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Abstract

Laboratory reared eggs and yolk sac larvae of Greenland cod (Gadus ogac) from West
Greenland are described and compared to wild-caught larvae from West Greenland pre-
sumed to be G. ogac, to wild-caught larvae of Atlantic cod (Gadus morhua) from West Green-
land waters and in the literature, to larvae of Arctic cod (Boreogadus saida) in the literature
and wild-caught in West Greenland waters and to a literature description of larvae of toothed
cod (Arctogadus borisovi). The almost total absence of external pre-anal pigmentation with
none dorsally in late stage embryos and yolk sac larvae of G. ogac up to 5.2 mm notochord
length (NL) distinguishes them from the other species, where extensive external pre-anal
pigmentation is always present, at least dorsally. Also, a larger maximum yolk sac larval
size of at least 5.2 mm NL (based on reared specimens) compared to a maximum of 4.0-4.5
mm NL and post-anal length/total length ratios of 0.55-0.59 compared to 0.51 respectively
in G. ogac and G. morhua distinguish these species. Concerning the post-anal pairs of
dorsal and ventral pigment bars and ventral and dorsal caudal melanophores posterior to
these, in G. ogac the first dorsal bar is usually shorter than the ventral bar, while the second
dorsal bar is usually the longer of the pair, and there are 2-6 ventral and 0-1 dorsal
melanophores. In G. morhua the ventral bars are the wider and there are 1-2 ventral
melanophores. In B. saida both of the dorsal pigment bars are wider than the ventral ones,
and there are 0-1 ventral and 0-2 dorsal melanophores. Three 6-12 mm NL G. morhua
larvae from West Greenland have a 24-38% greater horizontal eye width than larvae of simi-
lar sizes from boreal North Atlantic waters.

Keywords:

Introduction

Apart from some specimens of Arctic cod
(Boreogadus saida (Lepechin, 1774)), all gadid
larvae from plankton surveys carried out in July
1925-39 and 1946-85 in West Greenland waters
by the Greenland Fisheries Research Institute have
been labelled Gadus morhua Linnaeus, 1758, At-
lantic cod. Some of these larvae may be Green-
land cod (G. ogac, Richardson, 1836) the eggs and
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Arctic cod, Atlantic cod, eggs, Greenland cod, larvae, West Greenland

larvae of which hitherto have not been described
(Nielsen and Morin, 1993). Off West Greenland G.
ogac spawns in February-May with a peak in Feb-
ruary—March (Jensen, 1926; 1948). This period co-
incides with recent maximum landings of roe from
this species in March in the Godthab/Nuuk area in
West Greenland (Nielsen, 1992). In West Greenland
waters G. morhua spawns in February—July with a
distinct peak in April (Jensen and Hansen, 1931;
Smidt, 1979). Gadus ogac is mainly distributed in
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coastal and inshore areas, and its eggs are be-
lieved to be demersal (Svetovidov, 1948; Hansen,
1949). Gadus morhua occurs and spawns in both
inshore, coastal and offshore areas, and has
pelagic eggs (Svetovidov, 1948; Hansen, 1949).
Other gadids, the known distributions of which over-
lap those of both G. ogac and G. morhua in West
Greenland waters, are Arctic cod (B. saida), saithe
(Pollachius virens (Linnaeus, 1758)), haddock
(Melanogrammus aeglefinus (Linnaeus, 1758)), and
two high arctic species, toothed cod (Arctogadus
borisovi(Drjagin, 1932)) and polar cod (A. glacialis
(Peters, 1874)). Characters distinguishing eggs
with late embryos as well as the larvae of B. saida
from those of G. morhua are thoroughly described
in Schmidt (1905) and Russell (1976). Pollachius
virens and M. aeglefinus have neither been re-
ported spawning nor in spawning condition in West
Greenland waters (Sv. Aa. Horsted, Greenland Fish-
eries Research Institute, Copenhagen, pers.
comm.). Eggs carrying late stage embryos show-
ing larval pigmentation, as well as larvae up to 10—
15 mm long of the three species B. saida, P. virens
and M. aeglefinus, are usually easy to identify and
distinguish (Russell, 1976). The main distribution
and possible areas of spawning of A. borisovi and
A. glacialis in West Greenland is north of Disko Bay.
Only A. borisovihas been found further south, once
in Disko Bay and once in South Greenland (Nielsen
and Jensen, 1967; Jensen, Greenland Fisheries Re-
search Institute, pers. comm.). The larvae of A.
borisovi have been partly described (Zviagina,
1961), whereas neither eggs nor larvae of A.
glacialis are known (Dunn and Vinter, 1984). How-
ever, flexion larvae, in which the caudal fin has
developed, can be assigned either to the genus
Arctogadus or to G. ogac, according to the struc-
ture of this fin (Dunn and Vinter, 1984). Therefore,
G. ogac is the species most likely to have been
taken for G. morhua, and perhaps also for B. saida,
in spring samples from coastal and inshore areas
in the central and southern waters of West Green-
land in 1925-85. Possible misidentification may
also present a problem, when analyzing plankton
samples from eastern Canadian coastal and in-
shore waters, for example in the Gulf of St. Law-
rence, along the Newfoundland and Labrador coast
and in Hudson Strait, where the two species co-
exist and spawn (Hunter et al., 1984; Scott and
Scott, 1988). Based on rearings of G. ogac eggs
and larvae from known adults from West Greenland
waters in 1959 and 1960, the ontogeny of this spe-
cies is described and compared to that of G.
morhua and B. saida.

Materials and Methods

Dry fertilization of G. ogac from off Godthab/
Nuuk, West Greenland was performed on 17 March

1959, 29 February and 14 March 1960 and 18 Feb-
ruary 1961 by J. Kreutzmann at the Greenland Fish-
eries Research Laboratory, Godthab/Nuuk. Running
roe and sperm from adult specimens which had
been carefully wiped dry were mixed in a jar. After
stirring, seawater was added and the eggs were
poured into shallow aquaria containing running
seawater from the nearby subtidal zone, maintain-
ing a depth of 6-7 cm. The fertilized eggs immedi-
ately settled on the bottom of the aquaria. At a mean
temperature of 2°C, (from 0.5° to at times 8°C due
to tide induced halts in water renewal), the eggs
hatched after 24 to 35 days. The hatched larvae,
unfed except by what might have been present in
the running seawater, died after 6 to 8 days.

In 1959, eggs were sampled 22 and 32 days
after fertilization, and some yolk sac larvae of un-
known hatching dates, were sampled 35 and 36
days after fertilization. In 1960, some larvae which
had hatched after 27 days were sampled 8 days
later. All were fixed in 4% formaldehyde neutral-
ized with borax and transferred to 80% ethanol,
after which they were drawn using a dissecting
microscope equipped with a “camera lucida”. Pig-
mentation of these embryos and larvae was fully
intact.

In 50 to 0 m vertical plankton tows a G. ogac
yolk sac larva was caught on 7 June, and a B. saida
larva was caught on 15 May 1973 in Disko Bay off
Godhavn (bottom depth ¢. 100 m), and two G. ogac
larvae were caught in Kangikerdlak in the inner part
of Disko Fjord (bottom depth ca. 60 m) on 17 June
1974 (Andersen, 1981). These larvae were fixed in
3% formaldehyde neutralized with borax. The B.
saida larva was measured and a drawing made
immediately while pigmentation was intact. It was
drawn again in 1977 along with the other larvae,
after pigmentation had begun to deteriorate. Two
planktonic G. morhua larvae (out of 267 larvae)
caught in 30 min. 100 to 50 m oblique wire tows on
17 June 1957 off Godthab/Nuuk, and a larva caught
in a similar 400 to 0 m wire tow on 11 July 1959
south of Godthab/Nuuk, were also fixed and drawn
immediately or in the case of the latter larva 3 years
later in 1962.

The reared G. ogac larvae were compared to
the wild-caught West Greenland larvae and, just as
the West Greenland G. morhua larvae, also to the
literature (M’Intosh and Masterman, 1897;
Ehrenbaum, 1905-1909; Schmidt, 1905; Murray
and Hjort, 1912; Zviagina, 1961; Russell, 1976;
Fahay, 1983; Dunn and Vinter, 1984).

Descriptions and comparisons of pigmentation
were based on the drawings, where those of G.
morhua and B. saida were the only existing draw-
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ings of West Greenland material, and on illustra-
tions and descriptions from literature on these and
other species. In the illustrated larvae of G. ogac
and B. saida, all of the samples of which are kept
at the Zoological Museum, University of Copenha-
gen, the pigmentation was no longer intact, and
the samples of G. morhua larvae no longer exist.
Morphometric measurements (all made from draw-
ings) used for comparison are shown in Fig. 1 and
listed in Table 1, and pigmentation characteristics
are listed in Table 2.

Results

Gadus ogac eggs and larvae reared in 1959 and
drawn when pigmentation was fully intact (Fig.
2-4)

Sampled eggs of G. ogac, fertilized on 17
March 1959, are presented in Fig. 2. Eggs a and b,

preserved 22 days after fertilization, both measure
1.13 mm in diameter, while eggs c and d, preserved
32 days after fertilization, measure 1.17 mm in di-
ameter. The eggs are transparent and spherical with
no sign of ornamentation of the chorion. The yolk
sac is unsegmented and without oil globules. The
perivitelline space narrows from ca. 0.1 mm in a
and b to 0.0 mm in ¢ and d, where the entire length
of the embryos touch the chorion.

Of the two 22 days old embryos, one (a) is less
advanced. It has minute melanophores scattered
and evenly spaced in the occipital region and lat-
erally above the rudimentary pectoral fin. A mid-
dorsal row of melanophores runs ca. 1/3 of the way
from above the pectoral fin to the caudal tip. Ir-
regular and semi-continual dorso-lateral and dorso-
ventral rows of melanophores run from the pecto-

O -D-

Fig. 1.

A schematic gadid larva showing morphometric measurements. Letters refer to length measurements in Table 1.

Fig. 2.

Reared eggs of Gadus ogac fertilized on 17 March 1959: (a and b) 22 days old measuring 1.13

mm; (c and d) 32 days old measuring 1.17 mm (illustrated by P. H. Winther).
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TABLE 1. Morphometric measurements (in mm) of larvae of Gadus ogac, G. morhua, Boreogadus saida and Arctogadus
borisovi (see Fig. 1) listed by lengths A and for tails by B or E. A = notochord length (NL) from tip of snout
including upper jaw to tip of notochord; B = post-anal length from posterior tip of gut or anus to tip of
notochord; C = pre-pectoral fin length from tip of snout including upper jaw to the most anterior margin of
base of pectoral fin; D = post-anal distance to anterior margin of ventral part of first caudal pigment band
or ventral pigment bar, when the band has split into bars; E = distance from posterior margin of ventral part
of second pigment band or ventral pigment bar to tip of notochord; F = distance from posterior margin of
ventral part of second pigment band or pigment bar to first medio-ventral caudal melanophore; O = hori-
zontal eye width; Xa-t = specimens not illustrated; Y = yolk sac larva.

Fig. No. A B B/A C C/A D E E/A F O O/A

Gadus ogac

4b-Y 0.82 0.22

3a-Y 4.01 2.30 0.57 0.62 .15 0.14 0.86 0.21 0.09 0.27 0.067

3b-Y 4.32 2.55 0.59 0.70 0.16 0.16 0.86 0.19 0.05 0.27 0.062

3c-Y 4.35 2.42 0.55 0.68 .15 0.08 0.86 0.19 0.04 0.35 0.083

4c-Y 0.93 0.39

4a-Y 0.98 0.35

5a-Y 4.47 2.62 0.59 0.58 0.13 0.33 0.74 0.16 0.28 0.31 0.069

7a-Y 4.72 2.81 0.59 0.36 0.96 20 0.41 0.30 0.063

7c-Y 4.89 0.81 0.16 0.31 0.063

7b-Y 4.93 2.95 0.59 0.27 1.29 0.26 1.03 0.31 0.063

Xa-Y 2.98 0.25 0.87 0.22

Xb-Y 3.02 0.24 0.76 0.24

Xc-Y 3.05 0.29 0.89 0.44

6a-Y 3.06 0.29 0.97 0.54

5b-Y 5.22 3.10 0.59 0.72 0.14 0.26 1.09 0.20 0.63 0.35 0.067

Xd-Y 3.13 0.22 0.97 0.37

6¢c-Y 3.14 0.22 0.76 0.27

Xe-Y 3.17 0.33 1.05 0.68

6b-Y 3.21 0.30 0.97 0.29

Gadus morhua

Xf-Y3 3.00 1.53 0.51 0.22 0.60 0.20 0.40 0.19 0.063

Xg-Y2 4.00 2.06 0.51 0.57 0.14 0.25 0.73 0.18 0.38 0.26 0.065

Xh4 4.50 2.28 0.50 0.98 0.21 0.00 0.85 0.18 0.56 0.35 0.077

Xis 5.00 2.79 0.55 1.00 0.20 0.21 1.1 0.22 0.64 0.36 0.072

Xj8 6.00 3.56 0.59 1.47 0.24 0.36 1.46 0.24 0.80 0.44 0.073

8a 6.28 3.48 0.55 1,62 0.24 0.04 1.16 0.18 0.28 0.56 0.089

8b 7.94 4.10 0.51 1.96 0.24 0.00 1.38 0.17 0.24 0.72 0.091

Xk3 8.00 4.31 0.53 2.16 0.27 0.00 1.84 0.23 1.03 0.54 0.068

9 11.78 5.86 0.49 3.09 0.26 0.21 2.10 0.17 1.20 0.102

XI8 12.50 6.61 0.52 3.13 0.25 0.43 2.03 0.16 1.89 0.94 0.075

Boreogadus saida

10b-Y 5.90 3.72 0.63 0.79 0.73 0.12 0.43 0.073

Xm-Y1 6.30 412 0.65 0.96 0.15 0.50 1.17 0.18 0.32 0.051

Xns3 6.50 4.29 0.66 0.86 0.13 0.36 1.08 0.17 0.38 0.058

10a-Y 6.60 4.31 0.65 0.90 0.14 0.95 1.21 0.18 0.45 0.068

Xo1 7.30 4.51 0.61 1.49 0.20 0.39 1.30 0.17 0.59 0.081

Xp3 8.00 5.24 0.66 1.51 0.19 0.65 1.41 0.18 1.03 0.52 0.066

Xq' 10.10 5.28 0.52 2.80 0.27 0.40 0.95 0.09 0.90 0.089

Xr3 11.00 6.71 0.61 2.54 0.23 0.65 1.56 0.14 0.82 0.075

Arctogadus borisovi
Xs5 <11.90 0.58 0.26 0.00 0.080
Xt5 11.90 6.91 0.58 2.25 0.19 0.00 1.45 0.74 0.062

1 = Dunn and Vinter, 1984; 2 = M’Intosh and Masterman, 1897; 3 = Russell, 1976

; 4 = Schmidt, 1905; % = Zviagina, 1961.
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TABLE 2. Larvae of Gadus ogac, G. morhua, Boreogadus saida and Arctogadus borisovi listed as in Table 1 with
some pigmentation characteristics used for comparisons. P1 = width of dorsal part (D) relative to ventral
part (V) of first post-anal pigment band, or dorsal bar relative to ventral bar, when the band has split; P2
as in P1 for second pigment band or pair of pigment bars; P3 = number of medio-ventral caudal
melanophores; P4 = number of medio-dorsal caudal melanophores; P5 = dorsal (D), ventral (V) or no (-)
bars having fused along the midline; P6 = occipital pigments present (+) or absent (-); P7 = ventral
abdominal pigments present (+) or absent (-); Xa-t = specimens not illustrated; Y = yolk sac larvae.

Fig. No. A P1 P2 P3 P4 P5 P6 P7

Gadus ogac

4b-Y D>V 2 0 -

3a-Y 4.01 D<V D=V 6 0 - - -
3b-Y 4.32 D>V D>V 5 0 - - -
3c-Y 4.35 D=V D>V 6 0 - +7 -
4c-Y D>V 2(3) 0 -

4a-Y D>V 4 0 -

5a-Y 4.47 D<V D>V 3 1 - - -
7a-Y 4.72 D=V D>V 4 0 - - -
7c-Y 4.89 0 - -

7b-Y 4.93 ? D>V 1 0 - - -
Xa-Y D<V D>V 2 0 -

Xb-Y D<V D<V 2(3) 1 -

Xc-Y D<V D>V 3 1 -

6a-Y D<V D>V 3 1 -

5b-Y 5.22 D<V D>V 3 1 - - -
Xd-Y D<V D<V 2 1 -

6¢c-Y D<V D<V 1 0 -

Xe-Y D<V D>V 1 0 -

6b-Y D<V D>V 2 0 -

Gadus morhua
Xf-Y3 3.00 D=V D=V 2 0 - -
Xg-Y2 4.00 D=V D<V 2 17 - + -
Xh# 4.50 D=V D=V 2 0 - + +
Xi3 5.00 2 0 V + +
Xj3 6.00 2 0 V + +
8a 6.28 4 0 D,V + +
8b 7.94 2 0 D,V + +
XKk3 8.00 3 0 D,V + +
9 11.78 D,V + +
XI3 12.50 1 0 D,V + +
Boreogadus saida
10b-Y 5.90 D>V D>V 0 0 - + -
Xm-Y1 6.30 D>V D>V 0 1 - + -
Xn3 6.50 0 2 D + -
10a-Y 6.60 D>V D>V 0 0 - + -
Xo' 7.30 0 0 D + +
Xp3 8.00 1 2 D + -
Xq? 10.10 0 0 D,V + +
Xr3 11.00 0 0 D,V + +
Arctogadus borisovi

Xsb <11.90 0 0 D,V + +
Xt5 11.90 0 0 D,V + +

T = Dunn and Vinter, 1984; 2 = M’'Intosh and Masterman, 1897; 3 = Russell, 1976; 4 = Schmidt, 1905; ® = Zviagina, 1961.
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Fig. 3.

Reared larvae of Gadus ogac recently hatched from eggs fertilized 17

March 1959, fixed 35 (a and b) and 36 (c) days, respectively, after fer-
tilization and measuring 4.01 mm, 4.32 mm and 4.35 mm NL, respec-
tively (illustrated by P. H. Winther).

ral fin and almost to the caudal tip. There is no cau-
dal finfold. In the other embryo (b) the occipital
region is unpigmented, and through the yolk can
be seen distinct melanophores of what may be two
lateral pigment patches or possibly anterior and
posterior internal pigmentation of the dorsal body
cavity wall as seen in the larva (Fig. 3a). The em-
bryo has a caudal finfold, and a row of four ventral
caudal melanophores is distinctly separate from a
second post-anal pigment band, anterior to which
distinct melanophores may constitute the dorsal
part of a first band. The eyes of both embryos are
only faintly pigmented and the lenses are visible.

Neither of the two 32 days old embryos (¢ and
d) have occipital pigmentation. In ¢ internal pig-
mentation can be seen above the intestine just be-
hind the pectoral fin, and the first post-anal pig-
ment band is visible. In d two post-anal pigment
bands can be seen, while the tip of the tail is hid-
den. Both larvae have attained the characteristic
larval pigmentation of the eyes which are circular.

Of five larvae which were recently hatched
when sampled 35 days after fertilization on 17
March 1959, two are shown in Fig. 3a and b and
the tails of the other three are shown in Fig. 4. A
larva of the same batch sampled 36 days after fer-
tilization is shown in Fig. 3c.

The only external pigmentation anterior to the
anus in these larvae is located antero-ventrally on
the head and below the eyes, except in Fig. 3c,
where also a single medial antero-dorsal
melanophore is found. There is no occipital pig-
mentation and no ventral abdominal pigmentation.
Internal pigmentation is found dorsally on the body
cavity wall and on the gut including one or two
melanophores ventrally behind the yolk. The eyes
are semi-oval (Fig. 3b) or they have a slight dorso-
ventral constriction (Fig. 3a and c). The eye of the
oldest of the three larvae (Fig. 3c) is as large as
that of the largest G. ogac larva available for this
study (Fig. 5b) with a lens which is exceptionally
large even compared to this older larva.
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Fig. 4. Tails of reared Gadus ogac larvae fertilized 17

March 1959 and fixed 35 days after fertilization
(illustrated by P. H. Winther.).

Morphometric measurements and pigmentation
characteristics for larvae of G. ogac, G. morhua,
B. saida and A. borisovi are presented in Tables 1
and 2, respectively.

The three larvae in Fig. 3 have two complete
post-anal pigment bands with most of the pigment
in each concentrated dorsally and ventrally. In Fig.
4a, the second pigment band has split into dorsal
and ventral bars. In the six fish illustrated in Fig. 3
and 4 the dorsal part of the first post-anal pigment
band is slightly wider than, equal to or slightly nar-
rower than the ventral part, whereas in the second
band the dorsal part is usually longer than or (in
one of the six larvae) equal in length to the ventral
part. The bands are separated in ¢. by one to three
times the width of the dorsal part of the first band.
There are 2-4 medio-ventral caudal melanophores
close to (Fig. 3a—c) or well separated from (Fig.
4a-c) the second band, but no medio-dorsal ones.
The smallest larva (Fig. 3a) has three medio-ven-
tral melanophores between the post-anal pigment
bands and its pigment bands are narrower than in
the other larvae. This larva also has less internal
pigmentation with a break in the dorsal pigmenta-
tion of the body cavity wall, and it seems in poorer

condition with less yolk and a smaller head than
the other two.

Gadus ogac larvae reared in 1960 and drawn
when pigments had deteriorated somewhat (Fig.
5 and 6)

Ten yolk sac larvae, of which two are shown in
Fig. 5 and three tails in Fig. 6, were sampled 8 days
after hatching and 35 days after having been ferti-
lized on 14 March 1960. None of these larvae ap-
pear to have reached the feeding stage, since there
is still yolk present, and the intestine is short and
straight and does not seem to open externally. Also,
the mouth is still located below the eyes, keeping
the B/A ratio high and the C/A ratio low. The talil
looks stunted in Fig. 5a which has the smallest E/A
ratio of 0.16, while its B/A ratio of 0.59 is similar to
that of the other larvae of a similar size. The eyes
are slightly ovoid with a choroid fissure.

These larvae have neither occipital nor ventral
abdominal pigmentation. The only external pigmen-
tation anterior to the anus can be seen on the snout
just above the upper jaw and along the lower jaw
(the latter, perhaps, is not pigment). The dorsal wall
of the body cavity is pigmented, most intensely
anteriorly and posteriorly, and slight pigmentation
extends to the ventral surface of the intestine
posteriorly. In Fig. 5a, a small pigment spot can be
seen on the anterior end of the yolk sac. The two
post-anal pigment bands are far apart and are split
up into dorsal and ventral bars. The dorsal bar of
the first pair is slightly shorter than the ventral one,
whereas in the second pair the dorsal bar is usu-
ally longer than, but in some larvae slightly shorter
than the ventral one. There are 0-1 medio-dorsal
and 1-3 medio-ventral caudal melanophores. The
dorsal caudal melanophore found in 6 of the 10
larvae is either located on the tail as in Fig. 6a or
adjacent to it in the finfold as in Fig. 5b. In Fig. 5a,
a melanophore is found postero-dorsally in the
finfold. Three larvae have some pigment between
the dorsal and ventral bars as in Fig. 6a and c.

Gadus ogac larvae caught in 1973-74 and drawn
in 1977 when pigments had deteriorated some-
what (Fig. 7)

Three wild-caught yolk sac larvae from Disko
Bay and Disko Fjord (Fig. 7a—c) similar in size to
the largest of the reared G. ogac larvae are referred
to this species on the basis of the total absence of
pre-anal external pigment; there is neither occipi-
tal nor ventral abdominal pigment, a similar B/A
ratio of 0.59 and a C/A ratio of 0.16. These larvae
have reached a slightly more advanced stage of
development being slimmer, with almost no yolk
and with the mouth in a more terminal position.
However, they still have no discernible stomach,
and the intestine is short and straight and does not
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Fig. 5. Reared 8 days old larvae of Gadus ogac from eggs fertilized 14 March and hatched on 10
April 1960, measuring 4.47 mm NL (a) and 5.22 mm NL (b) (illustrated by J. Kreutzmann).

Fig. 6. Tails of reared Gadus ogac larvae fertilized 14 March and hatched 10 April 1960
(illustrated by J. Kreutzmann).



ANDERSEN, et al.: Description and Comparison of Eggs and Yolk Sac Larvae of Cod 27

Fig. 7.

Planktonic Gadus ogac larvae caught (a) on 7 June 1973 and (b and ¢) on 17 June

1974 at Disko, West Greenland, and measuring 4.72 mm, 4.93 mm and 4.89 mm
NL, respectively. The pigmentation of the eyes is not shown, and in (c) no pigments
are shown (illustrated by O. G. N. Andersen).

seem to open externally. The dorsal pigmentation
of the body cavity wall is distinctly most intense
anteriorly and posteriorly, and in between it con-
sists of two narrow dorso-lateral pigment lines
placed close together (not apparent in lateral view).
Figure 7b has a small faded pigment spot located
antero-laterally on what has been interpreted as the
cardium, but perhaps it is analogous to the pig-
ment spot found on the yolk sac in Fig. 5a, since
the position within the body profile is the same. The
eyes are slightly ovoid with a choroid fissure and
they are so heavily pigmented (not shown) as to
obscure the lenses in transmitted light. Only when
viewed from above as in Fig. 7c, the lenses can be
seen. Figure 7c¢ also shows most clearly the posi-
tion of the pectoral fins as well as three pairs of
lateral organs.

The post-anal pigment bars are similar to and
spaced like those in Fig. 5 and 6, although they
are slightly shorter, but there are no medio-dorsal
caudal melanophores. The medio-ventral caudal

melanophores, numbering four and one in Fig. 7a
and 7b, respectively, much resemble those in Fig.
5 and 6, but in Fig. 7a the melanophores are situ-
ated more or less in the finfold, and the single cau-
dal melanophore in Fig. 7b is near the tip of the
tail, giving a large F value (Table 1).

Gadus morhua larvae caught in 1957 and drawn
when pigments were fully intact (Fig. 8)

Two larvae, 6.3 mm and 7.9 mm long, caught
off Godthab/Nuuk (Fig. 8a and b) are referred to
G. morhua due to the extensive pre-anal pigmen-
tation, especially dorsally in the occipital region
and on the nape, ventrally on the isthmus and ab-
domen and ventro-laterally on the thorax. In Fig.
8b, a short medio-dorsal pigment stripe is found
dorsally above the intestinal loop between the pig-
mentation of the nape and the first post-anal dor-
sal pigmentation. Pigment can also be found ante-
rior to the base of the pectoral fin (Fig. 8a) and on
the operculum (Fig. 8b). Also, the snout and both
jaws are slightly pigmented. The post-anal pigment



28 J. Northw. Atl. Fish. Sci., Vol. 16, 1994

Fig. 8.

Planktonic Gadus morhua larvae caught on 17 June 1957 in the coastal area off Godthab/Nuuk, West Green-

land, and measuring 6.28 mm (a) and 7.94 mm NL (b) (illustrated P. H. Winther).

bars have fused into single long and narrow medio-
dorsal and medio-ventral pigment stripes not con-
tinuous to the occipitum in Fig. 8a, but nearly so in
Fig. 8b. These stripes are likely paired, one pair
dorsally on each side of the midline and the same
ventrally (L. Van Guelpen, Huntsman Marine Sci-
ence Centre, New Brunswick, pers. comm.). A few
melanophores are found ventro-laterally on the tail,
and mid-laterally there is a more or less complete
line of melanophores. The larvae have two and four
medio-ventral caudal melanophores separated from
the ventral stripe and located more or less in the
finfold. The internal pigmentation is somewhat ob-
scured by the pectoral fin in Fig. 8b but can be
seen covering the upper wall of the body cavity in
Fig. 8a. The mouth is more developed and more
superior in position compared to the oldest of the
reared larvae and the wild-caught larvae of G. ogac
from the Disko area. Both G. morhua larvae lack
yolk, their intestinal tract has developed a loop, and
presumably they both have an external anus open-
ing laterally at the base of the finfold.

Gadus morhua post-larva caught in 1959 and
drawn in 1962 when pigments seemed quite in-
tact (Fig. 9)

An 11.8 mm larva caught south of Godthab is
referred to G. morhua on the basis of extensive
external pre-anal pigmentation, although the nape
pigment in Fig 8b is absent here, and the pigment
above the pectoral fin is faint. Pigmentation has
spread over the body, and all fins are beginning to
appeatr.

Boreogadus saida caught on 15 May 1973 and
sketched immediately after fixation and drawn
again in more detail in 1977 when pigments had
deteriorated to a large extent (Fig. 10a and 10b)

In a late B. saida yolk sac larva from the Disko
area the mouth was formed, although it was still
located below the eye. Also, some yolk was still
present and the gut was uncoiled. The dorsal finfold
extended to the snout. When the larva was drawn
soon after fixation (Fig. 10a), the pre-anal external
pigmentation consisted of clearly distinguishable
melanophores on the occipitum and on the nape
and just behind it, whereas none were found on the
ventral abdomen. Melanophores were also found
on the upper wall of the body cavity. There were
two about equally long dorsal and two shorter ven-
tral caudal bands, the first one about 1/4 and the
second one about 3/4 as long as the dorsal stripe.
The eye was pigmented and had a choroid fissure.

When the larva was drawn again 4 years later
major changes had occurred in pigmentation and
size (Fig. 10b). Only faint tinges of pigmentation
remained where the melanophores had been be-
fore, and the dorsal pigmentation immediately be-
hind the nape had disappeared completely. Further-
more, the larva had shrunk about 10% in length.
About 70% of this reduction was due to a 40%
shrinkage of the tail posterior to the second pair of
pigment bars (E in Fig. 1). In the upper jaw is a row
of teeth so minute, that they can only be seen in
the illustration with a magnifying glass.



ANDERSEN, et al.: Description and Comparison of Eggs and Yolk Sac Larvae of Cod

29

1Tmm

Fig. 9. Planktonic Gadus morhua larva caught on 11 July 1959 south of Godthab/Nuuk, West Greenland, and drawn

in 1962 measuring 11.78 mm NL (illustrated by J. Kreutzmann).

TR TR

T

Fig. 10. Planktonic Boreogadus saida yolk sac larva caught on 15 May 1973 at Disko, West Greenland and drawn
(a) in 1973 and (b) in 1977 measuring 6.30 mm and 5.90 mm NL, respectively (illustrated by O. G. N.

Andersen).
Discussion only the drawings of eggs and yolk sac larvae of
It is no longer possible to compare the pigmenta- G. ogacin Fig. 2 to 7 can be used to compare pig-
tion in the illustrated eggs and larvae with pigmentation mentation, and the only materials available on G.
in eggs and larvae from the 1925-85 plankton surveys morhua and B. saida from West Greenland are the
in West Greenland waters, since the pigments have dis- drawings of late larvae in Fig. 8 and 9 and the yolk

appeared from all of the larvae in question. Therefore, sac larva in Fig. 10, respectively.
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The 1.13 to 1.17 mm diameter eggs of G. ogac
(Fig. 2) are smaller than those of G. morhua re-
ported by Russell (1976) to be from 1.16 to 1.89
mm, by Fahay (1983) to be from 1.2 to 1.6 mm and
by Hansen (1968) to average 1.40 to 1.44 mm in
Canadian waters. Otherwise the early stages are
very similar. Before hatching, embryos of both spe-
cies assume the larval pigment pattern. Ventral
caudal melanophores at the tip of the tail number 1
to 2 in G. morhua and 4 to possibly 5 in G. ogac.
Only G. morhua embryos at this stage of develop-
ment have pre-anal external dorsal pigmentation,
especially in the occipital region (Apstein, 1909;
Russell, 1976; Fahay, 1983), where G. ogac has
none (Fig. 2b-d).

The eggs of B. saida are larger (1.53 to 1.90
mm) than those of G. ogac and pigmentation of the
embryo appears late in development, but finally
assumes the characteristic larval pigmentation with
two post-anal pigment bands (Russell, 1976). Like
in G. ogac embryos, B. saida embryos have virtu-
ally no pre-anal pigmentation other than dorsally
on the body cavity wall (L. Van Guelpen, Huntsman
Marine Science Centre, New Brunswick, pers.
comm.). Eyes are pigmented. L. Van Guelpen (pers.
comm.) found one dorsal melanophore at the cau-
dal tip in 1 out of 4 late stage embryos examined.

The post-anal pigmentation of the reared G.
ogac larvae is rather similar to that of G. morhua
larvae. Of the characteristic post-anal “gadid” pig-
ment bands (Schmidt, 1905; Fahay, 1983) both spe-
cies have the two anterior ones complete, in older
yolk sac larvae separating into dorsal and ventral
bars. In G. morhua, however, both of the dorsal bars
(or parts) are usually shorter than or equal in length
to the ventral ones, whereas in G. ogac, the first
dorsal bar (or part) is shorter than, equal to or
longer than the ventral one in 11, 2 and 1 out of 14
larvae respectively, while in the second pair the
numerical sequence is the reverse, 2, 1 and 15 in
18 larvae. In all of the G. ogac larvae, the largest
of which is about 5.4 mm (presuming a B/A ratio of
0.59 (Table 1)), the two dorsal, and ventral, pig-
ment bars are still far apart, whereas in G. morhua
the ventral bars are fused at a length of 5.0 mm
and the dorsal bars at 6.3 mm (Table 2).

The number of medio-ventral caudal
melanophores in G. morhua yolk sac larvae is 1 or
2, (Table 1 and L. Van Guelpen pers. comm.) well
separated from the second ventral pigment bar, and
itis 1to6in G. ogac, where the melanophores can
be continuous with the second bar in the youngest
larvae. Russell (1976) shows one medio-dorsal cau-
dal melanophore in a newly hatched 4 mm NL larva
of G. morhua, but not in a preserved 3 mm NL yolk
sac larva, which has shrunk. Nor is such a

melanophore found in a 4.5 mm NL late larva, in
which the yolk has been resorbed, pictured by
Schmidt (1905). In older G. morhua larvae, up to
four melanophores are found (Fig. 8a). In G. ogac,
a dorsal caudal melanophore is found in six out of
ten reared yolk sac larvae sampled eight days af-
ter hatching, but not in six younger and smaller
reared larvae or in three wild-caught yolk sac lar-
vae of the same size as the eight days old larvae.
Also the internal pigmentation on the upper wall of
the body cavity in G. ogac is very similar to that of
G. morhua (Schmidt, 1905; Murray and Hjort, 1912;
Russell, 1976), although a break in this pigmenta-
tion seems to be the exception rather than the rule
as in G. morhua. Thus, it can be quite difficult to
distinguish the yolk sac larvae of these two spe-
cies from one another on the basis of external post-
anal and internal pigmentation alone.

Like in the late stage embryos, the yolk sac lar-
vae of G. ogac lack pre-anal dorsal external pig-
mentation, whereas in all larval stages of G. morhua
such pigmentation is well developed, especially in
the occipital region and commonly on the nape and
also mid-ventrally on the abdomen (Ehrenbaum,
1905-09; Schmidt, 1905; Murray and Hjort, 1912;
Russell, 1976; Fahay, 1983). Apart from an antero-
dorsal melanophore on the head in one larva, three
recently hatched yolk sac larvae of G. ogac have
only slight pre-anal external pigmentation which is
located ventro-laterally around the eyes (Fig. 3) and
may correspond to what seems to be a meager pig-
mentation on the snout and on the lower jaw in the
older reared larvae (Fig. 5).

Gadus ogac larvae up to 5.2 mm NL still have
yolk, whereas in the 4.5 mm NL G. morhua larvae
examined the yolk has been resorbed. Gadus ogac
larvae have shorter heads and longer tails than
those of G. morhua. The C/A ratio (Table 1) in 4.0-
5.2mm NL G. ogac larvae is 0.13-0.16, whereas in
G. morhua larvae it is 0.14 at 4.0 mm NL and 0.21
and 0.20in 4.5 and 5.0 mm NL larvae, respectively.
The corresponding B/A ratios are higher (0.55-
0.59) in the same G. ogac larvae compared to 0.50-
0.55 in the G. morhua larvae and the smaller G.
morhua yolk sac larvae.

Most likely it will be possible to distinguish more
advanced G. ogac larvae from those of G. morhua
on the basis of pre-anal external pigmentation. In
older larvae of G. morhua, external pigmentation
is extensive in the occipital region and nape, and
pigmentation is also to be found mid-ventrally on
the abdomen, on the operculum and at the base of
the pectoral fins.

In G. morhua larvae from West Greenland Wa-
ters (Fig. 8 and 9 and referred to in Table 1) meas-
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uring 6.3-11.8 mm NL, the C/A ratios of 0.24-0.26
are similar to the ratios of 0.24-0.27 in 6.0-12.5 mm
NL larvae of G. morhua from boreal waters south of
Greenland (Xj—XlI in Table 1). The West Greenland
larvae have comparatively larger eyes, and the dif-
ference in horizontal eye width (O in Fig. 1) in-
creases with NL (A in Fig 1) from being 24% greater
at A = 6.3 mm to being 38% greaterat A=11.8 mm
(from Fig. 11). In larvae from both locations there
is a slight increase with A in O relative to A (O/A),
and more so in the West Greenland larvae. This ratio
is 26% greater in the West Greenland larvae at A =
6.3 mm and 37% greater at A = 11.8 mm (Fig. 11).

Yolk sac larvae of B. saida differ from the Gadus
species by having no ventral abdominal pigmenta-
tion, both dorsal post-anal pigment bars being
wider than the ventral ones, the second pair of bars
being wider than the first pair and by having 0 to 2
dorsal melanophores at the caudal tip and usually
0, but sometimes 1 ventral one. Also the B/A ratio
is 0.63-0.65 compared to no more than 0.59 in G.
ogac and 0.51 in G. morhua, and the dorsal finfold
extends to the snout, whereas in the other species
itis not found anterior to the eye. Boreogadus saida
yolk sac larvae have occipital pigmentation like G.
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Fig. 11. Correlation of horizontal eye width (O) and eye
width/NL ratio (O/A) to NL (A) in the G. morhua
larvae listed in Table 1, from West Greenland (W,
V¥ and in the figure) and from southern waters
(S, A and inthe figure). For the West Green-
land larvae (8a-9 in Table 1), the correlation of
O to A (shown as ¥)is O =Ax0.1179 - 0.1949
with R2 = 0.997 and the correlation of O/A to A
(shown as )is O/A = A x0.00245 + 0.0728 with
R2 = 0.976. Similarly for larvae of southern ori-
gin (Xj—-XI in Table 1), the correlation of O to A
(shown as A)is O = Ax 0.0766 — 0.0304 with R2
= 0.990 and the correlation of O/A to A (shown
as )is O/A = A x 0.00075 + 0.0658 with R2 =
0.212. R? = coefficient of determination.

morhua. The yolk is absorbed between 6.6 and 7.3
mm NL compared to 4.0 and 4.5 mm in G. morhua
(Table 1). The dorsal pigment bars are the first to
fuse between 6.3 and 7.3 mm NL followed by the
ventral ones at 10-11 mm NL, while in G. morhua,
the ventral bars are fused by 5.00 mm NL and the
dorsal bars at approximately 6.3 mm (Table 2).

Larvae of A. borisovi pictured by Zviagina
(1961) are heavily pigmented pre-anally, particular
in the occipital region and laterally on the abdo-
men, which clearly distinguish them from G. ogac,
and less so from G. morhua, where abdominal pig-
ments are also found mid-ventrally.
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