rsity of Stir-

of the repro-
uthbreeding
ala (Bleeker).

-Roon. 1950,
of the ethol-
Suppl. 1:1-

ding behav- :‘
differences
heir signifi-
1 the genus f,
.. Zool. Soc. %

size on the 3
1it-of-no-re-
reochromis i &
6:119-131. i1}
€gg quality, 3
mance In .
and O.
Juaculture,
Scotland.

iternal age
he survival
2. niloticus
quaculture

the fecun-
‘eters) and
le central
tith a first
ty-of Nica-

¢ Proc. 41, 575 p.

Introduction

‘the gen- R
mis and ' In recent years, many approaches have
[ History), -been used to resolve the problems of
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Abstract

K This study describes the hatchablility, growth, sex ratios and reproductive behavlor of intergeneric
3 N hybrids between Tilapia zillii (Linneus) and Sarotherodon Zalllaeus (Linneus), and between T. zi/lif and
8 Oreochromis andersonif (Castelnau), O. aureus (Steindachner), O. macrochir (Boulenger), O. mortimeri
(Trewavas), O. mossambicus (Peters), O. nlloticus (Linneus), O. placidus (Trewavas), O. spilurus (Glnther)
and O. tanganicae (Giinther). Only hybrid crosses using 7. zifli as the maternal parent were successful.
Mean fertilization rates of the pure 7. z//// cross and the hybrid crosses were similar and ranged
from 91 to 98%. Hatching rates varied from 67 to 91%. The growth of the juveniles varied among
the hybrids, but the growth patterns were similar to T. z///ii. The sex ratios of the hybrids also
showed marked differences and ranged from all males in the T. 2i/lif x O. andersoniiand O. tanganicae
to all females In the 7. zillii x O. niloticus, O. placidus and O. aureus. By convention, the female
parent is named first. The hybrids in all crosses produced mature gonads. The characteristics of
the eggs In all crosses were closer to the maternal parent.

all-male tilapia seed for culture. Tech-
niques such as hand-sexing, x-rays,
chemical sterilization, interspecific hy-
bridization and hormone therapy have
been used with varying degrees of suc-
cess. Hybridization has also generated
considerable interest and controversy
concerning the sex-determining mecha-
nism of tilapias.

In the last decade, interspecific
hybridization between mouthbrooding
species such as Oreochromis niloticus,
O. aureus, O. mossambicus and O.
urolepis hornorum has been widely used
to produce predominantly male off-
spring for culture (Hulata et al. 1983).
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These species have compatible breeding
behavior, readily hybridize under culture
conditions and therefore are easily
produced and studied. In contrast, there
appears to be little information on the
biology of intergeneric tilapia hybrids,
especially hybrids between the substrate
spawners and mouthbrooders. Investiga-
tions on intergeneric hybrids between
the female 7ilapia tholloni and the males
O. niloticus and O. mossambicus
suggested that all F, hybrids were female
and that reciprocal crosses were
unsuccessful (Heinrich 1967; Bauer
1968). A study by Fishelson (1988) on
intergeneric hybrids between
Sarotherodon galilaeus and O. niloticus
suggests that even though these hybrids
were easy to produce, their reproductive
performance was reduced due to various
levels of gonadal deformity.

In view of the incompatibility of the
breeding behavior of substrate spawners
and mouthbrooders, their progeny may
not breed naturally. Previous studies have
indicated biased sex ratios in some
crosses and such hybrids may help to
elucidate the basls of sex determina-
tion in tilapias.

In the present study, intergeneric
hybridization between the substrate
spawning 7. zilliland 10 mouthbrooding
tilapias were conducted to determine
if such crosses are able to produce vi-
able offspring and to gain information
on growth, sex ratios and reproductive
biology of these hybrids.

Materials and Methods

Procurement of Tilapla Eggs and
Sperms

The substrate spawner 7. zi/lii served
as the dam In all the intergeneric hy-
bridization trials. A different female was
used for each trial; the numbers of crosses

and trials for a given species pair are
given In the Results Section (Tables 3
and 4). Six attempts to produce hybrids
from all the reciprocal crosses were
unsuccessful.

Single pairs of T. zillii (100-200 g)
were introduced in 140-] glass aquaria
supplied by a recirculatory system main-
tained at 28°C and checked daily for
spawning activity. Prespawning females
were removed and held in a covered
10-1 plastic aquarium containing clean
aerated water at 28°C.

Three spermiating S. galllaeus, O.
andersonii, O. aureus, O. macrochir, O.
mortimeri, O. mossambicus, O. niloticus,
O. placidus, O. spilurus and O. tanganicae
were transferred into separate contain-
ers until required.

Manual Stripping and Fertilization
of Gametes

To avoid cross-contamination of sperm
during hybridization, disposable pipettes
and Petri dishes were used for each cross
and were Iimmediately discarded.
Approximately 150-300 eggs ‘were
stripped onto labelled 25x5 cm-perspex
slides and spread into a monolayer with
a fine paint brush. Milt was collected
from three conspecific males, pooled
in a Pasteur pipette, and then spread
over the eggs and activated with warm
water (28°C). Samples of the diluted milt
mixture, collected from the slide, were
then checked under a microscope to
ensure the presence of sufficient mo-
tile sperm. After 5 minutes, the eggs
were gently rinsed with water (28°C)
and incubated in individual 2-l containers
of a recirculatory incubating system con-
taining UV-treated water (Rana 1986).

Since the eggs were sequentially
stripped from the female for each cross,
the pure T. z/llii cross was carrlied out
last to ensure that all the eggs stripped
from the female were viable. :




Fertilization rates in all the crosses

sair are |
ables 3 4 were determined within 24 hours. The
hybrids f number of pigmented eggs in a random
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ation of Intergeneric Hybrids
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perspex . . protein (No. 4, Edward Baker Ltd.,
yer with - Bathgate, Scotland). Random samples
sllected . of 10 fry were bulk-weighed every two
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femoved, then welghed and representa-
fv_e amples fixed for histology.

:h cross, *,
ried out
stripped -;

393

Breeding of Hybrids

For each hybrid cross, hybrid females
were Introduced, with either male T. z///if
or a male of the Oreochromis specles
used as the hybrid parent, into 120-|
aquaria for observation of spawning
activity.

Results and Discussion

Fertilization, Hatching Rates and
Morphological Differences

Mean fertilization rates of thre pure
T. zillii and the intergeneric hybrids were
similar (P<0.05) and ranged from 91 to
98%. The hatching rates, however, were
variable and ranged from 67% in the T.
Zillli x O. mossambicus cross to 91%
in the pure 7. z///ii (Table 1). Hatching
times of the hybrids were similar and
eggs from all the crosses hatched within
48 hours of fertilization. The length of
the hybrids and 7. z/////1arvae at hatching
were not significantly (P<0.05) differ-
ent and ranged from 4.8 to 5.0 mm.

T. zillii and all the hybrid larvae pos-
sessed two pairs of head glands, but
the amount of mucus produced by the
hybrids was reduced resulting.in the
hybrids being free of the substrate a day
earlier. The intensity of melanophore
pigmentation on the yolksac epithelium
also varied between the hybrids, but 7.
zillii controls showed the greatest in-
tensity. The hybrids and 7. z///if fry be-
gan feeding four to five days
posthatching (at 28°C). ’

Early Fry Survival and Growth

The survival and growth of the vari-
ous hybrids are given in Table 2. The
mortality patterns between the repli-
cates were similar, suggesting a genetic
basls. Survival of fry between hybrids
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Table 1. Means (and SE) for the fertilization and hatching rates ;|
of intergeneric hybrids between Tilapla zillii females and males
of various Sarotherodon and Oreochromls species.

Fertilization Hatching rate i
Male parent rate (%) (%) .1
7. zilliF (control) 96.8 (1.4) 91.0 (3.29)
S. galilaeus* 98.7 (0.86) 87.7 (2.82)
O. andersonif o1.1 (4.54) 89.0 (5.02)
0. aureus?® 95.0 (2.9) 88.0 (2.65)
Q. macrochir 93.3 (3.75) 78.3 {8.43)
O. mortimerf 96.0 (1.84) ., 84.5(8.48)
O. mossambicus® 93.8 (2.85) 67.1 (3.10)
O. nlloticus® 93.5 (2.05) 78.6 (2.45)
O. placidus® 95.0 (1.70) 85.0 (4.03)
O. spllurus® 95.0 (1.7) 83.5 (4.25)
O. tanganicae* 92.1 (-) 87.4 (-)

a: N=1; b: N=2; ¢: N=3; and d: N=4 (no. of attempts).

Table 2. Means (and SE) for the growth characteristics of intergeneric hybrid tilapla
Juveniles: all with T/apla zilifi as the female parent and various Sarotherodon and Oreochromis
species as the male parents.

Initfal Final welght! SGR (SE)'? Survival?
welght' (g) (g) (%-day*) (%)

Male parent

7. zillii {control) 0.076 2.38 6.4* 81.54

{0.003) (0.035) (0.099) {1.61)
S. galllacus 0.132 3.49 6.1* 81.5«
{0.027) {0.11) (0.179) (1.66)
0. andersonil 0.072 3.24 7.1 08.54
) ‘ {0.006) {0.057) (0.198) {1.5)
"O. aureus 0.087 2.49 6.2 98.54
{0.004) (0.134) {0.198) {1.50)
O. macrochir 0.096 3.06 6.18° 76.54
(0.006) {0.10) {0.18) {3.5)
O. mortimerl 0.093 3.19 6.55* 50
(0.007) (0.028) {0.049) {9.9)
i .O. mossamblicus 0.170 5.02 6.25* 37
‘ (0.003) {0.30) {0.148) (<)
O. niloticus 0.058 3.68 7.65°% 48,5+
(0.002) {0.636) (0.247) (1.5)
O. placldus 0.118 3.33 6.25* 61.5%¢
’ {0.002) (0.010) {0.049) {8.5)
O. spilurus 0.070 2.29 6.45° 88.5«
{0.002) {0.042) {0.049) {11.5)
O. tanganicae 0.093 3.79 6.0 78.5%4
{0.003) {0.071) ) (1.5)

'Means based on duplicate treatment.
2Means within columns having the same letters are not significantly (P<0.05) different.
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spawner parent may, In themselves, be
of some advantage in possible future
uses of these hybrids.
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at the end of the trial varied significantly
{P<0.05). Hybrids with O. mossambicus
and O. niloticus, and O. andersonii and
O. aureus had the lowest and highest
survival rates, respectively. Despite these
differences, the growth rates of the
hybrids at the end of the trial were not
significantly (r=-0.145, df=21, P<0.05)
correlated with the survival rates.

Mean initial weight of the different
hybrid groups varied between 0.06 and
0.17 g and were significantly correlated
with the final weight (r=0.712, df=21,
P<0.05) and weight gain (r=0.699, df=21,
P<0.05). This association presents a
problem since these growth estimators
may result in growth being biased by
varlation in initial weights. In an attempt
to reduce this bias, weight data were
transformed and growth of the hybrids
was compared as specific growth rate
(Table 2). Hybrids of O. tanganicae, O.
andersonii and O. niloticus showed the
highest growth rates. The high appar-
ent growth rates of O. n/loticus hybrids,
however, may have been influenced by
their low survival rate.

395

Reproductive Behavior, Gonadal
Development and Sex Ratios

All the hybrid females lacked the typi-
cal breeding behavior of either of their
parental species and no spawning oc-
curred in the breeding tanks. One “ac-
cidental” spawning did occur with a 7.
zillii x O. mossambicus female. This
female was held on her own in a plas-
tic tank and therefore no information
on the viability of the eggs was obtained.
The eggs were laid on the tank bottom.
They were partially adhesive and simi-
lar to those of a substrate spawner. In
addition, the female guarded and pe-
riodically fanned the eggs.

From the observations performed to
determine the sex of the hybrids, not
all fish could be classed as male or fe-
male. In some crosses, between 1 and
6% of the fish were sterile (Table 3).
These fish lacked any gonadal tissue and
contained instead a clear, viscous fluid.

Depending on their paternal species,
the sex ratios of hybrids fall into three
main groups: predominantly male, pre-

Table 3. Sex ratios of intergeneric tilapla hybrids having Zilapla zillii as the female parent and
various Sarotherodon and Oreochromis species as the male parents.

Trial 1 Trial 2 Trial 3
. Male parent M F S M F S M F s
T. zillil (control) 15 8 - 10 16 - 14 34 -
- O. niloticus o 21 3 0 23 1 0 27 2
-0, placidus 0 32 2 0 46 1 0 65 2
- O. mortimer/ 0 27 4 - - - 2 27 1
1O, aureus 2 S2 1 - - - 0 53 -
O. mossambicus 5 17 1 0 50 - 0 33 -
. spliurus 7 36 - - - - 0 25 -
. Salllaeus o 24 - - - - 12 13 -
- O. macrochir 81 36 - - - - - - -
‘0. tanganicae 31 0 - - - - 22 0 -
. andersonil 52 o - - - - 49 0 -

M: male; F: female; and S: sterile fish {see text).
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dominantly female and an approximately
equal number of both sexes (Table 3). It
is difficult to see any obvlous pattern re-
lated to the presumed sex-determination
system from other studies (McAndrew
1993) as O. macrochir and O. aureus
(homogametic males) occur in different
groups. There is no firm evidence that the
observed sex ratios are based on any
phylogenetic relatedness, as suggested
by Sodsuk and McAndrew (1991) who
found O. andersoniito always be closely
grouped with O. mossambicus and O.
mortimerl. In this study, O. andersonii
appears to be clearly separated from the
two other species.

The gonads of hybrids, where recog-
nizable, were of particular interest. In
all cases, the gonadosomatic indexes
of both sexes were significantly (P<0.05)
lower than those of pure T. zi/lii prog-
eny, and ranged between 0.005 and
0.36% for the males and 0.32 and 1.74%
for the females (Table 4). The majority
of the hybrid female ovaries contained
relatively few oocytes compared to those

of pure 7. z////i. The majority of the gonads
examlned contained previtellogenic
oocytes up to stage 3, and few gonads
contained mature oocytes at stages 5
and 6. Even though the testes of the
hybrids with O. andersoni/i and O.
tanganicae were significantly smaller than
those of pure 7. zillli, they contained
gametes at all stages of development.
In some fish, mature spermatozoa were
present in the tubules of the testes.

It is difficult to derive any hypothesis
from this study on sex determination
in tilapia. Hybrid sex ratios are a noto-
riously difficult analytical character
(Majumdar and McAndrew 1983). As
a result of the difficult statistical prob-
lems In identifying and separating ex-
pected sex ratios and our limited knowl-
edge on the genetic mechanisms in-
volved in sex determinations in pure
species, the consequences for hybridi-
zation are impossible to predict. The
observed sex ratios, the reduced repro-
ductive performance and the phytopha-
gous feeding habit of the substrate

Table 4. Means (and standard deviations) for the gonadosomatic indexes (GSI)
of intergeneric tilapla hybrids from T7ilapia zillll female parents and various
Sarotherodon and Oreochromls species as male parents.

w
o
X

Male parent No.

Mean body GsI*
weight (g) (%)

7. zlliil (control)
6
S. galllaeus 7
. andersoni! 10
. aureus 21
. macrochir 33
8
. mortimeri 14
. mossambicus 6
5
. niloticus 16
. placidus 1
. spilurus 25
. tanganicae 10

0000 00 000

78.5 (36.2)
51.5 (23.3)
101.7 (20.6)
136.6 (42.6)
101.2 (46.6)
142.7 (52.7)
125.0 (31.9)
103.9 (22.8)
67.0 (34.4)
64.1 (55.5)
132.4 (29.4)
53.7 (16.7)
74.4 (38.8)
75.5 (30.5)

1.47 (0.47)*
2.8 {(0.20)!
0.36 (0.30)*
0.02 (0.013)®
1.26 (0.96)*
0.19 (0.05)®
0.50 (0.56)*
0.67 (0.22)*
0.02 (.005)
0.32 (0.10)?
1.74 (1.28)'
0.35 (0.12)
0.51 (0.53)?
0.05 (0.026)¢

*Means with different letters (for mates) and numbers {for females), respectively,

are significantly (P<0.05) different.




