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Preface

The grey or striped mullet, Mugil cephalus L., is a prized food fish in
Southeast Asia, Japan, the Pacific island nations and the Mediterranean
basin. In the United States, it is, at present, a major food fish only in
the State of Hawaii, where it fetches an average wholesale price of
$1/pound. Mullet juveniles also represent an untapped resource of significant
commercial value as live bait in the tuna fishing industry.

The expansion of the mullet pond culture industry, as well as the
realization of the bait potential, has been hampered, and in most cases
precluded, by the limited availability of wild juveniles. Due to the
capricious nature of this supply, long term efforts aimed at the control of
the reproductive cycle of this and other species of mullet were initiated in
Taiwan, Israel and at the Oceanic Institute in Hawaii.,

Research at this laboratory centered around two major goals:

(1) the achievement of complete control over the reproductive cycle of the
grey mullet, and (2) the development of hatchery techniques for the mass
propagation of the larvae of this species. The first of these goals required
realization of the following specific objectives:

o To develop a statistically valid in vivo method for the assessment
of ovarian development in female breeders

o To induce spawning in the laboratory by means of hormone injection
according to exact and repeatable techniques

o To induce spontaneous spawning and natural fertilization in
laboratory tanks in order to replace manual methods

o To establish a captive brood stock population of adult mullet to
permit selective breeding and subsequent genetic selection

o To bring about out-of-season spawning by manipulation of
environmental parameters

These objectives have been realized and are described in this report.
Out-of-season spawning data will be published in a second report which will
include results of research currently in progress. The present report also
includes preliminary results of initial larval rearing tests, an investigation
into the possible use of soluble eye-lens proteins as genetic markers, and
a preliminary analysis of the mullet market in Hawaii.
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I.

INDUCED SPAWNING OF THE STRIPED MULLET
Mugil cephalus L.

Abstract

The response of adult mullet to artifical hypophysation, immediately
before the onset of the spawning migration was studied. Both males and
females received intraperitoneal injections of mullet or salmon pituitary
homogenates with ACTH or Synahorin (APE + HCG) three times per week
for 12 days. At the outset, control females were in the tertiary yolk stage
with a low mean GSI of 7.6, while males gave thick, non-dispersing milt.
Two of four females receiving one salmon pituitary plus 35 RU Synahorin
per injection spawned spontaneously in laboratory aquaria. Released eggs
were buoyant, well formed and bad a mean diameter of 570 u.  Egg
fertility could not be ascertained due to protracted contact with sea water.
Spawned females extruded a membranous tissue '"plug'" from the cloacal
region which was subsequently retracted. The remaining experimental
females were refractory to treatment and histological examination of the
ovaries revealed a predominance of atretic oocytes. All males were
refractory to treatment and milt hydration was not achieved. It is
suggested that induction of early spawning is possible especially with higher
doses of pituitary homogenates and Synahorin.

Published in J. Fish Biol. (1970) 2, 355-360.



INTRODUCTION

The culture of mullet Mugil cephalus L. in artificial impoundments
remains contingent on the availability of wild fry. Hatched at sea, these
latter make their way to the warmer brackish shallows of estuaries and
tidal creeks where they are collected for stocking into ponds. The capricious
nature of this supply and the need to breed more resistent and faster growing
strains, has prompted investigations into the artifical spawning of this fish.

Successful spawning has since been accomplished in Taiwan (Tang, 1964;
Liao, 1969), Israel (Abraham et al., 1967) and Hawaii (Frogner and Hendrickson,
unpublished). In the estuaries, bays and coastal waters of Oahu Island,
Hawaii, gravid fish are rare and spawning schools are yet to be located. Pond
culture of mullet has all but disappeared and the limited supply is usually
marketed before the fish attain sexual maturity. The oocytes of female mullet
collected in Oahu waters during the spawning season are almost invariably in
the tertiary yolk stage while the males usually exude limited amounts of
thick, non-flowing milt.

The paucity of ripe spawners led us to investigate the feasibility of
inducing ovulation, oviposition and milt hydration in fish collected immediately
before the start of the seasonal spawning migration.

MATERIALS AND METHODS

Adult mullet of both sexes were collected from Kaneohe Bay (Oahu, Hawaii)
on 11 February 1968, and transported to the laboratory in aerated tanks. The
fish were separated according to sex and maintained in 50 gallon fiberglass
aquaria in running sea water (32 9/,5). Water temperature and pH were 26° C
and 7.60, respectively.

None of the females exhibited the abdominal enlargement characteristic
of mature spawners and gentle pressure on the abdomen failed to release eggs.
All males, on the other hand, yielded milt on stripping. The milt, however,
was of tooth paste consistency and did not disperse in sea water. In order to
determine the state of ovarian development in the females, five fish were
randomly selected and ovary samples removed and fixed in Bouin's fluid.
Seven micron sections were prepared and stained with hematoxylin and eosin.
Body measurements were recorded and the gonadosomatic and ponderal
indices calculated.


















Table 3. Effects of various doses of hormones on

ovulation and spermiation in mullet

Cumnmulative treatment

Group Fishno. Dosage Pituitary Synahorin ACTH Results
and sex (RU) (I1.U.)
I - 1-5 loj 2 pituitary (Md')* + 24 420 0 -
35 RU Synahorin
I 1-6 & 2 pituitary (M@ )¥ + 24 420 0 -
35 RU Synahorin
ITI 1-5 2 1 pituitary (S)$ + 12 0 30 -
251.U. ACTH
v 1 9 1 pituitary (S) + 5 175 0 Spawned
35 RU Synahorin
2 9 1 pituitary (S) + 8 280 0  Spawned
35 RU Synahorin
3-4 9 1 pituitary(S) + 12 420 0 -
35 RU Synahorin
s 1-4 ¢ 2 pituitary (M) + 12 420 0 -

35 RU Synahorin

*(M) = mullet pituitary from spawning male.

¥

¥(M) < mullet pituitary from spawning female.
(S) = salmon pituitary, unsexed.






of development would probably respond while less mature individuals would
most likely develop higher GSI values but may not spawn. Depending on the
type of hormone and the dose applied, some of these latter might possibly
undergo premature ovulation. This is probably the case with females 1 and 2
of Group IV since, although the released eggs were well formed, with an
intact oil droplet, egg diameter was much below that observed in mature
spawners (0.930 mm; Shehadeh, unpublished results). Since non-responsive
females exhibited a predominance of attretic oocytes, it is very likely that
these fish were relatively immature to begin with and the applied dose was too
low to induce further development. Our data is more comparable to those of
Yashouv (1969) where one of six pond reared females spawned following

three injections of carp pituitaries applied at the rate of 1.6, 22 and 2 pituitaries/
kg body weight respectively. One of the non-responsive fish was found to
have a GSI of 1.4, while a number of others exhibited significant increases

in GSI values but did not spawn.

In an effort to standardize conditions in experimental fish, our laboratory
is testing the feasibility of removing ovarian eggs by suction through a
flared, sterile, polyethylene tubing. Such sampling has been so far practised
repeatedly on the same fish with no visible damage. Egg diameter can be
measured and the state of oil droplet formation readily determined. Since
this study, it has been possible to follow oocyte growth and development in
fish under hormone treatment for as long as 60 days. The method and
results will be published elsewhere.

The eversion of the tissue 'plug' from the cloaca is not clearly understood
but the same phenomenon was subsequently noted with handstripped females.
The '"plug" consists of highly vascularized membranous tissue and appears
to block the oviduct. Appreciable pressure had to be applied to the abdomens
of handstripped females to obtain egg release via the cloaca. The ''"plug'" was
invariably dislodged prior to egg release. It is possible that, in natural
spawning, increased abdominal pressure precipitated by the rather sudden
hydration of the eggs and subsequent enlargement of the ovaries, is responsible
for the dislodgement of the ''plug'.

Both females 1 and 2 (Group IV) spawned within 48 h following abdominal
enlargement; the enlargement probably reflects egg hydration and ovulation.
Failure to strip the fish manually at that time resulted in abnormal spawning
and "over-ripe" eggs in the case of female 1 and '"water hardening' from
prolonged contact with sea water in the case of female 2. It is advisable,
therefore, to handstrip females 12 to 24 h following abdominal swelling or to
place ripe males in the same aquarium.

Further experiments involving more detailed studies of the effects of
salmon gonadotropin on vitellogenesis, ovulation and spermiation are
presently in progress.
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INTRODUCTION

A major problem in the artificial inducement of ovulation and spawning
of fish is the inability of the investigator to determine accurately the state
of ovarian maturity of individual females. As a result spawning successes
have been reported without an adequate frame of reference that permits
repetition and replication.

The problem is complicated further by the varying gonadotropic potency
of the crude pituitary extracts utilized in hypophysation procedures. This
influences the interpretation of dose rate effects.

Without a proper frame of reference for standardization it has been the
practice to use gonadotropins in graded series around dose rates recommended
by other investigators. When no data is available for some species
continuous daily injection over a wide range of dose rates is practiced until
spawning is achieved (Clemens, 1968),

If:l consequence much caution is necessary when interpreting published
data in the literature and in the extensive and thorough reviews on the
induced breeding of fish (Pickford and Atz, 1957; Clemens, 1968; Shehadeh,

1970).
: The present work was undertaken to develop a practical in vivo method
to assess ovarian maturity, i.e. the stage of development of intra-ovarian
oocytes. Use was made of the existing technique of removing intra-ovarian
oocytes from live females with glass or polyethylene cannulas. This method
has been used subjectively to assess egg clarity, shape, color, etc., by
many workers (Stevens, 1964; Chen et al., 1969: Shehadeh, 1970; Liao,
personal communication). The study attempts to apply the technique for
in vivo determination of ovarian development of the grey mullet, Mugil
cephalus L., and to establish the statistical validity of data obtained
with this procedure.

METHODS AND MATERIALS

The study was conducted during the natural breeding season of the grey
mullet, Mugil cephalus L., in Hawaii, namely January and February. The
females were taken from captive broodstock held in seawater (32 9/,,) and
maintained on a diet of Purina Trout Chow. The fish ranged in weight
from 596 - 1371 g and measured 33 - 40 cm in length (fork length).

In order to establish the validity of using a limited number of exteriorized
intra-ovarian oocytes as reliable indicators of ovarian development, three
tests were conducted:
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of the whole oocyte is due to the packed yolk globules. The vacant spherical
spaces apparent in the histological section repres ented oil droplets.

1. Multiple site analysis in single ovaries

Mean oocyte diameter values and diameter frequency distributions from
seven ovarian sites (Fig. 1) in each of three females are shown in

Table 1. Mean oocyte diameter values, 95% confidence limit of the
mean, standard deviation and diameter value range are present in

Fig. 4. Mean oocyte diameter values revealed a trend toward

larger oocytes in the posterior-anterior direction. Statistical
evaluation (Table 2) showed no significant differences in mean diameters
of the samples except for sites 1 and 7, which differed from all other
sites. Measured differences in mean oocyte diameters among sites 2 ~ 6
in three females ranged from 5.8 - 8.0 u compared to 17 - 29

between sites 1 and 7. The oocytes of mullet appear to develop in
synchrony and in vivo sampling error can be minimized by avoiding

the extremities of the ovary.

2, Analysis of variation in duplicate in vivo samples

Statistical analyses of oocyte diameter data from duplicate samples
taken from the same ovarian site in each of 17 females are shown

in Table 3. No statistically significant differences were found in mean
oocyte diameters or diameter frequency distributions between
duplicate samples using t-test and chi-square analyses respectively.

3. Analysis of differences between in vivo and in vitro samples

Comparison of mean oocyte diameters and diameter frequency
distributions between siphoned in vivo samples and in vitro samples
removed from the central portion of each ovary in nine females is
shown in Table 4. No statistically significant differences were
detected in mean oocyte diameters or frequency distributions.
Measured differences in diameter means ranged from 0.8 - 8,1 n
which is well within the range of variation noted among sites 2 - 6
(Fig. 1) of single ovaries in the multiple site analysis.

In vivo sampling is consequently an accurate alternative to current
in vitro methods that involve sacrificing valuable brood stock.
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Table 1. Oocyte diameter-frequency distribution and mean diameter values
for seven ovary sites in three individual females.

oocyte diameter (n) - frequency distribution

350 400 450 500 550 600 650 700 750

Fish [ | I I | | | | | X

No. Site 400 450 500 550 600 650 700 1750 800 ) N SX

I 1 21 67 54 9 1 643 152 41
2 15 65 58 15 1 650 154 41
3 12 58 69 16 2 655 157 41
4 14 60 62 19 1 654 156 42
5 10 59 67 17 1 656 154 40
6 11 55 70 20 1 658 157 41
7 10 51 66 24 3 662 154 44

II 1 3 25 53 47 7 536 135 44
2 3 19 50 45 17 1 546 135 49
3 2 19 56 56 11 544 144 43
4 1 2 11 52 55 13 1 549 135 46
5 2 15 56 47 20 2 551 142 48
6 3 19 36 57 21 2 554 138 51
7 1 10 37 58 21 3 565 135 47

oI 1 2 4 19 47 62 13 1 545 148 51
2 3 15 48 46 18 548 130 48
3 2 17 51 48 16 1 548 135 47
4 1 17 51 49 21 1 552 140 47
5 1 11 60 54 21 1 554 148 44
6 1 15 48 55 18 2 554 139 46
7 5 8 37 66 21 4 561 141 50













Table 4. Chi-square and t-test comparison of paired in vivo and in vitro samples from each of
nine female mullet. The first sample in each pair represents the in vitro sample.

L2

oocyte diameter (u) - frequency distribution

Fish & 400 450 500 550 600 650 700 750

Sample I | | | | | | | b4

Number 450 500 550 600 650 700 750 800 () N £ Xz
1la 2 9 55 65 19 _ 555 150 0.61 3.47
1b 1 17 51 49 21 1 552 140

2a 4 22 61 49 13 1 541 150 1.59 1.45
2b 2 19 56 56 11 544 144

3a 3 55 102 10 660 170 1.83 4,21
3b 5 78 112 5 654 200

4a 1 49 99 13 663 162 1,73 2.98
4b 4 52 92 6 658 154

ba 9 64 54 10 5 653 142 1.68 8.08
5b 9 51 78 19 3 661 160

6a 9 57 78 13 1 656 158 0.19 1.09
6b 8 59 69 17 1 657 154

Ta 15 68 55 15 1 649 154 1.01 1.38
i) 14 60 62 19 1 654 156

8a 1 13 83 31 6 689 137 1.01 1.02
8b 3 15 89 28 4 684 142

9a 9 59 35 8 694 111 0.57 1.24

9b 12 81 35 11 691 139










III.

THE ESTABLISHMENT OF A CAPTIVE BROOD STOCK OF
GREY MULLET, Mugil cephalus

Abstract

A total of 40 females and 10 males were maintained in
10.2 m3 rubber-lined ponds under running sea water
(32 ©/00) conditions. A flow rate of 10 gpm and a
turnover rate of 40.8 m3/24 hours were maintained in
all ponds throughout the year. A natural diet of
benthic diatoms, blue-green algae and filamentous
green algae was provided by the installation of
vertical plastic sheets (6.5 m2/kg fish) which
accumulated the required mixed flora. Water chemistry
and daily fluctuations in pH, dissolved oxygen and
temperature were recorded and the results are
discussed. Mortalities resulting from oxygen super-
saturation (embolism) occurred during May - October
and were subsequently precluded by doubling the flow
rates during the dry season between the hours of
9a,m. and 9 p.m. All males and females matured

in February of 1970 and 1971 and were induced to
spawn by hormone injection.
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both seasons from 9 a.m. to 9 p.m. Mortalities due to air embolism
occurred during the summer months only. This was probably due to the
more pronounced fluctuations in dissolved oxygen content (minimum of
4.8 ppm from 4 a.m. to 9 a. m. to a maximum of 16,0 ppm at 4 p.m.)
that were apparent during that time of the year. Corresponding minimum
and maximum oxygen content during the wet season were 5.0 ppm and
14,0 ppm respectively. The embolism problem was subsequently avoided
by doubling water flow through the ponds from 10 gpm to 20 gpm during
the hours of 9 a.m. to 9 p.m.

Daily temperature and pH profiles closely resembled that of dissolved
oxygen. The highest and lowest mean daily temperatures were 22-28° C
and 22-25° C for the dry and wet seasons respectively. Water temperatures
of 30-329 C occurred frequently, notably during the months of June - August.
Water pH fluctuated between 8. 30 and 9.10 in the dry season and between
8.13 and 8.76 in the wet season.

Feeding and sexual maturation

Mullet were observed to graze on the plastic pasture regularly (Fig. 5).
Examination of fecal pellets revealed an average mass composition of
31% sand, 17% diatoms and 52% algae (Fig. 6). Corresponding volume
composition was 23%, 33%, and 44% respectively. Diatoms consisted of
Melosira, Achnanthes, Thalassiosira, Navicula, Thalassionema, Nitzchia
and Amphiphora, with Navicula being the most dominant form. Algal forms
consisted of Lyngbia, Enteromorpha and Cladophora, with Lyngbya pre-
dominating. These findings are in close agreement with gut content
reports by Hiatt (1944) and Ghazzawi (1933) for the grey mullet.

Examination of gonads in February revealed GSI values of 13.27 -
15.28% in males and 7.6 - 16.53% in females (Table 2). The appearance
of in vivo sampled eggs and egg diameter-frequency distributions in six
sampled females are shown in Figures 7 and 8 respectively. Gonad condition
in males and females are shown in Figure 9. Mean egg diameter values
(605 - 702 M Table 2) indicated that all sampled females were at the proper
stage of development for spawning induction by means of hormone injection
(see Shehadeh et al., 1972), All females stocked in the rubber-lined ponds
were subsequently spawned in February 1970 and again in February and
September 1971 according to procedures reported by Shehadeh and Kuo (1972b)

It is concluded that proper environmental conditions, such as the
absence of metabolite accumulation, together with a proper diet, are adequate
to ensure the seasonal maturation of captive grey mullet. This permits
the establishment of a permanent brood stock and gives impetus to selective
breeding and genetic selection efforts.
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INTRODUCTION

Successful spawning of mullet, Mugil cephalus L., has been achieved
in Taiwan (Tang, 1964; Liao, 1969, 1971), Israel (Abraham _gt_ al., 1967;
Yashouv, 1969) and Hawaii (Shehadeh and Ellis, 1970). The breeders used in
these tests were collected at sea with one exception where pond reared
mullet were used (Yashouv, 1969).

Several problems have so far hampered the development of precise and
repeatable breeding methods for this and other species. Of these, the
accurate determination of ovarian development in individual recipient fish
and the gonadotropic activity of the injected pituitary homogenates and/or
extracts, are most prominent. An additional problem encountered in our
laboratory has been the viscous, non-dispersing characteristics of sperm
from both captive and wild adults even when collected during the natural
breeding season. Yashouv (1966) experienced the same difficulty with
Mugil cepito and suggested early and prolonged hypophysation of the males.
Treatment with mullet pituitary homogenates did not alleviate this condition
in Mugil cephalus L. (Shehadeh and Ellis, 1970). The possible use of
mammalian steroids and gonadotropins as replacements for pituitary
material would be most advantageous in coping with the lack of uniformity
in gonadotropic potency of pituitary homogenates and extracts. Recent
successes and problems in using mammalian hormones for this purpose
have been reviewed by Shehadeh (1970).

The present work was undertaken to evaluate the efficacy of prepared
mammalian hormones (FSH, LH, HCG, Synahorin) in (a) stimulating
spermatogenesis and inducing hydration of milt in adult male mullet;

(b) stimulating completion of vitellogenesis in female broodstock maintained
in laboratory tanks which otherwise undergo atresion at early stages of
odgenesis; and (c) to test the feasibility of using a partially purified salmon
gonadotropin as an ovulating agent during the breeding season. The long
range objective of these tests was the establishment of a captive mullet
brood stock which would permit breeding for genetic selection.

MATERIALS AND METHODS

Male and female mullet used in these tests were taken from a captive
population maintained in outdoor, rubber-lined ponds (30' L x 15' W x 3' D)
and circular fiberglass tanks under running sea water conditions. Fish were
fed Purina Trout Chow at the rate of 4% body weight daily.
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as described above. All three fish received 50 RU Synahorin (Teikoku
Hormone Mfg. Co. 1Ltd.)/kg body weight/day for 40 days followed by
100 ng/kg/day salmon gonadotropin for four days. Synahorin was used for
a period of six weeks in order to determine whether it would be effective
in preventing the usual atresion of oocytes encountered in ripe females
maintained in the laboratory.

All experimental fish were kept in fiberglass tanks with running sea
water and fed on Purina Trout Chow at the rate of 4% body weight per day.

RESULTS

17 Methyltestosterone

The response of immature male mullet to 17 methyltestosterone
treatment in October - November is shown in Table 1. At the beginning of
the test period, milt could not be expressed from any of the fish by gentle
abdominal pressure or by aspirating with a polyethylene cannula. After
30 days of treatment all experimental animals developed milt while controls
remained at their initial state. Two experimental males gave copious amounts
of running milt; two others exhibited only small quantities. Terminal gonad
weights were significantly higher ( p<0.05) in the experimental group. It
was observed that both control and experimental groups developed peritoneal
granuloma. Since control males did not receive the steroid, the peanut oil
carrier was assumed to be responsible. Methyltestosterone was consequently
administered as a suspension in 0.6% NaCl in subsequent tests.

The results of steroid injection in mature male mullet during the
spawning season are expressed in Table 2. All experimental and control
males exhibited at least traces of milt at the outset. Control males receiving
saline injections began to deteriorate (dry) by the fourth week and no milt
could be detected at the end of the sixth week. This agrees with our earlier
observations on laboratory-held ripe males during the past four years. Such
animals lost all milt during a two- to four-week sojourn in 50-gallon laboratory
tanks in running sea water at 24-26° C. Steroid treated males began to show
increased fluidity and volume of milt after four weeks of injection. Four
males gave copious amounts of milt by the sixth week, one died from handling
and another gave moderate amounts of milt. Examination of four steroid
treated males did not reveal any peritoneal granuloma. Apparently the
peanut oil was responsible for this symptom in the first experimental
(October - November) group. With one exception, gonad weights were
surprisingly low in the sacrificed experimental fish.
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Table 2. Reaction of mullet males to 17 methyltestosterone treatment
(5 mg/100 g body weight) during December - January

* Results **

Fish No. Body Wt (g) Initial State I IT 11 IV \' VI Terminal Gonad Wt (g)
1 391 + + + + + +++ -+ 3.12
2 324 + + + + ++ 4+ +++ 2,20
3 346 + + ++ +++ +++ 4+ i+ 1.80
4 364 + + + + ++ ++ ++ 13.11
5 773 + + + + + o died -

6 423 ++ ++ + + ++ ++ 4 -
7C 356 ++ +* + + + dry dry -
8C 410 ++ ++ +* ++ + + dry -
9C 425 ++ ++ + + dry dry dry -

* Roman numerals denote weeks; ** legend as in Table 1; C: denotes control fish sham injected
with 0.5 cc saline
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Fig. 1. Weekly oocyte growth record for individual females
by group. Group legends as in Table 4.
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before onset of atresion in groups I - IV showed no statistically significant
differences (p>0.075). In all four groups, atresion set in when oocyte
diameters reached values of 0.75 + 0.03 mm (mean + standard deviation),
as shown in Fig. 3. This indicates that HCG, FSH/LH, Synahorin in
conjunction with mullet pituitary homogenates, and partially purified salmon
gonadotropin in combination with synahorin were equally effective, at the
doses used, in promoting oocyte growth. The data further suggests that at
mean oocyte diameters of 0.75 + 0.03 mm (mean + standard deviation)
vitellogenesis is probably completed and females are ready for spawning.
Hormone injection beyond this developmental stage precipitates atresion,

at least at the doses used. This conclusion was further supported by
subsequent spawning trials (see Results, next section). Data from the
control group show that during the breeding season and in the absence of
exogenous hormone treatment, atresion begins, in laboratory held animals,
within a period of four weeks. This conforms to data from ripe males, under
similar conditions during the breeding season (Table 2) and is in agreement
with previous observations in this laboratory.

Spawning trials with partially purified salmon gonadotropin

Initial examination of ovarian development in three female mullet
revealed mean oocyte diameters of 0.68, 0.70 and 0.67 mm respectively.
After six weeks of treatment with Synahorin all oocytes were normal but
mean diameters did not exceed 0.75 mm. One female died from handling
damage. These results are in agreement with the critical egg diameter
beyond which atresion was found to begin, and indicate that Synahorin alone
is effective in inducing slow oocyte growth and preventing the onset of early
atresion experienced with non-treated fish (see Results above).

Ovulation, as evidenced by abdominal distension, occurred in both
females after the administration of 400 ug of partially purified salmon
gonadotropin per fish over a period of four days. Gradual abdominal
distension took place during a 17 hour period. Following ovulation, females
were stripped manually and fertilized with milt from methyltestosterone
treated males (Fig. 4). Fertilized eggs were then placed on a 35 u mesh
nitex screen and rinsed free of sperm and mucus with clean sea water. Eggs
were incubated in a 50-gallon fiberglass tank equipped with an air supply.
Fertilization and hatch -out rates were 68% and 60% respectively. Larvae
hatched out 36-40 hours after fertilization at 240 C in static sea water
(32 ° oo)- Hatched larvae (Fig. 5) were transferred to outdoor fiberglass
tanks (10' diameter x 4' deep) but were not offered any food. It should be
stated here that the purpose of this study was to test the effectiveness of the
salmon gonadotropin as an ovulating agent and to ascertain the fertility of
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vitellogenesis and ovulation in the goldfish (Yamazaki and Donaldson, 1968).
However, the practicality of purification procedures for use in applied fish
breeding is yet to be demonstrated.

It is very difficult to make any statements about larval survival due to
absence of feeding. However, the high mortality associated with vertical
movement of the larvae before the mouth opens is worthy of special attention.
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V.

EFFECT OF SALMON GONADOTROPIN ON OVARIAN AND
TESTICULAR DEVELOPMENT IN IMMATURE
GREY MULLET Mugil cephalus

Abstract

The purpose of the present experiment has been to
determine the feasibility of inducing sexual development in
immature mullet using a partially purified preparation of
salmon gonadotropin. Immature mullet were captured and
held in ponds for one year preceding the experiment. The
animals were divided into three groups, each having equal
numbers of males and females. Three times per week for
four weeks the three groups were injected with 0.5 mg
partially purified salmon gonadotropin in 0.5 ml 0.9% NacCl,
5.0 mg partially purified salmon gonadotropin, and 0.5 ml
0.9% NaCl respectively. Measurements of body weight,
gonad weight, GSI, and PI, together with observations of
the animals, established that the gonadotropin induced
both spermatogenesis and spermiation in males. Response
of females varied from neglible to pronounced, possibly
due to individual fish's maturity at the beginning of the
experiment. Alternatively, some mullet may develop
antigen in response to the exogenous gonadotropin or to
another protein in the preparation. Daily injections or
lower water temperature may improve the response of
females to the gonadotropin preparation.
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Table 1.

of male Mugil cephalus.

Body weight, gonad weight, gonadosomatic index (GSI) and ponderal index (PI)

No. Body Weight

Gonad Weight

GSI

PI

Zero controls 4 381.3 + 35.4

Comparison with terminal controls

0.271 + 0,132

.10>P >.05

0.0692 + 0.02774

.01 >P>.005

1.148 + 0.17418

N.S.

0.5 mg SG-G100 6 401.8 + 73.8
Comparison with zero controls

Comparison with terminal controls

1,11525 + 0. 32778
.005>P >.001

N.S.

0.2785 + 0.06268
P<.001

N‘ S'

1.3154 + 0.04690
.10>P>.05

.025>P>.02

5.0 mg SG-G100 3 391.0 + 109. 219
Comparison with zero controls

Comparison with terminal controls

1,60560 + 0.94489
0.5>P >.025

N.S.

0.4224 + 0.24706
.05>P >,025

N.S.

1.1737 + 0.14642

Terminal controls 3 422.3 + 156.6

1,2392 + 0.8765

0.2720 + 0.09813

1.1737 + 0.10540
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Table 2. Body weight, gonad weight, gonadosomatic index (GSI) and ponderal index (PI)
of female Mugil cephalus.

No. Body Weight

Gonad Weight

GSI

PI

Zero controls 3 425.0 + 70.9

Comparison with terminal controls

1.528 + 0. 351

N.S.

0.3574 + 0.02387

N.S.

1.231 + 0.02387

N.S.

0.5 mg SG-G100 2 460.0 + 42.4
Comparison with terminal controls

Comparison with zero controls

2. 04540 + 0.12980
N.S.

N.S.

0.4453 + 0,01264
.02>P>,01

.10>P>.05

1.3740 + 0,17166
N.S.

N.S.

5.0 mg SG-G100 7 454.9 + 67.06
Comparison with zero controls

Comparison with terminal controls

3.04561 + 1.06534
.05>P >,025

N.S.

0.67394 + 0.23803
.10>P >.05

N. S.

1.2505 + 0,06610

N.S.

Terminal controls 2 420.0 +91.92

1.80575 + 0. 52601

0.3881 + 0.02213

1.1687 + 0.25575













DISCUSSION

The observation of free flowing milt in the testes of both groups of
salmon gonadotropin injected male mullet combined with the observation of
high sperm motility indicates that salmon gonadotropin is very effective for
the induction of sexual development in male Mugil cephalus. The free
flowing milt seen in these fish contrasts markedly with the thick non-flowing
consistency of milt extruded from untreated mullet at the time of normal
sexual maturity (Shehadeh and Ellis, 1970). In effect, the gonadotropin
preparation has induced both spermatogenesis and spermiation as observed
in Carassius auratus (Yamazaki and Donaldson, 1968a, b, 1969).

In the female mullet, the low dose of 0.5 mg salmon gonadotropin clearly
had little effect, while the response to the 5.0 mg dose varied from a
negligible response in some fish to a very pronounced effect in other fish.
The oocytes in fish 10, in the 5.0 mg group, were in the secondary yolk
stage and quite close to those in the tertiary yolk stage in the ovaries of
mullet captured in the spawning season in waters off Oahu Island (Shehadeh
and Ellis, 1970). The variation in response may have been a result of the
individual fish being in different states of maturity at the beginning of the
experiment. Alternatively, some mullet may develop antigen in response
to the exogenous gonadotropin or to another protein in the partially purified
preparation. Antibodies to heterologous gonadotropin have been shown to
effectively block reproductive development in mammalian species (Pineda
et al,, 1968; Loewit et al., 1969). Another reason for the relatively low
response may have been the interval between injections. The biological
half-life of the exogenous gonadotropin after injection may be related to
temperature, i.e. a shorter half-life may be expected in fish living in warm
water. A dose regimen of three times per week has been shown to be suitable
for pink salmon (Oncorhynchus gorbuscha) (Donaldson et al., 1972), at a
temperature of 4-12° C and also in goldfish at 20° C (Yamazaki and Donaldson,
1968a, b). On the other hand, daily injections of salmon gonadotropin were
found to be exceptionally effective in inducing sexual development in
hypophysectomized male and female catfish (Heteropneustes fossilis) at
250 C (Sundararaj et al., 1971a, b). Thus a daily injection regime may
have been much more effective in the present experiment which was
performed at 26° C.
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VI.

CHANGES IN BLOOD COMPONENTS OF THE MULLET,
Mugil cephalus L., FOLLOWING TREATMENT WITH
SALMON GONADOTROPIN AND METHYLTESTOSTERONE

Abstract

1. Blood from twenty-six striped mullet (Mugil cephalus) injected
with salmon gonadotropin and methyltestosterone was compared
to blood from saline injected controls for changes in hematocrit,
total dissolved plasma solids, plasma osmolarity, total plasma
calcium and copper, and electrophoretic patterns of plasma
proteins.

2. In all hormone treated fish, hematocrits increased slightly,
plasma solids increased significantly ( P <0.05) and osmolarity
was not affected.

3. Total plasma calcium increased with the higher (5.0 mg)
gonadotropin dose, and increased markedly in methyltestosterone
treated fish. Plasma copper changes followed those of calcium
but were not pronounced.

4, Methyltestosterone, in contrast to salmon gonadotropin, induced
distinct qualitative and quantitative changes in plasma protein
electropherograms. '

Published in Comp. Biochem. Physiol., (1971) 38B,451-4517.
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INTRODUCTION

The artificial induction of spawning in the grey mullet has been the
subject of study in Taiwan, Korea, Israel and the United States (Hawaii)
for the past decade. Sanzo (1936) and Anderson (1957) reported the first
successful artificial fertilization of mullet eggs at sea. Yang and Kim (1962)
described similar success with ripe fish collected in the Yungsan estuary,
Korea. In all three cases, eggs and sperm were removed from ripe wild
fish without hormone injection.

The first hypophysation-induced spawning was reported by Tang (1964)
in Taiwan. Homogenates of mullet pituitary glands collected during the
breeding season from migrating spawners were used successfully. Since
then artificial spawning has been repeated with carp pituitary homogenates
in Israel (Yashouv, 1969), mullet pituitary homogenates (Liao et al., 1970),
and with Pacific salmon pituitary homogenates in Hawaii (Shehadeh and
Ellis, 1970). However, a standard spawning procedure delineating dose
rate of applied hormone(s) and/or pituitary extracts required to induce
spawning of grey mullet at clearly defined stages of sexual maturity is yet
to be described. The problem arises from the difficulty in determining the
gonadotropic potency of crude pituitary homogenates and the absence of a
reliable method with which ovarian development can be determined in
individual, hormone~recipient females.

More recently, partially purified teleost pituitary gonadotropins have
been used successfully in the induction of spawning in Puntius gonionotus,
Hypophthalamichthys molitrix, Aristichthys nobilis, Mugil cephalus,
Cyprinus carpio, and Heteropneustes fossilis (Sinha, 1969, 1971; Sundararaj
et al., 1972; Shehadeh et al., 1972). The advantage of these fractions
over crude pituitary homogenates is that standard and precise methods are
used in their preparation and the purified fractions can be quantitated in
dose rate descriptions in induced spawning work.

The present study attempts to:

(1) Test a partially purified salmon pituitary gonadotropin
fraction as a spawning agent in the grey mullet, and

(2) Determine the dose rates of gonadotropin fraction
required to induce spawning in female mullet at given
stages of egg development.

101












S0T

(Table 2, continued)

Dose Cumulative Mean egg Time to spawning Ferti-
Fish injected specific dose diameter from last Fecundity lization
No. (mg) Date (ug/g body wt) _(u) injection ‘Spawning (thousand) rate(%) Hatching
6 - 2/21/71 - 711
5.0 2/22/71 5.102 714
10,0 2/23/71 15. 306 940 11 hrs. 45 min, natural 659 83 +
7 - 2/21/71 - 723
5.0 2/22/71 5.966 723
5.0 2/23/71 11.933 915 14 hrs. 40 min. natural, 309 93 +
partial
spawning
8 - 2/28/71 - 659
3/1/71 6. 596 687

0
10.0 3/2/71 19.788 933 10 hrs. 30 min, natural 594 81 +
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During the '"latency period', and as each female began to exhibit
abdominal distention, the males became more active and tended to remain
in close contact with the female (Fig. 3). Occasionally the males would
spin around the female or nudge her cloacal region but no specific
courtship pattern was noticeable in any of the eight one female~two male
sets. When the female eventually dropped her eggs the males were always
closely applied to her sides with the caudal fins near the female's cloaca.
As egg fertilization commenced the bodies of the males vibrated rapidly and
the caudal fins tended to mix the eggs and disperse them in the tank. Sperm
was not visible during natural spawning. The complete spawning sequence
is shown in Fig. 3. Fertilization rates ranged between 53 and 93% with a
mean of 77% (Table 2). Hatching success was estimated to be 75 %.

DISCUSSION

The efficacy of purified salmon pituitary gonadotropin in the induction
of egg maturation, courtship behavior and natural spawning in the grey mullet,
Mugil cephalus, in this study confirms similar findings in the goldfish,
Carassius auratus (Yamazaki and Donaldson, 1968), the female guppy,
Poecilia reticulata (Liley and Donaldson, 1969), and the Indian catfish,
Heteropneustes fossilis (Sundararaj et al., 1972).

In the present study comparatively high doses were required to induce
spawning even in females with oocyte diameters of 690 + 9 u . A spawning
dose of 11.9 - 15.3 pg/g body wt was required compared to 0.67 ~ 1.34 ug/

g body wt in the case of intact Heteropneustes (calculated from data presented
by Sundararaj et al., 1972), a 10-15 fold difference. It is unlikely that this
difference can be attributed to salmon gonadotropin specificity since Mugil
and Heteropneustes are both far removed phylogenetically from Oncorhynchus.
It is possible, however, that the higher dose is related to the failure of mullet
to spawn in captivity without hormone treatment and the absence of this
"block'" in the case of Heteropneustes and Carassius. It is not known whether
lower gonadotropin dose rates applied at shorter time intervals in mullet
would reduce the spawning dose.

The critical egg diameter of 690 + 9 ], which was observed to precede
the effective spawning dose in this study, is in close agreement with an
earlier report of a critical egg diameter of 750 + 3 j1 in the grey mullet,
beyond which atresion occurred in the absence of a spawning trigger (Shehadeh
et al., 1972). The "priming" effect noted in this study is not clearly understood.
This phenomenon was absent in Carassius, Heteropneustes, Aristichthys and
Hypophthalmichthys (Yamazaki and Donaldson, 1968; Sundararaj et al., 1972;
Sinha, 1971). Doubling of the initial gonadotropin dose did not cancel the
"priming' effect and the phenomenon cannot be explained by time-dependent
hydration of eggs since no change in egg water content was detected during the
24 hours following the initial injection (see Results section).
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VIII.

A PRELIMINARY REPORT ON THE DEVELOPMENT, GROWTH
AND SURVIVAL OF LABORATORY REARED LARVAE
OF THE GREY MULLET, Mugil cephalus L.

Abstract

Larvae from artificially bred grey mullet were reared in
the laboratory and survival rates of 0.2%, 5% and 5% were
achieved in three of six trials. Food consisted of wild zooplankton
and artemia nauplii. Feeding began on the fifth day when the
yolk sac was depleted, and intensified on the ninth day. The
rate of yolk absorption and feeding intensity were reflected in
the growth curve. Larval survival was not affected by
withholding food from the larvae till the seventh day from
hatching. Two critical periods associated with high larval
mortality were apparent on the 2nd-3rd and 8th-11th days
after hatching, These were preceded by an increase in
specific gravity of larvae followed by passive sinking to the
bottom of the rearing tank. Larval length increased from
2.63 mm at hatching to 17.69 mm at the end of the 42-day
larval period. The larvae survived on benthic diatoms
thereafter. Maximum survival rates were achieved at 22 °C,

Submitted to J. Fish Biol., June, 1972.
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RESULTS AND DISCUSSION

1. Embryonic Development

The mean egg diameter of fertilized eggs was 930 p with a range of
880-980 p. A single large oil globule was present with a uniform diameter
of 330 u. The perivitelline space and first meroblastic cleavage occurred
15 minutes and 50-65 minutes after fertilization respectively. A summary
of embryonic development till hatching at 24 ©C is presented in Table 1
and Fig. 1.

Hatching was evident 36-38 hours after fertilization at 24 °C and
48-50 hours at 22 ©C. Total length of newly hatched larvae was
2.65 + 0,23 mm (mean + standard deviation) compared to 2.08-3.40 mm
reported by Liao et al. (1971). These data are in agreement with previous
reports of hatching time; 34-38 hours at 23-24,5 °C and 49-54 hours at
22.5-23.7 OC in salinities of 30.1-33.8 9/, (Liao et al., 1970). Hatching
time was prolonged further at lower temperatures: 60-65 hours at 21 °C
(Liao, 1969) and 60 hours at 18.2-19.5 °C (Yang and Kim, 1962).

Sanzo (1936) reported that all fertilized eggs sank to the bottom of the
incubation vessel within the first hour while Yashouv (1969) noted that
fertilized eggs floated initially, then began to sink as the embryo took
form (22 hours) and later came to rest on the bottom. In the present study,
in aerated sea water (32 °/oq , the majority of the eggs collected from the
bottom of the incubation tank were found to be either unfertilized (absence
of perivitelline space) or undeveloped. When eggs were prevented from
settling by strong aeration in small incubation vessels (5-gallon circular
tanks) higher hatching rates of 90-95% were obtained and time to hatching
reduced by two hours at the same temperature. It is apparent that water
temperature as well as water turbulence have a decided effect on incubation
time.

Yashouv and Berner-Samsonov (1970) reported that eggs of Mugil cephalus
and M. capito have one or more oil globules and that both types of eggs
developed normally and hatched. The multiple oil globules merged into one
on hatching. The presence of multiple oil globules was also noted in
M. saliens (Perceva-Ostroumova, 1951) and M. chelo (Sanzo, 1936). In the
present study a single oil globule was present in all naturally spawned
M. cephalus eggs. Multiple oil globules were obtained only when eggs were
removed from gravid females by manual pressure. The frequency of
multiple oil globules increased when manual extrusion of eggs was carried
out at earlier time intervals. The immature oocyte usually contains a great
number of oil globules which gradually coalesce and decrease in number
during the process of maturation. The presence of multiple oil globules
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artemia eggs from hatched nauplii before the latter are offered as food.
Equally important is the need to control food density and feeding rates to
insure complete digestion of ingested food.

b. larval growth
|

The relationship of larval growth to yolk sac and oil globule depletion
at 22 and 24 OC during the initial 10 days of larval life is shown in Fig. 3.
This %pemflc period of larval development was chosen for study, as in the
case of the preceding food preference test, because unpublished observations
in this laboratory as well as previous reports (Liao et al., 1970) showed that
over ?0% of larval mortality occurred during this period.

Zooplankton was used in the growth studies to eliminate complications
and variables arising from possible non-acceptability of the offered food.
Wild zooplankton has proven to be one of the most acceptable foods for larval
rearing in the laboratory (see reviews by May, 1970 and 1971). Feeding
was c[ommenced two and a half days after hatching to insure the presence of
food when the mouth opens and in order to avoid mortality from irreversible
starvation (Lasker et al., 1970).

Rapid yolk absorption occurred during the first day and was reflected
in the initial steep growth phase at 22 and 24 °C. Yolk absorption was
gradu%a.l during the following three days with a final steep slope during the
fourl:hJ day. No significant growth, as reflected by length measurements,
was notlceable during this period. A gradual increase in growth began on the
seventh day and became prominent on the ninth day at both temperatures.
This second growth period coincided with the onset of larval feeding (5-8th day)
and intensification of feeding (9-12th day) reported in the previous study
(Table 2). These findings are in agreement with earlier reports (Liao et al.,
1971). No difference in growth rates was observed between larvae reared
at 22 OC and those reared at 24 °C.

0Oil absorption was gradual in both larval groups. Absorption of the oil
globule was completed on the 10th day at 24 OC and on the 15th day at 22 OC.
The reason for the presence of a temperature effect in oil absorption and its
absence in yolk absorption is not clear.

Larval growth during the initial 42 days after hatching is plotted in Fig. 4.
The data corroborates findings during the first 10 days of larval life (see above).
Larval length increased from 2.65 + 0.23 mm to 3.36 + 0.03 mm during the
first day. No obvious growth increment was evident from the second day
through the ninth day. Mean larval length at the end of this plateau period
was 3,44 mm. Rapid growth, also an increase in length variation, was
apparent as the larvae passed the ninth day (beginning of intensive feeding).
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Fig. 5. Larval survival in relation to water temperature and initial feeding time.
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5.

6.

SUMMARY

Naturally fertilized M. cephalus eggs (930 p mean diameter) hatched in
36-38 hours at 24 ©C and 48-50 hours at 22 ©C, Length of newly
hatched larvae was 2.65 mm.

The mouth opened on the second to third day but feeding was first
observed on the fifth day. The yolk sac was completely absorbed
at that time.

The larval growth curve consisted of a steep slope on the first day,
which coincided with rapid yolk absorption, a plateau stretching from the
second to the ninth day and a sustained rapid growth phase thereafter.
The second growth period was concomitant with the beginning of
intensive feeding. Larvae grew in length from 2.65 to 17.69 mm

during the 42-day larval period.

There was no detectable difference in yolk sac absorption rate or
larval growth at 22 and 24 OC. The oil globule persisted five days
longer at the lower temperature. Larval survival was highest at 22 OC,

There was no difference in larval survival when initial feeding was
delayed from the second to the seventh day after hatching.

Two well defined critical periods, associated with high larval
mortalities, was evident on the 2nd-3rd and 8th-11th days. Each of
the two periods was preceded by larvae sinking to the bottom of the
rearing tanks. The sinking was associated with an increase in the
specific gravity of the larvae.

Larval survival rates of 0.2% and 5% were obtained.
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INTRODUCTION

The grey mullet Mugil cephalus in Hawaii, as elsewhere (Thomson, 1963),
tend to localize nearshore within the vicinity of brackish water. By this habit,
geographlcally separate populations would be expected to have little genetic
1nterchange. Juvenile drift or adult nomadism (Thomson, 1963), however,
may permit a limited genetic flow between such populations, particularly
where geographical distances are small, such as within the Hawaiian Islands.
No geographical variations for the Hawaiian grey mullet are known.

Electrophoretic separation of nuclear eye-lens proteins is a useful
method for identifying genetically different populations of various fish
species (Smith, 1965, 1966, 1969, 1970; Smith and Goldstein, 1967).

Some advantages of using nuclear eye-lens proteins are ease of collection
and storage of lenses, stability of proteins against environmental variables
and seasonal change, etc. (Smith, 1966, 1969b, 1970; Smith and Goldstein,
1967; Peterson and Smith, 1969). These advantages will make this method
well suited for the present study of mullet populations. This is the first
time the method of electrophoretic separation of nuclear eye-lens proteins
has been applied specifically to examine population structure. Genetically
based population variations in nuclear eye-lens protein electrophoretic patterns
(electropherograms) have been reported earlier (Smith, 1966, 1969b; Smith
and Goldstein, 1967), but population structure analysis was not attempted
in these studies.

Preliminary work revealed variations in the ratio of the weight of the
nuclear portion of the mullet eye-lens to the size of the fish, and as no
report of such variation is known, a statistical evaluation of the parameter
in relation to sex and locality of the fish is undertaken. Friend (1968) has
reviewed quite extensively the work on eye-lens weight studies in vertebrates,
and reported no investigations on nuclear eye-lens weights. A literature
survey, although not exhaustive, revealed no published work on nuclear
eye-lens weights or fish eye-lens weights. The analysis of nuclear eye-lens
weight variation with respect to size of the mullet is, thus, of novel interest.

MATERIALS AND METHODS

Eye lenses were collected from a total of 120 grey mullet Mugil cephalus L.
caught from four locations in the Hawaiian Islands (Fig. 1, Table 1). Fish
from the Kaneohe Bay and Diamond Head localities were brought live to the
laboratory and later sacrificed to obtain lenses. Lenses from the Kawaihae
Bay and Kaunakakai fish were collected in the field and kept on ice until
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delivered to the laboratory. At the laboratory, lens samples were stored
frozen until ready for dissection to obtain the nuclear portions.

Table 1. Mugil cephalus. Number, size, locality and
dates of collection of mullet from which eye-lens
samples were taken

Number of fish Standard length Locality Dates of sample
Males Females range (cm) (area, island) collections
41 33 24.1 - 35.4 Kaneohe Bay, Sept. to early
: Oahu Dec., 1969
16 7 25.5-41.0 Diamond Head, late Dec., 1969
| Oahu
3 i 17 28.0 - 38,0 Kawaihae Bay, late Dec., 1969
i Hawaii to late Jan., 1970
72 10.0 - 17.5 Kaunakakai, May, 1970
Molokai

2 Sex undeterminable

|

Lens nuclei were weighed to the nearest tenth of a milligran and then
macerated in a test tube containing seven times, w/v(ml), of extracting fluid.
To reduce the potential problem of low amounts of soluble nuclear eye-lens
proteins found in some fish (Smith, 1969a), the saline-urea (0.14 g % NaCl
and 0.1 M urea) extracting medium of Smith (1969a) was used. This
extraction fluid has been recently verified for increasing the amount of
protein extracted from mullet eye-lens nuclei (Peterson, 1970). The extract
preparation was allowed to stand on a shaker for 24 h under refrigeration
(1292 C). Either a 10 pl (small Kaunakakai-lens samples only) or a 20 pl
aliquot was then examined by cellulose acetate (1' x 6" Gelman Separaphore
III polyacetate strips) electrophoresis at pH 8.6 (sodium barbital buffer,
ionic strength0.05). Electrophoresis was carried out in a Colab Universal
Electrophoresis Chamber at 300 V for 20 min. Preparation and densitometric
analysis of the electropherograms was carried out as previously described
(Peterson and Smith, 1969).

Eye-lens nuclei weights were compared to standard lengths of all fish
and to weights of the Kaneohe Bay and Diamond Head-caught fish. Lens
nuclei weight-body length regressions were examined by analysis of
covariance to determine the significance of variations between sexes (Kaneohe
Bay group only) and between localities (Kaneohe Bay males and females,
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