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ECOLOGICAL ASPECTS OF LIFE HISTORY OF THE GOLDEN MAHSEER
TOR PUTITORA (HAMILTON) IN THE RIVERS AND CREEKS OF NEPAL

Y

By

Tej Kumar Shrestha
Department of Zoology
Tribhuvan University
Kirtipur Campus
Kathmandu, Nepal

Abstract

The early development of the golden mahseer Tor putitora Hamilton,was examined
from an ecological perspective. Mahseer eggs are small (3.5 mm diameter) demersal
and adhesive. Hatching occurs normally but the larval period is intervened by a
brief post-hatching latency period. Hatchings are photonegative and geopositive
and are transformed into small semi-transparent sac-fries and drift downstream
shallow water nurseries. The larger swim.up fry begin feeding directly on river
diatoms, algas and minute aquatic insects and they complete four monthly cycle
in the nursery beds of creeks and hill-gtreams. Soon after fries put on their
welght change into fingerling and juvenile fish they show tendency to migrate
downs tream feeding zones. The close correlation between the developmental
pattern of mahseer and environmental factors are interpreted. Heavy mortality
of sac-fxy, larvae, and swim up fry and jumping fry were recorded in field
hatchery during bright sunny days than in overcast humid days. Under controlled
condition of the reverside field hatchery it was practically possible to reduce
mortality rate. Prospects of mahseer propagation and development of cool water
reacreational fisheries management in Nepal are highlighted and management
suggesticns are given.

.

Introducticn

Mahseers are superior game f£ish which also are useful for the development of
cold water in reservoir fisheries. Few fishes of Himalayan waters illustrate
better human taste than Himalayan Mahseers. Their excellent fighting properties
plus good public image provide a background for expanding cool water fisheries.
Mahseer fishery is steeply declining in Wepalese waters because of pollution
and envirommental factor such as barrier effects of dams, intensity of harmful
fishing such as {dynamitting rock-striking stream roisoning) and wanton
distruction of brood fish while migrating upstream for spawning. As the fish
exercises great selectivity of spawning substrata the eyed,eggs and fries of
this fish have to pass through a critical cycle of life-history as hatching
reriod, preolonged semiqueiscent sac-fry stage and negative phototrophic
behaviour of hatchlings,, their mortality 1s excessive. (403%) Human inter-
ference and water uses and pollution of streams can not be fully prevented.
The fish therefore needs to be artificially propagated and fingerlings stocked
into natural waters for the conservation of the species. Alternatively, pools
of mahseer rich river should be declared as fish sanctuary so as to enhance
natural breeding of the brood fish stock. To ensure intensive and extensive
management, and safeguard early life history stages there should be compulsory
provision .0f fish ladders in every dam and reservoir site to provide by-pass
facilities for the migratoxry masheer,
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Development and life history of fishes have been studied by a host of biologists
in the past. Prominent among them are Warrington )1976), Yamamoto (1967), Paine
and Balon (1984). Some importart contribution has been made by a few Indian and
Nepalese worker:. ¥han £1926), studied broeding bahit of (Tor tor) as well as
coppor mashonr I\cruczt-nchrn‘.-" hoxnoonol nrn-.. Ahamed 1'!45’) deser thed tho $

spawning habits of mahseer I Liasocheilus hexagonolepis) of Assam. Alukhuni
(1956) described the development maturity of Cirrhina reba and Labeo hata,
Dabid (D53) dealt with binomics some fishes of North India and Keshmir. e gave
an admirable account of eqgs, larvae and early life history early stage of
Mahanadi mahseer (B, (Por) mosal mahanadicus). Das (1953) observed gonad condi-
tion and breeding season in Y ol North India. Das and Rampal (1962

Some L1
made some contribution on life history of mosarito fish Gambusia affinis
Kulkarni (1970) gave an account of spawning habits, r!qtj'."’--.ﬁ_\'..-l. t°|r’1_\,l-‘tt‘£'-\‘.'-l'-"ﬂnmf\n"
of Decan Muihseer, Tor Khudree (Sykes). Desai (1972) gave notes on ecarly larval
stages of Tor putitora. Chaturvedi (1975) studied spawning hiology of Tox tor.
Shrestha (ldhO\ Tstudied life history of hill-stream trout qchfyﬁfjgyvgji;—fim'
stomus. Shrestha (1283)  studied artificial spawning of the mchseer 'for putitora.
There is no systematic record of any work on the ecological asnects of Life
history of mahscer living in ranning waters of Nepal. In this naper, T present
my finding on the life history of mahseer so as to advance our knowledgo abouk

ecological requirement of the deminishing species.

W

Moterials and Methods

The mahsaer (Tor putitora) inhahits iece—cold running waters of crecks hill-
streams, ‘rivers of Nepal. It principally breeds in autwmn breading run enanses
in August and lasts for about two months (September and October). During
spawning run the gravid male and female fish can easily be netted at night of
of Trisuli river. (Particularly in feeder streams such as Malekhu ¥hola, "adi
¥hola) Up to 16,000 to 30,000 eqqs are strivned from a mature female, Similarly
1-5 ml. of spexrmatic fluid could be strivped from each male. The ripe eggs fxom
aravid fish are fertilized by mixing with cpermatic fluid milt from one or
more male in a clean and dry container, follownd after two minutes by reneated
ringino in water. The hydration of fertilized ecgg with water (warer hardening)
causes elevation of the egg membrane which iscompleted with loss of stickiness
in 15 minutes. Experiments were conducted by enllectina hroad mahneer from
Malekhu Khola, Kolin ¥hola, Sindhurae ¥hola, ¥haharae ¥hola and TRisuli river.

The size of the male brood ranged 75 to 104 centimeters and female RO
to 120 cmg, Their weight ranged from 5 to 18 kg. The brood fish was fed with
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Developmental atages of Gerdden Malipeow Embyyon and
Lamuer eorpesponding Morpluslogieal (haraetepiation

Davelopmenta L "

Staagoes

Embrynloaical Events .

1.
A

w
.

4.

5.

10.

j

12.
s

14,

b=

14,

19.

20.

FPertilization to early blastodisc formation

astodisc extends half the distance to the equator: no noural
o oyident

nlastodisc envelops one-third of the yolk: neural plate is visible
Embryo encircles half of the yolk: optic vesicles are apparent

smbryo encircles three-quarters of the yolk: melanophores first
appear: red blood cells are first evident

Eye pigment is first apparent: pectoral fin buds are easily
rocoqmizable

Eye pigment darker; dorsal melanophores arranged in rows, lateral
molanophores now evident; dorsal and anal fin folds present

Melanophores present on dorsnl gut surface.

Embryo completely encircles yolk; a few melanophores appearing
on head

Many stellate melanophores on each side of heard, thror rows on
dorsal body surface

. ™wo rows of melanophores on each side of head three rows on
dorsal body surface

Mouth visible, caudal fin fold becoming lobate

Melanophores present on opercle area

Lower jaw crow over with or sliehtly orotruding beyond upper iaw;
hatching occurs during this state. ' i

Swim bladder develops aft
']

» four days of hatchings. Hatchlings
are photonegative geopositi

n
cIve

Hatehling chances to sac fry which has black dot at the base of
caudal fin a recoanisation mark for fry of mahscer

sac fry changes into the swinp un fry after #8 to 10 days after
the ahsorption of yolk sac

awim up fry changes into dumpine fry after 15 to 18 daysa.
They show tendency to jump out of the holdng tray.

Jumning fry changes into full fledged fry after 25-30 days,
In this stage they are to be transported in holding cloth

tank suspended in pond water

Fry chanqges intn the finaerlinns aftor three month to a yoar
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fed with a mixture of flour, rice, barn, oil cake, brood fish are
conditioned in cloth tank or happa as describad by Shrestha (1986).

Each batch of eags are fertilizer by dry and wet methods were
transferred to hatching trays and small portable trays (30 x 10 x 5 cms)
set in river water., Fach battery of tray contained 300 to 500 stripparl
eqggs. Sample of the eggs were drawn from each incubation tray or happa
and were scanned undex steroscopic microscope. The morphometric
changes of the fish embryo throwuoh Jdifferant hours and days were noted
down and sketched properly. Few developing eags were taken out and
treated with 5% acetic acid, This technique facilitated proner
sketching., For the histo-cytolngical studies cdeveloping eaqs were
fixed in Bouins, Hollands and Zenker fixatives. Embryos were stained
with Alcian blue, cleared with trypsin and then stained with alizarine
red,

The eags of live fish are fertilized with the milt of male fish
died about 5 hours parlier Similarly, milt of live male fish is
used to fertilize the eqns oF dead which had died about 2 hours
earlier. In both cases 50% of the eqgugs found to have been fertilized,
The physico=chemical characteristic during the perind of ohservation
were: temperature 22° to 33°C; pll 6.5 to 7.0; oxyaen concentration
4 to 19 ppm; turbidity 120 to 240 cms. (Table a and b)

ORSERVATION i

Fmbryonic phase:

The mahseer's eqgas are spherical and demersal and lithopelagephil.
In river bed they are attached to submerged stones, gravel and sand. (Fig. )
The eggs are transluscent and lemon yellow in colour when just
fertilized, They swell up uniformly in five to 10 to 30 minutes
and become semi-transparent. The fully swollen eggs have fairly
large perivitelline space. The diameter of the internal kernal of
eqq range 0.85 mm from 1.8 mm and that of outer shall ranges from
2.5 mm to 3,95 mn,

Cleavage (Activation to organogenesis):

About an hours after fertilization, a crecentric, narrow
blastortise appears over the Yyolkx mass. The first cleavage occurs
after one hour of the ‘ertlllrﬂ*lnn. The second cleavage takes
place immediately and this makes the embryo 8 celled stage. The
third cleavage occurs after two and half hours. Asynchrony hecomes
evident by third cleavage. Horizontal cleavaaes ocsurs after fourth
cleavage, producing irreoular morula
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D [fevenl iction of the cmlnio tOrganogenoesiis to tm tehing aned Adm:'.'_ion
to branchial respiration and pelagic
rhase) :

The blastoderm cells begin to spread over the yolk mass, about
the third of which covered in another eight hours. The yolk plug
stage is reached at about four hours and thirty minutes of the
fertilization., The yolk is completely invaainated hy the blastoderm
cells in next twelve rours and the embryonic rudiment is formed as
mirainal, narrow, thickened band,

Sensitive Stage: SENSITTYE STAGE

Mahseer eggs become proaressively fragile during a period extending
from 24 hours. The embryo starts elongation when it is 26 hours old.
It measures ahout 0.80 x 0.5% mm. Tn that next 4R hours the cevhalic
and caudal region of the embryn hecomes faintly discernible, At this
stage notochord has formed and two myotomes have differentiated. Aftor
52 hours the cephalic and caudal ends of the embryo hocome further
differentiated and are easgily distinguishable from one another. In
the mean time, two more myotomesn get added up and eqgg envelope start
breaking., 'Mhe embryo wriggles out From the oga shell as miniakure
hatehlings. ‘They show Little movement due to +he hicdrance provided
by yolk sac.

farvval i%volopmnnt (Finfold phase of larval develonment to endoqenoun

feeding) :

mrierel Stage Tara ’Jrinfnmfnn to hateh (3 daysz):
e - e e S e o e—————— . — . — i .

# A

The prolarva or hatchling is long and slender. As term implies
it has closely set aye and lens. A larae number of star shaned
melanophores oceur along dorsal line, Mouth is not still Aiscernible.
The area occupied by the embryo on the yolk is three fourth of the
entire area. A rudiment of dorsal fin fold becomes more clear. TI'ro-
larva now possessess thirty myotomes and measures about 5 %0 7 mm in
‘ength. The larve shows twitching movement inside +ha eaqqg capsule,

Larva or_cac fry (6 days):

The larva is small, slender and almost transparent. Generxally it
is devoid of mouth. The optic vesicle assumes now oval shane. e
embryonic fin fold extends up to two third of the body. The vistaae
of the anua is situated far back and the post-anal length is abaut one
fourth of the total length. There are 30-111 myotomes of which 2% are
pre-anal in position. The yolk sac is hroad which tapers anteriorly
towards, the vent. The l..rva lies aquiscent on the yolk and occasionally
moves about for sometimes, The rupture of the ernas membrane takes nlace
due £o the force exerted by jerky movement of the +ail which lins bolow
the abdomen. The larva escanes out of ono memhrane, Ts movement ig

Said by the lashing movoment of £y Linll, Duk of Cifty egas whrched
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fourty nf them came out normally without any difficulty but 10 of

them had large yolk sac lying entangled in the egg membranc. The yolk
sac caused hidrance for movement, process and large mortality occurred
during hatching. The yolk sac obhsorntion time is variable which varies -
from 2 to 2 days depending upon the environmental temperature and
physico-chemical property of the water. In the Trisuli and Tadi river
time is variable. It takes place within 3 days in September and 4 days
in October. The delay in obsorntion is witnessed to take 6 days. It

is clear that warm cnvirvonment of Trisuli influences quicker hatching.

Farly fin fold Lerva (6 to 10 days old): i

Larva at this stage beirs a compleke fin fold, The dorsal fin
fold broadens at the level slightly nosterior to the vent, indicating
the formition of the dorsal fin. A similar broadening of tha yentral
£in fold, posterior to the vent marks the position of the anal fin.
In the meantime, the tip of the notochord cots slighty terned up. Tn
the caula) fin the traces hypurals and Fin rays are seon clearly
developed. The mouth of thre larva now acauires Farminal position and
bacomes more prominent. The larva now becomes dark coloured and
internnl structure is no longer yvisible, Now rudiments of the acales
at head rogion are alsa clearly somn. Larvd now measures 10 mm.

vin_fold larva (10 days old):

The cephalic end of the larva becomes more prominent. Ahout
6-8 myotomos are seen to have heen differontiated, The nectoral fins
bacome flap like and the larva swime nbout Ly derky movement in thoe
water, In the mean time ontic vesicle gradually acauvire spherical
shape. The unpigmented heads that decurved over a relatively larqge
bulhous yolk sac. 'Tha darsal fin fold is continuous with with ventral
fin folds. In the larva melanophores apnear in all parts of the bordy.
The melanophore at head now nuonher 12-15. iiyes become fully pigeminated,
The yolk sac becomes partly abzorbed, and then ceratotrachia appears

in the cawlal fin., Larva now measures 15 mm,

Juvenile Development (Transformation of Larva to adult fish)

Free Swimming  fry (15 days old) J

In this stage yolk sac is totally ahsorbed, Mouth becomes well
developed and lavva starts feedine rctivity., The alimentary canal
becomos <+vaight. A larqe numhor of melanovhores apnears on the
Intocument They increase in size and nombor as well, The nposterior
concretion of the optic vesicle gota doubled in commarison to the sirze
of the anterior one. The larval fin fold is continuous. The internal
structure of the larva such as swim hladder and ogills are clearly
visible dums to the transparency. Tha larva at this stoge is 1.7 mm
long.




.m'un  up fry (17 to 20 days old)

The paired fin of the larva is oreatly elongated. The larval dors a‘
and vental fin assumes nearly adult form and structuere.- The pectoral
fins and supportine rays are also well-formed. The caudal fin bears
12 to 17 rays and becomes slightly forked The lerval £in fold
completely disappears at this staga. ThP anal and ventral fin fold
are broken into separate parts, and later possesses D to 10 rays.
The body of the larva is heavily shot with melanophores. A characteristic
black dot appears at the base of the caudal fin, The whole body of the
larva is now covererd over hy minute scales., At this stace fry measures
£ mm.,

HF[T' T'}'"“ PI'III fj)"!"j"‘r‘j’!'

_J_rfﬂ!_rzyj_,'_.{_':_'y_ (20 to 20 days):

The fry at this stano measures 25 to 40 wm. Yt shows Sumping
toendency from the holding tray in which it is reared. So it is highly
desirable to transfer the jumping fries from tray to a rearing ¢loth

tiank (happa) suspended in the pond wator. Junping fries holding rtank
nead reoular supervision, and foedinag once in a doay. Rl ohickan
eaq, particularly yvolk emulsifiad in water is used with a great
advantage. A Sumping fry has all characters doveloped in swim up
fry. Its differ on in size and shape.

Fingerlinas (Two months to a yeax):
Jumping fries aradually transform into fingerlings Aduring the span

a year. A tully formed fingerlings measures 60 to 20 mm in lanoth,
Thies stage is marked by changes in the shape of head, body and tall

The head becomas more conical! and bhody hecome w ondlich wirth the increase
of girth. Tail also become deecply forked, Mintute silvery larval

scale changes into large scales dashed with aolden yellows, brown and
blue secales. ‘“The fingerling is photopositive and rheopozitive. They
show tendency to migrate down river. (‘fable L and 2)



Diveuscion

Regarding the 1life histories of mahsenrs, there is no account excenting
the early development of Acronsocheilus hexagonolepis (Ahmad 1948) , Tor tor
(Dasali 1973), Tor Khudree (¥ulkarni 1970). Xultarni (1970) aave diaanotic
feature of mihseer larve which heln to digtinouwich them from the larvae of
other fishes. Ile noted caudal spot in all larvae but failed to notice in . .
sac fry below 10mm size. In the larvae of Yer putitora also such caudal

spot is noticed in all larvae heyond lmm size.

In common with many cyprinids the sac fry of the 7or putitora also containg
copious amount of yolk to tide over the unfiavournhle situation. The yolk% sac
provides hidrance for brisk movement of larvae therefore they lead a yuicscont
life. This is one of critical stage in the 1life history a+t this time when
devaloping eqgs become infected with funagus and hacteria. The sac fry can
tolerate low level of dissolved oxygen contained in floond water (4prom).

The flood water is rich is haomari' o particls and silty red elay which ack as
antiseptic, The developina ear of {'ar prititors also undergo pre=hatching
latoncy for a briof period as reported by Marrington (1247} in Fundduliar.  This
is an adaptation to the pelagic natuvre of the eqa so that develoning embryo
liitch out in o suitable environme: .. At thig staan cold shock or treatment

of ice or lunar eclipse delay the morchogenesis or hatching nrocess aven .
%ills the cmbryvo.

The study of the life history of the mahseer lends active support to the
theory of “Saltatory Ontogeny" (Paire and Palon 1904) which pasrliikes that
development proceods as a seauence of intervals of reolative steps (Stagis) ,
separated by rapid dums (Switches) to new form and function. {(Threasolda). It
annears that these threcholds are ecologically important to tho unatable 1ifo
in mountain stroam when they mark chanaes in Lhe oraanism to environmont
relationship.

Management. Suggestion

Golden mahseer has intriquing nrospect for the development of cold water
fisheries. There is a wide scope for propagation of mahseer in reservnirs.
Censtant supply of fertilized fish seed can ho made from the rivercide hatchery,
Produciion of the seed any fry by artifieial and induced breeding has been
carried out by shrestha (1986). The mahseoer is suitable for culture in
association with Nepalese hill barbel or cotlae (Accroscoched lus hiervagnolepis)
and snow  trout (Seliinolliorar plagiostomis) Artificinl feeding of mihmear
Yry can be done by extract of hoiled eqq (yolk) strewing rice barn on the
swluce of the rearing pond or cloth lanic (1appa) .

Nepalese mahseer is of unquestionahle utility for stocking in hiaclraltitude
lakes. In the ice-cold water mass recroational fishery of the mahsecr and
1ts allied spocies can bo developod. Fiching mahsoer in midland natural and
man made lakes such as Fewa, Begnas and Indrasarovar (Kulaekxhani) will be of
great touristic attraction. The field ohservations of the author have Lndi-
cated that to obtain ripe male and female in hreeding state is not difficult
dering Aucust, The stripped egy can be fortilized with little effort
(Shrestha 1770b). And transportation of the doveloping egas is feasible over
4 long distance. Although mortality ocecurs during transportation which is of low
percentuae, the yolk sac fry of the mahseor possesses copious guantity of the
yollke which facilikates the arowina fish larva to tide over food shortage. The
Larva  is known to feed well only aficr 10=1% days depending upon the environ-—
mental comtitinon ko which they ave roared. Larvae can be rearad in carthen
Pots. Mahseoer larvae can he trangported by %weping in earthen pot half rilled

with watar or hw woedne oeyvann ANTELPAYE BTN FVR IS Mot T,
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Physical and chemical data of Creck water
maliseer at GCadkar Creek around and at the time

Male

Male

Female
Female

Female

Female
Fomale

Female

Tabhle a

1986,

Parameters

Water level (m)
Current velocity (m/sec)

Air temperature (°C)

Water surface Temperature (°C)

Nissolved oxygen

Turbidity

gpecific conductivity (mohs)

Barometric Pressure

at Spawning den of

of gnawning

V. Zirom S

0.50 to 4 m/sec.

30

33%¢

TL° o 327
4 to 10

pH -8

450-550

945 mm — 958 mm

Siza of Mahsecor lBreod Collected from Trisuli
aind Tadi River Confluence Site at Devighat

standard

Total Length Lenpth  Girch
cm G e, I
18 25 7
Gl 34 20
48 i 45 2
T "2 33

65 39

103 10l 52
34 29 15

36 32 16

75 65 19

20 72 60

82 a0 39

1 f‘\.ﬂ Oh Bl

Weilght
_.I{_’ ,'.'._...--
0.40
1.80
2.40

1.80

72.40

10.00

0.26
0.60
14.00

h.50
A .00

10.00

Sex Characters

Virgin male becoming mature.
_do_ - o -
= oy = - do -

Adult male in Hecond
spawning run. milt oozing.

= do - - do -

Adulr with defined rough
tubercles on the snout.
milt oozing.

Immatue virgin female.
Immatue virgin,

Mature abdomen obtuse
serarches in the abdomen
to conctant ruhhing at the

gravel hed of spawning den.

- do - - do -
- do - = doi =
- g - = doi=
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Chronological Fvente in the Life Cycle of the Colden Mahoeery

Time after
FPertilization

Staage of
Deve Llonmoent

Size m

0 Minutes Fertilized
e
10 Minutes of water
Hardened eogg
30 Minutes (Clevage)
0

hours
hours 15 minutes
G hours 25 minutes
8 hours 35 minutoes
2 hours 10 minutes
14 hours

'.Id "

30 .

:{ t-" "

ﬂo "

a8 "

.,l ‘-J "n

565=6G0 hours
120 2

7 days

100

l 5 "

ln "

20 "

22 "

2 S "

= {5 §

3 months twn a year

ot
a

e
o

N

]

11 embryo embryonic area (mm)
2 : L

4 cell
’{ "
16 "
<

G4 ™
Early morula stage

7]

L5

BRlastula stage, forming blastocoel

Yolk invasion; half complete

Yolk plue state,

Barly indication of cshaped embryo

Pro-lara neural groove and somites apparent
11 somites, ontic vesicles are visible

7.80

19 comites, tail is movable, watch-spring like embryo 9.00

Newly hatched hatchlings with yolk Sac

Yolk sac hatching eoptic and auvditory wvesicles
apparent. Pigment occurs avound the yolk
tmiescenthatchlings or parly Sai fry distinct
éigments around the yolk, heart is observahle
Frce swimming sac fry cye pigments visible,
heart started to work

Early fry barbles, mouth and digstive tract
are forming, tail membrane expanded

Mouth developed, barbels elongated

Swim up fry with yolk sac is fairly well
obsorhed, palatine teeth fu'ly developed,
barbels elonagating, the f£in 14 forming

The lower parts of the body are deeply
pigmented, tail membrane is slightly rconcave
Fin rays of tail membrane are gradually appearing,
first dorsal fin and anal fin forming

The jumping fry are fully developed and
resemble the adult

Fingerlings

10.00

16.00

18.00

21.00

24.00

28.00

30.00
50.00
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Wnter quality of Mahseer annwnine ground | Tadl River
n )
Temnerature 0" ¢
Co'nr d Brown
Viginilicy (m) 0,18
Compensation Jdepth .85
pt! FP
(lvvu'nn ppm 1!§.f,
Nicanlved solids (mg/l) 160.5
Mardneas AR, 0O
CarciMe conductance L84 .0 mohs
Chloride me/? 15.% -
Sulphare mr / 1 V2.5
Coledoam a8 N
Magnes iam 1.0
Tron n_ta
Nigrrihurion of Capner Mahapeor Spiown in appwniy wronnd of Tadi River
P Spot Ko, Natevrse of suabsiratum e of At tached e
ok amd sbones ¥ iy
2 Ruhble 190
be Crave L 478
ha Fine sand and silt 105
e Layrs g d dohrig 65

Tah'le 3
Foartilized cogs or spawn of Copner Vahseenr From Cadkhnr creek,
(¥haharas ¥hela)
Mot b beeg N Wi ol ey vead Ferrri Lizod opyp
'f.",\'r-r'.n':--_\ dia ‘_""")

I‘.""‘ull' Vv o Wil

Fabhruary - =
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Cleavage Horizontal Vices

a. Pirst cleavuge; b. Seeond eleavage.
e. Third eleavage; d. Morula;

€. High morula; fo Flat morula

Pb. Periblast

Epiboly and Organoqgenesis

a. Germ ring and embryonic shield,
horizontal view.

b. Epiboly

¢. Neural plate formation

d. Dorsal view

e. Side view

av. uuditory vesiele, es. embryonie

shield; Gr. germ ving,

Ko. Kuffer's veeicle, m. me lanophore

np. neural plate.
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January-May
June-August
Avgust-September

SEPTEMRER

Octoher

October=Novemher

November-Decemher

NDecember-tanuary

January-February

February-March

March-May

June-August

Events in the Life ligtory of Mahseor
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Active feeding in larpe rivers.

Svawning migration from hill-gtream to adloining creeks,

Spawning broadcast at sultable spawning dens,
Stream o creek peocturnal mipration for fractional
spawning.

Kelt miprate downstream,

Anpearance of hatehling and early fry on the river
hanks. Adult spawneras mierates downstreom.

Photonegative sw'm up fry snow nepative rheotaxic,

Photopositive active; early filrperlineg with nosfitiye
rheotax!s, .

Fingerlings put on welght metamorphosed into adult
fish, They drift towards pools to fend themselves,

Fingerling join parents in the down river stretches.

Parr schooling with adulte, able to fend themselves
and avold fisherman's nets,

Virgin flsh foin parents for up-stresm migration
to reach parental creek where they are born.
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A, N, 1044,  On the spawning and early stages in the develon-
ment of the Carp lLabeo pgonius (Mlam), with hint to dis-

tinguish ppes, t‘"lh"\'n'- andd ITarvae of lahio fonius
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G7=51.

Harrineton, R.W.J.R. 19050, Delayed hatching in stranded epgs
of marsh killifish Pundulus confluentvs Feology. 40:
A30-437 .

Khan, M. 1926. Spawning of carps and their spawning grounds in
Punjab. J. Bomh. Nat. Sci. 43 (3): 416-427,

\u‘,\.trru. L. 1970, Soawning habits, eggs early development of
Decan Mahseer Tor Khudree (Sykes). J. Romh. Nar, Hist,
Soc. 67 (3): 510-521,
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Shrestha,
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T.XK. 1986. Spawning  eccology and  behaviour of the
Himalayan Mahseer (Tor Potitorn) Hamilton, Journal

of Asian Fishery Socicly in lrvss.

T.X., 1986, Artificial spowninge of the Himalayan mahseer
Tor putitora (Mam). A monograph. Department of Zoology,
Tribhuvan Universirty, Kathmandu, Nepal.

T.K. 1986, Induced spowiing of mahseer Tor putitora
(Hamilton) by pituitary hormone stimulation. Mimcoura-
phed. USATD, Kathmaudu.

Wourms, J.P. 1972. The development hiolopy of annual fishes TT.

Yamamoto,

Naturally occurring dispersion and segreont ion ol hlas-
tomers during the development of annwal fish  epus,
J. Expt. 7Zool. 182: 169-200),

', and P. Mednkan 1967. Tn methods in developmontal
hiology N. Wessels (ed.) Thomas Y. Crowe!l Co. New York,
101=111




" CLIFE CYCLE (P THE GOLDEI MARSEER

Eggs Stick in Creek Gravel
August-September

ile and Female Select Spawing Beds in Cresk \

Adult Migration

July-August
Lol

from River to éﬁﬁ}i;;;ce-éf%;
of Stream and Creek |
May-June

- Alvin Migration to Nursery Pools
November-December

. }fétéleings

Saq~F?y in Creek Gravel:
U . September-October !

. 7

5, ]
s

Juvenile Parr Migrate Down Stream
January-April

o
Ié:“:;&%

ey

Smolts Migrate to Pools to Feed an

< 1 to 3 Years

Grow to Maturity

.
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