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PREFACE

In the disciplines of fish biology and fisheries biology, few other subjects have experenced the
growth and interest as has the area of early life stape biclogy — namely, fish eggs and larvae. Its
rapid rise in popularity can be seen in comparing the size, content and list of references of J.H.S.
Blaxter's chapter on fish eggs and larval development in the 1969 Fish Physiology Volume TH with
the specificity and diversity of an entire volume (same series, Volume X1) devoted to the subject,
published in 1988. Today, one need only peruse any of the major “fish” journals and there will be
a significant number of articles focusing on eggs and/or larvae. Ichthyoplankten surveys and studies
of larval fish ecology have become essential to fisheries and natural resource conservation and
management. Egg and larval development and physiology are integral parts of studies in aquatic
ecology. Early life stages of fish now serve as standard experimental models for many research
fields, including pollutant effects, toxicology, pharmacology and developmental biology. It is no
wonder that a call for papers for an egg symposium should elicit such a positive response.

Yet our original preconception for this symposiurn, as part of the Intemational Congress on the .
Bioclogy of Fishes, was to have a series of papers that would cover “egg” topics that would deal with
issues, problems and research relating mostly to aquaculture (read ‘hatcheries’} and to salmonids.
Much of the explanation for this position was due to the public and governmental concern, and thus
funding, over the declining stocks of Pacific coast salmon. To our pleasant surprise, the collection
of papers submitted for presentation scon made us aware that our preconception was a
misconception. The intemational scope of interest extended far beyond our regional perspective and,
in fact, reflected a full diversity of disciplines.

The approximate 32 papers comprising this symposium come from 13 eountries, representing four
continents. Topics are intermational and diverse, covering a full phylogenetic range of species from
freshwater, estuarine and marine habitats. Under the general heading of fish egg, there are papers on
pre-fertilized oocytes and the traditional early life stages of embryos and larvae. In an atlempt to
logically organize the various papers, they appeared to fall into three general categories: effects, egg
quality, and development and physiology.

Under the toptc of effects, we examine how eXirinsic factors such as lemperature, pH,
petrochemicals, mechanical shock, pathogens and transport handling affect fish eggs and larvae. The
broader catepory of egg quality explores more intrinsic factors that include the determinants of egg
size, and varied nutritional components such as lipids, proteins, and free amino acids. In the last
section on egg development and physiology, topics range from traditional deseriptions of
development to functional studies on factors that influence egg and larval development, metabolism
and physiclogy.

The success of this symposium was the result of the combined effori of all the contributors and their
shared concemn for and scientific interest in some of the most interesting critters around — fish eggs
and larvae. Without them, we would not have adult fish to enjoy.

Mickey Eldridge Don MacKinlay
Tiburon Laboratory, Salmonid Enhancement Program
NOAA US Dept. Commerce Fisheries and Qceans Canada
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Introduction

Egg size variation has been well studied in N.E. Atlantic herring, Clupea harengus, stocks (Almatar
and Bailey, 1989, Hempel and Blaxter, 1367 and Blaxter and Hempel, 1963}. Egg size not only
varies between herring stocks which spawn in different seasons and at different geographical
locations bul also amongst individuals within the same spawning stock. This variation in
reproductive strategy between investing more yolk in fewer eggs and investing less yolk in more
epgs will affect the characteristics of hatching larvae and-therefore their probability of survival. This
study investigated various hatching characteristics of three N.E. Atlantic herring stocks.

Several studies have shown that longer larvae hatch from larger egps (Marleinsdottir and Able, 1992,
mumichog; Blaxter and Hempel, 1963, herring). Swimming speed is positively correlated to larval
length (Batty and Blaxter, 1992) and therefore a larvas ability to feed and escape from predators will
be affected by initial egg size. Larvae have also been shown to hatch with larger yolk reserves and
more body tissue from larger epgs (Beacham and Murray, 1985, Chum saimon; Blaxter and Henipel.
1963, herring). Increased body reserves would be expected to increase the time to starvalion of a
larva (Blaxter and Hempel, 1963) and give the larva a better chance to encounter a patch of food at
suitable density before total yolk sac resorption. However, Chambers ef al (1989) found no
relationship between the quantity of yolk reserves of capelin and the expected post hatch survival
time in the absence of food.

Temperature on herring spawning grounds varies considerably from year to year. For example a 42
year series of lemperatures laken from the North Channel, an area close to Ballantrae Bank (the
spawning site of the Clyde herring used in this study), shows that the mean temperature during
March ranged from 4.8-9.8°C (Jones and Jeffs, 1991). The temperature that eggs and larvae
experience will affect development by altering the rates of many biochemical and physiological
processes {Blaxter, 1993).

Temperature can act directly to effect the survival of embryos even within their zone of tolerance,
both higher survival at lower temperatures ( Forrester and Alderdice, 1966, Pacific cod) and an
optimal survival temperature (Beacham and Murray, 1985, Chum salmon) have been reported.
Temperature also has a direct effect on time Lo hatch (Hempel and Blaxter, 1967). Egg size has been
reported to both interact with temperature to affect hatch time (Pauly and Pullen, 1988} and have no



effect on the temperature hatch time relationship (Miranda et al, 1990, sardine; Beacham and
Murray, 1983, chum salmon; Blaxter and Hempel, 1963, herring).

Incubation temperature is reported to have a range of effects on the hatch length of fish larvae,
Embryos are either not affected by incubation temperatures (Blaxter, 1936, Clyde herring) longer
at hatch when incubated at a higher temperature (Forrester and Alderdice, 1966, Pacific cod; Blaxter
and Hempel .1963, Clyde herring; Blaxter, 1956, Buchan herring), or longer at hatch when reared
at a lower incubation temperature (Beacham and Murray, 1985, Chum salmon; Blaxter and Hempel,
1961, German coastal herring and Meyer, 1878, Baltic herring).

The above studies largely look separately at the effect of either lemperature or egg size on the
developing embryo. This study aims 1o investigate the effect of the interaction between egg size and
temperature on: survival; time to hatch and length, weight and yolk volume on hatch.

Materials and Methods

Percentage survival

Ripe adult herring were caught off their spawning grounds and embryos incubaled in the laboratory
following the techniques of Blaxter (1968). 10 eggs were counted from each female, dry weights

measured and egg batches covering a wide range of epg sizes were selected for each stock. Larvae
were incubated at the temperatures shown in table 1.

Siock Year Temperature Egg dry weights,
regimes/°C mg
Buchan (Bu94) Autump 1994 8, 12and 15 0.12-0.1%
Manx (Mn94) Autumn 1994 10and 13.5,17 0.28-0.4
Clyde (CI94) Spring 1994 5, 8and 12 0.28-0.39
Clyde (C193) Spring 1995 5,8and 12 0.3-0.44

Table 1. Incubation details

Three replicate microscope slides of Buchan eggs for each of 32 females and at each temperature
were photographed at intervals from fertilization until hatching. In each photograph the number off
egges surviving as a preportion of the number of eggs fertilized was counted.

Hatching characteristics

Before hatching eggs were transferred to 1 litre floating cylindrical comtainers with a 63um mesh
floor to facilitale water exchange. Larvae were removed daily, counted and a sub-sample of, where
possible, 10 larvae from each egg batch were measured for the following parameters: total length;
the maximum yolk sac width and length (from which yolk volume was calculated using equation 1),
and dry weight.

1
Equation 1: ;TE *-;—(yolkfenglh) *E(yo.'kwia‘rh)z



Daily measurements were conlinued uatil
peak hatching and mean values on the day
of peak hatch were used for further
analysis.

From the data of the number of larvae
hatching on each day the date of 30%
cumulative larval hatch was calculated and
this was rounded up to the nearest day.
Greater accuracy could not be used as
larvae could only be counted daily as they
hatch at night. The SAS procedure GLM
(SAS Institute Inc., 1938) with an analysis
of covariance mode] was used to test the

Variable name Variable type P>F

I/temp. conlinuous <0.01
Stock class 0.20
Egg size continuous 0.70
Overall model <0.01

Table 2. The results of a SAS GLM analysis of
covariance model on the date of 50% hatch of
larvae. No interaction terms were significant.

significant factors affecting the hatch date distribution, and each of the three hatching characteristics,

total length, dry weight and yolk volume.

Results

There was no clear relationship between egg dry weight and percentage survival of Bu94 eggs
incubated at 15, 12 or 8°C. Survival of eggs reared at 8°C, 25.12+12.04 (£i5.D) was generally

higher than that of fish reared at either 12°C, 6.71+7.40, or 15°C, 2,733 .45,

The SAS GLM model showed that there were no effects of stock or egg size on the date of 50%
hateh of larvae, Table 2. Time te hatch, for all stocks, was related to the inverse of incubation

temperalure, Equation 2.

Equation 2: HatchTime=

140.01

incubationtemperature

Stock Variable Length Weight Yolk
name volume
Bu94 Temp. <0.01 <0.01 <0.01
Egg size  <0.01 <0.01 <0.01
Mn94 Temp. NS NS NS
Eggsize <00l <0.01 <0.01
Clo94 Temp. <0.0! NS 0.02
Eggsize <0.01 <0.01 <0.01
Cl95 Temp. <0.01 <0.01 0.05
Epgsize  <0.01 <0.01 <0.01

Table 3. Results of SAS GLM procedure for each

stock separately. Temp. = incubation temperature (a
class variable) and Egg size is a continuous variable.

NS = non significant variable.
significant to P<0.01.

1

All models were



In all cases longer larvae hatched from larger eggs, Figure 3 and Table 3, and the lenpth of larvae
at peak hatch also depended upon the incubation temperature in all cases except Mn94, Figure 3b.
For a piven egg size, embryos incubated at the high temperature were shorter than larvae incubated
at the medjum temperature which in tum were shorter than larvae reared at the low temperature.

Figure 3. The effect of egg dry
weight and rearing temperature on
hatching length for 2) Bu94

11.0 a) b} Mn94 c) C194 and d) CI95.
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Figure 4 and table 3 show that for all stocks heavier larvae hatched from larger eggs. Also, for a
given egg size, Bu%4, Figure 4a and C195, Figure 4d, larvae were heaviest at hatch when incubated
at the low temperature whilst those incubated at the high temperature were the lightest.
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Figure 4. The effect of egg
dry weight and incubation
temperature on  hatching
weight for 2) Bu94

b) Mn94 c) C194 and

d) Ci9s.



Figure 5 and table 3 show again that in all cases larvae hatched from larger eggs had more yolk.
There are again small effects of incubation temperature on the amount of yolk larvae hatch with, but
again not for Mn94 embryocs. These effects are also reversed between Cl95 and the other two stocks.
Bu%4 and Cl194 embryos
incubated at the low

0.30 a) ™ temperature hatched with the
0.20 L st Geewzzaa® most yolk whilst  low

L § S ':'-:E“.-.—'é-é'%@-“gi%“' . temperatore  CI95  larvae
0.10 g£8F==""00 * hatched with the least yolk.
0.00 ; . . The same but reverse effect

j was true for larvae incubated
0.12 013 014 015 016 017 018 019 cu

~*7 at the high temperature.
0.60 1, [-+ High -g Medinm --x r_owE — All |
0.00 + r + 7 T T . ,  Figure 5. The effect of egp

032 034 036 dry weighl and incubation
temperature on hatching yolk
volume for a) Bu94

b) Mn94 ¢} C194 and d) CI195.
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Variable Variable Ln Ln Ln(yolk
name type (length)  (weight)  volume)
Temp Class <0.01 0.20 0.33
Stock Class 0.34 0.63 0.29
Ln(egg) Continuos  <0.01 <0.01 <0.01

Table 4 shows that SAS GLM

models can be fitted to the Table 4. Significance values for SAS GLM analysis of
In(length), In(weight) and In(yolk  covariance models for the effects of rearing temperature
volume) data where there is no  (Temp) stock and egg size (Ln(epg)) on total length, weight
effect of siock. Ln{egg size) hasa  and yolk volume.
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significant effect on all three characteristics whilst temperature only had an overall effect on length,
Figure 6. The longest larvae hatched wher incubated at the low temperature and the shortest larvae
hatched from the high incubation iemperature, Figure 6a. The fitted line for hatch length has a slope
of 0.30 and therefore egg size has a greater effect on hatch length for the smaller eggs in this study.
The fitted line to the egp size/hatching dry weight refationship has a slope of 1.00 so an increase in
egg dry weight of 1 mg will result in an increase in larval weight of 1 mg, Figure 6b. The fitted line
for yolk has a slope of 1.16. Larvae therefore hatch with an increasing proportion of the egg yolk
in the form of yolk sac with increasing egg size.

Ln {farval length)
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Ln (yolk volume)
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Figure 6. The relationship
between natural logarithm
of egg dry weight and the
natural logarithms of

a) length, b) weight and

c) yolk volume, of hatching
larvae from all stocks
combined.  Temperature
only had an overall effect on
length. SAS GLM model
fits are shown.



Figure 7 shows that for C195 larvae which were reared on beyond hatching larvae reared at low
temperature generally remain longer for a given weight whilst larvae reared at high temperature
remain generally shorter for a given weight.

0.6 Figure 7. The length
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Discussion

Incubation temperature had a very similar effect on the timing of hatch to that found by Blaxter and
Hempel (1963). Larvae incubated at 14.5°C hatched between 6 and 10 days post fertilization (Blaxter
and Hempel recorded a value of 7.5 days at 14°C) larvae incubated at 5°C haiched between 23 and
23 days post fertilization (Blaxter and Hempel recorded a value of 24 days post fertilization).

[n addition we have demonstrated that both egg size and spawning stock do not affect the hatching
time nor was there any interaction between temperature and epg size affecting the hatching time.

Survival of Manx embryos was highest at the lowest incubation temperature (10°C). Although they
suspected that all their treatments were affected by hypoxic conditions Forrester and Alderdice
(1966) suggest that survival of pacific cod was higher at lower incubation temperatures because of
the lower oxygen requirements of larvae developing more slowly at these temperatures. Frequent
water exchange meam that hypoxic conditions were not a factor during our study. If eggs had been
incubated at progressively lower incubation temperatures then survival would eventually decline
when the temperature drops below the embryos zone of tolerance.

Munk and Rosenthal (1983) showed that egg density had affected the hatching characteristics of
Baltic herring. They suggested that the contact area of each egg with the sumrounding water will
determine the oxygen available to thai embryo and markedly affect the embryos physiclogy and
subsequent hatching characteristics. In this experiment egps were scattered randomly over glass
plates to avoid large clumps. However, there could siill be some differences in oxygen availabilities
between embryos which might account for some of the variation in the relationship between egg size
and hatch characteristics in this experiment.

There was a strong relationship between egg size and the three hatching characteristics, total length,



weight and yolk volume which could be described by one relationship for all stocks. Length has an
asymptotic relationship with egg size which therefore has a steeper siope for smaller egg sizes.
Therefore. small changes in egg size have more effect on hatching Buchan larvae than they do on
Clyde larvae. This suggests a mechanism where by stecks laying small eggs would have larvae with
a wider range of hatching characteristics perhaps making them more likely to produce at least some
larvae capable of surviving in widely fluctuating environments. Blaxter and Hempel (1963) found
that the Baltic herring stock which have the smatlest eggs also have the highest variability in larval
size at hatching. The fact that the increased weight of larger eggs is transferred directly into larvai
weight supgests that whilst in the egg embryos are able to convert the energy stored as yolk quile
efficiently. However, this study also found that a greater proportion of the weight of these heavier
larvae remains in the form of unutilised yolk still in the yolk sac. This could be an adaptation to give
them longer to find food before yolk sac exhaustion in a poor environment.

Temperature variations will clearly interact with egg size to effect the hatching characteristics of
larvae, particularly in the case of haich length. The lack of an overall effect of lemperature on weight
and yolk volume on hatching suggests that temperatures. over the ranges tested in this experiment,
have no effect on the efficiency of yolk conversion. However, the effect of temperature on weight
and yotk volume of haiching larvae for combined stocks will be obscured, to a certain extent, by the
differences between stocks. In particular the effect of temperature on yolk volume was reversed
between years with the same stock. These inter-stock differences and a lack of an overall pattern are
not surprising considering the temporal and spatial variation between the spawning stocks.

Larvae are not only longer at hatch for a given size of egg when incubated at lower temperatures but
remain longer for a given body weight during the early growth phase at these same temperatures.
This suggests itself as a possible mechanism where larvae subjected to lower temperatures remain
longer for a given body weight and are therefore able to attain higher swimming speeds to
compensate, to some extent, for their reduced swimming speeds at these temperatures.
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Abstract: The contribution of hatchery releases to returning adult chinook salmon in the Chilliwack
River has been assessed using two independent methods. Fish that swim in to the Chilliwack
River Hatchery are counted and the count is adjusted by the proportion of marked versus
unmarked fish that were released as smolls to estimate the enhanced contribution. The total
number of fish that spawn in the river is estimated from dead pitch sampling expanded to
account for only 8-12% of total return being accessible to the dead pitch, estimated from a
previous Peterson tag-recapture study. The number of tagged fish in the dead pitch is
expanded by the tagged-untagged ratio of the released smolts. These estimates do not
account for differential survival between tagged, untagped and wild spawned fish,
differenttal return locale preferences of wild versus hatchery origin returning adults and the
potential emors in the total wild spawner return estimates. By adjusting incubation
temperatures on an evenly timed schedule, we induced the formation of dark bands on the
otoliths of alevins and were thus able to matk all of the hatchery-origin fish with no stress
10 the fish and at neglible cost. When these fish return in 3-3 years, we will be able to sample
the wild and hatchery returns to obtain an independent and unbiased reading of the ratio
between wild and hatchery-origin fish, and therefore gain a better understanding of the
contribution that the hatchery makes to the spawning population.

Introduction

The Chilliwack River fall chincok run began as a transplant in 1981 of 675,000 eggs from the
Harrison River run collected at the Chehalis River Hatchery. Transplants ceased in 1984, when



sufficient adults returned to the Chilliwack River Hatchery for fall run broodstock.

This run is assessed annually with a coded wire tag program, in which recoveries take place in the
various conunercial, sport and native Indian fisheries. The methods used are described by Kuhn et
al (1988) and come under the auspices of the Mark Recovery Program (MRP), an intemnational
cooperative accounting of salmon production from hatcheries in the ¢astern Pacific. All coded-wire-
tagged fish have their adipose fin removed so that marked fish can easily be identified as adults. The
escapement to the river for natural spawning and to the hatchery for broodstock are also assessed.

Natural spawning escapement sampling consists of a dead pitch to estimate both total escapement
and the proportion of fish of hatchery origin. The total escapement estimate is based on a
comprehensive Peterson tag-recapture program (Ricker, 1981) conducted in 1986 which estimated
that approximately 12% of the total returns to the river were accessible to the dead pitch sampling.
Dead piich recoveries are expanded by this factor to get the total estimated escapement. The
hatehery-origin contribution originates from the expansion of coded wire tagped recoveries from the
MRZP. In some years, the enhanced hatchery-origin has accounted for 100% of the natural spawners,
while in others it has ranged from 54 to 86% (Figure 1.).
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Figure 1. Results of different methods of estimating hatchery and wild-spawn contributions to
Chilliwack River and Haichery returns.

The hatchery-origin proportion of the fish that swim in to the haichery is estimated by expanding
the number of marked fish (no adipose fin) counted by the ratic of marked-lo-unmarked fish released
from the hatchery in the applicable brood years. All of the marked fish are eventually identified as
1o which release group they belong by reading the coded-wire tag.

Considering these data, it would appear that naturally spawning fish, although out-produced by the

hatchery, are contributing to the escapement and that the transplant is now naturally propagating.
However, difficult escapement sampling conditions have often rendered the estimated proportion
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of hatchery origin questionable. Inany event, there was often a large discrepency in the results from
the two methods of estimating the hatchery and wild-spawn contributions.

In order to further examine the natural versus hatchery contributions, 1995 brood year hatchery fish
were marked with a thermal otolith mark, as will be some subsequent years. Escapement will then
be sampled, starting in 1998, for otolith marked fish so that hatchery and wild contribution can be
independently estimated. Because every hatchery-origin fish will have an otolith mark, relatively
small sub-samples of the wild and hatchery-return escapement should give statistically accurate
estimates of their respective contributions to the total escapement.

Methods

The thermal marking procedure was based on the work of Brothers (1985) and Volk (1994) and
refined into a stepwise procedure by Hoyseth (1995}). The basic procedure is to decrease the
incubation temperature by at least 2°C for 24 hr and then return to the original temperature for at
least another 24 hr. A sequence of temperature drops and increases causes an increase in the amount
of calcium laid down in bone growth rings during the lower lemperature phase, resulting in
alternating dark and light rings visible at the margin (which later are found near the center) of the
otolith.

To get a consistent mark for a stock of fish, the thermal marks should be applied al approximately
the same stage of egg/alevin development, so that the mark will be laid down in the same area of the
otolith for each fish. Most of the chinook salmon eggs at the Chilliwack hatchery are taken gver a
period of a month, so the eggs were grouped into three different groups, approximately 10 days apart
in their timing. The alevins were marked at 10 day intervals so that they would be close to the same
stage of development during the marking procedure (Figure 2.).

Temparature (C)

_ __.__ bay of Marking Procedure 7
i —o—Groupt --0O--Group2 — O — Glou;ﬂ

Figure 2. The temperature profile used to induce a thermal mark on chinook salmon alevins at the
Chilliwack River Hatchery for the 1995 brood year. The chart shows the daily mean temperature for
each day of the marking procedure. It actually teok only one hour te adjust the temperatures, nota
gradual adjustment as might be interpreted from the chart. '
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The temperature drops in the incubation water at the Chilliwack Hatchery were accomplished by
switching from a mixture of well and ambient river water to only ambient river water, and then
switching back to a mixture. The temperature pattern used to mark the alevins shows that at Jeast the
minimum drop of 2°C was attained with each change of water supply.

Samples of the fish were taken at the alevin and rearing (just prior to release at 6 g) stages to check
that a valid mark had been imprinted on the otoliths. The fish were fixed in 90% denatured alcohol
and shipped to the reading laboratory. Otoliths can be removed from fresh, frozen or preserved
specimens. Preservation in 80-100% alcohol is considered very important because formalin seems
to disintegrale otoliths. Sagittal otoliths were removed from the ear canals of the fish using a
dissecting microscope, ¢leaned and affixed to a microscope slide with thermoplastic cement, melted
on a hotplate. These small otoliths from alevins and juveniles were mounted sulcus side up, while
otoliths from adults are mounted sulcus down. The otoliths were then wet-ground to mid-plane and
polished using geological lapping film (a special type of fine sandpaper) of decreasing grit size
(approx. 60u to 1p). Larger otoliths are pround with coarser paper (approx. 300 grit to 600 grit) on
a machine 1o mid-plane, flipped over, and ground on the other side to mid-plane. They are then
polished for examination.

The otoliths were examined under a compound microscope (100X to 400X) for the presence of
thermal marks. Careful measurements were made using an eyepiece micrometer and photographs
were taken of each otolith. Distances from the centre of the orolith (core) to the start of the basemark,
basemark width, and focus to accessory mark were taken for each sample. The measurements were
taken in the same quadrant of the otolith and abnommalilies were noted. These procedures are meant
to give a thorough profile of the thermal marks in the juveniles, so that they can be comelated to the
marks found in retuming adults, wherever they are captured.

Results

This paper only reports on the first phase of this experiment, that of placing and verifying the
thermal marks on the alevins and juvenile fish before their release from the hatchery. A very good
mark was obtained using the method described above. We had some equipment problems that did
not allow us time to produce photographs of the 7-banded otoliths from this experiment, but we have
included photographs of a 4-band otolith produced with the same method (Figure 3).

When the adult salmon return from the ocean, they will be sampled for otoliths by taking random
samples from the populations swimming inte the Chilliwack River Hatchery and those spawning in
the Chilliwack River. Since all of the hatchery-origin fish will have a thermal mark, the escapement
sampling program will only have to sample a small proportion of the retumning fish 1o obtain a
statistically valid estimate of the enhanced contribution. This will give an independent, and more
accurate, estimate of the proportion of the fish that are hatchery or wild-spawner origin.
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Figure 3. Photographs of a 4-band thermal mark from a chincok salmon at 200X (left} and 400X}
right, showing the even distribution from daily temperature changes for four days.

Acknowledgements

Qur thanks to Don Buxton and the staff at Chilliwack River Hatchery and Brenl Hargreaves, Pacific
Biological Station for their contributions to this study.

References

Brothers, EB. 1985. Otolith marking technique for the early life stages of lake trout. Great Lakes
Fishery Commission, Research Completion Report, Ann Arbor ML

Hoyseth, WIH. 1995, General procedures for thermal otolith mark induction and recovery. Pacific
Biological Station. Fisheries and Oceans Canada. Nanaimo BC.

Kuhn, BR, L Lapi and JM Hamer. 1988. An introduction to the Canadian database on marked
Pacific salmonids. Can. Tech. Rep. Fish. Aquat. Sci. 1649: vii + 56 p.

Ricker, WE. 1975. Computation and interprelation of biological statistics of fish populations, Can.
Bull. Fish. Aguat. Sei. 181:xvii + 382 p.

Volk, EC, SL. Schreder and JJ Grimm. 1994. Use of a bar code symbology to produce multiple
thermally induced otolith marks. Trans. Amer. Fish. Soc. 123: 811-816.

23



24



THE-EFFECT OF TEMPERATURE ON GROWTH AND YOLK
CONVERSION EFFICIENCY OF ATLANTIC SALMON

ALEVINS FROM THREE EUROPEAN RIVERS

Tan McCarthy,

Department of Zoology, University of Aberdeen,
Aberdeen, AB24 3TZ, Scotland, UK.
Tel/Fax 44 1224 272867/2723096,
email i.d.mccarthy@abdn.ac.uk

Dominic Houlihan,
Department of Zoology, University of Aberdeen,
Aberdeen, AB24 3TZ, Scotland, UK.

Leyton Hackney,
Department of Zoology, University of Aberdeen,
Aberdeen, AB24 3TZ,, Scotland, UK.

ABSTRACT

The effects of water temperature on the developmental rate, nitropen balance and yolk
conversion efficiency of Atlantic salmon alevins from three different rivers stocks within the
latitudinal range of the species in Europe (Iceland, Norway, France) was examined. The time
taken from hatching to first feeding and size at first feeding decreased with increasing water
ternperature. Yolk-nitrogen conversion efficiencies decreased and standard metabolic rate at first
feeding increased with increasing water temperature.

INTRODUCTION

Due to their poikilothermic nature, water temperatuze is the major abiotic factor regulating
developmental processes in fish and the effects of water temperature on larval fish development
have been the subject of several recent reviews (Blaxter, 1992; Rombough, 1996). In salmonid
fish, elevated water temperature increases growth rate thereby reducing the alevin period and
the relationship berween temperature, aerobic metabolism, growth and yolk conversion efficiency
has been studied for a number of Pacific salmon species (Rombough, 1988, 15%4). In Adantic
salmon, Salmo salar L., the effects of water temperature on the time taken from hatching to first
feeding and size at first feeding have been well studied (Petersen er af. 1977, Gunnes 1979;
Brinnds 1988; Crisp 1988; Kane 1988; Jensen er al. 1989; Petersen & Martin-Robichaud 1995).
However, there are very little data on the effect of temperature on yolk utilisation efficiency
(Hayes & Pelluet 1945; Petersen & Martin-Robichaud 1995), aercbic metabolism or mitrogen
budget during the alevin phase. The aim of this study was to examine the effect of water
temperature on the developmental rate, nitrogen balance and yolk conversion efficiency of
Atlantic salmon alevins from three different rivers stocks within the latitudinal range of the
species in Europe (Iceland, Norway, France).
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METHODS

Approximately 2000 eyed eggs, obtained from MSW Atlantic salmon (Salmo salar L.) from
three European river stocks, the Alta in Finnmark in Northern Norway (70°N, 23°E), the Laxa
in Adaldal in North East Iceland (66°N, 17°30'W) and the Allier in Southern France (45° 30'N,
3° 25'E) were imported into Aberdeen and reared at 2.5, 7.0 and 12.5°C untit first feeding
(Table 1). A random sample of 100 eggs from each river were sampled before the eggs were
divided into three and the egg weight (to 0.1 mg), egg diameter {to 0.1 mm} and egg volume
(V=(4/3)rr", mm?®) of these 100 eggs measured. The volume of yolk 24 hours after hatching
was calculared by measuring the length and height of the yolk and using the formula for a
prolate sphere, V=(z/6)LH?. Alevins were sampled from each tank 24 hours afier hatching and
then at regular intervals between hatching and first feeding. On each sampling date ammonia
excretion (ing NH,;/day) was measured for each river/temperature group {triplicate groups of 10
alevins) using a Phillips ammonia electrode. Each group was placed in 50 ml of freshwater at
the appropriate water temperature and left for 2 hours. At first feeding, the standard metabolic
rate (@M O,/g/day) of fry was measured in 5 replicate groups of 5 fish from each
river/iemperature group using a Rank Oxygen Electrode connected to a Linseis pen recorder as
outlined in Pannevis & Houlihan (1992). On each sampling date, 20 alevins were sampled at
random and alevin weight (body + yolk, mg) and body total length (mm) were measured. The
fish were placed individually in eppendorf vials, frozen in fiquid nitrogen and stored at -20°C
until analysis of the body and yolk protein content. Subsequently, the yolksac was carefully
dissected away from the alevins whilst still frozen. The thin epithelial and syncytial cell layers
that enclose the yolk ventrally were included with the yolk sample in the dissection of fish with
an obvious yolksac. However, once the fish had "buftoned up’ it was possible to fully separate
the yolk and body samples. At first feeding, a small amount of yolk remained visible within the
peritoneum but it was not possible to separate this from the body and therefore the yolk was
included in with these samples in any subsequent analysis. In order to comply with Scottish
Office requirements for importation, waste water was treated with hypochlorite prior 1o disposal
and the fish remaining at first feeding killed and incinerated together with all morralities and
waste material.

RESULTS AND DISCUSSION
a) DEVELOPMENTAL RATE

Differences in egg size and volume were found between the three river stocks (Table 2). Egg
diameter and egg volume were significantly different between the three rivers with the ranking
Alta> Allier > Laxa respectively. Alta and Allier eggs were heavier than Laxa eggs and the Alta
eggs tended to be heavier than those from the Allier but this was not significant at the 5% level.
Previous work on salmonid fish has shown that egg size is related to the age of the female with
older fish producing larger eggs in terms of egg diameter, egg weight or size of yolk reserves
(Kazakov 1981; Beacham & Murray 1985). Therefore it is likely that the differences in egg size
observed in this study are due to the age of the females in each river stock from which the eggs
were obtained (Table 1). The eggs from the Laxa river were obtained from 2-3 year old hen fish
whilst the Alia and Allier eggs were obtained from females aged 3 years or older.

The effect of temperature on alevin growth, expressed as the increase in body length, from
hatching to first feeding for the three rivers is shown in Figure 1. As expected, the rate of
development was fastest at 12.5°C, intermediate at 7°C and slowest at 2.5°C. The rimes taken
from hatching to first feeding were; 28, 51 and 124 days for the Laxa fish; 28, 56 and 148 days
for the Alia fish; and 29, 43 and 140 days for the Allier fish respectively. Table 2 summarises
the mean alevin size at hatching (alevin weight, alevin body length and yolk volume) and at first
feeding (fry weight and fry body length) for the Laxa, Alta and Allier fish reared at 12.5, 7.0
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Table 1. Geographical source of the Atlantic salmon alevins and the number of families utilised
in this study. (MSW = Multi seawinter salmon: 2+ years at sea),

LAXA (66°N ALTA (70°N ALLIER (45°30°'N
Females MSW salinon MSW salmon Landlocked (4+)
(5-2 kg) (101 + 8 cm) (450 g)
Males Grilse/MSW MSW salmon Wild adults
(2-3, 6-12kg) (94 + 26) cm
No of Families 30 5 Unknown

Table 2. (2) Weight (W, mg), diameter (d, mm) apd volume (V, mm®} of the eggs from the
Laxa (Iceland), Alta (Norway) and Allier (France). (b) Wet weight (mg), total length (mm) and
yolk volume (mm’} at hatching (W,, TL,, V). wet weight (mg), total length (mm) at first
feeding (Wgr, TL£) and length-specific growlh rate (SGR,, mm/day) for Atlantic salmon alevins
from the Laxa (Iceland), Alia (Norway) and Allier (France).

LAXA ALTA ALLIER
(a) Egg
w 78.9 (1.9 149.8 (1.1)° 129.7 (L1
d 5.0 0.1y 6.4 (0.1)" 5.70.2F
v 64.4 (1.2 135.4 (L.6)° 97.0m(0.2)¢
(b) Alevin
W, 12.5°C ! 59.5 (2.2 '124.2 (1.6%* '105.7 (4.9
7.0°C 165.0 (2.1y '123.0 (1.7* '106.1 (3.2)°
2.5°C 166.0 (1.6) '124.3 (1.8 '104.6 (2.6)
TL, 12.5°C '16.5 (0.1 '17.4 (0.2)° 8.1 (©.2)¢
7.0°C 6.2 0.1y 218.0 (0.1 218.6 (0.2)°
2.5°C *18.0 (0.1 9.2 (0.1 318.7 (0.2)¢
Vo 12.5°C 171.8 (3.87 142.4 (5.6)" 115.7 (8.8
7.0°C 169.4 (3.5 '141.9 (3.4 92.9 (4.4F
2.5°C 57.4 (2.97 134.1 (5.4) '105.9 (5.2F
W 12.5°C '88.7 (3.2)° H70.5 2.0% 1139.3 (4.5
7.0°C '91.5 (3.2 12174.1 (2.6)° '144.1 (5.6)°
2.5°C 2101.9 (2.2 1183.5 3.9 '151.0 (5.0
TLe 12.5C 224.0 (0.2y 128.4 (0.2 27.1 (0.4
7.0°C 1225.3 (0.3) L98.7 (0.2)" 1375 (0.28
2.5°C 6.5 (1.1 129.7 (0.5) 228.5 (0.3)°
SGR, 12.5°C 1.3 1.8 1.4
7.0°C 0.8 0.8 0.9
2.5°C 0.3 0.3 03
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a) Figure 1. The effect of water temperaure on the
301 growth rate, expressed in terms of total body length

{mm) from hatching to first feeding for Atiantic
salmon alevins from (a) the Laxa (Iceland), (b) the
- Alta (Norway) and (c) the Allier (France). The data
are presented as mean values for alevins reared at

12.5°C {open circles, solid line), 7°C (open squares,

dotted line} and 2.5°C (closed circies, hatched line).
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and 2.5°C. Statistical comparisons were made comparing 1)} fish from the same river stock
reared at the three incubation temperatures and 2) fish from the three rivers reared at the same
water temperature, These analyses are indicated by the number and letter superscripts
respectively in Table 2. The effect of water temperature on alevin size at hatching and first
feeding showed a similar pattern for all three river stocks. The total alevin weight (body + yolk)
at hatching was similar at the three water temperatures however, alevin body length tended o
decrease with increasing water temperature (Table 2). There were no statistical differences in
the mean yolk volume at hatching at the three water temperamres. At first feeding, fry wet
weight and body length tended to decrease with increasing water temperature (Table 2). Similar
temperature-dependent differences in developmental rate and size at first feeding have been
reported for a number of salmonid species; Atlantic salmon (Petersen ef al. 1977, Petersen &
Martin-Robichaud 1995), Arctic charr (Wallace & Aasjord 1984}, chinook salmon (Heming &
Mclnerney 1982), chum salmon (Beacham & Mumray 1985) and steelhead trout (Rombough
1988). At hatching and first feeding a consistent partern of differences in size were evident
between the three river stocks when comparisons were made at either 12.5, 7.0 or 2.5°C (Table
2). Fish from the Alta were significantly larger at hatching and at first feeding compared to the
Laxa and Allier fish, and Aliier fish were significantly larger at hatching and at first feeding
compared to the Laxa fish. These differences in alevin size at hatching and first feeding berween
fish from the three river stocks reared at the same water temperature were a reflection of initial
differences in egg size and yolk volume (Beacham & Murray 1985). However, at each water
temperature the growth rates of alevins from the three river stocks appeared to be similar when
expressed as the percentage increase in body length per day (Table 2).
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Figure 2. The effect of water temperamre on changes in body (closed circles, solid line) and
yolk (open circles, dotted line) total protein content at various time intervals from hatching to
first feeding at a) 12.5°C, b) 7.0°C and c¢) 2.5°C for Atlantic salmon alevins from the Laxa
(Iceland), Alta (Norway) and Allier (France). The data are presented as mean values + SEM
(n=20).
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2) NITROGEN BALANCE AND METABOLIC RATE

Significant linear relationships were found between time from hatching to first feeding and the
decrease in yolk protein content and increase in body protein content for the Laxa, Alia and
Allier alevins reared ar 12.5, 7.0 and 2.5°C (Figure 2, regression analysis not shown). For each
river, there was a significant decrease in both the rate of yolk protein loss (mg protein/day} and
the rate of body protein gain (mg protein/day) with decreasing water temperature (ANCOVA,
data not shown). At each incubation temperature, significant differences were found in the rates
of yolk protein loss and body protein gain (ng protein/day), between hatching and first feeding
berween the three rivers with the ranking Alta > Allier > Laxa respectively (ANCOVA, data
not shown). Simple nitrogen balances (yolk N loss = body N gain 4 ammonia excretion) were
constructed for the alevins from the Laxa, Alia and Allier at 12.5, 7.0 and 2.5°C (Table 3). The
nitrogen content {mg N) of the body and yolk at hatching and body nitrogen content at ficst
feeding were calculated by dividing the protein content by 5.85 (Gnaiger & Bitterlich, 1984).
The yolk nitrogen loss and body nitrogen gain (mg N/day) for each group was estimated as the
slope of the regression line relating the changes in the body and yolk nitrogen content
(protein/5.83) with time from hatching to first feeding. Gross yolk-nitrogen conversion efficiency
was calculated as the ratio of the slope of these two regression lines, ie (body-N growth/yolk-N
absorption) x 100 (Dumas ef al. 1995). The relationship berween ammonia excretion and time
from hatching to first feeding was linear for the Laxa, Alta and Allier alevins at 12.5, 7.0 and
2.5°C (data not shown) and the slope of each regression line was used as an estimate of daily
ammonia excretion (mg NH,/day). Using this simple model, the mean percentage accountability
was 101 £2.4 % (range 91 - 111 %). A similar remperamre-dependent change in nitrogen
balance and standard metabolic rate was seen for each river. As water lemperamure decreased,
the rates of yolk pitrogen loss, ammonia excretion, body nitrogen gain and standard metabolic
rate decreased (Tables 3 and 4),

However, gross yolk conversion efficiency increased with decreasing water temperature (Table
3), and the average efficiencies at each water temperature were 70.4 % (12.5°C), 73.8% (7.0°C)
and 83.5% (2.5°C) respectively. There is very linle data on protein/nitrogen yolk conversion
efficiencies (YCE) in salmonid fish however, efficiencies of 72-74% at 7°C can be calculated
for Adantic salmon from the data of Srivasiava & Brown (1991, 1993). The efficiency of yolk
utitisation for growth in salmonid alevins has commenly been expressed in terms of changes in
dry weight and these data have shown a similar decrease in YCE with increasing water
temperature (Heming, 1982; Wallace & Aasjord, 1584; Rombongh 1988). A significant
correlation was found between yolk conversion efficiency and standard metabolic rate (Figure
3). Standard metabolic rate decreased with decreasing water temperature resulting in an increase
in yolk nitrogen available for growth and an increase in yolk conversion efficiency.

Figure 3. The relationship between standard

90 = L5835 (129) metabolic rate (M O,fg/h) and yolk-N
o conversion efficiency (Body-N
gain*100/yolk-N loss) for Atlantic salmon
30 alevins from (a) the Laxa (Iceland, closed
circles), (b) the Alta (Norway, open circles)

= L

° and (c) the Allier (France, open squares).
e The Spearman rank comelation coefficient
704 * (r)) is indicated {*** p < 0.001).

Yolk Conversion Efficiency (%)

60

0 5 :1_ é é lID ]I2 ll4 1I6 1.8 2I0
SMR (uM O,/g/h)
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Table 3. Effect of temperature on nitrogen balance in Atlantic salmon alevins from the Laxa
{Iceland), Alta (Norway) and Allier (France). The nitrogen content the alevin at hatching (B,
Yo} and first feeding (Bg) is expressed as mg of body or yolk nitrogen, the rates of ammonia
excretion, yolk nitrogen loss and body nitrogen gain are expressed as mg nitrogen/day. Yolk
conversion efficiency (YCE, %) is calculated as [{BgB,o)*100Y/Y,.

T™C 12.5 7.0 2.5

a) LAXA

Body, 0.171 0.188 0.239
Yolk, 2.085 2.256 2.256
Bodyee 1.607 1.812 2.137
Body N gain 0.052 0.032 0.015
Yolk N loss -0.074 -0.044 -0.013
NH, excretion 0.021 0.015 0.005
YCE 70.3 727 83.3
b} ALTA

Body, 0.410 0.342 0.393
Yolk, 4.154 3.419 3.880
Bodye 3.419 3.077 3.556
Body N gain 0.107 0.047 0.022
Yolk N loss -0.148 -0.061 -0.026
NH, excretion 0.031 0.016 0.006
YCE 723 71.0 84.6
©) ALLIER

Body, 0.650 0.530 0.444
Yolk, 3.145 3.350 3.077
Bodyg 2.803 2.957 3.077
Body N pain 0.074 0.056 0.019
Yolk N loss -0.108 -0.078 -0.023
NH; excretion 0.026 0.015 0.005
YCE 68.5 71.8 &6

Table 4, Standard metabolic rates (uM O,/g/h) at first feeding for Atlantic salmon fry from the
Laxa (Iceland), Alta (Norway) and Allier (France) rivers reared at 2.5, 7.0 and 12.5°C.

LAXA ALTA ALLIER

12.5°C '13.18 (0.66)"* 112.24 (0.81) 115.79 (0.92)"
7.0°C 8 82 {0.34)" 2939 (0.26) 112.35 (0.24)
2.5°C 32.55 (0.33) 3231 (0.27¢ 22,73 (0.27¢
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Abstract

Atlantic salmon eggs from six domestic female and six sea-run kelts were tested for mechanical
shock sensitivity from 0.5 to 6.0 hours after fertilization using force generated by dropping eggs
from measured heights. Estimates of drop height and force causing 10 (LCI0) and 25% (LC25)
mortality were used to compare sensitivity to shock relative to handling encountered in the
process of collecting, disinfecting, and transporting of eggs to incubation facilities. There were no
significant differences in LC10 and LC25 estimates among sample times through 6 hours post-
fertilization. Eslimates of shock causing 10% mortality ranged from drop heights of 23.5 to 26.9
cm or force of 5.2 to 6.0 X 10° ergs for domestic eggs and 17.5t0 38,5 cmor 3.5 to 7.7 x 10°
ergs for kelt epps. LC25 estimates of drop height and force were 46.1 to 60.3 cm and 102 to
13.4 x 10? ergs for domestic stock and 43.7 to 65.1 cm and 8.8 to 13.1 x 10° ergs for kelt eggs.
Variability in shock sensitivity among females was high, and similar to differences in 24-hour
mortality found in eggs transported for incubation.

Introduction

Atlantic salmon (Salmo salar) egg mortality has increased for eggs collected, fertilized, and then
transported to incubation facilities located several hours travel from the fertilization site. Once
fertilized, eggs require handling and receive shocks from pracedures like disinfection, packing,
transport, unpacking, a second disinfection, and placement into incubators. Once all procedures
are completed and eggs are transported to incubation facilities, significant mortality occurs the
first day after fertilization. The mortality rates are highly variable among eggs from individual
females. The purpose of this and a related study is to determine the major causes of egg mortality
during transport in Atlantic salmon.

In general, salmonid eggs are thought to withstand shock from routine handling for the first 43
hours after fertilization (Piper et al. 1982). We determined the effects of mechanical shock to
cggs during the course of typical transport times used in the Atlantic salmon egg program, apart
from possible effects of transport shock. We also tested two types of Atlantic salmon broodstock
{domestic stock and reconditioned wild adults, or kelts) for variability between groups and among
individuals. The methods used were intended to simulate shock to eggs from water poured over
eggs during disinfection or packing procedures. The mechanical shock administered by dropping
eggs was to approximate the effect of pouring eggs in water from a similar height (Jensen and
Alderdice 1983). We use mechanical shock treatments similar to those of Jensen and Alderdice
(1983, 1989) to test differences in shock sensitivity of eggs during the first 6 hours after
fertilization.
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Methods and Materials

Eggs were collected from six individuals of domestic strain Atlantic salmon (Cronin National
Salmon Station, Sunderland, Massachusetts) and six kelts (North Attleboro Naticnal Fish
Hatchery, North Attleboro, Massachusetts). After fertilization in 10° C water, samples of 20 to
45 egps were placed into 500 ml jars to serve as controls and for the set of 30-minute sample jars.
One set, a negative control, was placed into coolers and not handled further; the other control set
was handled the same as those given mechanical shock, but not shocked. At each sampling period
thereafter (1, 2, 4, and 6 hours post-fertilization) one contro! group of eges was placed into jars
and three test (mechanical shock) groups were also placed into separate jars. A pre-test showed
that drop heights of 10, 40, and 90 cm produced low, medium, and high egg mortality, leading to
selection of those heights for the tests.

To start a test, epgs were gently removed from sample jars, and placed into §-cm-diameter petri
dishes. After all water was drained, dishes were either dropped the appropriate height
(experimental groups) or placed back into jars without further handling {controls) as in Jensen and
Alderdice (1983, 1989). After a single shock challenge, eggs were transferred back to the water-
filled sample jars and placed into coolers for storage at 6-8° C until the end of the test. Two
hours after completion of the final mechanical shock, water was drained from jars and eggs placed
either into Davidson's fixative (six parts ethanol, four parts formalin, two parts acetic acid and six
parts distilled water; for the domestic broodstock eggs) or 10% formalin (kelt egps). Eggs fixed
in Davidson's fixative were examined under 7X magnification to determine mortality because fixed
dead eggs retumed to amber color. Dead eggs in formalin were easily identified without
magnification

Statistical analysis included estimation of force or drop height causing 10 and 25% mortality
(LC10 and LC25) using estimates generated through Tablecurve 2D software (Jandel Scientific,
San Rafael, California). Force, or energy transferred to the eggs, in 1 x 10° ergs, was calculated
as in Jensen and Alderdice (1989). One-way analysis of variance (ANOVA) was used to
determine if there were differences in shock sensitivity among the sample times and two-way
ANOVA to determine differences between broodstock groups. All statistical tests were
conducted at the p=0.05 level of significance.

Results

Estimates of 10 and 25% mortality were similar for both domestic and kelt eggs and are shown as
LC10 and LC25 as e¢m drop height, as force estimated to cause mortality, and as 95% confidence
intervals of percent mortality at LC10 and LC25 (Table 1). In all cases, variability among
estimates was high, because eggs from certain individual females were much more sensitive to
shocks than others (Table 1). Force associated with egg mortality estimates (Table 1) was similar
among broodstack types and sample times through the 6-hour sample period, Force calculations
ranged between 3.5 and 7.7 x 10* ergs for all LC10 estimates, with most estimates between 5.0
and 6.0 x 10° ergs. Force estimates for 25% egg mortality ranged from 8.8 to 13.4 x 10 ergs.
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Table 1. Drop height (¢m) estimates of 10% (LC10} and 25% (L.C25) Atlantic salmon egg
mortality (95% confidence intervals) and corresponding force (10° ergs) from 0.5 to 6.0 hours
after fertilization of mortality for LC10 and LC25.

LC10  Force Mortality LC25  Force Mortality

Broodstock Hours (e} (10%ergs) _ 95%Cl (em) (I0ergs) _ 95%CI
Domestic 05 269 60  (48t0152%) 592 131 (159t034.1%)

1.0 269 60 (4810152%) 592 131 (15.91034.1%)
20 235 52 (45t 155%) 562 125  (16.7t033.3%)
40 253 56  (55t0145%) 603 134  (18.6t031.4%)
60 252 56 (-18t021.8%) 461 102  (15.1to34.9%)

Kelt 05 265 53 (-11to21.1%) 536 108  (13.51036.5%)
10 385 77 (03$0203%) 651 131 (-31.3t081.3%)
20 175 35 (0310203%) 437 88 (10.7t039.3%)
40 256 51  (1.0t019.0%) 525 106  (13.51t036.5%)
60 276 55 (G4t0294%) 484 97  (3.51046.5%)

Estimates of 10 and 25% mortality in domestic broodstock were nearly the same over 6 hours
post-fertilization. Variability in egg mortality among the six individuals ranged from 5 to 20%.
More variability in estimates occurred with kelts than domestics; however, mortality rates were
similar in the two groups.

Discussion

Atlantic salmon egg mortality measured in this study, and at the water temperatures experienced,
considers egg development stages which were was limited to elevation of the blastodisc, before
the first cell division, or before the two-celled stage (Battle 1944). Sampling times for Atlantic
salmon eggs in this study approximated those used for handling and transport in the current
Connecticut River program. The timing of mechanical shock to eggs during this period did not
appear to affect egg mortality. Coho salmon (Qncorhynchus kisutch) appeared slightly more
sengitive to mechanical shock than Atlantic salmon, with a median shock limit of 31.1 cm
decreasing to 16.4 cm at 8 hours after fertilization (Jensen and Alderdice 1983). Coho salmon
eggs used in the Jensen and Alderdice (1983} study were less sensitive to shock during the first
hour after fertilization, as median shock sensitivities ranged from 383.4 to 38.3 cm.

Jensen and Alderdice (1989) tested shock sensitivity of six salmonid species: coho, chinook (O.
tshawytscha), sockeye (0. nerka), chum (O, keta), pink salmon (O. gorbuscha), and steelhead (0.
mykiss); they also determined the LC10 and LC50 values for these groups through the incubation
period. The LC10 values for Atlantic salmon eggs in our study are comparable to those from
inactivated fertilized eggs and stage 1 eggs (before the first cell division), both sensitive periods
for epgs of the six species listed above. LC10 shock sensitivity (in drop height) of inactivated
fertilized eges for these species ranged from 12.1 to 41.7 cm. Values for Atfantic salmon were
within this range for domestics (26.9 cm) and kelts (26.5 cm). Estimates of force transferred to
cause 10% mortality in Atlantic salmon eggs one half hour after fertilization (5.3 to 6.0 x 10°
ergs) were similar to those of Pacific salmonids (3.9 to 7.0 x 16° ergs; Jensen and Alderdice
1989), with the exception of a lower estimate (1.2 x 10* ergs) for sockeye salmon. Sensitivity of
eggs shocked between 1 and 6 hours compared favorably with eggs from Jensen and Alderdice
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{1989) stage 1, or mounded single cell cytoplasm. Of the Pacific salmonids, only sockeye had a
shock sensitivity close to Atlantic salmon (23.0 ¢m versus 23.5 to 38.5 cm).  All other salmonids
were somewhat more sensitive to shock during this period than Atlantic salmon, with steelhead
being most sensitive (LC10 of 8.2 cm) and chinook least sensitive (18.2 cm). Jensen and
Alderdice (1589) found breakage in coho and steelhead eggs at lower force (1.2 to 1.9 x 10° ergs)
than that for Atlantic salmon which was LC10 from 3.5 to 7.7 x 10° ergs. Other Pacific salmonid
species had similar force estimates at LC10 (Jensen and Alderdice 1989). Considering the
variability in design of tests run with Atlantic salmon, these estimates are probably not different.

Variability in LC estimates was high in our Atlantic salmon study because samples were not
pooled, but rather tested as individual female groups. Similar variability s present in 24-hour egg
mortality data among Atlantic salmon egg groups (W. F. Krise, unpublished data). Jensen and
Alderdice (1983) subjected coho salmon eggs to mechanical shock and found that breakage force
of eggs was similar between 0 and 100 cm whether dropped or poured. The current program for
Atlantic salmon egg incubation in northeastern states usually requires handling and transport of
¢ggs for 4 hours or more. Most egg mortality probably occurs during handling procedures,
because handling includes pouring eggs on several occasions for disinfection, packing, or
unpacking. Further research is underway to determine benefits of delayed fertilization after
completion of transport. Additional research should be conducted to determine (1) effects of
transport after fertilization, (2) average estimates of shock sensitivity using replicate egg proups
pooled from several adults, and (3) development of reduced shock handling procedures.
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Abstract

Anecdotal data and early lab tests indicated that Flexibacter psychrophilus was responsible for
high losses in early life stages of steelhead trout in a California hatchery and further, that the
pathogen may be vertically transmitted. To determine the source of infections, eggs and embryos
from 17 steethead trout were taken at selected developmental stages. Some of the broodstock
steelhead trout used for this study had been injected with erythromycin prior to spawning. Others
had been injected with oxytetracycline, others had not been injected. The eggs/embryos were
incubated in TYE broth and determined to be surface-disinfected when no bacterial growth was
isolated from the broth after 72 h incubation at 17 ®°C. Surface-disinfected eggs/embryos were
then homogenized and cultured in TYE and growth was identified as F. psychrophilus by
biochemical and immunological assays. A source of surface F. psychrophilus contamination was
the hatchery water, infecting the surface of 29% of eggs/fembryos. F. psychrophilus was also
detected within the ovarian fluid samples of 10% of the broodstock trout. F. psychrophilus was
isolated from the contents of 13% of newly spawned eggs, as well as from 7% of eyed eggs and
from 4% of newly hatched alevins. There was no difference observed in the proportion of eggs
infected with F. psychrophilus from antibiotic-injected versus non-injected fish. However, the
mortalities were monitored in the remaining progeny of the experimental fish and the progeny if
the broodstock injected with erythromycin experienced significantly lower mortalities due to
coldwater disease. fn vitro experiments indicate that F. psychrophilus is somewhat resistant to
lysozyme concentrations of up to 2 mg mi” {greater than concentrations found within a salmonid
egg). The results of this study indicate that F. psychrophilus may be transmitted both horizontally
and vertically within salmonid hatcheries.

Introduction

High mortalities due to systemic bacterial cold-water disease (BCWD) were documented in
steelhead trout (Oncorhyvnchis mykiss) at a hatchery in Northern California. Losses up to 85%
during the first two months of rearing were observed in some lots of fish. All steelhead lots
developed systemic BCWD within 1 to 4 weeks of button-up. The eggs and young fish had been
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incubated in sand filtered spring water, which is fish-free. Yellow colonies typical of Flexibacrer
psychrophiius, causal agent of BCWD, were isolated on medium inoculated with surface
disinfected steelhead epg homogenates. In the light of these anecdotal data and early tests, the
study documented here was inittated, the purpose of which was to determine if F. psychrophilus
could be transmitted within steelhead eggs, and if this was the route of the observed infections
due to F. psychrophilus. Another objective of this study was to determine if injecting antibiotics
into broodstock female steelhead would reduce the prevalence of intra-ovum infections (if any)
due to F. psychrophilus.

Materials and Methods

Two stocks of steelhead trout were examined. Five female fish from the Scott Creek (SC) stock
were injected with erythromeyin (20 mg kg fish weight) upon receipt and at 30 d intervals
thereafter. Seven females from the San Lorenzo (SL) stock were injected with tetracycline (20
mg kg'! fish weight), following the same regime. Five more SL females were left uninjected. At
spawning samples of eggs were taken from each fish and transported to the laboratory in their
own coelomic floid, Additional eggs were sampled from each fish after the eggs had been
fertilized, surface disinfected and water-hardened with 100 ppm povidone/fiodine for 1h, and then
rinsed in the hatchery water. Additional samples were taken from each fish at the eyed and hatch
slage.

To examine the eggs/embryos for intra-ovum infections due to F. psychrophilus we followed a
modified protoco! of Evelyn ef al. {1984). In the laboratory, 5 unfenilized, non water-hardened
egps were blotted on sterile filter paper and then placed in individual tubes containing 3 ml of
tryptone-yeast extract broth that had been supplemented with 0.5% (v/v) newborn calf serum
(TYE). In the case of the surface disinfected eggs, eved eggs, and newly hatched sac fry, 5
egps/embryos were treated as above, 5 additional eggs/fembryos from each sample were surface
disinfected again with 400 ppm povidone/iodine for 15 minutes, after which they were rinsed 5
times with sterile distilled water. The disinfected eggs/embryos were placed in TYE broth as
above, All TYE tubes were incubated at 17 °C for 72h and then examined for turbidity. The
TYE broth from each tube was streaked onto TYE plates and thase plates were then incubated at
17 °C for 72h.

In order to determine if F. psychrophilus was transmitted within the steelhead eggs, the following
was done. If the TYE broth in a given tube was clear and free of turbidity, the egg/embryo was
crushed and homogenized with a sterile glass rod, and the homogenate was then incubated at 17
°(C for an additional 72h, after which the homogenate was streaked onto TYE plates and the plate
incubated at 17 °C for an additional 72h.

To examine the possibility that F. psychrophilus could survive inside salmonid eggs, the contents
of 50 steelhead eggs from the uninjected SL group were taken aseptically with 1 ml syringes and
disposable 18 ga. needles. The contents of 5 eggs were pooled into sterile Eppendorf tubes, so
that there were 10 pooled samples in total. The egg contents were then spiked with ca. 10 F.
psychrophilus cells. The tubes were then incubated at 17 °C for 7d. The egg contents were then
streaked onto TYE plates and the plates were then incubated at 17 °C for 72h. Any growth was
confirmed as being due to F. psychrephilus according to the criteria outlined above.

All growth on all plates was examined to determine if it was due to F. psychrophilus. Growth
was deemed to be positive if it mer the following criteria. Gram negative short rods, producing
yellow pigment on TYE medium, that the yellow pigment tumned red when streaked onto filter
paper soaked in 1N NaOH (indicative of flexirubin, the pigment produced by Flexibacter spp.),
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growth at 17 °C, but not at 30 °C, no growth when the TYE broth (before homogenization) was
streaked onto TYE plates, and a positive slide agglutination result. The slide agglutination was
done with a saline suspension of the growth to be examined, and antisera raised against F.
psychrophilus in rabbits. The antisera was kindly supplied by Dr. R. Hedrick (Department of
Veterinary Medicine, University of California at Davis).

To determine whether F. psychrophilus is resistant or susceptible to lysozyme, which is found in
salmonid eggs and is probably responsible for passive defense of the developing embryos against
bacterial pathogens, we followed a modification of the procedure described by Yousif et al
{1994). A suspension of F. psychrophilus cells was made in phosphate-buffered saline (PBS) and
adjusted to an absorbance of ca. 10.0 at 540 nm. We also suspended Aeromonas salmonicida (an
A+t strain) cells in the same way, as a positive control for lysozyme activity. The bacteria (both F.
psychrophilus and A. salmonicida) were then diluted 1/10 in solutions of hen egg white lysozyme
in PBS (pH 6.2), at concentrations of 0, 0.1, 1.0, and 2.0 mg ml?, Samples of bacteria in each
lysozyme concentration were taken at 0, 30, 60, and 90 minutes. The cells were washed once in
PBS and then serally diluted 100-fold to 10°. 25 pl of each diluted sample were dropped, in
triplicate, onto TYE plates. The plates were then incubated at 17 °C for 48h, after which colonies
were counted, Results are expressed as the percentage reduction in cell number, using the colony
counts from the control tubes {0 mg mlI™ lysozyme) as the standard (0%) reduction.

At the outset of this study it became apparent that F. psychrophilus was contaminating the
surface of some of the eggs/embryos (see Results and Discussion), despite iodine disinfection
procedures at the hatchery. In order to determine the susceptibility of F. psychrophilus to
povidone the above experiment was repeated, except that the bacterial suspensions (both F.
psychrophilus and A. salmonicida) were exposed to povidonefiodine concentrations of 0, 10,
100, and 500 ppm in sterile, distilled water. The procedure was as above, except that samples
were taken at 0, 30 and 60 minutes only.

The remaining progeny of the 17 experimental fish were reared in the hatchery according to
standard hatchery practice and mortalities were monitored. Any mortalities were determined to
be due to BCWD by culture and immunoassays, in addition to noting characteristic pathological
signs and direct observation of typical Flexibacter spp. cells from spleen squashes examined at
600 - 1000x by phase microscopy.

Results and Discussion

A source of infection due to F. psychrophilus was the hatchery water. Thirty percent of all of the
newly spawned and fertilized epgs, eyed eggs, and yolk sac fry were surface contaminated with F.
psychrophilus (Table 1). This was despite the fact that the newly spawned eggs had been surface
disinfected with povidoneficdine at the hatchery. This may be a problem unique to this particular
hatchery, i.e., the bacteria in the water infect (he surface of eggsiembryos after the initial
disinfection, We also isolated F. psychrophilus from the surface of 10% of newly spawned eggs
that had cnly been in contact with ovarian fluid from the spawning female, indicating that the
females themselves were the source of mfection in these cases. Therefore, complete surface
disinfection is essential, especially in hatcheries with pathogen-free water. The iodine/povidone
experiment indicated that . psychraophilus is not resistant to iodine at 100 ppm (Table 2).
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Table 1. Percentage (%) of eggs or embryos positive for Flexibacter psychrophilus. SC = Scott
creek, SL = San Lorenzo, Erythro. = erythromyein, Oxytet. = oxytetracycline, Not - not injected

Fish # Siock Injected  Surface Ovarian Ege Eyed Alevin

1 SC Erythro, 47 15 15 0 0
2 SC Erythro. 27 0 n.d. 20 [}

3 sC Erythro. 20 10 50 20 40
4 §C Erythro. 9 0 10 0 0
5 §C Erythro. 14 20 0 20 0
Average 23 9 15 12 ]
[ SL Oxytet- 53 0 10 0 0
7 SL Orytet. 47 0 10 Q

8 SL Oxytet. 47 0 10 15 10
9 SL Oxytet, 33 30 10 0 0

10 SL Oxyiet. 10 0 0 10 n.d.

11 SL Oxytet. 40 20 30 10 n.d.
12 SL Oxylet. Q 30 10 20 0
Average 33 12 12 8 2
13 SL Not 20 10 ] 0 0
14 SL Not 0 10 15 0 0

15 SL Not 53 10 30 n.d. 10
16 SL Not 33 10 0 4] 0
17 SL Not 33 10 10 0 0
Averape 28 10 11 i} 2

Overall average 29 10 13 T 4

Table 2. Susceptibility of Flexibacter psychrophilus and Aeromonas safmonicida to
povidone/iodine

% Reduction of cfu afier exposure of 1=

lodine

Bacierial species concentration 0 min 30 min 60 min
(ppm}

Aeromonas salmpnicida
0 0 1] 0
10 0 100 100
100 0 100 100
500 0 100 100

Flexbacter psychrophilts
o 0 0 0
10 0 50 100
100 0 98 100
500 0 100 100
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F. psychrophilus was isolated from the contents of 13% of newly spawned eggs, as well as from
7% of eyed eggs and from 4% of newly hatched alevins (Table 1). Previously it was thought that
Renibacterium salmoninarum, causal agent of bacterial kidney disease, may be the only bacterial
pathogen of salmonids that could survive within salmonid eggs (Evelyn ef al. 1984, Barker er al.
1991, Yousif ef a/. 1994) Most other bacterial salmonid pathogens are Gram negative, includiag
F. psychrophilus. Susceptibility to lysozyme is a characteristic of many fsh pathogens (Grinde
1989), and Yousif ef al. (1994) have shown that a number of Gram negative fish pathogens are
susceptible to lysozyme purified from coho salmon (O. Asntch) eges. However, those authors did
not test F. psychrophilus for lysozyme susceptibility. Qur in vitro experiments for lysozyme
susceptibility indicate that F. psvchrophilus is somewhat resistant to lysozyme. Exposure of F.
psychrophilus to 2 mg ml” for 90 minutes resulted in only a 44% reduction in the number of
viable cells, as compared to a 99% reduction in Aeromonas salmonicida viability when 4.
salmonicida was exposed under the same conditions (Table 3). These data were supported by the
fact that F. psychrophilus was isolated from 100% of the samples of egg contents that had been
spiked with F. psychrophifus cells. It would seem that F. psychrophilus is somewhat resistant to
the defense systems that are present within salmonid eggs.

Table 3. Susceptibility of Flexibacter psychrophilus and Aeromonas salmonicida 1o hen egg
white lysozyme

% Reduction of cfu afier exposure of
t=
Lysozyme concentration

Bacterial species (g ml ) Omin  30min 60 min 90 min
Aeromonas salmonicida

0.0 4] o) 0 0

0.1 1 56 T4 53

1.0 2 36 78 67

2.0 1 99 o3 99
Flextbacter psychirophilus

6.0 0 0 1} o

0.1 1] 20 0 31

1o 4] 10 60 46

2.0 0 30 55 44

There was no significant difference in the prevalence of intra-ovum infection due to F.
psychrophilus within eggs and embryos from antibiotic injected, versus non-injected broodstock
(Table 1). This was the case with both the Scott Creek (injected with erythromycin} and San
Lorenzo (approximately half injected with tetracycline} stocks. Nor was there any significant
difference in the prevalence of surface contamination due to . psychrophilus within the ovarian
fluid of antibiotic injected versus non-injected female broodstock (Table 1). However, there were
significantly fewer mortalities due to BCWD within the Scott Creek stock than the San Lorenzo
stock (Table 4). The Scott Creek broodstock had been injected with erythromycin before
spawring.
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Table 4. Mortalities due to BCWD within progeny of antibiotic-injected versus non-injected
salmonids, SH = Sieelhead, C = Coho, SC = Scott Creek, SLR = San Lorenzo River, E = Erythromycin, O
= Oxytewracycline, N = Not injected

- Average Daily Monality (%) -
Stock n Inj. Weekl Week 2 Week 3 Week 4 Proj. Ann. Mor.
(%)

SH-SC 7629 E 0.01 0.10 0.07 0.13 28.3
SH-SC 8729 E 0.16 0.06 0.05 0.08 31.9
SH-SLR 8648 ) 0.13 0.54 1.05 1.56 299.3
SH-SLR 8813 0 0.12 0.44 1.00 1.75 302.0
SH-SLR 9630 N 0.11 0.26 0.87 2.21 314.8
SH-SLR 6348 N 0.13 0.28 0.28 0.45 104.0
C-5C 8184 E 0.07 0.07 0.04 0.03 19.2
C-5C 8138 E 0.05 0.06 0.10 0.03 21.9
C-5C 7795 E 0.03 0.07 0.05 0.04 17.3

It should be pointed out that the F. psychrophilus isolated from the contents of the newly
spawned eggs, and eyed epgs (Table 1) may have been located within the perivitelline space of the
eggs, rather than within the egg proper, i.e., the yolk itself. It is not possible to determine this
within the limits of this experimental design. However, in light of the data obtained from the in
vitro lysozyme experiment (Table 3), and from the spiked egg content experiment, it seems that F.
psychrophilus can survive within salmonid egg contents.

Surface contamination due to F. psychrophilus within the water is a serious concern for the
hatchery in question, and this may well be the case for other hatchertes. This hatchery has a fish-
free water source. However, amphibians, insects, siails, and possibly other animals may be
reservoirs of infection, releasing F. psychrophilus into the water. Additionally, F. psyelrophilus
from the water source may be different from the strains found in ovaran fluid, within epgs, or
infecting small fish. Tests to clarily these uncertainties are in progress. It also seems likely that
the pathogen is transmitted through female ovarian fluid and therefore surface disinfection is
critical. It seems likely that there are multiple routes of infection due to F. psychrophilus in
juvenile salmonids and vertical transmission may be included in these routes. Further work needs
to be done Lo examine the efficacy of broodstock injection with antibiotics,
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Abstract

The successive changes in environmental and ecological conditions of Lake Mariut resulted into
the deterioration of fish embryos and larvae of Oreechiremis species. Considerable morphological
abnormalities such as the bending of the vertebral column, head and yolk sac deformation, delay
of growth in certain organs and the whole body beside the deviation of the body parts from
normal ratios were diagnosed during the developmental criteria. The high mortality also indicates
the threat of the most common,, adaptable fish species in Egypt.

Introduction

Lake Mariut contributed a good part of the Egyptian inland fisheries. The main fish inhabiting the
lake comprises Tilapia (Oreochromis spp.) which constitute about 88.5% of the total fish catch.
The teratogenic and abmormal features observed together with the pathologic symptoms
mentioned in this paper have been diagnosed through the study of the embryological
characteristics of such species collected from their mother brooders inhabited in lake Mariut.

The importance of this study is derived from the sensitivity and susceptibility of the embryos to
the environmental factors and conditions that may reflect on the fish catch of one of the most
economically important fish in Egypt.

Maierials and methods

Fish samples were collected from fishermen's catches from different locations in lake Manut
during the period from April till September for three successive years and then transferred to the
laboratories. The two species under consideration; Qreochremis nileticus and Qreochromis
aurens are mouth brooders which show a high degree of parental care. The mouth incubation
period extends from the time of egg fertilization till complete absorption of yolk sac. The
embryos and larvae are obtained from the mouth of the mother brooders.
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External an morphological features of some

embryos collected from the lake were observed and

then compared with the same chronological embryonic and larval stages of the same species
developed by using the “induced spawning method” and “artificial insemination method”
(Ghabrial, 1990) under laboratory conditions with high water quality.

The observations were made using the stereomicroscope WILD. MP 50, {magnification 70 -310x)

equipped with a substage
(transillumination).

Observations

The examined embiyos after six days from
fertilization (Fig. 1) showed a well deformed
head with a length 0.9 mm. and height 1.1
mm., the deformed yolk sac (1.4 x 1.1 mm.}
showed a deviation from the normal ratios
which are 2.1 x 1.9 mun. at the same stage
under high water quality (Lab.} conditions.
The structure and  morphological
characteristics are similar to the well formed
fry with its fully formed eye and operculum
but fess developed alimentary canal.

Figure 2 is a fully grown larval stage three
days after complete absorption of yolk sac
showing a short tail region and a clear
deformation of the vertebral column at
myotome number 5 & 6 of the tai] region.
The dimensional ratios of the head region
were length 1.8 mm. and 1.5 mm. height.
indicated a clear deformation from the normal
ratios which are 2.2 mm. x 2.1 mm. at the
same stage of development.

The number of the anal fin rays were 11+ one
spine while the dorsal were 20 finrays +4
spines; clearly lesser than the.normal numbers
which are 15 (anal) and 22 (dorsal fin rays) at
the same stage under laboratory conditions.

light source which is directed through the embryos and larvae

Figure 1. Less developed alimentary canal and deformed
yolk sac

Figure 2. Short wail region and deformation of vertebral
column,

The mortality of the fish batch from which those deformed fry were taken was considerable since
the original number of eggs was 961 and the surviving fry was abour 346.

The fish fry Figure 3, (a & b) show
successive developmental stages of the tail

region during two successive days showed |
clear |.

underdeveloped  individuals  with
microcephaly. Ossification of the caudal fin
rays was highly affected since the rays
became stunted and as if attaining a
phalangeal pattern of segmentation, which is
quite different from the normal lepidotrichia.
Some embryos which were collected from the
heavily polluted areas of the lake showed

Figure 3a. Ossification of the caudal fin rays.
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clear signs of bactenial and fungal infections.
Since Tilapia {Oreochromis spp.) are present
in water with a high organic load due to
agricultural, sewage run-off and factories
effluent discharged,

The normal embryonic fin fold of the tail bud
and in the zones of the unpaired fins ie.
dorsal and ventral fins show an advanced
differentiation reaching a phase where the
dorsal fin extends along the entire length and
the ventral one almost reaches the anus (age Figwre 3b. Stunted rays of the caudal fin showing a
¥ 140 h.) after fertilization. At a later stage (+*  phalangeal patter.

180 hours) post fertilization, a separation of
the dorsal and anal fin folds from the caudal
fin is clearly defined at this stage under high
water quality conditions (laboratory} (Fig. 4).

The bacterial and fungal infection which were
found in some samples collected from the
lake at the same stage of development
started as white spots on the dorsal and
ventral fins, then increased on the continuous
fin fold to show successive deterioration
along the surrounding fins (Fig. 5 & 6 ). The
fish fry collected from the same location and
kept in the same water of the lake under
laboratory conditions for morphological Figure 4. Normal dorsal and anal fin rays of a full grown
diagnosis at later stages, were found to have a larva stage.

body with high degree of infection with a

degenerated tail region and decrease of

movement activity and ability of swimming

due to loss of appetite.

Figure 5, While spots shown on the dorsal and ventral ~ Figure 6. Successive deterioration along the fins.
fins.

Discussion

The genus Tilapia, which consists of about many species and to which Oreockromis spp. are
belonging to, is very economically important. Beside its tolerance to different environmental
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conditions and other characteristics such as their hardness, ease of breeding, diversified food
habits and fast growth.

The well developed embryonic vascular system proved to have an adaptation that suits the
adverse conditions of low oxygen concentration {(Ghabrial , 1990 ), since this species under
investigation can survive in habitats of poorly oxygenated areas.

In spite of the tolerance of our species to different environmental conditions, there is nevertheless
a wide range of teratogenic problems may occur. The spinal malformations are not uncommon in
small numbers in any intensively reared species but in Tilapia (Qreochromis), a particular form of
spinal deformity, has been mentiored by Robers and Sommerville (1982). There were “Saddie
back™; “spinal deformities” and “dorsal fin anomaly” and they found that such fish is less resistant
to diseases such as Sparolegnia fungus infection,

During their waterborne infection tests with infection pancreatic Necrosis virus (JPNV), Ahne W.
et al (1989) found that the main symptoms on infected rainbow trout fry were: curvilinear bodies
and darkening of caudal body, as well as distinct cranial odema. This indicates that the spinal
deformities and the macrocephaly of our fry under consideration may be due to some viral
infections from the water of lake Mariut.

The dimensional deviation of some fish larvae from normal ratios is a phenomenon mentioned also
by Roberts and Sommerville (1982} on some Tilapia species, where it was described as “stumped
body” in the mature individuals since the body was compressed anterioposteriorly. The incidence
of such deformities and abnormalities in the polluted areas in lake Mariut reflects the effect of
pollution on fish fiy of Tilapia (Oreochrontis} which is considered as a highly resistant species.

The high mortality in certain clutches of eggs and larvae is also associated with dwarfish in some
individuals. Only 346 fish larvae survived out of about 961 eggs produced from O. niloticus with
64% loss. Some of which had dwarf larvae if compared with the normal parameters of the same
species at the same age and same conditions but different water quality. This dwarfish was also
found in the mature Sarothorodon mossambicus (Tilapia substrate spawner) in lake sibaya
(Bruton and Allonson 1974). Hes (1973) emphasized that dwarfism represents an adaptive
mechanism  involving reproductive and growth characteristics which enable Tilapia population to
withstand high mortality.

Stunting in genus Tilapia was mentioned by Ies (1973) but the phalangeal pattern of
segmentation which was quite different from normal lepidotrichia, was so far, not mentioned. This
severe ossification of the fin rays of some individuals in the present study might be due to
pollution or to some interaction between certain elements in water and calcium. More work has to
be done to identify it physiologically and analytically.

The bacterial and fungal infection of some embryos collected from the heavily polluted areas of
the lake at 25°C if maintained at the same temperature, but under laboratory conditions, the
infection was severe covering almost the body.

The pathologic bacteria myxobacteria was described by Roberts and Sommerville (1982) but are
usually associated with low water temperature. Avault et al {1968) stress the importance of
maintaining over wintering temperature of at teast, +4°C for this reason. Therefore, we must
point out that the pathogenic infection found during our study might be a different strain other
than myxobacteria.
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In conclusion, the environmental conditions in the Lake have to be improved, since it is
considered a supply for fish fry to many fish-cultures in some near Governerates, to avoid such
impact on the embryos and the high mortality associated with these infections.
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Abstract

The viability of milkfish eggs and larvae after simuiated and actual transport was investigated.
Naturally-spawned milkfish eggs were collected and subjected to simulated or actual transport at
early cleavage stage (slage 1), blastula (stage 2), gastrula (stage 3), "eyed” (stage 4), or newly-
hatched larvae (stage 5). Replicate samples in aerated plastic jars served as controls. Mean
hatching and survival rates and the percentage of newly-hatched larvae were significantly affected
by the modes of transport and by the stage of embryonic development at transport. Eggs
transported at the 'eyed' stage had higher viability compared to those transported at cleavage,
blastula, or gastrula stages. There was no significant difference in the mean survival rate of the
larvae after 26 days of rearing. However, the percentage of 45 day old larvae with apparent
morphological abnormalities was lower in groups transported at stages 4 and 5. These
observations indicate that milkfish eggs should be handled and transported during the late
embryonic stages to minimize mortalities and the incidence of abnormalities in larvae.

Introduction

Milkfish, Chanos chanos Forsskal, is one of the important cultured fish in Southeast Asia, Since
milkfish was reporied to spontaneously spawn in cages (Marte and Lacanilao, 1986), ponds (Lin,
1985), and tanks (Pjorono, 1988; Emata and Marte, 1993), hatchery-bred fry were made
available to fish farmers. In the Philippines, there are anecdotat reports about the high incidence of
osleological abnormalities in hatchery-reared milkfish fry. Hilomen-Garcia (in press) recently
characterized the morphological abnormalities in hatchery produced milkfish juveniles.

Available literature suggest that osteological abnormalities in hatchery-reared fish may be induced
during embryonic and post-embryonic stages by some environmental factors(Houde, 1973;
Barahona-Femandes, 1982; Longwell et al,, 1992). Deformities in the embryos and skeleton in
some fish has been attributed to aquatic poltution such as in winter flounder (Perry et al., 1991)
and perch {Lindesjoo et al., 1994), to mechanical stress during rouline hatchery operations
{Daculas et al., 1991; Kitajima et al,, 1994), or to nutritional defficiencies (Kanazawa, 1985).

In the Philippines, naturally spawned eggs are presently transported from the broodstock floating
net cages to land based hatcheries for rearing to fry or fingerling stage. Fertilized eggs are
collected within an hour after spawning and eggs are routinely packed in oxygenated plastic bags
during blastula to neurula stage for transport {Garcia and Toledo, 1988; Emata and Marte, 1993).
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Milkfish fish farmers ofien complain about the large numbers of malformed marketable size
milkfish they produce from hatchery seeds.

This study was conducted to investigate the viability of milkfish eggs and larvae after simulated
and actual transport, Viability was determined based on survival after transport, hatching rate,
occurrence of lordosis in newly-hatched larvae, survival of larvae after metamorphosis, and the
prevalence of gross morphological abnormalities in fry, Based on the results, recommendations to
improve viability of eggs afier handling and transport were made.

Materials and Methods
Egg Collection and Handling

Spontaneously spawned milkfish eggs from a floating net cage were collected within 30 min to 1
hr after spawning. Broodstock conditions were as described by Emata and Marte (1993).
Spawned eggs were collected following Garcia et al. (1988). Collected eggs were temporarily
stocked in a 2x2 1.5 m hapa net cage prior to their use. Moderate aertation was provided 1o
prevent the eggs from clumping.

Simulated and Actual Transport

Viability of milkfish eggs and larvae after handling and transport at different developmentat
stages was examined. Milkfish eggs were subjected to simulated or actual transpon conditions at
early cleavage (stage 1), blastula (stage 2), neurula (stage 3), “eyed” stage (stage 4}, or at
hatching (stage 5).

Eggs or larvae were transferred from the hapa net cage inlo three replicate plastic bags (10x20
cm) containing 100 ml of ambient sea water at a stocking density of 1,000 eggs/l. Plastic bags
were inflated with oxygen at a ralio of 1:2 (water:oxygen). To simulate actual transport
conditions, packed plastic bags were placed in a tray secured on top of a laboratory shaker and
shaken at 50 rpm for 2 hours (treatment A).

Eggs or larvae were transported to SEAFDEC’s Tigbauan hatchery which is about 2-3 hours
travel by land and sea (treatment B) following routine procedures as described by Gapasin and
Marte (1990). Briefly, eggs were packed in double lined plastic bags containing 5 liters of ambient
sea water at a density of 10,000 eggs per liter. For each stage, three replicate samples were
separately incubated in 2 moderately aerated 1 liter plastic jar at a density of 200-300 pcs/l and
served as controls (treatment C).

Larval Rearing

To examine the effects of transport at different embryonic stages on the incidence of abnormalities
in hatchery bred milkfish fingerlings, larvae hatched from eggs at actual transporl conditions were
reared separately in three replicate 250-1 conical tanks following Gapasin and Marte (1990), wilh
some modifications. Initial stocking density was 30 ind/l. Larvae were initially fed lipid-enriched
rotifer at a density of 15 ind/ml from Day 2 to Day 15. Lipid-enriched artemia metanauplii was
given to satiation from Day 15 to Day 25. Total harvest was done on Day 26. Samples (23-30)
were taken from each tank for individual growth measurements. The remaining larvae from each
stage were pooled and further reared to Day 45 in a 1 ton fiberglass tank. The larvae were totally
harvested on Day 46 and preserved in 5% buffered formalin for examination of morpholegical
abnormalities.
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Determination of Viability

Twenty ml aliquot samples of transport water (200-300 pcs/sample) were taken from each
replicate bags immediately after simulated or actwal transport and transferred to 1 liter plastic jars
containing ambient sea water and provided with moderate aeration. To determine the survival rate
after transport, aeration was stopped 3 hours later for at least 5 minutes and dead eggs were
pippeted out individually. Dead eggs of milkfish are opaque and sink at the bottom (Juario et al.,
1984). Hatching rate was examined by counting the total number of unhatched eggs and hatched
larvae in a jar. The number of normal, dead and moribund larvae, and larvae with lordosis were
noted. The prevalance of external morphological abnormalities were also investigated in Day 46
old fry by randomly taking three teaspoonful of aliquot samples from preserved specimens.

Statistical Analysis

A 3x5 factorial in a completely randomized design was used in the experiment. Data were
analyzed by SAS statistical program (1988). Means were arc transformed to correct the unequal
distribution of sample sizes. Three-way or one-way ANOVA was used to determine the effects of
types of transport and stages of embryonic development on the viabilily of eggs followed by
DMRT to compare significant differences between means at P>0.01.

Results

Figures 1, 2, and 3 show the viability of milkfish eggs or larvae after simulated or actual transport
at different embryonic stages. There was a significant interaction between the modes of transport
and the stage of embryonic developmenl during transport. Mean survival rates, hatching rates, and
the percentage of larvae with lordasis at different stages varied significantly with the modes of
transport used. Viability of eggs in terms of survival after transport, hatching rate, and prevalence
of newly hatched larvae with lordosis in the control group was higher than those subjected to
simulated or actual transport. No significant difference in the mean survival and hatching rates of
epgs was observed beiween stages 1-4 in the control group. Milkfish eggs transported at stage 4
had significantly higher survival and hatching rates than stages 1, 2, and 3 in both simulated and
actual transport conditions. Survival after transport was relatively lower in newly-hatched larvae
{Stage 5) than in eggs (Stages 1, 2, 3 and 4). Newly-hatched larvae with lordosis varied
significantly from 10.3% in the 'eyed" stage of control (treatment C) to 60.1% in those transported
at gastrula (treatment A).

The percentage of dead or moribund larvae among lordotic newly-hatched larvae progressively
decreased in eggs subjected to actual transport (Fig. 4) at stage 1 (65.6%) to stage 4 (30.9%).
Gross morphological abnormalities in 45 day old fry were significantly lower in groups
transported at stage 4 (19.5%) and stage 5 (9.7%) than other stages tested {(Fig. 5).

There was no significant difference in the mean survival rates (6.7-17.2%) of larvae transported at
stages 1-5 after 26 days of rearing. However, mean total length of 26 day old larvae was
significantly higher in those transported at stages 4 (12.19 mm) and 5 (12.73mm) than stages |
(11.39 mm), 2 (11.36 mm), and 3 (11.57 mm).

Ambient air temperature and salinity during the handling and transport tests varied from 28.2 C o

29.8 C and 32 ppt, respectively. Dissolved oxygen of water in all plastic bags was above 5.6 ppm
after transport.

53



a b a
L b a a a a
s 100 bc ¢ a !—w
[
€ 90 d c
w
= g
7T T 717 2 B R B R S B
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
Stages Stages Stages

Figure 1. Percentage survival of milkfish eggs or larvae 3 hrs alter actual {A) or simulated
transport (B). C, control; stage 1, early cleavage; stage 2, blastula; stage 3, gasirula; stage 4,
‘eyed’; and stage 5, newly-hatched larvae. Points are means + standard deviation of 3 replicates.
For each figure, means with the same superscript are not sigmficantly different (P>0.01).
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Figure 2. Percentage hatching of milkfish eggs afler actual {A) or simulated (B) wransport. C,
control; stagel, early cleavage; stage 2, blastula; stage 3, gastrula,; and stage 4, “eyed’. Points are
means + standard deviation of 3 replicates. For each figure, points with the same superscript are

not signicantly different (P>0.01).
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Figure 3. Percentage of newly-hatched larvae with lordosis after exposure of milkfish eggs or
larvae to aclual (A) or simulated (B) transport. C, control; stage 1, early cleavage; stage 2,
blastula; stage 3, gastrula; stage 4, ‘eyed’; and stage 5, newly-hatched larvae. Points are means +
standard deviation of 3 replicates. Means with the same superscript are not significantly different

(P>0.01).
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Figure 4. Percentage of moribund and dead larvae among lordotic newly-hatched milkfish larvae
after aclual transport of eggs. Stage 1, early cleavage; stage 2, blastula, stage 3, gastrula; and
stage 4, ‘eyed’. Points are means + standard deviation of 3 replicates. Means with the same
superscript are not significantly different (P>0.01).
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Figure 5. Percentage of 46 day old larvae with gross morphological abnormalities in milkfish eggs
or larvae after actual transport. Stage 1, early cleavage; stage 2, blastula; stage 3, gastrula; slage
4, ‘eyed’; and stage 4, newly-hatched larvae. Points are means * standard deviation of 3
replicates, Means with the same superscript are not significanly different {(P>0.01).

Discussion

This study demonstrates that handling and transport at different stages of embryonic development
affect the viability of milkfish eggs or larvae. Mean survival and hatching rates as well as the
percentage of newly-hatched larvae with lordosis were significantly affected by the modes of
transport and the stages of development during transport.
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Viability was significanly higher in milkfish eggs transported at late embryonic development than
those at earlier stages (Figs. 1, 2 and 3). Our present resulis agree well with those reported in
other fish species (Jensen and Alderdice, 1983; von Westernhagen, 1988). Increasing levels of
sensisitivity to mechanical stress from fertilization to the gastulation stage was observed in coho
salmon by Jensen and Alderdice (1983). Sensitivity declined at the beginning of completion of
epiboly until the early eyed stage. Early embryonic stages (before gastrulalion) of a variety of
freshwater eggs are more vulnerable to aquatic pollutants than those that have completed epiboly
(von Westernhagen, 1988). In this study, mean survival and hatching rates were significantly
lowrer in egps transported at the cleavage, blastula, and gastrula stages compared to those at the
eyed stage. A significantly higher incidence of newly-hatched larvae with lordosis and higher
number of dead or moribund hatchlings was similarly observed in stages 1, 2, and 3 than stages 4
and 5.

Lordosis in newly-hatched larvae were also observed in the control group. Fertilized eggs in this
study were collected from the floaling net cage during two to four cell stages which were
considered to be sensitive to mechnanical siress in coho salmon (Jensen and Alderdice, 1983). It is
not clear in our present results whether the presence of abberant newly-haiched larvae in the
control groups was caused by mechanical siress during egg collection or by other factors,

In most cases, survival of milkfish eggs was significantly higher than newly-hatched larvae. Fine
mesh scoop nets were used in this study during handling and transfer of eggs or larvae. While
newly-hatched larvae were left naked during abrupt dehydration during handling and packing,
milkfish embryos were protected with an outside covering (chorion) and a small perivitelling
membrane that covers the embryo (Juario et al., 1984). Fertilized milkfish eggs exposed in air for
about 3 min in a wet fine scoop net were observed to develop normally until hatching (JD Toledo,
personal cbservations).

Although no significant difference in survival was observed in larvae transported at different
embryonic stages after 26 days of rearing, total length of the larvae transported at stages 1, 2, and
3 was significantly shorter than those transported at stages 4 and 5. The incidence of gross
morphological abnormalities in Day 46 larvae was also significantly higher in groups transporned
before the eyed stage (Fig. 5). Almost all the abnormalities were observed in the head region with
high prevalence in the operculum. Hilomen-Garcia (in press) similarly observed that milkfish with
opercular and branchiostegal abnormalities had slow growth and had high mortality rate after
handling and transfer, Cell damage due to transport stress may have been lethal to embryos at
carlier stages as reflected by the significantly high incidence of dead and moribund larvae (Fig. 4).
Sublethal damage incurred at these stages may have been repaired as the larvae developed and
was discernable only at the juvenile stage.

Based on the results, fertilized milkfish eggs should be transported at least past the gastrulation
phase, preferably at more advanced developmental stages 10 minimize mortalities and lower the
incidence of abnormal larvae in the hatchery. At ambient temperature and salinity, it takes about
14-16 hours after fertilization to reach the C-shaped embryo with formed optic vesicles which was
shown in this study to be the best stage for transport resulting in highest viability. Fertilized
milkfish eggs are sometimes required by hatcheries several hours away and eggs transported at
late embryonic stage may hatch along the way if transport water temperature is not lowered. In
this case, newly-hatched larvae should be transported at far distances instead of eggs.
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Abstract

Number of migratory mahseer Tor putitora is declining due to over-fishing, environmental
pollution and habitat medification due to power dams. For conservation and management of this
endangered game fish require special incubation techniques. Technique has been developed for
spawning and rearing in natural and artificial substrata and introduction hatchery bred fries into
depleted natural population. Fertilized eggs of mahseer up to fry stage has been studied in
intergravel water. The field and laboratory results show that there is pessibility of augmenting
the mahseer population of the migratory mahseer by artificial breeding, releasing and
replenishing the depleted stock. The paper also highlights need of developing novel type
spawning channel or incubation and incubating facilities for increasing mahseer fry resources
_ for faster propagation.

Introduction

The mahseer (Tor putitora) are large endangered cyprinid occurring in the snowfed Himalayan
waters of Nepal, Shrestha (1990). The scientific literature of consists only a few fairly
rudimentary remarks on natural and artificial breeding and incubation of mahseer eggs. A
preliminary study on migration and spawning was fumnished by Shrestha (1994). The lilerature
on spawning and incubation of Salmonid eggs is voluminous (Baily and Taylor, 1974 and Bam
and Simpson, 1976). But the published information on concerning spawning and incubation of
mahseer eggs is scanty because mahseer is vary difficult to breed in captivity and yel no reliable
incubation techniques have been developed for faster propagation of this species. In the present
paper an attempt is made study incubation success of the mahseer eggs by using different
incubating devices in the mountain stream condition of Nepal.

Material and Methods

In the past three years, 1 have tried to locale natural spawning sites of mahseer around feeder
streamns of Trisuli (feeder siream creeks such as Tadi, Sindurae, Khahare etc.). However, I
found only one spawning site near Gadkhar fish farm at Chokedevan (Fig. 1) which was found
to be utilized for spawning year after year. Field observation was carried out from 1993 - 1995
at this site and period and duration of spawning, size and number of individuals in each spawner
group were recorded. The water quality and hydro-biological parameters of the study area were
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noted. The migrants were also captured to determine their physical conditions and to study
spawning behavior in captivity. The propagation of the mahseer is detailed in my previous
studies (Shrestha 1990, 1992).
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Figure 1. Showing Study Area

Adult mahseers were also trapped from the creeks at night by means of gill nets. They were put

in a large cloth tank or happa (size 4X3X2m) for acclimatization. The happas were suspended

in the flowing creek water. Inside happa male and female fishes were put in a ratio 3:1 and

were administered with carp pituitary extract injection (0.4gm/body weight of fish). Fishes

were fed twice daily with rice bran, oil cake etc. Stripped eggs from breeders were fertilized
- with wet and dry methods and reared in a series of incubators by putting them safely in semi-
- natural incubating channel.

Observation

Incubation channels were constructed in creek nearby the Gadkhar hatchery where fertilized fish
epgs are artificially buried rather allowing the fish w deposit eggs naturally. In the incubation
channels fish eggs can be stocked in higher densities. Densities (2000 eyed eggs/ﬁz) of surface
area yield high survival in fry stage. A variety of incubators both wooden or plastic incubators
of different sizes were used to incubate mahseer egps in the incubation channel. Dead epgs were
removed or siphoned. The advanced fish fry after hatching drops from the egg incubator and
work their way into gravel substrate, Preferred flow mahseers are considered to be 1.0-1.5 cfs.
The riverside incubation channel is effective for golden mahseer eggs.

The experimental incubation channels do need sophisticated hatchery operalion, simple

facilities available near water mill (Ghatta) was used to build incubation facilities 1) Requires
“less space 2) increases survival of eyed egg and fry over natural production because of
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controlled flow and clear water from spawning creek 3) less capital cost. Transfer of Salmonid
incubation technology developed in USA found to be useful on mahseer living in ecological
- condition of mountain rivers of Nepal.

Use of Artificial Incubators for Incubation

A typical incubation channe! constructed in Gadkhar at embankment of creek (Khahare Khola)
is of 6 ft wide, 50 ft long and 12 inches deep. The gravel size varied 0.5 to 2 inch in size.
Ferilized eggs were placed in turf or plastic incubators with small orifice at top for allowing
rapid dispersion of swim up fries. The fries development in the gravel substrate and their
emetgence time was recorded (Table 1, 2 and 3).

The water was supplied to the channe| from Gadkhar creek. The silt free spring water was also
tried and had been very much successful and insured higher survival than natural water of the
river. For incubation, besides plastic incubators and metal or wooden rurf incubators having 4 X
4 X 4 ft were used. :

An experimental natural spawning channel at the confluence of Tadi river and Khahare Khola

" (creek) was selected due to optimum gravel bed and water flow condition for spawning and
incubation. The gravel size in the creek was 0.5 to 0.6 inches. The gradient of creek was 0.2 to
0.5 percent which promoted good interchange between surface and intergravel water. During
the peak spawning season (September) water depth as 1.5 feet was present. To study natural
incubation under natural condition freshly fertilized eggs were put into freshly prepared gravel
beds with controlled flows of water or regulated flow condition was allowed to run naturally
over the spawning assembly of the gravel beds or fertilized egg produced by stripping male and
female mahseer is manually buried in an incubation channel. The hatching development and
remission of the fry took 240 hrs.

Discussion

On the basis of my field observations in the incubation channel at Gadkhar creek, it was noted
that the incubation of mahseer eggs in the creek was always associated with low water level,
monsoon rain. Sinha, Jhingran and Ganapati (1974) indicated that no single factor could yet be
recognized as the most important for spawning and early development major carp such as
mahseer. The present study also suggests many factors as noted to be responsible for the
successful spawning, development and incubation are (i) clean and continuous water flow and
steady water level, (ii) increasing curent velocity. High turbidity (low transparency), (iii)
optimum water surface temperature (28 to 30 °C), (iv) high level of dissolved oxygen and
conductivity (8 to 10 ppm), {v) slight acidic nature of water, (vi) presence of fine gravel with
intergravel flow, oxygen retaining red and particles rich in ferro-magnetic or volcanic ashes
protect embryo from infection of parasites. The interaction of all these factors provides unique
hydrological conditions at the semi-natural incubation ground which might provide rheotactic
effects for effective incubation.

In fish farm of Nepal, mahseer sac fry is prone to infection of molds Saprolegnia because sacfy
undergo tong periods of latency extending from 48 to 62 hrs. In future more effect incubation
system suited in the ecological condition of mountain stream to be developed.

Mean incubation periods of fry in the Gadkahar hatchery were estimated at 6 to 8 days. But

"incubation periods in creek were estimated at 8 to 12 days depending on the temperature of
creek water. In creek developmental rate is slower than in hatchery due to lower temperature
and intergravef flow.
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Table 1
Gravel Incubators Mahseer Eggs Subjected to Incubation at Different Temperature and Velocity

Field Sites No. of Incubating | No.ofeggs | Gravel | Average current | Dissolved | Time taken| Time taken No. of eggs
Gravel | Temperature | Incubated |size (mm)| velocity mfsec Oxygen for for emergence | hatched (Mean}
Incubators | °C (Mean) (mean) (Mean) (ppm) hatching | as fry (hrs)
Mouth of creck 5 30 21500 50 1.2 9 48 240 21423
Middle part of creek 5 28 21500 28 0.8 7 60 232 21390
Confluence site of 5 22 21500 12 0.0 10 72 215 21218
creck and stream
Table 2
Comparative Chart Showing Incubation Success in Different Incubators
Type of Gravel Size | No. of Egg | No.of Egg | Hatching Hatching Time taken for Dissolved Current velocity
Incubators and inInch | Incubated | Hatched as | Time (hrs) Temperature emergence 2s fry Oxygen m/sec
Dimension Sacfry o)) (hrs) (ppm)
Wooden Incubator 05t02 2000 1896 72 25 216 10 0.5
Plastic Incubator 0.5t02 2000 1843 70 28 210 10 0.5
Turf Incubator 0.5t02 2000 1940 72 30 192 10 0.5




Table 3 :- Water Quality of Mahseer Incubation Channel at Gadkhar Creek

Temperature 30°C
Color Brown
Visibility (m) 0.36
Compensation depth 0.82
pH 7.6
Oxygen 10.5
Dissolved solids 158.5
Hardness 47.0
Specific conductance 287.0
Chloride 18.5
Sulphate 14.5
Calcium 23.0
Magnesium 2.8
Iron 0.11
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Abstract

We report a negative correlation relating maternal weight and magnitude of defense within
convict cichlids (Cichlasoma nigrofasciatum). These results illustrate that cichlids maximize
return on reproductive investment by evaluating the relative returns that can be reaped from
present and expected future broods.

Introduction

In a broad sense, we explored parental investment decisions which comprise an important
dimension of life history strategies. Life history theory allows us 1o predict, test and
understand different adaptive aspects of an organism’s life cycle (Steamns, 1977). A life history
perspective defines the phenotype by demographic characters, such as age, size, number of
offspring and growth and reproductive investment. These fitness components influence each
other through interrelated trade-offs, arising frem functional conslraints.

These components vary not only between species, but also between individuals within a species
and even within the life cycle of an individual. Demographic characters will change
throughout a life history, as will, therefore, the life history strategy at any given poimt.
Indeterminate growth in fish means that size will be a continuously varying factor for an
individual, giving rise to a plastic strategy within the life history of a single individual.

We focused on the relationship between present and future investment. Viewing present
investment in the context of future reproductive prospects is appropriate, as resource allocation
in the present influences not only current reproductive success, but also future reproduction.
This is to say expenditure on a current broed has repercussions on the condition of the parent
and therefore may compromise ability to invest in future broods (Coleman et al., 1985;
Coleman and Gross, 1991).
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Maximization of reproductive investment, and for that matter any form of investment, is
directly derived from the rate of return on the investment. If an animal maximizes this quantity
at each point within its life history, taking into account presemt conditions and future prospects,
on average it will ultimately achieve the highest possible retumn on its investment (Sargent and
Gross, 1985; Sargent and Gross, 1992).

We approached this issue by asking if parents who have different expected future reproductive
success would value the same brood size equally. In fish, brood size increases with female
size. Therefore, we questioned whether smaller parenis value a fixed number of offspring more
highly than do larger parents. This is a reasonable prediction, given that if a smaller parent
respawned, it would expect a smaller brood than if a larger parent respawned.

Reproductive effort encompasses costs in terms of both energy and risk. We assumed that
these efforts rise with perceived brood value. The particular parameter we took as a reflection
of perceived value was the magnitude of defense a parent was prepared to expend against a
brood predalor. Not only does this measure incorporate both energy and risk components, but
it is also relatively straightforward to measure through manipulative experiments.

We selected the convict cichlid (Cichlasoma nigrofasciatum) as our study animal, because this
fish exhibits extensive parental care in the form of guarding and fanning (Lavery and
Keenleyside, 1990; Keenleyside, 1991; Keenleyside et al., [990). Moreover, pair bonding is
not for life in convicts, so there is no complication arising from the value of maintaining a
bond between parenis.

Methods

We set up sixteen aquaria using females ranging from 4 g to 14 g. Females of various sizes
were deliberately chosen to maximize the span of sizes examined. No attempt was made to
control for male size because males were removed for the parental defense tests.

Each pair of fish was bred in fifteen gallon aquaria, three sides of which were covered with
paper to provide visnal isolation. Each aquarium contained two cm of gravel, a plastic plant
and a bottomless flower pot measuring 8.8 cm in diameter to serve as a suitable spawning
substrate. Each tank also had a heater to maintain the temperature at 28°C which is conducive
to breeding. Room lighting was 12L:12D with fifteen minutes of simulated dusk and dawn.
The fish were fed daily with frozen brine shrimp and TetraCichlid flakes.

The fish were checked at least once a day for spawning. The day after spawning, recorded as
day 2, the pot was removed to count the number of eggs laid on it. A scraper was then used
lo remove any egps in excess of one hundred. The weights of both parents were measured on
an electronic balance and the standard and total lengths were measured with calipers. The
female was returned to the brood, but the male was removed to another aquarium. Tesling the
investment of only one of the parents avoids complications arising from biparental interactions
of convict cichlids (Coleman, 1992).

On day 6, by which point the offspring had typically reached the free-swimming stage, predator
encounter experiments were performed. We constructed a predator model from a photographic
print of a non-conspecific brood predator (Tilapia mariae) of total length 55.6mm and standard
length 45.5mm, corresponding to a fernale weighing roughly 5g. The photograph was coated
in clear epoxy resin and attached to a plexiglass handle.

For each defense test, the model was slowly inserted into the comer of the tank furthest from

the fry and held in this position for five seconds. The model was moved near the site of
schooling fry, and the stopwatch was started when the model reached this position. Then the
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model was moved in a figure-eight pattern, and the number of bites the mother gave to the
model within a thirty second period was counted, whereupon the model was withdrawn, After
a further thirty seconds, the model was reinserted and the encounter repeated. Over six
consecutive days, this entire procedure was performed twice daily, allowing at least thirty
minutes between repeats, After the last repeat of the final day, the fry were siphoned out and
counted to ensure that the number had not fallen substantially below one hundred. We also
weighed the female again and recorded her standard and total lengths. For analysis, we
averaged the twenty four test scores obtained for individual females to produce a single defense
test score for each female.

Results

We had a total of eleven spawnings from females dispersed over a wide spread of sizes. We
found a highly significant pesitive correlation between number of eggs spawned and the weight
of the mother (Fig. |; r=0.84, df=9, p<0.001). This supports the assumption that fecundity
increases with female size.

Magnitude of defense decreased with the size of the female (Fig. 2; r=0.68, df=9, p=0.002).
Discussion

These results are explicable if the mother is indeed acting to maximize the return on her
reproductive investment. Optimal allocation is determined by the relative investment returns
that can be reaped from present and expected future broods. A larger female can expect to
have a larger brood than a smaller female, making a brood of a given size relatively less
valuable to the larger female. Consequently, a larger female may be befter off conserving
expenditure on an existing brood to provide it for subsequent broods by decreasing shareable
expenses (sensu Wittenberger, 1981) such as defense againsi predators.

It is also important to consider that a small fish is likely to become a large fish if it survives.
Furthermore, within a single brood cycle, the loss of eggs through predation will be a common
occurrence. Consequently, within a lifetime, or even within a brood cycle, parents are
continually readjusting Lheir strategies. Consider that in biparental species, such as convicts,
there will also be an interplay between the relationship of parent relative to parent in addition
to the relationship of parent relative to brood. From an ethological perspective, we can swmise
that convicts are able to incorporate dimensions of present conditions in the formation of a life
history "decision”. A further extension would be to repeat these experiments on a female as
it progresses through its life. This should demonstrate that parents are able to change their
perception of relative brood value with growth.
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Abstract

Not all fish eggs are the same. The Cichlidac present a unique opportunity to examine the
selection pressures shaping egg size because the family is large, diverse, and found in many
ecological niches. The result is dramatic variation in egg size across species. I will describe
a series of experiments exploring these selection pressures in Neotropical cichlids, including
development time versus temperature, development time versus egp size, egg survivorship
versus temperature, and spawning site choice versus temperature. In brief, higher temperatures
shorten development time, while larger egg size extends it. And, despite the finding that epps
survive well at high temperatures, parental cichlids choose lower temperatures at which to
spawn.

Introduction

Egg size in fish is the result of a spectrum of selection pressures operating on parents laying
and caring for eggs, the eggs, and the resulting fry. The parent, for example, faces a tradeoff
between egp size and egg number. The size of the egg influences the time it takes to hatch,
an important consideration for an egg in risk of predation or falling water levels. Because a
parent may be committed to parental care at least until the epgs hatch, the longer eggs take to
develop, the greater the cost of parental care in terms of time and energy. Finally, the size of
an egg may determine the size, health and capabilities of the fry and the duration of the post-
hatch care. Understanding egg size is thus vilal to unravelling the selection pressures
influencing parental investment in fish,

The Cichlidae is one of the largest fish families, comprising some 105 genera (Nelson, 1994)
and at least 1300 species, all of which provide some form of parental care, ranging from simple
guarding to mouthbroeding. Within the Cichlidae, egg size is variable. The effective diameter
{Coleman, 1991; in essence the three-dimensional average of the major and minor axes of
nonspherical eggs) varies from 0.9mm to over 5.0mm. This represents a difference in egg
volume of almost two orders of magnitude.

In this paper, I present a series of experiments and results focussing on Neotropical cichlids
to elucidate the factors underlying the variation in egp size.
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Experiment I: The extent of variation

How much variation is there in egg size? To examine the extent of variation in egg size
amongst Neotropical cichlids, I have obtained either through breeding the fish myself, finding
eggs in the wild, or by egg samples sent to me by other cichlid breeders, a large collection of
cichlid eggs.

Methods

Eggs were preserved in either 70% isopropyl alcohol, or 4% formalin and then measured under
a microscope using an ocular micrometer. Effective diameter was calculated as the cube-root
of length x width x width.

Results

Epg size varyied from 0.9mm to 2.6mm, with most species falling in the range of 1.4 to 1.8
(Fig. 1).

Experiment II: The effect of temperature and egg size on hatching time

In theory, larger eggs should take longer to hatch because there is more material to convert
from one state (the yolk) to another (the fry). In order to undersiand the effect of egg size on
hatching time, it was first necessary to establish the relationship between temperature and
hatching time because the effect of temperature is likely larger and must be controlled for in
analyzing egg size.

Methods

Eggs from a single spawning were placed in "haiching cups" (the bottom portion of a plastic
vial glued to a piece of glass) in aquaria maintained at different temperatures. The cups ensure
that | can keep track of the eggs and yet allow good circulation of water. 1 put ten epgs into
each cup, and then placed eight cups in each of six aquaria. Temperatures for the different
aquaria tanged from 20 to 36°C.

Eggs were monitored around the clock for hatching. The "time-to-hatch™ for a cup was taken
as the time when 350% of the eggs in a cup had hatched. The scores for the eight cups were
then averaged to give the hatching time for the particular temperature.

The experiment was repeated seventeen times using various species of Neotropical cichlids
{convict Cichlasoma nigrofasciatum, midas C. citripellum, rose-breast C. longimanus, rainbow
Herotilapia multispinosa, bifasciatum €. bifasciatum, and wba C. tuba. Species were chosen
for their particular egg size.

Because haiching may not represent the same developmental stage in each of these different
species, I chose to also evaluate the time to "swim-up”, namely the point at which the fry can
swim up off the bottom of the aquarium. This is a surprisingly distinct point in time, I
recorded the data as that time at which 50% of the fry in an aquarium had reached swim-up.

Results
Temperature has a dramatic effect on hatching time and on swim-up time. For midas cichlids,

at 34°C, the eggs hatch in a little over two days whereas al 22°C they take almost 5 days (Fig.
2).
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Figure 1. Egg size of forty-five species of Neotropical cichlids.
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Figure 3. Development time for five cichlids
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The effect of egg size is also present, though less clear (Fig. 3). Species with larger eggs, such
as bifasciatum, midas and convict cichlids appear to take longer to develop than species with
smaller eggs such as the rainbow cichlid. There is an exception, rose-breast cichlids, which
have a larger egg, yet develop as quickly as those species with smaller egps. This requires
further investigation.

Experiment HT - Temperature Choice

If temperature is so important to the development time in these cichlids, and consequently the
duration of parental care, do parental cichlids actuaily choose the temperature at which they
spawn? In the wild, they may have some opportunity to choose, either by not spawning during
a certain season, or by choosing warmer or cooler parts of a river or lake,

Methods

To allow choice, I designed an aquarium with four chambers. Each was separated from the
next chamber by a 3/4" plexiglass divider with a 2" x 4™ notch cut in the bottom front corner.
The thick plexiglass insulated each chamber from the next, while the notch allowed the fish
to pass from one chamber to the next with 2 minimum of water flow. A bottomless flowerpot,
lying on its side, was placed in each chamber as a potential spawning site.

Three aquarium heaters were inserted in the leftmost chamber, and the rightmost chamber was
hooked up to a stock-tank continuously cocled by a chiller. This setup created a temperature
gradient across the four chambers of as much as 10°C.

A pair of fish was placed in the apparatus and allowed to choose their spawning site, which
they usually did within a few weeks. Three species were examined: convicts, rainbows and

blue acaras (Aequidens pulcher).

Results

The results clearly indicate two points (Fig. 4). First, the different species appear to prefer
slightly different temperatures to spawn at. Secondly, and perhaps most importantly, none of
themn prefer to spawn at the highest possible temperature as a general rule. Given the benefits
demonstrated in the previous experiment, this seems puzziing.

Experiment IV - Temperatore and Mortality

Parents may choose not to spawn at the warmest sites either because the eggs will not do well,
or because the parents will not do well.

Methods

Using data pathered from the hatching experiment, I compared the mortality of eggs at
different temperatures.

Results
While mortality is complete above 36°C and below 20°C, in between there is no clear

relationship (Fig. 5). Thus, it is not egg mortality that drives the parental choice discovered
in Experiment III.
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Discussion

This series of experiments illusirates the extent of variation in egg size across a selection of
Neotropical cichlids. The first experiment demonstrates substantial variation in egg size, with
a few particularly noteworthy species with extreme egg size. For example, C. tuba has an
unusually large egg, much larger than any other species. There are also species with tiny eggs.
These species deserve particular attention in the future.

The tradeoff between egg size and egg number is well established elsewhere (Smith and
Fretwell, 1974) so it is clear that parents pay a cost for having large eggs. There must be
coresponding benefits. For example, Coleman and Galvani (this volume) have shown that
larger eggs produce larger offspring. But, the question remains as to the exact advantages
offered by larger offspring.

There are also additional costs of larger eggs. Experiment II illustrates that larger eggs take
longer to hatch and longer still for the fry to reach the point of swimming. Since the parents
must provide parental care at least to the point of free-swimming to ensure reasonable offspring
survival, larger eggs mean an increase in the duration (and hence the cost) of parental care.

Experiment II also illustrated the profound effect of lemperature on development time: higher
temperatures dramatically shorten development time. Yet, Experiment III showed that parents
in at least three species do not choose to spawn at the highest available temperature.
Experiment IV showed that this is not because of increased offspring mortality at higher
temperatures. Combined, these experiments suggest that it is something about the parents that
prevents them from spawning at higher temperatures.

The most likely explanation for the puzzling choice of spawning temperatures is the cost of
fanning. During the early stages of parental care, parental cichlids not only guard their
offspring, but they must also fan the eggs 0 move oxygen-rich water over the eggs. Because
warmer water contains less oxygen than cooler water, it seems likely that at warmer
temperatures parental cichlids would have to fan faster than at cooler temperatures. Therefore
1 suggest that the species examined choose lower spawning temperatures because the cost of
fanning would increase too much at higher temperatures. This is a testable prediction that I
hope to examine in the near future.
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Introduction

The content of free amino acids (FAA) in newly spawned marine fish eggs vary in proportiorn to
epp size (Rennestad & Fyhn, 1993). However, accumulating evidence suggests that the relative
size of the FAA pool also is correlated to the spawning behaviour of the fish species, i.e. whether
the epgs are demersal or pelagic. The pool of FAA in pelagic cggs seems to be markedly larger
than that of demersal eggs. This observation may be related to the role of FAA in the process of
final oocyte hydration; a function that appears to be more important in marine fishes with pelagic
eges {Thorsen & Fyhn, 1995). This final swelling of the cocyte seems to result from an osmotic
water influx due to the hydrolysis of a specific yolk protein (Fyhn, 1993; Thorsen & Fyhn, 1995).
Most of our understanding of the roles served by FAA during fish embryogenesis is based on
species from boreal waters (Rennestad & Fyhn, 1993; Finn et al, 1995ab). To increase the
database in this area, a comparative study was therefore undertaken on newly spawned eggs of 23
species of marine tropical fishes belonging to 8 families from 5 different suborders of Perciformes.
This report summarises the first results from the study.

Results and discussion

A comprehensive statistical evaluation of the data from the egg matertal is currently in progress.
This analysis will also include other parameters (oil globule volume, yolk volume, dry weight,
energy content, lipid classes and total fatty acids).

The data on FAA and protein contents (Table I, Figure ) show that the pelagic eggs were
characterised by a high total content of FAA, and with the pool profile spread out on several amino
acids. The protein content was on average about 30% of the egg DW although the variation was
substantial. The three species belonging to the suborders of Acanthuroidei and Percoidei had
relative egg DWs which were markedly higher than that of the pelagic eggs from the suborder
Labroidei. Differences in chorion solubility in the 1 M NaOH used in preparing the eggs for protein
analysis, may partly be responsible for the variation in protein content among the pelagic eges
(Fyhn & Govoni, 1995). The FAA represented about a third of the total amino acid content {sum
of protein-bound and free amino acids) in the pelagic eggs, thus supporting the notion that marine
pelagic fish eggs in general contain a large pool of FAA {(Rennestad and Fyhn, 1993).

The demersal eggs showed a significantly higher protein content, about 45% of egg DW, but a
FAA pool which ,in total, amounted lo cnly about 8% of that in the pelagic eggs. The FAA
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Table 1. Egg weight, free amine acid (FAA) and protein content of newly spawned eggs of 23 species of marine tropical fish all belenging to the order Perciformes. The data arc presented as
mean (+ 5D) of five baiches from seporaic females.

DW total FAA % of FAA Protein FAA
Suborder Family Specles Egg {ng/ind) (umoligDW) (mg/gDW) Ess  Non-css (mp/gDW) % olfot AA*
Blennioidei  Blenniidac Ophioblennius atlanticus D 0.2 (2, 1502 (158) 190 (1.8 18,1 774 4301 (62,3 a3
Gobioidei Gobitdae Ceryphieapterus dicrus L2 13,3 (LD 940 22, 120 (2,8) 20,9 159 4921 (61,6 24
Gobioidei Gobiidae Coryphopterns personatus D 96 0.4) 1218 {158 154 {2,0) 16,3 81,6 5185 (392 29
Percoidei Pomacentridee  Abndefduf saxalilis D 475 (3.5 660  (16,3) 83 {2.5) 14,3 82,2 509,2 (103,2) 1.7
Percoidei Pomocentridae  Abudefduf roscheli D 66 (24) 42,9 {10,0) 4,2 (24 13,2 76,3 4950 (26,7 L1
Percoidei Pomucentridoe ~ Chromis atrilobata D 149 (1,4) 47,9 (19,5 T 87 868 5243 (27,5 1.0
Percoidei Pomacentridee  Chromis mudtilineata D 186 (1,4 71,3 (10,9 82 (LD 10,8 87,7 4981  (36,4) 1.6
Percoidei Pomecentridac ~ Microspathodon chrysunes D 288 (1,2) 93,1 (12.3) 124 (1.4 10,3 89,8 4290 [C)] 28
Percoidei Pomacentridae  Stegastes planifrons D 27,1 (6,0) 1382  (28.3) 17,7 (3.7) 208 792 3918 (17.2) 4,3
Percoidei Pomaocentridne  Stegastes variabilis D 29,5 (3.2) 1132 (249 46 (3D 16,3 81,7 3808  (258) 17
Acanturoidei  Acanthuridoe Acanthuris coertfeiis P 11,3 (@.1) 9003 (165,0) 112,2 2L, 494 50,1 LYas (5.6) 229
Percoidei Chaetodontidne  Chiaefodon capisiratus P 143 (2,9 7128 (322,6) 59,0 (559 50,0 496 4265 (49,6) 180
Percoidei Haemulidae Haeuntulon flavolineatim 24 24,3 (0.6) 2639 (200,5) 33,1 (24.8) 50,7 47,7 5429 (29,4 56
Labroidci Labridae Bodianus dipiotaenia B 133 (1.9 14589 (221.7) 186,3 (29.6) 56,4 433 2151 (38D 472
Labroidei  Labridac Bodienus rufies P 199 @5 15182 (1,8 1934 (83) 556 44,1 0L0  (27.0) 39,2
Labroidei Labrdae Clepticus parrae P 134 (1.6) 1321,1 (188,0 1594 (23.3) 553 442 2809 (35D 317
Labroidei  Labridae Halichoeres bivittatus P 83 (L4 11505 (1323) 1485 (17,7 572 428 2106 (15,1 414
Labroidei  Labridee Halichoeres garnoti p 06 @9 12331 (117,00 1585 (152) 579  4l8 2983 (24,9 356
Labroidei Labridae Halichoeres poeyi P 84 (2.2) 11542 (88,8) 150,5 (10.4) 574 418 2351 (152) 39,5
Labroidei Labridae Thelassoma bifasciatum b 46 (0.4) 13964  (56,5) 1789 (9,1) 552 44,0 1946 (10,0 47,9
Labroidei Scaridae Searns iserf] r 12,5 (L5} 11783  (53.6) 1258 (62,00 52,3 47,3 2357 (171,.2) 39,1
Labroidei Scaridae Sparisema aurafrenafum P 178 (8,2 14999 (140.4) 61,5 (80,1 52,0 48,0 2154 (264) 47,4
Labroidei Scaridae Sparisoma rubripinne P 11,3 (1,8} 12641 (76,3 1556 (9D 52,6 474 2245 (10D 424

D: Demersal epgs

P: Pelugic eggs

**: FAA 05 % of total amino ocids {(AA: eet protein amino acids)



comprised only 2-3% of the total amino acid content in the demersaf eggs, and the pool profile was
strongly dominated by a single amino acid. These findings are in line with earlier observations on
demersal fish eggs from boreal waters (Thorsen, 1995).
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Figure 1. Average free amino acid content of newly spawned demersal and pelagic eggs of 23
species of marine tropical fish all belonging 1o the order Perciformes.

The FAA profiles (Fig. 1) showed the pelagic eggs to have similar pool composition and to be in
agreement with the previously described profile of pelagic eggs from boreal fishes (Rennestad and
Fyhn, 1993). Essential and non-essential amino acids made up about equal proportions of the pool.
Leucine, valine, and isoleucine dominated among the essential amino acids whereas alanine and
serine dominated among the non-essentials. The similarity of the FAA profile among all teleosts
tested so far supgests that this reflects an phylogenetically ancient and central process in their
adaptation to life in seawater. The FAA profile of the demersal eggs differed strongly from that of
the pelagic eggs. Moreover, the demersal epgs had a more variable FAA pool, and essential amino
acids accounted only for about 15% of the FAA, Taurine which is not incorporated into proteins,
was the dominating amino acid in the FAA pool of the demersal eggs suggesting influx and not
proteolysis to be the mechanism of accumulation in these eggs before spawning,
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Conclusions

The notion that pelagic marine fish eggs contain a large pool of FAA is further strengthened, and
pelagic eggs of tropical fishes are not different from these of boreal fishes in this respect. The
similarity of the FAA pool in these eggs supports the idea that the pool originates from hydrolysis
of a single yolk protein, and that this is a primitive trait among marine fishes, central in their
adaptation to life in the sea. The difference between pelagic and demersal eggs with respect to
FAA and protein content is so clear cut that it can be used as a diagnostic tool to discriminate
between randomly collected eggs of the two types.
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Introducton:

The yolk of the eggs of several fish species has been shown to contain significant levels of
hormones, including the progestogen, 17« ,20B-dihydroxy-4-pregnen-3-one (17,20P) that has been
identified in the eggs of coho salmon, Oncorfiynchus kisutch (Feist et al., 1990), steclhead trout,
Oncorlynchus mykiss (Yeoh 1993) and Arctic charx, Selvelinus alpinus (Khan et al., 1995).
Although the role of this steroid hormone in final oocyte maturation in salmonids is well
established (see Nagahama, 1994 for review), its possible role in the early development of the fish
embryo is not known. Because of their actions on gene expression, steroid hormones that are
present in the yolk could have a potentially significant role in early embryonic development; some
authors have argued that these hormones may play a central regulatory role prior to the emergence
of the embryo’s own endocrine system (Schreck et al., 1991; Lam, 1994).

Changes in free steroid hormone profiles during early ontogeny have been reported in several
species of fish (rainbow and steelhead trour: Antila, 1984, Yeoh 1993; tilapia, Oreochromis
nilotica: Rothbard et al., 1987, coho salmon: Feist et at., 1990}. Such changes are indicative of
active steroid hormone metabolism and/or excretion. Indeed, Yeoh (1993) provided direct
evidence of metabolism of [PH]pregnenolone to free androstenedione (A,), 17p-estradiol (E;) and
testosterone (T} by embryonic and larval steelhead trout; in addition, the authors found
glucuronide forms of T and E,. Venkatesh et al. (1991) also reported that embryos of guppy
(Poecilia rericulata) were able to convert the steroid precursors into various metabolites, including
glucuronide forms. The conjugation of steroid hormones is usually considered as the first step
in the process of elimination {excretion) of these hormones (Iwata et al., 19%4). Excreted steroid
hormone sulphates, in particular 17c,20[-dihydroxy-4-pregnen-3-one-20-sulphate (17,20P
sulphate), and glucuronides are also thought to be used as pheromones (Colombo et al., 1980; Van
den Hurk and Lambert, 1983; Resink et al., 1989; Scott and Vermeirssen 1994; Sorensen et al_,
1995; Scott et al., 1995).

Previously, the free form of 17,20P was thought to be produced only during late oocyte
maturation it has been termed maturation inducing hormone (MIH). More recently, this hormone

85



has also been shown to be synthesized by the testicular germ cells of immature rainbow trout
(Vizziano et al., 1995, 1996) and by spermatid of the roach, Rutilus ruzilus (Ebrahimi et al. 1995).
There are no reports of synthesis of 17,20 by embryonic tissues of fish; here we present the first
evidence of the synthesis of 17,20P and its conjugated metabolites by teleost embryos. We
incubated Arctic charr embryos in vitre with a radiolabelled steroid hormone precursor PH}17¢-
hydroxyprogesterone (17c¢OHP) and employed HPLC methods to identify the radiolabelled
metabolic products.  The objective was to determine if Arctic charr embryos are able to
metabolize [7c¢OHP at various stages of their ontogenetic development.

Materials and methods:
In vitro incubation

“Eyed” and newly hatched yolksac embryos of Arctic charr [28 and 62-74 days post fertilization
{ dpf), respectively] were used in the study. The embryos were killed by decapitation and the
chorion and yolksac was removed from each embryo where applicable, and the whole embryo was
incubated. All dissections were carried cut on ice-chilled trays, afier which the incubations were
carried out at 10°C. Three amimals (approximately 50-7¢ mg in weight) were placed in individual
tissue culture wells (24-well plate, 3.5 ml well capacity, M/S Flow Laboratories Inc., VI, USA).
Each well contained 2 ml of modified Medium 199 (M-3274 M/S Sigma Chemical Company) with
Hank's salts, glutamine, sodium bicarbonate, bovine albumin, antibiotics and glucose, without
phenol red, pH 7.2 (Venkatesh et al., 1992a). The radiolabelled substrate [PH]17¢OHP was
added to each well (8 nmol; 0.8uCi) at the beginning of the incubation period. Incubation periods
of 20 min, 60 min, 12 h and 24 h were used; the contents of each well (tissue and medium) were
stored frozen at -20°C until analysed for steroid hormone content.

Extraction of steroid hormenes and HPLC

The extraction procedure for HPLC was based on the methods described by Payne et al. (1989),
Venkatesh et al. (1989), Kime et al. (1991) and Scott and Canario (1992} with some
modifications. The incubate and embryonic tissues were applied direciy to a Sep-Pak Cy; column
which had been primed by washing with 5 ml of methanol and 5 ml of distilled water. The
incubate was passed through the Sep-Pak column by syringe and the column was again washed
with 5 ml of water and 5 ml of hexane. Subsequently, the free steroid hormones were washed
from the column using 5 ml of diethyl ether and the conjugated steroids were eluted with 5 m! of
100 % methanol. The washed embryos carcases retained on the cartridge were removed after the
first wash. The ether and methanol] extracts were dried separately under nitrogen ar 45°C.

The free fractiop containing radiclabelled metabolites was dissolved in 200 gl of acetonitrile
containing a mixture of 21 unlabelled steroid hormones (as internal standards); 20 ul of this
mixture was injected onto the HPLC column. The methane] fraction containing conjugated steroid
hormones was processed for acid solvolysis and enzyme hydrolysis.

The HPLC apparatus comsisted of a Waters Associates (Milford, MA, USA) Liquid
Chromatography System comprising two 510 pumps, a WISP 710B autoinjector and a solvent
programmer (Waters Baseline 810 controller Sofrware), coupled with a dual channel model 441
UV detector. The NOVA.Pak C18 (8 mm X 100 mm, 4 pm) column was also purchased from
Waters Associates. For oplimum separation of steroid hormones, Waters Baseline 810 controller
Software was used 1o create a binary solvent gradient of acetonitrile-water. The multistep gradient
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mobile phase consisted of 29.5, 35, 39, and 75% acetonitrile in water at 0, 10, 12.5 and 32 min,
respectively. In order o obrain better yield of metabolites from the HPLC column, the incubation
replicates were pooled together after extraction, In acetonitrile containing 21 steroid standards and
injected into column as described above. Retention times for each steroid hormone was
determined from the elution time of the internal standards and the absorbance was monitored at
254 and 280 nm. The counts {CPM) in each fraction and absorbance of 21 internal standards was
plotted against retention time.

Resunlis:

All three developmental stages examined in this study (28, 62 and 74 dpf) exhibited essentially
similar steroid metabolite profiles following incubation with [*H]170.OHP, and in all three stages
the conversion of radiolabelled 17 OHP into radiolabelled metabolites was progressive, beginning
within 20 min of the addition of ’H]17e¢OHP. For expediency, representative chromatographs of
28 dpf embryos incubated for 24 h data are shown (Figs. 1 and 2).

The rmajor radiolabelled peaks of free steroid hormones produced following incubation of all three
embryo groups with ["H]17eOHP co-eluted with 17,20P and androstenedione (A,); these peaks
represented between 13.2 and 16.9% and 1.5 and 5.0%, respectively of the "initial" [PH]17cc OHP
radioactivity counts in the 24 h incubations (Table 1). The identification of the A, peak is made
tentatively because of its close elution with the major radiolabelled precursor, 17aOHP (Fig.1). A
second smaller peak co-eluted close to the same time as 11R30HP (Fig. 1).
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Table 1.

Metabolism of [FH]17-hydroxyprogesterone ([H]17e.OHP) into free and conjugated steroids by
eyed (28 dpf), and hatched embryos (62 & 74 dpf) of Arctic charr after 20 min and 24 h
incubation at 10°C in modified Medium 199 containing 8.0 nmo! per well of PH]17¢OHP as
substrate. The radioactivity (CPM) measured under the respective peak area and expressed as %
of the counts in the substrate peak at 20 min of incubation. 17,20P = 17¢,20p3-dihydroxy-4-
pregnen-3-one (MIH = “maturation” inducing hormone); A, = androstenedione; 17,20P-SO4 =
17,20P-sulphate; 17,20P-gluc. = 17,20P-glucuronide.

Age of embryos

Metabolites Time 28 dpf 62 dpf 74 dpf
172 OHP (substrate) 20 min 100 100 100
24 h 60.5 35.6 359
17,20P (MIH)} 20 min 2.1 33 2.0
24 h 11.4 16.9 13.2
Ay 20 min 6.3 2.7 16.6
24h 5.0 1.5 2.1
17,20P-S0, 20 min 0.5 0.9 0.5
24 h 18.0 30.2 17.6

17,20P-Gluc. 20 min <0.1 0.1 <0.1
24h 0.8 1.5 0.6

There were lime-dependent decreases in the radiclabel associated with the free steroid hormone
fraction for all three ages of embryos, and concomitant increases in radiolabel present in the
sulphate- and glucuronide-conjugated steroid fractions (Table 2). However, the appearance of
glucuroride forms was considerably tess than that of the sulphated forms (Table 2).

The major radiolabelled conjugated form of stercid hormone co-eluted with the unlabetled 17,20P
standard for both sulphates (Fig. 2; Table 2) and glucuronides (chromatograph not shown; Table2).
Small unknown radiolabelled peaks were also found at 27.0 min and 24.0 min for the sulphated and
glucuronide fonms, respectively (Fig. 2).
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Table 2.

Metabolism of [PH]17e-hydroxyprogesterone (PH]17cOHP) into free and conjugated steroids by
eyed (28 dpf), and hatched embryos (62 & 74 dpf) of Arctic charr after 20 min, 1 h, 12 h, and
24 h incubation at 10°C in modified Medium 199 containing 8.0 nmol per well of [PH]17¢ OHP
as substrate. The radioactivity (CPM) measured in 100 pl of ether extract in respective free,
sulphated and ghecuronide fractions.

Age (dph Time Free Sulphate Glucuronide
28 20 min 98.37 £ 0.20 1.30 £ 0.18 0.32 + 0.03
1h 97.25 + 0.61 2.35 + 0.54 0.38 + 0.06

24 h 81.26 + 0.98° 17.56 + 1.05" 1.15 £ 0.08

62 20 min 96.76 x 0.18 2.69 £+ 0.09 0.53 £ 0.14
1h 96.94 + 0.23 275 £030 0.29 + 0.11

12h 71.10 + 3.36 26.51 + 3.97° 2.25 £ 0.29°

24h 63.49 t+ 4.53° 32.58 + 3.99 390+ 1.00

74 20 min 9491 £+ 1.15 4.40 + 0.97 0.66 + 0.21
1h 93.20 £ 2.19 4.03 £ 0.42 274 £+ 2.14

12 h 83.94 £ 2.107 13.24 £+ 1.73° 2.80 £ 0.37°

24h 73.98 + 3.76 22.60 £ 3.28° 3.39 + 0.48°

112 h incubation data not taken; mean + SEM; n = 3; * significantly different from 20 min of
respective incubations (p< 0.05).

Discussion:

These incubation studies show that eatly “eyed™ and hatched embryos of Arctic charr are capable
of synthesizing 17,20P and its sulphated and glucuronidated conjugates from 170HP. The
formation of 17,20P as a major metabolite of 170HP metabolism has been widely reported in
various in vilre studies, in which ovarian follicles of several fish species were incubated with
substrate [goldfish: Kime ef al. {1992); guppy: Venkatesh et al., (1992b); European catfish
(Silurus glanisy: Kime et al. (1993); Indian catfish (Clarias batrachus): Haider and Balamurugan
(1995)). However, to our knowledge this repor is first to provide evidence of the synthesis of
17,20P by embryos of any fish, and indicates that early embryonic tissues of Arctic charr already
express 20p-HSD. Arctic charr embryos seem 1o have a preference for the formation of 17,20P
over A, (the latter is formed only in frace quantities as a smaller peak forming the shoulder of the
large subsirate 17¢ OHP peak) (Fig. 1). It is possible that the enzyme responsible for conversion
of 17aOHP to A, on the main steroidogenic pathway [17,20 desmolase (lyase)] is not sufficiently
expressed in embryos to convert all the substrate to Ay, thus causing a shift towards the formation
of 17,20P. Conversely, it could also be argued that the insufficient expression of 17,20 desmolase
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(thereby ignoring the main inactivation pathway) and the preferred production of 17,20P rather
than the relatively "safer" A, is an indication that 17,20P has some as yet unknown physiological
value for the embryo possibly affecting gonadal development and differentiation, feedback
regulation of the pituitary and/or playing an autocrine/paracrine function.

Our study suggests that 20B-HSD is expressed (maybe transiently) early in embryogenesis and
it is likely that the production site is extragonadal. Unlike the sitvation in the adults, where MiH
synthesis by the gvary is regulated by pimitary G I (Nagahama, 1994), the synthesis of 17,20P
in the embryo is probably independent of a central feedback regulation.

The formation of sulphated and glucuronated forms of 17,20P in Arctic charr embryos is
indicative of a secondary route for the metabolism of this stercid, whereby newly-formed 17,20P
acts as substrate for the sulphuryl- and glucuronyl transferases; the embryos appear to have a
preference for sulphated conjugation as compared to glucuronidation for 17,20P. It is possible
that the sulfotransferase is more efficient than the UDP glucurony! transferase, thereby resulting
in higher yield of sulphated steroids than glucuronated steroid hormones. The expression of these
enzymes in fish embryos may provide the means by which the embryo protects itself from the
effects of steroids, by facilitating their excretion. If the embryo is likely to be exposed to
unregulated sources of steroid hormones, there is a clear biclogical value in maintaining an ability
to rapidly metabolize and/or excrete these biologically active materials.
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Abstract

Concentrations of total lipid, protein, and lipid classes were determined in oocytes and embryos from
two species of viviparous rockfishes; yellowtail rockfish, Sebastes flavidus, and shortbelly rockfish,
Sebastes jordani. Total lipid, protein, triacylglycerols, sterol/wax esters, nonesterified fatty acids,
cholesterol, and polar lipids declined during embryo development. Regression analysis of changes
in lipid and protein variables depending on the stage of embryo maturation found higkly significant
linear relationships. By solving regression equations for the final stage of embryo development,
estimales of the concentrations of lipids and protein at birth were obtained. These values provide an
estimate of the nutritional and structural biochemical composition of larvae at their earliest life history
stage in the environment, and thus, an assessment of larval condition and reproductive quality. Data
revealed significant differences in the dynamics of lipid and protein depletion during embryogenesis
between the two rockfish species and among three populations of shortbelly rockfish located at
Ascension, Pioneer, and Bodega submarine canyons. Estimated concentrations of lipids and protein
at birth were significantly greater in shortbelly rockfish larvae from Ascension Canyon than in those
from Pioneer and Bodega Canyons in 1994, suggesting a greater potential survival during the time
period following birth when planktonic foed resources are often limited. The technique presented
here to assess reproductive quality or the condition of progeny can be applied in field studies of
viviparous teleosts and does not require detailed laboratory investigations of embryo development.

Introduction

The assessment of reproductive success includes the determination of both the quantity and quality
of progeny. Year-class, or spawn, strength may be influenced by the health of newborns as weil as
the number produced. The number of offspring produced, or fecundity, is often used as a measure
of reproductive success in fish research, and has been related to biological and environmental factors
(Blaxter, 1969). Less attention has been given to the assessrent of the quality of reproductive

95



output. This is due primarily to the difficulty of determining which variables or processes are valid
measures of egg, embryo, or larval health. Various measures have been proposed, such as egg size
(Blaxter and Hempel, 1963), histological criteria (Theilacker, 1978), and biochemical analyses,
including nucleic acids (Buckley, 1984), enzyme activity (Clarke et al., 1952), and biochemical
composition (reviewed in Ferron and Leggett, 1994). All have merits justifying their use; however,
other factors, such as clear relationships to growth or survival potential, ease and/or cost of analysis,
or the ability 1o assess adequate numbers of replicates for statistical validity, ofien diminish their
utility in routine assessment of reproductive success. Consideration of when during egg or embryonic
development valid estimates can be made is also critical to accurate assessment of success. Ideally,
evaluation at hatching, or birth, would provide the most accurate determination of the health and
survival potential, but this stage s of very short duration and obtaining an adequate number of
individuals to characierize a population or species is very difficult.

The determination of reproductive success in marine fishes, especially those that reproduce far from
shore, is further complicated by the difficulty and cost of obtaining sufficient numbers of gravid
females, or their eggs or embryos. In viviparous species, the complete development from
previtellogenic oocyte to hatched farva occurs within the female. This simplifies collection of samples
since only one life stage, adult, and not planktonic specimens needs to be evaluated.

We present here a technique that allows estimation of the nutritional status of hatched larvae at
parturition, or release into the environment. Nutritional status has a clear relationship to growth and
survival potential in that the amount of metabolically available energy establishes the duration of
survival in the environment until adequate food becomes available. The method was applied to two
species in the viviparous genus Sebasfes, a taxon well-represented in the northeastern Pacific and
commercially and recreationally important from Alaska to Baja California. The assessment of
nutritional status involved the determination of protein, total lipid, and lipid class composition in eggs
and embryos within ovaries of female yellowtail rockfish, Sebastes flavidus, and shortbelly rockfish,
Sebastes jordani.

Materials and Methods

Female S. flavidus and S. jordeuni were obtained during January Lo March, the period of reproductive
development spanning late vitellogenesis to parturition, at locations off the ceatral California coast.
Yellowntail rockfish were captured by hook-and-line at Cordell Bank, a marine bank 37 km west of
Pt. Reyes, at depths ranging from 50 to 150 m. In 1994, shortbelly rockfish were collected by trawl
in the proximity of three submarine canyons: Bodega Canyon (ca. 38°13'N 123°22'W), Pioneer
Canyon (ca. 37°24'N 122°52'W), and Ascenston Canyon (ca. 37°01'N 122°25'W), at 150 tc 200 m
depth. Fish were held on ice until examination. Morphometrics were recorded and ovaries were
excised, weighed, and stored at -70°C. The stage of cocyte or embryo development was assessed
by microscopy according to the classification scheme Yamada and Kusakari (1991) (Table 1).

Lipids were extracted from oocytes and embryos by the method of Bligh and Dyer (1959). Total
lipids were quantified using thin layer chromatography with flame ionization detection (TLC-FID)
by an latroscan TH-10 Mark 111 (MacFarlane et al,, 1993). Lipid classes were separated on
Chromarods S-III in a solven: bath of hexane:ethyl ether:formic acid at a ratio of 246:54:0.09.
Quantification of separated peaks by TLC-FID was accomplished by comparing peak areas to
external standard curves. Lipids were resolved into sterol/wax ester, triacylglycerel, nonesterified
fatty acid, cholesterol, and polar lipid classes. Total protein was estimated by the Lowry method
using a bovine serum albumin standard (Lowry et al., 1951). Analysis of variance (ANOVA) and
linear regression were employed to assess variation in lipids and protein by embryo maturation stage
(EMS), rockfish species, or population of shortbelly rockfish by SAS statistical software.
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Table 1. Embryo maturation stages (EMS) in Sebastes flavidus and Sebasfes jordani.

EMS Description EMS Description
1 Late vitellogenic/ 17 Optic vesicles
migratory nucleus oocyte 18 Somite formation begins
2 Formation of germ disc 19 Finfold
3 2 - gelled 20 Optic cups
4 4 - celled 21 Auditory placodes
5 8 - celled 22 Lens forms
6 16 - celled 23 Otoliths
7 32 - celted 24 Pectoral fing
3 64 - celted 25 Retinal pigmentation
9 Morula 26 Heart pumping
10 Early blastula 27 Lens transparent
11 Late blastula 28 Mouth and anus open
12 Beginning of epiboly 29 Peritoneum pigmented
13 Easly gastrula 30 Yolk reduction
14 Late gastruia 31 Prehatching
15 Embryonic shield 32 Hatching
16 Head fold 33 Hatched, preborn larva

Results and Discussion

In yellowtail rockfish, there was a progressive decline in total lipid and protein during embryogenesis
(Fig. 1). The concentration of total lipid decreased from a mean of 155.3 mg/g in unfertilized oocytes
in the migratory nucleus stage (EMS 1) to an estimated concentration of 26.6 mg/g for fully-formed
hatched larvae {EMS 33) at parturition. Although no pregnant females were caught with embryos
at EMS 33, the goodness-of-fit of the linear regression of lipid conceatration on embryo maturation
stage for the stages collected (Table 2} suggested that calculation of total lipid at parturition was
valid. Similarly, protein declined from 205.6 mg/g at EMS 1 to 36.0 mg/g at EMS 33 (Table 2).

Total lipid and protein concentrations declined linearly according to stage of development in embryos
of shortbelly rockfish, also (Fig. 2). Highly significant linear relationships (P < 0.0001; Table 2)
between total lipid or protein and EMS allowed estimation of nutrient concentrations at parturition.
For alt populations of shortbelly rockfish from the 3 submarine canyons, the estimated concentrations
of total lipid and protein in larvae at parturition (EMS 33) were 21. 5 and 64.7 mg/s, respectively.

The concentrations and rates of metabolism of lipids and protein differed between yellowtail and
shortbelly rockfish during their approximately 30 d gestation. The initial lipid ard protein
concentrations at the start of embryogenesis were greater in yellowtail rockfish than in shortbelly
rockfish (t-test: P < 0.05 for protein; P < 0,0001 for total lipids), however, the rates of depletion were
also greater in yellowtail rockfish (P <0.0005). This resnlted in similar concentralions of lipids at
birth in the two species of Sebasfes, but greater protein in shortbelly rockfish larvae.

Total liptd concentrations can be considered a component of condition assessment (Ferron and
Leggetr, 1994), and thus a measure of qualitative reproductive success, but not all types, or classes,
of lipids are equal with respect to metabolic availability or energy yield. Therefore, fractionation of
total lipids into classes representative of energy-yielding and structural functions provides greater
knowledge of the amount of energy available to sustain growth and survival once the larvae are
released into the environment.
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Figure 1. Total lipid and protein concentrations in cocytes and embryos in female yellowtail rockfish,
Sebastes flavidus, from prefertilized oocytes (EMS 1) through the yolk reduction stage (EMS 30).
See Table 1 for descriptions of EMS.
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Figure 2. Total lipid and protein concentrations in oocytes and embryos in female shonbelly rockfish,
Sebastes jordani, from prefertilized oocytes (EMS 1) through the hatched larvae stage (EMS 33).
Data for shortbelly rockfish obtained from populations at all 3 submarine canyons are shown, See
Table 1 for description of EMS,
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Table 2. Linear regression parameter estimnates for protein and lipid variables in rockfish embryos in
relation to embryo maturation stage (EMS). Data are for yellowtail rockfish (Sebasres. flavidus) and
three populations of shontbeily rockfish (Sebasres jorclani) from Ascension, Pioneer, and Bodega

Canyons,
Variable

8. flavidus (n = 60)
Total lipid
Total protein

S. fordani
All Canyons (n = 182)

Total lipid
Total protein
Esters

TAG

NEFA.

CH

PL

Bodega Canyon (n=19)

Total lipid
Total protein
Esters

TAG

NEFA

CH

PL

Pioneer Canyon (n = 102)

Total lipid
Total protein
Esters

TAG

NEFA

CH

PL

].2

0.774
0.721

0.7
0.793
0.629
0.743
0.013
0.686
0.789

0.751
0.716
0.741
0,708

6.475
0.706

0.805
0.702
0.730
0.778
0,187
0.709
0.834

Ascension Canyon (n=461)

Total lipid
Total protein
Esters

TAG

NEFA

CH

PL

0.541
0.671
0314
0.469
0.011
0.445
0.589

Intercept=SE

1593 =44
210967

103.7+2.3
193,137
93403
50413
00x01
4.5+01
39.5%07

849=x52
1901+ 119
75x05
39327
ND
3402
34619

9202+£28
183.3+6.7

7603
451 = 1.7
-03=x01

4301
33.6+0.8

107536
193.0+£5.0
9806
51821
0202
46=0.1
41,1212

99

P

<0.0001
<0.0001

<0,0001]
<0.0001
<0.0001
<0.0001

0.5937
<0.0001
<0.0001

<0.0001
<0.0001
<0.0001
<0.0001
ND
<0.0001
<0.0001

<0.0001
<0.0001
<0.0001
<0.0001
0.010
<0.0001
<0.0001

<0.000t
<0.0001
<0.0001
<0.0001
0.152
<0.0001
<0.Q001

SlopetSE

-4.02 £ 0.29
-530+0.44

249010
-3.86+£0.16
-0.25 £ 0.01
-1.32 = 0.06
.01 £0.00
-0.08 = 0.00
-0.85 £ 0.03

-1.67£0.26
-3.85%£0.59
-0.17 = 0.02
-0.86x0.13
ND
-0.04 £ 0.00
-0.61 £ 0.10

-213£0.11
-365£025
-0.2020.01
-1.19+£0.06
0.02x0.00
-0.08 £ 0.00
-0.69 % 0.03

-2.03£024
-3.12+033
-021£0.04
-1.02 £ 0.14
-0.01 £0.01
-0.07+£0.01
0.72 £0.08

P

<0,0001
<0.0001

<0.0001
<0.0001
<0.0001
<0.0001

0.1224
<0.0001
<(0.0001

<0.0001
<0.0001
<0.0001
<0.0001
ND
<0.001
<0.0001

<0.0001
<0.0001
<0,0001
<(.0001
<0.0001
<0.001

<0.0001

<0.0001
<0.0001
<0.0001
<(,0001
0.411
<0.0001
<0.0001



Lipid extracts from oocytes and embryos of shortbelly rockfish were separated into sterol/wax esters,
triacylglycerols (TAG), nonesterified fatty acids (NEFA), cholesterol (CH), and polar lipids (PL).
TAG and esters are energy-vielding lipids whereas CH and PL are considered to be primarily
structural in purpose. PL consists of several groups of lipids including sphingomyelin and
cerebrosides, but the great majority of the molecules in this class are phospholipids, the principal
component of biological membranes. Although PL can be considered a class of structural lipids,
phospholipids have been shown to be metabolized during embryo development in fish (Tocher et al,,
1985).

All classes of lipids declined duning embryogenesis in shortbelly rockfish (Fig. 3) except NEFA which
were at very low concentrations and did not vary linearly with EMS (Table 2). TAG and PL were
the most abundant lipid classes and declined the most during development, indicating both classes
were significant sources of energy. Eslers also declined significantly, but were at very low levels and
not a major source of energy. CH was the most stable lipid during embryo development, but showed
a slight but statistically significant decrease. The relatively stable concentrations of CH suggest its
use as a normalizer of energy-yielding lipid content to correct for differences in size or quantity of
embryonic tissue as has been employed previously for larvae of oviparous species (Fraser, 1989),

When lipid class concentrations were assessed in embryos of shortbelly rockfish from separate
populations there were differences in the amounts and rates of depletion during intraovarian
development {Table 2). Two-way ANOVA determined significant differences among populations
ai three submarine canyon areas located within about a 1° latitude span off the central California
coast. All lipid classes, except NEFA varied significantly by EMS (P < 0.0001), population (P <
0.0001), and the interaction of population and EMS (P < 0.05).

CONCENTRATION (ig/g}
ur
u

Figure 3. Changes in lipid classes during embryo development in shortbelly rockfish, Sebastes
Jjordani. Data from representatives of populations at 3 submarine canyons. See Table 1 for
description of EMS.
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By solving regression equations for EMS 33 for lipid classes and protein in each population,
estimated concentrations at birth can be obtained and compared among the populations (Table 3).
These results indicate that there were differences in the condition of embryos at birth among the three
populations, despite their relatively close geographical proximity. The estimated concentrations of
protein and lipids in hatched, preborn larvae (EMS 33) in shortbelly rockfish at Ascension Canyon
were significantly greater than those from the populations at Pioneer and Bodega Canyons. This
suggests that the potential for survival during the critical period following birth is greater for the
larvae from the Ascension Canyon population and may provide a greater contribution to the year-
class of the species along the California coast.

Differences in energy-vielding liptd content may indicate relative survival potential in offspring from
the various populations, especially during times of low biological productivity wher food for pelagic
larvae are scarce. Changes in environmental conditions, particularly those affecting the timing and
intensity of upwelling, in the California Current ecosystem have been proposed as a cause of variable
year-class strength in rockfishes (Moser and Boehlert, 1991).

The use of lipid and protein data as an indicator of condition at birth for viviparous rockfish larvae
extends their application. Lipid class analysis has been employed for condition assessment in pelagic
larval {(Fraser, 1989: Héakanson, 1989; Lochmann et al,, 1995) and juvenile stages (Suthers et al,,
1992) of oviparous teleosts, and lipid class composition during embryonic development in Atlantic
herring has been documented (Tocher el al,, 1985). The assessment presented here provides a
method to estimate energy reserves and biochemical composition of larvae at birth for viviparous
species from field collections for the first time, Although knowledge of the length of gestation or of
specific embryonic stages is not required, it may improve temporal resolution of the embryonic
maturation stage scale and, thus, improve lipid and protein estimates at birth,

Table 3. Estimated concentrations of lipids and protein at birth for Sebastes flavidis and Sebastes
jordani, §. jordani data are for all populations combined and for each of three populations at
Bodega, Pioneer, and Ascension submarine canyons. Values presented as mean = SD in mg/g wet
weight.

Sebastes flavidus Sebastes jordani
Yariable All Bodega - Pioneer Ascension
Protein 360£9.6 64.7£26' 63197 628=27 900+74°
Total lipid 26,6 £6.3 21.5+1.7"' 2908+42! 199x12 405zx55°
Esters - 1.1£02 19047 1001 29+09°
TAG - 68+1.0 109+£22* 58+07 1812327
NEFA - 0.3x0.1 - 0400 00+02?
CH - 1.9%0.1 21£027  1.7+01 23+021
PL - 11506 145%16* 10804 173+ 1.8°

! Significantly different from S. flavidus (P < 0.0001)

* Greater than for 8. jordani at Pioneer Canyon (P < 0.0001}

* Greater than for 5. jordani at Bodega and Pioneer Canyons (P < 0.0001)
! Greater than for S jordani at Bodega and Pioneer Canyons (P < 0.001)
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Abstract

Quality of eggs spawned by Epinepheius coioides fed fish bycatch {(control), cod liver oil-enriched
fish bycaich (TFC), and commercial HUF A-enriched fish bycatch (TFS) was monitored. Monthly
cgg production, spawning frequency, fertilization rate, egg viability, and hatching rates of the
control were significantly higher compared to TFS. Egg produciion, spawning frequency, and
hatching rate of TFC and TFS were not significantly different. Results suggests that varying the
species of fish bycatch could provide the requirements of £. coloides broodstock so as to provide
quality eggs.

Introduction

There is a high demand for groupers in Asia. However, production of cultured fishes is hampered
by inadequate supply of seeds for stocking. Several workers have conducted research on seed
production of various species of grouper. Some of these species are Epinephelus tauvina (Chen et
al. 1977, Hussain et al. 1980, Chao and Lim 1991), E. safmoides (Kunvankij et al. 1986), E.
malabaricus (Ruangpanit et al. 1986, Maneewong et al. 1986), E. akagra (for review, see
Fukuhara 1989), E. fuscoguitatus (Lim et al. 1990, Chao and Lim 1991), and E. suilfus (Doi et al.
1991). Despite advances in technology, these reports have shown low or inconsistent larval
survival,

Toledo et al. {1993) have shown that the grouper Epinephelus suillus (=E. coioides) can
spontaneously spawn year-round in tanks, Despite this, varying egg quality may be one of the
limiting factors for successful mass production of fry (Kjorsvik et al. 1990). It may cause changes
in recruitment and may decrease the survival potential of larvae. Supplementing the fat intake of
the broodstock, therefore, could help in solving this problem (Dhert et al. 1991). Thus, this study
was conducted in an attempt to improve the guality of spawned eges by adding differemt sources
of fat to the feed of grouper broodstock.

Materials and methods

Grouper (E. coioides) broodstock (females: 2.5-6.5 kg; males: 8.3-11.0 kg body weight, BW)
were stocked in three 50-t concrete tanks, each containing 1 male and 3 females. A flow-through
water system with aeration was used. The tanks were shaded by a black plastic straw mat to
minimized growth of algae and diatoms. From 1 November 1991 to 28 October 1992, the fish
were fed fish bycatch (trash fish) only (Control), fish bycatch enriched with cod liver oil {TFC),
and fish bycatch enriched with a commercial highly unsaturated fatty acid (SELCO) (TFS).
Broodstock were fed to satiation every other day.

Naturally spawned eggs were collected the following moming afler spawning. This was done by
shutting off the acration for about 15 min. Floating eggs were seined with a fine mesh net while
sinking eggs were collected by draining the tank. Seined and drained eggs were stocked separately
in incubation tanks filled with 200 1 filtered seawater. Parameters such as total eggs spawned,
fertilization rate, percentage of viable eggs, hatching rate, percentage of normal larvae, and
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survival of larvae without feeding were determined based on some criteria cited by Kjorsvik et al.
{1950).

The crude protein and crude fat of floating and sinking spawned eggs and fish bycatch enriched
with different sources of fatty acids were analyzed. Crude protein was determined using Semi-
automated Method utilizing a Kjeltec Auto analyzer while the Soxtec Method was used for crude
fat.

Water temperature and salinity were monitored daily at about 15.00 h. Monthly mean water
temperature and salinity ranges were 26.8-29.6 °C and 30.6-34.1 ppt, respectively.

Analysis of variance on a randomized complete block design was used for statistical analysis. Log
and square root transformations of epg count and spawning frequency values, respectively, were
made before analysis. All values expressed in percent were arcsin transformed before analysis.

Results

Spawning commenced between the last quarter and new moon of the lunar cycle and in most
cases 1-3 days after the last quarter moon. The total egg production from January to October
1992 in the control fish was about 77.9 million eggs, 40.0 million in TFC fish, and 36.4 million in
TFS (Fig. 1). Range of monthly egg produclion on a per weight basis in the control was from
0.18 to 0.45 million eges/kg BW, while in TFC and TFS the range were 0.06-0.36 and 0.01-0.41
million eggs/kg BW, respectively, Analysis of variance showed that mean monthly egg production
i the control (0.34 million egpskg BW) and TFC (0.21 million eggs’kg BW) were not
significantly different while both are significantly different (P<0.05) from that of TFS (0.15 million
eggs’kg BW). Mean monthly spawning frequency was highest in the control (6.0 days, Table 1)
but was not significantly different from TFC fish (5.2 days). TFS fish significantly gave the lowest
monthly spawning frequency (3.4 days).

Total eggs spawned :

—e— Control - 77.9 M
500 — —a— TFC . 400M
0 --m-- TFS 364 M

400

3
1

Eggs / kg BW ( x10°)

J JF FM A AMMJ ) JA AS S O
1992
Figure 1. Egg production of grouper broodstock fed different sources of fatty acids.

Control - fish bycatch only; TFC - cod liver oil-enriched fish bycatch; TFS - SELCO
-enriched fish bycatch.

Fertilization rate, egg viability, and hatching rate (Table 1) showed significant differences
(P<0.01) among the three groups. The contrel gave the highest values but hatching rate was not
different to that of TFC. TFS values were lowest but the mean fertilization rate was not different
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to that of TFC. No significant differences were detected in the oil globule (0.18-0.21 mm) and

egg (0.78-0.89 mm) diameters. Moreover, percentage of normal larvae among the treatments
were not significantly different (Table 1).

Table 1. Spawning frequency, fertilization rate, hatching rate, and percentage of normal
larvae of grouper broodstock fed different sources of fatty acid. Control - fish bycatch only;
TFC - cod liver oil-enriched fish bycateh; TFS - SELCO-enriched fish bycatch. Values are
expressed as mean = SEM. Velues with the same superscript in a column are not
significantly different (P < 0.05).

Spawning Fertilization Egg Hatching % Normal
Diet frequency Rate (%) Viability (%)  Rate (%) larvae
(days)
Control  6.0+0.62 709423452  3228+6 988 5280450428 7930+ 2663
TFC 5220.12  48.123544b 243785312 34.55+3460  31.37£3.202
FS 344070 419946490  12.43+4960 23.85+590¢  61.69+11.482

The survival of unfed newly-hatched larvae from every spawning day in the different treatments
was monitored during the 24 July-1 August, 24 August-2 September, and 21-29 September 1952
spawning months. Larvae from the TFC group survived until the fifth day after hatching while

those from control and TFS groups lasted only until the third day. However, no significant
difference was observed among treatments.

Crude protein (46.00-55.20%) and fai (16.79-24.65%) of floating and sinking eggs collected in
February to March 1992, and August to September 1992 were similar in all treatments (Table 2).

Table 2. Mean crude protein and crude fat of floating and sinking eggs of grouper
broodstock fed different sources of fatty acid spawned from 27 February to 9 March 1992
and 24 August to 2 September 1992. Control - fish bycatch only; TFC - cod liver oil-
enriched fish bycatch; TFS - SELCQ-enriched fish bycatch.

Floating eggs Sinking eggs
Diet Crude Protein Crude Fat Crude Protein Crude Fat
Control 53,22 18.76 50,86 23.02
TEC 55.20% _16.79 47.76 22.56
TES 50.00 23.24 46.00 24,65

*Value of eggs spawned from 27 February to & March 1992 only.

The species of fish bycatch given to the broodstock depended on the available fish in the market.
These compased of Selaroides sp., Nemipterus sp., Rastrelliger sp., and Decapterus sp. (Table
3). Results showed thar crude protein decreased (P<0.01) when cod liver oil or SELCO (59.51-
71.20%) was added in all the fish bycatch species given while crude fat increased (12.62-23.15%).
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Discussion

In this study, spawning of E. coioides
broodstock was similar to the observations of
Toledo et al. {1993). In most cases, spawning
commenced 1-3 days after the last quarter
moon phase.

Table 3. Mean crude protein and crude fat of
the different species of fish bycatch fed to the
grouper broodstock, Means with the same
superscript in a column of a species are not
significantly different (P < 0.01).

The results of this study indicate that  Species Crude Crude

supplemenrtation of cod liver oil and SELCO in Protein(%)  Fat(%)

the fish bycatch of E. cofoides broodstock did -

fnot improve egg production and other Selaroides sp

parameters determined. In some cases, these Control 67.57a 13.24¢

fatty acid sources even gave negative results. TFC 59 96¢ 22 483

Dhert et al. (1991) showed that E rwauvina TFS 6 '20.0 19' b

broodstock given fish bycatch injected the 5. 60

emulsified enrichment diet Marla diet Decaplerns sp.

significantly increased oil globule diameter, Control 65.954 19.11¢

total lipids, elcosapentaenoic acid,

docosahexaenoic acid, and larval survival at day TFC 63.00¢ 23.158

7. However, the species of fish bycatch given TFS 64,400 21.50b

was not identified. Watanabe (1985) indicated  Nemipterus sp.

that there is a need for a careful balance of Control 67082 11.38b

essential fatty acid (EFA) in the diet of ontre ' b 38

broodstock. It may be possible that feeding TFC 63.52 18.692

varied fish bycatch to E. coioides broodstock TFS 59.51¢ 19.33a

was able to provide the EFA requirement while fril

addition of CLO and SELCO affected the EFA >rice®! - 8 650

levels. ontro! 4.86 .68
TFC 69.32¢ 17.232

Levels of crude protein and crude fat of floating TFS 71.20b 12.62b

and sinking eggs were similar in all the
treatments. This indicates that proximate

analysis could not show differences of spawned eggs. Determination of the fatty acid profile
would have been the more appropriate technique to actually see differences.

Nevertheless, our results have shown that giving varied species of fish bycatch to grouper
broodstock is able to provide the dietary requirement which could give quality eggs. It may also
be worthwhile conditioning the fish to feed on artificial diet so that the actual lipid source and
requirements for improving egg quality could be determined,
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Abstract

We report a positive correlation between egg and haichling size both across a range of twenty-
one neotropical cichlid species and within individual clutches in two species. We also reveal
a positive correlation between egg size and the yolk size of hatchlings. Because maximization
of reproductive success involves a spectrum of trade-off decisions, mean egg size and degree
of deviation from this mean within a clutch may have far reaching consequences for other
aspects of parental investment and for the life-history parameters of (he hatchlings themselves.

Introduction

Within the family Cichlidae, the size of eggs varies tremendously across species (Breder and
Rosen, 1966; Fryer and [les, 1972; Coleman, 1991; Coleman, in prep}. Sizes range from the
minute eggs (0.9mun in diameter) of rams (Microgeophapgus ramirezi) to the massive eggs
(4.5mm in diameter) of some of the African mouthbrooding cichlids such as Cyphotilapia
frontosa. At the extremes, larger eggs clearly produce larger offspring; however, this is not
immediately apparent within smaller groupings in the family. For example, within the
Neotropical cichlids, some species have an egg diameter of 1.6 mm, others 1.4mm. Does this
relatively small difference in egg size actually translate into a consistent difference in the size
of the hatchlings? Furthermore, does the varialion in egg size within a single laying or clutch
account for differences in hatchling size?

Myriad selection pressures could act on egp size in cichlids. In addition to the tradeoff
between egg number and size of epg (Smith and Fretwell, 1974), size might determine the time
to hatch; the size, health or capabilities of the hatchling; and the surface area to volume ratio
of the egg which is important in gas exchange. These factors in turn may interact with the
duration and form of parental care. Although parental care is universal in cichlids, its precise
nature varies widely across taxa from simple fanning and guarding to prolonged parental care
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and mouthbrooding and may involve either one or both parents (Keenleyside, 1991).
Understanding the relationship between size of egg and hatchling is a first step toward
deciphering the evolution of egg size in general.

A larger egg may not translate into a larger hatchling in several ways. For example, our
measure of egg size may not be a true representation of the size of an egp.  An ideal measure
of egg size might involve a complete biochemical analysis of the contents of an egg, reperting
protein, lipid and carbohydrate content (e.g., Kamler, 1992); however, this is not practical for
most studies. Indeed, for cichlids, even weighing individual eggs or measuring their volume
is difficult because of their small size.

The most practical approach (o represent egg size is a linear measurement of egg diameter: it
is quickly and easily done under a micrescope or in a pinch (e.g., in the field) using a
magnifying glass and a ruler. However, it has a few pitfalls. Cichlid eggs are not spherical,
but are better described as prolate spheroids (roughly the shape of a cantaloupe), though
exceptions exist. The egps of African mouthbrooders in particular tend toward the shape of
a chicken egpg in some cases; others have a distinctive pear shape (pers. obs.). The eggs of
some pike cichlids (genus Crenicichla) are markedly more elongate than other cichiid eggs and
the eggs of oscars (Astronotus pcellatus) are much more spherical (pers. obs.). To deal with
this variation, Coleman (1991) proposed using the "effective diameter” of nonspherical eggs
as a means for comparison. The effective diameter is the diameter the egg would have if its
contents were reshaped into a perfect sphere. In the case of a prolate spheroid, the effective
diameter is the cube root of the major axis multiplied by the square of the minor axis (ie.,
cube root of length times width times width). Throughout this paper we use effective diameter
(d,) as our measure of egg size.

Egg size may not translate into a larger hatchling if the quantity we measure is not a good
measure of what is important in producing a hatchling. For example, larger eggs may simply
be filled with more water than smaller eggs, and size differences may solely be accounted for
by water content. In such a case, the difference in epg size may be insignificant to the
resulting hatchling. This is particularly plausible because fish eggs are hydrated and expand
to some extent when they leave the female (Kamler, 1952).

To address these questions, we investigated the relationship between egg size and hatchling size
in twenty-one species of Neotropical cichlids. We also examined individual eggs and
hatchlings from within single clutches to look for intra-clutch variation.

Methods

Interspecific comparisops.-- The twenty-one species examined were Aequidens pulcher,
Cichlasoma bimaculatum, C. dimerus, C. festae, C. pusilium, 'C.” (Amphilophus) citrinellum,
'C." (Am)) longimanus, *C." (Nandopsis) managuense, 'C.’ {Archocentrus) centrarchus, 'C.’
(Ar.) pigrofasciatum, 'C.’ (Ar)} septemfasciagtum, 'C." (Ar) spilurum, °*C. (Theraps)
bifasciatum, "C.” (Th.) nicaraguense, "C.” (Th.) sieboldii, ’C.” (Th,) synspillum, 'C.” (Th.) tuba,
Crenicichla lepidota, Herotilapia multispinosa, Microgeophagus altispinosa and MNeetroplus
nematopus,

The fish were maintained in the laboratory using a typical freshwater aquarium setup, although
the details varied and are of no direct relevance. A typical setup consisted of a glass aquarium
of 38 to 280 litres, gravel, sponge filler, heater, and either picces of slate, fowerpots or broken
flowerpols. All species examined were substrate spawners (Loiselle, 1994) laying adhesive
eggs, though differing in the precise choice of spawning site. Some species selected exposed
surfaces (e.g., C. bimaculatum. C. pusillum) while others chose a cave-like spawning site,
provided by the inside surface of a bottomless flowerpot laying on its side (e.g., ’C”°
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niprofasciatum, Cr. lepidota). Water temperatures were maintained between 24 and 28°C and
the light cycle was 12D/12L. Fish were fed twice daily on Purina trout chow and Tetramin
cichlid flakes with weekly supplements of live brine shrimp.

Fish were observed for the presence of eggs or hatchlings at least once daily. When eggs were
first seen, a sample of 30 to 50 were scraped from the substrate with a blunt metallic spatula.
Other eggs were left to hatch. The rubbery texture of cichlid eggs ensures that brief handling
has no effect on egg size nor on egg hatchability. Eggs were then either measured immediately
or stored in 70% isopropyl alcohol. Storage in isopropyl alcohol does not significantly alter
egg size. To calculate effeclive diameter, we measured the length and width of 20 eggs using
a Wild dissecling scope fitted with an ocular micrometer, calibrated to 1/100th of a millimeter.
The 20 values were averaged to produce a mean egg size for the species.

On the day of hatching, hatchiings were collected with either an eyedropper or a turkey baster.
Because live hatchlings are difficult to measure accurately, they were immediately preserved
in 4% formalin and measured several days later. Three parameters were measured with each
hatchling lying on its side: the total length of the hatchling, and the length and width of the
yolk sac. Typically, 20 hatchlings were measured to obtain a mean hatchling value for the
specles, though in a few cases, particularly when hatchlings were rare, fewer than 20 were used
("C." tba 3; ’C." sieboldii 12; *C." synspillum 19, M. altispinosa 11). We used only a single
spawning for each species.

To evaluate Lhe range of errors associated with the data-collection technique, we also took daily
samples of hatchlings up to the stage of frec-swimming from twe species, 'C.” gitrinellum and

’C.” synspillum,

To test whether egg size explains offspring size, we regressed mean hatchling length on mean
egg size, and we regressed mean yolk diameter on mean egg size. If larper eggs are simply
filled with more water, we would not expect significant positive relationships in either
regression.

Intraspecific comparisons.-- To assess variation within a clutch in size of egg and offspring,
we obtained individual hatchlings from epps of known size using single clutches of °C.’
nigrofasciatum and Y. multispinosa. Eggs were scraped off the laying site as described above
and their size examined in a petri dish. To maximize the range of egg sizes used, extreme
sizes were selected as well as eggs of more intermediate size. Each egg was measured under
the microscope, then placed in a numbered hatching cup in the hatching aquarium. As each
egg hatched several days later, the hatchling was removed and placed in a nunbered vial of
4% formalin. Eggs thal did not hatch were dropped from subsequent analysis. The hatchlings
were measured as above and similar regressions performed. Coefficient of variation (CV} was
calculated as standard deviation {SD) times 100 divided by the mean (Sokal and Rohlf, 1981).

Hatching cups were made from the bottorn portion of a plastic specimen vial siliconed to a
small square of glass. Each cup has a diameter of 2.0 cm and a height of 1.5 cm. The glass
serves to make the cup sink. The cups were placed in a half-filled 38 | agquarium, with a heater
and airstone. This hatching-cup design proved successful in other experiments because it
allows enough circulation of waler over the eggs, but does not cause them to be blown out of
the cups.

Results
Interspecific comparisons.-- Mean hatchling length was positively corelated with mean egg

diarneter in the twenty-one species examined (Fig. 1; r =0.87; df = 19; P << (.01). The figure
also illustrates the iength of hatchlings of "C.' synspillum on days one through six following
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Figure 1. Mean Hatchling length (HL) as a function of mean effective egg diameter (d) for
twenty-one species of cichlids (HL = 3.07 x d, - 0.33 mm). The vertical bars show the
increasing length of hatchlings from a single brood on subsequent days. The bar on the
left is for °C.’ citrinellum, while the one on the right is for *C.” synspillum.
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Figure 2, Mean Yolk diameter (y,) of hatchlings as a function of mean effective egg diameter
(d,) for twenty-one species of Neotropical cichlids (y, = 0.99 x d, - 0.08 mm).
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Figure 4. Hatchling length (HL) of individual hatchlings as a function of effective egg diameter
(d.)) within a single clutch of rainbow cichlids (HL = 1.0% x d, + 2.23mm). A plot of
yolk diameter (v} on effective egg diameter {d.) looks similar (y, = 0.97 x d, -
0.05mm).
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hatching at 25.0 °C and *C." citrinellum on days one through five following hatching at 26.7
°C. This indicates the rate of change of hatchling size through time. Most of the eggs fall
within (he range of effeclive diameters of 1.3 to 1.9 mm. The extrerne point at 2.4 mm is ’C.’
tuba, the only known cichlasomine with such a large egg.

A significant positive correlation between the means for hatchling yolk diameter and egg
diameter in these species was also uncovered (Fig. 2; r = 0.98; df = 19; P << 0.01). In the
days after hatching, the yolk diameter continues to decline as the hatchling length increases
(Fig. 3).

Intraclutch comparisons.—- Within individual clutches, we found a positive correlation between
both hatchling and egg size and yolk diameter and egg size. For rainbow cichlids (H.
multispinosa), hatchling length increased with egg diameter (Fig. 4; r = 0.62; df = 14, P <
0.05), and yolk diameter increased with egg diameter (r = 0.93; df = 14; P << (,01).
Removing the possible outlier at egg size of 1.27 (Fig. 4) did not significantly change either
result. The coefficient of variation for egg diameter, yolk diameter and hatchling length were
8.6%, 9.4% and 5.8% respectively.

For convict cichlids (°C.” nigrofasciatum), the results were similar for hatchling length (r =
0.63; df = 12; P < 0.05) and yolk diameter (r = 0.90; df = 12; P << 0.01). The coefficient of
variation for egg diameter, yolk diameter and hatchling length were 5.5%, 6.1% and 2.9%
respectively.

Discussion

Eggs are one of the most quantifiable of life history stages of an organism. This is particularly
true for fish, which exhibit indeterrinate prowth, making it difficult to even state such other
life history parameters as the size of an adult for many species. Although there is a large
literature reporting egg size values for individual species, and to a lesser extent, information
on hatchling size, there have been surprisingly few atternpts to pull this data together in a life-
history context (e.g., Moser et al., 1984; Kamler, 1992). Likely this is because of the relatively
small size of most fish eggs, often 1 to 2 mm in diameter. The salmonid egg literature is
exceptional because of the tremendous economic importance of salmonid egg research (e.g.,
survival in the wild, captive propagation), plus the large size of salmonid eggs, often 6-10 mm
in diameter, which allows researchers to conduct detailed investigations. For example, it is
possible to weigh with some accuracy individual salmonid eggs. Cichlid epgs are too small
to be weighed, but the linear size of a cichlid egg is an important piece of information that can
be used in understanding cichlid reproductive strategies and life history patterns.

Our results indicate that a considerable source of hatchling-size variatdon derives from
differences in epg sizes. This relationship holds both across species of Neotropical cichlids and
within single clutches. Across species, differences in egg size accounted for 79% of the
variation in hatchling total length, and 97% of the variation in the size of the yolk of
hatchlings. We have insufficient information at this point about the life history of cach species
to attribute any specific relevance to the fry size of a particular species. The results certainly
suggest that we should pursue this question. For example, the strikingly large egg and fry of
‘C.” tuba beg for an explanation.

Within a single clutch of rainbow cichlids, egg size accounted for 38% of the variation in
hatchling total length, and 87% of the variation in yolk size of hatchlings. Similarly, for a
clutch of convict cichlids we found 40% and 81% respectively. Qur intraclutch results differ
from a previous report by Lagomarsino et al. (1988) who detected only a weak correlation
between egg size and hatchling lenglh in the midas cichlid, "C.’ citrinellum. They argued that
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their correlation was so weak as to be biologically insignificant. We suspect three possible
reasons why Lagomarsino et al. (1988) found only a weak cormrelation. First, it appears, though
it is not explicitly stated, that they measured live fry, not preserved ones. Second, they
measured the hatchlings at free-swimming, when the yolk sac was completely absorbed, several
days later in development than our study. Third, they used random samples of eggs from each
of the broods they examined whereas we specifically selected a range of epgs of different sizes.
If we examine the coeffecient of variation in egg size for each of their broods using the data
they provide in Table 1, the CVs are in almost all cases comparable to the CVs we used (range
=6.9 10 19.3, mean = 11.0). As they point out, the CVs they found for fry length were much
smaller (range = 1.3 to 6.1, mean = 2.7). The question remains whether this lack of variation
in free-swimming hatchling size was the result of measuring live hatchlings or if the variation
they found in size of eggs truly disappeared afier the eggs hatched.

We did not attempt to follow hatchlings beyond the point of hatching to determine whether
these differences in hatchling size within clutches persist. Once the hatchlings reach the free-
swimming stage, a few days after hatching, tracking individuals is technically impossible.
They are too small to mark individually in a way that would not severely compromise their
condidon. However, within a matter of weeks after haiching dramatic differences appear in
the size of offspring from a single clutch of cichlids. For example, Valerio and Barlow (1986)
found that at 43 days of age, the largest fish were able to prey upon their smaller siblings. The
coefficient of variation of fry size in their study increased from 2.5% at one week after
hatching to 23% on day 62. After this it decreased to 5%, likely because the smaller animais
were being eaten by the larger. Part of the variation in fry size doubtlessly arises from
differential access to food, the larger individuals excluding or at least restricting access to food
by the smaller individuals. The phenomencon of ’growth depensation’, namely that through
time the largest fish in a cohort get larger and the smaller fish lag further behind, is widespread
in fishes (Brown, 1957; Brett, 1979).

An intriguing question remains: does some tiny difference in egg size give cerlain individuals
a slight size advantage at hatching, one that persists and is magnified throughout the
individual’s life? Or, do these initial differences disappear and other forces generate the
differential growth rates? If the initial size, then a substantial portion of an offspring’s life-
history may be under maternal control. For example, Francis and Barlow (1993) have recently
found evidence that sex determination in these cichlids is influenced by their social
environment, not sex chromosomes: the largest individuals in a group becoming male and the
smaller ones becoming female. As Barlow (pers. comm.) has suggested, if the offspring from
several clutches mix as they mature, a female could conceivably alter the sex ratic of her
offspring by preducing larger or smaller eggs. This might best be examined in haremic
cichlids, such as Apistogramima, where there is extreme sexual dimorphism in size (Barlow
1991). A female could make a few extra large epgs to become males and many more smailer
ones to become females.

The salmonid literature is ambiguous about the persistence of initial size differences. Most
studies suggest that initial differences in the size of hatchlings from small and large eggs
disappear through time (Springate and Bromage, 1985). However, the goal of this literature
is often different than what we seek in this paper. The salmonid research is aimed at asking
whether the initial differences persist despite the efforts of aquaculturists to compensate for the
slow start of small eggs, e, they want to know if small eggs are bad for producing large
salmon. This is quite different than asking whether the initial differences between hatchlings
persist, and have effects, under natural conditions.

The positive association between the yolk size of hatchlings and egg size indicates a metabolic

cost to producing larger eggs. Larger eggs are not larger because they are filled with more
water, bui because they contain more of the materials necessary to produce a larger hatchling,
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the effects of which continue after hatching. Therefore from a parental investment perspective,
making a large egg costs a female more per egg than making a small egg. This may not
always be the case, particularly if we compare across divergent fish taxa (Kamler 1992). For
example, many marine fish lay buoyant eggs which float in the plankton (Russell, 1976). To
compare these eggs against cichlid eggs, which are slightly negatively buoyant, we would have
to correct for the different densities. In such a case, yolk content is probably the most
meaningful measure of investment, though it may be impractical to assess. For cichiids, our
results show egg size to be a strong predictor of hatchling yolk size so we can assume that Lthe
density of eggs is roughly similar across the range of species studied.

Larger eggs entail a reduction in the number of eggs that can be produced (Smith and Fretwell,
1974; Coleman, in prep.). Therefore, we postulate larger size must confer a compensatory
advantage, such as the ability to escape predators, to exploit an inhospitable environment or
to consume a broader array of foods. No studies to date have examined this question at such
a fine level of variation in the Cichlidae.

The daily samples of *C.’ citrinellum and 'C.’ synspillum illustrate the magnitude of errors
inherent in the sampling design. The eggs were checked at least daily for signs of hatching,
making the maximum emor in finding hatchlings one day. We see that one day’s growth
would not significantly alter the overall picture, but it may explain some of the remaining
variation in hatchling size. Moreover, the data illustrate that a 'C.’ citrinellum or a 'C’
synspillum hatchling will acheive in five or six days the size of a °C.” tuba hatchiing on its first
day, This suggests that the benefits of large fry size in °C." tuba must outweigh the costs of
producing large eggs in a relatively short time.

In fishes that provide parental care such as cichlids, minimizing egg-size variation within
clutches may be advantageous. If larger fTy have also reached a more advanced developmental
stage, a clutch containing a range of sizes, and therefore developmental stages, will be difficult
to care for, Inevitably, some fry will not be receiving care appropriate to their stage of
development.

Parental cichlids perform distinct acls that change as the offspring develop. For instance, most
substrate-spawning species fan the eggs. At hatch, many species immediately move the
hatchlings to a pit in the substrate. Once the fry become free-swimming, the fry move about
as a school and the parents guard the school. Ficld observations of some species revea) these
schools roving over several meters, up and down a rver (pers. obs.). Whether the parents
direct the school or if they go where the fry go is not always clear. In either case, if some
eggs were still unhatched when other fry started moving, that would decrease the parents’
abjlities to care for all the fry effectively.
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Introduction

The California grunion Leuresthes tenuis is among the few fish known o spawn terrestrially.
Grunion (Atherinidae) are found along the Pacific coast of southern and Baja California,
principally between Point Conception and Punta Abreojos (Walker, 1952). They lay their egps
on sandy beaches during spring and summer nights shortly following the new and [ull moons,
around the time ol highest high tides (Walker, 1952). The timing is imporiant; at these times in
the lunar cycle the tide is highest on the shore, so the eggs left in the sand will be out of reach of
the waves until the next new or full moon. The adult grunion are deposited on the beach by
surging waves and may remain out of the water for several minutes (Walker, 1952). Female
grunion dig tail-first into the soft sand, and release one thousand to three thousand eggs. One or
more males curl around her and release milt that flows down through the sand 1o fertilize the
egps (Walker, 1952). The fish then caich the next large wave to return (o the sea.

The eggs are initially buried about 4 cm deep in the sand by the female, but the action of the tides
can increase this depth to as much as 15 e (Shepard and LaFond, 1940), protecting the eggs
[rom extremes of temperature, desiccation, and predation (Middaugh et al., 1983). The eggs
undergo rapid development and at 18°C are ready to hatch in about nine days, although some
may hatch in as few as seven days (David, 1939). Nommally, the eggs are triggered to hatch at
the high tide of the next new or full moon, by waves that reach high enough on shore to carry
the eggs out into the ocean {Middaugh et al., 1983; Walker 1952). If, however, the tides do not
rise high enough, the eggs are able to remain viable in the sand for at least two more weeks
(Walker, 1952). Thus the grunion have the ability to delay hatching. Instead of hatching at a
predetermined Ume set by an internal developmental clock, hatching is triggered by an external,
environmental factor, analogous to the situation in some terrestrially spawning frogs (Petranka et
al., 1982},

The delayed hatching period requires the embryo to grow quickly to be ready for haiching at the
next high tide, but at the same time, it must conserve energy to allow survival if it is forced 10
wait longer for a high enough wave to arrive. A similar dilemma is seen in the frog
Pseudaphryne bibroni which lays its eggs terrestrially in areas that are later temporarily flooded
by winter rains (Bradford and Seymour, 1985). In this frog, eggs develop rapidly and
metabolism increases up to the time that hatching is first possible, but if hatching does not oceur,
then the metabolism levels off and remains steady until hatching is triggered. Our hypothesis is
that the prunion eggs will show a similar pattern of metabolic rate increasing during normal
development and stabilizing [or the delayed hatching period. We also examined newly hatched
larvae of different incubation ages for body length, lipid reserve, and state of development. This
is the first study to measure the metabolic rate of grunion eggs during development. Previous
studies have catalogued the normal development of the grunion (David, 1939) and the influences
of light (McHugh, 1954) and temperature (Hubbs, 1965; Ehrlich and Farris, 1971; Reynolds et
al., 1976) on development, but these are the first data on energy requirements of the developing
egg at dilferent embryonic ages.
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Materials and Methods

Individual Leuresthes tenuis were collected by hand (California Fish and Game permit #2826 to
KLM) on the beach in Malibu, California USA in summer of 1995 as they emerged from the
water to spawn. The fish were placed in a bucket of aerated seawater, and within ten minutes
were siripped of eggs or milt. The eggs of each female were combined with the milt of one male
in individuat plastic containers holding small amounts of natural sea water, We allowed fifteen
minutes [or [ertilizatton to occur, then added a small amount of sand to each container to protect
the eggs during transport to the laboratory. Withint two hours after collection, the eggs were
placed at 18°C, a lemperature appropriate for their development (Hubbs, 1965; Ehdich and
Farris, 1971). Afier approximately 12 hours, the eggs were rinsed free of sand and sorted.

On the day following collection, 220 eggs from each clutch were placed in a plazed porcelain
combustion boat (57 x 16 x 10 mm). Small glass beads were added as a sand sumopate (0.5 mL),
1o hold the eggs slightly separate, wick interstitial water, and permit circulation of air. The boats
were covered with cheese cloth and placed above damp sand in an opaque plastic conminer with
holes drilled in the lid. The lid was loosely covered with a damp cloth to maintain a humid
environment. Eggs were examined daily using a dissecting microscope, and any unfertilized
epgs were removed at day 5. Eggs that did not show a beating hean, easily visible after day 3,
were presumed dead and removed daily aller day 5. Eggs were maintained al 18°C except when
being examined under the dissecting microscope. Dilute sea water (20 ppt) was dropped onto the
eggs by pipette when the surrounding glass beads dried out, approximately once or twice a week.

The ceramic boats (n = 10 for day 2, decreasing 1o n = 2 by day 23}, each initially containing 220
eggs, were placed individually in 120 ml! glass syringes. These respirometry syringes were then
filled with room air and sealed with a three-way valve. After 20 minutes, 20 mL of air was
drawn into a sample syringe. This was injected into a baseline dry air stream, passed through
Drierite and Ascarite to remove water and carbon dioxide, then drawn through an 5-3A Ametek
Oxygen Analyzer using a flow rate of 50 ml per minute. The oxygen levels of the samples were
compared to a baseline of dry room air using the Sable Systems Datacan V data acquisition and
analysis program. Oxygen consumption of each egg mass was measured three times each
morming throughout development, daily from days 2 (36 hours) through 23. The respirometry
syringe was left open between mns for five minutes and, before closing, pumped ten times to
insure equilibrium with the room air. Some mortality occurred, probably due to infection. If
mortality reached 15%, in one egg mass, it was removed from the remainder of the experiment.
Data were calculated per egg so that comparisons could be made across days with differing epg
numbers. :

Length and oif droplet size measurements were made on the larvae using a computer digitizing
system, a Macintosh 11si computer with image capture board (Quick Capture, Model DT 2255 -
50 Hz, Data Translation, Rockaway, NJ) with NIH Image 1.41 software (public domain:
National Institute of Health), connected to a digital video camera (Model JE3462RG, Javelin
Electronics) attached to an Olympus dissecting microscope. Larval lenpth was measured from
tip of the snout to the end of the vertebral column, excluding the caudat fin. The roughly
spherical 0il droplets were measured across the longest and shortest visible diameters. These two
measurements were then averaged and velume was determined as if this were the diameter of a
perfect sphere. Oil droplets were also measured in 20 eggs on day 4 (the [irst day on which the
multiple oil droplets of most of the eggs had coalesced into one large drop) and in unhatched
eges.

Results

Rate of oxygen consumption {¥07) increased from day 2 through day 8 of development (ligure
1). The means of daily data points for days 2 through 8 were used to establish a regression line
for VOg (r2 = 0.923). Alday 8, the first day on which hatching was cbserved, VO3 leveled off.
When the means of daily data points were analyzed from days 8 through 23, the slope was not
significantly difTerent from zero (figure 1).

The volume of oil in each egg was estimated by assuming a perfect sphere, and the averape

volume of each group (n=14) of 24 eggs was plotted versus age of the eggs in days ([igure 2).
The linear regression (2 = 0.808) shows a loss of -0.004 pl per day. The x-intercept at day 22
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indicates the point when the egg would be expected to run out of its lipid reserve. The lengths of
the larve (n=15 groups of 24) ranged [rom 6.5 10 7.6 mm, but there is no significant correlation

(r2 =0.035) between these size variations and the day on which hatching occurred.
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Figure 1. Oxygen consumplion during Figure 2. Oil droplet volume during
development and detayed hatching. development and delayed hatching.
Discussion

From the time of fertilization through day 8, the first day halching is possible, metabolic rate of
epps increases steadily (figure 1). After that point, during the delayed haiching period, the
metabolic rate stabilizes ([igure I). Since the melabolic rate remains high, the embryo does not
2o into a slate of metabolic arrest {Hochachka and Guppy, 1987). These results are comparable
to Bradford and Seymour’s (1985) findings with the terrestrial eggs of the frog Pseudophryne
bibroni, that show a steady increase in VO2 until shortly before the time that halching first
becomes possible, then leve] off during the delayed hatching period. :

Along with the slabilizing of the metabolic rate after day 8, the length no longer increases ([igure
2). Grunion embryos reach their [ull length at 108 hours (4.5 days) at 18°C (David, 1939). Once
hatching is possible, there is no correlation between length and duration of incubation. It seems
reasonable to assume Lhat maintenance requriements alone, as one might expect if growth were
no longer occurring, might take less energy than the combination of growth and maintenance
activity that would occur on days 6 through 8. Nevertheless, metabolic rates level off but don't
decrease in the period following day 8 {figure 1). The steady diminution of the lipid droplets of
the eggs throughout development (figure 2) supports the metabolic data, and is another indication
that the developing grunion expend a large amount of energy during the delayed hatching period.

Ehrlich and Farris (1971} observed no gross morphological differences between [arvae that
hatched after differenl limes of incubation. However in this study, when embryos of ages that
difffered by approximately two weeks were hatched on the same day and compared to each other,
internal organ development appeared different. The larvae that spent a longer time incubating
before haiching secmed to be at a more developed state. Because only a small number of larvae
were compared in such a fashion, these results are not conclusive, but they suggest that
development as well as maintenance of existing tissue continues during the delayed hatching
pericd. A similar pattern is seen in the eggs of the frog P. bibroni which compromise between
energy conservation and the advantages of hatching at a more advanced stage of development by
continving to grow slowly during ils delayed hatching period (Bradford and Seymour, 1985,
Seymour et al., 1991). Unlike the grunion, though, P. bibroni continues o increase in body size.
We believe the metabolism of grenion eggs through the periods of normal development and
delayed hatching is similar lo the metabolism during delayed hatching of P. bibroni, and is an
example of convergent evolulion across two classes of vertebrates.
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Ttis interesling to note that, although the eges should run out of lipid reserves around day 22,
some egps do survive and haich afler this point. Eggs in the field may be susceptible to diseases
and predation by birds and mole crabs, seen in abundance at field sites. These lactors, disease
and predation, might warrant the prediction that, in general, the sconer an egg can hatch, the
better. Butif the waves do not come, the grunton have, in a sense, laken out an insurance policy
and can afford to wait several more weeks [or the next set of high tides to arrive.
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Abstract

The evolution of gonad activity in Sparus gurata L., an hermaphrodite species, is dependent on the age
and growth of the fish. In most part of the one year old population sperm reabsortion is followed by
oocyte matration. Dynamics of oocyte development and related sequential cytological events were
followed. The characteristics of the oocyte during the first mefotic prophase are described using
electron microscopy. Ultrastructural madifications of the nucleus and cytoplasm of the oocyte were
found to be linked to the different stages of the secretory activity, and with the transport and
incorporation of vitellogenin by the cocyte. The existence of endoeytic compartments and an highly
specialised cortex allows the intemalisation of vitellogenin. The study indicates that the Sparus mrata
oogenesis like most vertebrates depends on the structural evolution of the organelle connected with the
endocitic activity of the cell. At maturation and cvulation, the oocyte conlains an enormous amount of
reserves stocked as macromolecules, for later utilisation by the embryos.

Introduction

The hermaphrodite protandric species, Sparus aurara L.,a marine teleost spawning pelagic eggs,
presents particular aspects of sex determination and gonad differentiation. The sex reversal
process inhibits the fenility of females, and only older animals are functional females. The
fecundity of females is limited by the evolution of oogonia to cocyte maturation and ovulation.The
morphological changes that occur in the oocyte during the meijotic prophase and the dynamic
aspects of it’s growth, were used to indicate the receptivity of the oocyte to external factors that
can induce final maturation and ovulation. After the reabsorption of the spermatozoa by the Sertoli
and epithelial cells, during the second or third year , part of the population became functionally
female {Zoar et al.1978). In fact only these phenotypic females can synthesise the yolk protein
precursor internalised in the oocyte by receptor-mediated ligants (Goldstein et al.1982). This
gonadotrophic-dependent phase takes place after the structural evolution of the oocyte organelle
during the first meiotic prophase {(Anderson, 1967, Lam, 1982; Bruslé et Bruslé, 1983).

Materials and methods

508 specimens of Sparis aurata were collected in the Algatve, south of Portugal, and in the Obidos
lagons using trammel nets i different months of the year. Age determinations were made by direct
readings of the scales. The fork length {o,5cm) and weight (g) were comelated with age. Specimens
with different ages collected from the wild using trammel nets, and specimens maintained in Jaboratoy
conditions were killed and selected organs were used for histological study. After macroscopic
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observation, the gonads were sectioned into pieces measuring 0,5 cm in diameter these tissues were
prepared for light microscopy, to determine the distribution of male and female germinal tigsues. Small
pieces of the same gonads were (fixed m 3% glutaraldehyde, sodium cacodylate 0,1 M and 0,05 CaCE,
for 3 hours, rinsed in buffer and post-fixed m 1% osmium tetrowade 1h for dehydratation) for electron
microscopy studies. The rissue was embedded in Epon. The thin sections were stained whit uranyl
acetate followed by lead citrate and were examined with a transmission electron microscope.

Results

Physiological state of the oocytes

The nucleolus

In the germinal epithelium of Sparus, oogonia with a compact nucleolus originate mitotically ogeytes at
first meiotic prophase. A basement membrane and rare follicle cells involve the leptoten-pachyten
oocyte. First the nucleus presents a chromosome pairing appearance, the synaptonemal complex. Later
the nucleolus establishes specific relations with the nucleolar organiser region (NOR) (fig.1) .At
diplotene the nucleoius enlarpes, presenting a central fibrilar core and a granular periphery. Multiple
nucleoli, in number of twenty, disconnected from the nuckear envelope are nucleolus with an outer
granular layer and granules dispersed m the nucleoplasma, or associated with nuclear pores are
ohserved. At late dictyate (Fig.2) the oocyte contains a nucleohis that has ceased growing and has
decreased in size. Some spherical nucleoli containing vacuoles remain at the periphery.

Fig.1 Leptoten-Pachitene-oocyte.Nucleolus (N} 2

associated to a synaptonemal complex (Sc),nuclear
organiser region {(NOR} 12000x,
Fig.2 Diploten nucleus shows a ring shape (Nr)
36000x.
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Nucleolus-cytoplasmic interaction

The RNA processing takes place during the migration of the molecules from the site of synthesis,
crosssirg the nuclear envelope and accumulbated in the large number of ribosomes which appear in the
cytoplasm before endocytic accumulation of yolk. Granule fibrilar mass, nucleolus-like bodies (NLB)
were observed in all stages of oogenesis in Sparus (Fig.3).

The cytoplasm. Endocytic activity

The endocytic activity in three to four year old females takes place in the cocyte, after RNA
accumulation. Endoplasmic reticulum vesicles and efongated mitochondria are dispersed in the
cytoplasm, occasionally associated with microfitaments. Golgi stacks are predominantly in 2 peripheric
position near multivesicular bodies (MVB). Lisosoms appear in the cytoplasm. Lipid and cortical alveoli
are claborated. Microvilli originated by protusion of the cocyte oolema in the interfollicilar space and
the microvilli of eells completely surrounds the cocyte (fig.4).

Fig.3 Nugleus(N} granulo fibrilar mass, the
nucleclus-like bodies (NLB) nuclear pore
{Np) 36000x.

Fig.4 {Mv) Microvoilosities.
interfollicular space (Is) 30000x
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The different layers of polyssacarids deposited between the pré existent microvilosities form the zone
pellucid. Microflaments of 6nm are observed in the cytoplasm. Pinocytosis is initiated at clathrin coated
regions of microvilli which pinch off to form coated vesicles (Fig. 5) These vesicles lose their coats and
deliver their contents at endosomes. These transfer the content to the lisosomal compartment, and after
hydrolysis form the yolk spheres (Fig.6).

-5

Fig.5 Coated vesicles (Cv).Microfilaments in the
cytoplasm (Mf),microvilosities{Myv). Zone pellucide
(Zp).40000x

Fig.6Yolk spheres are observed (Y) 16000x

After using HCG stimuli ar 18-20°C the vitellogenesis is completed in a few hours. The full grown
oocyte shows the germinal vesicle excentraly located. The nuclear envelope disruprs afier forming
several infoldings. Following metaphase IT the microvilli are in reabsorption the (7) follicle cells
degenerate and disperse from the zone pellucida. The yolk components are apglutinated and in a
continuous cortex layer. At the oocyte periphery cytoplasmic organelles are lacking, and only (he
cortical alveoli are found (8). After hydration, ovulation occurs, and eggs float in sea water prepared for
fertilisation.
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B

Fig.7 Microvilli Qviv) are reabsorved. Fig.8 Cortical alveoli (Ca) are at the periphery.

Follicle cells degenerate (Fc) 40000x. 16000x
Discussion

After leptotene-pachitene in the oocyte evolution, oceurs specific relations of the nucleolus with the the
NOR that contains the tDNA with transcritional units for the synthesis of 18s and 28s ribosomal RNA
{Goessens,1984). The RNA synthesis and accumulation is possible due to the amplification of the genes
responsible for the rRNA organisation, and it takes place during cocyte growth. The protein synthesis
for posterior embryonic differentiation, depends on the existence of a large number of ribosomes and
RNA transfer (Denis,1977). The RNA 55 produced during the first growth and are 75-80% of the
ribosomic contert of the primary oocyte. During vitellogenesis the oocyte produces mainly RNA 285
(Denis, 1977). The nuclear envelope has the function of compartmentation in space during the different
stages of the oogenesis, and separates transcription of protein synthesis. Associated with spherical
mitochondria, in leptoten-pachytene the NLB has been identified cytoplasmicaly in other species of fish
as ribonuclegprotein with nuclear origin (Toury, et al. 1977, Azevedo, 1984). At diplotene the NLB is
perinuclear, but mitochondria are dispersed in the cytoplasm. The endocytic activity of Sparus aurata
oocyte, depends directly on the structural evolution of the organelle connected with metabolic activity,
and on the differeniiation of the zone pellucida, follicle and theca cells. It depends indirectly on the
synthesis of phospholipoproteins by the liver, and its transport and incorporation into the ococyie.A
functional three to four year old fernale with an asynchronous ovary, presents oocyte maturation
according to a circadian rhythm, The diplotene dictiate in Sparus oocytes has a long duration
(Ramos, 1986).The one to two year old fish do not enter into vitellogenesis, at least the accellular layers
of zone pelfucida are not deposited, and probably the follicule cells do not yet synthesise the oestrogen
necessary for stimufation of the liver to produce the yolk protein precursor (Aida et al 1973). The
oocyte morpholoy of older fish shows an hiphly specialised cortex and the existence of endocytic
compartments which at this stage, allows that the vitellogenin to be taken in large amounts (Routh et
Porter 1962;Goldstein et al,1982; Mabilot,1984; Selman et Wallace 1982) passing through the
interceliular space of the follicular epithelium (Abraham et al. 1981). The present study indicates that
the Sparus aurata cogenesis, like the most @ other oviparous vertebrates depends on the structural
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evolution of the organelle cormected with the auxocitosis and with the endocitosis of the cell, At
maturation and ovulation, the oocyte contains an enommous amount of reserves socked as
macromolecules, for later utilisation by the embryos.
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ABSTRACT

Laboratory expeniments were conducted with gestating adult yellowtail rockfish and field surveys
done of femates in late vitellogenesis and gestalion to determine the rate of embryonic and larval
development, to examine the different measures of egg quality, and 1o determine the rate of
endogencus energy utilization and tissue assimilation. Embryogenesis and larval development
followed a predictable sequence and showed rapid development with hatching oceurring in 23d and
parturition in 29d. Eggs varied in dry weight and energy content with lipid concentrations most
directly contributing to the amount of energy per egg. The endogenous energy of yolk and oil
globule declined rapidly throughout gestation resulting in limited yolk and oil reserves al parturition.
Findings of this research will serve to allow estimation of stock biomass and will contribute to the
understanding of the underlying factors that contribute to recruitment variation,

INTRODUCTION

A unique trait common to all Sebastes species is their live-bearing reproductive strategy which can
be classified as ovoviviparous or viviparous (Wourms, 1991). It is important to know the 1ime
course and sequence of embryonic and larval development to enable fishery researchers and
managets to estimate adult rockfish biomass by means of the larval production method (Lo et al,
1992). Further, early life stage physiological condition and nutritional and energetic states may
play important roles in determining the success or failure of yearclasses, an often cited argument
presented to explain recruitment variability (Houde, 1987). A study of a ten year trawl and diving
survey of pelagic and newly settled juvenile yellowtail rockfish concluded that population
regulation is based on dynamics that influence larval growth and survival (Ralston and Howard,
1995). To address the applied needs for population assessment and to better understand factors
effecting early life stage growth and survival a combined field and laboratory study was conducted
on yellowtail rockfish {S. flavidus) from waters off northern California.

The yellowtail rockfish is a semipelagie, viviparous species that is commereiatly important through
most of its range along the Pacific coast of the United States. Reproductive biology of this species
has been the focus of research for approximately the last ten years. The annual reproductive cycle
and variability in reproduciive effort of the yellowtail rockfish have recently been established
(Eldridge et al., 1991, Eldridge and Jarvis, 1995)., Maternal nutritional dynamics and their
relationship to reproduction and gonadal condition were described and analyzed by Norton and

131



MacFarlane (1994). Reproduetion of this species, and most likely other rockfishes, has been found
to be spatially and temporally variable, in both quantitative and qualitative measures, and it is closely
related to environmental conditions and 1o reproductive success.

Previous ontogenetic studies of early life stages of Sebastes species are limited. Only Yamada and
Kusakari (1991) provide descriptions from controlled experimental conditions using the 8. schilegeli
of Japan as a model. Information of different aspects of embryonic and larval rockfish energetics
was reported in studies by Boehlert et al.(1986) and Boehlen and Yoklavich (1984).

The research design of this study combines results from field surveys of adult yellowtail rockfish
collected by hook-and-line off northern California with those from laboratory experiments of
spawning adults held in captivity. The objectives of this research were to a) describe the time-course
and sequence of embryonic and larval development during gestation in the yellowtail rockfish, and
b) 10 examine measures of egg quality, in pimarily nutritional and energetic terms, and to determine
how endogenous energy stores are utilized during early life slage development.

MATERIALS AND METHODS

For the early life stage sidy, 21 fertilized female yetlowtail rockfish were collected from 1990 -
1993 by hook-and-line from Cordel! Bank, approximately 37 km off the California coast, and
transported Live to the University of California Bodega Marine Laboratory. Fish were maintained
in 2000 L eircular tanks at ambient light and water conditions for the duralion of the study.
Temperatures averaged 11.96 degrees Centigrade (SD = 0.88°C) and sahinities averaged 32.31 ppt
(SD = 0.78 ppt). The average size of the gestating females was 37.8 cm SL (SD = 3.8 cm). At three
day intervals throughout the study, which lasted from December through March of each year, fish
were anesthetized and a catheter inserted through the urogenital papilla and into the ovary to obtain
samples of developing oocytes. Each sample was examined fresh by microscope afier removal from
the host, and the developing embryo or larva assigned a developmental stage according to the
developmental series established by Yamada and Kusakari (1991). This scheme ranges from 1
(unfertilized oocyte) to 33 (larva at parturition).

A corresponding field study was also conducted with adult yellowtail rockfish from 1986 to 1991.
From a total collection of 715 adult females taken from Cordell Bank for reproduction studies, 108
fish were found to have fertilized eggs. This latter group was selected for detailed examination of
gonadal tissue and the developing embryos and larvae. The adults ranged in standard length from
29 10 46 cm and total weight from 673 o 2083 g. The ovary of each fish was assigned a
macrospeopic numerical gonadal stage. The values of this five stage scheme is as follows: 1 =
immature, 2 = vitellogenic eggs, 3 = fenilized eggs. 4 = spent or ovaries with recent parturition, and
5 =resting and/or recovering). In this paper, eggs from stages 2 and 3 will be used. Within (hese
stages fractional division from 0.1 to 0.9 was assigned which represented the progressive stage of
development within either vitellogenesis or embryogenesis. From ecach female, samples of the eggs
were staged and preserved in 10% buffered formaldehyde, or frozen at -70°C. Eggs were later
removed for dry weight determinations (triplicate samples of 20 eggs each, weighed to the nearest
0.0001g). Caleric content was determined by bomb calorimetry in a adiabatic bomb calorimeter.
Total lipids were quantified by automated thin layer chromatography/flame ionization detection after
chloroform-methanol biphasic extraction. Total prolein content was determined by the Lowry
method (Lowry et al., 1951} with bovine serum albumin as a standard.

Three gestating females from the experimental group were selected for a study of early life stage
energy utilization because they provided samples of eggs ranging from |ate vitellogenesis, prior to
fertilization, through embryogenesis, hatching, and larval release. Formaldehyde fixed specimens
at each sampled stage of developtnent were dissected inlo chorion, yolk, and tissue portions, dried
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at 100°C for 24 hours, and weighed in triplicates of 20 specimens to the near 0.0001 g. Estimates
of the oil globule weight were obtained by subtraction of the combined yolk, tissue, and chorion
weights from the total egg weight.

Data from this study were organized into EXCEL spreadsheets, and analyzed for curve-fits and
statistical significance by Tablecurve and SYSTAT software.

RESULTS AND DISCUSSION

Embryonic and Larval Development - Of the 21 adult fish successfully held and sampled in the
laberatory, 8 provided specimens that spanned from late vilellogenic, unfertilized ova to parturition.
The thirteen remaining fish produced specimens that ranged in beginning stages from morula stage
to embryos with optic cups and otoliths and extending on to parturition. The developmental
sequence foilowed those of Yamada and Kusakari (1991) and Sanchez and Acha (1988), but the rate
of development and the times to halch and parturition were much more rapid (Table 1). The
important developmental periods for field applications in stock assessment can be derived from
Figure | which has a best predictive equation of Y = (28.6133 - 0.255935X3), = 94. The time
from fertilization to larval release averaged 29.2 d, with a 5d range, most likely due lo temperature
variation. In contrast, the equivalent time for a much larger S. schlegali larva of Japan was 48 d.

Developmental Stage and Gonadal Traits - Field surveys of adult yellowtail rockfish during
gestation showed that ovary size did not significantly increase in relative proportion throughout
gestation (r* = .09, N.§.; Figure 2). We conclude that embryos did not demonstrate significant
weight increase during gestation despite the fact that MacFarlane and Bowers (1995) did find limited
matrotrophic contribution to embryonic and larval nutrition. Gonosomatic indices showed wide
variation during gestation, which is probably attributable to the different ages and sizes of the host
females.

Egg Quality - Qualitative measures of egg quality varied preatly among field caught females with
late vitellogenic and/or early embryogenic eggs (Table 2). Eggs varied significantly in size (P <
0.01) and in calories/egg. Since no differences were found in the caloric content per unit weight
among the eggs tested, the observed differences in the energy contents of the eggs was due to weight
differences. Variation in egg size within species is common among a variety of fish species and has
been found to relate to beth inherent and environmental factors (Wootton, 1979). Lipids comprise
the most energy rich nutrient source for development and Figure 3 demonstrates how energy content
of the eggs was directly and positively correlated with the measured lipid content in the ovary (if =
A46). When the energy content of the egg was analyzed over the course of vitellogenesis and
gestation, we found an increase in energy during the period of yolk deposition, prior to fertilization,
and a corresponding decrease from fertilization to larval release. This pattern is in agreement with
findings of Norton and MacFarlane (1994) for the vitellogenic period and with MarFarlane and
Norton (1996} during gestation, both studies using analytical chemical methods.
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Table 1. Sequence, time course, and cormesponding stages of embryonic and larval development of
vellowtail rockfish.

Developmental Stage Yamada/Kusakari Days Post - Fertilization
Stage

Newly fertilized oocyte 1 0
Germ disc formation 2 |
Early cell cleavage 3-8 i
Morula 9 3
Blastula 10-11 !
Epiboly 12 1
Gastrula 13-14 5
Embryonic shietd 15 1
Headfold formation 16 7
Optic vesicle 17 1
Somite formation 18 ]
Optic cups/auditory vesicle 19-22 11
Otolith formation 23 1
Retina pigmentation 24-25 18
Blood circulation/mouth and

anus open 26-29 21
Yolk depletion 30 l
Hatching 31-32 23
Yolk and oil globuie depletion 32 L
Parturition 33 29
Developmental Period Mean sD Range

(days)

Fenilization to hatching 23.0 1.3 2125
Hatching to parturition 6.2 1.8 4-10
Fertilization to parturition 292 2.4 27-33

Early Life Stage Conversion Efficiency - Gravimetric analyses of endogenous energy utilization
(i.e. yolk and il globul€) in embryos and larvae during gestation showed steep linear declines in
yolk reserves and gradual declines in oil globule reserves from fertilization to parturition (Figure 5).
At the same time, an exponential increase in tissue assimilation was found with the most rapid
increase occurring after approximately 14 days post-fertilization. At hatching (i.e. day 23) 40% of
the yolk reserves and 26% of the oil globule remained. Overall conversion efficiency by weight
from fertilization to parturition was 54%. This compares favorably with the chemical analytical
approach used by MacFarlane and Norton {1996) in yellowtail rockfish and with reviews of other
fish species during their endogenous feeding periods { 40-70%; Blaxter, 1969).

By parturition lime when larvae have been incubated for approximalely 6 days, only 14% of the
original yolk mass remains and 8% of the oil globule remains. These limited reserves indicate that
newly released larvae must quickly convert to exogenous food resources for survival. This further
supports the Ralston and Howard (1995} finding that dynamic factors influencing the early larval
stage, soon after parturition, comprise the most critical time for determining year-class size.
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Table 2. Measurements of egg quality in yellowtail rockfish.

Variable Mean Sk Range
Egg dry weight (mg) 03766 02132 .0012-.08500
Calories/g 6,465 259 5,607-6,890
Calories/egg 0.252 0.134 0.020-0.541
Ovary lipid (mg/g) 128.2 41.0 37.7-2359
Ovary protein {mg/g} 2102 60.5 73.8-333.0

The findings of this study provide a basis for estimating the time to larval release, essential for
estimating stock biomass, and applicable to other Sebastes species. Yariation in egg size and quality
and the pattern of endogencus energy utilization leading up to the time of larval release all factor into
the delermination of suecessful recruitment.
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Abstract

The principal diagnostic features of the embryonic and larval stages were obtained by induction of
spawning of two common species of great importance in Egypt i.e. Oreochromis niloticus &
Oreochromis aureus. The well developed embryonic vascular system has attracted the attention
to its relevance to the respiratory function,

The resulting hybrd has in its developmental stages, some characteristics that are haif way
between those of the two pure parent strains and some very similar at a corresponding stage of
development.

Introduction

The genus Tilapia to which Oreochromis species is belonging to is characterized by its tolerance
to different environmental conditions beside their hardness, ease of breeding, diversified habitats
and fast growth.

Since this species has become popular in aquaculture around the world, more detailed information
is needed about its embryological stages and development. Their sensitivity and adaptability to
adverse conditions of low oxygen concentration - caused by pollutants with organic matter -

should be studied.

The hybrid in Egyptian lakes dominates the total catches of fish, an investigation is needed to
know to which extent it deviates away from the pure parental species,

Materials & methods

The fish were transferred prior to spawning to fiber glass tanks containing 0.4m° water for each
group of + 12 individuals of sizes ranging between 12-19 cm. at a water temperature between 22-
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27° C. The ratio between males & females was 1:3. The expeniments were done for each pure
species independently as well as for the hybrid.

Induced spawning

Both Sexes were induced for spawning by injection using human chorionic gonadatrophin
(H.C.G) intramuscularly.

Antificial insemination method was also applied using H.C.G hormonal injection or without it.
This has been done by mixing the mature and ripe ova evacuated by stripping the fish belly
towards the genital vent and adding the milt ofthe male directly and allow it to fertilize.

Incubation and handling of eggs and larvae:

The fertilized eggs were either left to the mother brooder to incubate it naturally (orally) or
artificially using a suitable device to make the conditions as similar as the natural environment as
possible.

Some egps (3-5) are taken at intervals from the time of fertilization till hatching and then till
complete absorption of yolk to study the successive stages of embryonic and larval development.

Results & discussion

The aim of using H.C.G. is to accelerate the oocyte maturation and the ovulation in both species.
The response to the hormone treatment depends on the degree of matunty; some fish responded
after £ 10 hours post injection while part of the rest responded after the second injection and the
others did not respond at all.

Attention has been paid o the principal diagnostic features of the embryonic and larval stages.
This includes division of blastomeres and formation of blastoderm, the expansion of blastoderm
over the yolk sphere {epiboly), development of central nervous system, pigmentation, formation
of somites and their number, optic and otic development, heart development and blood circulation
(plates 1& II). Complete information on those measures and values at the time of hatching and at
24 hours after hatching are shown in the table 1.

Measures at the time of hatching

Measurcment O. qureus O. nrleticus Hybrid
Age al hatching 36 hours 80 hours 76 hours
Temperature 27°C-29°C 28°C 29°C
Completion of_hatching 97 hours 95 hours 88h +- 2h.
Total length 4.6-4.8 mm 4.36 mm 4,7-5.0 mm
No. of segments in the unk region 19 17-19 18
No. of segments in the 1ail region 14 12-13 13
Height of the head 0.8 mm 0.62 mm 0.4% mm
Inter orbitzl 0.4x0.4 mm 0.62 mm 049 mm
Distance between eye margin and | 0,25 015 0.38
auditory capsule
Egg yolk diameter 2.1x23 24=24 2.6x23

Measures at 24 hours from batching
Body length 5.8 mm 5.9 mm 5.45 mm
No. of segments in the trunk region 15 17-19 19
No. of segments in the tail region 14 12-13 14
Height of the head 1.] mm 085 mm
Inter orbital 045 mm 0.5 mm 0.45x0.4
Distance  behween cye margin and { 0.2 mm 0,26 mm 0.15 mm
auditory capsule
Egg yolk diameter 1.721.9 15 2.35x2 65

Bble 1. Measurements iaken [or the pure species and the hybrd at two dillerent siages.
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Embryonic blood vessels and their respiratory function

The erythrocytes appears and develops very early in the embryonic stages i.e. about 38 hours
before hatching stage (plate II) and continues till hatching stage (plate IIT).

The embryonic respiratory blood vessels reaches its peak of development during the first day after
hatching (age 104 hours £ 4 hours) for both pure species. In the head region blood passes in the
mandibular vessel while in the trunk and tail it passes in the dorsal aorta, caudal artery and caudal
vein. The subintestinal vein is branching to collect in the subintestinal vitelline vein that surrounds
the yolk sac with a network of blood vessels that cover the entire surface of the yolk sac (plates
I & IV). In this respect we may notify that the developed embryonic vascular system is thought
to be a way of adaptation that suits the condition of low oxygen concentration. The species under
investigation can survive in habitats of poorly oxygenated areas; hence the nature and
development of the embryonic respiratory vessels in Qreochromis spp. are correlated with low
oxXygen conceniration.

Some Results on the Hybrid:

The offspring resulling from crossing 0. aureus (female) and O. niloticus (male) have in its
embryonic and larval stages some characleristics half way between those of the two parents and
some are very similar to those of the parent species. One of the most frequently used
characteristics is the duration of the embryonic developmental period starting from the time of
fertilization il the hatching stage. The resulting hybrid hatch between 76 - 88 hours from
fertilization, while for Q. aureus and O. niloficus was 86 - 97 hours and 80 - 96 hours
respectively under the same laboratory conditions of temperature and incubation.

The length of the resulting hybrid embryo; at the time of hatching was 4.7 - 5.0 mm. when the
yolk sac dimensions were 2.6 x 2.8 mm. For the pure breeding of O. aureds the length was 4.6
- 4.8 mm, when the yolk sac was 2.1 x 2,3 mm., and 4.54.7 mm. for Q. niloficus when its yolk
sac was 2.4 = 2.4 mm in diameter. This indicates that the length of the embryo during
development depends mainly on the yolk sac dimensions. In this respect, the length of the embryo
is relative to the yolk sac dimensions and show that some parental factors (the female gamete)
was influencing its rate of growth. This agrees with Peter’s observation (1963) that the overall
size of the larva, and hence the head lenpth, depends on the original size of the fertilized egp and
its quantity of yolk. This in turm depends upon the size of the mother fish. This fact was also
emphasized by Nussbaum & Chervinsky (1968) on their study on artificial incubation of Tilapia
nifofica. This cbservation shows that the intermediary is not a basic characteristic for the hybrid
but is biased to the maternal gamete supported by the investigations of Ross and Cavender
(1981); Barret (1983); Leary et al., (1985). These authors had pointed out that not all characters
necessarily show such pattern of morphometric and meristic intermediary. They added that the
intermediary hypothesis presupposes a genetic mechanism involving blending inheritance; given
the probable operation of other genetic systems (e.g., dominance, epistasis; etc.). Occurrences of
non- intermediary in at least some characters should not be surprising (Jeffrey et al, 1986).

More studies are needed to know the rate of growth in the post farval stages and fingerlings of the
hybrid in comparable to the pure breed species and to clarify to what extent is the hybrid can
tolerate the adverse conditions and its adaptability with different conditions.
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List of abbreviations in the plates

AuC Auditory Capsule
AuP Auditory pit

B Brain

BA Branchial Artery
CA Caudal Artery
CD Cuvierian Duct
Ccv Caudal Vein

DA Dorsal Aorta

E Eye

EM Egg Membrane
H Heart

I Instestine

M Myotomes

P Pigments

Siv Sub-intestinal Vein
vV Vitelline Vein
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Plate 1, Early stages of Orechromis niloticies

A- Germinal disc stage B- Two-cell stage
C- Four-blastomere stage D- Morula stage
E- End of gastrulation F- Begining of Organogenesis

G- 27 hours from fertilization
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Plate II. Early stages of Orechromis niloticus
A~ Age 36 hours from fertilization

B- Age 50 hours from fertilization
E- Age 68 hours from fentilization

146



Plate III. Early stages of Orechromis niloticus

A- Newly hatched embryo
B- During the first day after hatching
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Plate IV. Early stages of Orechromis niloticus

A- About one day after hatching (age 110
hours from fertilization).

B-Age 138 hours from fertilization.
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Abstract

In situ and in vive microcinematography show how walleye (Stizostedion vitreum) and striped bass
(Morone saxatilis) larvae penetrate the air-water interface and use muscular contractions to place
abdominai microbubbles into the pnevmatic duct. These observations sepport putative evidence
of physostomous gas bladder inflation in larval physoclistous species.

Introduction

Physostomous gas bladder inflation (GBI) physiology involves ingestion of air from the water
surface and passage of the air through a pneumatic duct into the gas bladder. This mechanism
represents the earliest evolution of the gas bladder from the lung and it is found only in more
ancestral bony fishes such as saimonids, cyprinids, and catfishes. Physoclistous GBI physiology
allows fishes to remove dissolved gases from the blood with a refe mirablile to inflate the gas
bladder. This mechanism, found in the more derived fishes such as the percomorphs, allows fishes
to regulate the volume of gas in the gas bladder without access to air from the water surface.

There is evidence of physostomous physiology in the larval stages of seme fish species which are
physoclistic at adults. Histological studies have identified the presence of a pneumatic duct in the
larvae of several physoclistous percomorphs including sunfishes (Lepomis cyanellus and L
macrochirus), striped bass (Morone saxatilis), and walleye (Stizostedion vitreuni) (Duwe, 1955;
Doroshov et al., 1987, Marty et al., 1996). But whether or not this anatomical feature is a true
ontogenetic recapitulation of phylogeny or a rudimentary structure has not been fully demonstrated.
Denial of surface access during the larval period has been shown to preclude GBI development in
walleye (Kindschi and MacConnell, 1989} and striped bass (Chapman et al., 1988), as well as other
physoclists including the stickleback (Gasrerosteus aculeatus) (von Ledebur, 1928, cited by Tait,
1960) and the bream (Sparus auratus) (Chatain and Ounais-Guschemann, 1950). Larvae of some
more derived percomorphs including Hemichromis bimaculata and Tilapia mossambica (Cichlidae)
have, however, been found to lack a pnevmatic duct during the larval phase and to inflate their gas
bladders without surface access (McEwen, 1940; Doroshov and Comacchia, 1979).

It seems that if initial larval inflation does not occur in those species with a presumed physostomous
larval phase, then the gas bladder degenerates, and those individuals lack hydrostatic balance. Fish
without inflated gas bladders have been shown to have decreased growth and survival (Chatain,
1987), increased spinal deformities (Kitajima et al., 1994), and are unusable for stocking purposes
(Kindschi and Barrows, 1993). Problems with GBI development resulting from poor larval
performance has been an obstacle to larviculiure of many species including the sea bass (Macquaria
novemaculeata) (Battaglene and Talbot, 1990), bream (Chatain and Qunais-Guschemann, 1990),
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striped bass (Doroshov et al., 1987), and walleye (Colesante et al,, 1986). Techniques studied to
improve larval GBI in these species include tank design, lighting, feeding technique, hormonal
therapy, pH manipulation, water inflow methed, salinity, and aeration, blowers or oxygens
supersaturation (Cornacchia and Colt, 1984; Barrows et al., 1988; Brown et al., 1988; Chatain and
Ounzais-Guschemann, 1989; Bushman, 1992; Bamows et al., 1993; Moore et al., 1994). Thoese
techniques that have seemed to enhance access through the surface-water interface have been the
most successful in improved GBI performance (Chatain and Ounais-Guschemanr, 1990;
Summerfelt, 1991; Moore et al., 1994).

Histological studies of gas bladder anatomy and empirical studies of environmental influences on
GBI have provided substantial indirect evidence of the occurrence and importance of physostomous
GBI in physoclistous fish larvae. However, no verified observations of the larvae gulping air from
the water surface, nor subsequently observed passage of air bubbles through a pneumatic duct into
the gas bladder have been reported. What I offer here are recorded visual observations that larval
walleye and striped bass penetrate the air-water interface, have air bubbles in the gut cavity during
the initial GBI phase, and pass small bubbles from the gut cavity through the pneumnatic duct. These
observations were not the direct focus of any particular study, but were incidental to various studies
of striped bass and walleye larvae for other purposes.

Methods and Materials

Observations were conducted during several years of studying larval striped bass and walleye in
laboratory culture environments. Empirical studies of striped bass larvae at Aquatic Systems, Inc.
in San Diego were conducted with a National Science Foundation research grant. Striped bass
larvae were reared in 1,000-liter and 20-liter tanks in recirculating water culture systems. During
this study, hundreds of thousands of striped bass larvae were reared in various conditions including
using varying amounts of aeration, salinity gradients, and with different larval feeds. Thousands
of larvae were anesthetized with Finquil (tricaine methane sulfonate) and examined through a
dissecting scope to record gas bladder development, growth, and feeding performance, as well as
any obvious anatomical abnormalities.

When air bubbles were first noticed in the guts of some of the striped bass specimens, it was
perceived as an anomaly, perhaps related to slight gas supersaturation or conditions specific to the
rearing environment. Further studies continued to reveal the presence of specimens with these ‘gut
bubbles’ from various rearing conditions. It was then realized that these gut bubbles were perhaps
part of the physostomous process hypothesized as a possible mechanism of initial GBI in striped
bass by Doroshov et al. (1987). Direct evidence of the actual ingestion of air by striped bass larvae
had, however, not been reported. We therefore affixed photographic equipment to the dissecting
scope to record examples of gut bubbles in further observations. The occurrence of gut bubbles was
also recorded and numerically related to rearing conditions, The results of those studies, including
numerous examples of gut bubbles, are provided in an unpublished administrative report to the
National Science Foundation.

Following the striped bass studies in San Diego, I conducted research at Towa State University with
high resolution microcinematography to obtain in siru observations of larval walleye. A larval
culture laboratory was constructed specifically to enhance microcinemagraphic observations while
conducting various studies of the influences of culture environments on larval walleye behavior and
development. Cinematograpy equipment included a Sony CCD color video camera equipped with
a high magnification zoom microscopic lens. Observations were recorded with a Sony Beta VCR
which provides high resolution recording with various replay options to enhance observations an
analyses of recorded information. A Zeiss SEM-(IBAS; 16 bit) image analysis system was used to
produce photographic prints from selected video frames to represent descriptive aspects of larval
activities. Slow motion, reverse, digital time display, and stop motion capabilities of the VCR
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allowed the activities of each larvae in each aguaria to be analyzed from sample observations.
Groups of 50 to 150 larvae were reared and observed in 3-liter aquaria for observations of larger
populations. Groups of 10 to 20 larvae were occasionally removed from the larger aquaria and
observed in 100-ml aquaria designed for high magnification microcinematography; and also
occasionally, small numbers of larvae were removed from the rearing containers, anesthetized with
Finquil, and in vivae observations were conducted through a dissecting scope.

Results and Discussion

Observations of striped bass larvae provided
Rumerous in vive micrographic and video
recordings showing air bubbles in various
positions and locations within the abdominal
cavity. Although most specimens only
contained one or few gut bubbles, many
specimens had numerous bubbles (Figure 1).
Although gut bubbles were generally
observed in less than 5 percent of specimens
examined, they were only observed during
the pericd of development when initial GBI JUREEN I
was occurring in the populations ( L.e., from . o X
day-5 to day-10 postharch) and were g.%sui:nlfa Qot{;?ﬁ-&gb?;st&ﬁ,é?ﬁ
observed at higher rates of occurrence in The gas bladder (arrow) is inflated,

studies with higher GBI rates.

Doroshov et al. (1987) had shown the location of the pneumatic duct of larval striped bass to be
anterior to the gas bladder, and positioned to transfer air from the gut lumen to an opening at an
anterior-dorsal location on the gas bladder. The diameter of the pneumatic duct, however, seemed
to be less than 20 pm, and most of the gut bubbles observed with lower magnification were larger
than 100 pm. Scrutiny of some of the larvae at higher magnifications, however, revealed the
presence of very small air bubbles alongside the larger bubbles in the larvae's guts (Figure 2).

The smallest bubbles seen in this higher
magnification micrograph of the specimen
shown in Figure 1 are approximately 15 pm
in diameter. OF particular inlerest is the
presence of at least two, or three,
microbubbles that seem to be within the
poeumatic duct; the position of those
bubbles occur exactly within the alignment
of the pnesmatic duct as shown in Doroshovy - -
et al, (1987) and the more obscured - R A ) §
appearance of those bubbles also indicates Figure 2. The same larva shown in Figurel
that they may be within tissues of greater showing, at higher magnification, details of
density than those seen in the gut lumen. air bubbles near the gas bladder.

The presence of these 15 pm microbubbles seems to indicate that the larval gut contained a
surfactant. Small bubbles are unstable because they contract due to surface tension, or dissolve due
to diffusion of gasses out of the bubble. Surfactants overcome this instability by reducing surface
tersion to allow formation and retention of varions sized contignous bubbles as we observed in the
guts of the striped bass larvae. A surfactant may be provided in the larval striped bass to allow the
microbubbles to form and maintain their size for transport through the 20 um diameter pneumatic
duct. This surfactant could be derived from larval bile or pancreatic secretions.
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With visual evidence that gut bubbles were small enough to enter, and were seemingly present
within, the pneumatic duct, our observations focused on what force was used to move the bubbles
into and through the duct into a gas bladder. Finge (1976) reported that gulped air is forced
through the pneumatic duct in physostomes by a buccal force mechanism. Microcinematography
of striped bass larvae provided insights into how microbubble may be forced into, and transporied,
through the pneumatic duct into the gas bladder.

In many of the specirnens, we observed retrograde
abdominal contractions occurring which moved the gut
bubbles around within the gut, often squeezing the
bubbles into elongated shapes, and often pushing the
bubbies against the ventral edge of the gas bladder and,
not only continually passed the bubbles along and against
where the pneumatic duct would seem to open into the
abdominal lumen, but also pushing with sufficient ir force
to deform the gas bladder shape, and move air bubbles
already existing within the gas bladder (Figure 3). In this
sequence of photographs, shown in order of occurrence
from top to bottom, the large gut bubble is moved from a
posterior position, behind the inflated gas bladder, into a
position just below the anterior end of the gas bladder. As
the retrograde movement occurs, the air bubble located

within the gas bladder moves from an anterior to a more r;gﬁ.“’ Siqm ﬁ%ﬁ?ﬂ;p?utﬁegbﬂ
posterior position in response to the pressure of the put  movement in a striped bass larva.
bubble against the gas bladder.

Although it is possible that microbubbles, when present, could be forced into the pneumatic duct
by buccal pressures alone, we hypothesized that the retrograde gut bubble movements against the
ventral edge of the gas bladder could be creating differences in internal gas bladder pressure much
like in the operation of bellows. That is, as the abdominal contractions pushed a larger bubble
against the gas bladder, any fluid in the gas bladder might be expelled into the abdominal cavity
thraugh the pneumatic duct. As the large bubble then moves further and the pressure against the
gas bladder is removed, the reformation of the gas bladder’s original shape would create a lowered
pressure within the gas bladder lumen and cause a reverse flow of fluid through the preumatic duct.
If, under this scenario, microbubbles were present against the opening of the pneumatic duct, these
microbubbles would enter the pneumatic duct when the suction coincided with this placement. If
the pneumatic duct contained any mechanism for one-way passage of bubbles (e.g., cilia or ridges)
then the bubbles would pass through the duct and into the gas bladder as the bellows effect
continued. o

The anatomy of the developing larvae seems
to assist in placement of gut bubbles against
the ventral edge of the developing gas §
bladder. As seen in Figures 1 and 3, there is
a fortuitous ‘saddle-shaped’ depression in
the dorsal region of the oil globule in a
larval striped bass. This saddle begins to
form almost simultaneonsly to the expansion
of the developing gas bladder (Figure 4},
this micrograph shows the gas bladderinan =" - : :
early stage of dilation in a 4-day posthatch M.lCl'D ph of the rmddle portion Dfa
specimen with a ‘saddle-shaped’ depression 4-day post.hatcE“a bass showing the

; ; it i . uninflated, but dllated gas bladder (arrow) just
forming directly below it in the oil globule. above a addle” in the ol globule,
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The observations of gut bubbles in striped bass larvae provided strong evidence of air gulping to
perform physosiomous GBI in a larval physoclist. Previous observations had indicated thart the air
was ingested at the air-water interface (Kindschi and MacConnell, 1989; Chapman et al., 1988),
There were, however, no reports of actual observations that the surface tension was penetrated by
a larval fish, Microcinemagraphic observations of larval walleye showed the larvae bouncing off
the underside of the surface tension as if it were as solid as the aquaria sides. As Usinger (1956)
stated, in reference to aquatic insects, ‘to an organism of small size, this air-water interface can be
an impenetrable barrier, a surface on which to rest, or a ceiling from which to hang suspended.’
During review of hundreds of hours of cinematography of walleye larvae, the larvae were almost
always seen ‘bouncing’ off, or in many instances, as Usinger noted, ‘hanging suspended’ from the
underside of the surface tension.

During my striped bass and earlier walleye
studies, I had noted that most often the
walleye larvae were positioned against the
tank edge. The microcinemagraphic view of
larval walleye against the tank edge at the
water surface showed that the larvae’s heads o S
fit fully into the meniscus of the water-edge - - ~L

interface (Figure 5). The point of contact of '

the larvae with the air-water interface is not

with the snout, where the swimming force

would be directed, but with the muchal gy o 5 Mierograph from a video of a 12-
region. From this position, it seemed very mm, S-day posthatch walleye larva in the
difficult for the larvae to penetrate the meniscus {arrow) of an aquana.

surface tension barrier.

In the earliest studies, the focus of cinematography had been mostly at the tank edge water surface
position because this was the location of most of the larvae and thus seemed to provide the best
potential view of a larvae penetrating the surface to gulp air. But after examining the relationship
of the meniscus to the larvae as shown above (Figure 5) it seemed that the penetration may be more
likely when larvae were not against the tank edge. This realization changed the study focus.

Previous studies had associated illumination and tank color with improved performance of fish
larvae. Nickum (1978) reported that walleye fry were so attracted to the sides of light-colored tanks
that they ignored all forms of feed, whereas fry in dark-colored tanks were more evenly distributed
and fed better. Ostrowski {1989) found that overall survival of dolphin (Hippurus coyphaena)
averaged 50% in black tanks and 25% in uncolored (tan) tanks. Malison and Held {(1991) reported
that using internal tank lighting improved habituation of yellow perch (Perca flavascens) to
prepared feed. None of these authors evaluated GBI although they all suggested better feeding
resulted from either improved distribution or visual factors. Following review of these reports and
the observations noted above on larval walleye behavior at the water surface as related to their
ability to perform surface tension penetration for physostomous GBI, I began to study the effects
of illumination on farval behavior.

Bristow and Summerfelt, 1994 showed that turbid water, induced with the addition of clay to the
culture water, significantly improved growth and GBI performance in larval walleye culture.
Simultaneous to that study, I investigated the effects of turbity on larval walleye behavior and found
that turbidity altered the behavior of larval walleye in the rearing container (Rigger, 1995). In turbid
water, compazed to clear water, the larvae were less ‘edge oriented.” This effect was attributed to
the larvae’s phototactic attraction to the source of light, which in clear water is the reflection of
incoming light from the tank edge, even if the tank is painted black; whereas, in turbid water,
reflective scattering of the incoming light precludes light reflection from the tank edge and brightens

153



the water column and eliminated attraction of the larvae to the tank edge. This effect caused
significant changes in larval performance; they swim faster, feed earlier and GBI was nearly 100
percent, compared to about 50 percent in comparable clear water conditions.

Following the use of turbidity in the
cinematography culture system, specimens
were more easily observed away from the tank
edge.  Microcinematography  eventually
recorded a larva that seemed to exhibit a
blurred movement unlike a ‘bounce’ off the
surface tension. Replay of this event in slow
motion confirmed that the larva had
accomplished surface tension penetration. This
discovery was not made until the sequence was
viewed in slow motion (i.e., % actual speed)
This cinematography contained the only -
example of surface penetration recorded, but
frame by frame analysis demonstrates the event
very clearly (Figure 6).

The sequence of frames presented here show
the larva as it prepares to penetrate the surface
tension (A), as it pushes against the surface
tension barrier (B), as it penetrates the barrier
(C), and following penetration (D).  The -
reflection of the larva from the underside of the
surface tension is clear in frame A. A rapid
motion of the caudal region, seen in the still
micrograph as a blurred shadow, demonstrates
the force the larva is exerting to achieve
penetration (frames B & C). The clarity of the
caudal region in segment D indicates that once
penetrated, the surface tension suspends the :--
larva’s snout out of the water. The mouth of the —
larva, while closed prior to penetration, is open
in frame D. The entire event shown in frames A
through D oceurs in ¥2 second. The brevity of
the event explains the difficulty in obtaining a
recording of this phenomenon. The meniscus
of the nearby tank edge can be seen just to the Fxgurg(cil Aseqs]:;::cﬁ ofwdeo l;rames lo:_:lfa 12-
mm, 8-day posthatch, walleye larva showin
right of the larva in these micrographs. pcnetrauo)l; E,% e wter o “ﬂy 4
The observations shown and described above may offer fundamental knowledge of the mechanism
of physostomous GB! in larval physcclists and are examples of the value of high resolution
microcinematography to investigate dynamic microscopic biological phenomenon. Digitized
recordings with varions play back and image analyses opticns provide demonstrative exhibits of
behavioral and physiological mechanisms of value to applied environmental physiclogy of fishes.
1 have found no other studies that visually demonstrate any other physostomous activity for a
physoclistous species. These micrographs seem to be the first to show surface tension penetration,
and the presence of gas bubbles within the pneumnatic duct of, physoclist fish larvae. Studies
conducted during, and subsequent to, these observations demonstrated the importance of the
influences of the rearing environment on larval fish behavior and the effects of behavior on
developmental performance (Rieger, 1995).
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Abstract

Embryonic and larval development of Puntius. schwanenfeldii (Bleeker) were described under
laboratory condition. Eggs were obtained through induced breeding using acetone-dried carp
pituitary hormone at 6mpg/kg body weight. The fertilized eggs had an average diameter of 1.02
= (.03 mm, non-adhesive, demersal and were covered wilh a thin layer of membrane. The 2-cell
egg slage was first observed after 20 minutes of fertilization and by 6hr 20 min the head and tail
were noted. Hatching occurred at 16 hrs at 25 C and the lenglh of the newly hatched larvae were
1.96 £ 0.03 mm. Larvae were inactive for most of the time and lay at the bottom of the tank.
Organogenesis was completed 30 days after hatching and by this time the juvenile resembled the
adults.

Introduction

Puntius schwanenfeldii (Bleeker) is a cyprinid and is widely disiributed throughout Thailand,
Malaysia, Sumatera and Borneo (Smith, 1945). The species has commercial importance for it is
used as food and aquarium fish. Studies pertaining to aspects of reproduction (Harmin and
Gintua, 1995; Harmin et al., 1994;1993) and genetics (Sira) et al., 1994) have been conducted,
however; information with regards to the early life development of the fish is not docurnented.
Thus, our objective is to describe the early egg and larval development of Punmtius
schwanenfeldii as a basis for future physiological studies.

Materials and Methods

The male and female fish weighing between 130 to 250 g were used and maintained in earthen
pond and fed with pelleted feed for approximately a year. Three irjals of induced spawning
were attempted to produce the larvae, however; only the last trial was used to describe the egg
and larval development. A single injection of carp pituitary extract was administered to the
females at the rate 6 mg/kg body weight (bw), whereas the males received 3 mg/kg bw to
increase spermiation. The eggs were fertilized following the dry method procedure and
incubated at water temperature of 25 £ 2 C.
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Observation on the embryonic development were based on samples (n=6-7) taken prior to
fertilization, and at 5, 10, 15, 30, 60 and 120 posi-fertilization until hatching. Larvae were
sampled on day 0, 1, 2, 3, 4, 5, 7, 10, 14, 21, 30, 40 50 and 60. Developmental stages were
observed using microscope and profile projector. Samples were preserved in 10% buffered
formalin.

Results and Discussion

Unfertilized eggs measured 0.91 % 0.004 in diameter. Eggs were spherical, greenish yellow in
color and non adhesive. First cell cleavage occurred 20 min. after ferlilization followed by
second cleavage within 30 min after fertilization. Egg diameter increased to 1.30 = 0.009 mm.
and the cel] continued to divide rapidly after eight blastomere stage. Morula and blastula stage
occurred at 100 min and 180 min, respectively. By 225 min. gastrula appeared and it was
observed (hat there was no significant increased in the egg diameter at this stage. The head and
tail region began to appear after 6 hr. 20 min post-fertilization. At 8 hr. the eye vesicle could be
observed. The embryo increased in size and somites were visible and followed by the notochord
at 10 hr post fertilization.

Hatching began between 12 and 16 hr after fertilization. The hatchlings were transparent and
non pigmented. The average length of the larvae were 1.96 + 0.03 mm. One day old larvae were
observed to be still ransparent with heart beat between 160-170 per min, The larvae increased
in size and the average length measured approximately 3.70 = 0.03 mm. The number of
myomeres observed was between 29 and 31.

On the second day, the larvae appeared to be more active. However, they tended to lay at the
botiom of the tank for most of the time, with size increment up to 3.82 = 0.05 mm. Anal
structure was observed and located between the 20th and 21st myomeres. Three-day old larvae
measured 4.12 % 0.02 mm in total length, and began its first exogenous feeding eventhough the
yolk sac have not been completely resorbed.

One-week old larvae were very active though siill transparent with observable myomeres. Egg
yolk was completely resorbed. Melanophores were observed to develop in the head region. By
day 10, the larvae were free swimming with average body length increased to 6.30 = 0.16 mm.
and fed entirely on exogenous food.

Melanophores were found all over the head of the two-week old larvae with bedy length
increased to about 8.34 + 0.02 mm and an inferior mouth was clearly observed. By the third
week, the larvae increased in size to about 12.24 + 0.03 mm. and by one month the total length
of the larvae averaged (0 15.6 £ 0.02mm. The body was not transparent and myorneres were not
observable any more due o the appearance of some scales on the body. After 2 month, the body
length of the fish was 30.65 % 0.06 mm, weighing 0.26 £ 0.01 g. The body were covered
completely with scales and all fin development have been completed. Larvae were more aclive
and swam in groups.
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Abstract

Oxygen uptake, dry weights and energy contents of herring (Clupea harengus) were measured
periodically from the time of epg fertilization to the end of the yolk sac stage (without added
food). Temperature of incubation (3.5°C to 17°C) had little effect on efficiency of conversion of
egg reserves 1o body material.

Introduction

The effects on fishes of changes in water temperature, due to inter-annual variation and to climate
change, are likely to be greatest on the younger life stages (Blaxter, 1992). Optimum
tlemperatures for larval stages of fish have been estimated based on hatching rates (eg. Rana,
1990a) and on upper and lower lethal temperatures (Kamler, 1992). Enzyme parameters and
metabolic rates have also been used to define optimum development temperatures; thus enzyme
Kms show a minimum at the optimum temperature (Klyachke & Ozemyuk, 1991; Klyachko &
Ozemnyuk, 1994; Ozemyuk er al. 1994). Time-integrated oxygen consumption has a minimum
over the optimum temperatures range and this minimum value can increase by as much as 100%
at exiremes of temperature {Zotin & Ozemyuk, 1966; Alexeeva & Qzemyuk, 1987).

Because of the metabolic costs of development at different temperatures, which are reflected by
oxygen consumption values, it would be expected that larvae dry weights and heat contents (heats
of combustion) would show a maximum over the optimum temperature range. Yolk utilization
efficiencies based on dry weights and energy contenis have been used to demonstrate temperature
optima in Dover sole (Solea solea), (Fliichter & Pandian, 1968), Californta grunion (Leuresthes
tenuis), {Ehrlich and Muszynski, 1982), yellowtail flounder, (Limanda ferruginea), (Howell,
1980), American plaice, (Hippoglossoides plutessoides), (Howell & Caldwell, 1984), Orechromis
niloticus, (Rana 1990b) and Aftican catfish (Clarias gariepinus), (Kamler er ai, 1994).

In the work reporied here, dry weights, energy contents and time-integrated oxygen consumptions
were measured as a function of temperature to test the hypothesis that an oplimal temperature for
development to hatch and to first feeding in herring {Clupea harengus) larvae could be
delermined from these measures of yolk conversion efficiency, and thus be of use in predicting
the responses of different populations of herring 1o climate change.
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Materials and Methods

Herming were caught by trawl at their spawning grounds in the Firth of Clyde, and ripe gonads
were removed and placed on ice on board ship. Gonads were returned to the laboratory on ice,
and within a few hours the eggs were spread thinly onto glass plates and fertilized with sperm
from 3 or 4 males (Blaxter, 1968). Embryos and larvae were incubated at the following
lemperatures: 3.5, 5, 8, 15, and 17°C

For the purpose of calculation of total oxygen consumed, elapsed times from fertilization to hatch
and from fertilization to exhaustion of the yolk sac were required.

Individual embryos or larvae were filtered onto pre-weighed discs of Whatman glass fibre filter
paper type GF/C (which had been heated to 450°C ovemight to destroy any combustible
material), and washed well with dislilled water to remove seawater salts. After drying in vaccuuo
the discs were weighed and energy contents (heats of combustion) determined by micro bomb
calorimetry (Scott & Marlow, 1952).

Oxygen uptake rale was determined by measuring the decrease in oxygen tension in a closed
respirometer chamber. The oxygen content was determined by aspirating the sample with
oxygen-free nitrogen and measurement of the oxygen in the gas stream with a cadmium fuel celi
(Peck & Uglow, 1990). The uptake rate was determined from the linear portion of the plot of
oxygen concentralion versus time. (In the case of larvae the linear portion extended from
saturation to 50-60% of saturalion.)

The total oxypen consumed from fertilization to hatch or from fertilization to exhaustion of the
yolk sack was determined by integralion of the measured uptake rates with respect to time. For
this purpose the uptake rates were assumed to be a linear function of time starting at zero, since
the data did not justify a more complex model (for example see Figure 1). From regressions
through the origin of the uptake rates on time, the slopes and 95% confidence intervals were
calculated. In the case of measurements of progeny of a single fish at six temperatures it was not
practical to measure the oxygen uptake of embryos as well as larvae and so the data for Figure 9
were calculated from the measurements of oxygen consumption of |arvae only, using either the
number of days from fertilization to hatch or from fertilization to exhaustion of the yolk sack as
the integration limits.

Fig. I Typical plot of respiration rate of
developing embryos and yolk sac larvae
versus number of days after ferlilization; in
this case Clyde hemring at 8°C (with
regression line through the origin). The amow
indicates hatch date.

Respriation rate (pg O, individuar*.h™")

0 10 20 30

Days post lertilizalion
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Results

Dry weights and heats of combustion. The dry weights of newly hatched larvae and of larvae at
the point of exhaustion of their yolk sacs showed a remarkable constancy over the temperature
range studied, and this was reflected in the corresponding heats of combustion (albeit with greater
errors), Figures 2 &3. The two batches of eggs chosen had weights not differing greatly from
each other but curiously, the heavier batch produced the lighter progeny with corresponding lower
efficiencies of egg conversion (Table I).

Source and cohort Efficiency by Efficiency by Biological zero
weight energy content To
Clyde (3.3-17°C) no 1 |51.3 (hatch) | 44.9 (hatch) [ 0.8°C (hatch)
40.2 (exhaust) | 36.2 (exhaust) | 0.0°C (exhaust)
Clyde (3.5-17°C) no 78 | 747 (hatch) | 76.3 (hatch
53.0 {exhaust) | 48.7 {exhaust)

Table I. Efficiencies of conversion of egg to larva, and temperature of biological zeto,
T, calculated for times to hatch and to exhaustion of yolk sac.
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Fig. 2 Dry weights of unfertilized eggs
(symbols on ordinate axis), of newly
hatched larvae (solid symbols} and larvae
at the point of exhaustion of their yolk-
sacs (unfilled symbols). @ O, Progeny
of Clyde fishno. |, and M O,progeny of
fish no. 78. The centres of the symbols
represent means of 10 individuals and the
bars the SDs.

Fig. 3 Energy contents (heats of
combustion) of unfeniilized epgs (on
ordinate axis) and of newly hatched larvae
(solid symbols) and of larvae at the point
of exhaustion of their yolk sacks (unfilled
symbols). @ O, Progeny of fish no 1, and
M 0O, progeny of Clyde fish no. 78. The
centres of the symbols represent means of
9 or 10 individuals and the bars the SDs.
(1 calorie = 4.187 joules}



Oxygen consumprion

Oxygen consumptions to halch and to exhaustion of yolk sack stages showed little variation with
temperature (Figure 4) and cerlainly not the U shaped response with high values al the extremes
of temperature found by other investigators for a terrestrial fish (Alexeeva & Qzemyuk, 1987,
Zotin & Ozemyuk , 1966). Indeed, the highest oxygen consumption found here was recorded for
yolk-sack-exhausted larvae at 8°C - which is likely to be near the oplimum temperature for the
species.

150 _ Fig. 4 Total oxygen consumed from
fertilization to hatch, @, and from
fertilization o the point of exhaustion of
volk sack, O, for batches of larvae from
Clyde fish no 1. Error bars represent 95%

2 confidence intervals of the slopes of each
504 4 s .
regression (such as Fig. 1).

35 5 8 12 15 17

1004

Oxygen uptake (pg.individual ™)

Temperature of incubation °C

Discussion and Conclusion

Herming larvae were raised from the fertilized egg to 1he stage of exhaustion of the yolk sack over
as wide a range of temperature as has been found practical in this laboratory, such that the
extremes of temperature used (3.5°C and 17°C) must be close to the limits for herring. For a fish
with a biological zero of 0°C, this represents a 4.9 fold temperature range. On the basis of
previous work in other laboratories it was expected that plots of dry weights or energy contents
versus temperature would show domed curves and plots of oxygen consumptions versus
temperature would show U shaped curves. There was no such effect; therefore the original
hypothesis that a region of greatest efficiency could be found and used to determine the optimal
ternperature range for herring stocks appears untenable. Examination of Figures 7, 8 & 9 suggest
that there may be a slight decrease in dry weights, energy contents and oxygen upiakes for newly
hatched Clvde herring larvae as the temperature increases. However the effect is small and, if
real, is contradictory since a decrease in dry weight or energy content would imply an increase in
oxyvgen consumption rather than a decrease. An increased loss of metabolites to the medium
with temperature would be required to account for this.

It must be concluded that either the "fitness” of yolk sac larvae and larvae al the point of
exhaustion of the yolk sac is approximately equal from 3.5°C w 17°C, or that fitness is
delermined by some parameter which does not impinge on efficiency of conversion of egg lissue
to larval lissue. This then raises the question of what are the biochemical compensatory
mechanisms which enable herring to achieve this constancy of efficiency, what are the
biochemical constraints which finally determine the limits of temperature and at what
developmental stage do they operate ? There are a few tantalizing clues in the literature regarding
possible biochemical compensatory mechanisms. Different Kns for the same enzyme isoform
have been found for fish acclimated at different temperatures, which was attributed to differences
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in tertiary structure (Klyachko & Ozemyuk, 1951; Klyachko & Ozernyuk, 1994; Ozemyuk ef al.
1994). In addition different isoforms of the same myosin ATPase have been shown to be induced
either by acclimation to different temperatures (Gerlach et al. 19%0) or by rearing at different
temperatures (Crockford & Johnston, 1993).
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INTRODUCTION

The Pacific herring, Clupea pallasi, is a commercially and ecologically important marine teleost
that spawns in bays and estuaries having freshwater input {Alderdice and Velsen, 1971). Like
many other teleost fish, herring reproduce by broadcast spawning of sperm and eggs. Typically,
males spawn first, and released sperm serves to attract females as well as other males to the
spawning site (Stacey and Hourston, 1982; Carclsfeld and Sherwood, 1995). Hermring eggs are
extremely adhesive, and attach to a variety of solid substrates upon which the fertilized eggs
undergo development through hatching. Hermring spawning biomass in San Francisco Bay, which
is the basis of a large commercial fishery, experienced a decline during the late 1980°s and early
1990°s (CDFG, 1992). During this period, salinities in the Bay increased dramaricaily due to
drought conditions and diversion of freshwater runoff, This has led to the hypothesis that
aitered salinities may adversely affect herring reproduction.

1t has long been recognized that the epgs of many invertebrates and vertebrates possess
properties that enhance or activate sperm (reviewed by Morisawa 1994). For example, the jelly
coat of sea urchin eggs induces the sperm acrosome reaction, a prerequisite for successful
fertilization. Similarly, mammalian gggs possess factors that capacitate sperm and induce the
acrosome reaction, as well as facilitate binding of the sperm to the egg plasma membrane. The
plasma membrane of teleost eggs is swrrounded by a thick chorion that is impeneirable to sperm
except in the region of the micropyle, located at the animal pole. Fertilization occurs only whena
motile sperm finds and traverses the micropylar canal to fuse with the egp plasma membrane.
With the exception of the Japanese bitterling, in which the micropyle region has chemoatrractant
properties, the micropyle of most teleosts is considered to play a passive role, serving primarily
as a barrier to the passage of supernumerary sperm and as a pathway for the fertilizing sperm.

The micropyle region of the eggs of Pacific herring (Clupea palfasi) has been shown to play an

active role in the activation of herring sperm (Yanagimachi and Kanoh, 1953; Yanagimachi, 1957;
Yanagimachi ef af., 1992; Pillai, et ol,,1993; Griffin et al, 1996). Unlike the sperm of most
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orpanisms, herring sperm are virtually immotile at the time of spawning, however, contact with
the micropyle region of the herring egg initiates sperm motility. Our laboratory has focused on

the basic mechanisms of the above phenomenon during herring pamete interaction, as well as the
role of environmental factors in modulating fertilization.

SPERM MOTILITY INITIATING FACTOR

Our laboratory has isolated and partially characterized a component of the herring egg shown to
induce motility, termed sperm motility initiating factor, or SMIF (Pillai et at., 1993; Griffin ef af.,
1996). SMIF is a 105 kDa basic glycoprotein that is localized to the region surrounding the
vestibule, which contains the micropylar opening. Evidence for sperm motility initiation by the
micropyle region of the C. pallasi chorion was first observed by Yanagimachi and Kanoh (1953).
Immotile sperm in contact with the micropyle region were observed to become motile, while
sperm in contact with other regions of the cherion remained immotile. We have recently
observed that the number of motile sperm in the micropyle region of eggs is significantly reduced
in the presence of a polyclonal antibody generated against SMIF (Griffin, et al,, 1996). Similarly,
fertilization rates of eggs incubated in antibody are also reduced. Immunostaining of anti-SMIF
treated eggs confirmed a specialized role for SMIF at the site of sperm-chorion interaction;
specifically, the region surrounding the vestibule which contains the micropylar opening (Fig. ).

Figure 1. Anti-SMIF labeling of the herring chorion demonstrating staining in the
micropylar region only. Intensity of staining increases from the micropylar opening
towards the petiphery of the micropyle.

SMIF appears to be a non-diffusible component of the micropyle, in that sperm motility
eventually ceases if a spermatozoon swins away from and does not re-contact the micropyle.
Furthermore, extensive washing in 1/2 sea water does not significantly reduce the motility
initiating ability of chorions (Yanagimachi, 1957, Yanagimachi ef al., 1992). SMIF can, however,
be removed from egg chorions using 1/2 sea water which is acidified 1o pH 3.5, and this “soluble”
SMIF is a potent inducer of sperm motility i vitre. SMIF clearly differs from a family of small
molecular weight peptides, termed herring sperm activating peptides (HSAP’s), which have also
been reported to enhance sperm motility (Morisawa ef af., 1992; Morisawa, 1994; Oda et al.
1995).
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EFFECTS OF SALINITY ON FERTILIZATION AND SMIF-INDUCED SPERM
MOTILITY

Our laboratory has been investigating the effects of salinity and specific jons on herring
fertilization and early development in the San Francisco Bay population. It has previcusly been
shown that the optimal salinity for both fertilization and development is approximately half-
strength seawater (Yanagimachi, 1953; Yanagimachi and Kanoh, 1953; reviewed by Alderdice
and Hourston, 1985). Our results for the San Francisco Bay population during the 1992-93
season confirm this (Fig 2 A, B). A role for specific ions is suggested by preliminary results
indicating that increasing concentrations of sodium in 1/2 sea water decrease fertilization rates in a
dose-dependent manner. The roles of other ions remain to be clarified.
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Figure 2 A,B. Graphs illustrating the effects of salinity (in ppt} on percent fertilization
(A) and hatching success (B) in Pacific herring,
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Alterations in salinity affect SMIF induced sperm motility in vitro as well, with very low or very
high salinities reducing motility (Fig. 3}. This led us to extend our initial investigations to include
both the salinity and ionie requirements for initfation of herring sperm motility, as well as to
further characterize the role of SMIF in inducing sperm motility (Yanagimachi er af., 1992; Pillai
et al., 1993). Initiation of herring sperm motility is highly dependent on ionic conditions in the
surrounding medium. Motility initiation in the micropyle region requires extracellular calcium and
potassium, as evidenced by lack of SMIF induced motility in calcium or potassium free 1/2
strength artificial seawater (1/2 Ca*™ or K™ FASW) (Yanagimachi et al, 1992). However,
manipulation of intracellular levels of these cations alone is not sufficient to trigger motilicy.
Interestingly, vigorous motility can be initiated in 1/2 low sodium (2 mM) artificial seawater (1/2
Na*F§W), in the absence of SMIF. The likelihood of herring sperm experiencing seawater lacking
sodium is remote (the Na* concentration in 1/2 sea water is approximately 220 mM), thus the
physiclogical relevance of metility in low sodium media is unknown. Although Ca** is required
for SMIF-induced motility initiation, high concentrations of Ca'™* or Mg"™ can inactivate or
remove SMIF from eggs (Yanagimachi and Kanoh, 1953; Yanagimachi, 1957).

Effect of Salinity on Sperm Activation
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Figure 3. Graph illustrating the effect of varying salinities on SMIF induced herring
sperm motility in vitro. Motility was qualitatively graded ona scale of O to4; 0=no
motility; 4 =4+ motility.

Since low sodium sea water induced sperm motility in vitro, we investigated a role for sodium in
SMIF-induced activation. Amiloride, a sodium channel blocker, was found to inhibit SMIF-
induced motility. In addition, elevated extracellular sodium inhibited SMIF-induced motility in a
dose dependent manner, similar to the ore observed for fertilization. Using the fluorescent
sodium indicator Sodium Green, we have recently found a decrease in intracellular sodium upon
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SMIF activation of sperm (not shown). This finding is consistent with the hypothesis thart there
is an efflux of sodium from C. pallasi sperm following interaction with SMIF, and that elevated
salinities (such as those experienced during the extended drought of the late 1980s) at the time of
spawning may adversely affect the ability of sperm to initiate motility.

CONCLUSIONS

The role of SMIF in initiating herring sperm motility may reflect the spawning behavior of
herring. Most fish sperm have a limited, very short lifespan once released and diluted into the
aqueous environment (reviewed by Morisawa, 1994). Since male hermring typically spawn prior
to females, it may be advantageous for the sperm to remain immotile, conserving metabolic
energy until eggs are actually present in the vicinity of the sperm. Interaction of the sperm with
the chorion factor SMIF, possibly through a receptor mediated mechanism, may trigger processes
that initiate motility. The ability of SMIF to activate sperm appears to be dependent upon a
reduction in salinity of the surrounding medium, with sodium potentially playing a key role in
this regnlation. Other ions such as calcium and potassium undoubtedly also have roles, perhaps
facilitating SMIF binding to a sperm receptor or acting as counter ions during sodium efflux, Our
current research efforts involve these and other related issues.
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ABSTRACT

The sperm density, motility and fertility of milt in "puye" or "angula" (Galaxias maculatus,
landlocked form) were studied.  For this, we used adult specimen taken from Southern Chile’s
water and kept in captivity for aproximately two years. Once they were mature, twenty
specimens (7.33 + 0.61cm average total longitude and 1.37 + 0.27g average total weight) were
anaesthetized and their milt was extracted by stripping. A visual test, sperm recount, motility and
fertility evaluation was done to it. The results showed that the puye’s milt is not abundant, it is
whitish, and has a great viscocity. An average of 61,68 x 10° sperm/ml and a motility graded 1,
on a0 to 5 scale (elaborated by Sanchez-Rodriguez & Billard, 1977) in a period of up to 24 hours
after it got in contact with freshwater. The fertility average obtained was 92.56 + 9.25%. The
correlation between fertilization rate with sperm density was 0.177.

Key words: fish, reproduction, milt, spenty, motility, fertility.
INTRODUCTION

The Galaxias macuiatus, commonly known as "puye or angula", is a small native fish whose
crystalline juvenile state (whitebait) is intensely exploited in order to satisfy the national and
nternational market's demand. This has put the species in danger of being extinct and its natural
population has collapsed. These recordings show the need of preserving this species in our
waters. An alternative is trying to cultivate them for commercial and restocking purposes. To do
this, it is fundamental to know and manage diverse stages of this species” life cycle, feeding habits,
cultivation conditions, technostructures, and handle in an adecquate way the reproductive
processes like spawn, fecundation, and artifitial incubation.

Some aspects of this species have been studied in Chile, Amongst these we find: the life cycle,
karyology and migrations (Campos 1970, 1972, 1973), the ovary microstructure and seasonal
gonadal activity (Peredo and Sobarzo 1993, 1994), its adaptation to salinity (Vega et al, 1993)
and the artificial feeding of larvae (Dantagnarn ¢t al., 1995). There are not records on the biology
of the sperm of this specie (and of other fish with commercial value). The only research papers
on this topic were made by Pérez (1978) and Almendras (1993) who studied the rainbow trout’s
milt and by Valdebenito et al (1995) who studied the quantitative and cualitative aspects of puye's
milt without evaluating its fertility. For this reason, this research’s aim is to determine the fertility
of G. maculgces sperm diluted in freshwater.
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MATERIALS AND METHODS

On September 1993, 500 specimens of wild G. maculatus adults were captured in the Cautin
river near Temuco city, IX region, Chile, The conditioning was done in 100 1 capacity, circular,
open flow tanks and fed with trout comercial pellets which had to have 2 lipid adaptation done to
them. Once they reached their second sexual maturity (September 1994) a sample of twenty male
adults of 2 total longitude average of 7.33 +0.61cm and 1.37 + 0.27g average weight, was taken.
They were selected because of their abundant milt produccion. They were then anaesthetized
with M$-222 and the maximum milt was extractes by stripping.

Different amounts of the sample were used to determine the sperm density (number of
spermatozoa per mi, determined by a recount in Neubauer’s camera), the sperm motility in
freshwater (according to Sanchez-Rodriguez and Billard, 1977 in scale of 0 to 5)(Table 1) and
fertility (percentage of embrions observed after 5 hours of incubation). This last parameter was
evaluated in a pool of eggs extracted by stripping 18 adult females (total longitude of 7.99 +
0.31cm and 2.22 + 0.20g of total weight) taken from the same tank as the males. Each male’s
milt (aprox. 0.01 ml} was diluted in a petri dish containing $ ml of freshwater, after that, a sample
of aproximately 500 eggs taken from the same pool of eggs, was added to the petri dish. To
facilitate the fertilization process, the mixture was stirred for aproximately 30 seconds, then, it
was left to settle. After Shs of incubation the percentage of fecundation was determined under a 2
stereomicroscope taking a sample of 50 embryos aproximately, The embryos which had 2 or
more cells were considered fertilized . The incubation temperature was 12 + 1°C.

RESULTS

G. Maculatus milt was whitish and thick, frequently the small volume extracted adhered to its
skin, making its extraction and handling more difficult. For this reason, milt was diluted in river
water immediately after its extraction,

The quantitative analysis showed an average sperm density of 61.68 + 10.3 x 10° sperm/ml
(maximum 88.8 x 10° and a minimum of 50.3 x 10° sperm/ml). Motility observed in all the
individuals was [ow and only a small vibration which, according to the Sanchez-Rodriguez and
Billard's scale corresponded to grade 1. This motility was prolonged for more than a day at an
temperature of 10° C. Although it had a low motility, the spermatozoa was fertile, having an
average fecundation percentage of 92.56 + 9.25%, evaluating aproximately five hours after the
fertilization. The sperm density and fertilization percentage ratio was determined as r =0.177 (Fig

1.

DISCUSSION

The low flagellar activity observed in all the specimens’ spermatozoa studied, is a characteristic
which was already observed by Valdebenito et al., (1995). He attributes this to an unknown
reproductive strategy of the species or to a condition produced by the stress of captivity, he tried
to trigger off the flagellar activity diluting the semen in various solutions, reaching the highest
activity rates in a carmabide solution. The low flagellar activity is a characteristic observed in
other fish. Ginzburg (1972) reported that the Pacific Herring spermatozoa has a low motility, its
beats are aproximately equal to the width of the spermatozoa’s head., an energetic movement
starts when it is near the egg. Striissmann et al., {1994) showed that sperm of "pejerrey”
(Odontesthes bonariensis) remain only feeble vibrations after dilution with ovarias fluid  and
complete lack of movement has been reported in the fresh miit of Alosa velgensis, brook trout,
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lake trout and sturgeons (Ginzburg, 1972). He does not report if it is 2 normal or a pathological
characteristic in that species.

The sperm density of 61.68 x 10° sperm/ml determined in this research is similar to the one given
by Valdebenito et al.,, (1995). Both results are higher than those given for the rainbow trout
(Pérez, 1978), coho salmon, (Bouck & Jacobson, 1976) and Atlantic salmon (Aas et al., 1951),
also being a bit higher than the value determined by Grinzburg (1972) for Perca fiuviatilis, a
species that presents a sperm desity of 52 x 107 sperm/ml. The high sperm density of the puye
may be a biclogical adaptation to the water currents in which the species lives, Ginzburg (1972)
said that species living in strong current waters need a greater number of spermatozoa to fertilize
than the species in still water habitats.

Valdebenito et al., {1995), did not evaluate milt’s fertility due to the low milt volume produced by
each male, but he reported to have used similar milt to the one studied in other experiments, and it
was fertile. This observation was proved, in this research, when the good fertility of puye’s milt
was established, registrating an average fertility percentage of 95.56 + 6.46%, a superior value
than the one observed by Billard (1990) in trout’s spermatozoa, It reached 80% of fertilization
when it was diluted in a saline solution and upto 60% when it was diluted in freshwater, higher
than the 89.9% of fertility observed by Suquet et al., (1995) en Turbot (Scophthalmus maximus).

The high fertility observed in puye’s sperm may be helped by the high sperm density used in this
investigation. 0.01ml of milt for aproximately 500 eggs was used, this means a total of 1 x 10°
sperm/egg. This sperm density is quite higher than the one recommended by Billard (1990) for
the artificial fertilization of salmonids. He says that the necessary number of spermatozoa needed
to fertilize an egg is between 10.000 and 300.000. Suquet et al,, (1993) informed that in Turbot,
6 x 10? sperm/egg were needed to obtain high fertility percentages, These records were proved
by Ginzburg (1972), who points out that a direct relation exists between fentility and sperm
density in sturgeons. The high sperm density added to the smaller size of puye’s egg (aproximatel
1 mm of diameter after being hidrated) would be the factors that make spermatozoa’s fertility
better, adding to this, good quality gametes obtained from the females, in which their ovulation
time can be detected adequately due to their captivity.

In most salmonides, the spermatozoa’s flagellar activity only reaches aproximately 30 sec. when it
is diluted in river water (Billsard & Cosson 1988, 1989; Billard 1990 and Perchec et al., 1993),
instead, in puye, it is possible to observe a small beat upto 24 hs after it has been diluted in water,
after this time the spermatozoa still is viable (Valdebenito, 1996 unpublished). This characteristic
is similar to the observations done by Galkina (1957) (in Ginsburg, 1972) who points out that in
the Clupea harengus the spermatozoa lives 4-5 days in sea water and its fertility reaches 62%
after 48 hs of being diluted (Yanagimachi, 1957 in Ginzburg, 1972). The prolonged "flagellar
activity" of G. maculatus is contrary to Ginzburg’s reports (1972) who states that the sperm
motility is greater in salty water than in landlocked waters, which could explain why the
populatics of G. maculatus in landlocked waters still mantain their own milt characteristics that
are proper of diadromous populations.
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Table 1. Index for sperm motility (Adaptade from

Senchez-Rodriguez & Billard, 1977)

Index

Matlility characieristics

Most spermatozoa display rapid mavemsal;
impossibls 1o track the course of any sperm,

Most spermAtszon move rapidly
while somc move slowly.

Three classes of spermatozoa can be found;
spermatozos moving rapidly, slowly or vibrating,
and those immotile.

Maost spermetozoa arc vibrating or immetilc
while zome present forward movement.

Mosl spermalozoa are immolile and 3ome present
Iateral vibration

All epermatozos arc immotile
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Fig. 1. Relationship between sperm concentration and fertilization (%} in G, maculatus.

178



IN VITRO CORTISOL METABOLISM BY EMEBRYONIC TISSUES OF

ARCTIC CHARR AND RAINBOW TROUT

M.N. Khan
Department of Zoology
University of Guelph, Guelph, Qntario, N1G 2W1, Canada.
Phone; (519) 8244120 X 4953, FAX (519) 767-1450, email nkhan@uogueiph.ca

P.K. Reddy, R. Renaud and J.F. Leatherland
Deparmment of Biomedical Sciences
Ontario Veterinary College, University of Guelph.

Introduction:

Fish eggs contain several hormones of maternal origin, including thyroid (see reviews by
Leatherland, 1994; Lam, 1994) and steroid hormones such as cortisol (Feist et al., 1990; de Jesus
and Hirano, 1992; Hwang et al., 1992; Khan et al., 1995). Cortisol is the major interrenal steroid
hormone of most teleosts and has been implicated in several physiological processes, including
osmoregulation, stress response, and intermediary metabolism. However, little is known about
any possible roles of this hormone in the eatly embryonic development of fish. In mammals,
cortisol appears to be needed for differentiation of neuronal and somatic tissues during early
ontogeny (Sapolsky and Meaney, 1986; Ballard, 1989; Muglia et al., 1995), but it is neurotoxic
at high concentrations (Bohn, 1984; DeKloet et al., 1988; Sapolsky and Meaney, 15986).
Therefore, at least in mammals, the level of cortisol to which the fetus is exposed during early
development is crucial for normal organogenesis and development (Langlois et al., 1995).

Developing fish embryos, which are dependent on yolk for their nutritional requirements, are
probably exposed to the steroid hormones (including cortisol) that are present in the yolk.
Whereas in nammals there is an inmricate control mechanism involving differential expression of
various cortisol-regulating steroidogenic enzymes (Langlois et al., 1995; Nagaya et al., 1995},
there is no such information available regarding the the ability of fish embryos te metabolize
endogenous cortisol. The purpose of the present study is to determine whether the enzymes
involved in cortisol metabolism are expressed in the early developmental stages of embryos of two
salmonid fish species.

Although there are no reports on cortisol metabolism in fish embryos, some studies have described
the profiles of yolk cortisol during development in various teleosts including Japanese flounder
(Paralichihys olivaceus) (de Jesus et al., 1991), chum salmon, (Oncorkynchus kera) (de Jesus and
Hirano, 1992), tilapia (Oreochromis mossambicus) (Hwang et al., 1992), rainbow trout
(Oncorhynchus mykiss) (Yeoh, 1993) and Asian seabass (Lates calcarifer) (Sampath-Kumar et al.,
1995). There is a decline in the cortisol levels concomitant with the absorption of yolk indicating
that the hormone is being eliminated by the embryo as the yolk is absorbed.
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The presence of cortisol in yolk could potentially affect the development of the hypothalamus-
pituitary gland-interrenal tissue (HPI) axis. The HPI axis in rainbow trout is reported to become
responsive to stressor challenge two weeks after hatching and one week before the onset of
exogenous feeding (Barry et al., 1995a). Pottinger & Mosuwe (1994) postulated that the
appearance of a functional HPI axis is developmentally delayed to avoid stress-induced disruption
of other physiological processes during key ontogenetic events. This hyporesponsiveness to stress
may be homologous to a similar 2-week postnatal period in rodents, the function of which may
be to maintain low, constant corticosteroid levels during a critical development period when these
steroids could exert a permanent deleterious affect on neuronal organization (Barry et al., 1995).

‘We have recently shown that Arctic charr (Salvelinus alpinus) embryos are able to metabolize
various steroid hormones such as progesterone (P), 17w-hydroxyprogesterone (17 OHP),
androstenedione (A,), testosterone (T), 17B-estradiol (E;) and estrone (E)), ir vifro (Khan et al.,
1995; M.N. Khan, R. Renaud and J.F. Leatherland, unpublished). These studies reveal that
several key steroidogenic enzymes are expressed early in ontogeny and that steroid hormones are
rapidly metabolized. In the present report we present the first evidence of cortisol metabolism
by developing embryos of two salmonid species, Arctic charr and rainbow trout,

Materials and methods:
[*H]cortiso! incubation

Yolk-sac embryos of Arctic charr [41 days post fertilization (dpf)] and rainbow trout (53 dpf)
were killed by decapitation and the yolksac was removed. The embryos (three per well ) were
placed in individual tissue culture wells (24-well plate, 3.5 ml well capacity, M/S Flow
Laboratories Inc., VI, USA). Each well contained 1 ml of modified Medium 199 (M-3274 M/S
Sigma Chemical Company) with Hank's salts, glutamine, scdium bicarbonate, bovine albumin,
antibiotics and glucose, without phenol red, pH 7.2 (Venkatesh et al., 1992). The radiolabelled
substrate [*H]cortisol made in the same medium was added to each well (0.56 nM). Duplicate
control wells with no tissue and three replicates (wells) containing fish embryos were used for
each incubation time and for each species separately. The plates were gently agitated on a shaker
during incubation which lasted for 20 min and 24 h. At the completion of each incubation period
the embryos from each well were removed and the incubation media was stored at -20°C until
analysed for steroid hormones.

Extraction of steroid hormones

The extaction procedure for HPLC was based on the methods described by Payne et al. (1989),
Venkatesh et al. (1989), Kime et al, (1991) and Scott and Canario (1992) with some
modifications. The incubate along with embryos was applied to a Sep-Pak C,, cartridge which
had been primed by washing with 5 ml of methanol and 5 mi of distilled water. The incubate was
passed through the Sep-Pak column by syringe and the column was again washed with 5 ml of
water and 5 mi of hexane. Subsequently, the free steroid hormones were washed from the column
using 5 ml of diethyl ether and the conjugated steroids were eluted with 5 ml of 100 % methanol.
The ether and methanol extracts were dried separately under nitrogen at 45°C. The free fraction
having radiolabelled metabolites was dissolved in 200 gl of acetonitrile containing a mixture of
21 unlabelled steroid hormones (as internal standards); 20 ul of this mixture was injected onto the
HPLC column. The diied conjugated steroid fraction was processed for acid solvolysis and
enzyme hydrolysis to obtain the free steroids for HPLC (see below).
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Acid solvolysis of sulphates

The dried methanol fraction containing the conjugated steroids was incubated overnight at 45°C
with 5 ml of triflucroacetic acid/ethylacetate (TFA/EA (1/100; v/v) to convert sulphated forms
of steroids into free hormones. The solvent was then evaporated and the residue was dissolved
in 5 ml of water. The free (formerly sulphated) and giucuronide conjugated steroids were
concentrated and separated as described above using Sep-Pak cartridge. The sulphated steroids
now present as free steroids, were extracted with 5 ml of diethyl ether. The glucurcnide
conjugates were extracted with 5 ml of 100% methanol as above and subjected to enzyme
hydrolysis.

Enzyme hydrolysis of glucuronides

The dried methanol fraction from the second exiraction was reconstituted with 1.0 ml of 0.5 M
sodiem acetate buffer (pH 5.0} and the glucuronides were hydrolysed at 37°C using 20y of B-
glucuronidase (snail juice, containing 2000 I.U. of enzyme activity). The free steroids resulting
from enzymetic hydrolysis were taken up in 5 ml of water and extracted from a Sep-Pak column
with 5 m} ether (see above).

HPLC Analysis

The apparatus consisted of a Waters Associates (Milford, MA, USA) Liquid Chromatography
System comprising two 510 pumps, a WISP 710B autoinjector and a solvent programmer (Waters
Baseline 810 controller Software), coupled with a dual channel model 441 UV detector. The
NOVA.Pak C18 (8 mm X 100 mm, 4 pm) columnn was also purchased from Waters Associates.
For optimum separation of steroids Waters Baseline 810 controller Software was used to create
a binary solvent gradient of acetonitrile-water. The multistep gradient mobile phase consisted of
29.5, 35, 39, and 75% acetonitrile in water at time 0, 10, 12.5, and 32 min, respectively, in the
run. In order to obtain better yield of metabolites off the HPLC column, the incubation replicates
were pooled together after extraction, in acetoniirile containing 21 steroid standards and injected
into column as described above. Fractions were collected from the HPLC column at 0.5 min
intervals for a total of 40 min, To each fraction was added 4 ml of scintillation fluid and the
radioactivity was counted on scintillation spectrometer. Retention times for each steroid hormone
was determined from the elution time of the internal standards and the absorbance was monitored
at 254 nm and 280 om. The counts (CPM) in each fraction and absorbance of 21 internal
standards was plotied against retention time.

Results:

Both Arctic charr (41 dpf) and rainbow trout (53 dpf) embryos converted [*H]cortisol to 11-
hydroxyandrostenedione (11B-OHA). Another metabolite, more polar than cortisol, probably
tetrahydrocortisol or tetrahydrocortisone, was also found eluting immediately after the solvent
front. The elution profiles of cortisol and its metabolite as separated by HPLC for borh species
are shown in Table 1 and Figure 1-2. The metabolite yields were maximal afier 20 min of
incubation and remained in the same range throughout the incubation time, indicating that 11p-
OHA is the end product of cortisol metabolism in salmonid embryos. In addition to 11[B-OHA,
a small fraction of cortisol was also converted to its sulphated and glucurcnated metabolites.
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Table 1. In vitre metabolism of [*H] cortisol {0.56 nmol/well) by yolk sac embryos
of Arctic charr (41 dpf) and rainbow trout (53 dpf) afier 20 min and 24 h of
incubation at 10°C. The radioactivity (CPM) measured under the respective peak
area and expressed as % of total counts.

Arctic Rainbow
charr trout
Metabolites Time 41 dpf 53 dpf
Cortisol (substrate) 20 min 14.5 31.0
24h 21.62 26.2
11B-OHA' 20 min 52.4 44.5
24 h 54.9 468
Tetrahydrocortisol 20 min 18.5 14.5
()
24h 16.1 13.6
Sulphates 20 min 11.4 70
24h 5.7 8.9
Glucuronides 20 min 3.0 3.1
24 h 1.6 4.5

" 11 B-hydroxyandrostenedione
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Figure 1 (upper} 2 lower. HPLC profiles of radjolabelled steroid hormones
produced by Arclic charr (Fig. 1} and rainbow trout (Fig. 2) embryos afier
incubation for 24 h with [*HJcomisol. THC = 1etrahydrocortisol or
tetrahydrocortison (?); 115-OH-A = 11p-hydroxyandrostenedione.

Discussion:

Arctic charr and rainbow trout embryos appear to convert [*H]cortisol almost exclusively o 11p-
OHA, with the exception of a smaller peak of unknown metabolite probably a tetrahydro
derivative of cortisol or cortisone. This finding is consistant with the report of Kime (1978) who
demonstrated that cortisol, incubated in virro with liver slices of rainbow trout, pike (Esox lucius)
and perch (Perca fluviatilis), was converted into cortisone, 11[5-OHA and 11-oxoandrostenedione.

Cortiso] is known to be secreted as part of the physiological stress response in fish, and may have
inhibitory effects on steroidogenesis (Pankhurst and Dedual, 1994). Similarly, in mammals,
glucocorticoids are reported to be neurotoxic at high concentrations during feral development
{Sapolsky and Meaney, 1986). Therefore, it seems plausible to speculate that the same hormone
may also elicit a deleterious stress-response in the sensitive early embryonic stages in fish. The
fact that exogenous cortisol was converied to 11B-OHA further indicates that fish embryos may
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be able to inactivate cortisol and thus avoid these effects. In this context, it is interesting to note
that appearance of a functional HPI axis in salmonids has been reported to be delayed possibly an
adaptation to avoid the stress-induced disruption of other physiological processes during the key
ontogenetic events {Pottinger and Mosuwe, 1994). A parallel simation has been reported in
mammals in which a nadir in responsiveness to adrenocorticotrophic hormone {(ACTH) acts to
lower the exposure of the developing fetus to bioactive glucocoerticoids (Langlois et al., 1995).
In our experiments, the (yolk sac) embryos of rainbow trout and Arctic charr were incubated with
cortisol at a time in development when the BPI axis is thought not to be functional (Barry et al.,
1995).

We have recently found that in Arctic charr embryos there are various stercidogenic enzymes
expressed very early in the development (Khan et al., 1935) even before the reported maturity of
the HPI axis in similar salmonids (Saga et al., 1993; Barry et al., 1995). One of these enzymes,
17, 20-desmolase (lyase) [also called mitochondrial cytochrome P450 enzyme (side chain
cleavage, P450,)], converis 17a.0HP to A,, and can also cleave the cortisol molecule to form
A, . The A, produced as an intermediate metabolite can then be converted to 11p-OHA by 11p-
hydroxylase [also called mitochondrial cytochrome P450 enzyme (11hydroxylase, P450.,,)].

These two enzymes are possibly being expressed de nove in response to [*H]cortisol challenge
before the maturation of the HPI axis; therefore, the catabolism of the cortisol may reflect the
need of the embryo to excrete the hormone to protect itself from the adverse effects of this
biologically potent steroid hormone. This finding is in agreement with our recent work which has
established that Arctic charr embryos can inactivate several bioactive steroid hormones such as
P,, 17c¢-OHP, T, E, and E, (Khan et al., 1995; M.N. Khan, R. Renaud, and J.F. Leatherland,
unpublished). The catabolism of cortisol to an inactive metabolite, 113-OHA, therefore may
represent another example of this inactivarion process. This hypothesis is further supported by
the finding in mammals that the expression of the same enzymes, P450, . and 11p-hydroxylase
regulates the cortisol levels in neonatal rats (Nagaya et al_, 1995). Similarly, the expression of
two isozymes of 11B-hydroxysteroid dehydrogenase (11[-HSD) which convert bioactive cortisol
to the less active cortisone in developing ovine fetal liver and kidney, is thought to protect the
fetus from elevated levels of glucucorticoids (Langlois et al. 1995). Amnother enzyme, 20p3-
reductase, has also been shown to be expressed in the choricallantoic membrane of chick embryos
(McNatt et al., 1992); this enzyme metabolizes cortisol to produce 208 -dihydrocortisol, and both
of these hormones are angiostatic (i.e., they inhibit neovascularization of the chorioallantoic
membrane); the expression of this enzyme perhaps controls the development of the vascular
capillary network in chick embryo. The expression of P450,_ and 11B-hydroxylase in fish
embryos that are exposed to exogenous (maternal} cortisol, and the resulting conversien of cortisol
to 11B-OHA may represent a parallel of the phenomena seen in mammalian and avian models.

The other minor, as yet unidentified, metabolite in the present experiment may be one of
tetrahydro derivatives of cortisol or cortisone. McKerns (1969) reported that in human beings the
major excreted melabolite of cortisol is tetrahydrocortisol or tetrahydrocortisone. Similarly
Portinger et al. (1992) found that the predominant steroid metabolite in the bile of stressed fish
is tetrahydrocortisone. The four hydroxyl groups would make this metabolite more polar than
cortisol, and it would therefore elute from the HPLC column before the cortisol/cortisone.
However, the definite identity of this metabolite could not be ascertained due to lack of a proper
standard.

Conjugation as a form of inactivation does not seem to be the preferred mode of cortisol
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metabolism in either Arctic charr or rainbow trout embryos. It is possible that unlike other
steroids, for example T, which is suitable substrate for conjugation without prior transformation
(Forlin and Haux, 1985; Andersson et al., 1985), cortisol undergoes extensive metabolism without
conjugation (Truscott, 1979; Pottinger et al., 1992). Therefore, in embryos of the two salmonid
species examined here, the main route of detoxification of cortisol appears to be via the formation
of 11p-OHA and possibly tetrahydrocortisol/tetrahydrocortisons, rather than by conjugation.
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Background

Research related to the development of commercial aguaculture of Morone species has focused
increasingly on the culture of striped bass M. saxatilis x white bass M. chrysops hybrids. Numerous
studies has demonstrated (hat both hybrids, the female striped bass x male white bass (palmetto bass)
and the female white bass x male striped bass (sunshine bass), are faster growing {at least during the
first 2 years of life), more robust, and more resistant to disease and environmental extremes than
purebred striped bass (Kerby, 1986).

Recent declines in the striped bass fisheries along the Atlantic coast of the United States, as well as
legal and regulatory constraints, have increasingly limited the availability of wild broodstock
(especially females) as a source of gametes (Harrell, 1984). In part, the problem of limited
availability of striped bass eggs could be greatly mediated by using female white bass crossed with
male striped bass to produce reciprocal-cross sunshine bass hybrids. White bass are common in
much of North America (Scott and Crossman, 1973; Becker, 1983); their range has been greatly
expanded as a result of stocking. However, legal and regulatory constraints may also limit access
to wild white bass stocks. To resolve the dilemma of gamete availability, strategies for
domesticating broodstocks and associated methods of controlling reproduction need to be developed
(Donaldson and Hunter, 1983; Idler et al., 1987).

Two additional benefits of using female white bass as broodstock are that they normally mature at
an earlier age (age 2) and are much smaller (i.e., 250-580 g body weight) than female striped bass,
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which in the wild typically mature at age 4 or older and weigh 2-7 kg of more (Scott and Crossman,
1973; Bonn et al., 1976). Earlier age at maturity and smaller size are characteristics that should
greatly reduce the cost and effort of broodstock rearing and maintenance.

Strategies for domesticating white bass broodslocks and associated methods of controlling
reproduction have been developed (Kohler et al., 1994). In the course of this research it became
apparent that the traditional hCG dosage (i.¢., 1100 [U/kg wet weight female white base), which is
2-3 times higher than that used for striped bass, had not been adequately tested for efficacy.
Accordingly, we evaluated hCG dosages ranging from 0-1100 IU/kg in white bass females that had
been habituated to captivity and brought into spawning condition through temperature and
photoperiod control.

Methods

Adult white bass (300-600 g) were collected from the linois River near LaSalle, Illinois, via hook-
and-line fishing. Fish were placed in aerated live wells upon capture, moved to an oxygenated,
truck-mounted hauling tank, and transported (5-6 h) to several indoor 10,000-L water-recycle
systems at Carbondale, Illinois.

Fish were trained to formulated feed initially with moist pellets, which were prepared by mixing a
commercial dry trout feed (Purina Trout Chow "broodstock” diet: 40% crude protein, 11% crude
fat), raw gizzard shad Dorasoma cepedianum, and vitamins (coldwater fish premix). The proportion
of dry feed was slowly increased in the diet until fish accepted 100% dry feed, a process that usually
took about 2 weeks.

Spawning of white bass occurs between 15-20 °C (Kohler et al., 1994). Water temperatures of ail
systems were controlled by 746-W (1.0 horsepower) chillers (Frigid Unit) or 1,200-W heating
elements placed in each tank, as needed. Temperatures were measured by continuous thermal
recorders (Ryan TempMentor model RTM) placed in each system. Rock salt (NaCl) was added to
the systems to maintain salinity at about 2%. Dissolved oxygen, temperature, salinity, pH, nitrites,
total ammonia, and chlorine were routinely measured, and values ebtained were consistently suitable
for maintaining good fish health (Stickney and Kohtler, 1990).

We attempted 1o induce spawning with hCG injections at dosages of 0 to 1,100 IU/kg for female fish
and 100 TU/kg for male fish. Before injection, the fish were anesthetized with tricaine
methanesulfonate (MS-222); 50-100 mg/L.) and weighed to the nearest gram. The injections were
administered intramuscularly just ventral to the first dorsal fin above the lateral line. Fish were
given unique marks (dorsal spine or caudal fin clips) for subsequent identification.

Female white bass were checked for ovulation every 2 h from 16 h post-hCG injection by lightly
exerting abdominal pressure to extrude a small amount of eggs. Eggs were staged by procedures
similar to those described for striped bass (Kerby, 1986; Rees and Harrell, 1990). In general,
ovulation was indicated by the occurence of clear, free-flowing, uniform-shaped eggs with fully
intact inner chorion surfaces. Females that had ovulated were anesthetized with MS-222 (50-100
mg/1), weighed, and dried with a paper towel. We manuaily stripped eggs (approximately 80% of
¢gg mass) into weighed Teflon cups (15 mL volume). The egg-containing cups were weighed to the
nearest 0.1 g, and the number of eggs was estimated by subsampling (Rees and Harrell, 1990).
Semen was collected from males by inserting a pasteur pipetie in the urogenital opening and
applying suction. Semen from two males was placed in the Teflon cups with the eggs of each
female, water was added at twice the egg volume, and the contents of the cups were mixed.

After fertilization (2 min), the eggs were placed in a modified Heath tray in labeled, 6 x 6 ¢cm
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individual compartments constructed from poly-vinyl chloride plastic and 125 -um-mesh Nitex
screen. Approximately 5,000 eggs were placed in each compartment. A. continuous flow of 16-18°C
oxygenated water (5 L/min) was circulated through the trays. Trays were covered with black plastic
sheeting to prevent damage to eges and larvae from excessive light. The egps generally began to
hatch 36-48 h postfertilization, and hatching was completed within 24 h. An additional 96-120 h
was required for the larvae to absorb their yolk sacs. All live larvae, dead larvae, and unhatched
eggs from each spawn were fixed in 10% formalin for several days and then placed in separate,
labeled jars containing 95% ethanol. Eggs were counted with a Plexiglas counting chamber and a
dissecting microscope at 10 X magnification.

Resulis and Discussion
hCG dosages considerably less than those traditionally used to induce ovulation in white bass appear
to be more efficacious (Table 1). Based on these results we suggest that dosages similar or lower

to those used for striped bass ( 330 IU/kg; Kerby, 1986), be used for white bass,

Table I. Ovulation time and percent hatch for white bass induced to spawn using various dosapes
of hCG.

hCG Dosage/Female Ovulation Time (h) % hatch

AU/kg wet weight)  Mean Range Mean Range
1100 24 16-32 22 0-58

830 31 2645 36 6-90

280 28 24-34 58 0-90

250 39 3740 63 36-81

170 25 21-29 61 15-89

150 38 29-47 44 19-64

50 37 34-39 73 66-89

o0* - - - --

* Did not spawn.

In addition to providing guidance for improved spawning performance, these data have positive
implications toward eventual repulatory approval of hCG for spawning Morore spp.
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