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Abstract

Recent studies implicate the old idea of fertilization failure as a potential cause of early "mortality"in some fishes. Laboratory
studies with cod (Gadus morhua) and pollock (Pollachius virens) indicate that detection of unfertilized eggs in plankton samples may
be difficult but that this can be enhanced by an acidic fixative and gentle capture methods. Morphogenesis of unfertilized eggs does
not seem to be strongly canalized: eggs mayor may not become activated, form a "blastodisc" or form cytoplasmic "atolls" or "islets".
However, the latter seems to be a distinctive feature of unfertilized eggs. Analysis of 9,894 field-caught eggs that were fixed in
Stockard's solution showed that 40% were mechanically damaged (perivitelline membrane destroyed) and at least 3.7% of the
remaining precleavage eggs were unfertilized.

Introduction

Studies of fish population dynamics have revealed
great variability in survival from egg to mature fish
among different species and different year-classes of
the same species (Braum, 1978). Much of this variabil­
ity appears attributable to mortality in egg and larval
stages, but the causes of the mortality are difficult to
analyze. Fertilization failure was thought by some
researchers to be the principal cause of mortality in
cod eggs (Earll, 1880; Apstein cited by Dannevig, 1919;
Howell, 1921; McKenzie, 1940). Other workers thought
that certain opaque eggs in plankton samples were
unfertilized or mechanically damaged (Mcintosh and
Prince, 1890; Rollefsen, 1930). Rollefsen (1932) dem­
onstrated that one cause was mechanical damage, but
some recent workers (Williams et al., 1973; Hempel,
1965, 1979) have accepted this as the sole cause and
dismissed the question of fertilization failure.

The elaborate spawning rituals and specializa­
tions (e.g. intromittent organs, parasitic males and
synchronous hermaph rodity) that some fishes have to
ensure fertilization are a strong "indication of the rela­
tive inherent weakness of this point in the life chain"
(Breder and Rosen, 1966). Recent aquarium studies on
pomacanthids (Bauer and Bauer, 1981), characids
(Nakatsura and Kramer, 1982), and squid (O'Doretal.,
1982) show that fertilization success of pelagic
spawners, even those with elaborate courtship behav­
ior, can be extremely variable (0-100%). In another

recent study, Middaugh and Takita (1983) showed that
Menidia menidia spawn at low current velocities (slack
water), presumably to reduce milt dispersion and
increase the likelihood of fertilization. The relatively
high (92-99%) fertilization success in salmonids with
substrate spawning (Braum, 1978) may therefore be an
inappropriate level to use for other fishes (Hempel,
1965).

If fertilization failure is accepted as an important
"mortality" factor in some species, there are formida­
ble obstacles to the demonstration of this variability in
the field. In this paper, the effects of fixative and dam­
age on morphology of fertilized eggs of pollock (Pol­
lachius virens) and Atlantic cod (Gadus morhua) are
examined, and the results are applied to 29 field sam­
ples from the southern Gulf of S1. Lawrence.

Materials and Methods

Pollock and cod were caught as juveniles and
reared for 2-3 yr in circular tanks (420-3,390 I capac­
ity). Sea water from Passamaquoddy Bay (salinity
28.00-30.00) was used in a continuous-flow system.
Water temperature was at ambient levels except in
summer when it was not permitted to exceed 9° C and
during the experimental period (December-April)
when it was maintained at 6.0° ± 0.5° C. Flow rates
provided 95% replacement of the water in the tanks in
4-5 hr.
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Initial attempts to strip eggs from fish were unsuc­
cessful and, with a limited number of adults, it was
considered not feasible to risk repeated attempts. Eggs
were therefore obtained from non-induced spawning
in tanks which contained only females (unfertilized) or
both males and females (fertilized). Ripe males were
tagged during these experiments to facilitate subse­
quent identification. All tanks were checked for eggs at
least twice daily during the experimental period. The
exact time of egg release was unknown, but it could be
estimated, at least for fertilized eggs, from the known
developmental rate at 6° C (Earll, 1880; Howell, 1921;
Meek, 1924; Bonnet, 1939; Fredgeirsson, 1978: Hardy,
1978). From casual observations, it was evident that
most of the spawning occurred during the early.
morning.

When eggs were first noticed in the holding tanks,
they were gently removed with a fine-mesh dipnet (fit­
ted with 50-ml glass beaker codend) and placed in
incubation chambers for subsequent sampling. Incu­
bation chambers consisted of styrene acrylonitrile
Imhoff cones (1-1 capacity) which were equipped with
small aerators and suspended in a 6° C water bath. The
incubation experiments involved fertilized pollock
eggs from spawning on 19 January 1982, unfertilized
pollock eggs from spawning on 14 February 1982, and
unfertilized cod eggs from spawning on 24 March 1982.

For pollock, two subsamples of eggs were taken
usually at the beginning of, and at intervals during, the
incubation experiment. One of these was mechanically
damaged by vigorous shaking (Rollefsen, 1932) prior
to fixation and the other was left undamaged. The eggs
were fixed in Stockard's solution (5% formalin, 4% qla­
cial acetic acid, 6% glycerine and 85% distilled water), a
standard fixative for embryological work (Costello at
al., 1957; Galat, 1972). Sample sizes ranged from 24 to
184 eggs for the two pollock experiments.

For cod, four samples of eggs were taken at each
sampling time, two of which (randomly chosen) were
mechanically damaged by shaking prior to fixation.
Eggs from a damaged and an undamaged sample were
fixed in Stockard's solution and the remaining two
samples were fixed in phosphate-buffered 5% formalin
at pH 6.7. Sample sizes during this experiment ranged
from 20 to 116 eggs.

Field samples of eggs were collected during an
ichthyoplankton survey of the southern Gulf of St.
Lawrence by the research vessel E. E. Prince during
11--19 June 1982. Tows were made obliquely from 15,
35 or 50 m to the surface with 60-cm bongo nets (Pos­
gay and Marak, 1980) and at the surface with bongo
and 1-m ring nets. Non-quantitative samples of eggs
were gently removed from 29 ichthyoplankton catches
at sea and fixed in Stockard's solution.

Results

Incubated eggs were categorized according to the
morphological sequence which was observed in fertil­
ized pollock eggs from Stockard's solution, with one
modification (category II) to accommodate buffered­
formalin eggs and another (category V) to accommo­
date unfertilized eggs. The morphogenetic categories
were as follows:

I. Egg lacks perivitelline space (Fig. 1C) which all
other stages possess.

II. Egg uniform with no obvious cytoplasmic struc­
ture or organization (Fig. 1E).

III. Cytoplasm polarized but not strongly (Fig. 2A).
IV. Cytoplasm strongly polarized, forming a blasto­

disc (Fig. 2B).
V. Cytoplasm polarized, forming an "atoll" or var­

iously arranged cytoplasmic "islets" (Fig. 1B).
VI. First cleavage, two cells (Fig. 2C).
VII. Second or subsequent cleavage, four or more

cells (Fig. 2G).

The term "blastodisc'', in this paper, includes the
germinal area of the ovum from the time of cytoplasm
polarization.

The pollock eggs from Stockard's solution were clearly
superior to those from buffered formalin for determin­
ing the morphogenetic state of cytoplasm (e.g. com­
pare Fig. 1A to 1E and Fig. 2E to 2G). Categorization of
the fertilized pollock eggs (Table 1) indicated that 66%
of the undamaged eggs and 51% of the damaged eggs
had reached category VI after 3 hr of incubation. Most
of these eggs had probably been spawned about 2-3 hr
before incubation, the total time being consistent with
the observation by Fredgeirsson (1978) that first cleav­
age occurs in about 5 hr at ambient temperature.
Clearly, the small numbers of eggs in categories VI and
VII at hour 0 (1-3%) were from an earlier spawning. The
few undamaged eggs in category IV (8%) and damaged
eggs in category III (B%) at hour 12 may not have been
fertilized. In the fertilized eggs from Stockard's solu­
tion, damaged eggs showed the same relative develop­
ment sequence as undamaged eggs (III - IV - VI ­
VII).

The undamaged, unfertilized pollock eggs differed
noticeably from the fertilized eggs in morphogenesis
(Table 1), the difference being evident in comparison
of Fig. 1A-1C with Fig. 2A-2C and 2E. None of the
fertilized eggs were in category I (without perivitelline
space) after incubation for 3 and 12 hr, whereas 19% of
the undamaged, unfertilized eggs had not developed a
perivitelline space after 7 hr. Blastodisc development
(category IV) was also delayed, with only 14% showing
the structure after 7 hr. Formation of the blastodisc did
not occur in more than 50% of the eggs, but the cyto-
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Fig. 1. Unfertilized eggs spawned on 14 February 1982 (pollock) and 24 March 1982 (cod). A, pollock, 2 hr after incubation showing egg category
III. B, pollock, 7 hr after incubation with all eggs in category V. C, pollock, 7 hr after incubation showing variation in development, arrow
indicates category I. D, cod, 1 hr after incubation showing effect of damage. E, pollock, 2 hr after incubation showing yolk opacity dueto
buffered formalin, arrow indicates category II. F, cod, 5 hr after incubation showing effect of damage and buffered formalin. (A-D in
Stockard's solution and E-F in phosphate buffered formalin.)

plasm accumulated in an "atoll" after about 4 hr. Corti­
cal alveoli were frequently present (not visible in Fig.
1), but cleavage did not occur in the unfertilized eggs.
None of the damaged, unfertilized eggs had a perivitel­
line space (Table 1), and cortical alveoli were not
present.

Comparison of the observations for the two series
of undamaged cod eggs (Table 2) illustrates the diffi­
culty of equating categories between the two fixatives.
Up to 56% of the undamaged, formalin-fixed eggs had
no identifiable perivitelline space (category I), whereas
none of the eggs from Stockard's solution were in this
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Fig. 2. Fertilized pollock eggs spawned on 19 January 1982. A, 3 hr after incubation with cytoplasm polarized but not strongly (category III).
B, 3 hr after incubation showing egg (arrow) with strongly polarized cytoplasm (category IV). C, 3 hr after incubation with two cells
(category V). 0, at the start of incubation showing variation in development. E, 3 hr after incubation showing variation in development.
F, 3 hr after incubation showing effect of damage. G, 12 hr after incubation showing effect of buffered formalin and 16-cell egg (arrow) in
category VII. (A-F in Stockard's solution and G in phosphate buffered formalin.)

category. Due to the difficulty of seeing cytoplasmic
structure in formalin-fixed eggs, none were assigned
to category III (cytoplasmic polarization) and very few
to category IV (blastodisc formation). In contrast, 85%
or more of the eggs from Stockard's solution were
assigned to category III and 10-15% to category IV.
Damaged eggs from both fixatives were assigned
mainly to category I. The capricious nature of mechan-

ical damage is also apparent in the irregular occur­
rence of categories III and IV in the eggs from
Stockard's solution. Category V was not observed in
the unfertilized cod eggs (Table 2), but this category
was evident in one-third of the unfertilized pollock
eggs (Table 1) and has been observed recently in
unfertilized eggs stripped from cod and white hake
(Urophycis chuss).
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TABLE 1. Distribution of fertilized and unfertilized pollock eggs in various cate­
gories after incubation for certain periods and fixation in Stockard's
solution. (See text for definition of egg categories I to VII.)

91

Treatment
Hours of

incubation
No. of
eggs

Percent by egg category
II III IV V VI VII

Undamaged

Damaged

Fertilized eggs, 19 January 1982

0 181 8 87 3
1 184 12 20 67
3 44 9 20 4 66

12 28 8 92

0 92 98 2
1 87 5 95
3 49 6 43 51

12 24 8 92

Unfertilized eggs, 14 February 1982

Undamaged

Damaged

2
4
7

4

53
96

120

158

8
9

19

100

92
58 1 32
31 14 35

Eggs fixed in Stockard's solution

Distribution of unfertilized cod eggs in various categories
after incubation for different periods and fixation in two
different solutions. (Eggs were spawned on 24 March
1982; see text for definition of egg categories.)

TABLE 2

Treatment
Hours of No. of

incubation eggs

Percent by egg category
II III IV V-VII

been great (3,962 eggs or 40% were category I). Only
161 eggs could be placed in categories II, III, IV and V.
Of these, three were definitely category V. These three
eggs and three category IV eggs from the same sample
had cortical vesicles which suported the interpretation
that they were unfertilized. All six eggs were S. scom­
brus and were from a surface tow with a 1-m ring net.

Eggs fixed in buffered formalin

The 29 field samples from the Gulf of St. Lawrence
contained 9,894 eggs, with Atlantic mackerel
(Scomber scombrus) being the dominant species
(95.7% of the total). Other species included Atlantic
cod, yellowtail flounder (Limanda ferruginea), Ameri­
can plaice (Hippoglossoides platessoides) and four­
beard rockling (Enchelyopus cimbrius). Mechanical
damage, presumably by natural causes (e.g. waves),
capture and ship-board handling appeared to have

Undamaged

Damaged

Undamaged

Damaged

1 39 100
3 39 90 10
5 31 87 13
7 34 85 15

0 45 100
1 63 35 65
3 40 97 3
5 32 100
7 37 87 13

0 116 91 9
1 48 100
3 36 39 61
5 34 56 40 4
7 23 26 65 9

0 75 100
1 69 100
3 38 100
5 48 100
7 20 100

Discussion

The foregoing observations indicate that the
extent of fertilization success in nature cannot be
established from ichthyoplankton samples that are
preserved in near-neutral buffered formalin. Cytoplas­
mic changes, whether caused by fertilization or dam­
age, were more easily detected when eggs were fixed
in Stockard's solution (Tables 1 and 2), and, unless
specified otherwise, the following discussion refers to
eggs fixed in Stockard's solution.

Morphogenesis of fertilized and unfertilized eggs
(undamaged) included formation of a perivitelline
space, polarization of cytoplasm and blastodisc forma­
tion (Table 1). Similar examples have been reported by
Ryder (1884) and Laale (1980). Most fertilized eggs had
formed a blastodisc 1-3 hr after incubation (presumed
3-6 hr old), whereas only 14% of unfertilized eggs had
formed a blastodisc after 7 hr of incubation. Thus, it
would not be possible to ascribe age or fertilization to a
wild-cauqht egg with a blastodisc.

Some (32-35%) unfertilized pollock eggs formed
atoll-like cytoplasmic structures: (category V in Table
1; Fig. 1Band 1C). More recent observations on
stripped cod and white hake eggs indicate that these
structures are frequently present in unfertil ized eggs.
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From the field samples, these structures are also
formed in unfertilized mackerel eggs. A few
presumably-fertilized pollock eggs «1%) also formed
these structures (Table 1), indicating that the eggs
were not fertilized. Category IV seems to be the only
category that might be an indicator of fertilization fail­
ure. However, because this category occurred rarely in
the fertilized samples, it may also indicate a post­
fertilization breakdown in development. Regardless of
the actual mecha.nism, it appears that normal develop­
ment does not proceed through category V, and, there­
fore, this category is associated with fertilization or
immediate post-fertilization failure. Unfortunately, few
of the unfertilized eggs reached this category (Tables 1
and 2).

Mechanical damage complicated the interpreta­
tion of egg categories. In formalin, there was relatively
little observable difference between undamaged and
damaged cod eggs (Table 2). In Stockard's solution,
damaged eggs were more frequently distinguished
from undamaged eggs.

Breakdown of cortical alveoli (cortical reaction) is
associated with fertilization and mayor may not be
associated with formation of the perivitelline space
(Ryder, 1884; Yamamoto, 1961; Nakano, 1969; Laale,
1980). Davenport et al., (1981) showed that, after 6 hr,
unfertilized cod eggs formed a perivitelline space,
retained cortical alveoli and showed no accumulation
of cytoplasm. The present results concur with those
observations in the formation of a perivitelline space
and the presence of cortical alveoli in some unfertil­
ized, undamaged eggs from Stockard's solution, but
cytoplasmic accumulation was common in unfertilized
eggs (categories IV and V).

Unfertilized eggs do not seem to have a canalized
morphogenesis. If "activated", they 'appear to form
blastodiscs and "atolls" (categories IV and V). If not
activated, unfertilized eggs show only slight cytoplas­
mis polarization (category III) and retain most cortical
alveoli. Detection of unfertilized field-caught eggs,
therefore, seems to depend on use of Stockard's solu­
tion or a comparable acidic fixative, gentle capture
methods to avoid complications associated with dam­
age, and discovery of category V eggs or eggs with
alveoli in categories III or IV.

The field samples were collected during a regular
ichthyoplankton survey, and they probably reflect the
quality and variability in sample condition that might
be expected from a large-scale program which oper­
ates under conditions or variable weather and person­
nel. The perivitelline membrane was ruptured in 40% of
the eggs. All of these were early-stage eggs (preblasto­
pore closure), and, although cells could be seen in
many cases, the presence or absence of cleavage

could not consistently be determined in all category I
eggs. Thus, the latter could not be used to determine
the relative proportions of fertilized and unfertilized
eggs. However, it was observed that 161 eggs could be
placed in the precleavage categories II to V, and six of
these (3.7%

) were apparently unfertilized. More gentle
methods of capture are clearly needed to improve
upon these observations.

If mortality in planktonic fish eggs is worth investi­
gating, some consideration of spatial and temporal
variation in fertilization success is merited. Unfertilized
eggs will sink, but they will also have a certain "life
time" in the water column. Hydrographic conditions,
such as upwelling and thermal stratification, might
increase their suspension time or even aggregate them
separately from the more buoyant eggs in wind gener­
ated Langmuir spirals (Stommel, 1949; Stavn, 1971). If
the transparency of a normally developing egg is pro­
tection against visually oreinted planktivores (Breder,
1962), the opacity of unfertilized or dead eggs could
increase their susceptibility to visual feeders such as
fish larvae (Hunter, 1981).
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