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ABSTRACT

The study was conducted to observed the embryonic development, morphology of eggs, newly
hatched larve and post larval of the filial 1 (F)) generation of Malaysian mahseer, Tor tambroides
using hatchery-reared specimens. The first cleavage occurred at 2 h after fertilization (HAF),
epiboly began at 11 HAF, the embryonic body was formed at 22 HAF and hatched at 76 HAF. The
mean total length of newly hatched larvae was 7.44+0.06 mm and almost has similar external
features to other Tor species. The mouth and foregut opened at 7th Day after Hatching (DAH) with
the mean total length of 12.840.11 mm. Tor tambroides reached 13.240.15 em of total length and
312£0.53 g of body weight at 10 months of age. The induced ovulation technique using newly
developed commercial synthetic hormone, Ovatide have paved the way for further development and

improvement of culture production of the Malaysian mahseer,
Key words: Embryonic development, larval development, ovulation induction, Tor tambroides

INTRODUCTION

The Malaysian mahseer or Tor tambroides, belonging to famly Cyprinidae, 1s an attractive and
important freshwater species for recreational fisheries and aquaculture in Malaysia. It is known
for its delicacy and firm flesh as food and aggressive as sport fish. It is one of the highly priced
freshwater fish species as its demand exceeds the supply. The market price in Malaysia ranges from
RM 370-700 (USD 117-228.12) per kg.

Spawning in mahseer takes place after rainy period suggesting that monsoon season which
normally occurred from December to March influences the spawning (Ingram et al., 2007).
Tor tambroides i1s asynchronous spawners and capable of spawning several times per year
{Ingram et al., 2007) but the highest spawning activities occur during monsoon season. Due to this

restrictive reproductive nature, the fish cannot ovulate or spawn all year around. Thus,
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introduction of sustained release of gonadotropin-releasing hormone analogue (GnRHa) such as
Ovaplant, prior to hormone treatment will advance the final ococyte maturation in 7' fambroides
and improves the likelihood of ovulation induction in captivity (Ingram ef al., 2005).

In Malaysia, the first successful induced ovulation recorded in Tor tambroides was by
Ingram et al. (2005). They used pond-held broodstocks (initially wild-caught) for artificial
propagation. Breeding performances of the breeders, however, was still low and lead to low quality
fry. Bince the culture of T. tambroides is closely dependent on the availability of their fry, the
present collection of fry from nature cannot satisfy the demand. In addition, mature T tambroides
breeders are not always available from the natural habitat because of the declining natural
populations due to habitat degradation and owverfishing. Thus, it is desirable to develop and
establish new techniques for artificial propagation for this fish. Ovulation induection by hormonal
treatment is one of the ways to preduce fry for stocking, together with a supply of good quality
mature female broodstock te ensure continuous mass production of juveniles.

Previous studies showed that 7. tambroides do not undergoe final cocyte maturation, ovulation
or spawning in captivity (Azuadi et al., 2011). Without exogenous hormone stimulation, ova will
undergo atresia and degenerate and subsequently will not proceed to final coeyte maturation and
ovulation (Mousa, 2010). There are a number of hormenes available in market. Ovatide,
a newly intreduced commercial hormone in Malaysia, is cheaper and less wiscous than
Owvaprim. In India, Ovatide has been used effectively in inducing final cocyte maturation and
spawning in other cyprinids, such as Indian major carps Cirrhina mrigala and Labec rohita
{Dhawan and Kaur, 2004). To date there are no results or reports on effectivenss of Ovatide to
induce ovulation of 7" tambroides. Although, Ovaprim is the most successful hormone to induce
ovulation of wild caught 7' tambroides but the result was not teo promising (Ingram et al., 2005).
Henece, the use of Ovatide 1s preferred over Ovaprim in this study.

The aims of this study were to use Ovatide for inducing ovulation in filial 1 generation
of T' tambroides breeders in captivity and to describe the ovulation, egg, larval and post larval
developments.

MATERIALS AND METHODS

Broodstock management: Sexually matured filial 1 (F,) generation of female Tor tambroides
were stocked indeor in 20 m® concrete tanks using Recirculating Aquaculture System (RAS) at Lu
Thian Tack (LTT) Aquaculture Farm, Asajaya, Sarawak. The fish were obtained from Tarat
Indigenous Fisheries Production and Research Center (IFPRC), Serian, Sarawak. Water was
maintained at the temperature ranged from 25.0-27.5°C, pH ranged from 7.21-8.02 and dissolved
oxygen concentration above 8.0 mg L. In the morning, breeders were fed with sinking homemade
pelleted diet (wvitamin C in combination with illipenut (Kngkabang) fruit, emperang fish, wheat
flour and squid oil) at 5% of the body weight. The feed contained 52.6% crude protein, 17.6% crude
lipid, 1.8% crude fibre, 5.3% carbohvdrate, 12.7% ash and 4770.5 k cal g~' energy. In the evening,
the fish were fed with commercial Tilapia pellet (Cargill, Malaysia) containing 16% protein, 4% fat.
and 6% crude fiber. Matured Tor tambroides broodstocks (at least 4 years old) with total weight
ranging from 2.50-3.93 kg and total length ranging from B0.8-63.9 em were used. A total of
14 females and 7 males were selected for this study. Males were identified with running ripe milt
and females with slightly distended abdeminal condition (Azuadi et al., 2011).

Acclimation and induction of ovulation: The present study was carried out during the natural
spawning season of Tor tambroides at (LTT) Aquaculture Farm, Asajaya, Sarawak from November
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2010-February 2011. The fish were anesthetized in a solution of tricaine methanesulfonate M5222
(100 mg L™ (B8yndel International Ine., Qualicum Beach, BC, Canada) before handling
{Ingram et al., 2005). Selected broodstocks were acclimated in 15000-1 rectangular cement tanks.
The tanks were equipped with recirculation system with running ozonated fresh water (20%) and
aeration.

Six weeks prior to induction, matured F, generation breeders were implanted with Owvaplant
(75 or 150 pg), Syndel International Ine., Qualicum Beach, BC, Canada. Ovatide at 0.5 mL kg™
BW dosage was injected intramuscularly adjacent to the dorsal fin. No hormonal injection was
needed for the males sinece there was no problem of getting running milt at anytime.
Twenty four h after administration, ovulatory response was evaluated by applying gentle pressure
on the female's abdomen. Egg volume was recorded to estimate the total egg production and
stripping fecundity. Matured males with running ripe milt were chosen and stripped into the jar
containing eggs for fertilization using dry method of Joshi ef al. (2002).

Collected data were analysed based on the (1) No. of stripped eggs, (2) Fertilization rate, (3)
Hatching rate, (4) Survival rate, (5) Normal hatched larvae and (68) Deformed hatched larvae.
Number of ovulated eggs was estimated by multiplying of number of egg mL™ with total volume
of eggs for each female. Fecundity was calculated by dividing total number of eggs by female body
weight. Fertilization and hatching rate was determined by taken 200 egg samples from each
breeder with 3 replicates. Survival, normal and deformed larvae rates were determined by
randomly taken three replicates of 200 larvae for each breeder. Deformed larvae were recorded to
calculate normal larvae production. Deformed larvae were determined by observing those larvae
having abnormal head, bent tail, bent notochord and bloated body. Fertilization, hatching,
survival, normal and deformed rates were calculated by using the following formulae:

Ovulatory response (%) = No. of ovu.lated fish x 100
Total No. of induced fish

No. of stripped egg
Weight of ovulated fish

Fecundity =

No. of fertilized eggs <100

Fertilization rate (%) = -
Total No. of eggs in a batch

No. of eggs hatched
Total No. of fertilized eggs in a batch

Hatching rate (%) = x 100

Total number of survival larvae until day 7

Survival rate (%) =
Total No. of larvae counted at day 1

%100

No. of 11
Percentage of normal larvae (%) = 0. OLNOTMAl Jalvae . 4q

Total No. of larvae counted

Percentage of abnormal larvae (%) = No. of abnormal larvac <100

Total No. of larvae counted
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Eggs incubation and embryonic development: Fifty fertilized eggs were randomly
taken to measure egg diameters. Viable fertilized eggs from the different female breeders were
stocked in plastic mesh tray incubators (volume of 400 ml. with mesh size, 1000 pm) at
80 eggs mL™'. The incubation trays were placed on water surface in 1000 L rectangular
fiberglass tanks. During the experiment, the flow rate of water into the tanks was 1-2 L ha™?,
treated with UV and filtered. In order to determine the embryonic development, 50 eggs were taken
from each incubation tray every 1 h until the blastula stage. Photographs of egg development
were taken using stereomicroscope, model Motic SMZ-168 (2x magnification, 34.5 mm working
distance).

Larval and post larval development: For larval development, 50 samples were taken for
observation and measurement. from the day of hatching until 45 Days after Hatching (DAH). Total
length measurement of each sample was taken under stereomicroscope by using vernier caliper.
At 45 DAH, the larvae were transferred into separate happanets in cement tanks. Each happa net
contained 200 larvae with a total of b replicates for the experiment. Ten samples of fingerlings at
10 months of age were taken from each happa net for measurement of total length and
weight. Photographs were taken using Canon digital camera at 90 DAH, 200 DAH and 10 month
DAH.

Feeding regime: At 7 DAH, the larvae were given live feed, Artemia nauplii, until 14 DAH. At
14 DAH, the feed was changed into mesh artificial feed containing fishmeal and pellet
(32% protein, Otohime Japan). At 90 DAH, the larvae were introduced with small granule pellet
{(b0% protein, Otohime Japan) until 200 DAH. At 200 DAH, the larvae were fed with 2 mm pellet,
containing 32% protein (Otchime Japan). After 10 months of hatching, the fish were given 3 mm
pellet with 32% protein content (Otohime Japan).

Egg and larval development analysis: The embryonic development of filial 1 () generation
of Malaysian mahseer, Tor tambroides was described based on terminology and staging that were
proposed for the common development of teleosts by Saka et al. (2001), Kamaci et al. (2005) and
Mousa (2010). Furthermore, to clarify the similarities and differences in embryonic development
among species, results were compared with previous research into Tor tambroides, Tor duronensis,
Tor putitora and Tor kudree,

RESULTS

Induced ovulation: Kighteen female broodstocks showed signs of maturation by having
soft and rounded belly with protruding and swollen papillae after 6 week of implantation. High rate
(78%) of ovulation success was achieved in Tor tambroides females administered with 0.5 mL kg™
of b.wt, of Ovatide. All females (N = 18) observed underwent ovulation at 23-25 h post
administration. The number of stripped eggs, the fertilization, hatching and survival rates in
different females are shown in Table 1. The number of ovulated eggs ranged from 652 and
3900 with the mean wvalue of 15994256, The rates of fertilization, hatching and survival
ranged from 80.1-99.9%, 55.0-96.4% and 60.0-91.4% with the mean values of 91.242.6, 80.5+2.9
and 79.7£2.4, respectively. High rate of normal and low rate of deformed hatched larvae were
obtained in this experiment with a mean value of 81.95£2.2 and 18.86+2.2) respectively.
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Table 1: Breeding performance of F; Tor tambroides induced with 0.5 mL kg™* ovatide

Induced female  Body weight No. of stripped Fertilization Hatching Survival Normal larvae Defarmed larvae

No. (kg) egegs (N) rate (%) rate (%) rate (%) (%) (%)
1 3.21 1140 91.0 55.0 60.0 65.0 38.5
2 251 652 975 82.2 70.0 75.0 24.3
3 3.25 3900 99.9 70.7 81.4 75.0 25.0
4 2.65 750 99.6 96.4 82.2 73.0 26.3
5 2.60 760 98.8 93.0 75.0 74.0 24.4
6 3.06 2845 98.2 84.4 81.0 77.5 22.2
7 279 1098 929 76.3 914 89.6 15.5
8 2.50 1063 93.9 78.0 89.3 86.6 16.5
9 3.60 966 80.1 77.0 74.0 90.2 9.5
10 3.63 1415 93.3 85.3 85.7 89.3 10.3
11 3.93 1672 91.7 88.3 83.0 88.1 16.5
12 2.96 1550 63.0 70.0 72.0 89.0 11.0
13 3.13 2845 856.0 81.0 80.0 88.0 11.5
14 311 1740 91.0 90.0 91.0 87.0 12.4
15 3.01
16 3.20
17 2.80
18 3.30
Mean 3.07+0.09 1599+256 91.2+2.6 80.5+2.9 79.7+2.4 81.95+2.2 18.86+2.2
(2.50-3.93) (652-3900) (80.1-99.9)  (55.0-96.4) (60.0-91.4) {65.0-90.2) (9.6-38.5)

Data were expressed as Mean+SEM, Values in the brackets represent the range of data (minimum-maximum)

Embryonic development: The embryonic developmental stages are shown in Table 2 and

Fig. 1. The description of each stage was based on its anatomy.

Fertilized egg: The stripped eggs were spherical in shape, vellowish in colour and semi
transparent. Fifteen minutes after fertilization, the ova start to swell and increased its diameter,
The size of fertilized eggs ranged from 2.5-3.3 mm with the mean of 2.8440.09 mm Fig. 1la). At
2 h after Fertilization (HAF), a small perivitelline space was formed that separated the egg
membrane from the rest of the egg (Fig. 1d).

Formation of embryo: The first cleavage in which the blastodise was divided into 2 blastomeres
began at approximately £ HAF. The next five cleavage cycles occur at regular intervals of
approximately 30 min to 1 h (Fig. 1d-g). The egg showed a typical discoidal meroblastic
segmentation and formed an equal size of blastomere (Fig. 1d). The second cleavage (4-cell stage)
was noticed at 2 h 30 min after fertilization (Fig. 1e) and the 8-cell stage appeared within 3 h
15 min after fertilization. The 16 and 32 cell stages were observed at 4 and 5 h HAF, respectively
(Fig. 1f, g). During 32-cell stage, oil droplets appeared but unclear. The blastomeres decreased in
size as successive cleavages oceurred and the morula stage appeared between 9 and 9 h, 45 min
post fertilization (Fig. 1h). At this stage the anterior and posterior ends of embryo have
differentiated when the time of the crown of blastomeres started to spread in the form of thin layer
over the yolk. The oil droplets gradually began to fuse to form clearer and larger droplets
{10-15 droplets). The embryo attained the blastula stage at about 10-14 HAF when the flattening
of the cellular material occurred (Fig. 11). At this stage, it was difficult to count the number of cells
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Table 2: Summary of egg and larval development of the F; generation of Tor tambroides under normal environmental conditions in

captivity (25-28°C)

Stage of development Time after fertilization Description

Fertilized egg 0 Water hardening stage

1-cell stage 1:00h Single cell at animal pole

2-cell stage 2:00h Meridional first cleavage

4-cell stage 2:30h Second cleavage

8-cell stage 3:15h Third cleavage

16-cell stage 4:00 h Fourth cleavage

32-cell stage 5:00h Fifth cleavage

Morula stage 9:00h Blastomeres appeared in the blastodise.

Blastula stage 10:00h Blastoceol formed; blastodisc became multilayer and cell division less synchronons
Gastrula stage 20:00h Embryonic area well marked

24-h embryo stage 24:00 h Tail rising from blastoderm

26-h embryo stage 26:00 h Eye disk appeared

32-h embryo stage 32:00h Head can be identified

47-h embryo stage 47:00h Tail started to twist

70-h embryo stage 70:00h Eye lens fully formed and heart beat observed

Hatching 76:00 h Hatching began Body remained curved for several minutes, then straightened and

started to move

1-day-old larvae 1 day post hatching Blood vein appeared

2-day-old larvae 2 day post hatching Small pigmentation appeared on head and tail regions
5-day-old larvae 5 day post hatching Egg yolk reduced considerably and the mouth was developed
7-day-old larvae 7 day post hatching Pigmentation get darker; caudal , anal and pelvic fin fully formed; swim

bladder,digestive system and vertebral column were fully developed; the larvae

able to consume Artemia

14-day-old larvae

21-day-old larvae
28-day-old larvae
45-day-old larvae
90-day-old fingerlings
200-day-old fingerlins

10-month-old fish

14 day post hatching

21 day post hatching
28 day post hatching
45 day post hatching
90 day post hatching
200 day post hatching

10 month post hatching

Pigmentation scattered all over the body; the larvae were able to consnme mesh
fishineal feed

Pigmentation disappeared and the body colour changed to yellowish

Yellow colour on body slowly disappeared

The body scale jnst began to develop

The fingerlings able to consume small granule pellet; body scales well developed
The body scales and fins colour turned darker and concentrated; the fingerlings
able to consume 2 min pellet

The fish consumed 3 mun pellet; body weight increased inversely proportionate

to total length

A total of 50 eggs, 50 larvae, 50 fingerlings and 50 fish were examined

and cell division became less synchronous. Blastodise became multilayered and the oil droplets
decreased in number to 8-10 (Fig. 1i). Gastrula stage was observed between 20-21 HAF when
blastoderm expanded as cells proliferated into a sheet and spread toward the vegetal pole (Fig. 13).
The embryonic streak was observed during this stage. The eggs globules became less apparent.

Differentiation of embryo: At 24 HAF, an embryonic body was formed from embryonic streak
{(Fig. 1k). The eye rudiment and tail could be identified during 26 HAF (Fig. 11). At 32 HAF, the
embryo rose above the volk and head appeared (Fig. 1m). At this stage, the tail region started to
detach from the yolk and ectodermal thickening appeared to form lens of the eye. The tail was
detached from the yolk and showed slight movement at 47 HAF (Fig. 1n). At this stage, the body
of the embryo covered one-quarter of the yolk and optic vesicles. The anterior part formed a head
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Fig. 1l{a-p). Cleavage and embryonic development of T. tambroides, (a) 30 min post
fertilization egg, (b) Early 1-cell stage 45 min Post Fertilization (PF), (c¢) One cell
stage 1 Ha after Fertilization (HAF), (d) First cleavage (2-cell stage) 2 HAF, (o)
Second cleavage (4-cell stage) 2 h 30 min PF, {f) Fourth cleavage (16-cell stage)
4 HAF, (g) Fifth cleavage (32-cell stage) 5 HAF, (h) Multicell morula stage
9 HAF, @) Blastula stage 10 h PF, (j) Gastrula stage 20 HAF: Embryonic streak
visible, (k) 24 h embryo stage; the tail (T) was rising from blastoderm, (1) 26 h
embryonic stage: Eve Disk (ED) start to appear, (m) 32 h embryvo; head (H) was
observed, (n) 47 h embryo; tail started to flip and (o-p) 70 h embryo; eye lens (EL)
fully form: Heart (Ht) beat was observed scale bar = Imm
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fold while the posterior part elongated to form a tail fold. The appearance of mouth and fully
formed lens in the eyes were clearly observed at 70 HAF (Fig. 1o, p). At this stage, the embryo
showed aggressive movements with 40-55 contractions per minute, the heart beat ranged from
1530-145 beats min™' and bleood circulation was observed over the volk. The notochord was
prominent and the shape of the brain was noticed. Hatching took place at about 75-85 HAF.
Frequent embryonic twitching movements were noticed as the embryos tried to rupture the egg
membrane and then eventually the middle part of the embryo had separated from the egg envelop.
The hatchling emerged successfully from the egg capsule after the egg membrane had been broken
at 74 HAL.

Hatching and larval development: The hatching started approximately 76 HAF, at a water
temperature which ranged from 26 and 27.5°C. The newly hatched larvae were transparent and
faint yellow in colour. The means of the total length of larvae was 7.4440.06 mm, with yolk sac of
4.52+0.44 mm long and 2.162+0.13 mm wide (Fig. 2a). At this stage, the yolk sac developed into two
forms (primary and secondary yolk sacs) and pale yellowish in colour. The hatchling eyes were
unpigmented while the mouth and fins were under developed. At 10-15 h after hatching (HAH),
differentiation of fin folds were noticed. A thin layer of membrancus fin fold was observed
surrounding the caudal region extended up to the volk sac (Fig. 2a). The larvae swam rapidly and
dwelled at the bottom of the incubator tray in an oblique position with head down and belly up. The
total length of 1 day old larvae ranged from 10.0-10.7 mm and faint yellow in colour (Fig. 2b).
Blood circulation was clearly observed when a functional heart started to pump the blood pass
through the yolk into the tail and back. The heart beat ranged from 165-170 beats min™'. Blood
corpuscles were reddish orange in colour showing the development of hemoglobin, The yolk sac
slowly decreased in mass and only then the larvae could move faster.

The average Total Length (TL) of 2-day-old larvae was 11.5 mm (n = 50); the yolk sac has
reduced in size while the mouth started to develop (Fig. 2¢). The mouth invaginated but closed and
the eye became pigmented. Different parts of alimentary canal such as esophagus, stomach and
intestine began to differentiate even though the yolk sac was not yet completely absorbed.
Melanophores were scattered on the head and few of them can be seen on the yolk sag, tail and fin
fold. The 5-day-old larva was about 12.8 mm in TL (Fig. 2d). A greatly reduced yolk size (b mmin
length and 1.5 mm in width) was observed. More melanophores were observed on the body and eye
disk. Some of the larvae started to swim up. An average TL of 7-day-old larvae was 12.8 mm
{n = H0) with good development of upper and lower jaws and the mouth was completely opened
(Fig. Ze). After yolk diminished, swim bladder was clearly seen. Differentiation of alimentary canal
{esophagus, stomach and intestine) was nearly completed and the larva was able to take exogenous
live foods, such as Artemia.

The melanophores extended from the head along the trunk and concentrated at the base of
caudal fin (Fig. 2e). Caudal, anal and dorsal fins were completely defined (Fig. 2f, g). The average
TL of 14-day-old larvae was 15.5 mm (n = B0), with more pigmentation scattered all over the body
(Fig. 2i) and at this stage it was able to consume crumble fishmeal base feed. The larvae could swim
faster up and down in the rearing tank. An average TL of 21-day-old larvae was 16.8 mm (n = 50);
the growth was slow (Fig. 2j) and melanophores started to disappear and the body
colour become yvellowish. At 28-day-old, the average TL was 17.3 mm (n = 50) with yellowish colour
of the body gradually diminished (Fig. 2k), whilst the average TL of 45-day-old larvae was 2.9 cm
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Fig 2{a-k):

1 mm - nm 1 mm

Early larval development of T. tambroides, (a) First hatched larva at 76 h after
fertilization (HAF), 7.5 mm in length, (b) At 24 h after Hatching (HAH) larva at
10.5 mm long, Blood Vein (BY) appeared from heart to tail, (c) At 2 Day After
Hatching (DAH) at 11.2 mm with Pigment Cells (PC) appeared along the body,
(d) At 5 DAH larvae, 12 mm long, pigmentation increased, Yolk (Y) was
completely absorbed, the mouth was not yet opened and was invaginated, (e) At
7 DAH larva, 12.5 mm long, pigmentation gets dark and the larva start to eat
Artemia, (f) Caudal Fin (CF) line was observe, (g) Swim Bladder (SB) was fully
developed, Anus (A), Anal Fin (AF), Pelvic Fin (PF), Dorsal Fin (DF) and
Vertebral Column {(VC) were observed; (hy Good development of upper and lower
jaws, as well as complete heart (Ht) development, 4) At 14 DAH larva, 15 mm
long, pigmentation was scattered all over the body, () At 21 DAH larva,
pigmentation disappeared and the body changed to yellowish and (k) At 28 DAH
larvae, the yellow body colour gradually diminished. Scale bar = 1 mm
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Fig. 3(a-d): Post larvae and fingerling of 7" tambroides, (a) 45 Day after Hatching (DAH) larva
at 2.7 em long, (b) 90 DAH fingerling at 6.7 em long, {c) 200 DAH fingerlings
at 12.5 em long and (d) 10-month-old fingerlings

{n = £0). At this stage, the larvae started to eat exogenous foods, such as granule pellet containing
H50% crude protein (Fig. 3a). The body scale began to develop, however the notochord and viscera
were still clearly visible.

Post larval development: The average TL and bedy weight of 90 DAH post larvae were 7.2 cm
and 2.4 g, respectively (n = 50). At this stage the post larvae were fed with small granule pellet,
containing 50% crude protein (Fig. 2b). Concentrated pigmentation at the base of the caudal fin
diminished. The body scales well developed covering all parts of the body. The body colour of
fingerlings turns into silver whitish and small dark pigmentation on the scales. The lateral line is
formed. The average TL and BW of 200 DAH fingerlings was 12.3 mm and 24 g, respectively
(n = £0). At this stage, they were fed with 2 mm pellet containing 32% crude protein (Fig. 3c). The
body scales had enlarged. The body scales and fins colour turn darker and more concentrated. The
averages of TL and BW of 10-month-old fish were 13.2 ecm and 31 g, respectively (n = 50). They
were fed with 3 mm pellet containing 32% crude protein (Fig. 3d). At this stage, the fish body
weight increased faster than total length (TL).

DISCUSSION

In this study, the breeding performance of T tambroides females after implanted with Ovaplant
then followed by injection with Ovatide was considerably good. The use of Ovatide showed 78%
ovulation rate which was much better than the previous study by Ingram et al. (2005) with 55%
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of ovulation rate by using Ovaprim on the same species. Similarly in other studies, Ovatide was
found to be more effective and has successfully induced the ovulation in several species such as
Labeo rohita and Cirrhina mrigala as compared to Ovaprim (Dhawan and Kaur, 2004). The use
of sustained release delivery of Gonadotropin-releasing Hormone Analogue (GnRHa), such as
Ovwvaplant, advances final cocyte maturation in 7T tambroides and has improved the likelihood of
ovulation induction (Ingram et al., 2005), Ovaplant has also been successfully applied in a range
of fish species to advance final cocyte maturation, ovulation and spermiation (Mylonas and Zohar,
2001). The release of GnRHa may be sustained for up to 6 weeks in slow-release cholesterol-based
pellets (Goren ef al., 1995). Hence, the effectiveness of Ovaplant and Ovatide were tested in this
study.

To the best of knowledge, this is the first successful attempt to use Ovatide as a stimulating
agent to induced ovulation in filial 1 (F,) generation of T. tambroides and observation of egg and
larval development of filial 2 (F;) generation in a controlled eaptive condition. In this study, filial
2 (F.) generation of T tamboides were successfully produced. The present descriptions of embryonie
and larval development of T\ tambroides are almost similar with other fish, such as Kuropean sea
bass (Dicentrarchus labrax) (Saka et al., 2001), gilthead sea bream (Sparus aurata) (Kamaci et al.,
2008), thin-lipped mullet (Liza ramada) (Mousa, 2010). Duration for the various developmental
stages was different might be due to the kind of species and variation of incubation temperatures
used. It 1s a long established fact that egg development and hatching time are both temperature
dependent. The time required for fertilized eggs to hatch decreases with the increase of temperature
{(Mousa, 2010). In this study, the experiments were conducted under the desirable temperature
range and mostly at the optimum level for Tor tambroides. The fertilized eggs developed and
hatched within 76 h at 25-28°C of water temperature. These conditions were within the range as
those in Ingram et al. (2005) whereby under hatchery conditions that the eggs of T\ tambroides
hatched and developed within 68-82 h at 26-30°C in hatchery conditions.

The fecundity (ranged 260-1200 eggs kg™"), egg diameter before fertilization (2.0-2.8 mm), egg
diameter after fertihzation (water-hardened eggs 2.5-3.3 mm), time to hatching (from 76 HAF) and
the onset of exogenous feeding (7 days) of 7" tambroides in this study were comparable with other
study on 7' tambroides (Ingram et al., 2005) and other Tor species (Nautiyal and Lal, 1985;
Joshi, 1988; Nandeesha et al., 1993; Joshi ef al., 2002; Ingram et al., 2005). Ingram et al. (2005)
also reported that T. tambroides egg diameter before fertilization was 2.20-3.08 mm
(mean 2.69 mm) and after 15 min of fertilization, the eggs swelled up to 20%. The fecundity of F,
generation of T\ tambroides in this study was lower than the wild caught of T. tambroides in
Ingram et al. (2005). The bi-lobed yolk sac observed in T. tambroides embryo is the unique
characteristic of the genus. Similar observation was reported in 7. kudree and T. douronensis
embryos (Kulkarni, 1971; Ingram et al., 2005). The fertilization and hatching rates (80.1-99.9%
and 55-96.4%, respectively) observed in T. tambroides were in accordance with reports of similar
species by Ingram et al. (2005) and other Tor species by Kulkarni (1971), Joshi (1988) and
Ingram et al. (2005). The fertilization and hateching rates in this study were higher than the study
conducted by Ingram et al. (2005) which used Ovaprim as an inducing hormone. All stripped eggs
before fertilization were firm, translucent and pale yellow in colour. Ingram et al. (2005) stated that
the stripped eggs of fish before fertilization were firm and pale yvellow to golden orange in colour.,
The eggs colour can be grouped by Pantone Machine System (PMS) colours and were classed into
three categories which are light (PMS120, PMS127, PMS134, PMS135, PMS1345), medium
(PMS122, PM5129) and dark (PMS130, PMS143) (Ingram et al., 2005). T. tambroides eggs 1n the
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study by Ingram et al. (2005) were ‘dark’ in colour. F, generation of T tambroides eggs in this
study can be categorized as light’ in colour. The translucent condition of the eggs makes it easier
to observe the embryonie development. Ingram ef al. (2005) reported the difficulties to observe a
clear view of embryonic development within 1 HAF.

At the onset of exogenous feeding at 7 DAH, Tor tambroides larvae can readily accept newly
hatched Artemia as their food. However, Ingram et al. (2005) observed that T tambroides larvae
can take exogenous feed (mashed hard-hoiled chicken yolk or artificial diet) within 5 DAH. In other
studies showed that the highest growth rate of T\ putitora larvae was achieved on a natural diet
of planktons compared to artificial diets (Rai et al., 1994; Bista ef al., 2002). At 14 DAH larvae were
given high protein crumble fishmeal in combination with mesh pellet to increase growth rate and
to avoid further contamination from Arternia shells. The fish can accept commercial pellet starting
from 90 DAH of age. Deformities in hatched larvae (18.86%) in this study is considered low
compared to the study conducted by Ingram et al. (2005). The reasons for deformities may be
related to inherited genetic disorders, non-heritable birth defects, physical injury, disease,
chemicals, nutritional deficiencies in broodfish and environmental conditions, including culture
techniques (Bodammer, 1993; Tave and Handwerker, 1994; Leatherland and Woo, 1998,
Ingram et al., 2005).

In this study, growth rate for filial 2 generation of 7" tambroides was low as also reported by
Sehgal (1999) in wild mahseer. The slow growth of T. putitora fingerling, 6-19-23 g in 210 days
and 19-23-44 g to 44 g in 6 months was observed when they were reared in low water
temperature (Bista ef al., 2002). Cement tank condition in closed environment alse may attribute
to slow growing of the fish compare to the pond-reared fish which exposed to natural foods. Growth
rates of pond-reared T. tambroides in the study by Ingram et al. (2005) were consider higher than
the present study which reached a mean weight from 142-179 g (maximum 270 g) in 60 weeks.

CONCLUSION

The successful induced breeding of F2 generation of Tor tambroitdes has been reported for the
first time in Sarawak, Malaysia. Ovatide with 0.5 mL kg™ b.wt. dosage was used to induced
ovulation in the female. This study has sequentially described and illustrated the detailed
embryonic, larval and post larval development of T fambroides under rearing conditions. These
results have contributed to database of early ontogeny of Tor as one of the important eyprinids in
Malaysia and other countries where Tor exist.,
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