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ABSTRACT 

The R<1l~si1<1rk 1~ a h1gh1y pr~fr>ed ornamental sp~cies that has been cverfished to the 
po111l tlrnt 1t h~s become enda119ered in mosl of its distribution area, especially in 
lr1dones1«n wate·s .. Captive propa9ation has reduced the threats upon wild populations 
of bal~shark. Nevertheless, '<11owledge on the biology of this species is still scarce, 
in partiwlar as regards tu it' 011to~eny. This information is crutial for tile identificat:on 
of la,vae a1~d small juveniles ;n tre wild. as well as fClr improving its culture. Balashark 
eg;is average 1.;:.1.3 mm ir: di~meter and hatch Jfter 13 hours (26·28"C), giving birth 
to q,)·mm enibryc,s, wiih a yolk sac of c:rca 1.1 mm'. At the end vf the endogenous 
foed1n9 period (day 4 after hatcl;ing [AH)), larvae <.ttain 6.3 mm Tl. The mourh opens 
un day 2 AH CS.a mm total len;ith, TL). At the time of first fl!edi119 (day 4 or S AH, 6.3 mm 
TL), rheir mout!1 ar.d qar:e al;eady average 0-5 mm and 0.27 mm, respectively, and 
thP" orow up to l O_J.and 6.3% Tl., respectively, on day 8 AH. The swim bladder starts 
forroing as early as day 2 AH and is filled· by day 3 AH (5. 9 mm Tl), but the separation 
between the anterior and po:;terior charr.bers do~s not take place befvre 9.S mm Tl 
(day 9 or l () AHl. The fin development ~equence is typical of cyprinids, and follows 
a caudal·tu·cranial pattern (i.e.; caudal, dorsal and anal, pelvic then pecrorals), except 
for the anlagen 0f pectoral fui~. which are present in 1 ·day old fish 1.5.3 mm Tl). Based 
on the vanishing of the abdo~1inal and c~uda! fin fold, and on the lengths of the fins 
re:ative to fish size, the •.ransition between th~ larval and juvenile nage occurs at 
circa 17 111111 TL (corresponding stand~rd lergth. 13.7 mm). At this stage, the scale 
cover is 11ot developed yet, but juveniles alreac1y exhibit the typical pigmentation 
pattern of adults on thei1 cto1 sal, anal, pelvic rnd caudal fins, while pigmentation on 
the pebic fins is still in its very ~arly st:iges. 

KEYWORDS: /Jti"111tioch£ilos me/a11opren1s, cyprinid, ontogeny, 
mur pbolor:iy, larva 

INl'RODUCTION 

In the vast majority offish ~peci~s. the bulk 
of mortality occurs d1.:ring the f'.;;rly life stages, 
both in the wild and in captiviw. A series of 
species h~ve e·;olved fast gruwi'lg strategies 
while others have se~mingly O)rivileged life 
styles th:ll rely on energy const:n.ation, to the· 
detriment of growth but giving the embryo or 
larva the :ipp<1rtuniry to s~rviv~ morE <Jf le.is 
prolonged periods or food shorcage. In order 
to undP.rstand to what extent ontogenetic 
patterns n1atch environmental constraints, and 
thus the th1eats upon species re~ilience in 

mar.·modified environments, one should be 
capable of identifying a f)articular species at 
all st;i9es of its o.1rooeny. Genetic tools nowa­
days ~nable the rapid and accurate determina­
tion of fish species, but their appfica1;ion to 
broad numbers of fish is tedious and ex~es­
sively expensive when applied to (very) large 
samples. as those needed in ecological stud­
ies, thereby emphasizing (he need for thor­
ow;;h morphologicai descrii;tions. 

These principles h<.ve fostered rese1.rth 
on the untogeny of fish, which was originally 
driv~n by e·1olutlonary purposes, and re~ultec' 
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in the produ:tion of taxonomic guides, which 
permit the univocal determination of who is 
who for all or most life stages. Generally, these 
guides «re produced on a river !Jasin (e.g. 
Hogue et al., 1976; Margulies, 1983) or -:oun­
try basis (e.~. Pinder, 2001 J. The degree of vixo· 
nomic resolution may not be as accurate as for 
adulu or juveniles, essentially because dis­
niminaf1ng criteria ar~ gener.illy less obvious 
in embryos and larvae than in juveniles or 
adults. Nonetheless, ontogeny is a dynamic 
process, the description of which may en<1l:,le 
an equally accurate ta;:onomic resolution if a 
sufficient number of traits a:e under scrutiny. 

Currently, such taxonomic guides are not 
avul!able for tropical freshwater fish communi­
ties, larpely because accurate description> of 
fish ontogeny are scarce in these regions. The 
comparison between the >izes of the data­
bases in FishBase (Froese & Pauly, 2006) .lnd 
LarvalBase emi;has1ses this paucity of infor­
mation. The development of aquaculture pro· 
duction and research . in which an incrt:asing 
number of species are ':>red and raised in co.p­
tiviry ft·r bioconservation. ornamental or food 
purposes, provides a heuristic context for 
bridging this gap and providing information that 
might contribute to identify the causes of~ 
species' decline and the solutions to be impl-:· 
mented. With aquacultur~·bases stud·1es, fish 
ontogeny can be trased instead of being in· 
ferred from scant captures in the wild., F.xpP.ri· 
mental facilities give the opportunity of study­
ing live specimens, and thus their colour p;it­
terns, which may vanish totally or partly in pre­
served spec;mens that or'ginate from th€ wild. 
Fun hermore, aquaculture-based studies p~r­
mit studying species that are currently endan· 
gered in their natural cHsti ibution area witho.ut 
Jeopardizing their popL·lations .. , 

Here, we provide the first descripnon of 
the ontogeny of the silver shark 
Bai11ntiocheilos melanopterus Bleeker 1851 
(Cyprinidae), also kr>own as tricolour shark min· 
now or ba!ashark in Indonesia. The balashark 
is a highly pr.:used orn,1mentaf >pecies that has 
been overfished tc t:1e point that it has be· 
con1e endangered i11 inost of its distribution 
area, especially in Indonesian waters (Ng & Tar., 
'997). 

MATEnlAL AND METHODS 

The fish that were analysed in this st11dy 
orlgin'lt~ from broodfish from a Thai popula· 
lion of balashark thal was introduced in lndo-
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nesia. Eg~s w~rl! C'blained following a hormonal 
treatmer.t c,f female·; ~HCG 3(l0 IU.~~ » ,hen 
Ovaprim 0.5 'TIL.kg' of femc.I<! S hours later), 
followed by attifi<ial fertilization. Embryos and 
larvae we~e raised in 80-L (100 x 40 :-.: 20 cm) 
tanks and fed with brine shrimp nauplii. Water 
temperature during the 5tudy averaged 26'C 
at night and 28'( during the day (121.: 120). 
Fish were s<.mple<.l <.t daily lnter'!als, transferred 
to the LR·BIHAT Depok station, and photo­
graphed vncer the stereomicroscope (magni· 
fication: 8· 100 x) and the light micrcsc?p~ for 
closer shots, using top, bottnm and side ·1iews. 
Dim~nsicns were mi:asured to the nearest pixel 
from di(iital photog<a;ihs. by reference to a 
graduatej .;cale th;itw11s photographed at the 
same magnif'ration(sl. Th<.' morphomeristic 
variables under scrutiny were thJse that are 
critical t..> '<;eding and locomotion: i.e. fish siz~ 
(total, fork ~nu rnwJard lengths), body depth, 
fin length a11d grc>wth "' fir.ra•t>. head width 
and length, uµµe; and :ower jaw lengths; gape 
height W.ls tst1mated from jaw length, on the 
assumption c,f a 91)' opening capacity, which 
is a gent!•atly used as a s:aPdarcJ for uescrib· 
ing the ingestior. capa<.ity of fish larvae and 
smJ.11 juv~niles (Sl1irota, l 970). 

Additional inform<.tion w<:;; collected on 
the rate of \'Olk absorption and on the 
ontogeny of the swimbladder, in particular as 
regards th~ specialisation of the swim bladder 
into two distinct chamb<!rs, and the variat;on 
of their resp~ctive proportions <lu1 ing the 
on109env. For bCJth structures, rile contour was 
traced on digot<.I side v;ews oft\ie fish. thereby 
enal)ling the <:lire et calcu!ation of the surface 
(pix,?I.;), which is later expre~.sed by r~ference 
to tile act:.ial size of tlie fish, so the ~urfacP. 
can be convl!rted into mm'. Thereafter, the 
volume is reconstrucr.?d from an ellipsoidal 
app1oximacion. 

RESULTS 

Growth. 3alashark t!ggs averaged l.2-1.3 
mm in diameter. Tlicy hatched I 3 hours after 
fertilization (2fl·28"CJ, gi\/ing birth tu embryos 
of cfrca 4. S mrn in total IE'ngth (TL), with a 
yo!k sac of circa I. I mm'. During the fim two 
days afrer ha:chi .19 (he1 eafter AH), e171b1 yos 
a!Jsorbed their ·1olk at a rapid pace (0.36 mm' 
day') and exhibited f.1st grow~h (0.7 mm TL 
day'). Ourin; thf!! ;1ext two days, the rate of 
yolk absorprior1 Jecreased by circa )0% (0.2 
mm' day·') ar:d growth slowed down as well 
(0.2 5 mm TL cia~1 '). 
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Exogenous feeding.commenced on day 4 
or S AH. wt.en larvae averaged 6.3 mm n. The 
grow~h on the first feeding d.iy w<1s slow (0.3 
mm day') then it increased 1 apidly and 
averaged 1 .7·0.8 mm dJy·• during the next 9 
days, i.e. almost the same par.e as d•Jring the 
fast £rowing embryonic perioc •. 1 hereafter, a 
parasitic outbreak tool< pla(e and 'ompro· 
miserl orowth consid\'~;Jbly b~fore it was 
mitigated with a 20·ppm iorrr.alde:1yde 
treatment (day I 7 AH). Following tile :rcatment, 
£rowth resi.lmec.J at the same pace ~s beforP. 
tile parnsitic outbreak and fish attai.~ed 17.2 
ll'm TL when aged ;:3 days AH. · 

Betause the growth of bal•shark wa> 
slowed down or haltl!d during several da\1s, 
no reference ro age was attein pted for fish 
older than two weeks. However, this shortcom· 
ing is nnt ot •Jtmost i.-nportanr.e since in most 
fish species; ontugeny refers most closely tn 
size than re ag~. exreot f;ir the very early life 
stage,; . This was empirical ly verified in 
balasharl< by comoaring the de;eloomental 
stag~s of fish of difier~nt ages but of similar 
body lengths. 

Fins. At hatching, only a •ontinuous, non· 
s•ructurP.d finfold was present. It extended 
over So.5 ~nd S l .S"<.ofthe embryo's length on 
the dors,11 and ventral side. r~snectively, and 
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its surface amounted to 0.4 7 mm1• The next 
da~ (S.2 mm TL), the surface finfold had almost 
dol'bled (0.87 mm1), essrntially because ofthe 
de·1elopmem of the anlage of the caudal fin. 
Thereafter, the fo1fold exhibited no furthe" 
specialisation until 6 days AH (6.6 mm Tl), when 
th~ fir~t fin rays of the caudal fin started grow· 
ing ventrally. Caudal finrays started differenti· 
ating on day S AH, before the flexure of the 
no10chord, which was ter,uous (5') at 7 days 
AH (5.9 mm Tll t.ut attained its definitive bend 
(32·33') at 8 days AH (8.1 mm TL). The cauda' 
fin became forked at 10 d.;ys AH. Throughout 
thi s period, the cauclal fin length exh ibited a 
ra9id positive allon1etrlc growth up to circa 
20% TL at 1 S mm TL, and a slower growth there· 
after, with a maximum of 24% TL in a 75·mm 
juv~nile. 

ThP. finfold of the ventral and dorsal regions 
exhibited no specialisation before 7 days AH, 
when the anlage of the dorsal fin sta1ted dif· 
feremiating. The anlage vf the anal fin was nut 
distinctly shaped be!orc day 9 AH. From these 
moments onwards. these two fins exhibitf'd a 
rai:-id :illometric groNth (Figure 1 ), which was 
supported by the concomitant growth of their 
finr;iys (starting on day 10 AH; Table 1 ). The 
growth of the anal fi r1 becam~ isometric in fish 
greater than 17.2 mm TL (circa 8.2% TL~ while 
the dorsal fin continued its allometric grciwth 
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Figure 1. Fin development sequence ar'1d growth allornetries of fins in JJalantiocheilos 
melanopt~rns. In fisli less than 8 mm l'l, the dimensions given for the dorsal 
and anal fins are rhr. heights.of the dorsal and ventral flnfofd, respectively 
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Table l. Variations in the number cf finravs during the Mtogeny of balashark 
Ba/anriocheifos melanop:erus. All fim:ays were flllly elongatP.C vn day 1 3 after 
hatching (AH). The first ray of the dorsal and anal fins i> a supporting rat. which 
i5 :1t least twice shone1 than the second ray, and is r.oted + l 

Age !iize 
(days AH) (TL, mm) 

Caudal Dorsal ,\nal P~lvic Pee coral 

4 6.3 0 

s 6.3 .; 

6 6.6 9 

7 69 14 

8 8.1 19 

9 8.2 19 

10 ~.9 19 
11 11 19 

12 l l l 9 

13 11.8 19 

and attained 20.2% in t'ie 75·mm juvenile th<.t 
was used as a standa.rc in this study. 

In regards to the paired fins, the pectoral 
fins were absent a: hatching but on the next 
day, their anlagen had differentiated ar.d al­
readv attlined 6.5 % TL Their growth was fast~r 
than that of other fins, as they attaineC: their 
maximum dimension (l 3.5· 14.0 % TL) as early 
as 5 days AH (6.3 mm Tl). By contrast, the pee· 
toral finrays did not develop before the age of 
\ l or l 2 days AH ( l \ .O mm TL). The anlagen of 
thP. pelvic fins were the last to grow, at 11 
days AH, but their fini ays elongated rapidly 
from the next day. The pelvic fins had attained 
their 111axlmal dimension (10.5%TU at 17.2 mm 
Tl, a size at which the remnants of the caudal 
and abdominal finfold had vanished. 

Cephalic region. The length and width of 
t'1e head In hacchlings averaged l 5.1 and 9.7% 
TL. respectively. Sorh variables showed a rapid 
allometric growth during th(· embryonic perio::l 
and attained their largest dimension relative 
rn body length at the start of exogenous feed­
ing; thereafter, they exhibited an isometric 
growth during the rest of the larval and early 
JUVe11ile stages. 

The gill arches app\:ared on day 2 AH, while 
the opercula did not forrn before day 4 AH. The 
eyes were present at birth, but almost non· 
pigmented, except for the lowest margin. Two 
d<1ys later, the eyes were fully pigmented. The 
eye diameter at hatching was 4. l % TL. The(e· 
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after, the ey~s exl1ibited a positive '1flometric 
growth thro•ighout the ju·1enile and iarval 
stag<?s and av1~ra9ed €.3 % TL at 17.2 mm TL. 
A similar 1aric was ob;~rved in a 75·mm T•_ 
juvenile from an older prog·?ny The otic 
capsule was .;!so present :it birth and two 
otoliths v.e:·e clearly visible. One day lolter, the 
semicircular r.anals had <tlready developed. In 
hatchlings, ;he otic capsule w;;s caudal to the 
head (16.3% TL from the s1out). On the next 
day, it had migrat<.-:d forward ( 1 l . l % TL from thE! 
snout), abov~ the location of the forcfico!T'ing 
first gill arches. The diameter of tile otic 
capsule w1s 2. 7% TL at hat1:h1119. a1d 1n<:reased 
rapidly durinq the n~xt few d•ys, up to a 
ma):imum of 5.6% TL at 5 days AH. Because 
of the dewlor>rnl'nt of pigmentation, the 
ontogeny of the otic capsule could nvt be 
traced later on. 

The mouth of balashark was still closet.I on 
day 1 AH, '.Jut onen'?J or. clay 2 Al-'. (5.9 mm TL). 
As in most fish species, the lower jaw (lJ) was 
origif'altr shorter than the upper jaw (UJ). The 
lJ:UJ ratio inc:-eased progressively from 72 to 
87%at 15 m'Tl TL ancl then exhibited almost no 
or littl~ variation <hereafter. Mot1th width ar.d 
gape (90" oµern ng) at 2 days AH were ti. 7 and 
3.9 ~; TL, resµect1vely. Both dimensions exhib· 
ited a positive allometric growth during the rest 
of th~ emb1yonic periocl (i'igure 2), resulting in 
absolute dime:i~ions of U.50 (width) and 0.27 
mm (gape) at the s:art of exogenous feedi119. 
!loth dimemions make it possibl<? for balashark 
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Figurf' 2, Grov..th <.l;ometries during the ont.ogeny of Balantior.heilos 
melanopt.~rns, focusing on the cephalic region 

to .ngest large prey, ;uth as bri11e shrimp nau­
~lii ~u.6 mm x 0.1 5 mm in diarncten, which were 
reartily i119est~d by 5-day olJ luv"e and per· 
mitted to fuel a 1 elatively fast growth. The allo­
meti ic growth of mouch width c.nd g<.pe con.· 
tinued during the early larv~I period, until lar· 
vae attained 9 mm Tl, wh~n tile two dimen-­
sions ave1·aged 1 O 2 and 6.3% l"l. respE'ctively. 
Thereafter, gape remi1ined unchanged while 
mouth width ex!iibit~d a sligh<iy negative allo­
metric growth that paralleled that of head width. 

Thoracic and abdominal region. A~ 
other cyprinids, balashar~ p0$Sess an ill-de­
fined storhad1, so th'! ontogeny of their gu~ 
could nol be traced from morphological crrte­
ria, contrary to the situation in many other fish 
taxa. The swimbladder started forming as early 
as day 2 AH and but was not fille.d before the 
ne)(t day (5.9 mm TL). The volume of the 
swimbladder expanded rapidly from 0.017 to 
0.050 min3 during the nrxt two clays. Thereaf­
te.-, its growth M'.ls isometric (by reference to 
the cube of the fish \Jody length) until l 7.2 111m 
TL (the contour of tl1e swirnbladder could no 
longer be tr<1ced in larger fish because of 1.he 
development of the pigrnentatior panern and 
scale cover). Until day 9 Ah, the swimbladder 

displayed no specialisation. From day 1 0 AH 
onwards (9.5-9.9 mm "fL), the anterior chamber 
started differP.ntiating :ind its volume (relative 
to that of the entire swiml:lladder) increased 
rapidly up to 70% at 13 mni TL. Thereafter, this 
prcportion remained almost stable until 17.2 
mm TL (71%; Figure 3). 

Eody dimensions and pigmentation 
pattern. From the size and age when the 
caudal fin became forked, the relationships be­
tween the total TL, standard (SL) ar.d fork 
lengths (FL) in balashark were described by 
simi:-le linear relatio11ships: 

fL(mm) = 1.026 [0.077} + 0.755 [0.003]TL(mm) 
(R.l"'0.999. df-16) 

Sl(mrn)= 1.301(0.0681+0.818 [0.002]TL(mm) 
(Rl=0.999, dfsl 6) 

SL (mm)= -0.23 5 f0.04 5) + 0.924 (0.002] FL (mm) 
(R'=0.999, df• 16) 

Fish body d~pth at birtt> was 23.2% TL, but 
diminished rapidly as the yolk was absorbed, 
and attained 13.2% a; the start of--exogenous 
feec!ing. Tl1ereaf1er, it increased in a curvilin· 
ear way, up to 16.1% TL at 17.2 mm TL. T.1e 
positive allometric grCJwth of body depth pur-
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Figure 3. Variation of the v0lt:me of the swimbladd~r ·arid of the 
proportion of its posterior (hydrosta:ir. only) chamber 
during the ontogeny of Balantiochei/os melanopterus 

sued later on, since 1t attained circa 22%TL. at 
75 rnm TL No model is prorosed for this vari· 
able, ber.<.use the pat!lologicnl outbreak that 
took place during tris study produced a loss 
of condition in balashark and caused body 
depth to shrink slightly during this period 
(Figure 1). 

The variation of the pigmentation pattern 
during the ontogeny of balashark is illustrated 
on plate I. The chromatophores first appeared 
above the swimbladder on day 2 AH, then d~ a 
vent1 al row, below the epax1al and caudal mus· 
culature on day 3 AH. Thereafter, chromato· 
phores developed in tfle cephalic region, then 
in the fins, eith~r before finrays (caudal), 
slightly after fin rays (dorsal, anal) or much l~t2r 
than finrays (pelvic). 

DISCUSSION AND CONCLUSION 

Based on the criterlun of f infold vanishing, 
balashark becomes juveniles at a size of cir<: a 
17 mm TL or slightly before this. This cut-off 
size is nlso consistent with the growth pat· 
terns of fins, which are almost isometric by 
tnen. However. ma~y characters remain to ap· 
pear or develop in fish sreater than l 7 mm TL. 
At first, the scale cover has not developed )'et, 
balashark are still slender and the pigm~nta· 
tion of the fins is yet to come (pelvic fin>) or 
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expand (cauria', anal, and dorsal). Another no­
table feature is thE fact that the first full -lenqth 
fin ray of thP. dorsal fin is not serrated vet. 

The c.ntog.,netic se('Juence in balashark '1s 
shared by many oth~r fish species, probably 
because manv species face similar constraints 
(i.e. escariing predation and f~edingl. Al first, 
developing a more effi(ient propeller and struc· 
tures that prol'ide balance (namely th~ pectc· 
rals), whid1 both ')ermit improving locomotion 
and escape from prP.dation. Next the 
swimbladd,~r. w~ich provicies buoyancy, :re 
gills, and the moL•th and gut, which are propor­
tionally less crucial than other structures while 
the fish can still r~ ly on i ts yolk. Except for the 
anlagen .Jf lhe per.toral fins, wl1ich grow from 
a .very y<>Ung age, the fin development se· 
quence in balashark follows ii caudal·to-cra· 
nial pattern: i.e. caudal , dorsal and anal, pelvic 
then pectoral fins. To the bP.st of our knowl· 
edge, all Cyprinifonnes and almost all Ot'lphysi 
exhibit th;s pattern, with slight ·,ariations (!.e. 
the anal fln anrJ f:nrays may grow at the sJme 
time as or slightly after the dorsal fin and 
finrays). However, this pattern has ulso been 
re·ported in ~ b1 oad seri.:s of taxa, and corn· 
prises over 50% of the species in which this 
sequP.ncc has been desc~ibed (circa 800 spe· 
cies, F. Bar;1s, t1<1publisl1ed dat~). 
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Curro~tly, we hav~ not ident;frecl any cri­
teria that makes the embr}O a·1d l;ir~ae of 
ba!ashari< .;o typical that could mJ.ke their iden­
tification straightfor'Nard and c1n:vocJ.I, as for 
ex;impl~ the nriped pigmenta;io.1 pattern of 
the clown loach Chromobotia macracanthus 
(a cobitid that also originate:. from -ivers and 
streams in Sumatra), which appears at a very 
earlv age and ;snot shared by r~.1ny species (if· 
any) in its range (Legendre er al., 2005). None­
theless, this study provided a complete de­
scription of tre vari;itions of meristir. charac­
ters and relative proportions of a series of 
morphometric variil.bles, including sorne that 
are generally neglec~ed, sucfi as the respec­
tive proportion; of the two drambers of the· 
swimbladc.ler. Hopefully, the coml:>ination of 
these traits will enable the defi~ition rif dis- · 
criminating criteria wich other lnrlo.1csian fish 
species, for which the ontogeny is still to be 
scrutinised. 
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Plate I. Illustration of the ontogeny of Ba/antioche;/os melanopterus 
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