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CHAPTER! 

General Introduction 

Marble goby Oxyeleotris marmoratus (Bleeker 1852) (Fig. 1.1 ), is the largest goby fish and a 

freshwater Eleotridae species that has a wide distribution in Southeast Asia (Mohsin and 

Ambak 1983; Robert 1989; Cheah et al. 1994; Rainboth 1996; Inger and Chin 2002; 

Amornsakun et al. 2002; Luong et al. 2005). This fish is also known as "marble sleeper" in 

English, "Soon Hock" in Chinese, "Pla bu" in Thai, "ikan ketutu" and "ikan malas" in Malay 

(Ukkatawewat 1984; Robert 1993; Sadovy and Cornish 2000; Senoo et al. 2001a). It grows to 

50 cm in total length (TL) and 2 kg in body weight (BW) (Mohsin and Ambak 1983; Roberts 

1989; Inger and Chin 2002). There is different population of marble goby due to geographical 

distribution, genetic population and environment history (Ha et al. 2011). 

Marble goby is a freshwater fish with commercial importance in Southeast Asia 

owning to its taste, firm and white flesh and high protein value, it being considered a first 

grade fish (Cheah et al. 1994; Inger and Chin 2002; Amornsakun et al. 2002; Luong et al. 

2005). Marble goby is typically retailing at US$50-60/kg and it is the highest priced of any 

edible freshwater fish in Southeast Asian countries (Senoo 2003a; Lam et al. 2008). It is 

considered to be one of the most promising finfish for aquaculture, especially in Malaysia 

and Thailand (Amornsakun et al. 2002; Luong et al. 2005; Suwanjarat et al. 2005), as great 

international export to countries of Asian origin are made, especially ethnic Chinese, for 

instance China, Hong Kong, Taiwan, Singapore and Malaysia (Suraniranat 1998; Rakbankerd 

2005; Phoomthai 2007). 

Marble goby is also a good candidate species for research as they have several 

biological advantages for culture (Leatherland et al. 1990; Jow et al. 1999; Sayer 2005; 

Masaya et al. 2006). For instance, they remain motionless and require only to be kept a little 

moist during live transportation, thus only minimal use of water and oxygen is required 

(Rakbankerd 2005). Besides, marble goby also appear to be able to detoxify endogenous 

ammonia to glutamine in the muscle that reducing endogenous ammonia production and 

excretion (Jow et al. 1999). Other studies on marble goby were about fish culture (Tan and 

Lam 1973; Cheah et al. 1994), rearing conditions (Abol et al. 2005), growth and feeding 

performance cultured in re-circulating aquaculture systems and also effects of different diets 

on growth and survival rate of larval stages (Liem et al. 2001). 
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Fig.1.1: Marble goby Oxyeleotris marmoratus, a mature female (453 g in body weight, 

30 cm in total length). 

Since 1970s, governments of Malaysia, Thailand, Vietnam, and Indonesia have 

encouraged marble goby culture (Senoo et al. 1994a; 2008). Marble goby culture generally 

relies heavily on seed collection from the wild (Brohmanonda and Thanakumcheep 1983). 

Over the last 30 years, wild resource of marble goby has decreased drastically due to 

overfishing (IkenoPe 1991; Senoo et al. 1992; Senoo 2006) and this has also affected fish 

farmers who require a steady fish seed supply. Therefore, the insufficient and umeliable 

supplies of marble goby seeds became the main constraint to the marble goby culture, so 

culture as a limited scale (Tan and Lam 1973; Ang 1990; Senoo et al. 1993a, 1993b; Senoo et 

al. 1994a, 1994b; Senoo et al. 1997). 

To meet this demand and to protect wild resources, artificial techniques for seed 

production have been developed. However, there is limited information available, especially 

for early life stage of this species. In 1990' s, mass seed production techniques had yet to be 

established due to high mortality during early larval stage (Tavarutmaneegul and Lin 1988; 

Ang 1990; Senoo et al. 1994a, 1994b). In West Malaysia (Peninsular Malaysia), Senoo et al. 

(1994a, 1994b) described egg development, hatching, and larval development of marble goby 

in freshwater (FW), and have reported behavioural changes of the larvae. However, in East 

Malaysia (the State of Sabah), high larval mortality presents a significant obstacle for the 

successful larval rearing of this species. In 2008, marble goby seeds were reported to be 

successfully produced by increasing the salinity from FW to 10 psu diluted seawater (SW) 

after the larvae hatched (Senoo et al. 2008). They concluded that 10 psu SW was necessary 

for effective larval rearing during the first 10 days. In their experiment, eggs were incubated 

in FW and hatched larvae were transferred and reared in 10 psu. 

However, whether incubation of the eggs in elevated salinities would lead to higher 

hatching success remains unknown for marble goby. Generally, development and growth of 
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丘Sh take place f0ⅡOwing charactedstic steps for each species and more or less directly under

Contr01 0f environmental factors. Fish are dependent on internal and external (ec010gicaD

factors,工Vhich control and synC11ronize many activities and 員lnctions, including development

and growth capaciw (Boeuf and payan 20OD. The ec010gical factors classify into limiting

factors and detennining factors, which this study highlighted for marble goby seed

Production. The determining fact0犯 include temperature and salinity, which act directly to

growth and suNival(Boeufand payan 20OD

1、.1nong the ec010gical factors, salinity is specific to the aquatic environment. several

Studies have demonstrated the inauence of extemal salinity on egg development,1aNal

growth and suNivalin teleostfish (Blaxter 1969; suresh and Lin 1992; Likongwe et al.1996)

Unfavorably high salinity increased embryo m0此祉ity and decreased body length at hatching

in other 丘eshwater 丘Sh such as ulapias and catflshes (vetemaa and saat 1996).1nterestingly,

Previous studies (senoo et al.2008) showed that marble goby larvae could suNive in saline

工Vater even thoU8h it is a 丘eshwater species. Many juveniles stay intermediary salinities,

Which aa'ected their suNival and growth including marble 号oby (Blaxter 1969; Darwis et al

2008)

近大水研報 14号 ( 20 14 )

Beside salinity, temperature is one ofthe most decisive factor ofaⅡ the environmental

Conditions affecting 丘Sh eggs and laNae (Kamler 2002). Eggs and laNae are the most

Vulnerable stages in the development, especia11y susceptible to temperature changes (Brett

1970} Luczynski and Kolman 1987). previous studies showed that lethaltemperature to the

eggs,1aNae and adult of 丘eshwater fishes in tropical region can be fbund even in only 2゜C

ra11ge (Nlanson andNoble 1964; subasinghe and s011血eNi11e 1992)

The effects of salinity and temperature must be considered when developing fish

Culture (Boeuf20ob, which essentia11y aims to produce 丘Sh laNae ofthe best quality atthe

most economical cost. This requiresjudicious and care611 Use ofec010gical factorsto provide

Products of consistent quality.1n conclusion, fbr succesS員'11 fish eggs incubation and larval

rearing, proper management of 杁later quality parameters is required, as they are cNcial for

eg今 and laNalsuNival

Yet, there is limited information concerning the eaect ofsalinity and temperature on

egg development, hatching and laNal suNivalin marble goby. Thus, in an attempt to

improve seed production techniques, a series of experiments were carded out to determine

the optimum salinity and temperature for e号g and laNalsuNival ofmarble goby

There were t11ree main experiments in the study. First parameter study, the salinity

e丘'ects on marble goby eggs were detennined, comparing among FW',5,10,15,20 and 30
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PSU S、入1. salinity ea'ects were performed to quantify total hatching and laNal deformation

(chapter 2, section D. Then, the hatching period and laNal suNival of marble goby eggs in

FXN and lo psu S叉N were compared to determine the optimal salinity (chapter 2, section 2)

and egg development in F叉N' and lo psu S叉入1' were obseNed (chapter 2, section 3).1n the

Chapter 3, diaerences of laNal suNivalin F叉N and lo psu were determined. second

Parameter study, temperature ea'ects on egg development, hatching and larval survival were

Compared at 24,26,28,30 and 32゜C (chapter 4)
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2.11ntroduction

In w'est Malaysia (peninsular Malaysia), senoo et al.(1994a,1994b) have described

egg development, hatching and larval development of marble goby in F、N and have

reported behavioural changes of the laNae. However, in East Malaysia (the state of

Sabah), high larval mortality presents a signiflcant obstacle for the succesS員.111aNal

rearing ofthis species. senoo et al.(2008) succesS6.111y produced marble goby seeds by

increasin8 the salinity 負'om FW' t0 10 PSU SW' a丑er the laNae were hatched. They

Conduded that lo psu S叉N was necessary for effective larval rearing during the first lo

days. However, it remained unknown whether incubation of the eggs in elevated

Salinities would leads to higher hatching success

Developed embryos and newly hatched laNae are the most 負'agile and delicate

Ofthe stages in the life history of a fish. Therefore, great care must be taken to provide

them with the properincubating and hatching environment. There is Hmited information

Conceming the effect ofsalinity on egg development and hatching in this species. Thus,

in an attempt to improve seed production techniques, a series of experimentS 工N'as

Canied outto detemline the optimum salinity forincubation ofmarble goby eggs

14号

CHAP1豆R2

( 20 1 4 )

2.2 Materials and methods

2.2.1召roodjish n1α光αge抗e,1t

The experiments were conducted at the centre of c0Ⅱaborative Research in

Aquaculture (universiti Malaysia sabah-Kinki university), sabah,入lalaysia during

September to odober,2010. Twenty female and 30 male of brood fish with body

Weight (B田 259.9 士 52.7 g and 307.5 士 7フ.9 g (mean 士 SD) were c011ected 丘om a

river in the penampang area (Fig.2.D. Female and male fish were separately reared for

丘Ve months in F、N in l,00O L ofhigh densiw polyethylene tanks (1.5 m diameter x o.6

m deep).1hey were fヒd with ftesh flsh (sardiπe11α SP、) until satiation at two days

inteNals. W"ater temperature, dissolved oxygen (DO) and pH ranges ofthe brood fish
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tanks were 26.2-30,8゜C (28.4 士 2.5)゜C,6.8-8.2 (フ.7 士 0.5) mgL aod 7.3-8.5 (8.0 士 0.5),

respectively (mean 士 SD)
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2.2.2 五χPeガ抗eπt l.1 Deter抗iπaガ0π qf the oPガ抗alsaliπi砂 jor egg iπCuhaガ0π qf

抗αrhle gohy i光 F1少; S,10,1S,204,1d30PSιι S11'

2.2.2.1 五gg c011eCガ0π

The aim of this experiment was to determine the optimum salinity for hatching of

marble goby eggs. Fertilized eggs were obtained 丘om a pair of sexua11y mature brood

丘Sh (female,265 勗 male,280 g) using the method described by senoo et al. a993b)

The female was injected intramuscularly with human chorionic gonadotropin (profasi,

Laboratodes serono, switzerland) with the dosage of l,000 IU/kg B、N (senoo et al

1993b; seno020ola,2003a,200の. At t11ree days post・injection, approximately 20,000
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eggs were c011ected from a natural spa工Vning with a fedilization rate of

fe丘ilized eggs measured l.84 士 0.03 and o.64 士 0.02 mm (mean 士 SD,π

10ng and short axes, respectively, and weighed l,668 eggs/g (π=3)

2.2.2.2111Cuhαガ0πα,1d ohserναti0π

Eighteen 7 L transparent tanks (1ength, wid血, height; 18 × 26 × 17 Cm) were prepared

forincubation. They were divided into t11ree goups ofsix tankS 丘11ed with either F叉N or

SX八l diluted to a range of salinity 5,10,15,20 or 30 PSU. salinity was adjusted by

mixing 61tered seawater with aged dechlorinated tap water and measured using a hand

re丘actometer (H・50, ATAGO, Japan), precalibrated W北h disti11ed water. The prepared

工Vater waS 負ltered t11rough a 40一μm mesh plankton net

One hundred eggs contained in a 9・cm diameter petd dish were placed into each

Ofthe incubationtanks. Hatched larvae were removed and counted each day forsix days

The removed laNae were observed with an optical microscope and the number of

deformed individuals was recorded. Total hatching rate was defined as the percentage of

Stocked embryos that hatched. The deformation rate was the percentage of de血rmed

IaNae with a bent notochord among the hatched laNae

近大水研報 14号 ( 20 14 )

2.2.3 Expeガ,11e,1t l.2 Deter版iπaガ0π qf the oPガ1↑1αI saliπiり, jor egg iπC1ιhaガ0π qf

抗arhle琴ohlhetweeπ Flpa,1dlopSιιSIP

2.2.3.1 五gg c011eCガ0π

Based on the results of experiment l.1, hatcMng time, hatching rate and laNal

deformation rate ofm雛ble goby were compared between FW' and lo psu sw'. To obtain

eggs fedilized at a hlown time, eggs were c011ected by stripping and were fe此ilized

arti丘Cia11y. Fe此ilized eggs were obtained 丘'om six pairs ofbrood fish (females,287.5 士

フ.6 g BW,24.2 士 2.9 Cm TL; males,307.5 士 14.1 g BW 28.8 士 1.o cm TL, mean 士 SD)

f0110wing hormone injection, as described above. At t11ree days post・injection, ovulated

eggs (approximately 15 呂) were stdpped 丘om the female. stdpped eggs measured o.89

士 0.04 mm and o.64 士 0.03 mm (mean 士 SD,π=6) in the long and sh0此 axes,

respectively, and weighed l,675 eggs/g (π=6). Milt wasthen stripped 負'om the male and

mixed with the eggs in FW'in a 250 ml' b0此le previously coated with vaselineTM to

Preventthe eg部丘om clumping (seno020ola,2003a,2006)

95%. The

2の in the
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2.2.3.21,1C記hati0παπdohserpaガ0宛

In each trial, approximately 25,ooo fertilized eggs were randomly deposited on two

rectangular wooden・丘amed nets(30 × 38 Cm)負tted with plankton gauze (250、μm mesh)

and were incubated in F叉入10r lo psu sw'. Forthe incubation, two aquadum tanks (60 X

39 × 36 Cm,70 L; Fig.2.2) were prepared with a 丘ltering system. one ofthe wooden、

丘amed nets was aoated on the water surface of each tank and aerated at a rate of 500

111がmin. A11 electric he飢er was insta11ed in each tank to maintain the temperature at 28、

29 (28.5 士 0.05)゜C (mean 士 SD). Eggs were incubated under natura11ight conditions

For determination ofthe hatching time and hatching rate, a11 hatched laNae were

removed and counted every 12 hourS 丘om 24 t0 144 hours a丘er fertilization (hAF)

Hatching rates and deformation rates at each observation time were deten11ined as

Previously described. To compare laNal survivalin the two salinities, aⅡ lalvae were

transfened t07 王transparenttanks(18 × 26 × 17 Cm) once they were hatched (24 t0144

hAF) and reared into FW' and lo psu S叉N unti110 days a丑er fenilization (dAF)(senoo

et al.2008), recording m0此ality daily

The experimentS 工Nere repeated six times under the same experimental

Conditions using din'erent eg号 batches. During the obseNation period, water

temperature, Do and pH were recorded at 06:oo and 18:oo h.1n F研lthe ranges were

28.2-29.0 (28.3 士 0.3)゜C,フ.2-フ.8 (フ.5 士 0.2) mgL and 7.4-8.2 (フ.8 士 0.3); and m lo psu

Sw they were 28.1-29'0 (28.3 士 0.2)゜C,フ.0-フ.6 (72 士 0.2) mgL and 7.2-8.3 (フ.8 士 0.3),

respectively (mean 士 SD). For lo days laNal rearing, water quality recorded; 27.8、

29.0゜C (28.2 士 0.5)゜C,6.6-フ.8 (フ.2 士 0.4) mgL and 6.6-8.0 (フ.6 士 0.4) of pH in FW;

28.0-29.0゜C (28.2 士 0.2)゜C,6.8-フ.9 (フ.4 士 0.5) mgL and 6.6-82 (フ.8 士 0.3) in lo psu

S＼入1, respectively (mean 士 SD).The egg development and hatching were obseNed

repeatedly; however, the resultS 工刃ere similar to the obseNation made during incubation

So this study mainly showsthe incubation results

Ngゆgsiewhlg:マーブノレゴビー0り,ele0かiS抗αr挽orat加種苗生産における初期生残率向上
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Air supplY

Fi留.2.2:111Ustration showing the set of incub飢ion tanks and the 丘ltering system

Two sets of incubation tanks were prepared for egg incubation in 丘eshwater (FXN')

and lo psu diluted seawater (S圦1). A, incubation tank; B,丘lter tank with stone 丘lter;

C, wooden、丘ame net, D is magnification ofc; D, magnification ofc. Each tank was

負11ed with 70 L water, aerated at a rate of 50o mL/min and maintained the

temperature at 28.5 士 0.05゜C (mean 士 SD) with electric heater (100 圦1). Eggs were

dangling 丘om the net(D)

、,」

D

Waterin

゛

2.2.4 五'即e,i抗eπt l.30hserναti0πψ'egg develoP抗eπt qf'n1αrhle gohy i,1 F1チ'ahd lo

PS1ι S1チ'

2.241入10lph010giCα1απdse,1Soly orga光 ohserναガ0,10π egg depelopnleπt

Eggs fiom experiment 12 Were used for obseNations on development. Approximately

20 eggs each f王om the F圦l and the lo psu S圦ltanks, were transfened to a petri dish

With some of their water and observed under an optical microscope 伍Clipse E600,

Nikon, Japan) at every minute to obseNe the division ofce11S up to m0川la stage, at 15

minutes inteNals for 24 hours (moNla stage to embryo ready to hatch) and then every

12 hours unti1120 hAF. Each developmentalstage wastimed and photographed with a

digital camera (Digita1600, olympus). Development of the embryonic sensory organs

Was assessed using a scanning electron microscope (SENI)σS入1-5610, JE01,, Japan)

For the sEM obselvations,20 eggs each 負'om both waters were sampled at 12 hours

inteNalS 丘'om 24 t0 144 hAF and preseNed in lo% buffered formalin for one month

The egg membranes were peeled off using micro-t工Neezers and the embryonic parts
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Were processed by dehydration and gold sputtering for sEM obseNation (senoo et al

1994a; Kawamura et al.2003)

2.2.42 C0呪πガπgψ'hatchiπgg1απdS 化11Sf翌'G0 πU抗h'お

For observation of HGC, ten eggs ftom both waters were sampled randomly and

deposited on a petri dish 工Vith some water. A pr0負le projector (N質tutoyo, PJ・3000) and

an optical microscope (Nikon, Eclipse E600) with a digital camera (olympus,

D培ita1600) were used forthe obseNation. HGc numbers were counted using an analog

hand ta11y counter (mode1 7655, canada) at 24,48,72,96, and 120 MF under an

Optical microscope. The hatching gland ce11S are distdbuted on the outer surface and

Visualized as dense giant ce11S on the embryonic head, yolk sac and embryonic body

Under an optical microscope. HGc also identifled before hatching by means of a light・

microscopic immunocytochemical method 但iroiet a11999)

2.2.s staガSガCα1α,1a4,sis

Total hatching rates and deformation rates were compared between salinities by one・

Way analysis ofvariance (ANOVA) f0110wed by a Tukey's honest significance different

(HSD) test (experiment l.1) or itest (experiment 12). To examine differences in the

hatching period between two groups, repeated-measures ANOVA was used. Kaplan-

Meier suNival probabilities were computed for experiment l.2 and the differences in

IaNal suNival between F圦l and lo psu S圦I were tested using the log・rank test. A11

Statistical analyses were canied out using JN佃 Version 8 (SAs lnstitute, USA) and

Spss statisticS 17.O S0介W釘e (田M C0印., New YorK USA)

2.3 Result

2.3.1 五χPeガnleπt l.1 Deter"1iπαガ0光 qf the oPガ抗alS41iπiり,jor egg iπCιιhaガ0π qf

抗arhle宮ohy ih F11; S,10,15,20 απd30PSU S1チ'

2.3.1.1Rates ql!'hatchiπg aπddd'orh1αガ0π

Salinity signi丘Cantly affected the hatching rate of marble goby (ANOVA, F4,ル= 66.2,

Tukey'S HSD test, Pく0'05).1he highest hatching rate was observed in lo psu sw (60.0

士 2.0%), f0110wed by FW (44.7 士 5.0%),5 PSU SW (44.3 士 5.5%) and 15 PSU SXN'(37.0

士 6.2%) with the lowest mte at 20 PSU SW (3.0 士 1.フ%, mean 士 SD). No hatching
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Occurred in 30 PSU S、N (F培.2.3). salinity also affected the occunence of laNal

de血伽ation (ANOVA,凡,m = 27.4, Tukey'S HSD test, Pく0.05). N11aNae that hatched

in 20 PSU S叉入I were deformed and died within t11ree days. The defonnation rate was

10wer in 15 PSU SW (49.6 士 1.9%), f0110wed by FW (33.1 士 3.9%) and 5 PSU SW (29.1

士 2.8ツ0, mean 士 SD). The deformation rate m lo psu sw (11.1 士 2.4%) was

Significandy lower than at a110ther salinities (Fig.2.4)

近大水研報 1 4号 (2014)

100

80

60

15 20105 30

Salinity 印SⅡ)

Fi琴.2.3: Total hatching rates ofmarble goby eggs incubated in Fw and in 5,10,15,

20 and 30 PSU S圦7 (meanS 士 SD,元=3). Different letters above each bar indicate

Significant differences between treatments (ANOVA, F4,10 = 66.2, Tukey'S HSD test,

Pく0.05)
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重ig.2.4: Deformation rates ofmarble goby laNae hatched in FXN and in 5,10,15,20

and 30 PSU SXN (meanS 士 SD,元=3). Different letters above each bar indicate

Significant difference between treatments (ANOVA, F4,10 = 27.4, Tukey'S HSD test,

1)<0.05) and ND shows no data
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2.3.2 ExpeJイ抗eπt l.2 Deter抗iπa稔'0π qj!'the ιψが肌41Sali陀iりナfor egg i,1Cιιhaガ0門^

抗arhlegohy hetweeπ FIPαπdlopSιι S"'

2.3.2.1 Rates qf" hatchiπg, dcj!'or肌ati0πα,1d1αrl,αIS郡rljival

As shown in experiment l, egg hatching and laNal deformation rates were improved in

10 PSU SW' relative to F叉N. The mean hatching rate of eg8S incubated in lo psu sw

(70.1 士 B2%) was signi丘Cantly higher than 血 FW (523 士 12.5%; t 2.40, P

0.0376) and the overaⅡ laNal defbrmation rate was signi丘Cantly lower in lo psu S叉N

(4.8 士 4.4%)than in FW (26.8 士 11.6%, mean 士 SD;t = 4.37, P = 0.0014)(Fig.2.5)

Ng卿gsieW血g:マーブノレゴビー0り,ele0かiS抗α肌0欺i加種苗生産における初期生残率向上
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貫ig.2.5: Total hatching rates (independent・samples t・test, t =・ 2.40,1)= 0.0376) and

defbrmation rates(t = 4.37, P= 0.0014) ofmarble goby eggsincubated inFW' and in

10 PSU S圦1(meanS 士 SD,元=の. Different letters above each barindicate a significant
difference between treatments

a

20

100
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80

The repeated・measures ANOVA showed a significant effect of the interaction

between time and salinity on hatcMng time (FI,1/8 = 0.568, P = 0.037), indicating a

difference in the hatching pedod between the groups (Fig.2.6). Hatching was

Commenced between 24-36 1し、F in both groups and the eggs hatched in lo psu S訊1

Were more rapidly than those in F圦1.{n FX入1, hatcling was occuned 丘om 24 t013211AF

(ANOVA,凡,づ0 = 19.5, Tukey'S HSD test, Pく0.05). The total hatching rates were

Signi負Cant higher during 60-72 and 72-84 MF 四7 士 3.8% and lo.6 士 3.4%), f0110wed

by a relatively constant rate of hatC11ing during 36-48,48-60,84-96 and 96-108 11AF

(4.8 士 2.4%,8.1 士 2.6%,8.8 士 2.0% and 7.0 士 2.6%, respectively), and then

Signi負Cantly lower during 24-36,108-120,120-13211AF (0.7 士 0.4%,2.0 士 0.9% and

60
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b
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0.7 士 0.8%, mean 士 SD, respectively). of the eggS 血at hatched in lo psu sw,

Signi丘Cantly higher hatched in the period during 48-60 and 60-72 MF (ANOVA,凡,5。

98'5, Tukey'S HSD test,四く0.05,33.1 士 5.6% a11d 18.2 士 4.596), f0110wed by 36-48,

72-84 and 84-96 11AF (フ.6 士 2.4%,フ.3 士 33% and 3.0 士 1.8%, mean 士 SD,

respectively). The hatching rate gradua11y declined, significantly l0工刃er during 24-36

hAF (0.8 土 0.3%) and n0 釦此her hatching was obseNed beyond 96 hAF in lo psu sw

近大水研報 14号
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Fi琴.2.6: Total hatching rates of marble goby eggs incubated in FX入1 (white bar;

ANOVA,凡,%= 19.5, Tukey'S HSD test, Pく0.05) and in lo psu sw (black bar;

ANOVA, F9,50 = 98.5, Tukey'S HSD test, Pく0.05,) in different time inteNals in

hours a丘er fertilization (hAF). Results are expressed as the meanS 士 SD (元=6). The

repeated・measures ANOVA also showed a significant effect of the interaction

between time and salinity on hatching time (FI,1/8 = 0.568, P = 0.037)

、D イ、 V3 曹知 b、9 や, O S>゛'
'島,、,.0＼、

Defonned larvae (Fig.2.フ) were clearly obseNed a丑er 7211AF in both waters

InFW, a110fthe larvae that hatched during l08-132 hAF were defbrmed and eventua11y

died on the ta11k b0札om (ANOVA, F.,心= 46.5, Tukey'S HSD test, Pく0.05), f0110wed

by 84-96 and 96-108 hAF (44.7 士 33.2% and 72.8 士 20.フ% of total hatchin号 rates at

each period; Fig.2.8), then 72-84 hAF (21.8 士 6.9% of total hatching rates),

Signi丘Candy lower at 60-721L、、F (2.2 士 5.4% oftotal hatching rates, mean 士 SD) and no

deformationwere obseNed 丘'om 24t060 hAF
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Ng卿lgsiewhlg:マーブノレゴビー0抑、,ele0かiS抗a加orat砺種苗生産における初期生残率向上

Fi套.2.フ: Defbrmed laNa of marble goby immediately a丑er hatching at 96 1Lヘ、,F in
FW. scale bar,0.5 mm

The highest deformation rate forthe larvae in lo psu S叉N waS 48.4 士 322% of

total hatching rates, which was obseNed in the inteNa184-96 hAF (ANOVA, F5,30= 4.0,

Tukey'S HSD test, Pく0.05), f0110wed by 72-84 hAF (23.8 士 382% of total hatching

rates), significantly lower during 60-72 hAF (1,8 士 4.5% oftotal hatching rates, mean 士

SD), and no deformation were observed 丑'om 24 t060 IL、.F (Fig.2.8)
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更ig.2.8: Deformation rates of marble goby laNae hatched in FW'(white bar;
ANOVA,凡,'= 46.5, Tukey'S HSD test, P く 0.05) a11d in lo psu sw (black b笹;
ANOVA, F5,3。= 4.0, Tukey'S HSD test, P く 0.05) in differenttime intervals in hAF
Results are expressed asthe meanS 士 SD (π=6). ND shows no data
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In both groups, the laNae that hatched in later periods tended to have higher

deformation rates. At lo dAF, the laNal suNival rate in lo psu S叉入I waS 52.7 士 20.1%

ND
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(mea0 士 SD), while almost aⅡ 1御ae were dead by 9 dAF in FW (Fig.2.9). Kaplao・

入leier survival analysis indicated that there was a significant difference in suNival

between the two groups(Pく0.00OD
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Fi琴.2.9: SUNivalrates ofmarble goby reared in Fw and in lo psu sw for lo dAF

Results are expressed as the meanS 士 SD (π=6). Kaplan-Meier suNival analysis

Showed significant different ofsuNivalrates in lo dAF (1)<0.000り

20

0

2.3.3 Experinle11t l.30hserναガ0πψ'egg del,eloP1宛e,1t ψ'叛αrhle gohl iπ Flpaπd lo

PSU S11'

2.3.3.11、10lph010gicalohserναガ0110π egg de',elopnle,1t

Egg morph010gy was developed similarly in F圦land lo psu sw', asshown in Table 2.1

This resU丘 Showed there is no salinity effects towards the egg development obseNed

Underthe condition ofthe present study in both waters. soon a丑er fertilization, the eggs

elongated along their vertical axis and were suspended below the plankton nets. At l

hAF, the mean dimensions ofthe eggs in FW' were l.85 士 0.04 and o.65 士 0.03 mm in

10ng and short axes, respectively and,in lo psu S圦lthe dimensions were l.87 士 0'06 by

0.66 士 0.03 mm (mean 士 SD). Fe此ilization rates atthe 2・t04-ce11Stages were 99.0% in

bothFw and lo psu sxv

Two t0 16・ce11ed sta号es were obseNed in l hAF, f0110杁led by the m0川la,

blastula, and gastNla stages. At approximately 9 hAF, embryos had formed in eggs in

FW' and lo psu sw.1n both waters, embryos began to fonn at around 911AF with the

agrippa condition (Fig.2.10). Hatching was commenced at 24 hAF. Hatched laNae
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Were developed coincide asthe embryo developed in both waters. At 36 hAF, hatching

Was occurred similarly, as shown in Fig.2.1上 however, a丘eNard, eggs in lo psu sxu

hatched more rapidly than those in FW'. overthe whole embryonic stage, embryosin lo

PSU SW' were obseNed to move more actively, to vibrate and twist within the egg,

Compared to those in FN入1

Table 2.1: The time course ofegg development ofmarble goby incubated in 6'eshwater

(FW') and in seawater diluted t010 psu diluted seawater (S入N')

Ng卿lgsiewhlg:マーブノレゴビー0xyeleotriS形α加0地加S種苗生産における初期生残率向上

E

T工入70-ce11ed stage
Four-ce11ed stage
Sixteen-ce11ed stage
1、10rula sta8e
Blastula stage
Gastrula stage
Blastopore nearly closed
Embryo formed
Five-myomeresf0血ed
Kupffer's vesicle appeared
Optic vesicle appe釘ed
Tailseparated 丘'om the yolk sac
Otocyst vesicle appeared
Head 飴rlned

Lens and heart formed

Embryo commenced moving
First hatcbing commenced
Embryonic tail elongated
Embryonic mouth formed
Eyes commenced pigmen仇tion,
Veside ofair bladder formed,

Olfactory pit opened,
丘ee neuromast工¥ith cupulae obseNed
Eyes deeply pigmented
Embryonic pectoralfin formed,
tail elongated 加 the head in FXヘ1

Egg membranetransformed by developed
embryonic head 加FW

Develo mentalsta es FW

00:24

00:42

00:51

02:30

04:15

05:00

08:00

09:00

10:15

11:30

1230

B:00

14:30

15:00

17:15

20:15

24:00

36:00

48:00

60:00

10

00:22

00:40

00:49

02:30

04:15

05:00

0&00

09:00

10:15

1130

12:30

B:00

1430

15:00

17:15

20:15

24:00

36:00

4&00

60:00

S叉NSU

ObseNation was done at every minute to obseNe the division of ce11S up to m0川la

Stage, at 15 minutesinteNals for 24 hours(m0川la stage to embryo ready to hatch), and

then every 12 hours unti1 120 hours a丑er fedilization (hAF). The time showed at each

egg developmentalstage wasflrst obseNed

72:00

96:00

120:00

(End of
hatching)

72:00

96:00

(End of
hatching)
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Fi容.2.10: NⅡCroscopic photographs showing changes of m0印h010gical egg
developmentin FW'(above) and lo psu sw'(below). Embryos developed similarly
as agdppa condition. scale bar,0.51mn

6011AF 7211AF 9611AF 12011AF

'〒砥
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4811AF

.、

鯵

170 ・
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'

Fi留.2.11: LaNae ofmarble goby immediately a丑er hatching at 3611AF in both FW
(above) and lo psu S圦1(below), hatching characte負Stic were similarly. scale bar,
0.51ml
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Ng血gsieW五lg:マーブノレゴビー0りele0かiS形4功10rat加種苗生産における初期生残率向上

2.3.3.2Hatchiπgg1α光dce11S 但'GO

The appearance ofHGc was first obseNed on embryonic heads at 24 hAF (Fig.2.12),

and hatching commenced. Therea丘er, HGc numbers increased and peaked 丘om 48 to

7211AF, and then decreased up to the end of hatching in both waters. change ofHGC

numbers are shown in F地.2.13. signiflcant ditferences were not obseNed between FW'

and lo psu S叉Ⅳ. At 3611AF, HGc were clearly obseNed under the optical microscope

(Fig.2.14). HGc were observed only in the upper pads ofembryos, especia11y on heads

(F電S.2.12 and 2.14)

Fig.2.12: The immunoauorescence image showing appearances of hatching gland
Ce11S (HGC)(green dots) were first observed on embryonic heads at 24,48 and 72
hAF. scale,0.1 mm
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Fi套.2.13: changes ofmean numbers ofhatching gland ce11S(HGC) ofmarble goby
incubated in F叉N and lo psu S叉N (mean 土 S.D.,π=10)
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Fi套.2.14: NⅡCroscopic photograph (1e丑) sh0圦ling the upper part of embryo of
marble 合oby at 36 11AF in F圦1.ⅡIustration (dghり Showing position of HGc with
black dots (1e,11mer ear; L, Lens; YS, Yolk sac). scale bar,0.1 mm
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Ng卿lgsiewhlg:マーブノレゴビー0り,ele0かiS柳の形orat加種苗生産における初期生残率向上

2.3.3.3 五抗hl)j0πic seπSO,), orga,1S

Sensory organs developed similady 血 both F叉入land lo psu sw eggs (Table 2.D. N入lhen

hatching commenced at 27 11AF, embryonic eyes were unP地mented but lens and otic

Vesicles were already apparent (Fig.2.15), while both laNae have not open mouth and

anus, and aoated in water column.1n both F叉入l and lo psu S圦l eggs, fiee neuromasts

(FNM) with cupulae were obseNed on the embryonic head at 60 hAF (Fig.2.16). Eye

Pigmentation commenced at 60 hAF and eyes were deeply pigmented at 7211AF in both

F叉N and lo psu sw' eggs.1n both waters, embryonic developed inner ears and olfactory

Pits opened at 60 ILヘ、F. At 781Lヘ.F, mouths opened and pectoralfins were obseNed. At

96 hAF, opened mouth had occurred and some hatched laNae developed an air bladder

負Ⅱed with air and commenced active swimming in both waters (Fig.2.17). Embryonic

丘ee neuromast and cupula, and olfactory epithelium with ciliated receptor ce11S in the

Olfactow pits at 120 MF in Fw wererecordedby sEM (Fig.2.18)

^

,、

途
A

Fi琴.2.1S N質Croscopic photograph showing the embryonic eyes of marble goby
(A) were un・pigmented and otic vesicles (B) were apparent at 2711AF in F、N. scale
bar,0.5 n血
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Fi套.2.16: Microscopic photograph (1e介) showing the appearance of 丘ee
neuromasts (FN入1) with cupulae on an embryonic head ofmarble goby at 60 hAF
in FW'.111Ustration (righり Showing the positions of the FNM (black arrows) and
Cupulae (WMte arrow). scale bar,0.1 nml
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Fi容.2.17 入licroscopic photograph showing marble goby larva developed an air
bladder f111ed with air and commenced active swimming at 78 11AF in F圦1(A,

メ、、nus; Ab, Air bladder; Ey Eye; 1e,1rmer ear; 1n,1ntestine; Lj, Lowerja工V; og, oil
globule; OP, olfactory pits; YS, Yolk sac). scale bar,0.111血
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Fig.2.18: scanning electron micrographs showing the FNM with sensory hair ce11S
On the head (A) and FNNlwith cupula (CU) on the embryonic head (B), olfactory
epithelium (oe) xvith ciliated receptor ce11S in the olfactory pits of marble goby at
12011AF in FW.

＼ 角喜

Nlt11rough the obseNation, no differences were seen in the development of sense

Organs between un-hatched embryos and hatched larvae ofthe same age in both waters

(F地.2.19). The development of embryonic taste buds was not obseNed in the present

Study
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Fi琴.2.19.入licrographs of an un・hatched egg (upper) in FW' and a laNa (10wer) in
10 PSU S圦10fmarble goby at 12011AF. The larva commenced feeding atthistime
and a rotifer provided as food is visible in the intestine (white an0工¥). A, anus; Ab,
air bladder; Ey, eye; Fn,丘ee neuromast; 1e, inner ear; hl, intestine; Lj,10werjaw;
Og, oil globule; OP, olfactory pits; YS, yolk sac. scale bar = 0.5 卿n
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The present study showed clearly that sa1血ity did not e丘'ect to egg development

Obselved under the condition of the present study but had signi丘Cant ea'ects on egg

hatching and laNal deformation ofmarble goby. Egg hatching occurred within a wide

Salinity range,丘om FW't020 PSU S、N. However, the eggs died in 30 PSU SW' and a11

IaNae that hatched in 20 PSU SW' were deformed and died within t11ree days. previously,

high salinity has been shown to delay hatching or in some cases, to cause precocious

hatching, and also to cause malformations and death of fish eggs (vetemaa and saat

1996; Albert et al.2006). For marble goby eggs hatched into viable laNae at salinities

Of 15 PSU SW' or lower. Genera11y, their natural habitat rangeS 丘om 丘'eshwater to

brackish environments including canals, rivers, reseNoirs and swamps (Robed 1993;

Rainboth 1996). However, there is lack information of distributional environments of

Spa工¥ning and larval stageS 血 natural water body.1nterestingly, despite the inhabited in

FW' and brackish environment, incubation ofthe eggs in lo psu S叉N provided the best

Outcome,i.e., signi6Cantly Mgher hatcMng rate (60.0 土 2.0% and 70.1 土 132%) and
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10wer deformation rate al.1 士 2.4% and 4.8 土 4.4%, mean 土 SD)than those in F叉N

in experiment l.1 and l.2

On doser comparison of the F圦l and lo psu sw' incubation it appeared that the

hatching period is a key factor aa'ecting embryo deformation. The deformation rate

increased when egg hatching was delayed beyond 72 1L、.F, which coincides with the

time of eye pigmentation. The majority of the eggs in lo psu S圦l hatched before 72

hAF and the deformation rate was relatively low. on the other hand, approximately

66.5% oflaNae in Fwthat hatched between 72-841し、F and 84-9611AF (44.7 土 33.2%

and 21.8 土 6.9% oftotal hatching rates) were deformed, while almost a11that hatched

more than 96 hAF were deformed. This is consistent with previous studiesthat showed

"1ate hatching" results in hi号h laNal mortality (senoo et al.1994a; seno0 20olb,

2003b). Few studies have examined the problems ofdelayed hatching. For marble goby

hatching laterthan 721L、、F, was considered to be delayed. This information could be of

Practical value for checking the incubation conditions during seed production ofmarble

goby. obseNation ofeye pigmentation could also be used to indicate whether hatching

Was delayed, with an expected low laNalsurvivalin eggs hatched a丑erthe appearance

Ofdeep eye pigmentation

At the commencement of exogenous feeding, fish laNae face death f卜om

Starvation as the flrst feedin今 is delayed pastthe point ofno return (PNR)(Blaxter and

Hempe1 1963).,First feeding of fish laNae is C川Cial for their subsequent growth and

Survival. Most flsh laNae develop with an inability to swim and feed adequately result

in inferior growth ifthey failto succesS負111y initiate first feeding (Houde 1974; Dou et

al.2002). Many researchers have reported low laNal survival during and a丑er the first

feeding period (Mookeoi and Rao,1999;{溢Sbed et al.2004; Dou et al.2005} pena and

DumaS 2005; Kailasam et al.2007) and this is attributed to factors induding light

intensity food supply, egg size, yolk quantity feeding behaviour and time of first

feeding (Blaxter,1974; Dou et al.,2000).1n this study, marble goby fish laNae were

morph010gica11y prepared to be feed during 84-96 11AF, as their eyes pigmented,

intestine peristaltic, anus opened,10werja工V 6.1nctional and hodzontalswim for foraging

The embryos were developed to coincide asthe hatched laNae
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Besides causin8 the deformation and m0此ality of eggs and larvae, suboptimal

Salinity also inauences the timing and the duration of the hatching period. Yang and

Chen (2006) showed that hatching time increased with increasing in water salinities for

eggs of the obscure puffer rahyugu 0みScures. At low salinities (0-8 PSU), hatching

Occuned 丘om 155-166 h0山S, whereas at high salinities a2-32 PSU) hatching occurred

丘om 179-209 hours. A few embryos hatched at 12-28 Psu but aⅡ larvae were deformed

and died within 24 hours, no embryo hatched and aⅡ embryo died on the day 4 at 32 PSU

1、4ai et al.(2005) sh0工刃ed time to hatch tends to decrease with increasing salinity for

most marine 負Shes.1n eggs ofthe black bream冱Cαπthoparg1ιS るUtcheh,there was high

incidence (up t0939/0) of deformities at salinities beloW 15 PSU, charactedsed mainly by

CUNature ofspine and benttail(Haddy and pankhurst 2000)

Fish egg membrane consists ofextemal and intema11ayers, and hatching occur

When the extema11ayer xNas mechanica11y break by embryonic muscular motion and

interna11ayer was degraded by the hatchin今 e11Zyme (Yamagami 1988; 1Shida 1994a;

1994b). Hatchins e11Zyme secreted 丘'om the specia11y differentiated HGc before at the

time of hatching and disappeared completely in the larvae a丑er hatching (Yamagami

1988), as reported in chum salmon 0πCorhyπChus keta (1Shida 1948) and medaka 負Sh

OlyziaS 1αtipes ashida 1994a} 1994b).1n the case of marble goby, the development of

HGc was recorded forthe flrsttime in FW' and lo psu S叉入1. Their HGc are visible as

Opalescent giant ce11S on the surface of embryonic head and membrane of yolk sac

These ce11S appearjust before first hatching occur at 2411AF and also dearly seen along

the hatching occuned 丘om 24 t0 144 11AF. HGc numbers peaked at 48 hAF and

decreased therea介er to the end ofhatching. However, there is no significant difference

in the number ofHGc in FW' and lo psu sw'. Yet, there is possibility to be difference

in etlzyme activities in both waters. The hatching etlzyme is believed to be stimulated

for solubilization of the egg chodon dudng hatching as reported in many studies

(Yamagami198D, but e11Zyme activities a11d hatching mechanism ofmarble goby were

notinvest喰ated in this study

The behaviour of ash larvae is closely related to the development of their

Sensory orga11S qwai 1972; Kawamura et. al.2003). Larvae hatched W辻h developed

Sensory organs have higher chances to suNive than those hatched with undeveloped

Sensory organs(Blaxter 1969; Kawamura et al.2003). FNM with cupula is an impoda世

近大水研報 14 万' (2014)
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Sensory organ in fish laNae {Kawamura and lshida 1985; Blaxter and Fuiman 1989}

Kawamura and 叉入lashiyama 1989; Jones and Janssen 1992; Nlukai et al.1994;

Kawamura et al.2003; Mukai 2006; Mukai et al.2007; Tuzan et al.2006). FNM play

an important role in detecting prey, for instance,1arvae of wi110w shiner Gπαthopog0π

el0πgams caerulesceπS (Mukai 200の are able to detect rotifer in water and laNae of

m0杜led scUゆin cottuS みαirdi(Jones and Janssen 1992) could feed on 且rte1πia in the

dark by using FNM.1n the case ofmarble goby, at 60 hAF, both Fw and lo psu sw' of

embryos developed an inner ear, olfactory pit, mld FNM with cupula. Larvae at this

Stage are believed able to develop shortly and able to swim and detect prey for foraging

The results indicate that the conect hatching stage of marble goby is a丑er the peak

appeannce HGc and before eye pigmentation commences, i.e.48-60 IL、.F. This

Considered as one ofthe reason ofhigh laNalsuNivalin lo psu sw'

In the present study, the saHnities tolerated by marble goby eggs ranged 丘om

FW't015 PSU S、N.1n this and a previous study,1arval suNival was better 加 10 PSU S圦1

than in F圦1(senoo et al.2008). TMs suggests that marble goby may be capable of

reproducing in l0工入I salinity water and perhaps indiC飢es that is should be classified as a

euryhaline fish. The salinity tolerance pattern displayed by marble goby is similar to

that of other euryhaHne fish. For example, eggs of M11ifish FU11dulhs heterocli放S

hatched 丘om Fw t035 PSU (Grose11 et al.2007). Eggs ofthe obscure pU貿er hatched at

Sa1血itieS 丘'om FW't028 PSU (Yang and chen 2006) and hatching rates of the tawny

Puffer Zπ卯idus were above 70%丘om 5 t040 PSU (zhang et al.201の. similarly, eggs

Of the lceland capelin 入1α110tus vi110sus are able to hatch between l.5 and 34.O PSU

(Davenport 1989). The reprodudive bi010gy of marble goby in its natural environment

is stiⅡ Unknown. Because marble goby has a wide distribution and diverse habitats,it is

believed that there are several genetica11y distinct populations of this fish. Ha et al

(20ID revealed highly significant differences in the mitochondrial DNA controlregion

between fish sampled in East Malaysia and w'est Malaysia. The marble goby brood ash

Used in the present study was captured 丘om a 伽rivef' population and may possess

different reprodudive characteristicS 丘'om "1andlocked"丘Sh inhabiting enclosed ponds

and lakes, as used in other studies (Tavarutmaneegul and L血 198& senoo et al.1994a;

ιUong et al.2005). understanding the differences in bi010gical and reproductive

Characteristics ofriver and landlocked marble goby needS 員.1rther invest地ation
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Ihe eggs used in the present study can be incubated in both FW' and lo psu sw'

However, the eggs incubated at lo psu sw' had a shorter hatching period, higher

hatching rate, and be杜er larval suNivalthan eggs incubated in FXN. The present study

Showed that egg incubation at lo psu is recommended for marble goby, atleast for the

brood 丘Sh used in the study. The most favourable incubation conditions for egg survival

and hatching are considered to be those that result in the greatest numbers of normal

IaNae.1ncubation in lo psu S叉入1', which resulted in a high hatching rate and a low

defonnation rate may produce better success in hatcheries. Hatched larvae should be

reared for a 員lrther lo days in lo psu sw' as this period is considered to be the most

important pedod for laNal suNival. Larvae then can be reared in FXN (senoo et al

2008). This study presents the first obseNations on the optimal salinity for egg

incubation and hatching of marble goby, the information wiⅡ be use員11 for its

aquacU1加re and seed produdion. However,61rther studies are required to understand

the mechanisms underlying the obseNed phenomena and to develop pradical rearing

teclmiques forthis species

近大水研報 1 4号 (20 14)
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Early larvaldevelopment ofmarble 晉oby,0り,ele0加'S 抗αr抗oratιιS in freshwater

and lo psu seawater

3.11ntroduction

Ihe studies on laNiculture of marble goby have been doing since 1970s in lhaila11d, W'est

Malaysia, S血gapore a11d lndonesia. However,仕10se studies were conducted in FW', senoo et al

in 2008 reported that 壮le rearmg with lo psu sw'iS 血dispensable for 壮le laNalsuNival for 壮le

負rst lo days on marble goby in the state of sabah, Malaysia.1tis considered 杜lerefore 血ere are

Some di狂'erent su'a註IS 血 t11is species depend on di任erent habitats as we11 as Ayu plecoglosS1ιS

alhvehs alhveh'S W11ich 互8S 卸Pm由omouS 加e 鬮d la11d・10cked t沖e (1guchi 釦d Yamaguchi

1994; Takeshima et al.2009) a11d its reari11g method in hatchery is different depend on the type

Hatchery teC1ⅡⅡque must be kept up with bi010gica1 企atures ofthe 丘Sh. hltMs chapter newly

hatched larvae ofmarble goby 血壮le state ofsabah, Malaysia were obtained, reared in F、N a11d

10 PSU SW', a11d observed their developments, then cleared the cause oflaNal mortality reared

in FW. Moreover,壮le conelation among developments of m0印h010gy, sensory orga11S, a11d

behavior was recorded to discuss the optimum readng technique for the early larval stage on

t11is species

CHAPIER3

3.2 Materials and methods

3.2.1 Bro0ψish l,1a光age111e,1t

Ihe experiment was conducted atthe center ofc0Ⅱaborative Research in Aquaculture

(universiti Malaysia sabah-Kinki university) in the state of sabah, Malaysia 丘'om

Augustto November,2010. Brood 6Sh ofthe marble goby were captured in a dver in

Penampang area in the state ofsabah and held in the hatchery forfive months on a diet

Oftrash 負Sh. A mature male (20.o cm TL,310 g) atld a mature fヒmale (24.o cm TL,280

g) were stocked in a glass aquarium (108 × 76 × 80 cm)(Fig.3.1A) with a 丘lter system

(Fig.3.1B). water temperature was maintained with a 150 XN electdc heater at 28-29゜C

(recorded at 8:oo h and 17:oo h; Fig.3.1C) and bubble aeration (Fig.3.1D) was done
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With 50o mL/min. A concrete substrate was insta11ed on the tank bottom (Fig.3.1E)

DO (6.8-8.2 mg'L) and pH (フ.3-8.5) were within the suitable range
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Fi琴.3.1: Naturalspawning tank ofmarble goby in uNls hatchery. A, spawning tank

B,丘lter tank with clean water storage tank c, heater; D, bubble aeration; E, and

Spawning substrate insta11ed on the tank bottom
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3.2.2ιarναlreαガ11gjor ohserναガ0光

Newly hatched laNae were obtained f0110wing procedure. The female marble goby was

injected with human chorionic gonadotropin at a dose of l,ooo nJ/kg and the male at

500 IU/kg(senoo et al.199之 1993b; 1994b). T址ee days a丑er the injection, eggs were

natural spawned and deposited under a concrete block at the aquadum bottom. A丑er

Spawning, the female was taken out ftom the ta11k, The male cared fbr the eggs by

b川Shing and fanning them untilthey aⅡ hatched. Hatching occurred starting at 24 hours

a介er spawning and lasted unti196 hours,工Vith a peak at 60 hours
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During the peak spawning, about 20,ooo hatched laNae were harvested and

divided into two groups and reared in F叉入70r lo psu S圦lin cylindrical plastic tanks (150

Cm diameter,60 cm high). The F叉N for laNal rearing was tap water neutralized with

Sodium thiosulfate and aerated for one night、 ThiS 丘esh water was mixed with 負ltered

Sea water and used as lo psu S叉N (f0110wing senoo et al.2008). During laNalrearing

t11rough 9 days a丑er hatching (dAfl), water temperature was maintained with a loo xN'

electric heater at 28-29゜c and bubble aeration was provided at 50o mL/min. The larvae

in both F圦l and lo psu sw' were given live rotiferS βrachi0π1ιS SP. at a density of

20/mL. The watertemperature, Do and pH during the readng period were recorded at

6:oo and 18:oo hours. They were similarly maintained in both tanks and ranged ttom

28.0-29.0゜C,フ.0-フ.8 mgL, and 7.4-8.2 in FW, and 丘om 28.0-29.0゜C,6.8-フ.6 mgL, and

フ.4-8.4 in lo psu sxv, respectively

Ng卿lgsieW血g:マーブノレゴビー0xyele0加S抗ω抗のαt磁種苗生産における初期生残率向上

3.2.3UeaSιιre抗eπtS απdαπα4ナSis

In this paper, comparison was focus on the laNal survivalin F圦l and lo psu S圦1,

therefore, time was reckoned 丘om hatchin号, i.e.,1 day old laNae were sampled next

day 丘'om hatching and so on、 LaNal age was based on the first hatching time and sh0工Nn

in hours or days.1tistherefore, when the laNalrearing was commenced in F圦l and lo

PSU S、N, the larval age waS 36 hours a介er hatching (hA11) or l.5 days a丑er hatching

(dAID. The larvae were sampled randomly 丘om both readng tanks every day (h=10),

and anesthetized with o.1% ofTransmore (N11くA,α・methylqU血oline)

The larvae were obseNed for morph010gical development under a profile

Projector (Mitutoyo, PJ・3000) and a light microscope (Nikon, EdゆSe E600) with a

digital camera (olympus, Digita1600). The laNae (π=1の Were measured fbr TL and

body depth (BD)to the nearest o.1 mm. Yolk and oil abs0印tion was detemlined 丘'om

the change in the volume of the yolk sac and the oil globule with time. Yolk sac

Volume was approximated by the formula for a prolate spheroid v = 1d6 L h , where L

is yolk sac length and h is yolk sac height; oilglobule volume was computed 丘om v

πノ6 d3, where d is oil globule diameter (Bagarina0 1986). LaNal behaviour was

Observed with the naked eye or under a light microscope. LaNal feeding intake was

determined by calculating the average number of ingested rotifer in the gut daily at
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09:oo and 15:oo hours. The rotifer ingestion rate was determined as the number of

rotifers in the digestive organ oflarvae

For hist010gical examination of sense organs, the laNae were sampled at

hatching, at 4 and 9 dA11(π=10) when a111arvae in F叉N died. The specimens were

PreseNed in Bouin's solution, then dehydrated in an ethanol series, embedded in

Para伍n, cutint06 μm thick sa即ttal and cross sections, stained with haematoxylin・eosin,

and examined underthe light microscope. F0110wing Kawamura et al.(1990), gowth is

deflned here as quantitative changes in body size, and development as the appearance

and qualitative changes in structures such as the sense organs, the internal organs, the

muscles, and the 丘ns

近大水研報 14号 ( 20 14 )

3.2.4StaliSガCala11dysis

Body sizes, gut epithelium, rotifer ingestion and laNal survival were compared between

Salinities by analysis ofvariance (ANOVA) f0110wed by a Tukey's honest significance

dia'erent(HSD)test. A11 Statistical analyses were canied out using JN伊 Version 8 (SAS

hstitute, USA) and spss statisticS 17.O S0丑Ware (正M CO'P., New York, USA)

Dia'erences and effects were considered significant at pく0.05

3.2 Results

3.3.1310lph010gicalDepeloP111e11t α11d 召ehaviour C五α11ges

Changes ofm0印h010gical development ofmarble goby laNae reared in F圦land lo psu

SW' were shown in Fig.3.2. The correlation between the behavioral changes and

m0印h010gical development wasshown in Table 3.1
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Iable 3.1. stages with times obseNed early larval developmentin FW' and lo psu S圦1

A留e

(days after
hatchin , dAH

. Hatchingcommenced0

. Eyes unpigmented, olfactory pits not opened,
Otic vesicle with two otolith, no f卜ee neuromast

. Mouth notformed, anus not opened

. Lalvae stay atthebottom

. Newly hatched laNae measured 3.06 士 0.06 mm TL in both water

. Mouth formed, body elongated, yolk sac volume decreasing

. venica11yswimmin豊.___________________________、__、________________、_____________________'_______________________^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^

. Eye deeply pigmented, otic vesicle epithelium ciliated,丘'ee2

neuromast observed, olfactory pits opened, olfactory epithelium
Ciliated

. Air bladderinaatedT_pectora1丘n opened, horizontalswimmin豊_____
3 . Eyemovement

. Activejaw and 理,↑movement
. Activejawmovement. Activejawmovement4

. flrstfeeding onrotifer. noconsumedfood

_________________________________________________________(3.66 士 0.15 mm TL)_________"_________________________(3、旦9__生__9'旦9__與塑_工り_________________
. Bodyelongatedand. Bodyelongated andthin5

muscle increase. Yolksacabs0印tionfinished
. Yolksacabs0印tion丘nished(3.71 士 0.10 mm TL)

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^

. Bodymassincrease. Bodybecomebended6

_____________.__________________._______________________<3.80 士 0.11 mm TL)._________________""_______________(4.08 士 0.27 mm TL)_____________.._
. caudalfinformed. Norayformed7

. Ray formed atthe fin(3.72 士 0.B mm TL)

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^

. Flexionoccurred,second. Noaexionoccurred8

dorsal fin, and anal fin. finnodeveloped
formed (4.49 士 0.08 mm(371 士 0.19 mmTL)

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^

. Larvaegrowingand. Larvaedying9

developing (4.60 士 0.20 mm(3.70 士 0.16 mm TL)
TL)
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LaNae were similar in size in both salinities at l dAH,3.0 士 0.1 mm in TL with
3

The laNae reared in lo psu sw' and in Fw showedyolk sac volume o.052 士 0.005 nln)

equal growth rates during the 丘rst 4 days (Fig.3.3)

5.0

4.5

4.0

3.5

0 1 2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9

Age(心ID
A套e(dAH)

"套.3.3: Tota11ength and body depth of marble goby laNae reared in FW (white
Square) and in lo psu S圦7 (red square) unti1 9 dA11' Results are expressed as the
meanS 士 SD (n=10). ANOVA analysis showed significant different of body in 9
dA11(Pく0.05)

The yolk sac and the oil globule decreased markedly a丑er 2 dA王l and were

Completely absorbed by 5 dA11in both waters (F地.3.4). There was no difference in the

Volume ofthe yolk sac and the oilglobule betweentwo groups(P>0.05)

3.0

0.8

0.フ

0.6

0.5

0.4

0.07

0.06

0.05

0.04

0.03

30 2

A套e(dAH)

Fi套.3.4: volume ofyolk sac and oilglobule ofmarble goby laNae reared in FW' and
in lo psu sw' for 5 dAfl. Results are expressed asthe meanS 士 SD (π=10, P>0.05)
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There was no apparent difference in laNal m0印h010gy and behaviour in both

工Vate玲 duling the 丘rstthree days. Notable changes were noticed a介er first feeding 、Nas

Commenced. The laNae reared in lo psu S叉N commenced feeding on rotifers at 4 dA11

and continuously grew t04.60 士 0.20 mm TL at 9 dA11. on the other hand, the laNae

reared in FW' did notingest rotifers at aⅡ. The ANR oflaNae in lo psu sw' waS 5.7 士

2.3 at 4 dAf{ and gradua11y increased t11roughoutthe experiment period a9.0 士 3.3 at 9

dAH)(Fig.3.5)

近大水研報 14号 (20 14)

20

6 7 8 954

Age(dAH)

Fig.3.5: Rotifer ingestion ofmarble goby laNae reared in F圦1(red square) and in lo
PSU SW'(white square) unti19 dAH. Results are expressed asthe meanS 士 SD (π=10,
Pく0.05)

工arvalgroMh in Fw wasretarded at 5 dA11at 3.71 士 0.10 mm in TL and o.60 士

0.04 mm BD atthe completion ofyolk sac absorption stage, compared to the laNae in

10 PSU SW β.85 士 0.os mm TL,0.60 土 0.07 mm BD). They grew slowly t03.71 士 0.10

mm TL t03.80 士 0.11 mm TL at 5 t06 dA11, and a11 died at 9 dAH in FW β.70 士 0.10

mm TL,0.45 士 0.03 mmBD).圦lhile the laNae in lo psu sw were survived with 69.0 士

2.0% at9 dAH (4.62 士 0.15 mm TL,0.72 士 0.05 mm BD)

The larvae reared in lo psu S叉入l are herea介er also referred to as feeding larvae,

and those reared in F圦las non-feeding larvae. Jaw and gut movements were evident at 2

dA11in both groups oflaNae. A1110ng the feeding laNae (1aNae in lo psu), notochord

aexion occuned at 8 dAH and the dorsaland analfin rays were fbrmed atthe same time

Neither notochord aexion nor 丘n formation occuned in non・feeding larvae (1arvae in

F圦1). These growth and morph010gical development in the fヒd laNae reared were
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Similar to those reported by senoo et al.(1994a,1994b). A丑er 6 dA11(0.55 士 0.03 mm

BD) the body depth ofthe non-feeding laNae decreased, indicating staNation and loss

Ofbody mass

Hist010gical analyses ofgut epithelium of laNae at 9 dA11revealed remarkable

difference in two salinities. The gut of larvae reared in Fw was significantly thinner,

Which were ranged 丘om o.8 士 0.3 μm at 4 dA11(ANOVA, FI,昭= 37.9, Pく0.000り to

9.1 土 2.6 μm at 9 d A11(ANOVA, E,個= 432.6, Pく0.00OD compared to those in lo psu

Sw that ranged 丘om l.8 士 0.6 μm t023.7 士 3.3 μm (mean 士 SD,元= 1の, respectively

(F璃.3.6).11ist010gicalsections ofnon・feeding laNae at 9 dA11Showed reduced muscle

mass and extremely thin epithelium and degenerate ce11S in the gut (Fig.3.フ)

28

24

20

16

Fi曹.3.6: Gut epithelium ofmarble goby larvae reared in FW (red square) and in lo
PSU S叉N (white square) unti19 dA11. Results are expressed asthe meanS 士 SD (π=10,
Pく0.05)

12

8

4

0

4

1':"習
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Fig.3.フ:1玉ist010gical section showed the gut epithelium of marble goby laNae
reared in F圦land in lo psu sw
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3.3.2DeveloP抗e11tqf'sehs01ア 0rgα11S

The laNae showed similar developmentin sensory organsin F叉N and lo psu sw"(Table

3.D by 4 dAH.1n the newly hatched laNae,the eyes were not pigmented and the cornea

Was not developed (F地.3.8A). The eyes were deeply pigmented asthey 、Nere growing,

Which clearly showed in larvae attheir first feeding (Fig.3,8C)

近大水研報 1 4号
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Fig.3.S: Micrograph showed hist010gical section of marble goby laNae in lo psu
S、N. A, early hatching stage at l dAH, B, mouth opened stage, C, first feeding stage
and, D, end of yolk sac stage.、Nhite arrows indicated weⅡ developed olfactory
epithelium in each stage (oe, olfactory epithelium). scale bar,1 1mn

The eyes showed weⅡ layered retina at 9 dA11marble goby laNae in both water

(Fig.3.9). The inner ear of the newly hatched laNae was an oval・shaped otic vesicle

Containing two otoliths inside (Fig.3.8A). The ossification progressed 6.1rther 工八lith the

growth ofthe laNae, but was notidentified in this study. The inner ear we110ssifled and

developed at 9 dA11 marble goby laNae in both water(Fig.3.10)
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Fig.3.9. photomicrographs showing the we111ayered retina with an area (white
arrow) at 9 dA11marble goby laNae in FW' and lo psu S圦1. scale bar,200 μm
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Fi曹.3.10. photos showing the we110ssifled (red arrows) and ciⅡiated epithelium of
inner ear (black arrows) at 9 dAH marble goby laNae in F、入l and lo psu sw'(1e,
imler ear). scale bar,200 μm
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The olfactory pits developed with ciliated epithelium at mouth open stage. The

Ciliated olfactory epithelium ce11S were ananged radia11y to foml a bud without taste

bud (Fig.3.8A). The olfactory epithelium with ciliated receptor ce11S in the olfactory

Pits clearly detected in 9 dA111arvae in both waters (Figs、 3.11 and 3.14). The taste buds

Were obseNed in oral cavity at 9 dAH marble goby larvae in FW' and lo psu s＼N (Fig

3.12). The 則M was found on the head ofthe laNae at 2 dAH (showed in Fig.2.1の

The FNM were clearly obseNed on upperjaw atflrst feed stage (Fig.3.8C) and laNae

at 9 dAH in both waters (Fig.3.13). The FNM attached with a we11・developed cupula

Under obseNation ofsEM (Fig.3.15)
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Fig.3.11. photos showing the olfactory epithelium ciliated (black arrows) in 9 dA11
marble goby laNae in Fw and lo psu sw. scale bar,200 μm
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Fi晉.3.12: photos showing the taste buds observed in oral cavity at 9 dA11 marble

goby laNae in Fw and lo psu sw. scale bar,100 μm
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Fi留.3.13: photomicrograps showing the free neuromasts (FNM) on upperjaw at 9
dA11marble goby laNae in Fw and lo psu sw. scale bar,200 μm
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Fi冨.3.14: scanning electron micrographs showing the olfactory epitheHum with
Ciliated receptor ce11S in the olfactory pits of 9 dAfl marble goby laNae reared in
FW' and lo psu sw'. scale bar,10 μm
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Fi曹.3.15: scalming electron micrographs shoW血g the FNNl with cupula (white
anows) of 9 dA11 marble goby laNae reared in F圦l and lo psu sw. scale bar,20
μm
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3.4 DisCⅡSsion

Larvae possess their strategy to suNive in the wild (T11resher 1984; Fuiman 1994;

Idsson et al.2004). They 圦li11 Choose favorable condition to have higher hatching and

SUNival(Fuiman and Magurran 1994; 1risson et al.2004} Fuiman et al.2006)、 1n this

Study,1aNae suNive in lo psu s、入lratherthan in FW'. The laNae in both waters showed

Similar yolk abs0印tion rates and groMh in length t04 dA11、 Rem釘kable di丘'erences

Were clearly seen between the two lawae a丑er flrst feeding was commenced. Larvae in

Fw failed to sta此 f己eding and died at 9 dA壬1. SU印dsingly, both feeding and non・

feeding laNae developed the qualitatively similar sensory organs at 4 dA11 and 9 dAH,

respectively. Light microscopy detected no qualitative di丘'erence in hist010gical
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Characteristics ofthe sensory organs ofthe two groups oflaNae, but revealed a marked

degeneration in the digestive tract epithelium and the musde mass in non-feeding laNae

Ihe intestine 工刃ere thinner as other species ofstaNe 6Sh, for instance 部lthead seabream

ι字)α1?1S aurata L., california halibut parahchthys calif'orπicus, sea bass Diceπかαrch1ιS

1α加0χ(Yufera et al.1993; Gisbert et al.2004; Rekecki et al.2009)

叉Vithin the tolerance limits, salinity did not affect the yolk absorption rates in

marble goby larvae in this study, nor the greenback 丑Ounder Rh0111hosolea tιφir加α

(Ha此 et al.199の, and the Atlantic halibutHlppogl0留"s hippoglosS加σ"ein et al.1997)

But a slight salinity effect was seen in the croaker βαかdie11α icistia (Nlay 1974), and

Significant e{fects were obseNed in the rabbit6Sh sigα11Us gZιttatus (Young and Duetias

1993), milkfish chα110s chαπOS (swanson 1996), and the striped basS 入10r011e Sαχαiilis

(peterson et al.1996)

Genera11y, ash regulate their intemal osmotic concentration oftheir body auids

at equivalent to approximately 8-10 %o salinity (Giese 1973). Gametes of teleosts are

reported that either iso-osmotic or hypo-osmotic to the body auid of the parent flsh

(H011iday 1969). Yet, the information spawning and distdbutional of laNae of marble

goby sti11 remained unknown. Nevenheless, the results in Experiment l showed that

hatching ofmarble goby eggs occuned within the salinity FW' and 15 PSU SW' and the

Optimal salinity was lo psu sw'. The brood fish is presumably a euryhaline 負Sh

Besides, the marble goby 工入7as found to be in brackish water region during early life

(unpublished data). Energetic costs were repoded to be lower in an iso-osmotic

environment compared to hyper-and hypoosmotic environment and that the energy

Savings are sU伍Cientto pennitto gow and suNive (Nlorgan and lwama 1991). This is

Consistent with the results ofthis study, where tbe growth and suNival of marble goby

IaNae have succesS会.111y produced in lo psu sw' rather than in F工N. Thus, it is

Considered thatlaNae in lo psu S圦lhad more energy to grow and survive than those in

FXV

近大水研報 1 4方 ( 20 1 4 )

F0110wing yolk and oil absorption, the fast growth of marble goby lawae in lo

PSU S气入l and slow growth and death ofthose in F叉入1' was probably due to complications

Ofosmo・regulatory energy requirements on the ability to feed. osmo・regulation uses a

high prop0札ion ofthe available energy,負'om 20 t050% ofthe total energy expenditure

depending on the environmentalsalinity (Boeuf and payan 20OD. Energetic costs are

194 ・
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10werin an iso-osmotic environment compared to hyper・ and hypoosmotic environment

and thatthe energy savings are sufflcientto permitto grow (Morgan and lwama 199D

In this study, the larvae in lo psu sw' were in their prefened osmo-regulatory

environment and presumably saved the energy otherwise used to maintain osmotic

balance in the less favourable FXN. The laNae in lo psu sw' presumably had more

energy available to swi111 and sta此 feeding. The laNae in FW' had less energy to stan

feeding, and because they had di伍Culty or delay in feeding, they could not gain the

energy to start growing.1n fact, in preHminary experiment, the larvae were reared

Without food supply and the laNae 血 FXN died witlin 5 days but laNae in lo psu sxN

SUNive unti115 days. The 丘nding that both feeding and non・feeding laNae at 4 dA11

and 9 dAH developed the qualitatively similar sensory organs might indicate that

Sensory development is a "mandatoly" energy expenditure and a conseNed genetic

Character not easily altered by changes in environmental factors

Non・feeding wiⅡ resulted starvation and affected to the laNal body a11d their

feeding ability for instances sight and balance ability (Yin and Blaxter 1987; shan et al

2009; Bustos and silva 20ID. However,the sensory organ oflarvae reared in both FW

and lo psu sxN 圦lere developed. preliminary experiment of丘Ozen rotifer feeding was

Carried outto examine the feeding ability of laNae in both waters. The resU此S showed

than the laNae in F、N did not feed and died evenωa11y, and larvae in lo psu S圦l fed

We11 and survived. staNed laNae wi11 be consumed endogenous feed and catabolized

their body to suNive until feed were found (Blaxter and Hempe11963; Yin and Blaxter

1987). This is consistentto the marble goby laNae in F圦1. The laNal growth in Fw was

retarded on 5 dA1王, where the stage ofyolk sac volume waS 6.111y consumed. They were

Unable to undergo the m0印h010gy and physi010gy development, and these resulted

degradationbody size oflaNae in F、N
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Effects ofwater temperature on e留套 development, hatchin琴 Success and early

IaNalSⅡNivalofmarble 留oby 0η,ele0加'S 抗αr抗oratιιS in lo pS11 d"Ⅱted seawater

近大水研報

4.1 夏ntroduction

Iul essential step in the succesS会.11 Culture ofa11the species is to understand the optimal

environmental conditions for egg incubation and larvalrearing. However,1ittle is hlown

about the bi010gical and ec010gical requirements of early life of this species as a basis

for commercial cultivation. This leads to inconsistent and low laNal survivalthat limits

the seedling production of this species (Tavarutmaneegul and Lin 198& cheah et al

1994)' previous studies showed that salinity (xuatanabe et al.1998) and temperature

(1glesias et al.1995) are the key environmental factors a任ecting eggs hatching and

IaNal survival

Chapter 2 demonstrated that the egg incubated in lo psu S圦1(diluted seawater)

have shorter hatching period, Mgher hatching rate and better larval suNivalthan those

in 丘'eshwater (F圦1). chapter 3 Presented the larvae could not suNive in F圦lbut only lo

PSU S叉N'. Besides, senoo et al.(2008) succesS員.111y produced marble goby seeds by

increasing the salinity 丘om FW't010 PSU S圦la丑erthe laNae were hatched forthe flrst

10 days. we have found that one ofthe factors contdbuting to high laNal m0πality is

the delayed hatching which causes laNal deformation (Nguang et al.2012). The

duration of hatching period can be shortened by contr011ing temperature is one ofthe

most decisive environmental variables aa'ecting fish egg and laNal survival (Kamler

2002). However, there is no empirical study comparing the early development of

marble goby under different water temperature. hlthis study, we aim to detemline the

Optimal temperature for egg incubation and laNal rearing to improve seedling

Productionteclmiques ofmarble goby

14方

CⅡAP1霊R4

(20 14)

4,2 Materials and Methods

4.2.1Broodjish 抗α11age抗eπtαπdeggc011eCガ0π

The experiment was carded out atthe centre for c011aborative Research in Aquaculture,

Universiti Malaysia sabah・Kinki university in october to December 2010. Marble

196 ・



goby were c011ected 丘'om penampang river, sabah, Nlalaysia.入lale and female brood

負Sh reared in separate stock tanks at the hatchery for a year.圦later temperature, DO,

and pH for stocktanksranged from 25.フ-31.0゜C,5.8-8.o mgL, and 5.9-フ.7 respectively

Brood fish were fed with the formulated moist pe11et and sardiπe11α SP. until satiation

every two days. For egg c011ection, a male of30o g in B入入l and a female of285 g were

Chosen. The female were injected intra・pedtonea11y with l,000 IU/kg HCG (senoo et al

1993). A丑er t11ree dayS 丘om the injection, approximately 20,ooo eggs were c011ected

With 9896 fヒrtility. Ages ofthe eggs and larvae were measured in hours and days starting

11'om spawning time

Ng喰lgsieW血g:マーブノレゴビー0りele0加S抗α加orat那種苗生産における初期生残率向上

4.2.21光C記hαガ011C0尻dili0π

At 15 minutes a丑er spawning,10o f己此ilized eggs were placed in a 9・cm diameter glass

Petd dish and placed in each of負負een 7 L transparenttanks (1ength x width x height;

18 × 26 × 17 Cm) 611ed with lo psu S圦1.1ncubation water was prepared by miX血g

丘ltered seawater with aged dechlorinated tap water and 丘ltered t11rough a 40・μm mesh

Plankton net. T11ree ta11ks were placed together in a water bath with temperature of24,

26,28,30 and 32゜c a11d kept until hatching was completed. The batched laNae were

reared in each treatment unti1 10 dAs and given live rotiferS βrachi0π1ιS SP. at a density

Of20/n止. Each tank provided with continuous aeration at 50o mL/m血 and kept under

natura11ight conditions. Approximately lo% oflaNalrearing waterwas changed daily

42.3Data c011eCガ0π

Developmentalsta今es ofaⅡ eggs in the petd dish were m011itored every 12 hourS 丘om

24 t0 144 11As under an optical・microscope (Nikon, EC1ゆSe E600, Japan). Embryo

developmental stage was differentiated into f0ⅡOwing four embry011ic periods; ceⅡ

Cleavage, epiboly, orga110genesis and organogenesis・groMh. Figure 4.1 Showed 20

Stages ofembryo development ofmarble goby during four embryonic periods. The time

taken for 50% of the embryo to reach blastula stage, embryo formation and tails

Separated 行om embryo (stage G, J and N in Fig.4.1, respectively) was compared

between the treatment groups. opaque eggs were considered dead and removed atthe

Stage of G, J and N. Hatched larvae were removed, measured in tota11ength and yolk

Sac sizes under a pr0丘le projector(Mitutoyo, PJ・3000) and phot0即'aphed

197



E丑'ects oftemperature on egg and larvalsurvival were evaluated by comparing

f0110wing criteria between the treatment groups: Eg今 m0此ality calculated as total

number of dead eggs in stocked loo eggs; total hatching rate calculated as the

Prop0此ion ofhatched eggs in stocked loo eggs; deformation rate calculated as the total

deformed larvae with a bent notochord among the hatched laNae; cumulative hatching

rate calculated as the accumulated hatching rate atinterva1 12 hourS 丘'om 24 t01441L、.S;

and larval suNivalrate calculated as the total survived laNae in stocked loo eggs at lo

dAS. The laNal feeding intake was measured attwo hours a丑er feeding by obseNing

gut content of lo randomly selected laNae 丘om each tank under an optical-microscope

Feed intake was determined by calculating the average number ofingested rotifer in the

gut oflarvae

近大水研報 14号 ( 20 14 )

4.2.4Statistica1απα4!ses

Effects of temperature on egg m0此ality, total hatching rates, deformation rates and

IaNal survival rates was analyzed by analysis of variance (ANOVA) f0110wed by

Iukey'S HSD test. Quadratic equation was used to descdbe the relationshゆ between the

hatching time and incubation temperature using the equation y=a十bT十CT2 (where y

time in days; T = incubation temperature in degrees celsius; and a, b, and c are

Constants)(Kamler 2002), Nl statistical analyses w'ere preformed on spss statistics

15.O S0丑Ware (^M C0印., New' York, USA) and statview statisticS 5.0 (Abacus c0印.,

Canada)
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Fig.4.1: Egg development of marble goby at 28゜c in lo psu sw: Four e今g
development pedods:1, ce11 Cleavage, formation ofthe blastodisc (B、F);Ⅱ, epiboly,
blastodisc spreading over yolk (G・1); 111, organogenesis, fonnation internal Organs
(J、Q) and lv, organ0号enesis groMh,丘equent twitching obseNed and hatching
Occuned (R・V).(A) unfe此i1稔ed egg,促) fe此i1稔ed egg,(C) 2、ce11ed stage,Φ) 4、
Ce11ed stage,(E) 16・ceⅡed stage,(F) m0川la stage,(G) blastula stage,(H) gastula
Stage, d) blastopore nearly closed,(J) embryo formation,(K) 5、myomere formed,
(L) KUP任er's vesicle appea鵡d,(M) optic vesicle appeared,(N) tailseparated 丘om
the yolk sac,(0) otocyst vesicle appered,Φ) head formed,(Q) 1ens and hea此 formed
and embwo commenced moving,(R) hatching started,(S) body elongated,(T)
Vesicle of air bladder formed,(U) tail elongated to the head,(V) egg membrane
transfonned by developed embryonic head. The time showed at each egg
developmentalstage was flrst obseNed. scale bar, SO0 μm
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4.3 Results

4.3.1. Egg develoP形e,1t a,1degg抗0παli砂

Ihe embryonic development was accelerated by the increase of血Cubation temperature

(Fi号.4.2). The quadratic equationS 丘tted for each stage was summarised in Table 4.1
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<0.05

24 26 28 30 32

Temperatureco

1テi琴.4.2: EHect oftemperature on the incubation ume taken for 50% ofmarble goby
eggs to reach t11ree stages of egg development in lo psu sw' a丑er spawning. circle
indicated blastula stage, square indicated the embryo formation and tdangle
indicated the stage ofthe tailseparation 丘om yolk sac

Iable 4.1: Quadratic equation y = a 十 bT 十 CT2 for each development stage where y is
the development time, T is the incubation temperature in degree celsius (゜C) and a, b
and c are constants. The correlation coe伍Cient (1/) and level of significance (P) ofthe
models are also indicated

Blastula stage

Sta e

Embryo
formation

Tailseparation
丘om olksac

Tem erature

Forthe totalegg m0札ality, highestrate was noted at 24゜C (87.7 士 3.8%, mean 士

SD,π=3)than those in 280C (13.3 士 32%),30゜C (17.0 士 4.6%) and 32゜C (11.7 士 2.9 %)

(ANOVA,凡,M = 533.8, Tukey'S HSD test, Pく0.0OD (Fig.4.3)

Temperature had a signi負Cant effect on egg m0此ality in periods ofce11 Cleavage,

epiboly, organogenesis and organogenesis groMh (ANOVA, Tukey'S HSD test, Pく0.OS)

(Fig.4.4). Egg m0丘ality in epiboly was signi丘Cantly higher than other periods, with

Signi負Cantly higher at 24゜C (11.3 士 1.デ句 than 32゜C (2.3 士 0.6%, mean 士 SD,π=3)

24-32

0C

24-32

24-32

0.0971
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、5.9488
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、9.2957

95.B4
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C
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r2
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P
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Low egg mortality was obseNed in higher temperature、、入lhile there was no egg

mortality observed at 30 and 32゜c in cleavage period and in organogenesis rowth

Period 丘'om 26 t032゜C. Nleanwhile, significantly higher egg morta1丘 Was obseNed at

24゜c ce11 Cleavage β.7 士 2.3%), epiboly al.3 士 1.5%), organogenesis (4.7 士 1.9%)
and organogenesis growth β.7 士 1.2%)
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100

80

a

24 26 28 30 32

Iemperature (゜C)

Fi晋 403: Effect ofincubationtemperature onthe mortality ofmarble ob e sin lo
PSU SW'(meanS 士 SD,π=3)、 Different letters above each bar indicate significant
difference betweentreatments(ANOVA, F4,10= 533.8, Tukey'S HSD test, Pく0.0OD
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Fi筈.4.4: Effect of incubation temperature on the m0犹ality of marble ob e s
during periods ofce11 deavage and epiboly. Different letters and astedsk above each
bar indicate signi丘Cant difference between treatments (ANOVA, F2,8= 9.8 for ceⅡ
Cleavage period, F4,10= 50.8 fbr epiboly period,1Ukey'S HSD test, Pく0.05)
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Organogenesis

10

24 26 28 30 3224 26 28 30 32

Temperaωrecc)Tempe松ωrecc)

Fi琴.4.5: Effect of incubation temperature on the m0此ality of marble goby eggs
during periods of organogenesis and organogenesis growrh. Different letters and
astedsk above each bar indicate significant difference between treatments (ANOVA,

F4βづ= 5.4 for organogenesis period, Tukey'S HSD test, Pく0.05)
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43.2 Tota1五αtchiπg, dd'or机αガ0π rate α11dhatchiπgperiod

Significant eHects of incubation temperatures was also noted on total hatching rates

(ANOVA,凡,1。= 120.3, Tukey'S HSD test, Pく0.0OD (Fig.4.6). The hatching rates at

the temperature between 26 and 32゜c were significantly higher (フフ.0 士 2.69仏 t086.7 士

3.2%)than at 24゜C (12.3 士 3.8%,π=3)

Defonnation rate calculated as propodion of deformed laNae in the total eggs

工Vas also different between the incubation temperatures. A111aNae hatched at 24 C were

deformed with abnonna11y bended spines and eventuaⅡy died on the tank bottom. The

defonnation rate at 26゜c waS 27.4士5.8% and it wassignificantly greater(ANOVA, F4,10

16.フ, Tukey'S HSD test, Pく0.05 )than highertemperatures. Those at 28,30 and 32゜C

Were 9.2 士 2.1%,8.0 士 2.9% and 3.5 士 1.1%, respectively and 、Nere not different 丘om

each other (Fig.4.6)

The 丘rst hatching commenced as early aS 18 11As at 32゜c and the onset of

hatching was temperature dependent. Hatching period of marble goby was relatively

10ng and persisted unti1 48 hAs at 32゜C (30 hours). This 、Nas even longer at lo、Ner

temperature and lasted untiΠ20 hAs at 24 and 26゜C (Fig.4.フ)
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Temperaturecc)
Fi琴.4.6: Effect ofincubation temperature on the total hatching rates ofmarble ob
m lo psu s、N (meanS 士 SD,π=3).叉Nhite bar indicated nonna11aNae and gray bar
indicated the defonned laNae. Different letters above each bar indicate si nificant

di任erence between treatments(ANOVA,凡,10= 120.3, Tukey'S HSD test, Pく0.001)
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Average tota11ength of larvae at first hatch at 30゜C (2.88 士 0.10 mm at 19 hAS) and

32゜C (2.87 士 0.12 mm at 18 MS) were sma11er compared to those hatched at 240C (3.08

士 0.11 mm at 60 MS),26゜C β.01 士 0.10 mm at 24 MS) and 280C β.01 士 0.07 mm at
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24 hAS)(ANOVA,凡,ル= 4.8, Tukey'S HSD test, Pく0.05). N11aNae hatched at 24゜C

Were died within 5 dAS. Larvae showed rapid growth a丘er 4 dAs and the growth rate at

260c was lower than the highertemperatures (Fig.4.8). LaNal at lo dAs at 26゜c was

Significantly sma11er (3.85 士 0.13 mm) than those in the higher temperature (421 士 0.09

mm t04.26 士 0.07 mm)(ANOVA,凡,.= 34.フ, Tukey'S HSD test, Pく0.05)
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Fi容.4.8 Effect of temperature on total
Iength of marble goby laNae unti1 10 dAS
in lo psu S叉N (meanS 士 SD,元=3)

0.08

0.06

Yolk sac volume at the first hatching was significandy larger at 24゜C (0.074 士

0.047 mm3) biggerthan other temperatures (ANOVA, F4,10 = 16.1, Tukey'S HSD test,

Pく0.05). The yolk sac absorption was completed by 5 dAs at 30 and 32゜c and by 6

dAs at 280C. No data was c011ected for the eggs kept at 24゜c because a111aNae died

before yolk sac was completely absorbed (Fig.4.9)

0.04

0.02

う

0123456

Age(dAS)

Fi豊.4.9: Effect oftemperature on yolk sac
Volume of marble goby larvae unti16 dAS

in lo psu sx¥(meanS 士 SD,π=3)
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43.4Rot孝'er iπX'eSガ011aπdιαrl,alsurviνα1

The first feeding ofrotifer was confirmed at 12011As at 26゜C,961レ、s at 28 C,84 hAS

at 30oc and 78 hAs at 32゜C. Rotifer ingestion of laNae was significantly increase in

higher temperature at first day feeding (ANOVA, F3,36 = 11,3, Tukey'S HSD test,

Pく0.05), with 5.8 士 1.2 at 30゜c and 7.0 士 1.6 in 32゜C, compared than those at 26゜C (4.0
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士 1.3) and 28゜C (4.1 士 1.2). The number of ingested rotifer graduaⅡy increased

t11roughout the experiment period and reached 22.3 士 2.5 and 22.7 士 2.2 Per fish at lo

dAs for those at 30゜c and 32゜C, respectively. These valueS 工Nere significantly greater

Compared to the laNae keptin 26゜C U8.1 士 2.3) and 28゜C (19.0 士 2.3)(ANOVA,凡,36

=フ.8, Tukey'S HSD test, Pく0.05)(Fig.4.1の

LaNal suNival was significandy affected temperature (ANOVA, F3,8 = 63.5,

Tukey'S HSD test, Pく0.05).10tal suNival rate at lo dAS 20.0 土 2.0%,56.0 士 4.0%,

46.0 士 2.0% and 26.0 士 3.6% for 26,28,30 and 320C (Fig.4.1D

C

・ 205 、
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A曹e(dAS)

Fi晉.4.10: Rotifer ingestion of laNae in

differenttemperature unti110 dAs in lo psu
SW(meanS 士 SD,π=3)
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4.4 Discussion

This study clearly showed thattemperature affectsto egg development, hatching,1aNal

deformation and suNival ofmarble goby. Egg hatching occuned attemperatures within

24-32゜c but 87.7 士 3.8% ofthe eggs died at 24゜C. Hgher normal hatching and viable

Iarvae was observed in temperature ranged flom 26 t032゜C. LaNalsuNival at lo dAS

Was notably higher at 28゜c than other temperatures. This is the 6rst empirical data on

hatching and laNal suNival under different temperature effects. Accordingly, natural
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hab北at ofmarble goby wasrecorded ranged 丑'om 22 t028゜C (tropical coordinator,23゜N

t0 180S)(Nehl and Baensch 1996; 1nger and chin 2002). Yet, there is no information

available on spawning and larval distribution in natural water body. several studies

Showed the ambient temperature of brood 丘Sh, for instance leopard grouper

ハ1ycteroperca rosacea (Lopez et al.2004), senegalese sole solea se11egale11Sis (Anguis

et al.2005), Atlantic mackerel sc01?1みer sc0111みrus (Mendiola et al.2006) and tiger

Puffer rabyリgu 0みSC1ιres (Yang and chen 2006), to be optimal fortheir egg incubation

temperature. some studies also found thatthe thermaltolerance ofeggs was inauenced

by the temperature experienced ofbrood fish and spawning site (A11guis and canavate

2004; suquet et al.2005; Nissling et al.2006).1n this study, marble goby spawning tarlk

Was maintained at 28゜C. Base on the results, spawning temperature ofthe brood 丘Sh

Could be considered to be above 24゜C, which isranged 6'om 26 t032 C

Tolerance limits ofeggsto incubation temperature are commonly determined in

relation to the egg m0πality, which is tended to increase markedly at lower and upper

extremes of temperature tolerance (Kinne 1963; Brooke 1975; camus and

KoustikopouloS 1984). Lowtemperature retarding resulted delaying in egg development,

defbrmation and death of egg, for insta11Ce, greenback aounder Rho"1みOsolea tιψiriπα

incubated at beloW 2゜C (Blood 20OD and Atlantic mackerel sco"1みer scoh1みrus at

beloW 9゜C (Mendiola et al.2006). some studies sh0杁7ed that fish egg incubated at low

temperatLlre had not developed eyes and misshapen tails (Nakatani and Nlaeda 1984;

Blood 2001). Atlother studies showed that eggs developed in areas at low temperatures

Would experience higher mort址ity rates due t0 今rowth abnormalities(Jordaan and Kling

2003; Blood 20OD. This is consistentto the results ofmarble goby in the present study,

Which the incubation temperature at 24゜c was showed extremes under tolerance with

most of the eggs died and a11 0f the hatched laNae were deformed. W'hile, the egg

m0印h010gical development ofmarble goby attemperature 丘'om 26 t032 C was nonnal

The morph010gical pa杜erns of development that observed dudng this study were

Consistent工Nith those reported by senoo et al.(1994)

In egg development, high m0犹ality particularly occurs during epibly stage, as

the blastodisc spreading overthe yolk, due to unsuitable incubation temperature (camus

and KoustikopouloS 1984),10w oxygen level(Kaur and Toor 1978) and physicalshock

近大水研報 14号 ( 20 14 )
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(H。1meoord and B011a 1988). This blastula stage is a sensitive morphogenetic period
due to the forces involved in the ce11 migration process (Blaxter 1969). Low temperature

at the early gastrula stage could cause delay in 叩iboly of periblast σくazuyuki et al

1988). TMs is consistent to the result in this study, as the egg m0犹ality ofmarble goby

Was particularly high during epiboly stage in aⅡ temperature treatments. Embryos die

atlow temperature asthe embryo wastom physicaⅡy in the ceⅡ migration process an

atthe margin between the germ ring or atthe embryo shield {Ba11ard 1973} wood and
TimmermanS 198& Kimmel et al.1995). This observation has provided important

information on the probability of c011ection or transp0此ation of marble goby egg for

Produdion

Genera11y,10wer temperature retards the rate of egg development and higher

temperature accelerates it in the normaltemperat11re range for hatching (Had et al・ 1996;
NlihelakaMs and YoshimatsU 1998; Kamler 2002).1n this particular species that possess

10ng hatching petiod, hatching period was shoder at 32゜c a8-48 hAS) and was
C。nsistent 工Nith the widely obseNed phenomena in many other fisheS σlart et al・ 1996;

Hansen and Falk、petersen 200上 Kamler 2002). previousstudy showed that deformation
Which coincides with the time ofrate increased as egg hatching delayed beyond 72 hAF,
Sw hatched before 7211AF andeye pigmentation. The majority ofthe eggs in lo psu

the deformation rate was relatively l0工V (Nguang et a1 2012).1n tMs study,1aNae

hatched at 30 and 320c were earlier a11d hatching pedod sh0犹er lead to significantly

1。wer def0伽ation in hatching laNae (8.4士2.フ% and 3.5士1.1% of hatched laNae,

respectively) compared to others. Thus, higher temperature could be manipulated to

hasten the egg hatching and decreased deformation of hatched laNae in marble goby

Seed produdion

GroMh,1aNal development and survivalin temperate fish species have

distinctive responses to temperature change. The relative impodance of temperature

Change in the tropical region has been implied 侭、ombough 1997; Hunt von Herbing

2002) but rarely examined. Genera11y, tropica11ati加des have little temperature

auctuation relative to temperate environments, due to the large ocean surfaces an

absence of a cold season a、,1CGregor and Nieuwolt 1998). Thus, smaⅡ ChangeS 血

temperature could have a greater impact on development of tropical flsh laNae t an

Iarvae in temperate systems with natura11y large temperature vadation.1n this study,
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IaNal suNival was significandy effects even in two degrees differences temperature

丘om 24 t032゜c fbr marble goby

Growth is the most commonly measured response in temperature to fish

(MCMUⅡen and Middaugh 1985} zhang and Runham 1992). Fish lawae in higher

temperature, which have an elevated metabolism, wi11 Consume neady t11ree times as

much food to achieve average growth at ambient temperatures (Houde 1989), fbr

instances, in striped tNmpeter ιαかis li11eate (Bermudes and Ntar 1999), Auantic

halibut HippoglosS11S hippoglosS1ιS (pittman et al.1990a; 1990b) and sea basS ιαtes

Calcarif'er a、,1arino et al.199D. This indicates increased energy expenditure on

maintenance metabolism at higher temperatures. Furthermore, the assimilation

e缶Ciency for fish laNae dedined as temperature increased at high ingestion rates

(Boehlert and YOMavich 1984; Theilacker 1987} Houde 1989). This is consistentto the

results ofthe present study, there is no significant different in tota11ength among 28 to

32゜c at lo dAS, butthe rotifer ingestion at 28゜c was significandy lower than at 30 and

32゜c at lo dAS

High egg m0πality of marble goby at 24゜c suggested that egg incubation at or

below this temperature is not suitable for this species. There was no signi丘Cant

difference in total hatching rates among the higher temperatures (26 t0 32゜C), but

defomlation rate significant higher in 26゜c atld trend towards higher early larval

SUNival existed at 28゜C. The most favourable incubation conditions for egg suNival

and hatching are considered to be those that result in the greatest numbers of normal

Iarvae. Thus,the suitable temperaωreS 血rincubating m雛ble goby eggs suggested to be

ranged 丘om 28 t0 32゜c and the optimaltemperature for early laNal rearing is

recommended at 28゜c underthe conditions ofthe presentstudy

近大水研報 1 4号 (2014)
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The study results of salinity effects on egg incubation demonstrated that marble goby

eggs hatched into viable laNae within F叉N t0 15 PSU S叉N. However, eggs incubated in

10 PSU S圦l have signiflcantly higher hatching rates,10wer laNal deformation and better

IaNalsuNivalthan those in F叉N, even though, marble goby is a 丘eshwater species. The

most favourable incubation conditions for egg suNival and hatching are considered to

be those that result in the greatest numbers ofnonna11arvae.1ncubation in lo psu sxN,

Which resulted in a high hatching rate and a low deformation rate may produce be壮er

Success in hatcheries. Thus,10 PSU SW' was recommended for egg incubation of the

m釘ble goby.入licroscopy obseNation on embryonic morph010gy and sensory organs

Showed similarity development in both FW' and lo psu sw'. However,1aNae that

hatched at later pedod tended to be deformed, padicularly hatched beyond 72 11AF,

Which is coincide with the deeply eye pigmentation. Hatching a丑er 72 1L、、F was

indicated delay hatching in marble goby. This i11formation could be of practical value

for checking the incubation conditions during seed produdion ofmarble goby

The study ofsalinity effects on laNalsuNivalshowed no apparent difference in

IaNal morph010gy and behaviour in both FW' and lo psu sw' dudng the firstfbur days

Remarkable changes were noticed a丑er first feeding was commenced. LaNae in FW'

トecome inactive and were unable to feed 工入lhile laNae in lo psu actively foraged and fヒd

Hist010gical analyses ofgut epithelium oflaNae at 9 dA11Showed significantly thinner

Ofthe gut oflaNae in FW' compared to those in lo psu sw'. N11aNae in FW' died at 9

dAH while the sutvivalrate in lo psu sw' waS 69.0 士 2.0%. Therefore,the laNae were

Considered required brackisb 工Uater physi010gica11y. The results suggested that suitable

Salinity fbr early laNalrearing ofthe marble goby is als010 PSU

In the S加dy of temperature effects on hatchability and early laNal suNival of

marble goby, nonnal development, signi負Cantly lower egg m0此ality and higher

hatching was obselved in temperature 丑'om 28 t0 32゜C. Hatching period negatively

Recommendations and condusion

CHAPT豆R5
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Conelated with incubation temperature with the fastest hatching period ofat 32゜C (18 to

48 11AS).1五ghertemperatures hastened the egg development, hatching time and period

Significantly higher larval suNival was obseNed at 28゜C (56.0 士 4.09る). These results

Showed the sui稔ble temperature for incubation ranged 丘om 28 t032゜c and fbr early

Iarvalrearing was at 28゜c forthe marble goby

近大水研報

In the studies (Experiment D, eggs were obtained via stripping to obseNe the

development of fertilized eggs at the same time. However, for the egg c011ection and

incubation techniques, stdpping is not recommended for fish farmers under hatchery

Conditions as it requires ski11 (senoo et al.1992; seno0 20olb) and assessing anal

Ovulation is di錨Cult. senoo (2003a; 2006) recommended natural spawning using a pair

Ofmarble goby brood fislL because the male parentaleggs care ofb川Shing and fanning

are use6.11 during hatching. A11in a11,丘om the experience of marble goby culture and

the results that obtained ftom the studies, with natural spawning of marble goby is

recommended underthe fbⅡOwing conditions

D eggs are spawned using a pair ofbrood fish in a tank with F叉入1,

2) a丑er spawning,the fヒmale isremoved 丘omthe tank,

3) seawater is added the ta11k to give a final salinity of lo psu S叉入7,

4)incubation temperature se廿le ranged 丑'om 28 t032゜C,

5)the male cares forthe eggs by b川Shing and famling to the end ofhatching,

6)the laNae are reared continuously in lo psu S圦l at 28゜C

14号 ( 20 1 4 )

The most important matter to cany out stable produdion of marble goby under

rearing condition is to keep and maintain optimum salinity and temperature condition

during vulnerable and critical period. These methods are applicable on eg8 incubation

and laNal rearing and contdbuted to enhance the seed produdion of marble goby

However, the result is based on the eggs and laNae obtained 丘'om the brood stock

Captured in the river. The landlocked population may require different salinity and/or

temperature for embryonic and laNal development. Determination of population is

Hkely important for application ofthe present data in egg incubation and larviculture of

marble goby
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入4arble goby 0り,ele0かis "1αr1πorat記S, widely distdbuted in southeast Asia and is

One of most expensive 6'esh工Vater 6Shes in the region. owning to its taste, firm and

工Vhite aesh and high protein value, marble goby being considered a 丘rst grade 丘Sh

especia11y in chinese restaurant and big cities such as singapore, Kuala Lumpur and

Hong Kong. Govemmentin Thailand, Malaysia, singapore and lndonesia encouragethe

Seed produdion of marble goby since 1970'S. However, wild resource has decreased

due to ovedishing forthe last 40 years and fish farmerrequire a steady fish seed supply

To proted the wild resource and 員.11負11the demands, artificialseed production teclmique

has been developed. several studies on laNiculture in this species had been conducted

in FW', but senoo et al(2008) reported thatthe rearing with lo psu s、N is indispensable

for the laNal suNival for the first lo days on marble goby in the state of sabah,

入lalaysia. Yet, there is limited information conceming the ea'ect of salinity on egg

development, hatcMng and laNal survivalin marble goby. f'ittle is hlown about the

bi010gical and ec010gical requirements fbr eady life stage of this species. A11 essential

in the successa111aNiculture is to understand the optimal environmental conditionsStep

for egg incubation and laNal rearing. Therefore, a series of experiments were canied

Outto determine the optimum salinity and temperature for eggs and larval suNival of

marble goby

SUNnlARY

Salinity e任ects on marble goby eggS工Uere investigated.1n Experiment l,1, hatching

rate and larval deformation rate were flrst compared in eggs c011ected 丘om a natural

Spawning and incubated in FW,5,10,15,20 a,,d 30 PSU SW、(D eg部 able to hatched

into viable laNae in FW' t0 15 PSU SW';(2) significantly higher total hatching rate and

10wer larvaldeformation rate found in lo psu sw' even though marble goby isregarded

aS 丘・eshwater species. The tolerance of egg in FW' and 15 PSU S圦I sh0杁led there is

Possibility ofmarble goby to spawn in low salinity and perhaps indicates that is should

be dassified as a euryhaline 丘Sh. However, there is lack information of distdbutional

environments of spawning and larval stages in natural water body.1n Experiment 12,

the stdpped eggs of marble goby were fe此ilized and incubated in FW' and lo psu sw'

forthe closer comparison on hatching time and period.(D egg in lo psu sw' hatching
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more rapidly, had a shorter hatching period, higher hatching rate, with low deformation

rate and betterlaNalsuNivalthan those in F叉V;(2) peak hatching in lo psu s、N β3.1 士

5.6%) and FW (10.6 士 3.4%) were obseNed m 48-60 and 72-84 MF, respectively

Larvae hatched atlater period tended to have higher deformation rates. The deformation

rate increased when egg hatching was delayed beyond 72 hAF, which coincides with

the time ofeye pigmentation. The majority ofthe eggs in lo psu sw hatched before 72

hAF and the deformation rate was relatively low. Hatching later than 72 hAF, was

Considered to be delayed in marble goby. This study presented thatthe first obseNations

On the optimal salinity for egg incubation and hatching of marble goby, and the

informationwhich wi11 be use6.11 forits aquaculture and seed produdion

近大水研報 14号 (20 14)

Di任erences oflaNalsuNivalofmarble goby laNae in Fw and lo psu S圦Iwere

determined in Experiment 2.工arvae obtained by natural spawning were reared in FW'

and lo psu sw'. No apparent difference in laNalmorph010gy and behaviourin both F叉N

and lo psu sw' during the first four days. XNhen laNae were morph010gica11y prepared

to be fもd,1aNae in F叉N become inactive and 工Vere unable to feed, while laNae in lo psu

Were actively foraged and fed. The average number of ingested rotifer in the gut of

IaNae recorded only in lo psu sw' waS 5.7 士 23 at 4 dAH and gradua11y increased

t11roughoutthe experiment period (19.0 士 3.3 at 9 dAID. Hist010gical analyses showed

the gut epithelium of laNae in F訊1 四.0 士 2.8 μm) at 9 dA11 Was significantly t11inner

those in lo psu sw (23.7 士 3.3 μm). N11awae in Fw died at 9 dAI{ while the suNival

rate in lo psu sW 圦7aS 69.0 士 2.0%. These laNae sh0工刃'ed qualitatively similar

development in sensory organs even though laNae not feeding in F叉N' and the results

Suggest that sensory development is a mandatory energy expenditure and a conseNed

genetic character not easily altered by changes in environmental factors. The laNae

Were considered required brackish water physi010gica11y for the suNival and the results

Of Experiment 2 revealed that lo psu sw is suitable tbr laNal rearing of the marble

goby

Temperature effects on marble goby eggs and early lalvae in lo psu S圦I were

investigated in Experiment 3. a) significantly higher egg mortality obseNed in 24゜C

(11.3 士 1.5%, mean 士 SD,π=3) than others. significant hi8her monality occurred

during the epiboly sta号e, in which the blastodisc spreading over the yolk, in a11
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temperature treatments;(2) no significantly different of total hatching rates in 26 to

320C, aⅡ larvae hatched at 24゜c were deformed. Hatching period negatively correlated

With incubation temperature with the shortest hatchin今 Period of48 hours at 32゜C (18 to

48 1し、S);(3) tota11engh of laNae were no significant difference among 28,30 and

320C.1he yolk sac absorption was completed in 30 and 32゜c at 5 dAs and in 26 and

280c at 6 dAS. No data c011ected at 24゜c due to a11 died before yolk sac completely

absorbed;(4) significantly higher larval suNival was obseNed at 28゜C (56.0 士 4.09る)

Higher temperatures hastened the e8g development, hatching time and period. These

results showed the suitable temperature forincubation ranged 丘om 28゜c t032 C and for

early laNalrearing was at 28゜C {br marble goby

These experiment results indicated that egg incubation a11d laNiculture of

marble 今oby should be conducted using lo psu s、N' with temperature between 28 to

320C, and pref己rably 28゜c for early lawalrearing. Both methods are applicable on egg

and laNal suNival and contdbuted to enhance the seed produdion of marble goby

However, the result is based on the eggs and laNae obtained 丘om the brood stock

CaP加red in the dver. other population such as landlocked population of marble goby

may require different salinity and temperature for 血eir egg and laNal development

Ng卿lgsiewhlg:マーブノレゴビー0り,ele0加S抗α加orα地S種苗生産における初期生残率向上
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