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Young-of-the-Year Cod (Boreogadus) in Lancaster Sound
and Western Baffin Bay

AARON D. SEKERAK!

ABSTRACT. Over 85% of all ichthyoplankton found in the study area in 1976 and 1978 were young-of-year (Y-O-Y) Boreogadus. Most of
the remainder were seasnails (Cyclopteridae). Densities of Y-O-Y cod were related to season, depth, and (to a lesser degree) year and
location. From June to at least mid-August, Y-O-Y cod were normally most abundant at 10-20 m depth and rare or absent at the immediate
surface. Densities decreased below~20 m and no Y-O-Y cod were caught at depths >250 m. After mid-August densities decreased at all
depths sampled. More Y-O-Y cod may have been present in the study area in 1976 than in 1978, and Y-O-Y were significantly longer at a
given date in 1976 than in 1978.
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RESUME. Les Boreogadus nés au cours de I’année représentaient plus de 85% du total de I'ichtyoplancton trouvé dans le territoire a
1’étude en 1976 et 1978. Les autres espéces appartenaient, pour la majeure partie, 2 la famille des Cyclopteridae. La densité des populations
de morue née au cours de ’année dependait de la saison, la profondeur et (dans une moindre mesure) de ’année et la position. De juin
jusqu’a tout au moins la mi-aofit, la morue née au cours de I’année était généralement plus abondante  une profondeur de 10 420 m et rare
ou absente prés de la surface. Les densités ont diminué sous ~20 m et aucune ne fut trouvées plus profondément que 250 m. Aprés la
mi-aofit, les densités ont diminuées & toutes les profondeurs échantillonnées. Plus de morue nées au cours de I’année peuvent avoir été

présentes dans le territoire 3 I’étude en 1976 qu’en 1978, et celles-ci étaient significativement plus longues 2 une date donnée en 1976 qu’en

1978.
Traduit par Pierre Bibeau, Arkéos Inc., Montréal.

INTRODUCTION

While knowledge of arctic cod, Boreogadus saida (Lepe-
chin), in North American waters is growing (Quast, 1974;
Bohn and McElroy, 1976; Bain et al. 1977; Bain and Sek-
erak, 1978; Den Beste and McCart, 1978; Frostetal., 1978;
Hunter, 1979; Lear, 1979; Miller, 1979; Tarbox and Thorne,
1979; Wolotira et al., 1979; Buchanan and Foy, 1980; Lilly,
1980; Wells, 1980; Lowry and Frost, 1981; Bradstreet,
1982; Craig et al., 1982), most data remain in unpublished
reports and working papers. Vast geographic areas remain
unstudied and basic elements of the life history of arctic
cod are little understood.

Although arctic cod are little used by man, they are an
extremely important link in the transfer of energy from
lower trophic levels to seabirds and marine mammals.
Arctic cod are eaten by white whales, narwhals, ringed,
bearded and harp seals, walruses (occasionally), thick-
billed and common murres, black guillemots, black-legged
kittiwakes, northern fulmars, arctic terns, and glaucous,
Sabine’s, ivory and Ross’s gulls (Andriashev, 1964; Quast,
1974; Bradstreet, 1976, 1977, 1979, 1980; Divoky, 1978;
Lowry ez al., 1978, 1980; Springer and Roseneau, 1978;
Davis et al., 1980; Bradstreet and Cross, 1982; Finley and
Gibb, in press). Arctic cod form a significant fraction of
the food consumed by many of the above animals. The
arctic cod is especially important because it is the only
relatively abundant fish in many arctic areas and few
alternate food sources appear to exist. It is circumpolar in
distribution and has been found as far north as 88°N lati-
tude (Kleinenberg et al., 1964).

Arctic cod in the Barents, Kara, Laptev and East
Siberian seas have received more scientific attention than

those in seas around North America. A generalized ac-
count of their life history can be drawn from European and
Soviet literature. Although details may vary, this probably
also applies to North American arctic waters. The general
consensus is that arctic cod spawn between December and
March(Jensen, 1948; Andriashev, 1964; Hognestad, 1968a, b;
Ponomarenko, 1968), although spawning in October and
November near Novaya Zemlya was reported by Klein-
enberg et al. (1964).

The only identified spawning area in the North Amer-
ican Arctic is in Stefansson Sound in the Alaskan Beaufort
Sea (Craig et al., 1982); however, efforts to define spawn-
ing areas have been minimal. After field efforts in late
November 1976 and late February and April 1977, Bain
and Sekerak (1978) assumed- that waters near Cornwallis
Island were not utilized by arctic cod for spawning, as no
adults or eggs were collected and young-of-the-year were
first captured in April.

Arctic cod eggs are buoyant and range from 1.5 to
1.9 mm in diameter (Russell, 1976). Laboratory experi-
ments indicate that the incubation period for arctic cod
eggs is 26-35 d when held at a mean temperature of 0°C
(Aronovich et al., 1975) but incubation may be consider-
ably longer at the subzero temperatures of winter sea
water. From data on spawning period and first appearance
of larvae in the Barents Sea, Rass (1968) suggested that the
natural incubation period was 45-90 d. According to Rass
(1968), newly emerged larvae are about 5.5 mm long, post-
larvae are 6-30 mm, and transformation to the juvenile
(fry) stage occurs when the young are 30-50 mm long.
Baranenkova et al. (1966) reported newly emerged larvae
as small as 3.5 mm in length. Ocean currents undoubtedly
transport planktonic stages of arctic cod over consider-
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able distances. See Fissel er al. (1982) for a description of
currents in the Baffin Bay-Lancaster Sound area.

Growth of young cod is relatively rapid and one-year-
olds are commonly 70-100 mmin length (Hognestad, 1968b;
Craig et al., 1982). However, arctic cod are short-lived;
five- to six-year-old fish are rare and specimens over 300 mm
long are uncommon. Sexual maturity iscommonly attained
by age 3 yr and males tend to mature earlier than females
(Craig et al., 1982). Behavior and movement patterns of
arctic cod are complicated and poorly known. Large ‘pre-
spawning’ concentrations have been reported in coastal
regions of the Barents Sea (Ponomarenko, 1968). Concen-
trations of arctic cod also occur in the North American
Arctic (Craig et al., 1982; Finley and Gibb, in press), but
information is insufficient to predict where such concen-
trations are most likely to occur.

This paper concerns arctic cod in Lancaster Sound and
western Baffin Bay during a limited portion of their life
cycle — generally from July to early October in the first
year of life. During this period a variety of planktonic or
semi-planktonic stages can -be present at the same time.
Size of available specimens indicates that the majority are
postlarvae. Available information from other North Am-
erican areas is also discussed.

MATERIALS AND METHODS
1976

Six stations in Lancaster Sound (Fig. 1) were sampled
from the M/V Theta on five occasions in 1976: 22-28 July,
3-8 August, 16-22 August, 27 August-1 September, 7-13
September. During the third period the station near Cape
Sherard could not be occupied due to ice conditions; nearby
waters (Station CSA) were sampled instead. No special
efforts to obtain ichthyoplankton were routinely per-
formed in 1976, but young fish were relatively common in
samples collected with zooplankton sampling gear. The
sampling program at each station consisted of vertical
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tows through the upper 150 m and horizontal tows immed-
iately below the surface and at 10, 50 and 150 m depths.

A 0.5 m diameter plankton net (239 pm mesh) equipped
with an Inter Ocean Model 313 flowmeter was used. For
horizontal tows, the open net was lowered to the desired
depth, towed from the stern of the ship for 10 min at
~5.6 km/h, closed, and brought to the surface. Approxi-
mate tow depths were maintained by measurement of wire
angle and adjustment of length of wire. Occasional hori-
zontal tows with a Miller sampler (760 .m mesh) were
also performed from the stern of the ship at depth 10 m and
towing speed 7.4 km/h; see Miller (1961) for a description
of the sampler.

1978

-In 1978, 32 stations (Fig. 2) were sampled from the
starboard side of the M/V Theron between 23 July and 10
October. Most stations were sampled only once. Ichthyo-
plankton samples were obtained by towing six Miller sam-
plers (760 pm mesh) horizontally and simultaneously at
approximate depths of 0, 10, 17, 34, 102 and 170 m. The
samplers were set as rapidly as possible and towed for 15
min at ~7.4 km/h. No flowmeters or closing devices were
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FIG. 1. Sampling stations in Lancaster Sound, 22 July to 13 September
1976. Normal sampling consisted of horizontal 0.5 m diameter plankton
net tows at 0, 10, 50 and 150 m depths.

FIG. 2. Ichthyoplanktonsamplinglocationsineastern Lancaster Sound
and western Baffin Bay, 23 July to 10 October 1978. Normal sampling
consisted of horizontal Miller tows at 0, 10, 17, 34, 102 and 170 m depths.
Stations where only 0 and 10 m depths were sampled are indicated by
asterisks.
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used and volume filtered was calculated using mouth area
of sampler (0.01 m?) and the duration and speed of tow.

The full complement of samples was not obtained at all
stations and depths in 1978 (0 m, n = 51; 10 m, n = 40;
17 m,n = 40;34 m,n = 40;102 m, n = 40; 170 m, n = 37).
When fewer than five of the six normal sampling depths
were sampled at any time or station, the data were excluded.
Three replicate samples were obtained from each normal
sampling depth at stations D-5 and A-2 on 22 and 25
August, respectively. Other samples were not replicated.

In 1978, ichthyoplankton were also sometimes captured
during zooplankton sampling with vertically towed nets
(see Buchanan and Sekerak, 1982). Ichthyoplankton data
from these samples are used qualitatively when appro-
priate.

Processing and Identification

All samples were preserved in 10% buffered formalin.
Storage time varied from 1 to 4 mo before ichthyoplankton
were identified, enumerated, measured (total length to
nearest mm)and weighed (= 1 mg). DepBeste and McCart
(1978) reported a 5-6% shrinkage in the total length of
Y-O-Y cod (n = 10) after 20 days; hence lengths presented
here are underestimates.

At present, identification of northern cods, especially
young specimens, is difficult because of lack of published
information, absence of collections from many arctic regions,
and variability in characteristics of specimens that are
available. Representative specimens of Y-O-Y cod from
Lancaster Sound — Baffin Bay (this study) and the Beaufort
Sea (LGL Ltd., in prep.) were examined by J. Richard
Dunn (National Marine Fisheries, Seattle, WA, pers.
comm.). Although specimens from the Beaufort Sea were
identified as B. saida, specific identification of the speci-
mens from the present study area was not possible because
of slight differences in their morphology. The collection
contained very small numbers (<1%) of Arctogadus but
was dominated by Boreogadus. Present knowledge sug-
gests that B. saida is the only abundant cod in most regions
of the North American High Arctic that have been studied;
hence the dominance of a different species inichthyoplankton
collections is improbable. Nevertheless, the Y-O-Y cod
collected from Baffin Bay and Lancaster Sound are here-
after referred to as Boreogadus (with the knowledge that
the collection also contained small numbers of Arctogadus).

Evaluation of Methodology

Miller (1961) reported that differences between meas-
ured and theoretical filtration rates were negligible with
Miller samplers. However, the above sampling method
did introduce errors through contamination and under-
estimation of volume filtered. Filtration probably was min-
imal while lowering the samplers, because setting speed
was similar to ship speed. Upon retrieval the samplers
were towed from their sampling depths diagonally to the
surface. The volume of water filtered during this passage
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TABLE 1. Estimated volume (m?) of water filtered by
Miller samplers between nominal sampling depths and
surface, and its contribution to total volume filtered

Extra Estimated % of total
distance  volume filtered Estimated volume filtered
Sampling travelled  above nominal total volume above nominal
depth (m) sampling depth filtered sampling depth
0 0 0 18.50 0
10 58 0.58 15.08 3.1
17 97 0.97 19.47 5.2
34 194 1.94 20.44 10.5
102 580 5.80 24.30 314
170 966 9.66 28.16 52.2

was estimated from the lengths of wire deployed. The
estimated volume of water filtered above nominal sam-
pling depths is small for shallow water tows but significant
at 100 m depths (Table 1). All ichthyoplankton densities
were calculated using the estimated total volumes filtered
shown in Table 1. Contamination is discussed below.

Emphasis during both the 1976 and 1978 studies was on
wide geographic coverage and few replicate samples were
taken. Direct comparisons between years are confounded
by some differences in sampling gear and depths sampled;
also, the study areas overlapped only slightly. A few of the
data allow comparisons of the efficiency of horizontally
towed Miller samplers and 0.5 m diameter plankton nets in
capturing Y-O-Y cod. In 1978, replicate samples were
collected with the two samplers at two stations; Miller
samplers yielded significantly higher density estimates
(Mann-Whitney U = 0; n = 6, 6; P = 0.002) than did
plankton nets. Lengths of cod caught in the two samplers
were similar (¢t = 1.71, df = 30, P>0.05) but the sample
sizes were small. In 1976, paired Miller and plankton net
samples were taken at 10 m depth at some stations. Miller
samplers produced higher density estimates (Wilcoxon
matched-pairs test, z = 39, n = 18, P<0.05). Analysis of
covariance showed no significant difference in lengths of
cod caught in the two samples in 1976 (P>>0.1), but the
slope of the length vs. date relationship was significantly
higher for cod from the Miller samples (P. = 0.04). Thus,
the few data available suggest that more, but not larger,
Y-O-Y cod are caught by Miller samplers than by 0.5 m
diameter plankton nets.

RESULTS AND DISCUSSION

Ichthyoplankton in Lancaster Sound and western Baf-
fin Bay was dominated by cod in both 1976 (86% of total
catch) and 1978 (87%). Seasnails (Cyclopteridae) account-
ed for most of the remaining catch in both years while
sculpins (Cottidae) and alligator fish (Agonidae) were rare.
Similarly, in the western Canadian Arctic, Hunter (1979)
reported that arctic cod was the most abundant species
captured in Amundsen Gulf in 1973 (90% of total catch)
and in Mackenzie Bay in 1975 (73%). Arctic cod were
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proportionately less abundant in Mackenzie Bay in 1974
(7%) and in Amundsen Gulfin 1977 (24%), possibly because
of the presence of large amounts of brackish water and the
few samples taken. Arctic cod accounted for 76% of the
ichthyoplankton taken from the Labrador Sea in 1979
(Buchanan and Foy, 1980). Similarly high contributions
have been recorded in most North American arctic areas
that have been studied (eastern Chukchi Sea, Quast, 1974;
Wellington Channel and Resolute Passage, Bain et al.,
1977; Brentford Bay, Boothia Peninsula, Thomson et al.,
1978).

Time of Year

When depth-weighted data from all stations are consid-
ered, the apparent densities of Y-O-Y cod decreased
markedly from midsummer to autumn in both 1976 and
1978 (Fig. 3). In 1976, the Spearman rank correlation
between densities at 10 m depth and date was -0.50 (df =
28, P<<0.005). In 1978, the correlation was -0.47 (df = 32,
P<0.005). Although few stations were sampled repeatedly
in 1978, the decrease in catch as the season progressed
was probably not attributable to any confounding geo-
graphic effect; only 39% of the total sampling effort was
expended from 23 July to 19 August, but this effort yielded
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FIG. 3. Depth-weighted mean density (no. 100 m™) of Y-O-Y codin (A)

the upper 170 m of water in eastern Lancaster Sound and western Baffin
Bay during 1978, and (B) the upper 150 m of water in Lancaster Sound
during 1976. N = no. of samples, § = no. of stations.
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80% of the total catch. In 1976, the same stations were
sampled repeatedly over time, and geographic area was
largely eliminated as a variable.

The apparent decrease in cod densities over time may
be due, in part, to (1) natural mortality and (2) increased
efficiency in net avoidance as the fish become larger and
more active. Both factors should act in a progressive
nature, and do not explain the rather sudden decrease in
densities of planktonic cod after mid-August. In late sum-
mer and fall, Y-O-Y cod probably begin to cease their
planktonic existence and seek substrates, inshore or shelf
waters, or perhaps deeper waters; my data are insufficient
to clarify this matter. However, off Newfoundland and
Labrador, acoustic surveys and trawl catches in October
1978 documented that many arctic cod (often 10-20 cod/m?)
occur at 100-200 m (Miller, 1979). Apart from a few large
specimens, these concentrations were composed of Y-O-Y
specimens (total lengths 35-64 mm, mode = 45-49 mm).
These lengths are close to those given by Rass (1968) for
the point at which the young change from the postlarval to
the juvenile (fry) stage; the latter are capable of active
swimming and are no longer strictly planktonic. Thus,
both schooling and descent into deeper waters may occur
in late summer and fall.

Comparisons Between Years

Direct comparison of densities of Y-O-Y cod during
1976 and 1978 in the Lancaster Sound-western Baffin Bay

_ areais difficult (see Methods) but if uncontrolled variables

are ignored, general sampling suggests that Y-O-Y were
slightly more abundant in Lancaster Sound in 1976 than in
eastern Lancaster Sound-western Baffin Bay in 1978 (Fig.
3). The lower density estimates in 1978 were derived from
Miller samplers; the somewhat higher estimates in 1976
were from plankton nets, which are presumably less ef-
ficient (see Methods). This suggests that more Y-O-Y cod
were present in the general region in 1976 than in 1978.
However, daily depth-weighted mean densities did not

TABLE 2. Density (no-100 m>) of Y-O-Y cod collected
with Miller samplers at a depth of 10 m in 1976 and 1978

Density
Week
ending 1976 1978
29 Jul 34.0 14.0
5 Aug 70.8 65.6
12 Aug 12.2 62.8
19 Aug 34.0 57.6
26 Aug 13.1 10.5
2 Sep 3.9 0
9 Sep ‘ 0 8.7
16 Sep 3.5 5.8
Overall mean 21.44 28.00
SD 23.89 28.23
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TABLE 3. Mean density (no-100 m™) of Y-O-Y cod in relation to depth

Lancaster Sound - 1976

E Lancaster Sound, W Baffin Bay - 1978

No. samples Density® No. samples Density®

Depth (m) Taken With cod Mean SD Depth (m) Taken With cod Mean SD
0 30 6 0.73 3.10 0 40 2 3.11 14.37
10 30 16 10.40 22.46 10 38 21 19.84 31.30
50 30 21 6.40 6.96 17 40 19 7.44 11.67
150 30 10 1.22 3.08 34 40 8 1.72 3.77
102 40 4 0.72 2.78
170 37 3 0.38 1.39

2 1976 data are from horizontal tows with a 0.5 m zooplankton net. Friedman test comparing densities at different depths gave x> = 18.39,
df = 3, P<0.001. The density at 10 m was significantly higher than that at 0 m, and the density at 50 m was significantly higher than densities
at 0 and 150 m (P<0.05 in each case; multiple comparisons based on Friedman rank sums [Hollander and Wolfe, 1973)).

® 1978 data are from Miller samplers. Friedman x,2 = 26.9, df = 5, P<<0.001. The density at 10 m was significantly higher (P<0.05) than
densities at g, 34, 102 and 170 m (multiple comparison procedure). Densities at deeper depths are probably overestimated in 1978 (see text).

differ significantly between years either up to 19 August
(6.77 = SD 6.20 cod-100 m™ in 1976 vs. 4.66 + 4.07 in 1978;
Mann-Whitney U = 78; n = 15, 13; P>0.1) or after 19
August (3.76 + 4.44in 1976 vs. 2.65 = 3.281in 1978; U = 45;
n = 12, 8; P>0.1). Also, a small set of better-standardized
data (obtained with Miller samplers at 10 m depth in both

years, and matched by date) shows no significant differ-
ences between years (Table 2).

Depth

Based on data from all stations, densities of Y-O-Y cod
differed significantly among the depths sampled (Friedman
tests, P<0.0001 in both 1976 and 1978). In 1978, signifi-
cantly (P<0.05) higher densities were apparent from Miller
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%0 | Om samples taken at 10 m than from those at 0, 34, 102 and
0 170 m (Table 3, Fig. 4). In 1976, horizontal plankton tows
20 showed that the mean density was again highest at a depth
, T T 2 22 of 10 m; multiple comparisons showed significant differ-
¢ : ences between densities at 10vs. 0 m, 50 vs. 0 m, and 50 vs.
1% 150 m (P<0.05 in each case).
1001 10m Miller samples taken in 1978 at depths other than 0 m
80 probably were contaminated as they were raised through
1 R water above their designated sampling depth (Table 1).
401 Despite this, the 1978 data (as well as the 1976 data, which
20 1 , came from closing nets) show that density decreased with
o 0 33 depth below about 10 m. Because abundance decreased
CE, 60 7m with increasing depth, the contamination in 1978 would
L= J have caused overestimates of cod in deeper waters. Thus
s ©| 3 . the pronounced decrease in densities below 10 m depths is
o, AR ST . real. If contamination had been avoided in 1978, even
§ ‘- 34m larger differences might have been evident.
20
Y W e I B W [N\ TABLE 4. Number of Y-O-Y cod collected at various
o 102m depthintervals with0.5 mdiameter vertically-towed plank-
. ton nets in 1978
0 A !\ P33 et Depth (m)
40 1 170 m Bottom to 1200
204 50to 150t0 - 250 to 1200 or bottom (depth
0 50 150 to 250 permitting)
o ot 2 A 3 3
No. of Y-O-Y
T—T T T T T ™17 T T T T U T T arctic cod 18 0 1 0 0
25 30l 4 9 14 19 24 29 | 3 8 13 18 23 28 ‘ 3 8
JULY AUGUST SEPTEMBER OCTOBER No.ofsamples 43 42 re) 39 1
FIG. 4. Depth distribution of Y-O-Y cod in relation to date, 1978. Each Cod/sample 0.42 0.00 0.02 0.00 0.00

poifit represents a single sample, except where otherwise indicated.
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Data from vertical tows with 0.5 m diameter plankton
nets in 1978 also indicate that Y-O-Y cod were most com-
mon in shallow water (Table 4). These are apparently the
first data concerning distribution of Y-O-Y cod through-
out an entire water column of considerable depth. Clearly,
Y-O-Y cod are surface dwellers and are not normally
found below depths of ~250 m.

Hunter (1979) also found Y-O-Y cod to be concentrated
in the upper waters of the southeast Beaufort Sea. He
suggested that the depth-density relationship for Y-O-Y
arctic cod can be approximated by

density = a + b In (depth).

NUMBER /100 m®

€ i Symbol  Area Dote N Density =o b inDapth ©
T 1004 I/ ® Lancaster late July - 90 y = 16 26 - 2.85 In x 0.23
- Sound mid August
e 4 1976
a i O——— Llancaster lote July - 195 y = 25,69 - 5.39 In x 0.35
{ Sound &W earty Oct.
ISO-J ° Baffin Bay 1978
—-=—-— SE Beautort Aug. to 55 y= 9.30- 1,88 In x 0.92
Seo early Sep}.
O 1973-77
200~
FIG. 5. Depth-density relationships for Y-O-Y cod. Closed and open

circles represent observed mean densities. Beaufort Sea data are from
Hunter (1979); his high correlation coefficient suggests that his curve and
coefficient were calculated from mean values, not from his N = 55
original density estimates.

Figure 5 shows his curve plus similar curves for my data. It
should be noted that these general relationships apply to
only a small portion of the year (July to perhaps October).
Also, the high correlation coefficient of Hunter (1979)
suggests that his curve and coefficient were calculated
from mean values. Furthermore, even during those months,
densities are subject to annual and regional differences.
Description of the ‘‘normal’’ depth distribution of Y-O-Y
cod is confounded by radical variations in some circum-
stances. For example, uncommonly high densities of up to
80 Y-O-Y m™ were encountered at the immediate surface
at stations D-4 and EM on 27 and 28 July in 1978 (Fig. 4);
no cod were captured at any other depth sampled at these
two stations. Similarly, Den Beste and McCart (1979)
reported high densities (61 and 93 arctic cod-100 m™) at
depths 1-2 m in Nachvak Fiord, Labrador, in July and
August 1978; no samples were taken in deeper waters.
These figures are dwarfed by results from Thomson et al.
(1978) in Brentford Bay, Boothia Peninsula, where limited
sampling (» = 3 Miller samples) at the immediate surface
on 30 August and 1 September 1977 yielded 220-610
Y-0-Y-100 m™. On that occasion, sampling was initiated
because Y-O-Y were seen at the immediate surface. The
wakes of small loosely aggregated schools were plainly
visible and several hundred Y-O-Y were collected by dip

A.D. SEKERAK

net. One sample at a depth of 10 m yielded a density
estimate of only 30 Y-O-Y-100 m™, suggesting that the
Y-O-Y were indeed concentrated at the immediate surface.
The weather in Brentford Bay at the time was unusuall
warm (surface water temperature 3.3°C), sunny and wind-
less. Surface water temperature at D-4 in 1978 was alsb
warm (2.3°C), but equally warm temperatures were ob-
served at other stations where surface concentrations df
cod did not occur. Other factors, including sea state an
light, may interact and promote concentration of Y-O-
cod in surface waters. Quast (1974) hypothesized a negg-
tive phototaxic response for Y-O-Y cod. My results sué-
gest that, if such aresponse is present, it apparently can bé
reversed by unusual circumstances.

In summary, during mid- to late summer Y-O-Y cod are
normally concentrated somewhere between 0 and 17 min
the water column. Highest mean catch rates have been at
10 m, but concentrations can occur at other depths, includ-
ing the surface. Off Labrador, concentrations of Y-O-Y
have been found at 100-200 m in the fall (Miller, 1979).

Geographic Area

As previously explained, only broad comparisons of
densities of Y-O-Y cod within different regions of the 1978
study area can be made due to lack of sample replication.
Densities did not differ significantly among (1) offshore
waters of Baffin Bay, (2) waters near Bylot and Baffin
islands, and (3) waters near southeast Devon Island (Kruskal-
Wallis test, H = 1.21, df = 2, P>0.5). In 1976, when six
stations in Lancaster Sound were each sampled on five
occasions, significant among-station differences in depth-
integrated densities were suggested (H = 11.52, df = §,
P<0.05) but no one station was significantly different from
any other specific station according to the conservative
Dunn’s multiple comparison procedure (Hollander and
Wolfe, 1973 — critical value for P<0.05 = 15.87; highest
test statistic = 15.6).

Because cod eggs are buoyant and Y-O-Y are planktonic
for several months, it can be expected that regional differ-
ences in abundance become less marked and perhaps elim-
inated as currents transport the young. In addition, few
studies have been sufficiently intense and extensive in
geographic coverage to document any regional differences
in abundance that might occur. Buchanan and Foy (1980)
noted large differences in densities of Y-O-Y cod in off-
shore vs. nearshore waters of the Labrador Sea (Table 5)
but, due to extreme variation in numbers of cod in samples
from similar stations, significant differences were evident
only when densities in bays and fiords were compared
with those at the farthest offshore stations. Hunter (1979)
reported large differences in the densities of Y-O-Y arctic
cod in different parts of the southeast Beaufort Sea; how-
ever, he suggested that the differences were probably
attributable to changes in the salinity regimes in Macken-
zie Bay in 1974 (very brackish) and 1975, and not to
geographic area per se.
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TABLE 5. Mean densities of Y-O-Y cod in the North American Arctic and Subarctic. All densities are means of
depth-weighted averages except for Simpson Lagoon and the Labrador Sea. All samplers were towed horizontally

except in the Labrador Sea

Depth range Collection No. of Density
Area sampled (m) method samples Dates (no-10073) Source
Wellington Channel, near Cornwallis I. 0to25 Miller samplers 72 June 1976 31.0 .Bainetal., 1977
Resolute Passage, near Cornwallis I. 0to25 Miller samplers 23 early July 1976 2.0 Baineral., 1977
Brentford Bay, Boothia Peninsula 1to 10  Miller samplers 3 30Aug 1977 242.5 Thomson etal., 1978
Simpson Lagoon, Beaufort sea, Alaska 0 Faber net 22 July and Aug 1977 8.2 Craig and Griffiths, 1978
45  July and Aug 1978 0.2 Craigeral., 1982
14 Sept 1977 0.92 Craig and Griffiths, 1978
12 Sept 1978 0 Craig et al., 1982
SE Beaufort Sea 0to 180 Isaacs-Kidd 55  Augto early Sept 0.18 Hunter, 1979
mid-water trawl 1973-1975, 1977
E. Chukchi Sea, Alaska 2to45 Isaacs-Kidd 80 late Sept to mid- 2.8 Quast, 1974
Oct 1970
Labrador Sea
Bays and Fiords 0to 125 Double oblique 153 early Aug to early 33.93 Buchanan and Foy, 1980
Bongo tows Sept 1979!
2-10 km offshore 0to 112 Double oblique 20  mid-July to early 32.89 Buchanan and Foy, 1980
Bongo tows Sept 1979
25 km offshore 0to 123 Double oblique 20 mid-July to early 14.34 Buchanan and Foy, 1980
Bongo tows Sept 1979 :
55 km offshore 0to 125 Double oblique 20  mid-July to early 4.20 Buchanan and Foy, 1980
Bongo tows Sept 1979
90 km offshore 0to 162 Double oblique 18 mid-July to early 3.44 Buchanan and Foy, 1980
Bongo tows Sept 1979 )
130 km offshore 0to 126 Double oblique 18  mid-July to early 1.45 Buchanan and Foy, 1980
Bongo tows Sept 1979
Lancaster Sound 0to 150 0.5 m plankton nets 92 late July to mid- 6.77 Present study
Aug 1976
E Lancaster Sound and W Baffin Bay 0to 170 Miller samplers 134  late July to mid- 4.66 Present study
Aug 1978
Lancaster Sound 0to 150 0.5 m plankton nets 24  mid-Aug to mid- 3.76 Present study
Sept 1976
E Lancaster Sound and W Baffin Bay 0to 170 Miller samplers 101 mid-Aug to mid- 2.65 Present study

Sept 1978

Arctic cod Y-O-Y have been reported from most North
American arctic areas where appropriate studies have
bgen performed (Table 5). The variable methods, depth
and dates of sampling make direct comparison between
most studies impossible, but results can be compared in a
general way if biases are borne in mind. (The taxonomic
difficulties mentioned previously mustalsobe considered.)
The very high densities of Y-O-Y cod in the surface water
of Brentford Bay are discussed above; they represent an
unusual behavior pattern and are not comparable with
other data sets. Y-O-Y densities in Wellington Channel
are, also considerably higher than those reported from

§

other regions, but that study was conducted in June —
earlier in the year than any other study in Table 5. By July
and early August, natural mortality could reduce densities
to the range found during this study in Lancaster Sound
and western Baffin Bay (e.g., Jones and Hall [1974] esti-
mate a general larval mortality rate of 2-10% per day for
marine teleosts). Densities in nearshore waters of the Lab-
rador Sea in mid- to late summer of 1979 appear to be
especially high in comparison to other areas and those in
the southeast Beaufort Sea appear to be especially low.
The low densities found in Resolute Passage, adjacent to
Wellington Channel, may have been due to a local disturb-
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Table 6. Linear regression of total length of Y-O-Y cod (mm) on day of the year for several collections from

the North American Arctic
Correlation

Range of

collection Regression
Area dates line r n P
Wellington Channel 13 June- y=0.143x-15.1 0.273 14.1 <0.005
(Bain et al.,1977) S July 1976
Simpson Lagoon, 21 July- y=0.173x-24.6 0.624 80 <0.001
Beaufort Sea, Alaska 29 Sept 1977
(from data in Craig
and Griffiths, 1978)
Labrador Sea 16 July- y=10.23x-30.27 0.449 8250 <0.001
(Buchanan and Foy, 1980) 12 Sept 1979
Amundsen Gulf, 6 Aug- y=0.60x-118.5* not given
SE Beaufort Sea 12 Sept 1979
(Hunter, 1979) ’
Lancaster Sound 22 July- y=10.304x-49.51 0.858 407 <0.001
(present study) 13 Sept 1976
E Lancaster Sound- 23 July- y=0.248x-41.16 0.769 184 <0.001
W Baffin Bay 6 Oct 1978 i
(present study)
E Lancaster Sound and 23 July- y=0.267x44.46 0.782 52 <0.001
nearshore Bylot Island 6 Oct 1978
(present study)
W Baffin Bay 23 July- y=10.293x-51.42 0.818 124 <0.001
(present study) 6 Oct 1978

*Estimated from Fig. 2 in Hunter (1979).

ance in the water column; sampling probably took place
during a period of strong wind-induced upwelling (Bain et
al., 1977), and the shallow waters sampled probably had
recently upwelled from deeper areas where Y-O-Y are
scarce. The most pertinent conclusion that can be drawn
from Table 5 is that Y-O-Y cod are widely distributed in
North American arctic waters, where they are normally a
dominant component of the ichthyoplankton.

Size Distribution

The length-frequency distributions of Y-O-Y cod cap-
tured in Lancaster Sound-western Baffin Bay in 1976 and
1978 were similar in that modal length was 11-13 mm in
each collection (Fig. 6). The greater frequency of larger
Y-O-Y (34-42 mm) in 1978 is to be expected, because

~sampling in 1978 continued later into the fall.

The generalized length-frequency distributions shown
in Fig. 6 do not represent the range of sizes present at any
one time. Growth of Y-O-Y cod is rapid during summer
(see below), and in 1976 the 11-13 mm size class domin-
ated only in late July and early August (Fig. 7). The pre-
sence of 11-13 mm cod in large numbers for a relatively
brief part of the study period was the dominant factor
determining the generalized length-frequency distribution.

Most of the larger specimens (>20 mm) obtained in 1976
and 1978 were collected after early August.

In 1976, the distribution of sizes in the collection ob-
tained by Miller samplers appears more normal than that
in the collection obtained by 0.5 m diameter plankton nets
(Fig. 6). However, the sizes of Y-O-Y cod collected by the
two samplers were not significantly different (see Meth-
ods).

Reported modal sizes of Y-O-Y cod from the Beaufort
Sea are substantially larger than those from Lancaster
Sound-western Baffin Bay and the Labrador Sea (Fig. 6),
but the differences are at least partly due to date of collec-
tion. For example >70% of those collected from Amund-
sen Gulf in 1973 were obtained from 31 August to 9 Sep-
tember; hence a comparatively large modal size is to be
expected (cf. Fig. 7). In addition, an Isaacs-Kidd trawl,
which could be more efficient in capturing large Y-O-Y
cod, was used in the Beaufort Sea.

Even larger Y-O-Y cod have been reported, primarily
from fall or early winter collections. Miller (1979) found
many Y-O-Y cod of lengths 35-64 mm (mode 45-49 mm) in
October off southern Labrador and northern Newfound-
land. Quast (1964) reported a modal size of 44 mm in the
eastern Chukchi Sea from late September to mid-October.
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FIG. 6. Length-frequency distributions of Y-O-Y arctic cod and cod from various North American arctic and subarctic areas. Present data based

only on undamaged specimens.

Craig et al. (1982) commented on the unusually large size
(52-60 mm) of three Y-O-Y caught in November in the
Alaskan Beaufort Sea, and Hunter (1979) captured smalil
numbers of slightly shorter specimens in August or early
September in Amundsen Gulf..... -

Comparisons of the size frequency distributions of Y-O-Y
cod in different areas are confounded by (1) their relatively
fast growth rate, (2) different study periods, (3) unequal
sampling (and catches) through the various study periods,
and (4) differences in sampling depths, techniques and
equipment. Item (4) is likely the most critical since it
negates the validity of most comparisons even when other
factors can be controlled.

Growth

First and last captures of Y-O-Y cod in 1978 occurred on
23 July and 6 October. Based on a linear regression equa-
tion for length vs. day (Fig. 8), mean total length increased
from 9 to 28 mm during this 76-d period. Growth during
this period was probably not uniform and the scatter of
points in Figure 8 suggests faster growth in late summer.

This was also suggested, but not conclusively proved, by
Baranenkova et al. (1966) and Buchanan and Foy (1980).
However, linear expressions best fit the data at hand,
perhaps due to the paucity of specimens from September
and October.

Linear regression equations for length vs. day of capture
for other collections suggest that growth of Y-O-Y cod
varies considerably among areas, and also varies in similar
areas in different years (Table 6, Fig. 9). Y-O-Y were
significantly longer at a given date in Lancaster Sound in
1976 than in eastern Lancaster Sound-western Baffin Bay
in 1978 (ANACOVA: df = 1, 588; F = 55.12; P<0.001).
This comparison may be biased by the different types of
sampling gear used in 1976 and 1978, but previous analy-
ses suggest that total lengths of Y-O-Y from Miller sam-
plers and plankton nets did not differ significantly.

The greater lengths found in 1976 compared with 1978
appeared to be a year (or, less likely, gear) effect rather
than an area effect. The 1978 samples were separated into
two groups — those taken within Lancaster Sound and
near the coast of Bylot Island (stations NB, CW, EM, C-1,
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FIG. 7. Length-frequency distributions of Y-O-Y cod collected from
Wellington Channel and Lancaster Sound during various date ranges in
1976. Wellington Channel data are from Bain ez al. (1977).

C-5, E1.3, G-1) and those from the remainder of western
Baffin Bay (see Fig. 2). Samples from Eclipse Sound and
Pond Inlet were not included in either group. Total lengths
of Y-O-Y in the two areas were very similar (ANACOVA;
df =1, 170; F = 0.11; P>0.75; Table 6). There is, there-
fore, no evidence that geographic variations within the
1978 study area affected the 1976 vs. 1978 comparison;
conversely there is strong evidence that Y-O-Y cod were
larger in Lancaster Sound in 1976 than in 1978 (ANAC-
OVA; df = 1, 352; F = 271.6; P<0.001). Ice breakup in
1978 was much later than in 1976, and pan ice was more or
less constantly present in 1978 (McLaren, 1982). There are
_also indications that zooplankton and to a lesser extent
phytoplankton were less abundant in 1978 (Sekerak ez al.,
1979). However, a much more exhaustive study is neces-
sary to elucidate relationships among the physical envir-
onment, lower trophic levels and growth of Y-O-Y cod.
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FIG. 8. Date-length relationship for Y-O-Y cod in eastern Lancaster
Sound and western Baffin Bay, 1978. Dots represent single fish unless
otherwise indicated.

The unusually rapid growth of Y-O-Y in Amundsen Gulf
(Hunter, 1979) remains unexplained. It may be an artifact
of the short sampling period in Hunter’s study. In the case
of the Lancaster Sound-western Baffin Bay data, when
linear regressions are calculated for short time steps (Fig.
10), the apparent growth rate of Y-O-Y increases substan-
tially in late summer and approaches the rate described by
Hunter (1979) for a similar period. Differences in sampling
gear must also be borne in mind. The Isaacs-Kidd trawl
used in the Beaufort Sea could be more efficient in captur-
ing Y-O-Y, especially larger specimens. If so, small Y-O-Y
would have been over-sampled in this study, with cor-
responding underestimation of growth rate.

Present data combined with those obtained nearby by
Bradstreet (1982) indicate that growth of Y-O-Y cod con-
tinues during winter, but at a slower rate. The mean fork
length of 1+ year-old arctic cod captured by Bradstreet
during June 1979 near the Pond Inlet ice edge was in the
59-61 mm category. Lengths of Y-O-Y codincreased rough-
ly 0.25 mm-d"! during the summer of 1978 (Fig. 8). If
growth continued at this rate from mid-October to June
(about 229 days), 1+ year-old cod would theoretically
be ~ 87 mm long in June. Crude approximation suggests
that the mean winter growth in length may be about 65% of
that during summer. Moskalenko (1964) also reported that
growth of Y-O-Y arctic cod continues during winter.

CONCLUDING REMARKS

Growth of Y-O-Y cod has been shown to vary annually
and probably also geographically. Annual and geographic
variations in the abundance of Y-O-Y cod are probable but
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FIG. 10. Apparent growth of Y-O-Y cod in short time stages.

poorly documented. In spring and for most of the summer
Y-O-Y are planktonic and are found primarily in surface
waters. The planktonic Y-O-Y become highly dispersed;
they presumably can be transported considerable distances
from the spawning areas. In the present study area trans-
port would be predominantly southward (Fissel er al.,
1982). Information presented by Miller (1979) suggests
that juvenile arctic cod descend to deeper water and per-
haps school in late summer and fall. Slow northward migra-

tions of immature Atlantic cod (Gadus morhua) to their
spawning areas off Labrador and Newfoundland have been
reported (May, 1966; Bulatova, 1971). Arctic cod could
utilize a similar mechanism to maintain populations in
suitable northern areas.
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