irometer chambers were cleaned before each run and the

fish were not d'i sturbed over the course of each three-day

experiment. The respirometer was d'imly ljt from partially shaded

windows whjch provided light ìevels about the same as the habitat

from wh'ich the fish came. Experimental temperatures were OoC, soc

and 10oC, contro'l I ed to a O. eoc.

Statj stical anaìyses were performed using SAS (computer

software system for data analysis) procedures (SAS 1982a, 1982b).
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RTSULTS

Relative abundance and distribution

Relation between turnover time and depth

The time required to raise and lower the iigging lure

covaried with depth. Because rais'ing and ìowering time was not

t'ime avai I abl e f or cod to take the 'lure, i t was necessary to

correct all CPUE ( no. of fish per 30 mjn) data accord'ingìy.

The turnover t'ime increased with 'increasing depth (F'ig. 6).

The formula for the relation is

T = D1.57zB (s)

tlhere: T = turnover time in seconds (t'ime required

to raise and lower lure, exclusive of

unhook time)

D = depth in meters

This equation was used to normalize all CPUE data from

Saqvaqjuac and Qan'iqsluaajuq inlets to zero depth. CPUE data

before and after depth correctjon are contained in Appendix (1).

Variation of CPUE with Inlets, Fishermen, Depths and Reqions of

Saqvaqjuac Inlet

No s'ignìf ìcant d'ifferences were detected for CPUE between the

two 'inlets, fishermen, depths and regìons of Saqvaqjuac Inlet.

The relat'ion between the mean CPUE data and the two inìets,
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Figure 6. txperìmental'ly derived turnover t'ime with depth.

Saqvaqjuac Inlet, May-June 1983.
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fishermen, and depths are shown in Table (2) and Fig. (7). There

was a sl'ight but non-sign'if icant jncrease in CPUE w'ith f isherman

G, and with increasìng djstance from the outer coast of Hudson Bay

(Tabìes 2 and 3).

Weekly varjat'ion of CPUE

The mean CPUE reached 'its peak te.o a 5.2 (mean ! gSy" C.r.)l

during the first week of June, then dropped to 3.6 a 2.1 during

the last week (F'ig. 8). During early Ju'ly (the period when the

ice-cover melted), Greenland cod could not be ang'led either from

insjde or outside Saqvaqjuac inlet and only a few sculpÍns were

caught during thjs period. Start'ing from 10 July (open-water),

Greenland cod appeared again and became easily angìed and netted

throughout the inlet.

Ana'ìys'is of variance showed no s'ignificant d'ifference jn CPUE

wjth depth for any week at Saqvaqjuac Inlet (from 25 May to 30

June, 1983) and pooìed data; the last week of May is shown as an

exampìe (Fig. 9).

Lenqth-frequency d i stri but'ion

Saqvaqjuac Inlet

The 1977 year-class domìnated the catch, forming 19.8% of the

sub-sample (N = 237 ), while the 1982 year-class formed only 9.7?(

(Fig. 10). There were only a few 1971 year-class fish (0.8%) and
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Table 2. Mean CPUE (no. of fish per 30 mjn

! gsy. at p=g.025) of Gadus ogac froin

Qaniqsìuaajuq Inlet (1 June1983) and

Saqvaqjuac Inlet (May-June 1983), sorted

by fisherman. CPUE data are normalized

for lure transit time to zero depth.

Location Fi sherman Mean CPUE

! gsx c.t.

Qan'iqs l uaa juq

Inlet

Saqvaqjuac

Inl et

À
4.2

L

22.6
1

7.3
I

1.7
a

6.2
a

6.0
I

3.5
L

4.7
I

8.5
a5.7 r
I4.9 r-
I

5.9
I

3.6

D

G

M

T

U

B

c

D

G

J

M

T

U

0.0

0.0

0.0

i.5

7.8

2.4

2.9

1.8

3.7

2.7

1.6

3.0

2.3
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F'igure 7. Variation of mean CPUE of Gadus oqac w'ith depth.

On'ìy upper 95% C.I. are shown. CPUE are normal ized

for lure transit tjme to zero depth.

A) Qan'iqsluaajuq Inlet, L June 1983.

B) Saqvaqjuac Inìet, May-August i983.
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Table 3. Mean CPUE (no. of fish per 30 min

I gsy" at p=g.025) of Gadus ogac

from Qaniqs'luaajuq Inlet (1 June 1983)

and Saqvaqjuac Inlet (May-June 1983)

and outer coast of Hudson Bay.

CPUE data are normalized for lure transit

time to zero depth.

Locat'ion Mean CPUE

1 gsz c.t.

Qan Inlet

Saq In'let

Camp basin

Inner basin

Outer basin

Outer coast of

Hudson Bay

6.4

5.7

6.0

5.5

4.6

0.0

+

+

+

4.6

0.9

I.4
a:1.5

3.0

0.0

+

+
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Figure 8. Week'ly varjatìon of mean CPUE of Gadus ogac.

Error bars are * 2 SD. CPUE data are normalized

for lure trans'it time to zero depth.

Saqvaqjuac inìet, 1983.
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Fi'gure 9. Variat'ion of CPUE of Gadus oqac wjth depth

intervals. All data for depths more than

20 m are poo'ìed together. CPUE data are

normalized for lure transit time to zero depth.

Saqvaqjuac Inlet, 25-31 May 1983.
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Fiþure 10. Length-frequency by year cjass for

Gadus ogac (N = 237).

Saqvaqjuac Inlet, May-August 1983.
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the L972 year-c'lass was absent from the catch. The 325-mm size

group was domjnant in the catch throughout the season, w'ith little
size varjation throughout, although the 125-mm size group

'increased in percentage as the summer progressed (t'ig. 11). At

Saqvaqjuac during 1983, the distribution was unimodal (Fig. 12 A),

with the 1977 year class forming a d'istinct mode. During 1981 and

L982, the 275-mm s'ize-group was dominant (Fig. 12 B-C).

Durì'ng 1983, the length-frequency djstribution of the total

catch (N = 1430), separated by the different types of fishing gear

(Fig. 13), was unjmodal at 325 mm for fish caught by jigging,

cast'ing and gi I'l netti ng. Trap nets caught smal I f ish much more

efficientìy than other capture methods.

Qaniqsluaajuq Inlet

The length-frequency

Qaniqsìuaajuq Inlet (Fig.

Inlet (Fig. 10).

distribution for angìed fish in

14) was similar to that in Saqvaqjuac

{ge and qrowth

Compari son between otol'ith and f in-¡ey aqe'ing

Fin-ray sections show a central bar and a first complete

annulus (Fig. 15). The total number of fjn-ray rings, excluding

the central bar (K. Mjlls, Freshwater Institute pers. comm.), gave

the best agreement with otolith age (Fjg. 16).
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Figure 11. Length-frequency of Gadus ogac sorted

by month.

Saqvaqjuac In'let, 1983.
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Fi'gure 12. Length-frequency of Gadus ogac.

A. Saqvaqjuac Inìet, 1983.

B. Saqvaqjuac In'let, 1982.

C. Saqvaqjuac In1et, 1981.

D. Qaniqs'luaajuq Inlet, 1983.
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Fi'gure 13. Length-frequency of Gadus ogac caught

by d'ifferent types of fjshing gear.

Saqvaqjuac Inlet, May-August 1983.
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Figure 14. Length-frequency of Gadus oqac at

Qaniqsluaajuq Inlet, captured 1 June 1983.
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Figure 15. Photograph of a section of a fin-ray of Gadus ogac

showing the central bar and the first annulus.

Saqvaqjuac Inìet, 1981.
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Figure 16. Relat'ion between age based on f in ray

annuli, excluding the central bar, and

ages obtained from counts of otolith

annuli for Gadus ogac. Poìnts are

'individual fish except where indicated.

Saqvaqjuac Inìet, 1981.
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Otol ith descriptjon

0toljths from G. oqac are curved, dense and thick (Fig. L7).

Under reflected 'l ight, cross sections show thin dark bands,

separated by thicker light bands. The well-defined dark zones

correspond to the winter or s'low-growth period. One comp'lete

opaque (light zone) and one complete hyaline (dark zone) rìng is
formed each year. Age was estjmated by counting hyaline zones.

Fjg. (18) shows some otol'ith cross sections and their est'imated

ages.

Bdck calculat'ion of total I enqth from otol iths

Analys'is of covariance showed no sÍgnificant djfferences

between sexes jn the total length-otolith rad'ius relationshjp (p >

0.1) (Table 4), so sexes were combined for further analysis.

Aìthough the 'intercepts and slopes of the total ìength-otoljth

rad'ius relationsh'ips were not s'ign'ificant'ly different between the

two jnlets when us'ing the same range of total length (Table 4)

(due to the overlaping of the 95% confidence limits (Fig. 19)),

back-calculation was done using the specific equation for each

i nl et.

F'ish from the two inlets were different in their growth

rates, as the 95% confidence limits do not overlap (Fì9.20).
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F'igure 17. Photograph of an entire otolith of Gadus ogac,

showi ng the f racture I 'ine.
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Figure 18. Photographs of some otoljth cross-sectjons of

Gadus ogac and their estjmated ages.

Annuli are represented by (!-!).
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Tabìe 4.

Comparì son

Total ìength-otolith radius relationship and córnparison by ana'lysis of covarjani n Saqvaqjuac and Qaniqs'lugaluq 'inl ets, 1983. Compari son betweän both i nl ets wus'ing the sanre size range (240 mrn - 490 rruir).

Cornparìson of regression coeffìcient

r Gadus ogac
ne

Conpari son of Y-'intercept

d. f.

ce fo
as do

N s2 b

87 0.77

136 0.73

35 0.29

16 u.58

163 0.47

51 0.37

I,2L9 0.30 0.582

I,47 1 .34 0.254

1,210 1.04 0.309

d.f. F P Fa

-20.578

-6.599

163.767

52.235

68. 562

125.518

P

saq

Qan

mal e

fema I e

mal e

femaì e

93.486

93.093

48. 730

83.054

73.883

60.58

I,2I9 0.00 0.959

r ,47 1 .9i 0. 173

1,210 0.93 0.363

Saq inlet

Qan ìnlet

(tr
(-'ì
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Figure 19. Relat'ion between total body length (mm) and

otol ith radius ('in m'icrometer div jsion) of

Gadus oqac, show'ing regression ljne with

95% conf ìdence l'imit (dashed 'lìnes). Sizes

were specified in the range of 240 to 490 mm.

Saqvaqjuac Inlet, May-August 1983.

Qaniqsìuaajuq Inlet, l June 1983.
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Figure 20. Relation between mean back-calculated

body length and age of Gadus ogac.

Vertical bars represents 95% C.I..

Saqvaqjuaq In1et, May-August 1983.

Qaniqs'luaajuq Inlet, l June 1983.
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l,lal ford pl ots

Regression of the total ìengths at given age (Lr) aSainst the

lengths a year later (Lt*t) are g'iven'in Fìgs 21 and 22 for both

inlets. The point where the regression line meets the line of

equal i ty 'is the val ue of the asymptot j c ì ength ( L) , and the

intercept w'ith (Lt*t) gìves the estimate of the length at the end

of the first year of life. For Saqvaqjuac Inlet Ç= 52L.9 mm and

L, = 73.4 mm, while for Qan'iqsìuaajuq Inlet L- = 409.0 mm and L, =

104.7 mm

Analysjs of covariance showed that there was no significance

d'ifference between the intercepts of the regressions of the two

both 'inlets, but the slopes were different (p = 0.001), whìch

means that the asymptotic'lengths for the two populat'ions were

s'i gn'i f j cantly d'i fferent

Surv jval and mortal'ity rates

Survival and mortaljty rates for Greenland cod for both

inlets, sexes separated, are gìven 'in Table 5 and Figs. 23 and ?4.

tle'i ght-l ength rel ationshi p

Analys'is of covariance showed no sign'ificant differences in

the weight-'length reìationship between sexes for aì 1 periods

examìned except for Saqvaqjuac Inlet durjng the 1981, open-water

season (Tabìe 6). There r{as no signif icant difference between
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Figure 21. Walford graph of total length (mm) at

capture at age l+1, against length (mm)

at age t for Gadus ogac.

Saqvaqjuac Inlet, May-August 1983.
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Flgure 22. Walford graph of total length (mm) at

capture at age t+l, against length (mm)

at age t for Gadus ogac.

Qanìqsluaajuq Inlet 1983.
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Table 5. Annual survival (S) and mortalitV (M) rates for

Gadus ogac.

Saqvaqjuac and Qaniqs'luaajuq inlets, 1983.

Saqvaqjuac Inlet Qan'iqsluaajuq Inlet

Femal es Mal es Femal es Mal es

SM SMSM SM

0.553 0.447 0.448 0.552 0.286 0.7L4 0.367 0.633
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Fìgure 23. Age-frequency histogram of Gadus ogac from

Saqvaqjuac Inlet (N = 237), May-June 1983.
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Figure 24. Age-frequency hìstogram of Gadus ogac from

Qan'iqsluaajuq Inlet (N = 53), 1 June 1983.
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Table 6. Weight-length relationship and comparison by analysis of covariance for Gadus ogac. SE'is the
standard error of the est'imate. Saqvaqjuac Inlet (1981, 1982 and 1983) and Qaniqsìuaajuq Inlet
1 983.

Compari son of regress i on coef f i c'i ent Comparison of Y-intercept

Compari son
NR2b

SE of
b

0.05

0.07

0.08

0.04

0.18

0.19

0.09

0.10

0. 28

0.24

d.f . F P logtg a
St of

a

0.13

0.16

0.08

0.09

0.44

0.49

0.22

0.25

0.69

0.60

d.f. F P

Saq I nl et
i ce cover
1983

Saq Inlet
open water
1983

Saq Inlet
open water
1982

Saq I n'let
open water
1981

Saq Inìet
i ce cover
1981

nnl e

fenn I e

mal e

fe¡na I e

male

fema I e

mal e

femal e

mal e

femal e

232

163

260

295

23

L7

1a

36

25

25

0.94

0.93

0.97

0.96

0.93

0.95

0.97

0.96

0.73

0. B5

3.006

3.067

3. 189

3.194

3.074

3.340

3.075

2.736

2.L89

2.76r

1,391 0.69 0.408

1,551 o.0o 0.996

1,36 0.88 0.354

1,65 6.r7 0.016*

r,46 2.38 0.125

-5.045

-5.2r3

-5.47L

-5.47 L

-5.22I

-5.835

-5.L62

-4.3?0

-?.959

-4.377

I,391 0.52 0.473

I,551 0.01 0.928

1,36 1.03 0.317

1,65 5.98 0.017*

1,46 ?.45 0.125

. con
\¡
O



Tabl e 6. (cont 'd)

Compari son

Conrpari son of regress'i on coef f i ci ent Cornpari son of Y-i ntercept

SE of
a d. f. FNR2b

SE of
b

0.20

0.35

0.04

0.03

0.18

0.07

0.04

0.18

0.04

0.18

0.03

0.I2

0.07

d.f. F P logl0 a P

Qan Inl et
ice cover
1983

Saq Inlet
1983

Saq I nì et
1981

Saq inlet
i ce cover

Saq Inì et
ice cover
Qan Inì et
'ice cover

Saq Inlet

open
waters

nnl e

femal e

ice

open

ice

open

1983

i981

1983

1983

1983

L98?

1981

2.9t7

2.909

3 .063

3.196

2.535

2.974

3.063

2.535

3.0b3

2.879

3.196

3.328

2.97 4

35

18

395

446

50

69

395

50

395

53

446

40

69

0 .86

0.81

0.94

0.96

0.81

0.97

0.94

0.81

0.94

0.83

0.96

0.95

0.97

-4.867

-4.867

-5. 190

-5.485

-3.814

-4.913

-5.190

3 .814

-5.190

-4. 780

- 5 .485

-5.827

-4. 913

0.51

0.90

0. 10

0.07

0.45

0. 16

0. 10

0.45

0.10

0.46

0.07

0.?9

0.16

1,49 0.00 0.999

1,837 5.44 0.020*

1,115 6.74 0.011*

L,44L 6.31 0.012*

I ,444 0.7 7 0. 381

2 ,549 2.04 0. 131

L,49 0.00 0.994

1,837 6.65 0.010*

1,115 6.73 0.011*

I,441 5.86 0.016*

I,444 0.gg 0.321

2,549 1.82 0.162

*.si gnì fi cant difference.
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Qaniqsìuaajuq Inlet (1983) and Saqvaqiuac Inlet (1983) fjsh and

also between open-water periods for Saqvaqjuac Inlet (1981,L982

and 1983). However, durìng 1983 and 1981, the djfference was

sign'ificant (p < 0.01) between the 'ice-cover and open-water

periods. The d'ifference was hjghly signìficant (p < 0.05) between

jce-cover periods for Saqvaqiuac Inlet (1981 and 1983).

Cond'ition factor

The mean condjtion factor (K) at Saqvaqiuac Inlet was higher

during open-water than duning jce-cover seasons (Tabìe 7).

-:Females were in better condition durjng i981 and 1982 (open-water

seasons) at Saqvaqjuac In'let and du¡ing 1983 at Qaniqsìuaajuq

Inlets, but during 1983 at Saqvaqjuac Inlet (both seasons) males

were in better condition than females (Tab'le 8). Saqvaqjuac fish

were in better cond'ition than Qan'iqsìuaaiuq f ish (p > 0.05).

Sex ratio

At Saqvaqiuac Inlet for 1983 for both periods comb'ined, the

sex ratio (without 'immature fish) was 57% females to 439l males.

In 1982, the ratjo was 58% females to 42l{ males and 55% females to

45% males during 1981. Using chi-square (goodness of fit) to test

the null hypothes'is that there l{ere no differences in the ratio of

males to females, the djfferences were high'ly signifìcant (p <

0.005). For Qaniqsluaajuq Inlet during 1983, the sex-ratio was

33% females to 67% nales (p < 0.05). The difference in sex ratio



(K) or Gadus oqac frorn saqvaqjuac Inlet (i981 , Lggz and 19g3) andet (i98Ð. ' rv-Tabì e 7. Condi t'ion-f actor
Qaniqsluaajuq Inl

Len gth
group

frm

L¿5
175
225
275
325
375
425
475

0.89 t 0.03
1.00 r 0.06
1.06 t 0.05
1.05 * 0.04
1.03 t 0.06
0.94 r 0.09

1.05 r 0.05 1.07 r 0.02 0.99 r 0.01 0.95 10.03 0.98 f 0.06 0.83 f 0.03
K

ce cover open water
Sa VA uac Inì et
open wa er

t 0.08
f 0.0/
! 0.47
25

1.16 t
1.04 t
0.98 r

0. l1
0.07
0.62

L.I? t 0.62
1.12 t 0.03
1.09 r 0.05

0.87
0. 86 t 0.43

0.97
0.99
0. 95

1

I Ce cover

I.66 f 1

open v,Ja er

0.86 r

Oan Inìet
r ce cover

1983

0.72
0.90

0.77 r 0.03
0.86 f 0.07
0.83 r 0.03
0.79 t 0.26

0.8s

0.84
1.00
0.94
0.95
0.91
0.95
0. 93

.9b
t 0.07
r 0.09
t 0.03
r 0.02
t 0.04
t 0.05
r 0.10

0 .05

\¡
(¡)



Table 8. Mean condjtjon factors (K) of Cadgl gggc (sexes separated) frorn Saqvaqjuac Inlet (1981, lgg}
and 1983) and Qaniqsìuaajuq InTet(ISB3|.

Saq I n1 et

open water 81i ce cover 81
Maì es Femal es

1.05 r 0.80

Males

1.05 * 0.61 1.05 f 0.04

Saq Inì et

Mal es

1.00 r 0.03

Fema I es
open water BZ

Mal es Femal es

0.92 r 0.06 1.08 f 0.09

Qan Inìet

ice cover 83
Mal es Femal es

0.81 t 0.08 0.84 f 0.04

i ce cover" 83
Mal es Fema I es

0.98 t 0.05 0.91 r 0.03

open water 83

1.08 r 0.04

Femal es

0.96 r 0.18

!Þ
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was highìy s'ign'ificant (p < 0.005) in 1983 between Saqvaqjuac and

Qan'iqsìuaajuq inlets.

At Saqvaqjuac Inlet, younger age-groups showed a greater

proport'ion of males to females (Table 9), while older age groups

had more females.

Spawni nq season

F'ive gravjd males (ranging in total ìength from 260 mm to 570

mm) and eight grav'id females (ranging in total'length from 240 mm

to 550 mm) were caught from Saqvaqjuac inlet during March and

April 1981. No data were available before March in that year or

the other years. Probabìy this fish species spawns very earìy in

the year, presumabìy'in February, March and ear'ìy Apri'ì. By late

Apri I , spawni ng was essent'iaì 'ly 
compì ete. Unf ortunate'ly, no

otoliths were obtajned from this period to estimate the age at

first maturity. Therefore, during 1983 age at fjrst maturity was

estimated from fish that were known spawners. Such fish starts to

mature by the second year of life for females and by the th'ird for

males (Table 10). Saqvaqjuac !. ogac 3 yr and older must spawn

every year, because all fish 3 yr and older had spawned the year

of capture.

Food habits

Crab (Hyas coarctacus , Amphìpoda (Apherusa glacial'is,

Gammarus setosus., Hal'iraqes gp, Ischyrocerus anguipes, 0n'isimus
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Table 9. Sex ratio for every age-group of

Gadus ogac at Saqvaqiuac and

Qaniqsluaajuq inlets, 1983.

F is the no. of females and M 'is

the no. of males.

Saq inìet Qan Inlet

Age

FM F M

1

2

3

4

5

6

7

I
9

4

10

11

11

20

30

22

15

11

2

1

7

17

11

7

L4

17

9

5

1

1

1

1

5

7

8

4

11

11

7

2

10

L2



Table 10.

AGE Vi r
May
sp.

F---fr

Month'ly djstribu!!9n of nnturjty stages for female (F) and male (M) Gadus ogac. Saqvaqjuac Inlet
(May - August 1983). Vir. is virg'in, sp. ìs spent and rec. sp. is'recoverilg-spent.'

rec. sp.

TI-T

23

1r

T-T'

J une
sp.

il

?2
1l
81

724
44
4L
6

rec. sp.

FT'
Vir

il'

2

Auqust
sp.

ffi

11

11

rec. sp.

tt'

J ulyrc.
il- T-T TTm

3

11 4

3

1

9

1

3

1

I

?

I

2

3

4

5

6

I

I
9

10

I2

i ?

5

9

9

16

I2

9

4

2

4

3

5

11

9

5

3

i 1

1

1

1

2

1

I

t

1

2

1

3 1

3

I

2

!
!
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glacjalis, Pontoqenei a lneml!, Parathem'isto libellula

Paroed'i ceros lynceus, Weyprecht'ia pinquis), Polychaeta, capeì in

(Mal lotus v'il losus), scuìp'in spp. and shrìmps (Penaeidae) were the

ma'in food items of Gadus ogac [Table (11),F'ig. (25 A-H) ].

Although aìgae were found occasiona'lìy 'in the stomachs of

Greenland cod ITable (11), Fig. (25 A-H)], they were f ikeìy

'ingested accidental ìy with invertebrate ÞrêV, especial'ìy crabs.

Analys'is of covariance showed no significant differences jn

the diet composition, for the follow'ing six variables:

L-Year stud i ed , 'ice-cover season f or the three i nl ets 'in 1983

(Tabìe 13).

2-Year stud'ied, open-water season (Table 11).

3-Length-group w'ithin the 'inlet (Tab'le 12).

4-Depth-group withjn the inlet (Table 13)

S-Time of the day for Saqvaqjuac Inlet (Table la).

6-Location wjthin Saqvaqjuac Inlet (Table 15).

Analysjs of covariance did show a signìficant difference 'in

the diet composit'ion for the following variables:

l-Season of the year (p < 0.01).

Z-Ice-cover period at Saqvaqiuac Inlet between 1981 and 1983 (p

< 0.02).

3-Length group for Saqvaqjuac Inlet during 'ice-cover season (p

< 0.02).

4-Depth group for Saqvaqiuac Inlet during 'ice-cover season 'in

1983 (p < 0.05)
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Fìgure 25. Pie dìagram of the food of Gadus oqac

ana'lyzed by the volumetric method. Each

number represents the percentage of total

volume of all contents jn the sampìe.

A. Saqvaqiuac Inlet (1981, 1982 and 1983),

Qan'iqs'luaaiuq Inlet (1983) and Umi ìvik

Inl et ( 1983) .

B. Saqvaqiuac inlet ('ice cover 1981).

C. Saqvaqjuac Inlet (open water 1981).

D. Saqvaqjuac Inìet (open water 1982).

E. Saqvaqiuac Inlet (ice cover 1983).

F. Saqvaqiuac Inlet (open water 1983).

G. Qaniqsluaajuq Inlet ('ice cover 1983) .

H. Umiivìk Inlet (ice cover 1983).
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Table 11.

83

Food analysis of Gadus ogac by the volumetric method.
Each number represents the percentage of the total
volume of al I contents in the sample. The fol'lowing
organì sms were identif ied to phy'ìum, genus or species:

t
es

Qaniqs'luaajuq Inlet, 1983 and Umi iv'ik Inlet, i983.

Food item

Saqvaqjuac Inlet

ce open open ce open

Um'i'i Qan
Inlet Inlet All
i ce 'ice 'inl ets

cover water water cover water cover cover comb.
1981 1981 1982 1983 1983 1983 1983

Crab
Amphi poda
Polychaeta
F'i sh remai ns
Capel 'in

Sculpin spp.
Shrimp
F'ish eggs
A'lgae
Cumacea
Crab zoea
Shrimp eggs
B'l enny
Mys i dacea
Fish larvae
Arct'ic shanny
Greenland cod
Crab eggs
Tanai dacea
American sand lance
Mys'id I arvae
Invertebrate eggs
Arctic cod
Shrimp larvae
Sl ender eel b'lenny
Bi val va
Horse shoe fan worm

20.t
4.5
4.7

23.2
37 .9
2.8

9
18.
46

3

4
6
5

0
6
I

7.
2.
1.
o:

-33
14.3 18

-7

1.4

30.0

11.4

4 LL. 
9 35.5
2 TT.L
6 13.5

5.6
4.5

11.8
7.5

57. 5

13. 5
4.6
9.0

20.4

21.0
18.6
L4.2
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
0.7
0.5
0.3
0.2
0.2
0.2
0.2
0.1
0.1
0.1
0.1

10.42.9
1.
1.

3
4
8
3

8
8
0

0

4.2
3.3
6.3
4.3
2.0
0.8

1.7
I.7
1.5
1.0

0.2
0.6
0.1
0.5
0.5
0.5
0.3
o:t

10.
1.

8.2
7.6

16.1
1.9

L2.4
2.2

2.6
n:o

0.2

ilo

1.1
0.6
t:t

4
1

4

05

8.1 1.0
0.2

1.7

0.3

0.9
0.8
t:o

2.g
o:u

1

10

Total percent 100 100 100 100 100 100 100 100

51 61 7 1,50 69 I 24 370Number of fish



Table 12. Size-re1 ated di fferences
total volume of all conte

in the ana'lysis of food of Gadus ogac by volunretric rethod. Each nurnber represents the percentage of the

nrs in the sampre. s.iriå¡ffiï.iätiöeil'îöeã'å^¿ réei), qaniesruaaiuq I;tet (1e83) umiivik Inlet (1e83)'

Food item Sao Inlet
open ice open
81 83 83

10.0 - 19.9
cm

14.5 0.9

0.5

32.0 11.0 31.8

20.0

30.0 - 39.9

3.3

63.3 2.1

an
Inlet Inlet
83 83

ce open open
81 8i 8?

40.0 - 49.9
cm

ce
o?

0pe n
oa

38.3 77.8

8.7

5.5

6.4

rÁ

20.0 - 29.9
cm

24.L 3.8 28.6 L?.7
3 7 .7 16.2 50.U 25.5 38-7

22.0 41.2
19.0 16.2
34.0 3.9
3.7 33.3 10.9
6.7

11.8 14.0
0 5.4 10.2

10.0
15.0
13. 3

an

ce open o

81 Bl
pen
82

Qan
Inlet

B3
ce open
BI Bi

ce
83

open
82

0pe n
83

ce
83

pen
83

Inlet
83

C rab
Amphì poda
Polychaeta
Fi sh rern¿i ns

Capel ì n
Scuì pi n sPP.
Shrimp
Fi sh eggs
Al gae 

.

C ur,n cea
Crab zoea
B I enny
Mysì dacea
Fish larvae
Arct ic shannY
Greenì ancl cod
Crab eggs
Tanai dacea
Arnerican sand Iance
Mysid larvae
Invertebrate eggs
Arctic cod
. . . continued

18.
3.
7.

L7.
43.
l.

60.2
5.4 50

0.5

1.4

0.3

3.0
48.0 14.5 67
20.0 4.5

32.0

r3.3
r3 .3

7.7
r.7

15.5
0.6

.E

0.6

.5

.8

.ö

.3

.3

.1

.7
o

.2
a

0.71.5

35 .3
29.4

3.5

6

0

7

5

4

2.9
4.1

1.5
0.9
5.2

0.2

5.6
4.5

1l.B
7.5

9.2 14.1
2t.5 4.7
9.2 9.9

?4.2 2r.5
4.1
4.6 9.9
5.I 6.4
3.9 16.0
6.2 1.9

8.0
3.1
1.7

7.4
1.8
6.4
5.8
1.6

2s.0

25.0

20.0
?.0
3.0

22.0

4.4
5.9

s0.0 100.0 17.6

8.0
4.0

18.8
3.0

10 )

3.1
9.6
4.6

0
3
7
?.

2
0
0
0
J

I

25.0

57.5 100.0

5.0

8.1

0.4

0.4
1.1

)q

0.4

4.5
0.6

L2.2

I.2
1.3
1.1 6.7

Þ



Table 12. (cont'd)

Food item

Shri mp 
.larvae

Slender eel bìennY
Bivalva
Horse shoe fan worm

Total percent

Number of fish

i0.0 - 19.9
cm

Sao lnlet
open rce open
81 83 83

?0.0 - 29.9
cm

n et an
ce open Inìet ice

30.0 - 39.9
cm

ope
B3

Saq n et
open open ì ce
81 82 83

open
B1

open
82

nl

40.0 - 49.9
cm

an Um. aq n et Qan
@Inlet81 81 82 83 83 83

nlet Inlet
83 83

ce
BI 83 83 83 81

0.8
0.7

0.? 16.7
0.1

100 100 100 100 100 100 10û 100 100 100 100 100 100 100 100 100 i00 100 100 100 100 100

410617372604133316369211681411115

æ(tr



Table 13.

Food item

Depth-related differences 'in the analys'is of food of .Gadus ogac by the voìumetric nrethod. Each
number_ representl lh9. percentage of the total vol ume õñ'Tl contents 'i n the sanrpl e. Saqvaq j uac,
Qaniqs'luaajuq and Umiivik inlets, 1gB3

Sao
lCe
cover

20.4
?1.5
10.9
12.7

6
9
2
5
8
3
6
2
5
7

0.4

0.2

0.9

open
water

13.5

9.3

Qan
ice

cover

20.0
5.0
9.5

ll.s

Um

ice
cover

5.6
4.5

11.8
7.5

57.5

5.0

8.1

saq 9un
tce

cover

3.7

20 .0

ìuq
lCe

cover

36.3
13.4

24.0

u.u - 9.9
m

IU.U - 19.9
m

- 29.9 30
m

9un
1Ce

cover

.0 - 39.9
m

Sag

Crab
Amph i poda
P oìychaeta
Fish remains
Capel i n
Scul pi n spp.
Shrì rnp

Fì sh eggs
Aì gae
Cumacea
Crab zoea
Bl enny
Mys i dacea
F'ish I arvae
Arctic shanny
Greenland cod
Crab eggs
Tanai dacea
American sand lance
Mysìd larvae
Invertebrate eggs
Arctic cod

16
30

5
24

0
0
0
0

32.
9.
5.

9.9
5.7
7.L

23.1

.4

.7

.7

.4

tce
cover

51 .6
15.0
3.2
5.3

1.3

1.3

open
water

10.4
37.4
L2.3
L2.3

1.7
11.1
1.8
4.9

3.0

ice
cover

open
water

5.0 38 15.9
16.3
3.7

IT.7
?0.7

3.5
8.0

15.5

9
3
2
5

15.0
4r.7

l3 .3
13.3

6
2
I
3
3
1

I
0
2
i

I
3
5
4

0
?

3
0
0

?.3
l1 .3
3.8

21.6
3.3

10 .5

11.0 r.2

9.0 3.3 5.0 11.0

9.8
8.5

i8.5

0.5

7.
1.

3
4
I
4
4

o
Õ

5
5

1

1

i

2.7 7 .7

8.2 0.7
0
0

co
o). conti nued



Tabl e 13. (cont 'd )

Food item

Shrìmp larvae
Slender eel blenny
Bi val va
Horse shoe fan worm

Total percent

Number of fi sh

0.0 - 9.9
flt

10.0

open
water

0.3

54

20 .0

slce
cover

4.r

- 29.9
m

30.0 - 39.9
m

saq

m

19.9

Saq
ice
cover

open
water

Qan
ice

cover

U¡n

ice
cover

saq 9un
tce

cover

9un
lCe

cover

4

lCe
cover

ice
cover

open
water

0.

0

100 100

80 7

0.1

9 8 54 11 11

6

I
L.2

5 4

100 100 100 100 100 100 100 100 100

æ\¡
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Table 14. T'ime-related d'ifferences in the analysis of food of
Gadus oqac by volumetric method. Each number
represents the percentage of the total volume of
all contents jn the sampìe. Saqvaqjuac Inìet, 1983.

Morni ng Afternoon Evening
Food item

'ice

cover
open
water

'r ce
cover

open
water

rce
cover

open
water

Crab
Amphi poda
Poìychaeta
F'ish remai ns
Capeì i n
Scul p'in spp.
Shrimp
Fish eggs
Aì gae
Cummacea
Crab zoea
B ì enny
Mys j d acea
Fish larvae
Arctic shanny
Greenland cod
Crab eggs
Tanai dacea
American sand lance
Mys'id Jarvae
Invertebrate eggs
Arctic cod
Shrimp larvae
Slender eel blenny
Bi val va
Horse shoe fan worm

40.5
18.8
7.2
7.9

4.6
1.8
6.2
4.2
i.3
0.1
2.I
1.3
i.6
0.6

15.7

3.7

8.5
26.0
t4.2
13.3

I
39
6.

16.
4.

4.3
15.8

6.9

1.0

4.6
1.0
,:t

3
9
9
4
7

22.8
i9.3
7.7

14.4

66. 3
16.3 40.1

11.4
11.8

4.1
5.3
6.8
3.9
3.0
1.6
1.3
2.1
1.3
1.6

0.3

4.L

¡l¡

1.4
0.2
1.0
0.3
i.1
0.6

13.7
L3.7
3.7
3.6

13.9
1.9

0.4

0.9

0.6
o.o

20
0.3

Total percent 100 100 100 100 100 100

Number of fish 80 18 66 22 4 29
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Table 15. Region-related differences in the analysis of food
of Gadus ogac by''volumetric method. tach number
represents the percentage of the total volume
of all contents in the samP'le.
Saqvaqiuac Inlet, 1983.

Camp basin Inner bas'in 0uter basin
Food item

ice
cover

open
water

lCe
cover

open
water

lCe
cover

open
water

Crab
Amph i poda
Polychaeta
F'ish remai ns
Capeì i n
Scuìpin spp.
Shrìmp
Fi sh eggs
Aì gae
Cummacea
Crab zoea
B I enny
Mys i dacea
Fish larvae
Arctic shanny
Greenland cod
Crab eggs
American sand lance
MysÌd larvae
Invertebrate eggs
Arct'ic cod
Shrimp larvae
Slender eel blenny
Bi val va
Horse shoe fan worm

39.6
27 .5
3.2
9.0

1.9
4.2
2.2
7.5
t.7
2.4
o:t

-

-

L3.2
36.3
13. 5
11.1

495.8
37. 5

6.9
1i.1

3.5
6.3

5.7

3.7
3.1
3.0
o:o

: 2.I

0.4

o.¡

0.9
0.9

0.6

o.r
0.1

25.2
18. 1

10.4
11. 5

7

3
3
4

3.
4.

17.

4.1
3.2

38
6

18
8

28

3

7

3

4
3

14.8
2.7
4.5

ols
2.8
8.7
3.2
2.5

2
1

2
1

1,.4
3.2
6.4
1.6
0.9

6.4
0.9
1.4

2.8
t:o

6.3
7

5

5

6

Total percent 100 100 100 100 100 100

Number of fish 48 38 79 27 22 3
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Inlet-related djfferences ITable(11) and Fig. (25)]

Saqvaqjuac Inlet

In 1981, during the 'ice-cover period, the most important prey

item was capelin (38%) followed by fish remajns (23?Ð and crabs

(201ù. During the open-water period, polychaetes (471[) were most

important, foìlowed by amphipods (18%).

In i982, during the open-water season, fish remajns (43/")

were the dominant food item followed by blennies (30%).

In 1983, during the jce-cover season, crabs (33%) were the

major prey item fol lowed by amph'ipods(19%) and f ish rema'ins(11%).

However, during the open-water season, amph'ipods (36%) were most

important, foìlowed by fish remains (14?[) and crabs, poìychaetes

and shrìmps (11%).

Qaniqsluaajuq inlet

In 1983, during the ice-cover period, fish remains (20%) were

most important followed by fÍsh eggs (16%) and crabs (L4%).

Um'i i vi k Inl et

Scuìpins (58%) were the most important prey 'item followed by

polychaetes (L2/")
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Size-related djfferences (Tabìe 14)

Saqvaqjuac Inlet

In 1981, during the ice-cover season, fish remains (35%) were

the common food item for fish < 20.0 cm, while capelin (a3%) were

the dominant prey item for fish from 20.0 to 39.9 cm. During the

open-water season, the most important food 'items were amphipods

UBf,) for fjsh < 20.0 cm, po'lychaetes (60%) for fish between 20.0

cm and 39.9 cm and fish remains (50%) for fjsh > 40.0 cm.

In 1983, during the ice-cover season, fish remajns (32%) were

commonìy found in the stomachs of fjsh < 20.0 cm. Crabs were most

'important for fish > 20.0 cm. During the open-water period,

amphipods were common'ìy eaten by fish < 30.0 cm. Fish remains

(24?q from 30.0 to 39.9 cm and crabs (781il were most'important for

fish > 40.0 cm.

Qanjqsluaajuq Inlet

Cumacea (25/") were the major prey item for fish < 30.0 cm

F'ish remains were the major food item for fish > 30.0 cm.

Metabol ic rate

The relatìonship between oxygen uptake (mg 0Z.Lg-1.fr-1-¡ or q.

ogac and t'ime 'in the respirometer was exam'ined at OoC, 5oC and

tOoC (fig. 26). 0xygen-uptakes were both variable and high in the
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Figure 26. Oxygen uptake of Gadus oqac as a function

of tjme spent in the resp'irometer.

Data poìnts are means of individual oxygen

uptake values for fìsh grouped according to

the length of time spent jn the respirometer.

Saqvaqjuac Inlet, May-August 1983.

A. 00c.

B. 50C.

c. 10 0c.
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first hours in the respirometer (especially at SoC and to a lesser

extent at OoC), relat'ive to rates which were observed later.

Serial regressions of oxygen uptake were performed backward

'in time, to the time where inclusion of earl'ier points resulted in

sìopes significantly different from zero. At OoC and 5oC, the

sìope of l'ine was not significantìy different from zero (p > 0.1)

for tjme over 60 h jn the respirometer, wh'ile at 10oC, the sìope

from the start was not s'ign'ificantly d'ifferent from zero.

Therefore, the average of post-acclimatjon respiratory rates

after 60 h at OoC and 5oC, and after 48 h at 10oC, were used 'in

order to el imjnate any effect of stress and handì Íng (see

D'iscussion) . The routi ne metabol 'ic rates so der j ved were f urther

anaìyzed for the effects of body size and temperature.

The logarìthmic relation between routjne oxygen consumpt'ion

rate (mg 0Z.h-1) and body-weìght (g) at various temperatures is

presented 'in F'ig. 27 . Analysi s of covari ance showed no

s'ignifjcant dìfferences 'in the slopes of the oxygen-weight

regression equat'ions at ooC, soC and tooc (p > 0.1), whìle the

'intercepts were sign'ificantly different (p < 0.05) only when

compari ng aì 'l temperatures (Tabl e 16) .

slzebodyofctEffe
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Eigure 27. Regress'ion l'ines and 95/, C.I. (dashed I ines)

for oxygen uptake versus we'ight of Gadus ogac.

A. 00c.

B. 50C.

c. 100c.
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Table 16.Oxygen-weight reìationsh'ips and comparison by analysis
of covarjance of qqdq: ogac at various temperatures.
SE is the standarã" emor õî the est'imate.
Saqvaqjuac Inlet 1983.

Compar i son of regres s'i on
coeffi cient

Comparison of
Y-'i ntercept

Temp.

NR2b SE

ofb
d.f. F P loga SE

of
d.f. F P

a

ooc

soc

ooc

looc

5oc

looc

20 0.92 0.820 0.06

27 0.90 0.716 0.05
1,43 3.80 0.058

-2.163 0.29

-r.426 0.24
L,43 2.04 0.161

20 0.92 0.820 0.06

9 0.95 0.692 0.06
L,25 6.09 0.021

* -2.163 0.29

-1.016 0.29
I ,25 2.03 0. 167

27 0.90 0.716 0.05

9 0.96 0.692 0.06
1,32 0 .91 0.347

-1.426 0.24

-1.016 0.28
1,32 0.08 0.775

-2.t63 0.29
2,49 L.46 0.243 -I.426 0.24 2,49 3.54 0.036

-1.016 0.29

oo
50
001

c 20 0.92 0.820 0.06
c 27 0.90 0.716 0.05
c 9 0.95 0.692 0.06

*

* Significant d'ifference.
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tffect of temperature

The mean predicted value of oxygen consumption of a 5 g fish

(Fjg. 27), was equal to 43.0 mg 0Z.kg-1.rr-1 at OoC and itO.c mg

_1 _1
Oz.kg-t.h-r at 10oC, for a Q1O of 2.5. Analysis of covariance

showed that the effect of temperature was highly significant (p <

0.001) on the oxygen-weìght relationship. Muìt'ip'le regress'ion

analysis resulted in the following equation

Loso' = -1'";,:.:,':, 
l':i,,.1-1,i.;. ,:',,,;.:'n' 

(5)

[,j = Total we'ìght in g

T = temperature in oC

The high coeffjcient of variat'ion 1R2 =0.92) indìcates that the

routine rate of oxygen-uptake could be predicted with considerable

precision from Gadus ogac weight and water temperature.

If an investigator wished to determìne oxygen-uptake d'irectìy

from length frequency, the fol lowi'ng equat'ion could be used

Log0, = -10.848 + 2.320 ]ogl + 0.042 T R2 = 0.89 (6)
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D ISCUSS ION

Relative abundance and d'istri but'ion

Catch per unit anqljnq effort

The CPUE reached its maximum during the first week of June

(F'ig. 8), and then decl ined sharply, unt'il no f ish were caught in

ear'ly Ju'ly (the period between i ce-cover and open-water) . Gadus

ogac may have moved to areas with deeper and cooler water. After

the ice had disappeared compìetely from the inlet, about 10 July,

cod could once again be taken by net and angling (castìng; jigging

from the 'ice was of course not poss'ibl e) . There are three

possible reasons for this temporary disappearance:

1) The fish moved out of the ìnlet. This'is h'ighly unlikely,

because no fish could be caught at thjs tjme on the outer coast,

and because if there were eflux and subsequent 'influx they would

be caught last in the outer basin on their way out and first on

their way in, which d jd not occur (Append'ix 1).

2) They moved to deeper water. However, mìgratìon to deeper

water and a subsequent return should be discernible on the CPUE

data, with catches in ear'ly Ju'ly highest'in deeper water, but they

are not. I djd not j'ig in water > 30 m.

3) They were not catchable by hook and ljne. Although this

is most likely, there is no evidence except for the part tjrat cod

could not be angled during earìy July.
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No s'ign'if ìcant differences were found between depths for the

normaljzed CPUE data, suggesting that G. oqac were distrjbuted

aìong the bottom of the inlet wjthout any strat'ificatjon or depth

preference. The same results have been reported for Boreogadus

sa'ida Ín the Chukchi and Beaufort Seas (Lowry and Frost 1981).

The turbìdity at Saqvaqjuac was such that cod probably could not

see the lure more than 20-30 m away at most. Unless the s'lope was

very steep', therefore, visual djstance should not have had much

bearing on depth-d'istribution results. No 9. ogac urere caught

'immediate'ìy beneath the ice or in mìdwater, confirming the

demersal habits of thjs fjsh (Tab'le 17). Unfortunately the camera

caljbratìon of the CPUE data did not work, so CPUE data cannot be

transformed into population densitjes. I am keep'ing thjs idea

open for any investigator who may be interested'in continuìng this

work. Subsequent cal ibration of the method wi I j al low back

calculation of cod densities in Saqvaqiuac Inlet in 1983.

{ç and lenqth-frequency d i stri buti ons

The age distribut'ion of Greenland cod from Saqvaqjuac and

Qan'iqsluaajuq inlets appear to be different. Members of the

younger age groups (1982 and 1981 year classes) were not fottnd in

Qaniqsìuaaq Inlet but they were very numerous in Saqvaqjuac inlet
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Table 17. CPUE data 1 m above the bottom before

correction, for the same hole, where no

Gadus ogac were caught immediately

beneath the ice or in midwater.

Saqvaqjuac Inlet, 1983.

Jul ian

day

Hole Depth

no. m

CPUE data

before correction

(1 m above bottom)

I46

148

148

150

150

150

L57

158

159

20

32

39

50

48

50

11

13

t7

13

9

13

22

I
22

1,7

18

7

4

4

5

7

7

9

1

3

4
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(Fig. 12). 0lder age groups of Greenland cod (1971-1973 year

cìasses) was not found jn Qaniqsluaajuq Inlet. Members of the

L977 year-cìass were abundant in Saqvaqjuac Inlet, and the 1976

year-class was abundant in Qaniqs'luaajuq Inlet. However, these

apparent differences might be exp'ìained by differences 'in sampl ing

methods and samp'le sjzes. F'irst, most of the 1981 and 1982 year

classes at Saqvaqjuac Inlet were caught by trap netting and very

few by angì'ing, whereas the catch from Qaniqsluaajuq Inlet was

caught by angling. Second, t97L and L972 year class fish at

Qaniqsluaajuq Inlet may not occur in a sample based on only 53

fish, (ranging in length fron 240 mm to 490 mm) compared to a

sub-samp'ìe of 237 fish (rangìng in length from 58 mm to 490 mm)

from Saqvaqjuac Inlet.

Gear selectivity resulted in b'iased size djstributìons,

depending upon the capture method emp'loyed. Ang'ling and gi ì ì

netting seìected for larger fish (mode 325 mm, Fì9. 13), whereas

trap netting caught large numbers of 125 mm fish (F'ig. 13). Given

the mortal jty curves calculated 'in F'ig. 23 for Saqvaqjuac f ish,

and jn theory (Robson and Chapman 1961), there must have been

'increasing numbers of fish with younger year-classes, assuming

year-class strength 'is relat'ively constant from year to year (the

'length-frequency plots for 1981-1983 (Fig. L2) suggest this is

true). Angl'ing, therefore, was strongly biased against fish < 375

mm, whereas trap netting was undoubtìy more representatjve Of the

real popu'lation above L25 mm (assum'ing al I members of the

popuìation were present at the capture location). Frequency

d'istrjbutions (: 325 mm) were s'imjlar for all three capture
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methods, indìcat'ing that there was no methodo'log'ical bias > 325.

Ng and growth

Gadus ogac at Saqvaqjuac Inlet first spawn when they reach an

age of two years for females and three years for males. The

annual increment in length is about 7 cm durjng the fjrst year of

life (F'ig.20), and decreases gradualìy thereafter as they become

o'lder, unt'il it reaches about 1 cm between the eleventh and

twelveth year of l'ife. The annual increment 'in length for G. ogac

caught from Qaniqsìuaajuq Inlet (F'ig.20) is 17.5 cm for the first
year and 0.6 cm between the seventh and eighth year of life.

B. sa'ida from the Beaufort Sea are small (60-170 mm) and

young (ages 1-3), w'ith most males maturing at ages 1-3 and females

at age 3 (Craig et al. 1982). These sizes, ages and maturity

characteristics indjcate a life h'istory strategy of r-select'ion,

whereas q. oqac are known to be k-selected species (Craìg et al.

1e82).

At Saqvaqjuac In'let during 1983, the maximum age of q. ogac

reported was LZ yr and the maxjmum size was 49 cm. In 1.982, a

fish length of 55.4 cm was caught from Saqvaqjuaq Inìet. Cra'ig et

al. (1982) and Jensen (1948) reported that the maximum age of 9.

ogac is 11 yr, and the maximum size js 70 cm. This suggests that

G. ogac from Saqvaqjuac Inlet have a slower growth rate than those

reported by Craig et al. (1982) and Jenson (19a8)

Female 9. ogac generaì'ly outnumbered males at Saqvaqjuac

Inlet (assum'ing there was no gear selection or habjtat preference
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which biased the sex ratios). The dominance of females among

older fish (Table 9) has also been reported for B. saida in the

Beaufort Sea (Craig et al. 1982).

l,lei qht-l ength re lationshio

Stat'ist'ical analysis showed that there was no s'ignifjcance

differences between sexes for both inlets jn the we'ight-'length

relationship. The difference in the s'lopes between both inlets

was not sign'if ìcant djfferent (Tabìe 6). A d'ifference in the

slopes would'indicate different popu'latjons (Le Cren 1951; Bagenal

and Tesh 19i8).

Boulva (1970) reported the weìght-length relationshjp for two

spec'ies of cod in Cambridge Bay, N.W.T. as fol lows:

Arct ooadus qlacialis

Logr'we'ight (g) = -5.5094 + 3.L702 'logtOìength (mm)

Arctoqadus bori sovi

Logr'weight (g) = -5.6661 + 3.2L28 logt'length (mm)

The we'ight-'length rel ationsh'ip of (Boreoqadus saida) duri ng

the summer of 1977-L978 in the Beaufort Sea (Craig et al. 1982)

was

Logr'weight (g) = -5.196 + 3.031 'loStO'length (mm)

(n=277r=0.98)

In the present study, the weight-ìength relationship oj Gadus

ogac durìng the summer of 1983 at Saqvaqiuac Inlet (Tab1e 6) was

Logr'weight (g) = -5.485 + 3.196 ìogtO'length (mm)

(n = 443 r2 = 0.96)
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The simj larities among s'ìopes suggests that Arctoqadus

qlacialìs in Cambridge Bay, Boreoqadus saida 'in the Beaufort Sea,

Gadus ogac at Saqvaqjuac Inìet, and Arctoqadus borisovj ìn

Cambridge Bay were jn similar conditjon.

Food hab'ï ts

Aì though Gadus ogac have preferences when choi ces are

available (e.9. capeìin during summer), they are opportunist'ic

predators which crop a large variety of prey populations. Thus,

they may serve as "reguìators", feeding on different species when

each becomes abundant. Such a role has been suggested for

Boreogadus saida (Cra'ig et al . L982; Lowry and Frost 1981) and

Sal vel i nus alpinus (Johnson 1980). Therefore, they probab'ly do

not undergo ìarge popuìation fluctuatìons because of prey

depìetion.

Greenland cod at Saqvaqjuac ate a great variety of food items

(Table 11 and Fig. 25 A-H). Most important were Crustacea (crabs

and amphipods), followed by polychaetes and fish. Aìthough cod

were hjghly oportunistic in thejr feeding, they apparently had

preferences when presented with certain opt'ions.

During the ice-cover period, cod from Umiivik Inlet consumed

a higher proportion of sculpins (57%) than d'id cod from the other

two jnlets (. 9%). Cod from Qaniqsluaaiuq Inlet ingested a hìgher

percentage of fjsh (fish rema'ins 20%) and fish eggs (16%) than the

other two inlets. In Saqvaqjuac Inlet during 1983, crustaceans

(crabs 331( and amphipoda 19%) were the dom'inant prey 'items, but



106

during 1981, capeìin (38%) were the most important food prey.

Capeìin were found in very few cod stomachs in 1982 and 1983.

Capeìin are moderately abundant ìn Saqvaqiuac Inlet in some years

and spawning was observed at the mouth of Saqvaqjuac river ''in 1978

(H. t,Jelch, Freshwater Institute pers. comm.).

The proportion of the various food items may be based on prey

avajlab'iljty. During the open-water seasons at Saqvaqjuac Inìet,

G. oqac ate a variety of prey items'in their stomachs, poìychaetes

(47?ü and amphìpods (18%) for 1981, fjsh remains (43%) for 1982,

amphipods (35%) and fish remajns (13%) for 1983, (Tabìe 11).

Scu'lpins, shrìmps, fish e9gs, mysids, blenn'ies and cumaceans

also occurred consjstently, but were relative'ly minor components

in most q. ogac stomachs at Saqvaqjuac Inlet (Table 11). Other

food items formed onìy a fractjon of L% of the natural diet of q.

ogac examjned, and would therefore appear to be comparat'ively

unimportant.

A b'ig change was noted jn the maìn types of food'items eaten

during the 1983 'ice-cover and open-water seasons at Saqvaqjuac

Inlet. Crabs (33%) and amphipods (19%) were the main food items

eaten durìng the ice-cover periods, and amphipods (35%) and fish

remajns (14%) were the main diet during the open-water period.

An abundant l'iterature has accumulated on the food and

feeding hab'its of fish, but ijttle is known about the food habits

of q. ogac jn Canadian arctic waters. A comparjson of the food

habits of q. ogac and the food habjts of other arctjc_Gadidae

species 'is presented in Table (18). The food hab'its of G. ogac 'in

the present study are similar to Arctoqadus Spp., but different
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from those of the 9. saida.

Arctic cod occupies an extremely important place 'in the food

chain of the arctjc seas, being the main (or on'ly) consumer of

pìankton. At the same time, it serves as the main food'of many

marine mammals and b'irds (Craig et aì. 1982). q. ogac can be

regarded as a terminal predator at Saqvaqjuac Inlet. Adult G.

ogac are known to be largely free from predatjon by marjne mammals

except perhaps for harbour seal (H. Helch, Freshwater Inst'itute

pers. obs.) and other fìsh species. No 9. ogac have been found in

the stomachs of fifty sculpin spp., caught from Saqvaqjuac Inlet

during 1983. Also, aìthough there have been no comparable studjes

in Saqvaqjuac Inlet, Johnson (1980) found that Salvel'inus alpjnus

migrating back to Nauyuk Lake (Kent Peninsuìa) dìd not feed

extens'iveìy on Greenl and cod.

Metabol ic rate

The main purpose of this port'ion of the study was to obtajn

baseline informatjon regarding the normal respiration of Gadus

ogac as a function of temperature and size. The experimentaì

protocoì followed yìelded data that fall 'into a loosely defined

category known as routine oxygen consumption, whjch has been

defined as the oxygen consumed by fish whose only movements are

spontaneous (Beamish and Mookherji 1964)

Metabolic rates in fish may be affected by a'large number of

factors including species, sex, season, developmental stage, size,
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Table. 18 Comparjson of the food habits of Gadus ogac and the food

habits of other arct'ic Gadidae specjes from literature.

Author Spec i es Locat i on Food items

Stewart and Gadus
Bernier 1983. gg..

Boulva 1970. 8. ogac

Leim and
Scott 1966.

G. ogac

Sphepard
Bay
N.t,l. T.

Greenl and
waters

Northern
Baff ì n
Island

Bohn and Boreoqadus
McElroy 1956. saida

Bradstreet and B. saida
Cross L982.

Leim and
Scott 1966.

B. saida

Fìsh rema'ins,
i sopods and
mysìds.

Fish remains,
Arctogadu s
remai ns, amph'ipods ,
shrimps, starfjsh,
isopods and algae.

Capef i ns, smal I
f I ounders, po'lar
cod, shrimps, crabs,
euphaus'i'ids, squ jds,
annel ids, mol luscs
and echinoderms.

Copepods , and
peìagic amphipods.

Copepods and
amphipods.

Amph'ipods and
mys'ids.

amb
ay

ridgec
B

N .t,l.T.

By1 ot
Isl and
N.t,¡.T.

East
Greenl and

conti nued. . .
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Author Speci es Locati on Food items

Bolva 1970. Arctogadug
qlac'ialis

Lowry and
Frost 1981.

B. saida

Present study Gadus
1985 ogac

Cambri dge
Bay
N. t.l. T.

Beri ng,
Chukchi , and
Beaufort seas

Northern
Hudson Bay,
N. t.l. T.

FÍsh remaìns,
Arctoqadus remains,
amphipods,
sea anemones and
gastropod s .

Epibenthic mysids,
amph'i pod s and
copepods.

Amphipods, mysids,
Arctoqadus remains
and f i sh rema'i ns .

Crabs, amphipods,
po ìychaetes
and fish

Bolva 7970. A. borisov'is i dge
ay
. lll.T.

ambrc
B

N
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maturity, laboratory maintenance cond'itions, experimental

acc'limation, stress and nutritional status. These factors combine

to give a h'igh degree of variabil'ity to measurements of metabol'ic

rates (Morris and North 1984). Three major factors probably

affected the routine metabolic rates obtained. The first was a

"stress reaction" which resulted from the introduct'ion of a fish

to the respÍrometer at the start of the experiment. Thjs was

followed by a period of quiescence, giv'ing an oscìl'ìating and

decay'ing response to the respirometer (Morris and North 1984).

The t'ime course stud'ied (Fig. 26) examined this source of

variat'ion, and it was m'in'im jzed by al lowing a suitable period of

experìmenta'ì accl imation. The accl imat'ion data showed a broad

pattern includìng an 'inìtially elevated and variable oxygen-uptake

fol lowed by a reduced and less variable rate of oxygen

consumpt'ion, especial ly at 5oC and OoC.

A second source of h'igh 'initial oxygen-uptake was handl ing

stress. Morris and North (1984) found an initial elevatjon and

increased variability of oxygen consumption rates for five specìes

of sub-antarctic fjsh after capture, followed by a decrease to a

p'lateau withi n L2-24 h. Holeton (1974) found that it took about

48 h or longer for the oxygen-uptake rates of arctic sculpins,

zoarcids, l'iparids and Polar cod to stabiljze after capture and

handìing. The effect of handl'ing after capture and introduction

into the respirometer accounted for a 701( lncrease 'in the oxygen

consumpt'ion of Atlant'ic cod 'in the the first few hours'in the

resp'irometer (Saunders 1963). Sundnes (1957) found that rates of

oxygen consumption of large (t t.O kg) Atlantjc cod and poììock
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took somewhat less than 4 d to return to prevìous'ly established

routine levels following handì'ing. Arthur et al. (1971) observed

that 'it took 2-24 h after capture for total dissolved solids,

packed cel I volume, hemoglobin and the maior p'lasna 'ions, itrlori¿e

and sodium levels to stabilize to normal values for brook trout.

By contrast, the same authors poÍnted out that hyperglycemia and

alteration in the tissue levels of potassium and calcjum persisted

for 4-8 d, while the plasma levels of these ions remained below

normal for the entire I92 h of observatjon. Pìckering et al.

(1984) concluded that a mjnimum of 2 wk was required for complete

recovery from stress and a return to normaììty for the brown

trout. Due to the constraints of the short arct'ic field season in

the present study, acclimation was l'imited to 5 d or less.

A third source of initial high oxygen consumpt'ion was the

Specìfic Dynamic Action (SDA) assocìated with food 'in the gut. It
has been demonstrated with other spec'ies of fish that food in the

gut eìevates metabolic rates about 40-90% above the standard rates

(Fry 1957) and keeps it high for periods on the order of 24 h

(Saunders 1963; Muir and Ni imi 1972).

The greatest varjabiljty 'in the oxygen-uptake rates in the

present investigation occurred at OoC and 5oC (F'ig. 26). After 60

h in the respìrometer at OoC and 5oC, the slope of the regress'ion

lÍne between oxygen consumption rates (mg 0Z.kg-l.h-1) and t'ime jn

the resp'îrometer was not significantìy different from zero (p >

0.1). At 10oC the slope from the start was not signÍÊicant'ly

different from zero, which may have been due to the small samp'le

size. The "best" est'imate of routine oxygen consumpt'ion t,las



TL2

obtained by combining biolog'ical factors (food 'in the 9ut,

handì ing and stress) and statistìcal factors (sign'ificant

difference of the slope of the regression l'ine of oxygen-uptake

versus time from zero), and taking the average of the

post-acc'limated oxygen-uptake (mg 0Z.h-1) after 60 h at OoC and

soC and 48 h at 10oC.

The net result of the three effects discussed above are

unclear. For comparative phys'iological purposes, tak'ing

respiratjon rates after a 48-h or 60-h acclimat'ion period reduces

vari abi I i ty and the effect of hand'ì i ng , and reduces the

variability due to SDA. However, the lack of SDA results 'in an

underest'imat'ion of fje'ld oxygen consumption. Thus, the results

presented 'in Tabl e 16 are probably sì ight underest'imates of

Greenland cod oxygen consumption under natural condjtions.

Whenever an organ'i sm i s subiected to changi ng body

temperature, jts respiratory Q1O has a physio'logical meanjng and

could be of adapt'ive importance. For exampìe,'if an anjmal has a

low or near zero respiratory Q10' its metabolic process are

relatjveìy unaffected by temperature and it is less dependent upon

the environment than an animal that has a high Q1g (Scholander et

al. 1953).

Robinson et al. (1983) calculated the following QtO's: I.4

for active fish and reptìles, L.7 for poìkilotherms, 2.4 for

homeotherms and 1.6 f or un'i cel I u I ar organ'i sms. The QtO of

Salvel inus alpinus was 2.6, as calculated from the oxygen-weìght

relationship at 2oC and 6oC (Hoìeton 1973).

The QtO of G. ogac at Saqvaqiuac Inlet, estimated from the
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predicted values of 0, (ms 0z.kg-1.n-1) at OoC and L0oC, was equal

to 2.5. This estimated value o¡ Q10 is the same as the calculated

Q,'^ for S. alpinus (Ho'leton 1973). This means that Q. oqac and S..IU

alpinus are relatively affected by changes in temperature and

dependent upon the arctjc envjronment.

Most species of fjsh show a standard rate of oxygen-uptake

that is related to the wejght raised to the power of approx'imately

0.8 (Fry 1957) (Tab'le 19). The relat'ion between we'ight (1,'l) and

rate of oxygen consumption (Q) of resting, G. ogac at 0oC,soc and

10oC was typical of the form

Q = awY'

Temperature had an 'important effect (p < 0.001) on the

relat'ion of routine oxygen consumptìon rate to size. The

weight-oxygen consumpt'ion intercepts obtained in the present study

appeared to be related to variation in metabol ic rates and

activity (Morris and North 1984). Slopes !{ere less than un'ity at

al I temperatures 'investigated (Tabìe 19; Fig. 27).

Table 19 compares the weight-oxygen consumption slope

obtained 'in the present study with the slopes obtained for a

number of other species of arctic fish by Holeton (1973, 1974).

Greenland cod are similar to these other species.

Fish from the arctic and antarctjc have been reported to be

"cold adapted" 'in the sense of having a cons'iderabìy elevated

resting or standard metabolic rate relatìve to expected metabol'ic

rates of temperate or tropical fjsh extrapolated to equivalent

co'ld temperature (Scholander et al. 1953; þJohlschìag 1960; 1963).

This elevated basal metaboljc rate in poìar fish was thought to
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Table 19. Comparìson of the slope of the regress'ion ljne of

oxygen (mg 0Z.h-1) versus we'ight (g) of Gadus oqac

(present study) to other taxa of arctjc fish from

Holeton (L973, I974).

Sìope Temperature Taxon Author

0. 73

0.91

0.7 4

0.83

0.82

0.82

zoc

-1.soc

- 1. soc

- 1. soc

-1.50C

ooc

Sal vel i nus al p'i nu s

Fami ly Cottìdae

Fami ly Cycìopteridae

Fami'ly Gad jdae

Fami ly Zoarc'idae

Gadus oqac

Holeton, I973

Holeton, L974

Holeton, L974

Holeton, t974

Holeton, t974

Present study
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have an ìmportant ecologica'l 'implicatìon, i.e a reduct'ion'in the

energy available for growth (C'lark 1983). Subsequent work has

suggested that thjs theory was based on faulty experimental data

for po'lar f ish (Holeton 1973, L974; Clarke 1983)

Greenland cod caught from Saqvaqiuac Inlet do not have an

unsua'liy high oxygen-uptake rate relat'ive to temperate and

tropical species at equivaìent cold temperatures. F'ig. 28 shows

the type of jnformation widely accepted jn earljer literature

relating to the metabolism for polar, temperate and tropicaì fish

(e.g. Scholander et al. 1957; tllohlsch'lag 1964) and the recent work

of Holeton (1973, 1974). The ìnformation on oxygen 'consumptìon

rates of Greenland cod obtajned from this study js included in the

figure (redrawn from Holeton 1974).
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The relatjonships between oxygen consumptìon

and temperature for po'lar, temperate, and

tropicaì f ish (so'lid I ines) as common'ly accepted

'in earl 'ier I 'iterature (e. g. Schol ander et al . 1957 :

Wohlschlag 1964). Lower broken ìine applies to data

for an Antarctjc zoarcjd hav'ing "unusually" low

metabolism (Hohlschìag 1963)). Recent data for Arctic

fish (Ho'leton i973, 1974 and present study) have been

plotted for comparison. Key todata:1=Boreoqadus

saida; 2 = Arctic cottids; 3 = Arctic zoarcids;

4 = Arctic liparids; 5 = Salvelinus alpinus;

6 = Dallia pectoralìsi 7,8 and 9 = Gadus ogac

(present study).

(redrawn from Holeton 1974).

4
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General summary of the l'ife history

of Greenland cod.

Greenland cod js found mostly in the mid-arctic and

sub-arctic (Leim and Scott 1966; Boulva 1970). It 'is very

abundant in Saqvaqjuac Inìet as ind'icated by a mean CPUE by

jigg'ing of about L7 h-L during the first week of June jn 1983. It
is a demersal fish spec'ies and does not show any schooling

behav'iour. The average ìength is about 35.0 cm. Indivjduals are

long Iived (age of LZ yr or more), have low natura'l mortafity

rate, and are slow growing, characteristics of k-selected species

(Craig et al. 1982). They spawn from February to April each year.

Greenland cod are opportun'istic carnìvores, feeding on a very

wide variety of benthos and near-bottom plankton. At Saqvaqjuac,

primary food in I ate winter, spri ng, and summer i s crabs,

amphipods, poìychaetes, and fish (capeljn when availabìe).

Harbour seal (Phoca vjtul ina) and be'luga (Delphjnapterus

I eucas probabìy feed on G. ogac in Hudson Bay but beluga do not

often enter Saqvaqjuac Inlet, and on'ly 1-4 harbour seals are

present for a few weeks each summer (H. l.lel ch, Freshwater

Institute pers. comm.). Thus Greenland cod are top predators at

Saqvaqjuac Inlet.

The growth rates of Saqvaqjuac and Qaniqsluaajuq popuìat'ions

are very d'ifferent. There is no ev'idence of exchange between

populations'in these'inlets, even though the inlets are only about

12 km apart.

Greenland cod in Saqvaqjuac Inlet do not show any evjdence of
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cold adôptation. They have a relatively low metabol ic rate

comparable to the metabolic rates of other arctic fish species.

The estimated QrO (2.5) indjcates that they are dependent upon the

natural cold temperature (about -1.90C) in which they live for

most of the year.

In contrast, Arctic cod, a circumpolar pelagic species, js

found mostly jn the Arctic 0cean from Greenland to Siberia (Ryan

1979). Arctìc cod feed at the under-ice surface on amphipods,

copepods and other plankton'ic crustacea, and serve as a food for

many marine mammals, birds and other arctic fish (Bradstreet and

Cross L982; Craig et al. L982 ). Arct'ic cod shows schooling

behaviour, and characteristjcs of an r-selected species (Craìg et

al. L982). It is a small fish (maximum length is 15.0 to 20.0

cm), short lived (fish older than 5 yr suffer high natura'l

mortality), mature at an early age (most males mature at ages 1-3

and females at age 3), and spawns between late November and early

February (Craig et al. 1982; Gjosaeter 1973)

Aìthough much more work needs to be done on the varjous

species of cod at high ìatitudes, 'it appears that Greenland cod

have fundamental different strategies, w'ith Arctic cod be'ing a far

more important central link in the food chajn leading to marjne

mammals production.
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Appendix 1. CPUE data at Saqvaqjuac May-June 1983
and Qaniqsluaajuq June 1983, before
and after depth corrections.

Location Jul ian
day

Hol e
no.

Depth
m

Fi sherman CPUE

before
correct i on

CPU E

after
correcti on

Saqvaqjuac
Inlet

L45
145
145
146
146
L46
146
I46
146
t46
1,46
146
146
1,47

I47
147
I47
I47
t47
I47
I47
I47
t47
I47
1.47

147
147
148
148
148
148
148
148
148
148
148
148
148

1

2
4

11
T2
16
T7
18
19
13
L4
15
20

5

6
7

I
9

10
2T
23
24
25
26

29
30

32
33
35
34

40
39
40
4L
42

9
19
26
L7

11
13
37
30
19
22

11
1,4

11
5

13
5

9
13
15
33
T2

34
6
5

T2
I
3
3
2
2
5

2
5
2
3
7
4
1

1

4
I
9

16
7
4
1

z
I
4
7
1

2
4

16
3
I
9
7

5
26

6
5

M

T
M

T
M

M

M

T
T
M

T
M

T

U

U

U

B

D

G

T
B

T
B

M

G

D

M

T
M

G

T
U

D

G

G

G

D

B

I
24

7

7
7

18
7

I
10

6
I
4

6
13
6
4
6

27

31

37

15
15

4
4
2
2
5

2
5

2
3
8
5

1

1

5

19
10
24

7

4
1

2
11

4
7

1

2
4

32
3
1

I2
7

6

conti nued. . .
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Location Jul ian
dav

Hol e
no.

Depth Fi sherman
m

CPUT

before
correct i on

CPUE

after
correct i on

Saqvaqjuac
Inlet

148
150
i50
150
150
150
150
150
150
150
150
150
150
150
150
155
155
155
157
157
157
t57
158
158
158
158
158
158
1s9
159
160
160
160
160
161
161
16i
161
161
161
162
162
1,64

28
44
45
46

10
5

19
T7
l2

2
I
4

22
33
10
l2

7

7
24
10
I

22
19
I

22
t7
32

7
24

9
7

15
7

7

11
l4
11
11
10
13

5
33
13

2
15

3
4
2
1

7

2
7

1

9
1

2
I
5

18
L7
I
I
3
1

1

1

I
5

1

4
3
4
5

11
3
4
5

13
7
6
1

2
6
tr

6
1

2
T7

4
5

2
1

I
2

T4
i

11
1

2
9
I

?9
23
19
15

3

I
1

I
9
I
1

4
3

4
5

15
3

4
6

18
9
6
1

2
7

6
6
1

U

T
U

T
U

B

U

U

U

M

G

M

G

G

M

G

T
B

B

B

G

B

G

G

B

T
B

T
G

G

M

D

G

G

G

J
G

J
G

J
T
G

C

I
13

5

4

43

47
48
49
50
51
52
53
54
T4
16
10

9
8
7

L2
5

11
90
19
16
T7
L4
13
T7
l4
25
26
27
28
10
30
29
34
35
36
30
29
4T

continued...
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Locat i on Ju I 'i an
day

Hol e
no.

Depth Fj sherman CPUE

before
correct i on

CPUE

after
correct i on

Saq
Inl

10
6
6

T2
9
5

19
19
19
22
22
10
10
10
19
10
22
10

5
9

13
T7

6
4
6

13
L7
I
4

T4
11

5
13
13
10
11

5
5
7

11
24
13

7

33

4T

23

27

Juaqv
et

ac 164
164
164
L64
164
t64
L64
166
166
166
166
166
166
166
166
166
166
L67
L67
167
L67
I67
t67
I67
L67
L67
L67
168
168
168
168
168
168
168
169
169
169
169
T7T
T7L
17L
T7L
L7T

43
42
40
37
32
31

7

7

7

I
I

10
10
10

7

10
8

43
31
32

38
40

c
B

B

D

D

G

M

M

M

c
C

J
J
J
M

J
c
T
C

D

U

G

c
J
G

J
G

C

G

tl
C

M

U

c
D

T
B

B

M

J
J
D

D

1

5
3
5
8
2
3
1

4
4
6

10
1

4
4
5

2
1

1

3
1

1

1

4
4
2
2
1

3

1

1

10
4
I
3
3
4

10
1

11
1

3
I

1

5
3
6
9
2
4
1

5

6
11
13
I
4
5
6
2
1

1

3
1

1

1

4
4
2
2
i
3

1

1

11
5

1i
3

3

4
11

1

15
1

3

1

42
39
38

24
26

28
30
35
10
27
28
28
14
15
16
20
19

cont'inued. . .
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Locat i on Ju I 'ian

dav
Hol e
no.

Depth
m

Fi sherman CPUE

before
correcti on

CPUT

after
correct i on

Saqvaqjuac
Inlet

T7L
T7L
17L
L7T
171,
T7T'
172
172
172
172
L72
172
L72
L72
t75
175
175
175
175
176
176
176
t76
176
180
180
180
180
180
190

36
28
27
10
10
10
10
39
37
37
91
91

16
15
L4
L4
L4
91

8
30
I

10
11
19
13
I
5

11
10
10
10
10
T2
T2
T2
11
11

8
I
I
8

11
24
11

7
7
7

11

L2
6
9

10
15

9
9
9
9

91

M

J
J
D

D

D

B

B

B

B

B

B

B

B

D

D

D

D

M

M

M

M

M

M

D

D

D

D

D

M

2
3

9
10

1

1

15
4
4
1

2
3

1

2
3

1

1

15
7

1

1

1

1

7

1

2
2
2
3
8

2
2
I
8
1

1

0
4
4
1

2
3
1

2
3
1

1

1

6
I
1

1

1

6
i
2
2
2
3
7

1

7

33

1

Qaniqsìu-
aajuq
Inl et

t52
L52
I52
L52
1,52
I52
I52
152
152

67
68
69
70
7L
72
73
74
75

6
11
13
L4
L2

6
I

2L
13

2
1

2
2t

6

2
1

2
L2

5

U

U

U

U

U

M

G

U

T

L2
L7

4
1

T4
23

5

1




