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ABSTRALT

The Ralastavle i 2 lighly praised ornamental species that has been ¢verfished to the
ponit that it has become endangered in mest of its distribution area, especially in
Indanesian wates. Captive propagation has reduced the threats upon wild populations
of balashark. Nevertheless, knowledge on the kiology of this speacies 15 still scarce,
in particular as regards tw its ontogeny. This information is ¢rucial for the identification
of larvae ard small juveniles in the wild, as well as for improving its cuiture. Balashark
egys averaqe 1.2-1.3 mm ir diameter and hatch after 13 hours {26-28°C), giving birth
to 4.5-mm embryos, with a yolk sac of cirea 1.1 mmi. At the end of the endogencus
freding period (day 4 after harehing (AHR, larvae ztin 6.3 mm Tl. The mouth epens
uit day 2 AH (5.3 mm total length, TLL At the time of first freding (day 4 or 5 AH, 6.3 mm
TL), rheir mouth and gape alveady average 0.5 mm and 0.27 mm, respectively, and
they arow up to 102 and 6.3% Ti, respectively, on day 8 AH. The swim bladder starts
forraing as early as day 2 AH and is filled-by day I AH (5.9 mm TL), but the separation
betwesn the anterior and posterior chambers does not take place before 9.5 mm TL
{day 9 or 10 AR The fin development sequence is typital of cyprinids, and follows
& caudaltoecranial pattern {.e.; caudal, dorsal and anal, pelvic then pectorals), except
for the aniagen of pectoral fins, which aré present in 1-day old fish (5.3 mm TL). Based
on the vapishing of the abdorinat and caudal fin fold, and con the lengths of the fins
relative (o fish size, the ‘ransition between tha larval and juvenile stage occurs at
cireg 17 mim TL (corresponding standard fergrh. 13.7 mm), At this stage, the scale
cover is not developed yet, but juveniles already exhibit the typical pigmentation

pattern of adults on their dorsal, anal, pelvic and caudal fing, while pigmentation on

the pelvic fins is still in its very zarly stages.
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INTRODUCTION

In the vast majority of fish species, the bulk’®

af mortality occurs during the earty life stages,
both in the witd and in captivicy. A series of
species have evoived fust growing straregies
while others have seamingly privileged life

styles that rely on energy consenation, to the

detriment of growth but glving the embiyo or
larva the opporturity to survive more or less

profonged periods of food shortage, In order.

to underrstand to what extent ontogenetic
patterns match environmental constraints, and
thus the thieats upon species resitience in

man-madified environments, one should be
capable of identifying a particular species at
all stages of its oatageny. Genetic tools nowa-
days znable the rapid and accurate determina-
tion of fish species, but their applicavien to
broad numbers of fish is tedious and exces-
sively expensive when applied to (very) farge
samples, as those needed in ecclogical stud-
ies, thereby emphasizing the need for thor-
ough morphologicai descriptions.,

These principles have fostered research
on the untegeny of fish, which was originally
drivan by evolutionary purposes, and resulted
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in the produstion of taxonomic guides, which
permit the univocal determination of who is
whao for alf or most life stages. Generally, these
guides are produced on a river basin (e.g.
Hogue et al., 1976; Marguiies, 1983) or coun-
try basis (e.¢. Pinder, 2001). The degree of taxo-
nomic resolution may not be as accurate as for
aduits or juveniles, essentially because dis-
criminating criteria are generiily less obvious
in embryos and larvae than in juveniles or
aduits, Nenetheless, ontegeny is a dynamic
process, the description of which may enakle
an equally accurate tax;onomic resolution if a
sufficient number of traits are under scrutiny.

Currently, such taxonomic guides are not
available for tropical freshwater fish conimuni-
ties, largely because accurate descriptions of
fish ontogeny are scarce in these ragions. The
comparison between the sizes of the data-
bases in FishBase (Froese & Pauly, 2006) and
LarvaiBase emphasises this paucity of infor-
mation. The devefopment of aquaculture pro-
duction and research, in which an increasing
number of species are Yred and raised in cap-
tivity for bioconservation, ornamental or food
purposes, provides a heuristic context for
bridging this gap and providing information that
might contribute to identify the causes of a
species’ decling and the solutions to be imple-
mented, With agquacultura-bases studies, fish
ontogeny can be traced instead of being inv
ferred from scant captures in the wild. | Experi-
mental facilities give the oppoertunity of study-
ing live specimens, and thus their colour pat-
terns, which may vanish totally or partly in pre-
served specimens that orginate from the wild.
Furthermore, aquaculture-based studies par-
mit studying species that are currently endan-
gered in their hatural distiibution area without
ieopardizing their populations "

Here, we provide the first description of
the ontogeny of the silver shark
Baluntiocheiios melanoplerus Bleeker 1851
{Cyprinidae), also knowe as tricolour shark min-
row or balashark in indonesia. The balashark
is ahighly praised ornamental species that has
been avarfished tc the point that it has be-
come endangered in most of its distribution
area, espacially in indonesian waters (Ng & Tan,
1997),

MATERIAL AND METHODS

The fish that were analysed in this study
originate from broodfish from a Thai popula-
tion of halashark that was introduced in Indo-

]

nesia. Egus were obtained folfowing a hormonal
treatment of femaley {HCG 300 IUn, ', «ien
Ovaprim 0.5 mL.kg' of femala 5 hours tater),
fotlowed by artificial fertilization. Embryos and
larvae were raised in 80-1. (100 x 40 x 20 cm)
tunks and fed with trine shrimp nauplii. Water
temperature during the study averaged 26'C
at night and 28'C during the day (121:12D).
Fish were sempled at daily Intersals, transferred
to the LR-BIHAT Depck station, and photo-
graphed ander the stereomicroscope (magni-
fication: 8100 x) and the light micrescope for
closer shots, using top, bottam and side views.
Dimansicns ware measured to the nearest pixel
from digital photegraghs, by reference to a
graduated scale that was photographed at the
same magnifiration(s). The morphameristic
variabies under scrutiny were those that are
critical to feeding and lecomotion: i.e. fish size
{rotal, fark and standard lengths), body depth,
fin jength and growth of finrays, head width
and length, uppe: and 'ower jaw lengths; gape
height was estimated from jaw length, on the
assumption of a2 90" apening capacity, which
5 a generally ysed as a standard for describ-
ing the ingestior capacity of fish larvae and
small juveniles (Shirota, 19740).

Additional information was collected on
the rate of yolk absorption and on the
ontogeny of the swimbladder, in particuiar as
regards the specialisation of the swimbladder
into two distingt chamburs, and the variation
of their respoctive proportions dwing the
ontogeny. For both struciures, the contour was
traced on digital side views of the fish, thereby
enabling the direct calcuwlation of the surface
(pixais), which is later expressed by reference
o the actual size of the fish, so the surface
can be convarted into mm?. Thereafter, the
volume is recongtructzd from an ellinsoidal
appioximadion,

RESULTS

Growth. Qatashark eggs averaged 1.2-1.3
mim in diauneter. They hatched 13 hours after
fertitization {26-28°C), giving birth tu embryos
of ¢irea 4.5 mm in total length (T1), with a
yolk sac of circa 1.1 mm?. During the first two
days after hiaiching (hereafter AH), embivos
absorbed their volk at a rapid pace (9.36 mm?
day'} and exhibired fast growth (0.7 mm TL
day'). During the aext two days, the rate of
volik absorprior decreased by <irca 50% (0.2
mm? day?) ard growth slowed down as well
(0.25 mm TLdav").
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Exogenous feeding.commenced on day 4
or 5 AH, when larvae averaged 6.3 mm TL, The
growth on the first feeding day was siow (0.3
mm day '} then it increased rapidiy and
averaged 9.7-0.8 mm day’ during the next 8
days, i.e, aimast the same pace as during the
fast growing embryonic perioc. Thereafter, a
parasilic outbraak took place and compro-
mised arawth considerably before it was
mitigated with a Z20-ppm formaidehyde
treatment (day |1 7 AH). Following the treatment,
growth resumed at the same pace as before
the parasitic cutbreak and fish attained 17.2
mm TLwhen aged 23 days AH.

Because the growth of balashark was
slowed down or halted during several davs,
no reference to age was attempted for fish
older than two weeks, Kowever, this shortcom-
ing is not ot utmost impaortance since in Mmost
fish species; ontugeny refers most closely to
size than t¢ age, excent Tor the very sarly life
stages. This was empirically verified in
balashark by comoaring the develoomantal
stages of fish of different ages but of similar
body lengths,

Fins. At hatching, only a continuous, non-
structured finfeld was present, It extended
over 56.5 and 51.5% of the embryo's length on
the dorsal and ventral side, raspectively, and

Dimension (% TL)

(Etienne Baras)

its surface amounted to 0.47 mm?. The next
day {5.2 mm Ti), the surface finfold had almaost
doubled (0.87 mm?), essentially because of the
development of the anlage of the caudal fin.
Thereafter, the finfold exhibited no furthe-
speciatisation until 6 days AH (6.6 mm TL), when
the first finrays of tha caudal fin started grow-
ing ventrally, Caudal finrays started differenti-
ating on day § AH, before the flexure of the
notochord, which was teruous (57) at 7 days
AH (5.9 mm TL) but attained its definitive hend
{32-33") at & days AH (8.1 mm TL). The cauda’
fin became forked at 10 days AH. Threughout
this period, the caudal fin length exhibited a
ranid positive allometric growth up w0 cirea
20% TL at 15 mm TL, and a slower growth there-
after, with a maximum of 24% TL in a2 75-mm
juvenile.

The finfold of the ventral and dorsal regions
exhibited no specialisation before 7 days AH,
when the anlage of the dersal fin started dif-
ferentiating. The anlage of the anal fin was not
distinctly shaped before day 9 AH. From these
morments onwards, these two fins exhibited a
rapid allometric growth Figure 1), which was
supported by the cencomitant growth of their
fincays (starting on day 10 AH; Table 1}. The
growth of the anal fin becama isometricin fish:
greater than 17.2 mm TL (circa 8.2% TL> while
the daorsal fin continued its allometric growth
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Figure 1.

Fin development sequence ard growth allometries of fins in Balantiochellos

melanopterus. in fish less than 8 mm T4, the dimensions given for the dorsal
and anal fins are the heights of the dorsal and ventral finfeld, respectively
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Table 1,

Variations in the number cf finrays during the ontogeny of balashark

Balantiocheilos melancpierus. All finrays were filly eiongated un day 13 after
hatching (AH). The first ray of the dorsal and anal fins is a supporting ray, which
is at ieast twice shorter than the second ray, and is noted +1

Age Size i
(days AH} (TL mm) Caudal Daorsal Anal Palvic Pecroral
4 6.3 0 0 ¢ 0 0
5 6.3 4 0 ) o o
6 6.6 3 0 0 0 0
7 69 14 0 0 0. 0
8 2.1 14 o] ¢] 9 4}
g 8.2 18 0 0 Cc o]
10 4.9 19 7 2 0 0
11 H 1¢ 8 4 8 <
12 il 3] A+t B+l 2 b
13 11.8 19 9+ 64! 8 9

and attained 20.2% in the 75-mm juvenile that
was used as a standare in this study.

In regards tc the paired fins, the pectoral
fins were absent at haiching but on the next
day, their aniagen had differentiated and al
ready attained 6.5 % Tt. Their growth was faster
than that of other fins, as they attainec their
maximum dimension (13.5-14.0 % TL) as early
as § days AH (6.3 mm TL). By contrast, the pec-
toral finrays did not develop before the age of
11 or 12 days AH (1 1.0 mm TL). The antagen of
the pelvic fins were the last o grow, at 11
days AH, but their fintays elongated rapidly
from the nextday. The pelvic fins had attained
their maximai dimension 10.5% Tl 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
the head in hatchlings averaged 15,1 and 9.7%
TL, respectively. 8orh variables showed a rapid
allometric growth during the embryonic period
and attained thelr largest dimensien refative
te body length at the start of exngenous feed-
ing; thereafter, they exhibited an Isometric
growth during the rest of the larval and early
Juvenile stages.

The gill arches appeared on day 2 AH, while
the opercula did not form befere day 4 AH. The
eyes were present at birth, but almost nan-
plgmaented, except for the lowest margin. Two
days later, the eyes were fully pigmented. The
eye diameter at hatching was 4.1 % TL, There-
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after, the eyzs exhibited a positive allometric
growth throughout the juvenile and larval
stagas and averaged €3 % TLat 17.2 mm YL
A similar saric was observed in a 75-mm TU
juvenile from an older progeny The otic
capsule was alse present ag birth and two
otoliths were clearly visibie. One day later, the
semicircular canals had already developed. In
hatchiings, the otic capsule was caudal 1o the
head (16.3% TL from the snout). On the next
day, it had migrated forward (11.1% TL from the
snout), above the focation of the farthcorring
first gill arches. The diameter of the otic
capsuie was 2.7% TL at hatching, and increased
rapidly during the next few days, up o a
manimum of 5.6% TL at 5 days AH. Because
of the development of pigmentation, the
antegeny of the otic capsule could not be
traced later on.

The mouth of balasharlk was stili closed on
day 1 AH, but openad on day 2 AF (3.9 mm TL.
As in most fisk species, the lower jaw (L)) was
origirally shorter than the upper jaw (UJ}. The
L::U) ratio increased progressively from 72 to
87%at 15 mn TL and then exhibited almost no
or litthe variation thereafter, Mouth width ard
gape (80" apening) at 2 days Ad were 6.7 and
3.9% TL, respectively. Both dimensions exhib-
ited o positive ailometric growth during the rest
of th2 embiyonic period (Figure 2}, resulting in
absolute dimensinns of 0.50 (width) and 0.27
mm {gape) at the start of exogenous feeding.
Both dimensions make it possiblea for balashark
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Figure 2, Growth zliometries during the ontogeny of Balantiocheilos

melanopterus, focusing on the cephalic region

to.ngest large prey, such as brine shrimp nau-
clii {0.6 mm x 0.1 5 mmin dizameten, which were
readily ingested by 5-day old larvze and per-

mitted to fuel a 1elatively fast growth. The allo- .

metric growth of mouth width &nd gape con-
tinued during the early larval period, until lar-
vae attained 9 mm TL, when the two dimen-
sions averaged 10.2 and $.3% TL. respectively.
Thereafler, gape remained unchanged while
mouth width exhibited a slightly negative allo-
metric growth that paralie'ed that of head width.

Thoracic and ahdominal region. As
other cyprinids, balashark possess an ili-de-
fined storhach, so the ontogeny aof their gut
could not be traced from morpholagical crite-
ria, contrary 1o the situation in many ather fish
taxa. The swimbladder started forming as early
as day 2 AH and but was not filled before the
next day (5.9 mm TL) The volume of the
swimbladder expanded rapidly from 0.017 1o
0.050 min® during the next two days. Thereaf-
ter, its growth ywas isometric (by reference to
the cube of the fish body length) unt! 17,2 mm
TL (the comour of the swirabladder could no
longer be traced in larger fish bacause of the
development of the pigmentaviop pattern and
scale cover). Until day & AR, the swimbiadder

displuyed no specialisation. from day 10 AH
onwards (9.5-9.9 mm 'TL), the antericr chamber
started differantiating and its volume (relative
to that of the entire swimbladder) increased
rapidly up to 70% at 13 mm TL. Thereafter, this
preportion remained almost stable until 17,2
mm TL(71%, Figure 3},

Body dimensions and pigmentation
pattern. From the size and age when the
caudal fin became forked, the refationships be-
tween the total TL, standard (SL) ard fork
langths (FL} in batashark were described by
simgple linear relationships:

FL(mm}=1.026 [0.077} + 0.755{0.003] TL tmum}
(R1+0.999, df=16)

Stémm) = 1,301 [C.068] + 0.818 [0.002i TL {mm)
(R*=0.999, df=16)

SLenm)=-0.23%{0.045) + 0.924 {0.002] FL. (mm)
(Ri=0.999, df=16)

Fish body depth at birth was 23.2% TL, but
diminished rapidly as the yolk was absorbed,
and attained 13.2% a: the start ofexogenous
feeding, Thereafter, it increased in a curvilin-
ear way, up to 16.1% TL at 17.2 mm Ti. Tae
positive allometric growth of body depth pur-
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Figure 3, Variation of the volume

of the swimbladder arid of the

proportion of its posterior (hydrostatic only) chanber

during the ontogeny of

sued later on, since 1t attained circg 22% TL at
75 mm TL. No model is proposed for this vari-
able, because the pathological outbreak that
took place during this 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 entcgeny of balashark is illustrated
on plate |. The chromatophores first appeared
above the swimbladder on day 2 AH, then as a
ventral row, below the epaxial and caudal mus-
culature on day 3 AH. Thereafter, chromatg-
phores developed in the cephalic region, then
in the fins, either before finrays (caudal),
slightly after finrays (dorsal, anal) or much {ater
than finrays {pelvic).

DISCUSSION AND CONCLUSION

Based on the criterion of finfold vanishing,
balashark becomes juveniles at a size of ¢irca
17 mm TL or slightly before this. This cut-off
size is also consistent with the growth pac-
terns of fins, which are almost isometric by
tnen. However, many characters remain 1o ap-
pear or develop in fish greater than 17 mm TL.
At first, the scale cover has not developed yet,
balashark are still slender and the pigmenta-
tion of the fins is yet te come (pelvic fins) or
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expand (caudal, anal, and dorsai}. Another no-
table feature is the fact that the first fufl-length
finray of the dorsal fin is not serrated vet,

The entogsnetic sequence in balashark is
shared by many other fish species, probably
because manv species face similar constraints
(i.e. escaping predation and feeding). AL first,
developing a more efficient propeiler and styuc-
tures that provide balance (nameiy the pecte-
rals), which hoth permitimproving locometion
and escape from predation. Next the
swimbladder, which proviges buoyancy, the
gilis, and the mouth and gut, which are propor-
tionaily less crudial than othor structures while
the fish can still rely onirs yolk. Except for the
anlagen of the pecroral fins, which grow from
avery young age, the fin development se-
guence in balashark follows a caudal-to-cra-
nial pattern: i.e. caudal, dorsal and anal, pelvic
then pectorai fins. To the Yest of our knowl-
edge, ali Cypiiniformes and almost all Otophysi
exhibit this pattern, with slight variations {i.e.
the anal fin and finrays may grow at the same
time as or stightly after the dorsal fin and
finrays). However, this patterii has also been
reported in a broad series of taxa, and comn-
prises over 50% of the species in which this
sequence has been described (circa 800 spe-
cies, £. Baras, unpublished data).
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Currently, we have nat identified any cri-
teria that makes the embryo and larvae of
balashark jo typical that could make their iden-
tification straightforaard and univecal, as for
example the ctriped pigmentadon pattern of
the clown loach Chromobotia macracanthus
{a cobitid that also originates from -ivers and
streams in Sumatra), which appears at a very

earlv age and is not shared by rmany species (if

any) in its range (Legendre et 4f,, 2005). None-
theless, this study provided a compiete de-

scription of the variations of meristic charac- -

ters and refative proportions of a series of
marphometric variables, including some that
are generally neglecied, such as the respec-

tive proportions of the two chambers of the -
swimbladder. Hopefully, the combination of

these traits will enable the definition af dis-
criminating criteria with other Indoacsian fish
species, for which the ontogeny is still to be
scrutinised.
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Platel. Hustration of the ontogeny of Balantiocheilos melanopterus
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