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PREFACE 

In the disciplines of fish biology and fisheries biology, few other subjects have experienced the 
growth and interest as bas the area of early life stage biology - namely, fish eggs and larvae. Its 
rapid rise in popularity can be seen in comparing the size, content and list of references of 1.H.S. 
Blaxter's chapter on fish eggs and larval development in the 1969 Fish Physiology Volume III with 
the specificity and diversity of an entire volume (same series, Volume XI) 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 andlor larvae. IchthyopJankton 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 poilutant 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 symposium, as part of the International Congress on the . 
Biology 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 soon made us aware that our preconception was a 
misconception. The international 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 countries, representing four 
continents. Topics are international 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 topic of effects, we examine how ex(rinsic factors such as temperature, pH, 
petrochemicals, mechanical shock, pathogens and transport handling affect fish eggs and larvae. The 
broader category 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 descriptions of 
development to functional studies on factors that influence egg and larval development, metabolism 
and physiology. 

The success of this symposium was the result of the combined effort ofall the contributors and their 
shared concern 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 
Tiburon Laboratory, 
NOAA US Dept. Commerce 

Don MacKinlay 
Salmonid Enhancement Program 
Fisheries and Oceans Canada 
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THE EFFECTS OF EGG SIZE AND INCUBA nON TEMPERATURE ON THE 

Introduction 

HATCHING AND EARLY GROWTH OF LARVAL HERRING 

Simon A. Morley· and Robert S. Batty 
Dunstaffnage Marine Laboratory, 

P.O. Box 3, Oban, Argyll, PA34 4AD. Scotland 
Phone: (1631) 562244 
Fax: (1631)565518 

SMOR@DML.AC.UK 
"'Registered for PhD at University of Liverpool 

Egg size variation has been well studied in N.E. Atlantic herring, Clupea harengus, stocks (Almatar 
and Bailey, 1989, Hempel and Bla.xter, 1967 and Blaxter and Hempel, 1963). Egg size not only 
varies between herring stocks which spawn in different seasons and at different geographical 
locations but also amongst individuals within the same spawning stock. This variation in 
reproductive slrategy between investing more yolk in fewer eggs and investing less yolk in more 
eggs will affect the characteristics of hatching larvae and·therefore their probability ofsunrival. This 
study investigated various hatching characteristics of three N.E. Atlantic herring stocks. 

Several studies have shown that longer larvae hatch from larger eggs (Marteinsdottir and Able, 1992, 
mwnichog; 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 shovm to hatch with larger yolk reserves and 
more body tissue from larger eggs (Beacham and Murray, 1985, Chum salmon; Blaxter and HempeL 
1963, herring). Increased body reserves would be expected to increase the time to starvation ofa 
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 el 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 temperatures taken from the North Channel, an area close to Ballantrae Bank (the 
spawning site of the Clyde herring used in this study), shows that lhe 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 lime to 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 
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effect on the temperature hatch time relationship (Miranda et ai, 1990, sardine; Beacham and 
Murray, 1985, 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, 1956, Clyde herring) longer 
at hatch when incubated at a higher temperature (Forrester and Alderdice, 1966, Pacific cod; Blaxter 
and Hempel .1963, Clyde herring; Bla>aer, 1956, Buchan herring), or longer at hatch when reared 
at a lower incubation temperature (Beacham and Murray, 1985, Chum salmon; Blaxter and Hempe~ 
1961, German coastal herring and Meyer, 1878, Baltic herring). 

The above studies largely look separately at the effect of either temperature or egg size on the 
developing embryo. This study aims to investigate the effect of the imeraction 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 incubated 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 egg sizes were selected for each stock. Larvae 
were incubated at the temperatures shown in table I. 

S(Qck Year Temperature Egg dry weights, 
regimes/"C mg 

Buchan (Bu94) Autumn 1994 8,12 and IS 0.12-0.19 

Manx (Mn94) Autumn 1994 \0 and 13.5,17 0.2S-0.4 

Clyde (CI94) Spring 1994 5,Sandl2 0.2S-0.39 

Clyde (CI9S) Spring 1995 5,Sandl2 0.3-0.44 

Table I. Incubation details 

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

Hatching characteristics 

Before hatching eggs were transferred to I litre floating cylindrical containers with a 631lm mesh 
floor to facilitate 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 volwne was calculated using equation I); 
and dry weight. 

Equation I: 
4 I I 
-"It * -(yolklenglh) "'-(yolkwidth i 
3 2 2 
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Daily measurements were continued until 
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 50% 
cwnulative 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., 1988) with an analysis 
of covariance model was used to test the 

Variable name Variable type P>F 

IItemp. 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 tenns were significant. 

significant factors affecting the hatch date distribution, and each of the three hatching characteristics, 
total length, dry weight and yolk volwne. 

Results 

There was no clear relationship between egg dry weight and percentage survival of Bu94 eggs 
incubated at 15, 12 or 8°C. Surv'ival of eggs reared at goC, 25.12±12.04 (±IS.D) was generally 
higher than that offish reared at either IrC, 6.71±7.40, or ISoC, 2.73±3.4S. 

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

Equation 2: Ha/chTime 
140.01 

0.71 
inc II ba rion rempera{l/ re 

Stock Variable Length Weight Yolk 
m""e volume 

81194 Temp. <0.01 <0.01 <0.01 

Egg size <0.01 <0.01 <0.01 

Mn94 Temp. NS NS NS 

Egg size <0.01 <0.01 <0.01 

CI94 Temp. <0.01 NS 0.02 

Egg size <0.01 <0.01 <0.01 

CI95 Temp. <0.01 <0.01 0.05 

Egg size <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. All models were 
significant to P<O.OI. 
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In all cases longer larvae hatched from larger eggs, Figure 3 and Table 3, and the length of larvae 
at peak. hatch also depended upon the incubation temperarure in all cases except Mn94, Figure 3b. 
For a given egg size, embryos incubated at (he high temperature were shorter than larvae incubated 
at the medium temperature which in tum were shorter than larvae reared at the low temperature. 
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7.0 

5.0 

a) 

.. . ~l!=.lt ... 13. .mc .. >o;£?C.:: .::.:.:.: . .s 
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-,,~-:.~-:.--,.- .. -''l'" • - .---e.. . 

0.12 0.14 0.16 0.18 

Figure 3. The effect of egg dry 
weight and rearing temperature on 
hatching length for a) Bu94 
b) Mn94 c) CI94 and d) C195. 
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Figure 4 and table 3 show that for all sto~ks heavier larvae hatched from larger eggs. Also, for a 
given egg size, Bu94, Figure 4a and C195. Figure 4d, larvae were heaviest at hatch when incubated 
at the low temperature whilst those incubated at the high temperature \vere the lightest. 
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Figure 4. The effect of egg 
dry weight and incubation 
[emperature on hatcrung 
weight for a) Bu94 
b) Mn94 e) CI94 and 
d) C195. 



FigW'e 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 huvae hatch with, but 
again not for Mn94 embryos. These effects are also reversed between Cl95 and the other two stocks. 
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Figure 5. The effect of egg 
0.36 dry weight and incubation 

temperature on hatching yolk 
volume for a) Bu94 
b) Mn94 c) CI94 and d) C195. 
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Table 4 shows that SAS GLM 
models can be fitted to the 
In(length), In(weight) and In(yolk 
volume) data where there is no 
effectofs[Qck. Ln(egg size) has a 

Variable Variable Ln Ln Ln(yolk 
name type (length) (weight) volume) 

Temp Class <0.01 0.20 0.33 

Stock Class 0.84 0.63 0.29 

Ln(egg) Continuos <0.01 <0.01 <0.01 

Table 4. Significance values for SAS GLM analysis of 
covariance models for the effects of rearing temperature 
(Temp) stock and egg size (Ln(egg» on total length, weight 
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 when incubated at the low temperalUre and the shortest larvae 
hatched from the high incubation temperature, 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 egg size/hatching dry weight relationship has a slope of 1.00 so an increase in 
egg dry weight of I mg will result in an increase in larval \ ... -eight of I 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 fonn of yolk sac with increasing egg size. 
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larvae from all stocks 
combined. Temperature 
only had an overall effect on 
length. SAS GLM model 
fils are shown. 
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Figure 7 shows that for Cl95 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. 
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Figure 7. The length 
weight relationship of 
larvae incubated and then 
reared at three 
temperatures. 

Incubation temperature had a very similar effect on the timing of hatch to that found by Blaxter and 
Hempel (I 963). Larvae incubated at 14.SoC hatched between 6 and 10 days post fertilization (Blaxter 
and Hempel recorded a value of 7.5 days at 14°C) larvae incubated at SoC hatched between 23 and 
25 days post fertilization (Blaxter and Hempel recorded a value of24 days post fertilization). 
In 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 egg 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 
(l966) suggest that survival of paci fic cod was higher at lower incubation temperatures because of 
the lower oxygen requirements of larvae developing more slowly at these temperatures. Frequent 
water exchange meantthal 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 surrounding waLer will 
detennine the oxygen available to that embryo and markedly affect the embryos physiology and 
subsequent hatching characteristics. In this experiment eggs were scattered randomly over glass 
plates to avoid large clumps. However, there could still 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, 
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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 slope for smaller egg sizes. 
Therefore, small changes in egg size have more effect on hatching Buchan larvae than they do on 
Clyde larvae. This suggesLS a mechanism where by stocks 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 smallest eggs also have the highest variability in larval 
size at hatching. The fact that the increased weight oflarger eggs is transferred directly into larval 
weight suggests that whilst in the egg embryos are able to convert the energy stored as yolk quite 
efficienlly. 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 hatch length. The lack of an overall effect of temperature 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 yolk volume of hatching 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 gro\,,1h phase at these same temperatures. 
This suggests itselfas 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. 

References 

Almatar, S.M. and Bailey, R.S., 1989. Variation in the fecundity and egg weight of herring (Clupea 
harel1gl./s 1.) Part I studies in the Firth of Clyde and northern North Sea .. "J. du Conseil45: 113-124 

Batty, R.S. and Blaxter, J.H.S. 1992. The effect of temperature on the burst swimming perfonnance 
offish larvae. J expo BioI., 170, 187"201. 

Beacham, T.D.,and Murray, c.B. 1985. Effect of female size, egg size and water temperature on 
developmental biology of Chum salmon (Oncorhynchus kera) from the Nitinat River, British 
Columbia. Can..J. Fish. Aquat. Sci. 42: 1755-1765. 

Blaxter, J.H.S. 1993. The effect of temperature on larval fish. Nerh. J Zoo!.. 42: 336"357. 

Blaxler, J.H.S. 1968. Rearing herring to melamorphosis and beyond. J mal". bioI. Ass. u.K. 48: 17-
28. 

Bla"der, J.H.S. 1956. Herring rearing" II. The effect of temperature and other factors on 
development. Mar. Res. Scol. 5: 19pp. 

Blaxter, J.H.S. and Hempel, G. 1963. The influence of egg size on herring larvae (Clupea 
harengus). J Cons. fl1l. Expl. Aler. 28: 210-240. 

17 



Blaxter, J.H.S. and Hempel, G. 1961. Biologische Beobachtungen bei dec Aufzucht von 
Heringsbrut. Helgoland. Wiss. Meeresunters. 7: 260-283. 

Chambers, R.e., Leggett, W.C. and Brown, lA. 1989. Egg size, maternal effects, and the 
correlations between early life history traits of capelin (Mallotl/s villoslIs) (Pisces: Osmeridae): An 
appraisal at [he individual leveL Rapp. P. V Reun. Ciem. 191: 

Forrester, C.R. and Alderdice, D.F. 1966. Effects of salinity and temperature on embryonic 
development of the Pacific cod (Gadus macrocephalus). 1 Fish. Res. Bd. Canada. 23(3): 319-340. 

Hempel, G. and Blaxter, J.H.S. 1967. Egg weight in Atlantic herring. J. Conseil 31: 170-195. 

Jones, S.R., and Jeffs, T.M. 1991 Near-surface sea temperatures in coastal waters of the North Sea, 
English Channel and Irish Sea. Fish. Res. Dara Rep., Fish. Lab. Lowestoft, Suffolk, 24: 1-70. 

Marteinsdottir, G. and Able, K.W. 1992. Influence of egg size on embryos and larvae of Fundulus 
heleroclitus (1.) J. Fish Bioi. 41: 883-896. 

Meyer, H.A. 1878. Beobactungen tiber das Wachsthum des Herrings im westlichen Theile der 
Ostsee. Jber. Komm. Umersuch. Drsch. Meere Kiei, 4-6: 229-250. 

Miranda, A, Cal, R. M. and Iglesias, J. 1990. Effect of temperature on the development of eggs and 
larvae of sardine Sardina pilchardlls Walbaum in capti\'ity. J. Exp. Mar. BioI. Ecol. 140: 69-77. 

Munk, P, and Rosenthal, R. 1983. Variability in size of herring larvae at hatching. Influence of egg 
deposition patterns of parental fish. I.C.E.S., e.M. 19831L:33. pp 16. 

Pauly, D.P. and Pullin, R.S.V. 1988. Hatching lime in spherical, pelagic, marine fish eggs in 
response to temperature and egg size. Env. Bioi. Fishes. 22(4): 261-271. 

SAS Institute Inc. 1988 SASISTAT IIsers' guide. Release 6.03 ed. Cary, North Carolina. 

18 



THERMAL MARKING OF ALEVINS TO ENABLE 

IDENTIFICATION OF HATCHERY STOCKS 

Don D. MacKinlay 
Salmonid Enhancement Program 

Fisheries and Oceans Canada 
555 West Hastings Street 

Vancouver Be V6B 5G3 CANADA 
Phone: 604-666-3520 Fax: 604-666-6894 
E-mail: mackinlayd@mailhost.pac.dfo.ca 

Carol Cross, Program Coordination and Assessment, SEP, DFO 
Kelly Dover, Chilliwack River Hatchery, SEP, DFO 

Wendel Hoysetb, Pacific Biological Station, DFO 

Abstract: The contribution of hatchery releases to retwning adult citinook 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 COWlt is adjusted by the proportion of marked versus 
unmarked fish that were released as smalls to estimate the enhanced contribution. The 1ota] 
number offish that spawn in the river is estimated from dead pitch sampling expanded to 
accounl for only 8-12% of lata I reLUrn 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 nol 
account for differential survival between tagged, untagged and wild spawned fish, 
differential return locale preferences of wild versus hatchery origin returning adults and the 
potential errors in the total wild spawner return eslimates. By adjusting incubation 
temperatures on an evenly timed schedule, we induced the formation of dark bands on the 
otoliths of a1evins and were thus able to mark all of the hatchery-origin fish with no stress 
to the fish and at neglible cost. When these fish return in 3-5 years, we ... vill be able to sample 
the wild and hatchery returns to oblain an independent and unbiased reading of the ratio 
between \vi)d 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 chinook run began as a transplant in 1981 of 675,000 eggs from the 
Harrison River run collected at the Chehalis River flatchery. Transplants ceased in 1984, when 
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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 corrunercial, 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 international 
cooperative accounting of salmon production from hatcheries in the eastern 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 escapemem 
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 pitch recoveries are expanded by this factor to get the mta1 estimated escapement. The 
hatchery-origin contribution originates from the expansion of coded wire tagged recoveries from the 
MRP. In some years, the enhanced hatchery-origin has accounted for 100% of the narural spawners, 
while in others it has ranged from 54 to 86% (Figure 1.). 

Chilliwack Chinook Enhancement Contribution Estimates 
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Figure I. Results of different methods of estimating hatchery and wild-spawn contributions to 
Chilliwack River and Hatchery returns. 

The hatchery-origin proportion of the fish that swim in to the hatchery is estimated by expanding 
the nwnber of marked fish (no adipose fi~) counted by the ratio of marked~to-urunarked fish released 
from the hatchery in the applicable brood years. All of the marked fish are eventually identified as 
to which release group they belong by reading the coded~wire tag. 

Considering these data, it would appear that naturally spaVv"Iling 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. In any 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 .. viII be some subsequent years. Escapement will then 
be sampled, staning 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 Yolk (1994) and 
refined into a stepwise procedure by Hoyseth (1995). The basic procedure is to decrease the 
incubation temperature by at least 2°e 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 grov.'lh rings during the lower temperature phase, resulting in 
alternating dark and light rings visible at the margin (which later are found near the center) ofthe 
otolith. 

To get a consistent mark for a stock of fish, the thermal marks should be applied at 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 over 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.). 
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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 took only one hour to adjust the temperatures, not a 
gradual adjustment as might b~ 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 least the 
minimum drop of2"'C was attained with each change of water supply. 

Samples of the fish were taken at the alevin and rearing Gust prior to release at 6 g) slages 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 disintegrate otoliths. Sagittal otoliths were removed from the ear canals of the fish using a 
dissecting microscope, cleaned and affixed to a microscope slide with thermoplastic cement, melted 
on a hOlplate. 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. 6011 to 11-1). Larger otoliths are ground with coarser paper (approx. 300 grit to 600 grit) on 
a machine to 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 (lOOX 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 otolith (core) to the start of the basemark, 
base mark width, and focus to accessory mark were taken for each sample. The measurements were 
taken in the same quadrant of the otolith and abnormalities were noted. These procedures are meant 
to give a thorough profile of the thennal marks in the juveniles, so that they can be correlated to the 
marks found in returning adults, wherever they are captured. 

Results 

This paper only reports on the first phase of this experiment, tha[ of placing and verifying the 
thennal 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 
nOl 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 s'Nimming into 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 returning fish to 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 chinook salmon at 200X (left) and 400X) 
right, showing the even distribution from daily temperature changes for four days. 
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The effects 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) was examined. The time 
taken from hatching to lust feeding and size at first feeding decreased with increasing water 
temperature. Yolk-nitrogen conversion efficiencies decreased and standard metabolic rate at first 
feeding increased with increasing water temperature. 

~JRODUcnON 

Due to their pOikilothennic nature, water temperature is the major abiotic factor regulating 
developmental processes in fish and the effects of water lemperarure 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 between temperarure, aerobic metabolism, growth and yolk conversion efficiency 
has been studied for a number of Pacific salmon species (Rombough, 1988, 1994). In Atlantic 
salmon, Salrno safar L., the effects of water temperature on the time taken from hatching to first 
feeding and size at first feeding have been weB studied (petersen eI at. 1977; Gunnes 1979; 
Brtinnas 1988; Crisp 1988; Kane 1988; Jensen eI at. 1989; Petersen & Martin-Robichaud 1995). 
However, there are very little data on the effect of temperature on yolk utilisation efficiency 
(Hayes & Pelluet 1945; Petersen & Manin-Robichaud 1995), aerobic me[abolism or nitrogen 
budget during the alevin phase. The aim of this study was to examine me 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 (Salrna salar L.) from 
three European river stocks, the Alta in Finnmark in Northern Norway (700N, 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 12.5DC until 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 rnm) and egg volume 
(V=(4/3)rr, mmJ

) of these 100 eggs measured. The volume of yolk 24 hours after hatching 
was calculated by measuring the length and height of the yolk and using the fonnula for a 
prolate sphere, V=(7r/6)LI-f. Alevins were sampled from each tank 24 hours after hatching and 
then at regular intervals between hatching and first feeding. On each sampling date ammonia 
excretion (mg NH3/day) was measured for each river/temperature group (triplicate groups of 10 
alevins) using a Phillips anunonia electrode. Each group was placed in 50 m1 of freshwater at 
the appropriate water temperature and left for 2 hours. At first feeding, the standard metabolic 
rate (JLM ~/g/day) of fry was measured in 5 replicate groups of 5 fish from each 
river/temperature 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 totallenglh (mm) were measured. The 
fish were placed individually in eppendorf vials, frozen in liquid 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 'bu!Ionect 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 to disposal 
and the fish remaining at first feeding killed and incinerated together with all mortalities 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 [0 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 Alta 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.YC, intermediate at 7°C and slowest at 2.5°C. The [imes taken 
from hatching to first feeding were; 28, 51 and 124 days for the Laxa fish; 28, 56 and 148 days 
for the Alta 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"Nl ALTA (700N} ALLIER (45°30'N} 
Females MSW salmon MSW salmon Landlocked (4+) 

(5-9 kg) (101 ± 8 cm) (450 g) 
Males Grilse/MSW MSWsalmon Wild adults 

(2-3,6-12kg) (94 ± 26) cm 
No of Families 30 5 Unknown 

Table 2. (a) Weight CW, mg), diameter (d, mm) and volume (V, nun') of the eggs from the 
Laxa (Iceland), Alta (Norway) and Allier (France). (b) Wet weight (mg), total length (nun) and 
yolk volume (mml) at hatching (WOI T4 , Vo), wet weight (mg), total length (mm) at first 
feeding CWFF' T4F) and length-specific growth rate (SGRL• rnm/day) for Atlanlic salmon alevins 
from the Laxa (Iceland), Alta (Norway) and Allier (France). 

LAXA ALTA ALLIER 
(a) Egg 

W 78.9 (1.9)' 149.8 (1.1)" 129.7 (l.I)b 
d 5.0 (0.1)' 6.4 (0.1)" 5.7 (0.2)' 
V 64.4 (1.2)' 135.4 (1.6)b 97.0m(O.2)' 

(b) Alevin 
W, 12SC I 59.5 (2.2)' 1124.2 (l.W 1105.7 (4.9t 

7.0·C '65.0 (2.1)' 1123.0 (1.7)b '106.1 (3.2)' 
2.5"C '66.0 (1.6)' 1124.3 (l.8? '104.6 (2.6)' 

TI. 12.5"C 116.5 (0.1)' 117.4 (0.2)b '18.1 (0.2)' 
7.0°C '16.2 (0.1)' 218.0 (O.l)b '18.6 (0.2)' 
2.5"C '18.0 (0.1)' 119.2 (O.I)b '18.7 (0.2)' 

V, I2.5°C '71.8 (3.8)' 1142.4 (5.6t 1115.7 (8.8)" 
7.O"C '69.4 (3.5)' 1141.9 (3.4)b '92.9 (4.4)' 
2SC '57.4 (2.9)' 1134.1 (5.4)b '105.9 (5.2)' 

w" 12SC '88.7 (3.2)' 1170.5 (2.0)b '139.3 (4.5)' 
7.0°C '91.5 (3.2)' 1.2174.1 (2.6)b '144.1 (5.6)' 
2SC '101.9 (2.2)' 1183.5 (3.9)b '151.0 (5.0)' 

TL" 12SC 124.0 (0.2)' 128.4 (0.2)b 127.1 (O.4),·b 
7.O"C 1.225.3 (0.3)' '·2.zS.7 (0.2)b '·'27.5 (0.2)' 
2.S"C '26.5 (1.1)' '29.7 (0.5)" '28.5 (0.3)' 

SGRL 12.5'C 1.3 1.8 1.4 
7.0°C 0.8 0.8 0.9 
2SC 0.3 0.3 0.3 
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Figure 1. The effect of water temperarure on the 
growth rate, expressed in terms of total body length 
(mm) from hatching to first feeding for Atlantic 
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 
I2.5°C (open circles, solid line), 7°e (open squares, 
dotted line) and 2.5°C (closed circles, 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 slacks. The total alevin weight (body + yolk) 
at hatching was similar at the three water temperatures however, alevin body length tended to 
decrease with increasing water temperature (Table 2). There were no statistical differences in 
the mean yolk volume at hatching at the three water temperatures. 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 et al. 1977, Petersen & 
Martin-Robichaud 1995), Arctic charr (Wallace & Aasjord 1984), chinook salmon (Heming & 
McInerney 1982), churn salmon (Beacham & Murray 1985) and steelhead lrout (Rombough 
1988). At hatching and first feeding a consistent pattern of differences in size were evident 
between the three river stocks when comparisons were made at either 12.5, 7.0 or 2.SoC (Table 
2). Fish from the Alta were significantly larger at hatChing and at first feeding compared to the 
Laxa and Allier fish, and Allier fish were Significantly larger at hatching and at first feeding 
compared to the Laxa fish. These differences in alevin size at hatching and fust feeding berween 
fish from the three river slocks 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 lenglh per day (Table 2). 

28 



a) 
LAXA 

28 

24 

c 20 
]l 
0 I' 0 .. 
1:>< 

~ a 
" 

4 -'. 
o b .•• 

0 7 14 21 2S 
b) 

28 

2' 

'u 

2S 56 .. 112 140 

ALTA 

35 

28 

24 
'~'l 

20 
',2 

I' 
12 "~, 

~'" 
0 

0 7 \4 21 28 35 42 49 56 63 

2S 

24 

20 

16 

12 

1" 
0 

163 0 28 56 S< 112 140 16' 

28 

24 

2S 

24 

20 

16 

12 

0 

2S 

24 

20 

I' 12 

0 

0 

0 

ALLIER 

!"'~ 

• 

, 
• '1. 

7 \4 21 23 35 42 49 56 63 

\., • ~" 

'~" 
"-£ 

28 56 .. 112 1'0 168 

Time after hatching (days) 

Figure 2. The effect of water temperarure 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.SoC. b) 7.0°C and c) 2.SoC for Atlantic salmon alevins from the Laxa 
Oceland), 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, Alta and 
Allier alevins reared at 12.5, 7.0 and 2.5aC (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 (mg protein/day), between hatching and first feeding 
between the three rivers with the ranking Alta > Allier> Laxa respectively (ANCOV A, data 
not shown). Simple nitrogen balances (yolk N loss = body N gain + ammonia excretion) were 
constructed for the alevins from the Laxa, Alta and Allier at 12.5, 7.0 and 2.saC (Table 3). The 
nitrogen content (mg N) of the body and yolk at hatching and body nitrogen content at first 
feeding were calculated by dividing the protein content by 5.85 (Gnaiger & Bitterlich, 1984)_ 
The yolk nitrogen loss and body nitrogen gain (mg Niday) for each group was estimated as the 
slope of the regression line relating the changes in the body and yolk nitrogen content 
(protein/5.85) 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 growthJyolk-N 
absorption) x 100 (Dumas et al. 1995). The relationship between anunonia excretion and time 
from hatching to first feeding was linear for the Laxa, Alta and Allier alevins at 12.5, 7.0 and 
2.50(: (data not shown) and Ehe slope of each regression line was used as an estimate of daily 
ammonia excretion (mg NH3/day). Using this simple model, the mean percentage accountability 
was 101 ±2.4 % (range 91 - 111 %). A similar temperature-dependent change in nitrogen 
balance and standard metabolic rate was seen for each river. As water temperarure decreased, 
the rates of yolk nitrogen 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.saC), 73.8% (7.0aC) 
and 83.5% (2.saC) respectively. There is very little data on protein/nitrogen yolk conversion 
effiCiencies (YCE) in salmonid fish however, efficiencies of 72-74% at 7aC can be calculated 
for Atlantic salmon from the data of Srivastava & Brown (1991, 1993)_ The efficiency of yolk 
utilisation for growth in salmonid alevins has commonly been expressed in terms of changes in 
dry weight and Ehese data have shown a similar decrease in YCE with increasing water 
temperature (Heming, 1982; Wallace & Aasjord, 1984; Rombough 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. 
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Figure 3. The relationship between standard 
metabolic rate (J.1M Ozlg/h) and yolk-N 
conversion efficiency (Body-N 
gain*100/yolk-N loss) for Atlantic salmon 
alevins from (a) the Laxa (Iceland, closed 
circles), (b) the Alta (Norway, open circles) 
and (c) the Allier (France, open squares). 
The Spearman rank: correlation coefficient 
(r.) is indicated (*** p <0.001) . 



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 (Bo, 
Yo) and flrst feeding (BFF) is expressed as mg of body or yolk nitrogen, the rates of ammonia 
excretion, yollc nitrogen loss and body nitrogen gain are expressed as mg nitrogen/day. Yolk 
conversion efficiency (YeE, %) is calculated as [(BFF-Bo)*100]lYo' 

T'C 12.5 7.0 2.5 

a) LAXA 
Bodyo 0.171 0.188 0.239 
Yolk, 2.085 2.256 2.256 
BodYFF 1.607 1.812 2.137 
Body N gain 0.052 0.032 0.Q15 
Yolk N loss -0.074 -0.044 -0.018 
NH3 excretion 0.021 0.015 0.005 
YCE 70.3 72.7 83.3 

b) ALTA 
Bodyo 0.410 0.342 0.393 
Yolk, 4.154 3.419 3.880 
BodYFF 3.419 3.077 3.556 
Body N gain 0.107 0.047 0.022 
Yolk N loss -0.148 -0.061 -0.026 
NH3 excrelion 0.031 0.016 0.006 
YCE 72.3 77.0 84.6 

c) ALLIER 
Bodyo 0.650 0.530 0.444 
Yolk, 3.145 3.350 3.077 
BodYFF 2.803 2.957 3.077 
Body N gain 0.074 0.056 0.019 
Yolk N loss -0.108 -0.078 -0.023 
NH3 excretion 0.026 0.015 0.005 
YCE 68.5 71.8 82.6 

Table 4. Standard metabolic rates (JLM Dig/h) at fust feeding for Aiiamic sabnon fry from the 
Laxa (Iceland), Alta (Norway) and Allier (France) rivers reared at 2.5,7.0 and 12.5"C. 

12.soC 
7.0°C 
2.5OC 

LAXA 

113.18 (0.66),·b 
, 8.82 (0.34)' 
, 2.55 (0.33)' 

ALTA 

'12.24 (0.81)' 
'9.39 (0.26)' 
32.31 (0.27)" 
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115.79 (0.92)b 
112.35 (O.24)b 
'2.73 (0.27)' 
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SENSITIVITY TO MECHANICAL SHOCK IN ATLANTIC SALMON EGGS DURING 

Abstract 

THEIR FIRST SIX HOURS AFTER FERTILIZATION 

William F. Krise 
National Biological Service 

Research and Development Laboratory 
Rural Delivery #4, Box 63 

Wellsboro, PA 16901 
717-724-3322, Extension 231, Fax:717-724-2525, Krisecol@epix.net 

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 (LeIO) 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 LelO and LC25 estimates among sample times through 6 hours post­
fertilization. Eslimates of shock causing 10% mortality ranged from drop heights of23.5 to 26.9 
cm or force of 5.2 to 6.0 X 103 ergs for domestic eggs and 17.5 to 38.5 cm or 3.5 to 7.7 x 103 

ergs for kelt eggs. LC25 estimates of drop height and force were 46.1 to 60.3 em and 10.2 to 
13.4 x 1(j ergs for domestic stock and 43.7 to 65.1 cm and 8.8 to 13.1 x 103 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 procedures 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 48 
hours after fertilization (piper et aI. 1982). We determined the effects of mechanical shock to 
eggs during the course of typical transport times used in the Atlantic salmon egg program, apart 
from possible effects oftransport 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 aDd Materials 

Eggs were collected from six individuals of domestic strain Atlantic salmon (Cronin National 
Salmon Station, Sunderland, Massachusetts) and six kelts (North Attleboro National Fish 
Hatchery, North Attleboro, Massachusetts). After fertilization in 100 C water, samples of20 to 
45 eggs were placed into 500 mljars to serve as controls and for the set of30-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 (I, 2, 4, and 6 hours post-fertilization) one control group of eggs 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 em produced low, medium, and high egg mortality, leading to 
selection ofthose heights for the tests. 

To start a test, eggs were gently removed from sample jars, and placed into 6-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 6-80 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 eggs). Eggs fixed 
in Davidson's fixative were examined under 7X magnification to determine mortality because fixed 
dead eggs returned to amber color. Dead eggs in formalin were easily identified without 
magnification 

Statistical analysis included estimation offorce 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 1 IY 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 
ANOV A to determine differences between broodstock groups. All statistical tests were 
conducted at the p=O.05level of significance. 

Results 

Estimates of 10 and 25% mortality were similar for both domestic and kelt eggs and are shown as 
LClO and LC25 as em drop height, as force estimated to cause mortality, and as 95% confidence 
intervals of percent mortality at LC1 0 and LC25 (Table I). 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 broodstock types and sample times through the 6-hour sample period. Force calculations 
ranged between 3.5 and 7.7 x 1IYergs 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 HYergs. 
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Table 1. Drop height (em) estimates ofl0% (LCI0) and 25% (LC25) Atlantic salmon egg 
mortality (95% confidence intervals) and corresponding force (Icr ergs) from 0.5 to 6.0 hours 
after fertilization of mortality for LCIO and LC25. 

LClO Force Mortality LC25 Force Mortality 
BroodSock Hol.Ir> (om) 003 ergs) 95% CI 10m) (JIY ergs) 95%CJ 

Domestic 0.5 26.9 6.0 (4.8 to 15.2%) 59.2 13.1 (15.9 to 34.1%) 
1.0 26.9 6.0 (4.8 to 15.2%) 59.2 13.1 (15.9 to 34.1%) 
2.0 23.5 5.2 (4.5 to 15.5%) 56.2 12.5 (16.7 to 33.3%) 
4.0 25.3 5.6 (5.5 to 14.5%) 60.3 13.4 (18.6 to 31.4%) 
6.0 25.2 5.6 (-1.8 to 21.8%) 46.1 10.2 (15.1 to 34.9%) 

Kelt 0.5 26.5 5.3 (-1.1 to 21.1%) 53.6 10.8 (13.5 to 36.5%) 
1.0 38.5 7.7 (-0.3 to 20.3%) 65.1 13.1 (-31.3 to 81.3%) 
2.0 17.5 3.5 (-0.3 to 20.3%) 43.7 8.8 (10.7 to 39.3%) 
4.0 25.6 5.1 (1.0 to 19.0%) 52.5 10.6 (13.5 to 36.5%) 
6.0 27.6 5.5 (-9.4 to 29.4%) 48.4 9.7 (3.5 to 46.5%) 

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 ex.perienced, 
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 (Oncorhynchus kimtch) appeared slightly more 
sensitive to mechanical shock than Atlantic salmon., with a median shock limit of31.1 em 
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 (0. 
tshawytscha), sockeye (0. nerka), chum (0. ketal, pink sahnon (0. gorhuscha), and stee1head (0. 
mykiss); they also determined the LelO and LCSO values for these groups through the incubation 
period. The LelO 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 eggs ofthe six species listed above. LClO shock sensitivity (in drop height) of inactivated 
fertilized eggs for these species ranged from 12.1 to 41.7 cm. Values for Atlantic salmon were 
within this range for domestics (26.9 cm) and kelts (26.5 cm). Estimates afforce 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 10] ergs; Jensen and Alderdice 
1989), with the exception ofa lower estimate (1.2 x 103 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 cm 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 (LelO of8.2 cm) and chinook least sensitive (18.2 cm). Jensen and 
Alderdice (1989) found breakage in coho and steelhead eggs at lower force (1.2 to 1.9 x 1<Y ergs) 
than that for Atlantic salmon which was LelO from 3.5 to 7.7 x 1<Y ergs. Other Pacific salmonid 
species had similar force estimates at LelO (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 is 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 
eggs 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 groups 
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 psychrophillis was responsible for 
rugh 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 steelhead 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/embryos. F. psychrophillls 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. psychrophillis 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. In vitro experiments indicate that F. psychrophilus is somewhat resistant to 
lysozyme concentrations of up to 2 mg mI-l (greater than concentrations found within a salmonid 
egg). The results of this study indicate that F. psychrophillis may be transmitted both horizontally 
and vertically within salmorud hatcheries. 

Introduction 

High mortalities due to systemic bacterial cold-water disease (SCWD) were documented in 
steelhead trout (Oncorhynchus 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 

39 



incubated in sand filtered spring water, wruch is fish-free. Yellow colonies typical of Flexibacter 
psychrophilus, causal agent of BCWD, were isolated on medium inoculated with surface 
disinfected steelhead egg homogenates. In the light of these anecdotal data and early lests, the 
study documented here was initiated, the purpose of which was to determine if F. psychrophilils 
cou Id be transmitted witrun 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. psychrophillls. 

Materials and Methods 

Two stocks of steelhead trout were examined. Five female fish from the Scott Creek (SC) stock 
were injected with erythromcyin (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'l 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 fluid. Additional eggs were sampled from each fish after the eggs had been 
fertilized, surface disinfected and water-hardened with 100 ppm povidone/iodine for Ih, and then 
rinsed in the hatchery water. Additional samples were taken from each fish at the eyed and hatch 
stage. 

To examine the eggs/embryos for intra-ovum infections due to F psychrophilus we followed a 
modified protocol of Evelyn et al. (1984). In the laboratory, 5 unfellilized, non water-hardened 
eggs were blotted on sterile filter paper and then placed in individual tubes containing 3 m1 of 
tryplone-yeast extract broth that had been supplemented with 0.5% (v/v) newborn calf serum 
(TYE). In the case of the surface disinfected eggs, eyed eggs, and newly hatched sac fly, 5 
eggs/embryos were treated as above, 5 additionaJ eggs/embryos 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 those plates were then incubated at 
17°C for 72h. 

In order to determine ifF. psychrophillfs was transmitted witrun 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 wruch the homogenate was streaked onto TYE plates and the plate 
incubated at 17°C for an additional 72h. 

To examine the possibility that F. psychrophillfs could survive inside salmonid eggs, the contents 
of 50 steel head eggs from the uninjected SL group were taken aseptically with 1 m1 syringes and 
disposable 18 gao 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 
psychrophillls 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. psychrophillis according to the criteria outlined above. 

All growth on all plates was examined to detennine if it was due to F psychrophillis. Growth 
was deemed to be positive if it met the following criteria: Gram negative short rods, producing 
yellow pigment on TYE medium, that the yellow pigment turned red when streaked onto filter 
paper soaked in IN NaOH (indicative of flexirubin, the pigment produced by Flexibacter spp.), 
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growth at 17 °e, but not at 30 °e, 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. 
psychrophillis in rabbits. The antisera was kindly supplied by Dr. R. Hedrick (Department of 
Veterinary Medicine, University ofCaJifomia at Davis). 

To detennine whether F psychrophillis is resistant or susceptible to lysozyme, which is found in 
salmonid eggs and is probably responsible for passive defense of the developing embryos against 
bacteriaJ pathogens, we followed a modification of the procedure described by Yousif el al. 
(1994). A suspension of F. psychrophillls cells was made in phosphate-buffered saline (PBS) and 
adjusted to an absorbance of ca. 10.0 at 540 nm. We also suspended Aeromonas saimOllicida (an 
A+ strain) cells in the same way, as a positive control for lysozyme activity. The bacteria (both F. 
psychrophillis and A. salmonicida) were then diluted 1110 in solutions of hen egg white lysozyme 
in PBS (PH 6.2), at concentrations of 0, O. I, 1.0, and 2.0 mg mr'. 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 serially diluted 100-fold to 10-6. 25 III of each diluted sample were dropped, in 
triplicate, onto TYE plates. The plates were then incubated at 17 °e for 4gh, 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 mr'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 detennine the susceptibility of F. psychrophilus to 
povidone the above experiment was repeated, except that the bacterial suspensions (both F. 
psychrophillis and A. salmonicida) were exposed to povidoneiiodine 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 mortaJities were monitored. Any mortalities were detennined to 
be due to Bewn by culture and immunoassays, in addition to noting characteristic pathologicaJ 
signs and direct observation of typical Flexibacfer 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 eggs, 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 povidone/iodine at the hatchery. This may be a problem unique to this particular 
hatchery, i.e., the bacteria in the water infect the surface of eggs/embryos after the initial 
disinfection. We also isolated F. psychrophillfs from the surface of 10% of newly spawned eggs 
that had only been in contact with ovarian fluid from the spawning female, indicating that the 
females themselves were the source of infection in these cases. Therefore, complete surface 
disinfection is essential, especially in hatcheries with pathogen-free water. The iodine/povidone 
experiment indicated that F. psychrophilus 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. = erythromycin. Oxytet. = oxytetracycline, Not - not injected 

Fish # Stock Injected Surface Ovarian Egg Eyed Alevin 

1 SC Erytbro. 47 15 15 0 0 

2 SC Erytbro. 27 0 n.d. 20 0 

3 SC E<ythro. 20 10 50 20 40 

4 SC Erythro. 9 0 10 0 0 

5 SC Erytbro. 14 20 0 20 0 

Average 23 9 15 12 8 

6 SL Oxytet. 53 0 10 0 0 

7 SL OxyteL 47 0 10 0 0 

8 SL OXYlet. 47 0 10 15 10 

9 SL Oxytet. 33 30 10 0 0 

10 SL OXYlel. 10 0 0 10 n.d. 

11 SL O,;ytel. 40 20 30 10 n.d. 

12 SL Oxytel. 0 30 10 20 0 

Average 33 12 12 8 2 

13 SL No. 20 10 0 0 0 

14 SL No. 0 10 15 0 0 

15 SL No. 53 IO 30 D.d. IO 

16 SL No. 33 10 0 0 0 

17 SL No. 33 10 10 0 0 

Average 28 10 II 0 2 

Overall average 2. 10 13 7 4 

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

% Reduction ofcfu after exposure of 1= 
Iodine 

Bacterial species conceDlralion o min 30 min 60 miD 
(DDm) 

Aeromo1UlS safmonicida 
0 0 0 0 
10 0 100 100 
100 0 100 100 
500 0 100 100 

Fle.tibacter Psycllfopllilus 
0 0 0 0 
10 0 50 100 
100 0 9B 100 
500 0 100 100 
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F. psychrophi!tls 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 sa/moninartllTl, causa1 agent of bacterial kidney disease, may be the only bacteria1 
pathogen ofsalmonids that could survive within salmonid eggs (Evelyn et a/. 1984, Barker ef al. 
1991, Yousifet al. 1994) Most other bacterial sa1monid pathogens are Gram negative, including 
F. psychrophillis. Susceptibility to lysozyme is a characteristic of many fish pathogens (Grinde 
1989), and Yousif et al. (1994) have shown that a number of Gram negative fish pathogens are 
susceptible to lysozyme purified from coho salmon (0. lcistlfch) eggs. However, those authors did 
not test F psychrophilus for lysozyme susceptibility. Our in vitro experiments for lysozyme 
susceptibility indicate that F. psychrophillls is somewhat resistant to lysozyme. Exposure of F. 
psychrophillls to 2 mg mI-1 for 90 minutes resulted in only a 44% reduction in the number of 
viable celis, as compared to a 99% reduction in Aeromonas salmollicida viability when A. 
salmollicida was exposed under the same conditions (Table 3). These data were supported by the 
fact that F. psychrophi/lls was isolated from 100% of the samples of egg contents that had been 
spiked with F. psychrophillis cells. It would seem that F. psychrophillls is somewhat resistant to 
the defense systems that are present within salmonid eggs. 

Table 3. Susceptibility of F/exibacfer psychrophiltls and AeromollGS salmonicida to hen egg 
white lysozyme 

% Reduction of cfu after exposure of 
t= 

Lysozyme concentration 
Bacterial snecies _"",m! ") o min 30 min 60 min 90 min 
Aeromonas salmollicida 

0.0 0 0 0 0 
0.1 1 56 74 53 
1.0 2 56 78 67 
2.0 1 99 98 99 

F/e;ribacter ps)"cliropllilus 
0.0 0 0 0 0 
0.1 0 20 0 31 
1.0 0 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 F 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 
spawning. 
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Table 4. Mortalities due to BCWD within progeny of antibiotic-injected versus non-injected 
salmonids, SH = Steelhead, C = Coho, SC = Scott Creek, SLR "" San Lorenz.o River, E = Erythromycin, 0 
"" Oxytetracycline, N = Not injected 

- Average Daily Monality (%)-

Stock n Inj. Week I Week 2 Week 3 Week 4 Proj. Ann. Mon. 
1%) 

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 0.13 0.54 1.05 1.56 299.3 
SH-SLR 8818 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-SC 8184 E 0.07 0.07 0.04 0.03 19.2 
C-SC 8188 E 0.05 0.06 0.10 0.03 21.9 
C-SC 7795 E 0.03 0.07 0.05 0.04 17.3 

It should be pointed out that the F. psychrophd/ls isolated from the contents of the newly 
spawned eggs, and eyed eggs (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. 
psychrophillis can survive within salmonid egg contents. 

Surface contamination due to F. psychrophillls within the water is a serious concern for the 
hatchery in question, and this may well be the case for other hatcheries. This hatchery has a fish­
free water source. However, amphibians, insects, snails, and possibly other animals may be 
reservoirs of infection, releasing F. psychrophilus into the water. Additionally, F. psychrophilus 
from the water source may be different from the strains found in ovarian fluid, within eggs, or 
infecting small fish. Tests to claritY 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 to examine the efficacy of brood stock injection with antibiotics. 
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The successive changes in environmental and ecological conditions of Lake Mariut resulted into 
the deterioration of fish embryos and larvae of Oreochromis 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 Manut contributed a good part of the Egyptian inland fisheries. The main fish inhabiting the 
lake comprises Tilapin (Oreocl,rom;s spp.) which constitute about 88.5% of the total fish catch. 
The teratogenic and abnonnal 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. 

Materials and methods 

Fish samples were collected from fishermen's catches from different locations in lake Mariut 
during the period from April till September for three successive years and then transferred to the 
laboratories. The hVO species under consideration; Oreochrom;s lIiloticus and Oreocltrom;s 
aureus 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 -3 lOx) 
equipped with a substage light source which is directed through the embryos and larvae 
(transillumination). 

Observations 

The examined embryos 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 xl.I mm.) 
showed a deviation from the normal ratios 
which are 2.1 x 1.9 mm. 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 less 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 dear 
deformation of the vertebral column at 
myotome number 5 & 6 of the tail 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 II + one 
spine while the dorsal were 20 fin rays + 4 '--------------------' 
spines; clearly lesser Ihan the.nonnal numbers Figure 2. Short lail region and deformation of vertebral 
which are IS (anal) and 22 (dorsal fin rays) at column. 
the same stage under laboratory conditions. 
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 about 346. 

The fish fry Figure 3, (a & b) show 
successive developmental stages of the tail 
region during two successive days showed 
underdeveloped individuals with clear 
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 normallepidotrichia. 
Some embryos which were collected from the 
heavily polluted areas of the lake showed 
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clear signs of bacterial 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 nonnal embryonic fin fold of the tail bud 
and in the zones of the unpaired fins i.e. 
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 
± 140 h.) after fertilization. At a later stage (± 
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 
diagnosis at later stages, were found to have a 
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. White spols shown on the dorsal and ventraJ 
fins. 

Discussion 

Figure 3b. Stunted rays of the caudal fin showing a 
phalangeal pattern. 

Figure 4. Normal dorsal and anaJ fin rays ora full grOWlI 

lan'a stage. 

Figure 6. Successive deterioration aJong the fins. 

The genus Tilapia, which consists of about many species and to which Oreochromis 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 weU 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 unconunon in 
small numbers in any intensively reared species but in Tilapia (Oreochromis), a particular form of 
spinal defonnity, has been mentioned by Robens and Sommerville (1982). There were "Saddle 
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 (IPNV), 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 
defonnities 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 fry of Tilapia (Oreochromis) 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). nes (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 lies (1973) but the phalangeal pattern of 
segmentation which was quite different from normallepidotrichia, 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 least, ± 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 myxobacter;tL 
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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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The viability of milkfish eggs and larvae after simulated and actual transport was invesligated. 
Naturatly-spawned milkfish eggs were collected and subjected to simulated or actual transport at 
early cleavage stage (stage I), 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 reported to spontaneously spawn in cages (Marte and Lacanilao, (986), ponds (Lin, 
1985), and tanks (pjorono, 1988; Emata and Marte., 1993), hatchery-bred fry were made 
available to ftsh farmers. In the Philippines, there are anecdotal reports about the high incidence of 
osteological abnormalities in hatchery-reared milkfish Fry. Hilomen-Garcia (in press) recently 
characterized the morphological abnormalities in hatchery produced milkfishjuveniles. 

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-Fernandes, 1982; Longwell et al., 1992). DeFormities in the embryos and skeleton in 
some fish has been attributed to aquatic pollution such as in winter flounder (Perry e[ aI., 1991) 
and perch (Lindesjoo et a!., 1994), to mechanical stress during routine hatchery operations 
(Daoulas et a1., 1991; Kitajima et ai" 1994), or to nutritional defficiencies (Kanazawa, 1985). 

In the Philippines, naturally spawned eggs are presently transported from the brood stock 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 often complain about the large numbers of malformed marketable size 
milkflsh 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 detennined 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 abnonnalities in fry. Based on the results, recommendations to 
improve viability of eggs after handling and transport were made. 

Materials and Methods 

Egg Collection and Halldling 

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 el al. (1988). Collected eggs were temporarily 
stocked in a 2x2 1.5 m hapa net cage prior to their use. Moderate aertation was provided [Q 

prevent the eggs from clumping. 

Simulated amI Actual TraJlSporl 

Viability of milkfish eggs and larvae after handling and transport at different developmental 
stages was examined. Milkfish eggs were subjected to simulated or actual transport 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 into three replicate plastic bags (10;<20 
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 ratio 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 a moderately aerated I liter plastic jar at a density of 200-300 pcsll and 
served as controls (treatment C). 

LaM'a! 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 transport conditions were 
reared separately in three replicate 250-1 conical tanks following Gapasin and Marte (1990), with 
some modifications. Initial Slacking density was 30 indll. Larvae were initially fed lipid-enriched 
rotifer at a density of 15 indlml from Day 2 to Day 15. Lipid-enriched anemia metanauplii was 
given to satiation from Day 15 to Day 25. Total harvest was done on Day 26. Samples (25-30) 
were taken from each tank for individual growth measurements. The remaining larvae from each 
stage were pooled and further reared 10 Day 45 in a I ton fiberglass tank. The larvae were totally 
harvested on Day 46 and preserved in 5% buffered formalin for examination of morphological 
abnormalities. 
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Determination o/Viability 

Twenty ml aliquot samples of transport water (200-300 pes/sample) were taken from each 
replicate bags immediately after simulated or actual transport and transferred to I liter plastic jars 
containing ambient sea water and provided with moderate aeration. To detennine 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 (Juano et al., 
1984). Hatching rate was examined by counting the total number of unhatched eggs and hatched 
larvae in a jar. The number of nonnal, dead and moribund larvae, and larvae with lordosis were 
noted. The prevalance of external morphological abnonnalities were also investigated in Day 46 
old fly by randomly taking three teaspoonful of aliquot samples from preserved specimens. 

Statistical Arlfllysis 

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 ANaYA was used to detennine the effects of 
types of transport and stages of embryonic development on the viability of eggs followed by 
DMRT to compare significant differences between means at P>O.OI. 

Results 

Figures I, 2, and 3 show the viability of milk fish 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 development during transport. Mean survival rates, hatching rates, and 
the percentage of larvae with lordosis at different stages varied significantly with the modes of 
transport used. Viability of eggs in tenns 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 
eggs was observed between stages 1-4 in the control group. Milkfish eggs transported at stage 4 
had significantly higher survival and hatching rates than stages I, 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 I, 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 I (65.6%) to stage 4 (30.9%). 
Gross morphological abnormalities in 45 day old fry were significantly lower in groups 
transported at stage 4 (19.9%) 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 I 
(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 to 
29.8 C and 32 ppt, respectively. Dissolved oxygen of water in all plastic bags was above 5.6 ppm 
after transport. 
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Figure 1. Percentage survival of milkflsh eggs or larvae 3 hrs after actual (A) or simulated 
transport (B). C, control; stage 1, early cleavage; stage 2, blastula; stage 3, gasuula; stage 4, 
'eyed'; and stage 5, newly~hatched larvae. Points are means:t standard deviation of3 replicates. 
For each figure, means with the same superscript are not significantly different (P>O.OI). 
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Figure 2. Percentage hatching of milkush eggs after actual (A) or simulated (B) transport. 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>O.OI). 
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Figure 3. Percentage of newly-hatched larvae with lordosis after exposure of milkfish eggs or 
larvae to actual (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>O.OI). 
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Figure 4. Percentage of moribund and dead larvae among lordotic newly-hatched milkfish larvae 
after actual transport of eggs. Stage I, 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>O.Ol). 
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Figure 5. Percentage of 46 day old larvae with gross morphological abnormalities in milkfish eggs 
or larvae after actual transpon. Stage I, early cleavage; stage 2, blastula; stage 3, gastrula; stage 
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>O.OI). 

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 rales as well as the 
percentage of newly-hatched larvae with lordosis were significantly affected by the modes of 
transport and [he stages of development during transport. 
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Viability was significanly higher in milldish eggs transported at late embryonic development than 
those at earlier stages (Figs. 1, 2 and 3). Our present resuhs agree well with those reported in 
other fish species (Jensen and Alderdice, 1983; von Westemhagen, 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 gastrulation) 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 surviva1 and hatching rates were significantly 
lower in eggs 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 I, 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 floating net cage during two to four cell stages which were 
considered to be sensitive to mechnanical stress in coho sa1mon (Jensen and Alderdice, 1983). It is 
not clear in our present results whether the presence of abberant newly-hatched larvae in the 
control groups was caused by mechanica1 stress 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, 
niilkfish embryos were protected with an outside covering (chorion) and a small perivitelline 
membrane that covers the embryo (Juario et aI., 1984). Fertilized milkfish eggs exposed in air for 
about 3 min in a wet fine scoop net were observed to develop nonnally until hatching (JD Toledo, 
persona1 observations). 

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 S. The incidence of gross 
morphological abnormalities in Day 46 larvae was also significantly higher in groups transported 
before the eyed stage (Fig. 5). Almost all the abnonnalities 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 
earlier 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 discemable 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 to minimize mortalities and lower the 
incidence of abnormal larvae in the hatchery. At ambient temperature and salinity, it lakes 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 temperalure is not lowered. In 
this case, newly-hatched larvae should be transported at far distances instead of eggs. 
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Nwnber of migratory mahseer Tor pUli/ora is declining due to over-fishing, envirorunental 
pollution and habitat modification due to power dams. For conservation and management of this 
endangered game fish require special incubation teclmiques. Technique has been developed for 
spa\VI1ing 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 possibility 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 furnished by Shrestha (1994). The lilerarure 
on spawning and incubation ofSalmonid 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 yet 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, I have tried to locate natural spawning sites of mahseer around feeder 
streams of Trisuli (feeder stream creeks such as Tadi, Sindurae, Khahare etc.). However, I 
found only one spawning site near Gadkhar fish farm at Chokedovan (Fig. I) 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 spawrung, 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). 

POND FeD WITH 
CAEEKWATER 

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 (O.4gmlbody 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. 

Obsenration 

Incubation channels were constructed in creek nearby the Gadkhar hatchery where fertilized fish 
eggs are artificially buried rather allowing the fish to deposit eggs naturally. In the incubation 
channels fish eggs can be stocked in higher densities. Densities (2000 eyed eggs/fe) 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 eggs in the incubation channel. Dead eggs 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 operation, simple 
facilities available near water mill (Ghana) 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 channel 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. 
Ferrilized 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 
emergence time was recorded (Table 1, 2 and 3). 

The water was supplied to the channel 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 turf incubators having 4 X 
4 X 4 ft were used. 

An experimental natural spawning channel at the confluence ofTadi 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 narura.lly 
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 current 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 fann of Nepal, mahseer sac fry is prone to infection of molds Sapro!egnia because sacfry 
undergo long periods of latency extending from 48 to 92 MS. 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 intergravel flow. 
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Table I 
Gravel Incubators Mahseer Eggs Subjected to Incubation at Different Temperature and Velocity 

No. of Incubating No. or eggs Gravel Average current Dissolved Time taken Time taken No. of eggs 
Gravel Temperature Incubated size (mm) velocity m/sec Oxygen for for emergence hatched (Mean) 

Incubators °C (Mean) (mean) (Mean) (ppm) hatching as fry (hrs) 

5 30 21500 50 1.2 9 48 240 21423 

5 28 21500 28 0.8 7 60 232 21390 

5 22 21500 12 0.0 10 72 215 21218 

Table 2 
Comparative Chart Showing Incubation Success in Different Incubators 

Gravel Size No.orEgg No. or Egg Hatching Hatching Time taken for Dissolved Current velocity 
in Inch Incubated Hatched as Time (brs) Temperature emergence as fry Oxygen m/see 

Saefry ("C) (hrs) (ppm) 

0.5 t02 2000 1896 72 25 216 10 0.5 

0.5 to 2 2000 1843 70 28 210 10 0.5 

0.5 to 2 2000 1940 72 30 192 10 0.5 
I 



Table 3 :- Water Quality ofMahseer Incubation Channel at Gadkhar Creek 
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We report a negative correlation relating maternal weight and magnitude of defense within 
convict cichlids (Cichlasoma nigrofasciatumt 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 10 predict, test and 
understand different adaptive aspects of an organism's life cycle (Stearns, 1977). A life history 
perspective defines the phenotype by demographic characters, such as age, size, munber of 
offspring and growth and reproductive investment. These fitness components influence each 
other through interrelated trade-offs, arising from functional constraints. 

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 point. 
lndetenninate 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 brood has repercussions on the condition of the parent 
and therefore may compromise ability to invest in future broods (Coleman et aI., 1985; 
Coleman and Gross, 1991). 
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Maximization of reproductive investment, and for that matter any fonn 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 accoWlt present conditions and future prospects, 
on average it will ultimately achieve the highest possible return 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 parents 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 tenns 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 predator. 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 nigrofasciatuml as our study animal, because this 
fish exhibits extensive parental care in the form of guarding and fanning (Lavery and 
Keenleyside, 1990; Keenleyside, 1991; Keeoleyside et al., 1990). Moreover, pair bonding is 
not for life in convicts, so there is no complication arising from the value of maintaining a 
bond between parents. 

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 visual 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 COWlt the nwnber of eggs laid on it. A scraper was then used 
to remove any eggs in excess of one hundred. The weights of both parents were measured on 
an electronic balance and lbe standard and total lengths were measured with calipers. The 
female was returned to the brood, but the male was removed to another aquarium. Testing 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.Smm, corresponding to a female 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 corner 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 perfonned 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 positive correlation between number of eggs spawned and the weight 
of the mother (Fig. 1; r=0.84, df=9, p<O.OOl). 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 maxuruze 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 better off conserving 
expenditure on an existing brood to provide it for subsequent broods by decreasing shareable 
expenses (sensu Wittenberger, 1981) such as defense against 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, tbe loss of eggs through predation will be a common 
occurrence. Consequently. within a lifetime, or even within a brood cycle, parents are 
continually readjusting their strategies. Consider that in biparental species, such as convicts. 
there will also be an imerplay 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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EVOLUTION OF EGG SIZE IN NEOTROPICAL CICHLID FISHES 

Abstract 

Ronald M. Coleman 
Department of Integrative Biology 
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Be,keley, CA 94720-3140 

colemanr@gamet.berkeley.edu 

Not all fish eggs are the same. The Cichlidae 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 Neotropicai cichlids, including 
development time versus temperature, development time versus egg 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 eggs 
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 egg 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 Wltil the eggs 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 vital 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 mouthbrooding. 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 0.9rrun to over S.Omm. 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 cicWids 
to elucidate the factors underlying the variation in egg size. 
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Experiment I: The extent of variation 

How much variation is there in egg size? To examine the extent of varialion 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% fonnalin 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 

Egg size varyied from O.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 understand 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 "hatching cups" (the bottom portion of a plastic 
vial glued to a piece of glass) in aquaria maintained at different temperatures. The cups ensure 
that I can keep track of the eggs and yet allow good circulation of water. I put ten eggs into 
each cup, and then placed eight cups in each of six aquaria. Temperatures for the different 
aquaria ranged 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 50% 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.Q. citrinellum, rose~breast.c.. longimanus rainbow 
Herotilapia multispinosa. bifasciatum .c.. bifasciatum. and ruba Q. tuba. Species were chosen 
for their particular egg size. 

Because hatching 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 halch in a little over two days whereas at 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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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 eggs. This requires 
further investigation. 

Experiment III - Temperature Choice 

If temperature is so important to the development time in these cichlids, and consequently the 
duration of parental care, do parental cichlids actually 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 comer. 
The thick plexiglass insulated each chamber from the next, while the notch allowed the fish 
to pass from one chamber to the next with a minimum of water flow. A bottomless flowerpot, 
lying on its side, was placed in each chamber as a potential spawning site. 

Truee aquarium heaters were inserted in the leftmost chamber, and the rightmost chamber was 
hooked up to a stock-tank continuously cooled 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 
them prefer to spawn at the highest possible temperature as a general rule. Given the benefits 
demonstrated in the previous experiment, this seems puzzling. 

Experiment IV - Temperature 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 gathered 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 thaL drives the parental choice discovered 
in Experiment III. 
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Discussion 

This series of experiments illustrates the extent of variation in egg size across a selection of 
Neotropicai cichlids. The ftrst experiment demonstrates substantial variation in egg size, with 
a few particularly noteworthy species with extreme egg size. For example, b;,. 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 
corresponding beneftts. 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 temperature 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 to move oxygen-rich water over the eggs. Because 
wanner 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 
I 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 proportion to 
egg 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 eggs are demersal or pelagic. The pool of FAA in pelagic eggs 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 
eggs (Thorsen & Fyhn, 1995). Thls final swelling of the oocyte seems to result from an osmotic 
water influx due to the hydrolysis ofa 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 (&mnestad & Fyhn, 1993; Finn et al, 1995a.,b). To increase the 
database in this area, a comparative study was therefore undertaken on newly spawned eggs of 23 
species of marine tropica1 fishes belonging to 8 families from 5 different suborders of Perc if ormes. 
This report sununarises the first results from the study. 

ResuUs and discussion 

A comprehensive statistical evaluation of the data from the egg material 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 I) 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 OW 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 eggs 
(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 (Iumnestad and Fybn, 1993). 

The demersal eggs showed a significantly higher protein content, about 45% of egg DW, but a 
FAA pool which ,in total, amounted to only about 8% of that in the pelagic eggs. The FAA 
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Table l. Egg weight, free amino acid (FAA) Dnd protein content of newly spawned eBgs of23 species of marine tropical fish all belonging to the order Pereifonncs. The will fire presented as 
mean (± SD) of five batches from separale females. 

DW lolal FAA % of FAA Protein FAA 
Suborder Family Species Egg v:.gflnd) (umDl!gDW) (~g(gDW) Es! Non-eS! (mglgDW) %offorAA· 

Blcnnioidci Blenniidnc Ophioblc/mius at/olltiell.T 

Corypheaptcms diems 

D 
[) Gobioidci Gobiidal: 

Gobioidci 

Pcrcoidei 

Pcrcoidci 

Percoidci 

Pcrcoidci 

Pcrcoidci 

Pcrcoidci 

Pcrcoidci 

Gobiidoe Coryphoplen/s persol1atus D 

Pomocentridoe Abllde/dllf sllXali/is D 

Pomaccntridae Ablldefdll/lro!Chelii D 

Pomuccntridoe Chromis alrilQbala D 

Pomacentridac Chrolllis IIIlI/lilineala 0 

Pomaccntridac Mlcrospolhodoll ChrySl/ntS D 

Pomaccntridae Slegmtes plrm/ftolls D 

Pomaccntriclne Slegmtes vorlabilis D 

Acanturoidei Acanthuridoe AconlJllln/s coen/lells 

Pcrcoidei Chaelodonlidoe Chaetodoll capistratus 

p 

p 

PCTCOidei 

Labroidci 

Labroidci 

Labroidei 

Labroidci 

Labroidei 

Labroidei 

Labroidci 

Lnbroidci 

Lobroidci 

Labroidci 

Hnemulidae 

Lobridoc 

Lobridoc 

Lnbridac 

La.bridac 

Lnbridac 

Lnbridac 

Lnbridae 

Sco.ridne 

Scnridoe 

Scaridoe 

0: Demersal eggs 
P: Pelagic eggs 

Hacunlll/onjlavolillealllnJ P 

BodionllS dip/olacnia P 

Bodionus nljiu P 

C/epticus parrac P 

Halichoercs blvlt/alus P 

Halichocrcs ganlQli P 

HalicJloercs poeyi P 

111a/assoma bljasciollllll P 

Scams isert/ P 

Spar/soma auro/renallllll P 
Sparisoma n/bripilllle p 

•• : FAA as % oflola[ amino acids (AA: Crcc+ prolein amino acids) 

30,2 (2,3) 

13,3 (1,1) 

9,6 (0,4) 

47,5 (3,5) 

36,6 (2,4) 

14,9 (1,4) 

18,6 (1,4) 

28,8 (1,2) 

27,1 (6,0) 

29,5 (3,2) 

11,3 (0,1) 

14,3 (2,3) 

24,3 (0,6) 

13,3 (1,9) 

19,9 (0,5) 

13,4 (1,6) 

l:I,3 (1,4) 

11,6 (0,9) 

8,4 (2,2) 

4,6 (0.4) 

12,5 (l,5) 

17,8 (8,2) 

11,3 (1,6) 

150,2 (15,8) 

94,0 (22,[) 

121,8 (15,8) 

66,0 (16,3) 

42,9 (10,0) 

47,9 (19,5) 

71,3 (10,5) 

93,1 (12,3) 

139,2 (28,3) 

113,2 (24,9) 

900,3 (165,0) 

712,8 (322,6) 

263,9 (200,5) 

I 458,9 (227,7). 

1518,2 (7,8) 

1321,1 (188,0) 

I ISO,S (132,3) 

1233,1 (117,0) 

I 154,2 (88,8) 

[ 396,4 (56,S) 

1 \78,3 (53,6) 

[499,9 (140.4) 

I 264,1 (76,3) 

19,1 (1,8) 

12,0 (2,8) 

15,4 (2,0) 

8,5 (2,5) 

4,2 (2,4) 

5,3 (2,2) 

8,2 (1,1) 

12,4 (1,4) 

17,7 (3,7) 

14,6 0,3) 

112,2 (21,1) 

59,0 (55,3) 

33,1 (24,8) 

186,3 (29,6) 

193,4 (8,3) 

169,4 (23,3) 

148,5 (17,7) 

158,5 (15,2) 

150,5 (10,4) 

178,9 (9,1) 

125,8 (62,0) 

161,5 (80,7) 

165,6 (9,7) 

18,1 

20.9 

16,3 

14,3 

13,2 

8,7 

10,8 

10,3 

20,8 

16,3 

77,4 

75,9 

81,6 

82,2 

76,3 

86,8 

87,7 

S9,8 

79,2 

83,7 

49,4 50,1 

50,0 49,6 

50,7 

56,4 

55,6 

55,3 

57,2 

57,9 

57,4 

55,2 

52,3 

52,0 

52,6 

47,7 

43,3 

44,1 

44,2 

42,8 

41,8 

41,8 

44,0 

47,3 

48,0 

47,4 

430,1 (62,3) 

492,1 (61,6) 
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comprised only 2-3% ofthe total amino acid content in the demersal 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 I. Average free amino acid content of newly spawned demersaJ and pelagic eggs of 23 
species of marine tropical fish all belonging to the order Perciformes. 

The FAA profiles (Fig. I) 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 (R0nnestad 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 aU teleosts 
tested so far suggests 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 eggs 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 those 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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The yolk of the eggs of several fish species has been shown to contain significant levels of 
hormones, including the progestogen, 17a.,20~-dihydroxy-4-pregnen-3·one (17,20P) mat has been 
identified in the eggs of coho salmon, Oncorhynchus kisutch (Feist et al., 1990), steelhead trout, 
Oncorhynchus mykiss (Yeah 1993) and Arctic chaIT, Salvelinus a/pinus (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 nol known. Because of their actions on gene expression, steroid hormones that are 
present in lhe yolk could have a potentially significant role in early embryonic development; some 
authors have argued that these hormones may playa central regulatory role prior to the emergence 
of the embryo's own endocrine system (Schreck et aI., 1991; Lam, 1994). 

Changes in free steroid hormone profIles during early ontogeny have been reponed in several 
species of "fIsh (rainbow and steelhead trout: Antila, 1984, Yeoh 1993; tilapia, Oreochromis 
nilotica: Rothbard et aI., 1987; coho salmon: Feist et aI., 1990). Such changes are indicative of 
active steroid hormone metabolism andlor excretion. Indeed, Yeoh (1993) provided direct 
evidence of metabolism of [3H]pregnenolone to free androstenedione (~), 17~-estradiol (~) and 
testosterone (T) by embryonic and larval steelhead trout; in addition, the authors found 
glucuronide forms of T and~. Venkatesh et a1. (1991) also reponed that embryos of guppy 
(Poecilia reticulata) were able to conven the steroid precursors into various metabolites, including 
glucuronide forms. The conjugation of steroid hormones is usually considered as the first step 
in me process of elimination (excretion) of these hormones (Iwata et a1., 1994). Excreted steroid 
hormone sulphates, in particular 17a;,20~-dihydroxy-4-pregnen-3-one-20-sulphate (17,20P 
sulphate), and glucuronides are aIso thought to be used as pheromones (Colombo et aI., 1980; Van 
den Hurk and Lambert, 1983; Resink et aI., 1989; Scott and Vermeirssen 1994; Sorensen et aI., 
1995; Scott etal., 1995). 

Previously, the free form of 17,20P was thought to be produced only during late oocyte 
maturation it has been tenned maturation inducing hormone (MIH). More recently, this hormone 
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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, Rulilus rurilu£ (Ebrahimi et al. 1995). 
There are no reportS of synthesis of 17 ,20P 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 vitro with a radiolabelled steroid hormone precursor pH]17ct­
hydroxyprogesterone (17ctOHP) and employed HPLC methods to identify the radiolabelled 
metabolic products. The objective was to determine if Arctic charr embryos are able to 
metabolize 17ctOHP 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 out on ice-chilled trays, after which the incubations were 
carried out at lOoC. Three animals (approximately 5()..70 mg in weight) were placed in individual 
tissue culture wells (24-well plate, 3.5 ml well capacity, MIS Flow Laboratories Inc., VI, USA). 
Each well contained 2 ml of modified Medium 199 (M-3274 MIS Sigma Chemical Company) with 
Hank's salts, glutamine, sodium bicarbonate, bovine albumin, antibiotics and glucose, without 
phenol red, pH 7.2 (Venkatesh el al., 1992a). The radiolabelled substrate [lH]17ctOHP was 
added to each well (8 ornol; 0.8pCi) 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 hormones and HPLC 

The extraction procedure for HPLC was based on the methods described by Payne et al. (1989), 
Venkatesh et a1. (1989), Kime et a1. (1991) and Scott and Canario (1992) with some 
modifications. The incubate and embryonic tissues were applied directly to a Sep-Pak CIS colwnn 
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 coluDUl by syringe and the colwnn was again washed 
with 5 m1 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 washed embryos carcases retained on the cartridge were removed after the 
first wash. The ether and methanol extracLS were dried separately under nitrogen at 45°C. 

The free fraction containing radiolabelled metabolites was dissolved in 200 1'1 of acetonitrile 
containing a mixture of 21 unlabelled steroid hormones (as internal standards); 20 1'1 of this 
mixture was injected onto the HPLC column. The methanol fraction containing conjugated steroid 
hormones was processed for acid solvolysis and enzyme hydrolysis. 

The HPLC apparatus consisted of a Waters Associates (Milford, MA, USA) Liquid 
Chromatography System comprising two 510 pwnps, a WISP 710B autoinjec[or 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) column was also purchased from 
Waters Associates. For oplimwn separation of steroid hormones, Waters Baseline 810 controller 
Software was used to create a binary solvent gradient of acetoniuile-water. The mulLisrep gradient 
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mobile phase consisted of29.5, 35, 39, and 75% acetonitrile in water at 0, 10. 12.5 and 32 min, 
respectively. In order to obtain better yield of metabolites from the HPLC colwnn, 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 
detennined from the elution time of the internal standards and the absorbance was monitored at 
254 and 280 run. The counts (CPM) in each fraction and absorbance of 21 internal standards was 
plotted against retention time. 

Results: 

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

The major radiolabelled peaks of free steroid honnones produced following incubation of all three 
embryo groups with rH]17aOHP co-eluted with I7,20P and androstenedione (A4); these peaks 
represented between 13.2 and 16.9% and 1.5 and 5.0%, respectively of the "initial" [3H]17ctOHP 
radioactivity counts in the 24 h incubations (Table I). The identification of the A4 peak is made 
tentatively because of its close elution with the major radiolabelled precursor, 17 IX OHP (Fig.l). A 
second smaller peak co-eluted close to the same time as 11 BOHP (Fig. 1). 
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Figures 1 (upper) and 2 (lower). HPLC profiles of radiolabelled free 
(Fig_ 1) and sulphated (Fig_ 2) steroid hormones produced b~ Arctic 
chacr embryos after incubation for 24 h with [Hl17~­
hydroxyprogesterone (eH]17-0HP). 17,20-P = 17a,2011-dihydroxy-4-
pregnen-3-one (MIH = ftmaturation" inducing hormone); llB-OHP = 
llll-hydroxyprogesterone; A4 = androstenedione; 17a,2011-P-20S = 
17a,2011-dihydroxy-4-pregnen-3-one 20 sulphate; UNK = unknown 
metabolite. 
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Table 1. 
Metabolism of PHJl7a-hydroxyprogesterone (pH]17aOHP) into free and conjugated steroids by 
eyed (28 dpf), and hatched embryos (62 & 74 dpf) of Arctic chaIT after 20 min and 24 h 
incubation allOoC in modified Medium 199 comaining 8.0 nmol per well of pH]17aOHP 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 = 17a,20p-dihydroxy-4-
pregnen-3-one (MIH = "maturation" inducing hormone); ~ = androstenedione; 17,20P-S04 = 
17,20P-sulphate; 17,20P-gluc. = 17,20P-glucuronide. 

Age of embryos 

Metabolites Time 28 dpf 62 dpf 74 dpf 

17aOHP (substrate) 20 min 100 100 100 

24 h 60.5 35.6 35.9 

17,20P (MIH) 20 min 2.1 3.3 2.0 

24 h 11.4 16.9 13.2 

20 min 6.3 2.7 16.6 

24 h 5.0 1.5 2.1 

17,20P-S04 20 min 0.5 0.9 0.5 

24 h 18.0 30.2 17.6 

17,20P-Glue. 20 min <0.1 0.1 <0.1 

24 h 0.8 1.5 0.6 

There were time-dependent decreases in the radiolabel 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 
glucuronide forms was considerably less than that of the sulphated forms (Table 2). 

The major radiolabelled conjugated form of steroid hormone co-eluted with the unlabelled 17,20P 
standard for both sulphates (Fig. 2; Table 2) and glucuronides (chromatograph not shown; TabJe2). 
Small unkno,",TI radiolabelled peaks were also found at 27.0 min and 24.0 min for the sulphated and 
glucuronide forms, respectively (Fig. 2). 
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Table 2. 
Metabolism of PH] 17a-hydroxyprogesterone (pH]17aOHP) 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 lOoe in modified Medium 199 containing 8.0 ornol per well of PH] 17aOHP 
as substrate. The radioactivity (CPM) measured in 100 ILl of ether extract in respective free, 
sulphated and glucuronide fractions. 

Age (dpl) Time Free Sulphate Glucuronide 

28' 20 min 98.37 ± 0.20 1.30 ± 0.18 0.32 ± 0.03 

Ih 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 ± 0.18 2.69 ± 0.09 0.53 ± 0.14 

I h 96.94 ± 0.23 2.75 ± 0.30 0.29 ± 0.11 

12h 71.10 ± 3.36' 26.51 ± 3.97' 2.25 ± 0.29' 

24h 63.49 ± 4.53' 32.58 ± 3.99' 3.90 ± 1.00 

74 20 min 94.91 ± 1.15 4.40 ± 0.97 0.66 ± 0.21 

Ih 93.20 ± 2.19 4.03 ± 0.42 2.74 ± 2.14 

12 h 83.94 ± 2.10' 13.24 ± 1.73' 2.80 ± 0.37' 

24 h 73.98 ± 3.76' 22.60 ± 3.28' 3.39 ± 0.48' 

"12 h incubation data nOI taken; mean ± SEM; n - 3; * Significantly different from 20 min of 
respective incubations (p< 0.05). 

Discussion: 

These incubation sOldies show that early "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 viEro studies, in which ovarian follicles of several fish species were incubated wim 
substrate [goldfish: Kime et al. (1992); guppy: Venkatesh et aI., (l992b); European catfish 
(Silllrus glanis): Kime et a1. (1993); Indian catfish (Clarias batrachus): Haider and Balamurugan 
(1995)]. However, to our knowledge this report is frrst to provide evidence of the synthesis of 
17,20P by embryos of any fish, and indicates that early embryonic tissues of Arctic chaIT already 
express 20p-HSD. Arctic charr embryos seem to have a preference for the formation of 17,20P 
over ~ (the latter is fonned only in rrace quantities as a smaller peak fonning the shoulder of the 
large substrate 17aOHP peak) (Fig. 1). It is possible that the enzyme responsible for conversion 
of 17ctOHP to At on the main steroidogenic pathway [17,20 desmolase (lyase)] is not sufficiently 
expressed in embryos to convert all the substrate to At. thus causing a shift towards the fonnation 
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" ~ 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 20P-HSD is expressed (maybe transiently) early in embryogenesis and 
it is likely that the production site is extragonadal Unlike the situation in the adults, where Mil! 
synthesis by the ovary is regulated by pituitary GtH II (Nagahama, 1994), the synthesis of 17 ,20P 
in the embryo is probably independent of a central feedback regulation. 

The formation of sulphated and glucuronated fOIms of 17 ,20P in Arctic charr embryos is 
indicative of a secondary route forthe metabolism of this steroid, whereby newly-formed 17,20P 
acts as substrate for the sulphuryl- and glucuronyl transferases; the embryos appear [0 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 glucuronyl transferase, thereby resulting 
in higher yield of sulphated steroids than glucuronated steroid honnones. 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 biological value in maintaining an ability 
to rapidly metabolize and/or excrete these biologically active materials. 
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Concentrations of total lipid, protein, and lipid classes were determined in oocytes and embryos from 
two species of viviparous rockfishes; yellowtail rockfish, Sebasles jlm·idlls, and shortbelly rockfish, 
Sebasles 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 highly significant 
linear relationships. By solving regression equations for the final stage of embryo development, 
estimates 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 oflarval 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 short belly 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 binh when planktonic food 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 well 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 assessment of the quality of reproductive 
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output. This is due primarily to the difficulty of determining which variables or processes are valid 
measures of egg, embryo, or larval heahh. 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 activiLY (Clarke et al., 1992), and biochemical 
composition (reviewed in Ferron and Leggett, 1994). An have merits justifYing their use; however, 
other factors, such as clear relationships to growth or survival potential, ease andlor cost of analysis, 
or the ability to assess adequate numbers of replicates for statistical validity, often 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, btl[ this stage is of very short duration and obtaining an adequate number of 
individuals to characlerize a population or species is very difficult. 

The detennination 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 larva 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 stams of hatched larvae at 
parturition, or release into the environment. NUlritional status has a clear relationship to growth and 
survival potential in that Lhe 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 imponant from Alaska to Baja California. The assessment of 
nutritional status involved the detennination of protein, total lipid, and lipid class composition in eggs 
and embryos within ovaries of female yellowtail rockfish, SebClstes flavidllS, and shortbelly rockfish, 
Sebasfesjardalli. 

Materials and Methods 

Female S. jlavidlls and S. jordani were obtained during January to March, the period of reproduclive 
development spanning late vitellogenesis to panurilion, at locations off the central California coast. 
YeUowtail rockfish were captured by hook-and-line at Cordell Bank, a marine bank 37 kIn west of 
Pt. Reyes, at depths ranging from 50 to 150 m. In 1994, shortbelly rockfish were collected by trawl 
in the proximity of lhree submarine canyons: Bodega Canyon (ca. 38"13'N 123°22'W), Pioneer 
Canyon (ca. 37°24'N 122°52'W), and Ascension Canyon (ca. 37"01'N 122°25'W), at 150 to 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 oocyte or embryo development Was assessed 
by microscopy according to the classification scheme Yamada and Kusakari (1991) (Table I). 

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 Iatroscan TH-I 0 Mark III (M"acFarJane et al., 1993). Lipid classes were separated on 
Chromarods S-IlI in a solvent 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, triacylglycerol 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 I. Embryo maturation stages (EMS) in Sebastesflavidlls and Sebasfesjordani. 

EMS Description EMS Description 

Late vitellogenicl 17 Optic vesicles 
migratory nucleus oocyte 18 Somite formation begins 

2 Formation of germ disc 19 Finfold 
3 2 - celled 20 Optic cups 
4 4 - celled 21 Auditory placodes 
5 g - celled 22 Lens forms 
6 16 - celled 23 Otoliths 
7 32 - celled 24 Pectoral fins 
8 64 - celled 25 Retinal pigmentation 
9 Morula 26 Heart pumping 

IO Early blastula 27 Lens transparent 
II Late blastula 28 Mouth and anus open 
12 Beginning of epiboly 29 Peritoneum pigmented 
13 Early gastrula 30 Yolk reduction 
14 Late gastrula 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. I). The concentration of total lipid decreased from a mean of 155.3 mgfg in unfertilized oocytes 
in the migratory nucleus stage (EMS 1) to an estimated concemration of26.6 mglg 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 concentration on embryo maturation 
stage for the smges 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 all populations of short belly 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/g, 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 and 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 resulted in similar concentrations of lipids at 
birth in the two species of Sebasfes, but greater protein in shortbelly rockfish larvae. 

Total lipid concentrations can be considered a component of condition assessment (Ferron and 
Leggett, 1994), and thus a measure of qualitative reproductive success, but not all types, or classes, 
oflipids 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 oocytes and embryos in female yellov,.tail rockfish, 
Sebaslesjlavidus, 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, 
Sebasfes 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 I for description of EMS. 
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Table 2. Linear regression parameter estimates for protein and lipid variables in rockfish embryos in 
relation to embryo maturation stage (EMS). Data are for yellowtail rockfish (Sebastes. jlavidlls) and 
three populations of shortbelly rockfish (Sebastes jordani) from Ascension, Pioneer, and Bodega 
Canyons. 

Variable ,., Intercept±SE P Slope±SE P 

S.jlavidus (0 = 60) 
Total lipid 0.774 159.3 ± 4.4 <0.0001 -4.02 ± 0.29 <0.0001 
Total protein 0.721 210.9 ± 6.7 <0.0001 -5.30 ± 0.44 <0.0001 

S. jordalli 

All Canyons (0 = 182) 

Total lipid 0.771 103.7 ± 2.3 <0.0001 -2.49 ± 0.10 <0.0001 
Total protein 0.793 193.1 ± 3.7 <0.0001 -3.89 ± 0.16 <0.0001 
Esters 0.629 9.3 ± 0.3 <0.0001 -0.25 ± 0.01 <0.0001 
TAG 0.743 50.4 ± 1.3 <0.0001 -1.32±0.06 <0.0001 
NEFA 0.013 0.0 ± 0.1 0.5937 0.Ql ± 0.00 0.1224 
CH 0.686 4.5 = 0.1 <0.0001 -0.08 ± 0.00 <0.0001 
PL 0.789 39.5 ± 0.7 <0.0001 -0.85 ± 0.03 <0.0001 

Bodega Canyon (0 = 19) 

Torallipid 0.751 84.9 ± 5.2 <0.0001 -1.67 ± 0.26 <00001 
Total protein 0.716 190.1 ± 11.9 <0.0001 -3.85 ± 0.59 <0.0001 
Esters 0.741 7.5 ± 0.5 <0.0001 -0.17 '" 0.02 <0.0001 
TAG 0.708 39.3 == 2.7 <0.0001 -0.86±0.13 <0.0001 
NEFA ND ND ND ND ND 
CH 0.475 3.4 ± 0.2 <0.0001 -0.04 ± 0.00 <0.001 
PL 0706 34.6 ± 1.9 <0.0001 -0.61 ± 0.10 <0.0001 

Pioneer Canyon (0 = 102) 

Total lipid 0.805 90.2 ± 2.8 <0.0001 -2.13±0.11 <0.0001 
Total protein 0702 183.3±6.7 <0.0001 -3.65 ± 0.25 <0.0001 
Esters 0.730 7.6 ± 0.3 <0.0001 -0.20 ± 0.01 <0.0001 
TAG 0.778 45.1 ± 1.7 <0.0001 -1.l9±0.06 <0.0001 
NEFA 0.187 - 0.3 ± 0.1 0.010 0.02 ± 0.00 <0.0001 
CH 0.709 4.3 ± 0.1 <0.0001 -0.08 ± 0.00 <0.001 
PL 0.834 33.6 ± 0.8 <0.0001 -0.69 ± 0.03 <0.0001 

Ascension Canyon (n = 61) 

Total lipid 0.541 107.5±3.6 <0.0001 -2.03 ± 0.24 <0.0001 
Total protein 0.671 193.0 ± 5.0 <0.0001 -3.12 ± 0.33 <0.0001 
Esters 0.314 9.8 ± 0.6 <0.0001 -0.21 ± 0.04 <0.0001 
TAG 0.469 51.8±2.1 <0.0001 -1.02 ± 0.14 <00001 
NEFA 0.011 0.2 ± 0.2 0.152 -0.01 ± 0.01 0.411 
CH 0.445 4.6 ± 0.1 <0.0001 -0.07 ± 0.01 <0.0001 
PL 0.589 41.1 ± 1.2 <0.0001 -0.72 ± 0.08 <00001 
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Lipid extracts from oocytes and embryos of shortbelly rockfish were separated into sterol/wax esters, 
triacylglycerols (TAG), nonesteri6ed fatty acids (NEFA), cholesterol (CH), and polar lipids (PL). 
TAG and esters are energy-yielding 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 during embryogenesis in shollbelly 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. Esters 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 ofCH 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 
at three submarine canyon areas located within about a 10 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). 
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Figure 3. Changes in lipid classes during embryo development in shortbelly rockfish, Sebastes 
jordalli. 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-yielding lipid content may indicate relative survival potential in offspring from 
the various populations, especially during times of low biological productivity when 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; Hakanson, 1989; Lochmann et aI., 1995) and juvenile stages (Suthers et aI., 
1992) of oviparous teleosts, and lipid class composition during embryonic development in Atlantic 
herring has been documented (Tocher et a1., 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 jlavidlls and Sebastes 
jordal1i. S. jordal1i 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 mglg wet 
weight. 

Sebastes jlavidlls Sebastes jon/mli 

Variable All Bodega Pioneer 

Protein 36.0 ± 9.6 64.7 ± 2.6 I 63.1 ± 9.7 62.8" 2.7 
Total lipid 26,6 ± 6.3 21.5 ± 1.7 I 29.8 ± 4,2 2 19.9=1.2 

Esters l.l ± 0.2 1.9±OA' 1.0 ± 0.1 
TAG 6.8 ± 1.0 10,9 ± 2.2 2 5.8 ± 0.7 
NEFA O.3±O.1 0.4 ± 0.0 
CH 1.9±0.1 2.1 ±0.2 2 1.7 ± 0.1 
PL 11.5 ± 0.6 14.5 ± 1.6 2 10,8 ± 0.4 

I Significantly different from S. jlavidlls (P < 0.0001) 
2 Greater than for S.jordani at Pioneer Canyon (P < 0.0001) 
3 Greater than for S. jordan; at Bodega and Pioneer Canyons (P < 0.000 I) 
4 Greater than for S. jordani at Bodega and Pioneer Canyons (P < 0.001) 
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90.0 ± 7.4 3 

40.5 ± 5.5 J 

2.9±0.9 J 

18.1±3.23 
0.0±0.21 
2.3 ±O.2 4 

17.3±1.8 1 
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Abstract 

Quality of eggs spawned by Epil1ephe/us coioides fed fish bycatch (control), cod liver oil-enriched 
fish bycatch (TFC), and commercial HUFA-enriched fish bycatch (TFS) was monitored. Monthly 
egg production, spawning frequency, fertilization rate, egg viability, and hatching rates of the 
control were significantly higher compared to TFS. Egg production, spawning frequency. and 
hatching rate of TFC and TFS were not significantly different. Results suggests that varying the 
species offish bycatch could provide the requirements of £. coioides 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 Epinephe/lls lauvina (Chen et 
al. 1977, Hussain et al. 1980, Chao and Lim 1991), E. salmoides (Kunvankij et at. 1986), E. 
malabaricus (Ruangpanit et al. 1986, Maneewong et al. 1986), E. akaara (for review, see 
Fukuhara 1989), E. jUscoguJlatus (Lim et al. 1990, Chao and Lim 1991), and E. mil/us (Doi et al. 
1991). Despite advances in technology, these reports have shown low or inconsistent larval 
survival. 

Toledo et a1. (1993) have shown that the grouper £pinephe/us slIillus (=£. 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). Il 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 quality of spawned eggs by adding different sources 
offat to the feed of grouper broodstock. 

Materials and methods 

Grouper (E. co;oides) 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 conunercial highly unsaturated fatty acid (SELCO) (TFS). 
Broodstock were fed to satiation every other day. 

Naturally spawned eggs were collected the following morning after spawning. This was done by 
shutting off the aeration for about IS 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 I filtered seawater. Parameters such as total eggs spawned, 
fertilization rate, percentage of viable eggs, hatChing rate, percentage of normal lalVae, and 
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survival of larvae without feeding were determined based on some criteria cited by Kjorsvik et al. 
(1990). 

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 egg count and spawning frequency values, respectively. were 
made before analysis. All values expressed in percent were arcsin transformed before analysis. 

ResuHs 

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 TIC fish, and 36.4 million in 
TFS (Fig. 1). Range of monthly egg production on a per weight basis in the control was from 
0.18 to 0.45 million eggslkg BW, while in TFC and TFS the range were 0.06-0.36 and 0.01-0.41 
million eggslkg BW, respectively. Analysis of variance showed that mean monthly egg production 
in the control (0.34 million eggslkg BW) and TFC (0.21 million eggs/kg BW) were not 
significantly different while both are significantly different (p<0.05) from that ofTFS (0.15 million 
eggslkg BW). Mean monthly spawning frequency was highest in the control (6.0 days, Table I) 
but was not significantly different from TFC fish (5.2 days). TFS fish significantly gave the lowest 
monthly spawning frequency (3.4 days). 
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Figure 1. Egg production of grouperbroodstock fed different sources of fatty acids. 
Control- fish bycatch only; TFC - cod liver oil-enriched fish bycatch; TFS - SELCO 
-enriched fish bycatch. 

Fertilization rale, egg viability, and hatching rate (Table 1) showed significant differences 
(p<0.01) among the three groups. The control 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 ofTFe. No significant differences were detected in the oil globule (0.IS·0.21 nun) and 
egg (0.78·0.S9 mm) diameters. Moreover, percentage of nonnal larvae among the treatments 
were not significantly different (Table 1). 

Table 1. Spawning frequency, fertilization rate, hatching rate, and percentage of nonnal 
larvae of grouper broodstock fed different sources of fatty acid. Control· fish bycatch only; 
TFC • cod liver oil·enriched fish bycatch; TIS - SELCO·enriched fish bycatch. Values are 
expressed as mean ± SEM. Values 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 

(d.ys) 

Control 6.0±0.6' 70.94±3.45a 32.28±6.98' 52.80±5.04' 79.39± 2.66' 

TFC 5.2±0.la 48. 12±5.44b 24.37±5.31 • 34.55±3.46b 81.37± 3.20a 

FS 3.4±0.7b 41. 99±6.49b 12.43±4.96b 23.85±5.90c 61.69±11.4Sa 

The survival of unfed newly-hatched larvae from every spawning day in the different treatments 
was monitored during the 24 July-l August, 24 August·2 September, and 21-29 September 1992 
spawning months. Larvae from the TFC group survived until the fifth day after hatching while 
those from control and TIS groups lasted only until the third day. However, no significant 
difference was observed among treatments. 

Crude protein (46.00-55.20%) and fat (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 
brood stock 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; TIS . SELCO·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 

TFC 55.20· 16.79 47.76 22.56 

TFS 50.00 23.24 46.00 24.65 

·Value of eggs spawned from 27 February to 9 March 1992 only. 

The species of fish bycatch given to the broodstock depended on the available fish in the market. 
These composed of Selaroides sp., Nemiptenls sp., Rastrelliger sp., and Decapterus sp. (Table 
3). Results showed that crude protein decreased (p<O.OI) 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. 

The results of this study indicate that 
supplementation of cod liver oil and SELCO in 
the fish bycatch of E. c%ides brood stock did 
not improve egg production and other 
parameters determined. In some cases, these 
fatty acid sources even gave negative results. 
Ohert et al. (1991) showed that E tauvina 
broodstock given fish bycatch injected the 
emulsified enrichment diet Marila diet 
significantly increased oil globule diameter, 
total lipids, eicosapentaenoic acid, 
docosahexaenoic acid, and larval survival at day 
7. However, the species of fish bycatch given 
was not identified. Watanabe (1985) indicated 
that there is a need for a careful balance of 
essential fatty acid (EFA) in the diet of 
brood stock. It may be possible that feeding 
varied fish bycatch to E. coioides broodstock 
was able to provide the EF A requirement while 
addition of CLO and SELCO affected the EF A 
levels. 

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). 

Species 

SelarOides sp. 
Control 

TFC 
TFS 

Decaptents sp. 
Control 
TFC 
TFS 

Nemiptents sp. 
Control 

TFC 
TFS 

Rastrilleger sp. 
Control 

TFC 

Crude 
Protein(%) 

67.57' 
59.96c 
65.20b 

65.95a 
63.00c 

64.40b 

67.0S' 
63.52b 
59.51C 

74.86a 

Crude 
Fat(%) 

13.24c 
22.48a 

19.60b 

19.11C 
23.15a 
21.50b 

I1.3Sb 

IS.69' 
19.33a 

8.68c 
69.32c 17.233 

Levels of crude protein and crude tat of floating ___ TF=.S=-____ ..:7..:1:.:.2:.:0_b ___ ..:l::2.c:6.:2_b_ 
and sinking eg~s 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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We report a positive correlation between egg and hatchling size both across a range of twenty­
one neotropicaI 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 Sllccess 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 the hatchlings themselves. 

Introduction 

Within the family Cichlidae, the size of eggs varies tremendously across species (Breder and 
Rosen, 1966; Fryer and LIes, 1972; Coleman, 1991; Coleman, in prep). Sizes range from the 
minute eggs (O.9nun in diameter) of rams (Microgeophagus 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? Furthennore, does the variation in egg size within a single laying or clutch 
account for differences in hatchling size? 

Myriad selection pressures could act on egg size in cichlids. In addition to the tradeoff 
between egg nwnber and size of egg (Smith and Fretwell, 1974), size might determine the time 
to hatch; the size, health or capabilities of the hatchling; and the swface area to volwne ratio 
of the egg which is important in gas exchange. These factors in tum may interact with the 
duration and fonn 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 egg. An ideal measure 
of egg size might involve a complete biochemical analysis of the contents of an egg, reporting 
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 volwne 
is difficult because of their small size. 

The most practical approach to represent egg size is a linear measurement of egg diameter: it 
is quickly and easily done under a microscope 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 eggs of African mouthbrooders in particular tend toward the shape of 
a chicken egg 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 cichlid eggs and 
the eggs of oscars (Astronotus ocellatus') 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 (i.e., 
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 egg 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, 1992). 

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 comparisons.-- The twenly-one species examined were Aequidens pulcher 
Cichlasoma bimaculatum r.. dimerus, r.. festae. r.. pusillurn. 'Q.' (Amphilophus) citrineJlwn, 
'r..' (Am..) longimanus. 'r..' (Nandopsis) managuense 'Q.' (Archocentrus) centrarchus 'Q.' 
(Ar.) nigrofasciatum, '~.' CAL) septemfasciatum '~.' (Ar.) ~ 'r..' (Theraps) 
bifasciatum '~.' (Th.) nicaraguense, 'b.' (Th.) sieboldjj, '~.' (Th.) synspillum '~.' (Th.) tuba, 
Crenicichla ~ Herotilapja multispinosa. Microgeophagus altispinosa and Neetroplus 
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 pieces of slate, flowerpots Or broken 
flowerpots. 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., ~. bimaculatum, ~. pusillurn) while others chose a cave-like spawning site, 
provided by the inside surface of a bottomless flowerpot laying on its side (e.g., '~.' 
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nigrofasciatum Cr. lepidotat Water temperatures were maintained between 24 and 28DC and 
the light cycle was 12D/J2L. Fish were fed twice daily on Pwina 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 blWlt 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 effective diameter, we measured the length and width of 20 eggs using 
a Wild dissecling scope fitted with an ocular micrometer, calibrated to 1I100th of a millimeter. 
The 20 values were averaged to produce a mean egg size for the species. 

On the day of hatching, hatchlings 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 tota] 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 
species, though in a few cases, particularly when hatchlings were rare, fewer than 20 were used 
C.c..' tuba 3; 'Q.' sieboldii 12; 'Q.' synspillum 19, M.. altispinosa 11). We used only a single 
spawning for each species. 

To evaluate the range of errors associated with the data-collection technique, we also took daily 
samples of hatchlings up to the stage of free-swimming from two species, '.c..' citrinellum 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 larger 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 eggs of known size using single clutches of '~.' 
nigrofasciatum and fi. multispinosa. Eggs were scraped off the laying site as described above 
and their size examined in a petri dish. To ma.ximize 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 aquariwn. As each 
egg hatched several days later, the hatchling was removed and placed in a numbered vial of 
4% formalin. Eggs that 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 bottom 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 I aquarium, with a heater 
and airstone. This hatching-cup design proved successful in other experiments because it 
allows enough circulation of water over the eggs, but does not cause them to be blown out of 
the cups. 

Results 

Interspecific comparisons.-- Mean hatchling length was positively correlated with mean egg 
diameter in the twenty-one species examined (Fig. 1; r = 0.87; df = 19; P «0.01). The figure 
also illustrates the length of hatchlings of '.c..' synspillum on days one through six following 
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Figure L Mean Hatchling length (HL) as a function of mean effective egg diameter (dJ 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 
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Figure 2. Mean Yolk diameter (Yo) of hatchlings as a function of mean effective egg diameter 
(dJ for twenty-one species of Neotropical cichlids (Ye"" 0.99 x d. - 0.08 mm). 
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hatching at 25.0 °C and 'k.' 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 the range of effective diameters of 1.3 to 1.9 nun. The extreme point at 2.4 mm is '£.' 
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 C!::L. 
muitispinosa), 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 « 0.01). 
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 CQ.' 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 indetenninate growth, 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, infonnation 
on hatchling size, there have been surprisingly few attempts to pull this data together in a life­
history context (e.g., Moser et aI., 1984; Kamler, 1992). Likely this is because of the relatively 
small size of most fish eggs, often 1 to 2 nun 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 eggs 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 variation derives from 
differences in egg 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 each 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 accOlmted 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. Our intraclutch results differ 
from a previous report by Lagomarsino et al. (1988) who detected only a weak correlation 
between egg size and hatchling length in the midas cichlid, '.Q.' citrinellum. They argued that 
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their correlation was so weak as to be biologically insignificant. We suspect tluee possible 
reasons why Lagomarsino et al. (1988) fOWld only a weak correlation. 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 eggs 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 to 19.3, mean = 11.0). As they point out, the CVs they fOWld 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-swinuning hatchling size was the result of measuring live hatchlings or if the variation 
they fOWld in size of eggs truly disappeared after the eggs hatched. 

We did not attempt to follow hatchlings beyond the point of hatching to detennine 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 
condition. However, within a matter of weeks after hatching dramatic differences appear in 
the size of offspring from a single clutch of cichlids. For example, Valerio and Barlow (1986) 
fOWld 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 $e smaller animals 
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 phenomenon 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 certain 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 ratio of her 
offspring by producing larger or smaller eggs. This might best be examined in haremic 
cichlids, such as Apislogramma where there is extreme sexual dimorphism in size (Barlow 
1991). A female could make a few extra large eggs to become males and many more smaller 
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, i.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, Wlder 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, but 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 slighlly 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 cichlids, our 
results show egg size to be a strong predictor of hatchling yolk size so we can assume that the 
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 '~.' citrinellum and '~.' synspillwn illustrate the magnitude of errors 
inherent in the sampling design. The eggs were checked at least daily for signs of hatching, 
making the maximum error 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 '~.' citrinellum or a '~.' 

synspillum hatchling will acheive in five or six days the size of a '~.' tuba hatchling on its first 
day. This suggests that the benefits of large fry size in '.Q' !!!b.a 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 fry 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 acts that change as the offspring develop. For instance, most 
subsLrate-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. Field observations of some species reveal these 
schools roving over several meters, up and down a river (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' 
abilities to care for all the fry effectively. 
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The California grunion uuresrhes tenuis is among the few fish known to spawn terrestria11y. 
Grunion (Athcrinidae) are found along the Pacific coast of southern and Baja California, 
principally between Point Conception and Punta Abreojos (Walker, 1952). They Jay lheir eggs 
on sandy beaches during spring and summer nights shanty following the new and full moons, 
around the Lime of highest high tides (Walker. 1952). The timing is important; 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 unlillhe 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 to fertilize the 
eggs (Walker, 1952). Tbe fish then catch the next large wave to return to 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 cm (Shepard and LaFond, 1940), protecting the eggs 
from extremes of temperature, desiccation. and predation (Middaugh et al., 1983). The eggs 
undergo rapid development and at 18De are ready to hatch in about nine days, although some 
may hatch in as few as seven clays (David, 1939). Normally, 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 aI., 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 time set by an interna] developmental clock, hatching is triggered by an external. 
environmenta1 factor, analogous to the situation in some terrestrially spawning frogs (Petranka et 
aJ .• (982). 

The delayed hatching pericx:l requires the embryo to grow quickly to be ready for hatching at the 
next high tide. but at the same time, it must conserve energy to allow survival if it is forced to 
wait longer for a high enough wave to arrive. A similar dilemma is seen in the frog 
Pseudophryne 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 occur, 
then the metabolism levels off and remains steady until hatching is triggered. Our hypothesis is 
that the grunion eggs will show a similar pattern of metabolic rate increasing during normal 
development and stabilizing for 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 nonnal development of the grunion (David, 1939) and the influences 
of light (McHugh, 1954) and temperature (Hubbs, 1965; Ehrlich and Farris, 1 r;n 1; Reynolds et 
a1., 1976) on development, but these are the first data on energy requirements or the developing 
egg at different embryonic ages. 
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Materials and Methods 

Indi vidual Leuresthes tenuis were collected by hand (California Fish and Game pennit #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 stripped of eggs or milL The eggs of each female were combined with the milt of one male 
in individual plastic containers holding small amounts of natural sea water. We allowed fifteen 
minutes for fertilization to occur, then added a small amount of sand to each container to protect 
the eggs during transport to the laboratory. Within two hours after collection, the eggs were 
placed at 18°C, a temperature appropriate for their development (Hubbs, 1965; Ehrlich and 
Farris, 1971). After approximately 12 hows, the eggs were rinsed free of sand and sorted. 

On the day following collection, 220 eggs from each clutch were placed in a glazed porcelain 
combustion boat (97 x 16 x 10 mm). Small glass beads were added as a sand surrogate (0.5 mL), 
to 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 container 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 
eggs were removed at day 5. Eggs that did not show a beating heart, easily visible after day 3, 
were presumed dead and removed daily after day 5. Eggs were maintained at 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 to 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 Ascartte to remove water and carbon dioxide, then drawn through an S-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 Dalacan V data acquisition and 
analysis program. Oxygen consumption of each egg mass was measured three times each 
morning throughout development, daily from days 2 (36 hours) through 23. The respirometry 
syringe was left open between runs 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 difrering egg 
numbers. 

Length and oil droplet size measurements were made On the larvae using a computer digitizing 
system, a Macintosh IIsi 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 length was measured from 
tip of the snout to the end of the vertebral column. excluding the caudal fin. The roughly 
spherical oil droplets were measured across the longest and shortest visible diameters. These two 
measurements were then averaged and volume was detennined as if this were the diameter of a 
perfect sphere. Oil droplets were also measured in 20 eggs on day 4 (the first day on Which the 
multiple oil droplets of most of the eggs had coalesced into one large drop) and in unhatched 
eggs. 

Results 

Rate of oxygen consumption ('V02) increased from day 2 through day 8 of development (figure 
1). The means of daily data points for days 2 through 8 were used to establish a regression line 
for V02 (r2 = 0.9"..3). At day 8, the first day on which hatching was observed, V<>2leveled ofr. 
When the means of daily data points were analyzed from days 8 through 23, the slope was not 
significantly different from zero (figure 1). 

The volume of oil in each egg was estimated by assuming a perfect sphere, and the average 
volume of each group (n=14) of 24 eggs was ploUed versus age of the eggs in days (figure 2). 
The linear regression (r2 = 0.808) shows a loss of -0.004 Jd 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 from 6.5l0 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 I. Oxygen consumpLion during 
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Figure 2. Oil droplet volume during 
development and delayed hatching. 

From the time of fertilization through day 8, the first day hatching is possible, metabolic rate of 
eggs increases steadily (figure 1). After that point, during the delayed hatching period, the 
metabolic rate stabilizes (figure 1). Since the metabolic rate remains high, the embryo does not 
go into a state 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 V02 until shortly before the time that hatching first 
becomes possible, then level off during the delayed hatching period. 

Along with the stabilizing of the metabolic rate after day 8, the length no longer increases (figure 
2). Grunion embryos reach their full length at lOS 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 that 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 DO gross morphological differences between larvae that 
hatched afterdifferenl 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 hatching seemed to be at a more developed state. Because only a smaJl 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 dwing the delayed hatching 
period. 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 
continuing to grow slowly during its delayed hatching period (Bradford and Seymour, 1985; 
Seymour et al., 1991). Unlike the grunion, lh.ough, P. bibroni continues to increase in body size. 
We believe the metabolism of grunion eggs through the periods of normal development and 
delayed hatching is similar to the metabolism during delayed hatching of P. bibroni, and is an 
example of convergent evolution across two classes of vertebrates. 
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It is interesting to note that, although the eggs should run out of lipid reserves around day 22, 
some eggs do survive and hatch after this point Eggs in the field may be susceptible to diseases 
and predation by birds and mole crabs, seen in abundance at field siles. These factors, disease 
and predation, might warrant the prediction that, in general, the sooner an egg can hatch, the 
better. But if the waves do not come, the grunion have, in a sense, taken out an insurance policy 
and can afford to wait several more weeks for the next set of high tides to arrive. 
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The evolution of gonad activity in Sparus aurala L., an hermaphrodite species, is dependent on the age 
and growth of the fish In most part of the one year old population sperm reabsomon is followed by 
oocyte maruratioll Dynamics of oocyte development and related sequential cytological events were 
followed. The characteristics of the oocyte dwing the first meiotic prophase are descnbed using 
electron microscopy. Ult:rast:ructur modifications 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 oocyte. The existence of endocytic compartments and an highly 
specialised cortex allows the interna1isation ofvitellogenin. The study indicates that the Sparus aurata 
oogenesis like most vertebrates depends on the structural evolution of the organelle connected with the 
endocitic activity of the cell. At maturation and ovulation, the oocyte contains an enonnous amount of 
reserves stocked as macromolecules, for later utilisation by the embryos. 

Introduction 

The hermaphrodite protandric species, Sparus aurarQ L.,a marine teleost spawning pelagic eggs, 
presents particular aspects of sex determination and gonad differentiation. The sex reversal 
process inhibits the fertility of females, and only older animals are functional females. The 
fecundity of females is limited by the evolution of oogonia to oocyte maturation and ovulatioll The 
morphological changes that occur in the oocyte during the meiotic 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 fimctionally 
female (2oar et al.1978). In fact only these phenotypic females can synthesise the yolk protein 
precursor internalised in the oocyte by receptor-mediated liganrs (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; Brusle et Brusle, 1983). 

Materials and methods 

508 specimens of Sparos aurata were collected in the Algarve, somh of Portugal, and in the Obidos 
Jagons using trammel nets in different months of the year. Age determinations were made by direct 
readings of the scales. The fork length (0,5cm) and weight (g) were correlated with age. Specimens 
with differem ages collected from the wild using trammel nets, and specimens maintained in Iaboratoy 
condhions 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 fur light microscopy, to detennine the distribution of male and female germinal tissues. Small 
pieces of the same gonads were (fixed in 3% glutaraldehyde, sodium cacodylate 0,1 M and 0,05 Cacr, 
for 3 hours, rinsed in buffer and post-fixed in 1% osmium tetroxide Ih fur dehydratation) for electron 
microscopy studies. The tissue 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 oocytes 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 synaptonema.l complex. Later 
the nucleolus establishes specific relations with the nucleolar organiser region (NOR) (fig.l) .At 
diplotene the nucleolus enlarges, presenting a central fibriIar core and a granular periphery.Multiple 
nucleoli, in number of twenty, disconnected from the nuclear envelope are nucleolus with an outer 
granular layer and granules dispersed in the nucleoplasma, or associated with nuc1ear pores are 
observed. At late dictyate (Fig.2) the oocyte contains a nucleolus that has ceased growing and has 
decreased in size. Some spherical nucleoli containing vacuoles remain at the periphery. 

-:;~~'~~'~:-' .• ,.-

Fig.l Leptoten-Pachitene-oocyte.Nuc1eolus (N) 
associated to a synaptonemal complex (Sc),nuclear 
organ;ser region (NOR) 1200Ox. 

2 

Fig.2 Diploten nucleus shows a ring shape (Nr) 
36000x. 
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Nucleolus-cytoplasmic interaction 
The RNA processing takes pIace during the migration of the molecules from the site of synthesis, 
crosssing the nuclear envelope and accwnulated in the large nwnber of nbosomes which appear in the 
cytoplasm before endocytic accwnulation of yolk.. Granulo 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 oocyte, after RNA 
accwnulatiOIt Endoplasmic reticulum vesicles and elongated mitochondria are dispersed in the 
cytoplasm, occasionally associated with microfiIamems. Golgi stacks are predominantly in a pecipberic 
position near multivesicular oodies (MVB). Lisosoms appear in the cytoplasm. Lipid and cortical alveoli 
are elaoorated. Microvilli originated by pcotusion of the oocyte ootema in the interfollicular space and 
the microvilli of cells completely surrounds the oocyte (fig.4). 

Fig.3 Nucleus(N) granulo fibriIar mass, the 
nucleolus-like oodies (NL8) nuclear pore 
(Np)3600Ox. 
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The different layers of polyssacarids deposhed between the pre existent microvilosities form the zone 
pellucid. Micro.6laments of6run are observed in the cytoplasm. Pinocytosis is initiated at clatluin coated 
regions of microvilli which pinch off to fonn 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 funn the yolk spheres (Fig.6). 

/0'-\ ;;::.;-; 
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Fig.5 Coated vesicles (Cv).Microfilaments in the 
cytoplasm (Mf),microviiosities(Mv). Zone pellucide 
(Zp).40000x. 

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

After using HCG stimuli at 18-20°C the vitellogenesis is completed in a few hours. The full grown 
oocyte shows the germinal vesicle excentra1y located. The nuclear envelope disrupts after funning 
severnl infoldings. FoDo\,.ring metaphase II the microvilli are in reabsorption the (7) follicle cells 
degenerate and disperse from the zone pellucida. The yolk components are agglutinated and in a 
continuous cortex layer. At the oocyte periphery cytopIasmic organelles are Jacking, and only the 
cortical alveoli are found (8). After hydration, ovulation occurs, and eggs float in sea water prepared for 
fertilisation. 

128 



Fig.7 Microvilli (Mv) are reabsorved. 
Follicle cells degenerate (Fc) 40000x. 

Discussion 

Fig.8 CorncaJ aJveoli (Ca) are at the periphery. 
16000x. 

After leptotene-pachitene in the oocyte evolution, occurs specific relations of the nucleolus with the the 
NOR that conffiins the rDNA with transcritional units for the synthesis of 18s and 28s nbosomal RNA 
(Goessens,1984).The RNA synthesis and accwnulation is pOSSlble due to the amplification of the genes 
responsible for the rRNA organisation, and it takes place during oocyte growth. The protein synthesis 
for posterior embryonic differentiation, depends on the existence of a large nwnber of nbosomes and 
RNA transfer (Denis,1977). The RNA 5, produced during the first growth and are 75-80% of the 
nbosomic content of the primary oocyte. During vitellogenesis the oocyte produces mainly RNA 28s 
(Denis, 1977).The nuclear envelope bas 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 cytoplasmica1y in other species of fish 
as nbonucleoprotein with nuclear origin (ToW}', et aI. 1977; Azevedo, 1984). At djplotene the NLB is 
perinuclear, but mitochondria are dispersed in the cytoplasm. The endocytic activity of Sparos aurala 
oocyte, depends directly on the structural evolution oftbe organeUe COIDlected with metalx>lic activity, 
and on the differentiation 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 oocyte.A 
functional three to four year old :female with an asynchronous ovary, presents oocyte maturation 
according to a circadian rhythm 1be djplolene 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 accelluIar layers 
ofzone pellucida are not deposited, and probably the follicule cells do not yet synthesise the oestrogen 
necessary for stimulation of the liver to produce the yolk protein precursor (Aida et a1 1973). The 
oocyte morpholoy of older fish shows an highly specialised cortex and the existence of endocytic 
compartments which at this stage, allows that the vheUogenin to be taken in large amounts (Routh et 
Porter 1962;Go1dstein et aJ,.I982; Mabilot,1984; Selman et Wallace 1982) passing through the 
inter<ellular space of the fullicular epithelium (Abraham et al. 1981). The present study indicates thet 
the Sparus aurata oogenesis, like the most in other oviparous vertebrates depends on the structural 
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evolution of the organelle connected with the auxocitosis and with the endocnosis of the cell. At 
maturation and ovulation, the oocyte contains an enonnous amount of reserves socked as 
macromolecules, for later utilisation by the embryos. 
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Laboratory experiments were conducted with gestating adult yellowtail rockfish and field surveys 
done of females in late vitellogenesis and gestalion to determine the rate of embryonic and larval 
development, to examine the different measures of egg quality, and to determine the rate of 
endogenous energy utilization and tissue assimilation. Embryogenesis and larval development 
followed a predictable sequence and showed rapid development with hatching occurring 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 )'olk and oil 
globule declined rapidly throughout gestation resulting in limited yolk and oil reserves at parturition. 
Findings of this research will serve to allow estimation of stock biomass and will conuibute to the 
understanding of the underlying factors that contribute to recruitment variation. 

INTRODUCTION 

A unique trait commOn to all Sebasres species is their live-bearing reproductive strategy which can 
be classified as ovoviviparous or viviparous (Wourms, 1991). It is imponam to know the lime 
course and sequence of embryonic and larval development to enable fishery researchers and 
managers to estimate adult rockfish biomass by means of the larval production method (Lo et ai., 
1992). Further, early life stage physiological condition and nutritional and energetic states may 
play important roles in determining the success Or failure of year classes, an often cited argwnent 
presented to explain recruitment variability (Houde, 1987). A study of a len 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 semipelagic, viviparous species that is commercially 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 reproductive 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 ",'ere described and analyzed by NoTton and 
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MacFarlane (1994). Reproduction of this species, and most likely other rockfishes, has been found 
to be spa[ially and temporally variable, in both quamitative and qualitative measures, and it is closely 
related to environmental conditions and 10 reproductive success. 

Previous ontogenetic studies of early life stages of Sebasles species are limited. Only Yamada and 
Kusakari (1991) provide descriptions from controlled experimental conditions using the S. schlegeli 
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 Boehlel1 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. TIle 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) to examine measures of egg quality, in primarily nutritional and energetic terms, and to detennine 
how endogenous energy stores are utilized during early life stage development. 

MATERIALS AND METHODS 

For the early life stage study, 21 fertilized female yellowtail rockfish were collected from 1990-
1993 by hook-and-line from Cordell 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 circular tanks at ambient light and water conditions for the duration of the study. 
Temperatures averaged 11.96 degrees Centigrade (SD == 0.88°C) and salinities averaged 32.31 ppt 
(SD == 0.78 ppt). The average size of the gestating females was 37.8 cm SL (SD = 3.8 em). At tluee 
day intervals throughout the study, which lasted from December through March of each year, fish 
were anesthetized and a catheler inserted through the urogenital papilla and into the ovary to obtain 
samples of developing oocytes. Each sample was examined fresh by microscope after 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 I 
(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 71 5 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 to 46 em and total weight from 673 [Q 2083 g. The ovary of each fish was assigned a 
macrospcopic 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 .... 'ith recent parturition, and 
5 == resting andlor recovering). In this paper, eggs from stages 2 and 3 will be used. Within these 
stages fractional division from 0.1 [Q 0.9 was assigned which represented the progressive stage of 
development within either vitellogenesis or embryogenesis. From each 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 of20 eggs each, weighed to the nearest 
O.OOOlg). Caloric 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 protein content was determined by the LO\vry 
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 late vitellogenesis, prior to 
fertilization, through embryogenesis, hatching, and larval release. Formaldehyde fixed specimens 
at each sampled stage of development were dissected into chorion, yolk, and tissue portions, dried 
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at 100°C for 24 hours, and weighed in triplicates of20 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 imo 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 
laboratory, 8 provided specimens that spanned from late vitellogenic, 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 followed those of Yamada and Kusakari (1991) and Sanchez and Acha (1988), but the rate 
of development and the times to halch and panurition were much more rapid (Table 1). The 
important developmental periods for field applications in stock assessment can be derived from 
Figure I which has a best predictive equation ofY = (28.6133 - 0.255935X2), r = .94. The time 
from fertilization to larval release averaged 29.2 d, with a 5d range, most likely due to temperature 
variation. In contrast, the equivalent lime for a much larger S. schlega/i 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 relalive proportion throughout 
gestation (r = .09, N.S.; Figure 2). We conclude lhat embryos did not demonstrate significant 
weight increase during gestation despite the fact that MacFarlane and Bowers (1995) did find limited 
malrotrophic contribution to embryonic and larval nutrition. Gonosomalic 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 greatly among field caught females with 
late vitello genic 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 offish species and has 
been found to relate to both inherent and environmental faclors (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 posilively correlated with the measured lipid content in the ovary (r = 
.46)_ 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 vireliogenic period and with MarFarlane and 
Norton (1996) during gestalion, both studies using analytical chemical methods. 
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Table 1. Sequence, time course, and corresponding stages of embryonic and l8.n'al development of 
yellowtail rockfish. 

Developmental Stage 

Newly fertilized oocyte 
Germ disc fonnation 
Early cell cleavage 
Morula 
Blastula 
Epiboly 
Gastrula 
Embryonic shield 
Headfold formation 
Optic vesicle 
Somite formation 
Optic cups/auditory vesicle 
Otolith formation 
Retina pigmentation 
Blood circulationlmouth and 

anus open 
Yolk depletion 
Hatching 

YamadalKusakari 
Stage 

I 
2 
3·8 
9 

10-11 
12 

13-14 
15 
16 
17 
18 

19-22 
23 
24-25 

26-29 
30 
31-32 

Yolk and oil globule depletion 32 
Parturition 33 

Developmental Period Mean 
(days) 

Fertilization to hatching 23.0 

Hatching to parturition 6.2 

Fertilization to parturition 29.2 

Days Post· FertUization 

0 
j 

j 

3 

5 
j 

7 
j 

II 

18 

21 
j 

23 
1 
29 

SD Range 

1.3 21-25 

1.8 4-10 

2.4 27-33 

Early Life Stage Conversion Efficiency - Gravimetric analyses of endogenous energy utilization 
(i.e. yolk and oil globule) 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 fOWld with the most rapid 
increase occwring 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%; Bla'der, 1969). 
By parturition time when larvae have been incubated for approximately 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 Rals[on and Howard (1995) finding that dynamic factors influencing the early larval 
stage, soon after parturition, comprise the most critical time for delennining year-class size. 
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Table 2. Measurements of egg quality in yellowtail rockfish. 

Variable Mean ill Range 

Egg dry weight (mg) .03766 .02132 .0012-.08500 

Calorieslg 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 37.7-235.9 

Ovary protein (mg/g) 210.2 60.5 73.8-333.0 

The findings of this study provide a basis for estimating the time to larval release, essential for 
estimating slock biomass, and applicable 10 other Sebastes species. Variation in egg size and quality 
and the pattern of endogenous energy utilization leading up to the time of larval release all factor into 
the detennination of successful recruitment. 
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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 Le. Oreoc],rom;s niloticus & 
Oreochromis aureus. The well developed embryonic vascular system has attracted the attention 
to its relevance to the respiratory function. 

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

Introduction 

The genus Tilapia to which Oreoch,om;s species is belonging to is characterized by its tolerance 
to different environmental conditions beside their hardness, ease ofhreeding, 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 offish, an investigation is needed lo 
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 OAm3 water for each 
group of ± 12 individuals of sizes ranging between 12-19 cm. at a water temperature between 22-
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270 C. The ratio between males & females was 1 :3. The experiments 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 
(HC.G) intramuscularly. 

Artificial insemination method was also applied using HC.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 lan'ae: 

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 eggs (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 HCG. is to accelerate the oocyte maturation and the ovulation in both species. 
The response to the hormone treatment depends on the degree of maturity; 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 to the principal diagnostic features of the embryonic and larval stages. 
This includes division of blastomeres and formation ofblastodenn., the expansion afblastoderm 
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 I & 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 tbe lime of balebine. 

""""""'~I O. ullreus O. nr"/uticus H brid 
A eat halchin 86 hours 80 hours 76 hours 
Tem~ture 27"C_ 29"C 28·C 29"C 
Com letion of hlltchin 97 hours 96 hours 8Sh +1- 2h. 
Total len 4,6-4.8 rmn 4.56mm 4,7-5.0mm 
No.ofse ents in the!J1lnk reltion I' 17-19 I. 
No.ofse enls in the tail '" I' 12-13 13 
Hei I of the head 0.8 nun 0.62rmn 0.'19 nun 
Inler orbiwl 0.4xO.4 nun 0.62 nun 0.49 nUn 

Distance bctv.-een "'. margin Md 0.25 .15 0.38 
nuditory capsule 
Egg yolk diameter 2.lx2.3 2Ax 2.4 2.6x2,8 

Measures at 24 boun from bale bin 
Bod I~ 5.Smm 5.9 rrun 5.45 rrun 
No. of ents in \he trunk r '" 15 17-19 I' 
No.ofse cnlS in the tail re ion I' 12-13 I' 
Hei t of the head 1.1 mID 085mm 
Inter orbital 045~ O.Smm 0.'15_0.4 

Distance bo\W= ". margin md 0.2 nun 0,26 nun O.ISmm 
audiloi"V CIIDSUle 
Egg yolk diameter 1.7x 1.9 2.5 2.35x2,65 
laOle I. Measurements UUi.cn .or me pure speCies an~ Ule y na at [\Vo all erenl S\3ges. 
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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 III). 

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 dorsa1 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 
m & 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 Oreochromis spp. are correlated with low 
oxygen concentration. 

Some Results on the Hybrid: 

The offspring resuhing from crossing 0. aureus (female) and O. niloticus (male) have in its 
embryonic and larval stages some characteristics 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 till the hatching stage. The resulting hybrid hatch between 76 - 88 hours from 
fertilization, while for O. aureus and O. niloticus 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 nun. when the 
yolk sac dimensions were 2.6 x 2.8 nun. For the pure breeding of O. aureus the length was 4.6 
- 4.8 mm. when the yolk sac was 2.1 x 2.3 mm., and 4.5-4.7 mm. for O. niloticus when its yolk 
sac was 2.4 x 2.4 nun 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 length, depends on the original size of the fertilized egg and 
its quantity of yolk. This in turn depends upon the size of the mother fish. This fact was a1so 
emphasized by Nussbaum & Chervinsky (1968) on their study on artificial incubation of Tifapia 
ni/otica. This observation shows that the intennediary 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 aI., (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 ai, 1986). 

More studies are needed to know the rate of growth in the post larval 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 AuditoIV Caosule 
AuP Auditory~t 

B Brain 
BA Branchial Art~ 
CA Caudal Art~ry _ 
CD Cuvierian Duct 
CY Caudal Vein 
DA Dorsal Aorta 
E Eye 
EM Egg_Membrane 
H Heart 
1 Instestine 
M Myotomes 
P Pigments 
SlY Sub-intestinal Vein 
VV Vitelline Vein 
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Plate I, Early stages of Orechromis niloticus 

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

G- 27 hours from fertilization 
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Plate II. Early stages of Orechromis niloticlIs 

Aw Age 36 hours from fertilization 
B- Age 50 hours from fertilization 
E- Age 68 hours from fertilization 
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Plate m. Early stages of Orechromis lIi/oticus 

A- Newly hatched embryo 
B- During the first day after hatching 
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Plate IV. Early stages of Orec"romis niloliclIs 

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

B-Age 138 hours from fertilization. 
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DIRECT EVIDENCE OF PHYSOSTOMOUS GAS BLADDER 

INFLATION IN PHYSOCLISTOUS FISH LARVAE 
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Abstract 

In situ and in vivo microcinematography show how walleye (Stizostedion vitreum) and striped bass 
(Marone saxatilis) larvae penetrate the air-water interface and use muscular contractions to place 
abdominal microbubbles into the pneumatic duct These observations support 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 salmonids, cyprinids, and catfishes. Physoclistous GBI physiology 
allows fishes to remove dissolved gases from the blood with a rete 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 some 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 saxatiUs), and walleye (Stizostedion vitreum) (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 
wa1leye (Kindschi and MacConnell, 1989) and striped bass (Chapman el al., 1988), as well as other 
physoclists including the stickleback (Gaslerosteus aculeatus) (von LedebuT, ]928, cited by Tail, 
1960) and the bream (Sparus auratus) (Chawn and Ounais·Guschemann, 1990). Larvae of some 
more derived percomorphs including Hemichromis bimaculata and Tilapia mossambica (Cichlidae) 
have, however, been found to lack a pneumatic duct during the larval phase and 10 inflate their gas 
bladders without SURace access (McEwen, 1940; Doroshov and Cornacchia, 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 (Chalain, 
1987), increased spinal deformities (Kitajima et at., 1994), and are unusable for stocking purposes 
(Kindschi and Barrows, 1993). Problems with GBI development resulting from poor larval 
perfonnance has been an obstacle to larviculture of many species including the sea bass (Macquaria 
novemaculeata) (Battaglene and Talbot, 1990), bream (Chatain and Ounais-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 method, salinity, and aeration, blowers or oxygens 
supersaturation (Cornacchia and Colt, 1984; Barrows et a1., 1988; Brown et al., 1988; Chatain and 
Ounais-Guschemann, 1989; Bushman, 1992; Barrows et al., 1993; Moore et al., 1994). Those 
techniques that have seemed to enhance access through the surface-water interface have been the 
most successful in improved GBI perfonnance (Chatain and Ounais-Guschemann, 1990; 
Summerfel~ 1991; Moore et ai., 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 ofphysostomous 
GBI in physoclistous fish larvae. However, no verified observations of the larvae gulping air from 
the water surface, nor subsequent1y 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 pneumatic 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 l,OOO-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 abnonnalities. 

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 aI. (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 Iowa State University with 
high resolution microcinematography to obtain in situ 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-(lBAS; 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 aquaria to be analyzed from sample observations. 
Groups of 50 to 150 Jcuvae 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 vivo observations were conducted through a dissecting scope. 

Results and Discussion 

Observations of striped bass larvae provided 
numerous in vivo 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 period of development when initial GBI 
was occuning in the populations (i.e., from 
day-5 to day-lO posthatch) and were 
observed at higber rates of occurrence in 
studies with higber GBl rates. 

Figure 1. A 6-mm, 8-day posthatch, striped 
bass larva showing air bubbles within the gut. 
The gas bladder (arrow) is inflated. 

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-dorsallocaLion on £he gas bladder. The diameter of the pneumatic duct. however, seemed 
to be less than 20 J.1Ill, and most of the gut bubbles observed with lower magnification were larger 
than 100 J.UTI. Scrutiny of some of the larvae at higher magnifications, however, revealed the 
presence of very small air bubbles a10ngside the larger bubbles in the larvae's gu[S (Figure 2). 

The smallest bubbles seen in this higber 
magnification micrograph of the specimen 
shown in Figure 1 are approximately 151ll1l 
in diameter. Of particular interest is the 
presence of at least two, or three, 
microbubbles that seem to be within the 
pneumatic duct; lbe position of those 
bubbles occur exactly within the alignment 
of the pneumatic duct as shown in Doroshov 
et al. (1987) and the more obscured 
appearance of those bubbles also indicates 
that they may be within tissues of greater 
density than those seen in the gut lumen. 

Figure 2. The same larva shown in Fi~urel 
showing, at higher magnification, details of 
air bubbles near the gas bladder. 

The presence of these 15 J.1IIl rnicrobubbles 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 
tension to a1low formation and retention of various sized contiguous bubbles as we obseIVed in the 
gu[S 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 J.1IIl 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. range (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 transported, 
through the pneumatic duct into the gas bladder. 

In many of the specimens, 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 
bubbles 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 in force 
to defonn 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 
posterior position in response to the pressure of the gut 
bubble against the gas bladder. 

~~~ 
~--- --~~-.~~ 

~~-~ 
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Figure 3. Three microsraPhs, taken in 
rapid sequence, showmg gut bubble 
movement in a striped bass larva. 

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 
through 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 pneumatic 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 lhrough the duct and into the gas bladder as the bellows effect 
continued. 

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 sbiped bass. This saddle begins to 
fonn almost simultaneously to the expansion 
of the developing gas bladder (Figure 4); 
this micrograph shows the gas bladder in an 
early stage of dilation in a 4-day posthatch 
specimen with a 'saddle-shaped' depression 
forming directly below it in the oil globule. 

Figure 4. Micrograph of the middle portion of a 
4-day posthatch striped bass showing the 
uninflated, but dilated, gas bladder (arrow) just 
above a 'saddle' in the oil globule. 
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The observations of gut bubbles in striped bass larvae provided strong evidence of air gulping to 
perfonn physostomous GBI in a larval physoclisl Previous observations had indicated that 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 mat 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 mat me larvae's heads 
fit fully into the meniscus of the water-edge 
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 nuchal 
region. From this position, it seemed very 
difficult for the larvae to penetrate the 
surface tension barrier. 

Figure 5. Micrograph from a video of a 12-
mID, 8-day posthatch walle:ye larva in the 
meniscus (arrow) of an aquana. 

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. TItis realization changed the study focus. 

Previous studies had associated illumination and tank color with improved perfonnance of fish 
larvae. Nickum (1978) reported that walleye fry were so attracted to the sides oflighl-colored tanks 
that they ignored aU forms of feed, whereas fry in dark-colored tanks were more evenly distributed 
and fed better. Ostrowski (1989) found that overall survival of dolphin (HippUTUS coyphaena) 
averaged 50% in black tanks and 25% in uncolored (tan) tanks_ Malison and HeJd (1991) reported 
that using internal tank: lighting improved habituation of yellow perch (Perea flavaseens) 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 be~avior at the water surface as rel,ated to their 
ability to perform surface tension penetration for physostomous GBI, I began to study the effects 
of illumination on larval 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 1arval walleye behavior and found 
that turbidity altered the behavior of larval walleye in the rearing container (Rieger, 1995). In turbid 
water, compared 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 me tank edge and brightens 
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the water column and eliminated attraction of the larvae to the tank edge. This effect caused 
significant changes in larval perfonnance; they swim faster, feed earlier and GBI was nearly 100 
percent, compared to about 50 percent in comp~le 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 confmned that the larva had 
accomplished surface tension penetration. TILis 
discovery was not made until the sequence was 
viewed in slow motion (Le., IA actual speed). 
TILis 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 (0). 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 occurs in Y2 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 
right of the larva in these micrographs. 
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Figure 6. A sequence of v ideo frames ofa 12-
mm, 8·day posthatch, walleye larva showing 
penetration of the water surface. 

The observations shown and described above may offer fundamental knowledge of the mechanism 
of physostomous GBI in larval physoclists and are examples of the value of high resolution 
microcinematography to investigate dynamic microscopic biological phenomenon. Digitized 
recordings with various play back and image analyses options provide demonstrative exhibits of 
behavioral and physiological mechanisms of value to applied environmental physiology of fishes. 
I 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 pneumatic 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 

PUNT/US SCHWANENFELDII (BLEEKER) 

Hannin, S.A. and 1. Jais 
Aquatic Biotechnology Research Group 

Faculty of Fisheries & Marine Sciences, Universiti PeItanian Malaysia, 
43400 UPM Serdang SeJangor, MALAYSIA 

phone, 60-03-948-6101 ext. 2516; fax, 60-03-948-269 
e-mail: sharr@ffms.upm.edu. 

Emhryoruc and larval development of Punriu5. schwanenjeldii (Bleeker) were described under 
laboratory condition. Eggs were obtained through induced breeding using acetone-dried carp 
pituitary hormone at 6mglkg body weight. The fertilized eggs had an average diameter of 1.02 
± 0.03 rom, non-adhesive, demersal and were covered \vilh a thin layer of membrane. The 2-cell 
egg stage 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 length 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 

Punt ius schwal1enfeldii (Bleeker) is a cyprinid and is widely distributed throughout Thailand, 
Malaysia, Sumatera and Borneo (Smith, 1945). The species has commercial importance for it is 
used as food and aquarium fish. Studies pertaining LO aspects of reproduction (Hannin and 
Gintua, 1995; Hannin et aI., 1994;1993) and genetics (Siraj et aI., 1994) have been conducted, 
however; information with regards to the early life development of the fish is not documented. 
Thus, our objective is to describe the early egg and larval developmem of Pzmtills 
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 trials 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 mglkg body weight (bw), whereas the males received 3 mglkg bw to 
increase spemuatlon. 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 post-fertilization Wltil 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 fertilization followed by 
second cleavage within 30 min after fertilization. Egg diameter increased to 1.30 ± 0.009 nun. 
and the cell 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 that 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 transparent with heart beat between 160-170 per min. The larvae increased 
in size and the average length measured approximately 3.70 ± 0.03 mtn. 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 
bottom 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-\veek old larvae were very active though still 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 nun. 
and fed entirely on exogenous food. 

Melanophores were found all over the head of the two-week old larvae with body 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 to 15.6 ± 0.02mm. The body was not transparent and myomeres were not 
observable any more due to the appearance of some scales on the body. After 2 month, the body 
lenglh 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 active 
and swam in groups. 
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TEMPERATURE AND THE EFFICIENCY OF DEVELOPMENT DURING 

ENDOGENOUS FEEDING IN HERRING EMBRYOS AND YOLK SAC LARVAE. 

Abstract 

Julian Ovemell 
Dl.lnstaf'fnage Marine Laboratory 

P.O. Box 3, Oban, Argyll PA344AD, Scotland 
E-mail: jov@dml.ac.uk. 

Oxygen uptake, dry weights and energy contents of herring (Clupea harenglls) were measured 
periodically from the lime of egg fertilization [Q the end of the yolk sac stage (without added 
food). Temperature of incubation (3.5 D C to l7°C) had little effect on efficiency of conversion of 
egg reserves to 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 
temperatures 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 (Klyachko & Ozernyuk, 1991; Klyachko & 
Ozemyuk, 1994; Ozemyuk et al. 1994). Time-integrated oxygen consumption has a minimum 
over the optimum temperatures range and this minimwn value can increase by as much as 100% 
at extremes of temperature (Zotin & Ozernyuk, 1966; Alexeeva & Ozemyuk, 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 ma.ximum over the optimum temperature range. Yolk utilization 
efficiencies based on dry weights and energy contents have been used to demonstrate temperature 
optima in Dover sole (Solea soleo), (Fliichter & Pandian, 1968), California grunion (Lellresthes 
tenuis), (Ehrlich and Muszynski, 1982), yellowtail flounder, (Limanda jerruginea), (Howell, 
1980), American plaice, (HippogJossoides pJatessoides), (Howell & Caldwell, 1984), Orechromis 
niloliclIs, (Rana 1990b) and African catfish (Clarias gariepinus), (Kamler et oj, 1994). 

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

Herring 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 
temperatures: 3.5, 5, 8, 15, and l7°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 overnight to destroy any combustible 
material), and washed well with distilled 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, 1982). 

Oxygen uptake rate 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 cadmiwn fuel cell 
(peck & Uglow, 1990). The uptake rate was determined from the linear portion of the plot of 
oxygen concentration versus time. (In the case of larvae the linear portion extended from 
saturation to 50-60% of saturation.) 

The total oxygen consumed from fertilization to hatch or from fertilization to exhaustion of the 
yolk sack was determined by integration 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 I). 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 larvae only, using either the 
number of days from fertilization to hatch or from fertilization to exhaustion of the yolk sack as 
the integration limits. 
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Fig. I Typical plot of respiration rate of 
developing embryos and yolk sac larvae 
versus number of days after fertilization; in 
this case Clyde herring at 8°C (with 
regression line through the origin). The arrow 
indicates hatch date. 



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, !.he heavier batch produced the lighter progeny with corresponding lower 
efficiencies of egg conversion (Table J). 

Source and cohort Efficiency by Efficiency by Biological zero 
weight energy content To 

Clyde (3.5-17'C) no I 51.3 (halch) 44.9 (halch) O.8°C (halch) 
40.2 (exhaust) 36.2 (exhaust) O.O°C (exhaust) 

Clyde (3.5-17'C) no 78 74.7 (halch) 76.3 (halch) 
53.0 (exhaust) 48.7 (exhaust) 

Table J. EffiCIencIes of converSIon of egg to larva, and temperature ofblOlogical zero, 
To, 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). • 0, Progeny 
of Clyde fish no. I, and • D,progenyof 
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 unfenilized eggs (on 
ordinate axis) and of newly hatched larvae 
(solid symbols) and of larvae at the point 
of exhaustion of their yolk sacks (WlfiUed 
symbols) .• 0, Progeny offish no 1, and 
• 0, progeny of Clyde fish no. 78. The 
centres of the symbols represent means of 
9 or 10 individuals and the bars the SDs. 
(I calorie = 4.\87 joules) 



Oxygen consumpTion 
Oxygen consumptions to hatch and to exhaustion of yolk sack stages showed little variation with 
temperature (Figure 4) and certainly not the U shaped response with high values at the extremes 
of temperature found by other investigators for a terrestrial fish (Alexeeva & Ozemyuk, 1987, 
Zotin & Ozemyuk , 1966). Indeed, the highest oxygen consumption found here was recorded for 
yolk·sack·exhausted larvae at goC . which is likely to be near the optimum temperature for the 
species. 
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Discussion and Conclusion 

Fig. 4 Total oxygen consumed from 
fertilization to hatch, ., and from 
fertilization to the point of exhaustion of 
yolk sack, 0, for batches of larvae from 
Clyde fish no I. Error bars represent 95% 
confidence intervals of the slopes of each 
regression (such as Fig. I). 

Herring larvae \' ... ·ere raised from the fertilized egg to the 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 
exrremes 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 DoC, 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 
temperature 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 uptakes for newly 
hatched Clyde 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 
oxygen 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 at the point of 
exhaustion of the yolk sac is approximately equal from 3.5°C to 17°C, or that fitness is 
determined by some parameter which does not impinge on efficiency of conversion of egg tissue 
to larval tissue. 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 Kms 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, 1991; Klyachko & Ozernyuk, 1994; Ozemyuk et al. 
1994). In addition different isoforrns of the same myosin ATPase have been shown to be induced 
either by acclimation to different temperatures (Gerlach et al. 1990) or by rearing at different 
temperatures (Crockford & Johnston, 1993). 
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INTRODUCTION 
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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; Carolsfeld and Sherwood, 1995). Herring eggs are 
extremely adhesive, and attach to a variety of solid substrates upon which the fertilized eggs 
undergo development tluough hatching. Herring spawning biomass in San Francisco Bay, which 
is the basis ofa large conunercial fishery, experienced a decline during the late 1980's and early 
1990's (CDFG, 1992). During this period, salinities in the Bay increased dramatically due to 
drought conditions and diversion of freshwater runoff. This has led to the hypothesis that 
altered salinities may adversely affect herring reproduction. 

It has long been recognized that the eggs of many invertebrates and vertebrates possess 
properties that enhance or activate sperm (reviewed by Morisawa (994). For example, the jelly 
coat of sea urchin eggs induces the sperm acrosome reaction, a prerequisite for successful 
fertilization. Similarly, mammalian eggs 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 surrounded by a thick chorion that is impenetrable to spenn 
except in the region of the micropyle,located at the animal pole. Fertilization occurs only when a 
motile sperm fmds and traverses the micropylar canal 10 fuse with the egg plasma membrane. 
With the exception of the Japanese bitterling, in which the micropyle region has chemoatrractant 
properties, the micropyle of most teleosls is considered to playa passive role, serving primarily 
as a barrier to the passage of supernumerary spenn and as a pathway for the fertilizing sperm. 

The micropyle region of the eggs of Pacific herring (Clupea pallaSl) has been shown to play an 
active role in the activation of herring sperm (Yanagimachi and Kanoh, 1953; Yanagiroachi.1957; 
Yanagimachi ef af., 1992; Pillai, el al.,1993; Griffin et at., 1996). Unlike the sperm of most 
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organisms, herring sperm are virtually immotile at the time of spawning, however, contact with 
the micropyle region of the herring egg initiates sperm morility. Our laboratory has focused on 
the basic mechanisms of the above phenomenon during herring gamete 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 al., 1993; Griffm et 01., 
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 chorion 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 01., 1996). Similarly, 
fertilization rates of eggs incubated in antibody are also reduced. Immunostaining ofanti-S1I.1IF 
treated eggs confrrmed a specialized role for SMIF at the site of sperm-chorion interaction; 
specifically, the region surrounding the vestibule which contains the micropylar opening (Fig. I). 

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 periphery ofthe micropyle. 

SMIF appears to be a non-diffusible component of the micropyle, in that sperm motility 
eventually ceases if a spermatozoon swims away from and does not re-contact the micropyle. 
Furthermore, extensive washing in 112 sea water does not significantly reduce the motility 
initiating ability of chorions (Yanagiruachi, 1957; Yanagimachi el aI., 1992). SMIF can, however, 
be removed from egg chorions using 112 sea water which is acidified to pH 3.5, and this "soluble" 
SMIF is a potent inducer of sperm motility in vitro. 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 el aI., 1992; Morisawa, 1994; Oda et al. 

1995). 
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EFFECTS OF SALINITY ON FERTILIZATION AND SMIF-INDUCED SPERM 
MOTILITY 

OUf laboratory has been investigating the effects of salinity and specific ions on herring 
fertilization and early development in the San Francisco Bay population. It has previously been 
shown that the optimal salinity for both fertilization and development is approximately half­
strength seawater (Yanagimachi, 1953; Yanagimachi and Kanah, 1953; reviewed by Alderdice 
and Hoursron, 1985). Our results for the San Francisco Bay population during the 1992-93 
season cantinn this (Fig 2 A, B). A role for specific ions is suggested by preliminary results 
indicating that increasing concentrations of sodium in 112 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 spenn 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 ionic requirements for initiation of herring spenn motility, as well as to 
further characterize the role of SMIF in inducing spenn motility (Yanagimachi et al., 1992; Pillai 
et at., 1993). Initiation of herring spenn 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 ofSMIF induced motility in calcium or potassium free 112 
strength artificial seawater (1/2 Ca ++ or K+ F ASW) rt anagimachi et at., 1992). However, 
manipulation of intracellular levels of these cations alone is not sufficient to trigger motility. 
Interestingly. vigorous motility can be initiated in 112 low sodium (2 mM) artificial seawater (112 
Na+FSW), in the absence ofSMIF. The likelihood of herring spenn experiencing seawater lacking 
sodium is remote (the Na+ concentration in 112 sea water is approximately 220 mM), thus the 
physiological relevance of motility in low sodium media is unknown. Although Ca++ is required 
for SMIFRinduced motility initiation, high concentrations ofCa++ or Mg++ can inactivale 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 
spenn motility in vitro. Motility was qualitatively graded on a scale of 0 to 4; 0 = no 
motility; 4 =4+ motility. 

Since low sodium sea water induced spenn motility in vitro, we investigated a role for sodium in 
SMIFRinduced 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 one 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 that there 
is an efflux of sodium from C. pallas; sperm following interaction with SMIF, and that elevated 
salinities (such as those experienced during the extended drought of the late 19805) 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 herring 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 spenn. 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 regulation. 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 macuiatlls, 
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 ± O.61cm average total longitude and 1.37 ± O.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 of61.68 x 10' spermlmJ and a motility graded I, 
on a 0 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, sperm, motility, fertility. 

INTRODUCTION 

The Galoxias maclIlallls, commonly known as "puye or anguJa", is a small native fish whose 
crystalline juvenile state (whitebait) is intensely exploited in order to satisfY the national and 
international 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, technostrucwres, 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 seasona1 
gonadal activity (peredo and Sobarzo 1993, 1994), its adaptation to salinity (Vega et aI., 1993) 
and the artificial feeding of larvae (Dantagnan et aI., 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 Perez (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. maculaclls spenn diluted in freshwater. 
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MATERIALS AND METHODS 

On September 1993, 500 specimens of wild G. macula/lis adults were captured in the Cautin 
river near Temuco city, IX region, Chile. The conditioning was done in 100 I capacity, circular, 
open flow tanks and fed with trout comercial pellets which had to have a lipid adaptation done to 
them. Once they reached their second sexual maturity (September 1994) a sample of twenty male 
adults ofa total longitude average of7.33 ± O.61cm and 1.37 ± 0.27g average weight, was taken. 
They were selected because of their abundant milt produccion. They were then anaesthetized 
with MS-222 and the maximum milt was extractes by stripping. 

Different amounts of the sample were used to detennine the sperm density (number of 
spermatozoa per m1, detennined by a recount in Neubauer's camera), the spenn 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 mI) was diluted in a petri dish containing 5 mI 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 5bs of incubation the percentage offecundation was determined under a a 
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. Mac/llailis 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 109 spermlml 
(maximum 88.8 x 109 and a minimum of 50.3 x 10" sperm/mI). Motility observed in all the 
individuals was low and only a small vibration which, according to the Sanchez-Rodriguez and 
Billard's scale cornesponded 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 detennined as r = 0.177 (Fig 
1). 

DISCUSSION 

The low flageUar activity observed in aU the specimens' spermatozoa studied, is a characteristic 
which was already observed by V31debenito et 31., (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 cannabide solution. The low flagellar activity is a characteristic observed in 
other fish. Ginzburg (1972) reported that the Pacific Herring spennatozoa 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. Strtissmann et al., (1994) showed that sperm of "pejerrey" 
(Odonteslhes bonariellsis) remain only feeble vibrations after dilution with ovarias fluid and 
complete lack of movement has been reported in the fresh milt of Alosa volgellsis, brook trout, 
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lake trout and sturgeons (Ginzburg, 1972). He does not report ifit is a normal or a pathological 
characteristic in that species. 

The sperm density of61.68 x 109 spermlml determined in this research is similar to the one given 
by Valdebenito et aI., (1995). Both results are higher than those given for the rainbow trout 
(perez, 1978), coho salmon, (Bouck & Jacobson, 1976) and At1antic salmon (Aas et aI., 1991), 
also being a bit higher than the value detennined by Grinzburg (1972) for Perea j1l1viatilis, a 
species that presents a sperm desity of 52 x 1 (f spennlml. The high sperm density of the puye 
may be a biological 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 aI., (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 eKperiments, 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%1 offertiliry observed by Suquet et aI., (1995) en Turbot (Scophthalmus maximlls). 

The high fertility observed in puye's sperm may be helped by the high sperm density used in this 
investigation. 0.01m! of milt for aproximately 500 eggs was used, this means a total of I x 106 

spermJegg. 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 aI., (1995) informed that in Turbot, 
6 x 103 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 fertility and spenn 
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 (BiUsard & 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 harellgus 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 
populatios 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 (Adaplade from 
Sanchez-Rodriguez & Billard, 1971) 
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Fig. 1. Relationsbip between sperm concentration and fertilization (%) in G. maculatus. 
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Fish eggs contain several honnones of maternal origin, including thyroid (see reviews by 
Leatherland. 1994; Lam, 1994) and steroid hormones such as cortisol (Feist et aI., 1990; de Jesus 
and Hirano, 1992; Hwang et aL, 1992; Khan et aI., 1995). Cortisol is the major interrenal steroid 
hormone of most teieosts and has been implicated in several physiological processes, including 
osmoregulation, stress response, and intermediary metabolism. However I little is known about 
any possible roles of this hormone in the early 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 aI., 1995), but it is neurotoxic 
at high concentrations (Bohn, 1984; DeKloet et al., 1988; Sapolsky and Meaney, 1986). 
Therefore, at least in mammals, the level of cortisol to which the fetus is exposed during early 
development is crucial for nonna! 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 mammals there is an intricate control mechanism involving differential expression of 
various cortisol-regulating steroidogenic enzymes (Langlois et aI., 1995; Nagaya et aI., 1995), 
there is no such information available regarding the the ability of fish embryos to metabolize 
endogenous cortisol. The purpose of the present study is to detennine 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 
(Paralichlhys olivaceus) (de Jesus et al., 1991), chum salmon, (Oncorhynchus kera) (de Jesus and 
Hirano, 1992), tilapia (Oreochromis mossambicus) (Hwang et aI., 1992), rainbow ITout 
(Oncorhynchus mykiss) (Yeoh. 1993) and Asian seabass (Lales calcarijer) (Sarnpath-Kumar et al., 
1995). There is a decline in the cortisol levels concomitant with the absoqltion 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 (HPJ) axis. The HPI axis in rainbow trOUt is reponed to become 
responsive to stressor challenge two weeks after hatching and one week before the onset of 
exogenous feeding (Barry et a1., 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 a/pinus) embryos are able to metabolize 
various steroid honnones such as progesterone (P), 17a;-hydroxyprogesterone (17a;OHP), 
androstenedione (~), testosterone (T), 17p-estradiol (EJ and estrone (EI), in vitro (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 honnones are 
rapidly metabolized. In the present report we present the first evidence of cortisol metabolism 
by developing embryos of two salmonid species, Arctic chart and rainbow trout. 

Materials and methods: 

[3H]cortisol inCUbation 

Yolk-sac embryos of Arctic charr [41 days post fertilization (dpf)] and rainbow trout (53 dpf) 
were killed by decapitation and the yoUcsac was removed. The embryos (three per well) were 
placed in individual tissue culture wells (24-well plate, 3.5 ml well capaCity, MIS Flow 
Laboratories Inc., VI, USA). Each well contained 1 ml of modified Medium 199 (M-3274 MIS 
Sigma Chemical Company) with Hank's salts, glutamine, sodium bicarbonate, bovine albumin, 
antibiotics and glucose, without phenol red, pH 7.2 (Venkatesh et aL, 1992). The radiolabelled 
substrate PH]cortisol made in the same medium was added to each well (0.56 oM). 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 excraclion procedure for HPLC was based on the methods described by Payne et a1. (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 CIS cartridge 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 honnones were washed from the column 
using 5 ml of diethyl ether and the conjugated steroids were eluted with 5 ml of 100 % melhanol. 
The ether and methanol extracts were dried separately under nitrogen at 45°C. The free fraction 
having radiolabelled metabolites was dissolved in 200 ILl of acetonitrile containing a mixture of 
21 unJabelled steroid honnones (as internal standards); 20 ILl of this mixrure was injected onto the 
HPLC column. The dried 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 su1phates 

The dried methanol fraction containing the conjugated steroids was incubated overnight at 45°C 
with 5 ml of trifluoroacetic acid/ethylacetate (TFAfEA (11100; 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 (fonnerly sulphated) and glucuronide 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 glucuronide 
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 extraction was reconstituted with 1.0 rol of 0.5 M 
sodium acetate buffer (PH 5.0) and the glucuronides were hydrolysed at 37D C using 20ILI of~­
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 m1 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 progranuner (Waters 
Baseline 810 controller Software), coupled with a dual channel model 441 UV detector. The 
NOV A.Pak C18 (8 mm X 100 mm, 4 ,urn) column 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 acetonitrile 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 run and 280 run. The counts (CPM) in each fraction and absorbance of 21 internal 
standards was plotted agains[ retention time. 

Results: 

Both Arctic charr (41 dpf) and rainbow trout (53 dpf) embryos convened rH]cortisol to 11~­
hydroxyandrostenedione (l1~-OHA). Another metabolite, more polar than conisol, 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 born species 
are shown in Table 1 and Figure 1-2. The metabolite yields were maximal after 20 min of 
incubation and remained in the same range throughout the incubation time, indicating that 11~­
OHA is me end product of cortisol metabolism in salmonid embryos. In addition to 1113-0HA, 
a small fraction of cortisol was also convened to its sulphated and glucuronated metabolites. 
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Table 1. In vitro metabolism of [3H] cortisol (0.56 nmoUwell) by yolk sac embryos 
of Arctic charr (41 dpf) and rainbow trout (53 dpf) after 20 min and 24 h of 
incubation at lOoC. The radioactivity (CPM) measured under the respective peak 
area and expressed as % of total counlS. 

Arctic Rainbow 
charr trout 

Metabolites Time 41 dpf 53 dpf 

Cortisol (substrate) 20 min 14.5 31.0 

24 h 21.62 26.2 

UP-OHA" 20 min 52.4 44.5 

24h 54.9 46.8 

Tetrahydrocortisol 20 min 18.5 14.5 
(?) 

24 h 16.1 13.6 

Sulphat .. 20 min 11.4 7.0 

24h 5.7 8.9 

Glucuronides 20 min 3.0 3.1 

24h 1.6 4.5 

. 11 P -hydroxyandrostenedione 
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Figure 1 (upper) 2 lower. HPLC profiles of radiolabelled steroid hormones 
produced by Arctic charr (Fig. 1) and rainbow trout (Fig. 2) embryos after 
incubation for 24 h wilh [lH]conisol. THe = letrahydrocortisol or 
tetrahydrocortison (?); II J3-0H-A == llj3-hydroxyandrostcncdionc. 

Arctic charr and rainbow trout embryos appear to convert rH]cortisol almost exclusively [0 11 p­
OHA, with the exception of a smaller peak of unknown metaboHte probably a tetrahydro 
derivative of cortisol or cortisone. This finding is consistant with the report of Kime (1978) who 
demonstrated that cortisol, incubated in vitro with liver slices of rainbow trout, pike (Esox lucius) 
and perch (Percajluviatilis), was converted into cortisone, 11 P-OHA and l1-oxoandrostenedione. 

Cortisol is known to be secreted as part of the physiological Slress response in fish, and may have 
inhibitory effects 00 steroidogenesis (pankhurst and Dedual, 1994). Similarly, in mammals, 
glucocorticoids are reported to be neurotoxic at high concentrations during fetal development 
(Sapolsky and Meaney, 1986). Therefore, it seems plausible to speculate that the same honnone 
may also elicit a deleterious stress-response in the sensitive early embryonic stages in fish. The 
fact that exogenous cortisol was convened to 11 p -OHA further indicates that fish embryos may 

183 



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 situation 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 glucocorticoids (Langlois et a1., 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 HPI axis is thought not to be functional (Barry et al., 
1995). 

We have recently found that in Arctic charr embryos there are various steroidogenic enzymes 
expressed very early in the development (Khan et aI., 1995) even before the reported marurity of 
the HPI axis in similar salmonids (Saga et al., 1993; Barry et aI., 1995). One of these enzymes, 
17, 20-desmolase (lyase) [also called mitochondrial cytochrome P450 enzyme (side chain 
Cleavage, P450sg)], converts 17o:0HP to ~, and can also cleave the cortisol molecule to form 
~. The ~ produced as an intermediate metabolite can then be converted to 11P-OHA by IIP­
hydroxylase [also called mitochondrial cytochrome P450 enzyme (llhydroxylase, P450cll)]. 

These two enzymes are possibly being expressed de novo in response to PH]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 fmding is in agreement with our recent work which has 
established that Arctic charr embryos can inactivate several bioactive steroid hormones such as 
P4 , 17o:-0HP, T, E,. and E] (Khan et aI., 1995; M.N. Khan, R. Renaud, and 1.F. Leatherland, 
unpublished). The catabolism of cortisol to an inactive metabolite, 11 p-OHA, therefore may 
represent another example of this inactivation process. This hypothesis is further supported by 
the rmding in mammals that the expression of the same enzymes, P450= and 11 ~-hydroxylase 
regulates the cortisol levels in neonatal rats (Nagaya et a1., 1995). Similarly, the expression of 
two isozymes of 11 p-hydroxysteroid dehydrogenase (11 P-HSD) which convert bioaclive cortisol 
to the less active cortisone in developing ovine fetal liver and kidney, is thought to protect the 
ferus from elevated levels of glucucorticoids (Langlois et a1. 1995). Another enzyme, 20P­
reductase, has also been shown to be expressed in the chorioallantoic membrane of chick embIj'os 
(McNatt et al., 1992); this enzyme metabolizes cortisol to produce 20p-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 P450scc and 11 p-hydroxylase in fish 
embryos that are exposed to exogenous (maternal) cortisol, and the resulting conversion of cortisol 
to 11 P-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 hwnan beings the 
major excreted metabolite of cortisol is tetrahydrocorlisol or tetrahydrocortisone. Similarly 
Pottinger et a1. (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 elule from the HPLC column before the conisollconisone. 
However. the definite identity of tills 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 transfonnation 
(Forlin and Haux, 1985; Andersson et al., 1985), cortisol undergoes extensive metabolism without 
conjugation (Truscott, 1979; Pottinger et a1., 1992). Therefore, in embryos of the two salmonid 
species examined here, the main route of detoxification of cortisol appears co be via the fonnation 
of 11 (l-OHA and possibly telrahydrocortisolltelrahydrocortisone, rather than by conjugation. 
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Research related to the development of commercial aquaCUlture of Marone species has focused 
increasingly on the culture of striped bass M saxatilis x white bass M chrysops hybrids. Numerous 
studies has demonstrated that both hybrids, the female striped bass x male while bass (palmetto bass) 
and the female white bass x male striped bass (sunshine bass), are faster growing (at least during the 
first 2 years aflife), 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 Atlanlic 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 sWlShine 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 slocking. 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 HWlter, 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 brood stock rearing and maintenance. 

Strategies for domesticating white bass broodstocks 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 heG dosage (i.e., 1100 IUlkg 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 bCG dosages ranging from 0-1100 IUIkg 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 Illinois 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 fonnulated 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 Dorosoma 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 all 
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 (NaCI) 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 obtained were consistently suitable 
for maintaining good fish health (Stickney and Kohler, 1990). 

We attempted to induce spawning with bCG injections at dosages of 0 to 1,100 IUlkg for female fish 
and 100 IUlkg for male fish. Before injection, the fish were anesthetized with tricaine 
methanesulfonate (MS-222); 50-100 mgIL) 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 occurrence of clear, free-flowing, unifonn-shaped eggs with fully 
intact inner chorion surfaces. Females that had ovulated were anesthetized with MS-222 (50-100 
mgIL), weighed, and dried with a paper towel. We manually stripped eggs (approximately 80% of 
egg 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 pipette 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 -tlm-mesh Nitex 
screen. Approximately 5,000 eggs were placed in each compartment. A continuous flow of 16-18DC 
oxygenated water (5 Llmin) was circulated tIuough the trays. Trays were covered with black plastic 
sheeting to prevent damage to eggs and larvae from excessive light. The eggs 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% fonnalin 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 lOX magnification. 

Results 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 IUlkg; Kerby, 1986), be used for white bass. 

Table 1. Ovulation time and percent hatch for white bass induced to spawn using various dosages 
ofhCG. 

hCG DosageJFemale Ovulation Time (h) % hatch 

(IU/kg wet weight) Mean Range Mean Range 

1100 24 16-32 22 0-58 
830 31 26-45 36 6-90 
280 28 24-34 58 0-90 
250 39 37-40 63 36-81 
170 25 21-29 61 15-89 
150 38 29-47 44 19-64 
50 37 34-39 73 66-89 
O' 

* Did not spawn. 

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