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

By 

Tej Kumar Shrestha 
Department of Zoology 
Tribhuvan University 
Kixtipur Campus 
Kathmandu". Nepal 

Abstract 

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

Introduction 

Mahseers are superior game fish 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 Nepalese waters because of pollution 
and environmental factor such as barrier effects of dams, intensity of hal.-mful 
fishing such as (dynamitting rock-striking stream poisoning) and wanton 
distrllction of brood fish while migrating upstream for spa\·ming. As the fish 
exercises great selectivity of spawning substrata the eyed, eggs and fries of 
ti1is fish have to pass ~rough a critical cycle of life-history as hatching 
period, prolonged semiqueiscent sac-fry stage and negative phototrophic 
behaviour of hatchliI1g:~'.1 their mortality is excessive. (40%) 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 1 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 exten~ive 
management, and safeguard early life history stages there should be compulsory 
provision.of fish ladders in every dam and reservoir site to provide by-pass 
facilities for the migratory masheer. 
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Development and life hi~tory of fishes have ~cn studied by <1 ho~t f')t b~.nl ogist.:c:; 
in the oast . ftr:Of11incnt among t~em oxp 11~ry :tnq"ton )1976) , V,""Ul\a.lfI\oto (lOf.?) , TlainC' 
and Balon (198'1) . Some ilTlport.:1nt contl'.;"ibution 'v's been n.:tdp by.:\ C"W Tnt:li1\1'"\ anrt 
"Jcp"Ic!.a" workcr~;. "'J,.,,, ~ltl'J") , ';hlrlipd hrr"'(linq hilhi.t of (Tor ··"r) ,,~ .,\,,." .\'~ 
C"~""'TJor mi\r.;.!lC'nr I\cr<.)~r:t:"'Cl!(">i'.\'~ ,",nx·I"'''I('\l("'\pi:~ . I\h."\mort ('.'JIlH·)- ,1,....;.: .... - hf'rI ~.I\(' . 
sp:\wninr; habits ·of.-,i!· ... ; ... ;r;c·c-;-( ·LT~·:j·O:":l;l-:: J.Yu·;j~ .. ltf"x..:\f3'onolcp~.f;) of J\~C;iU1l . l\lu%.huni 
(1956) described the uevc':oplIlcnl \Il.\luri y of t.'.i."C.E.~\_i...!'~ .r:C'_\).~~ rmd 1.'""\\:)"'.<:>. J"l:~_t.~,_ 
I).,bid (Of, i) (1f1,'"\ t with bino'Tl.;.cCi sor!<' f"i!"it\e!.~ 01 l\!or ,.:l, IntLi,l i\"cl K..·:~!ttu.LC" . tl , ' qavc 
an ilc..mir..ili'.c ."\cco'Jnt of eggs , 1.'T:V.-lC"' " .nd r.,r1.y J. j.r,.,. hi.story C'" r ly --:t"";l(IC" ,...,f 

M~d''::lnndi !n.:\l-\!'jc~r (IL ('.roy) mo~iI"'!. rntl"nn .. · .. H"1.ir.u~:) , Uns ( l')~iJ) ObfiCrvC'd 9('11\:tcl. condi­
tion anu brppdi'lg seas~;-in-···~~"u·l'I~: j .. .i·::\:·r· .. ·.:;··-;;1.· -~·f)r.t\, IndiiJ. . Das ."1nd P.n.m."."11 (l'J G~' ) 

ll"' . ..-..ctC' ~omc cont.ribution o n lifr l-tj.t;tory of fI'I('I~If.l· i to ri:.h r.:'.~?':l.'~:.a.. ;~r~1}:..n'.:'--r; . • 
Kuli-.i.\rn;. (.t07!.') 0.1'/0 .:\n ,'\CC()t\f)t or <1f"l,lWI"\;.JV-, 11,thi ... '} , P<]c:'~; .11\ I f'"rly dl'v .. lnplRC'nt 

of" Der;an ~>lh~;cpr , '·'or Kh.uurcc (SyL-.CS). Dc.~~ .. d o.r.q~) ?,\VC notc~ 0., c.1.T l y l.lYVnl 

c;t:aq{\c, 01 ~o.r. ~::.1~i._t" ... f2.r." . Cl-ti\f:Urvf"1C\i... (1f)7,) ~t.u(!.~r(i. S]JuW!1.in9 l:Jio ~.<.'\('y of ]'P!. _t!?r:. 
Shrcsth*\ (l'lHO) ';r.wlicd lif .... hi .. t.ory or hi l'. - r: t·r,..;:un trout ~Ch.:l7() l\r.,x 11 ',10"0-
~WMU~ . r;\lrr-,~,lu\ (1')t13) ~"':.ur:~ i<,d nrt.tr .. tt::i;,l ";~T .. ,."ing of the-'';':'I;:;,~:'''': ··I:,...·-r:r .. _,)~;.~J.t;Ol'";"\ . 
'l'1 1('rq .;.s no --:yc;: CITliltic r('cor~. 0" .my work Ort t lU:' pcol(V:1.!.cnJ ... ~~nnr~s ('1.(" '. it,., 

hi.·:;tory Of ",-., l l'~('CT li.ving in runnint., w;,t-nrr; or '(',0."\1 . In t.!3.:' 1').,,,,<,,r , T 1r('~ent 

mv 1·.i..n1ti.rv), 0'\ t::.~c. life ~istOTY of fT\.·l hr:C"C'.r r;o .\"i to <*l(''1.""\Tl.CQ auy vnIJw~.('rI,O(\ :l1)Q1.\~ 

ecologic.)l r,=!,01,.lircmr:!nt of tl-t~ df"min,i.r;hinq c;o~c5.c!; . 

Motcr!Q!~ o~~ ~et~o~s 

'I'h€' T"l..J,h~~(' r ('''a r .puti.tOTil.) in"li\hi. t~ ic,.. - co'<1 runni..nn 'Nilt('rc; of" c Y ('I('I '{r; ll:i.l1-
';trc~un~, ·Tl..VerS or ~{'Pi\.!. . It pr.~nci...1?'\ lly br('cd~ in • .Lutwnn br('t~<.·Fnq r".n () ' I"'l~""o; 

i11 /\U<,lu:Jt iln<.1. li\!'Jt!3 for about two J"l\on-thr; ("C'pt,...,n.')C' r il'lei Oc .... o"lr:"'T"~ . Du . .,..\r", 
:;pc.lwniny rul'\ VIr grav.i.d lf1.dlt, ".L·v~ f('m~\lf' f:.~;!1 c.; .. U\ c.lsily !.>P. n"'V:f.."!,! .tt:. T1iq~t 0':­
of Trisuli ri.v£"r . (~;rrticul;tT"'Y i'l 1f"t)-rl0.r f:'':r('\.""\'llS <;'l~C" a~ '1.,l('k t m Y""o~.\, ··'acl~ 

Khol .• \) lll> to 1(" , 000 to 30 , 000 eqrr .. ,,\rc c;t-ri.yH)f"'\d fro,.., ;'\ l'ld.tUTC' 1'011"'.,1.(". ~: . . 1"'I.,.',,' l'"ly 
1-5 nl . Qf .!=ipcunu~ic fluit~ cou:!..d l:lc r;t~i oed -"!"O!"!l each YJ\.o"'\~. ~ . 'f111" T.~.pP C'<)QS r"'O'n 
n,... .. \V.!.d fi.:ih ,lrc fc:rti'lizc(~ by t1l5.xinq ""it', !:"f)('\ .... n.lt.i.C fl..Ul.,). ''''li: ~ rYO!1l OI'V' Qt" 

r-"Jr'C m.:t1.C' in :1 C).n.'n i\I1d {lr.y C"T\t-"" ~.n""r , rol '.f)WI'(I, i,rt,..r t·,\.o m3. 1\U"('\~ hy """"!'If"'.t~""n 

ri'"\qin'-' ),n ",.,';cr . 'l'ho hycrilf:io'l or f"ct,:i.li7.r-,1 C'f:!g .... ·ith w ... \t;r>r ( ...... ,~r.y 1\;tr<.11~n'.'"\?' 

CdU~;CS elcv"tioH of t.l-te e'gg l!l!,,,\.')roJ.nc w,ich ';.f:'corrtltlC"tcc with lo~,c; of 0::; tck:i..n('~";;. 

in 1.." minutf'\c;; . l':xpp r 'i.m(mt~ wC'rf" C(,\""r1urt("lcl by C()11 f1ct:i.n t'l l-otro.1.(1 m:1h--:C'c"" f""rl)m 

Mc.""\l(.~kh l.' .Kho.1.,"") , Ko.l.!n VJ1o.!a , SLnC'hu"",,'" ]("jK'1.\ , l(}lal .. ,r,*\c Kho 1.« ".Lfvl '."H.u.ml.i. r:i.vf'r . 

The si7.e 0 
to 120 ems . 

the male brood r.ilnqcc1 
TJ1..('>ir we igh.t r;lng tI from 

7r'j to 1011 centimeters nnd fcm'l1..r no 
'j to IB xC) . 'l'hc brott(1 ri!"'h w,v; f,"r1 ',\Iit:h 
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""""7",,,nr'lIfn7 :'/"~l"':' (·r (,',,7,1"11 ,I"lu"'"to Jo),:/lJ'!l0:' '/llIi 
I IIII/fl ( ' ("I ,,"'t ':;{'(If'/( I i ' .'1,' ,·,'0 '" II' '/' 'tl i ,',I / f:l.,." 'U(" (' .• , i .' f i (':' 

f'ertL lizcltion to /"I[\,..ly b~ .• ""\!ito""3.~:;c 'o."..."""tiQn 

rtL,r:tr)Cli<";c ~ytcn('1.f:; ha' r t''l~ c.1.L.;I~.1ncr to V,C cqu;,i:'OT: no ncur<1.1 

nl.1.tc 0 v irlent 

D~ol.stodisc envelops onlJ;- third of th.!, yolk.: neurA.). pl.1.t(' t~ vi~iblc 

!~I"'\bryo cncir.c!cs h ill f "t: -t:.h,.. yolk: 0nt.;.c vp,icl,...r: .,r,.. i1.pr.lr0 nt 

r:ltll>.ryu cllc.i.rc.:!.cs thr~c-({u. lr~_(\"'G of Ute ynl~ : me 1 .• ln(1,,1\Or("' ~" r lr!j'_ 
<-l.pg0,tr : r.ed b::'orx1. c..·p1.1!; .-1r~ "irnt ev1.t.:t"nt; 

r.:yc p.i.c:rmnnt is rj.n:t: i\nf'\"rt"nt.: Pf>ctoYi1 f".n buds ar"" "'~~i).y 
rf'1' '). In .... 7.th1.c 

Jo:yr> ni.omcnt c .,,1rkcr; (lor!:',ll f"(t('l"nophor"':-; .. lrr~,",qtH{ i" ro ..... ~, l.,t,..r."1 1 

1ft,""l;H\oJ,ttorps no· .... f'Vi.C1("flt ; (lnr-;,' .ell\ .1.n.:\1. fin fol(l~ I>rC":-:(.~n':. 

Io:mbryo corr,p lctc].y C'IH.:irc:l"" 'S yol"-; u. few mcl.ilnop!to r""t: ilprc-.,riny 
111\ hp.t,I 

M,lny ~+""''':-ttC' Iw"".Ul(lpl,nrc!; on ,.. .. tell ~~flt""" of lV',t rl , t'.hr"""" rnw'~ C'n 

( l r .... r ·i .. l \-xxly SU,'f,ll"C 

':'Wn row~ of mc-' .• lnnnnorcs on CoIl:1l sice or 'IC ..... <1. t'1 "'~r row~ ('In 
I.or!: .. ll bcx.'.y c;cr I ~lC~ 

~1Outh v:'siblc / caudal f"in r f'Jd bccom..-i.n9 lobil te 

Lower jnw S".t"O\·! ov,.. .... , .... ~h nY 

",,,r.c,",inC] occurs c1uyi'1c '-h~.!'; 

F'l("O tt' y nn .... tyu" .. ;.,''J b I . oJ _ f'ynIH. urV'lcr ] ilW ; 

Swim bl:tdc~(?r devc '.o(lS aft,...."... ~our (lilY~ of l-til.tc"'~n.,~ . 

are pllOtonc~m';.ivc n,...opo~;it ivc 

H.:ltchlinq cht'nre<': to ~.'C fry w\O)ich l',lS ':llac\. (lot ilt the bilSC of 
C~\U{ld). fin.t rccogn5.s.," !.on fl1.:t .... l.r;. for f-ry of IT',ah .. H .... pr 

:; tlC fry changc!:; illt(1 I_lie'" swil:tp \'1.~' fry drtel:" n to l~ O d.lY:; ~Irt(':r 

the .1.b!;or.ption of yo1lc. Sill' 

;'wtm up fry c:h.lIl1J r'!o:l int('\ ;l1ln:~;.ru", fry .Ir ,..r P, to 1n d.I'/" . 

'!'hpy S1tOW tcndf"nf:y Lo '1''1'1") out {f .. 1t~ hO~(l"q t"';"lY · 

J\U'1!.linn try ctMnn,...c; 5..n".(' fu'l 

1n this !itu.<:?~ they ilrc to he 
l.ll1l<. ,:: u~pPllf":d .:.1"\ jJoml w.'t. ~r 

r' ..... ( lq,... rl rry af'tC"r :,r,- 10 (I"y:- . 
tr .. \ n :.;portp.d .'..n '\r)J.(li nn C I nth 
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fed with.1 mixture of flour , rice , b."\ n , ("IiI C,l.).o;C" " brood (1.-.:1\ i,rr 
conditionpd i n clo':.~ tank. or h:1TJp.' a~ clrascY'Ll)od by S~.r~s':.ha (19Hr1 ) .. 

Ei\ch hatch of eOQS arf" f~rtil t?C"r by (~~y ilnrl "'"'pt rne':,oclc; ",,"'n'" 

transrerred to hatching tr~y~ nnrt ~m~ll 1~rt.1b10 trav~ (30 x 10 x 5 ems) 
c("t in rivcl'"' w~""\tcr _ E.i.ch b.lLtcry of tr;"Y cf)nt::linf"rl ]00 to ')00 ~tr.:\pp~rl 

CC)q5 . Si.!mplc or the cq9s W0TC d~c\·.Nn fr.oln C'!"ch incuba"tion t r,1Y or h.lp",' 
find were sC'ul1ncc1 under sterof;copi("' rwLcroc;colff':' .. 1'!\e morphometric 
clhuHJr:.l of t')C fi~'\ embryo tlp'"ou"h rli.ff("'Yf'nt- l,our~ Plncl d;)ys wr>rr" no ('(1 

down (lnd skcotchC!d proper.Ly .. FE-w c1evp lOlli ng E"'9,]s \o.'ert::! tak>:!n out C'tf"ld 
trc.). 4;ed ltd th r;'). acetic i\C~l\ . '!'~is tf'chniq'.le .( .'\ei!]. tuted nronc-r 
:;l{ctchi n t! . }O'or the hi.sto-rvt(l'nf1i.r.\~ o;;':"lldi.('r; ,.r(·vf'~r)pln,? nqf"'):; wrr(, 
ixed in l\Oui.ns , J-Iollands and 7,pnl(f\r fl.,,(<. t .v.-.s... y;;.;r.tbryos wr-re st nn(\(l 

with I\lc5 . .1.n b.luf"' , Cl.C"il:r("c~ \o,,_,-th t~y!.1·'i" ,,.m1 t'1.C'f1 ~tilil\e<.1 with illi?'",rinc 
r' ...... I . 

The ~oqs oT live fis,", ATP fe'" i!izad with t 1'lC milt of mil:"~ f'ish 
died ;\oout "-, llQurt> c.,rlicc . !Jin5.1.c1. "'~Y , m,-lt ..,f J...:..vc JT!.i1.l'" f'ish i'l 
U!-'i~rl to f""'rt:U _:7.r:'! t~,.. eQ"'~ of' (~(''-''Cl w',i('1, 1).t1~ rl iNt Ll\.)ouL ~ llf,}Ur~ 

f'<1('lier . !n oot.h cases 50111 of U\,.-. "'q't:; (')um' t',.., h.1V(" h('C'n '"'-,; 1 i.z(\(1 .. 
The phy<; .... co-chC'mic:ll char.,ctcrist:i.c c\LP""ing the n" irxl or ob~(\r.v.,til"'l!,\ 

WCTC': t:cmpl'Y.:1tu YO ;>;")0 to :13 (Ie; pI! r, . '1 tr) 7 . 0 ; oy.Yfl("On concen~.,." t '.on 
'1 to t) PPM; turbidity 1?0 Lo 7~O CI'l:i . (' ..tblo it dnd b) 

/')lI/n'!loHi,' ,,11fl: ~ ("I: 

The' m;,h!'>cpr IS eqgs ilre !'lohcric . ., 1 ancl d('mprsill ~n<1 Ii thopc ;l.QOp l lJ. t . 
In river bpd ·.IP.Y arC' attilch~'l to subf1lCro('!\ .-:;toncs , qrnvel ilnet C>dnrL ~Pig , 

T l' rgg o:; ."\rf" tr.inc;luc;cent and 11'100n yel tt)W in co '...our \-.-h("011 ju!';t 
f."rti'i'?~rl , 'ft,f"!Y ~ ..... c'll up u'lironn~y i." r~v(' to ~.O to ~O 1T\5 .. nutco; 
i\n(~ h~colnc sC'rni- tr~1.nSpilrrmt: . T'lt.' ful.. y !;'Nol'f'tl C'J9'j hrlve el.i.Tly 

l .. trge p(,rivi.tcllinc space . '1'hp (1i.i\Il)(~t,.,r of rl)" int.ern.].l l(cl"n.,l of 
~(fq r.mf1('\ O. Hr; fnM frO'n 1 .·Q YlUI'I ,Jnu t."'.1.t of (lutc'" .,lv·II r;'nq"''' fro'll 
:! . S nun to "\ . 05 InJ" . 

C7.f't'lvn('{fJ (Activation to organoqencs.i.c;): ---",,-
!\bout ilr'\ hours after f p rtiliz.1ticn , cl. crcccntric , narrow 

blnstom<;c ~"\nne.lro:; over t"'·~ yolk rr.,ss . The fi.,.~t cl~nvag0 occurf> 
f\(tc:r: on'" ho'ur of the -Fcrtiii7.i\t:ion . The second cl{!~v"qf" tftkpq 
plnc(' irl11'1erlLttp ly ;,n,.l tlt.i.s TTkllcC"c; hn £l,,,t:l.,.yO r celled stdge .. 'r'hA 
t1li rcl Cl ('AV,""'" occurs "t~r wo iln,\ h,~ 1 f hour~ . l\synch nny b~C'nmt"'t~ 

""'vicl0nt by t'lird c1Cilvaql"? HOTi?C':IrJ ,"\ r:'<:,;w.lI""'s ocr:urr; ."\ri.:,cr f"'."\ur.~h 

clc."lv~1 c , prot.\ucinq i"'rc<""fulnr mnr\l' ,t . 
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!}jJI."J'I'!.../~/:""-'_'".!..!!.!_!.!..J I fI,> l·mbJ:;'/!..:. ~orfJ.lIt()rJl·f'l"l i .. ; t u 1\;\Leh;.II<j .!Ild cH.tUJJ'~101\ 
to br.'lnch\'.,~ r~~plrilti('ln i!.nd pC" .• 10i.-= 
phn~,..) : 

The blasLo(1C'rm cells bp. in to r;py",;,rl over thn yolk mil5!> , ilbout 
the third of ""hich covered in ano'.;.hC'y. C"i9~'':' hOUTS . 'l';l~ yo .1.k p".tq 
o.;tnqc ~s rC' .:lchcd ,;\t about four hours ;\nct t',i -, Ly minute';:; CJf the 
[crtiU.zi,tLon . Tl)c yoL'.< i.~ cnmoll:'tf"!.y inv.v,f,ill.lt,·t\ by the b'.,"'lr; to(lcrm 
CC.'.~.~ in next twr.l.vc ""'''ur~ a'!d thf' enlJ'.>rvon).c: J:u\~iMcnt: i!'i fonnl'·d n~; 
m.trct5.n.tJ , n.trro ..... , t'lick("nt'd b.tnt1. 

r:r:N."'JTJ'IF. ,r:1'IlGF. 
,-------------

M,"lhc:;C'''r eggs become proore'lsj.vc'!.y rrilgl '.(' ll.'ri'1q a per~.orl cxtel1dina 
from ')1' hou't'"~ . 'l''lc c"pbryo q.t;:.lrt::. <"('ono.,"';."''' \"'~"''1 ).t i~ J(: 'lour" ol.r1. 
Y:t tf'If',,~.ur""'4 ol 'lOut C . lll] x 0 . '10; 111'1'\ . r:rt th.lt .,,,~+:. ~n 'V1UrS '~h'" cCI.11.11.'.c 
d-'lct CdU(\1' rf"oi,,,'l or th~ en.l)ry,> b~cn'V""l r,\~ .• ,":.~y t:2.sct'" '('lib)r . At ':,l\i:-
c::~ .... C),.. notocl,OTcl hilt; fort .. ,..~ ;\'ld tv.·o tflvOlOI'lnq h,-lve r.:.lit·f'('r('\nt,i.,t~cl . Art:I.'r 
r;.:, hours ~h,.. C~ )'-Ifl.'.ir .mll c;pJ,(li'1'_ ""ndt:> nt .. tP (HT\.l:>rvo ht~co'f¥'- f'.lrt-l}pr 

c.!.i.ff~n,:"nt.i.oItp.d .lnel ..... rp eZtsl ty r-'i5t:5..n1u.t~h,)b'.".. fro'n 011(> il!1otlw'r_ In 
th(' ~""iln t UIIC', t· ... ·o '1\or~ 1l'yotomcr- g~:' i'r' .. !,."r1 IIp ':101'\ Cq,,) enVf·1_o.rJe st;\rt 
l;rl"'i'\~.i.nQ . '-"h<.~ C"m~ryo wriClr-r.lr>"'j nuL fr"H\ th,... ('\00 r:~,..ll ~"lF'. min;.,ltl,IYP 

tlo\tc":i.nC'J~ . 'J'llf'Y ~;h0W lLtt'f" mnV('irtll"'t'\'· dll(lro to +-hc· h,.i,lr;').nce r.r"''1i_(l .... rl 
.Ily yolk ~i.ll: .. 

!.!,~)::_:I1J-.!~f'::.!:!_f)rr~""nt ~:r.'inr-o!.c "".v'f" I)r "..\rval e1rv,..1onm"nt to l'1!1rl('\flC""nur: 

[c''''ding) : 

The prolllrvn or !I.'i' C~ll.;_r'CJ.!.~ 'nnn ,c\od ... If'''\~'''''''. I\s tCYin impliPf} 
i h.l!"> c-:'~'.'S,..)l_y r:;ct ""Yt" and l(?n~ . 1\ '.;,r",.. nw'\~""Y Of !i-t:il.r :J~<-"lC'd 
l!1f"'lnllnphoYC"o;;. occur .:tldng UOY5'ill l~.n"" . "'·(I'.ltl, i.s 'lot ~.":il! rl<;c,."rnt'.Jl",: 
""0 il.ren Q("t·U..niC"<l by th" C:"Hbryo 011 '~ 'H"" yel' k ;.... t'1 rpe {' ourt ') 0 r t l\(" 

('ntire nrc,} . 1\ ruc.iment OF "lors.,~. fin fa'" br'!cO'ltt""q mor(lro C~.PiP''' . 1'r.o-
lrtYVil n,..,w rosc;~£!';ec;c; tl,3. rt')' l"yot:.oT'\e~-; ;,nd fl'I(';t~urrH' ilbo'Jt ') Sf) 7 mm in 
',,,,nqth. '1'h(' L~lrvc shows twi.Lt:II.!.l\o mnV(\I'len" i ,''4 ql~ tl,..:- cnq C'i\T)~U '.f" . 

'the larva is small , s!.enrlC'T ':,nct ;-t.I_mo~t rnnr-;p:lrC'nt . Ge'1e.t:'ully it 
5.s (lpvoi(! 0 mourh . The ot)tic vesicl,.. t1~c;un\t~c; "1r)'. ... 0V.tl. sh.:,,...,.. . 'ft)t,.. 

"'''Inhrynnic ri_ n f 0] d ('x t:~ncs \1!1 to t..,...., Ull. n' 0' t'lt·, h('vly ~ 'J'hl'> v.if: t dOC' 

of tllC' c:\J1U!l i~ sitUilt("d fay bflc.1{ .1t){l thp f\O~r-.".,~, '.(\ '\'1t~ ~." ;1l,,,'.'t-. ""'n'" 
(ourt'\ of t: he' tOf'::l.l :'(,>tloth . .,·t,"'YC- Tt;'C' 10-'W my')' .~{' .. of wh 'X'1 "r, ., r" 
'.lrr>-'!n;\.' in \()~ir:.i.')n . '!"lC' yo'k "ide :'..4] hrOd,l W1lir.p t.1Pf"""-!=> .'nt .... r :(n rty 
""w'rc1~, "he VC'llt . ':''1e-~. eva 1:.(1', t)t!;_~~,,'1." on th" yoU;. ill1fl .,,..,....,'-.;tnnf\'.)y 
'nfjyf"~ ilbout: f'nr- somfi'times . 'j''''" rupl.u"'''' or 11'~ ,..r-n", flI"'",.')ril11P t, .... l·,..c; nt;v;,." 

dUf~ to +:h .... foret' exer';~.l by ;(,>I"'lty '"()V{'lr.('I'I' Of t"t,p r.,1. ~ w1ticl) .t. !o ..... "" ... l.ry",,' 

Tt .. 1I .... 'V(."l' .. ' ... " 
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f"ouYty nf "!l('\m (".,rnc out: "O~.,l.' y wit"h,)ut ,"'fly ,1i.ff"j.(..·u'ty hut 0 (,)1' 

':hr>(1\ 'v\(1 l;\rqc yolk S.1C ly5.'1o C"n .'l!1q'l"ll i the cnq m(·tn"T;"\~f" . Tl\f" yo).~ 

!"iilC c.'lU!9cc\ '\.Lt1rnnce- -("or f'1.'''Ivf''n·pnt , OY(.'t·""''''r, ,1IV~ 1.lTI:'e morL.11it.-y tl,,·r-'..u ,·(.\1 

tturinq .,. tLrhi'lg . T'lf' yall<. ".le ohnoynttntl L~l'-'~ i ' ~ v.1ri"h ' l"' w' , :ic'\ V,ll i.r~ 
rrom .> to "\ dily!:: r\(.'.n"",nrlin'1 upon the ("J\virC'T\J!H'nt'l1 tf'lIIp0r.-,.tuy ,.... :tnd 
phy!>ico- cl-tcomicrtl property of the .... '.:tt:.cr . In the Tr:'.~uli rl.nd '.rae .. :' river 
time if\ v,"\rinblc . I t takes ol .'1''::c ..... '.lLhin J 11i\Ys in Scpt0mh~r ;'lnd 1\ r1<tys 

.i..11 Oct"""'JPt" . The delAY in ob"'orntifJll i !~ w;tnp~c;cc\ tn ~i1J.r;c (J dnyo;; . It 
in clQ,l.r thilt !,o,.':1rm enviyonmcnt. Of ""ri~:\.\Li.. irtfl\.\l:mct!5 quir..:k("r t1.\t".cldng. 

F.ar7.!1 :i!!J..o7.d Larva (Ii to 7.0 ""ll" o7.rl) : .-

l .. flrvfl At this sf:.'"l'!(" b,.....'r~ i1 C()H\f.,l('~r f';,,, f("l:.rJ . ':"11~ (lon: •• , fin 
fold ~)rno\rI:~n~ ilt the '.I:;!ve ' slioht 1 V l)ost~I'r ;.or try the vent , ~.nrlictl t-.i.nn 
l'lc form.I':ion of" t:.hl" cl0Yc;..,' (;" . l\ ~;m.' .. !.'r ':lro.'1c1(\ninQ or r l." von'.-Y."\) 

~in roYn , !.)('\~ t'?r.i()r to ,,:,.ll(' v'-"n~ ",,\r1t~ t-h..... ':.;.+;";.')00+ t-.lv" .1.,1\1. 'tn . 
In tll(> IftC';)ntirnc , the tip of t'.l(" n'.)t(,,...h,..,r~l Ol~ ~'~'.i'l~L'y tl'P1f"r l lip . Tn 
'J1C c .. \Utl,t' fi1l '_he t--c,Jces l\ypurl\'t. oIHtl "'11 r.1YS dr.- c;r·pn r'("." ly 
(!~vcl('lp('rl . T~C mou ... '" OF H". 1,..,nq now ,1{""u;.rl"'~ -t-.'rm;. tl,' .!. por:'.t.iun I\nc1 
!.>0CG ........ ~; morro orOl"'l.;"nC'1t . '1'h(' l;'l"V,; no\-: 1:-C',.:Cl!'\ (,,~; tl,I1").: roJnun"rl ;111<\ 

i'lt<!rn"l ·,t.:rw:t·.!l:C =-5 110 l(),t(_~P' 

,lL J\I'.v l "'('9:i..o'1 .1r(l n.tc;o clf'l,'r 1 y 

"')w cC'ph"lic end or th,.,. lrtrv;1 b('lcom(;>~ mot"f' prominC'nt: . l\bout: 
~-n my"~~r~~ ~ rc s"cn to 
bf'r.:I')"'f~ Fl.,;n 1i';.;.,' :tn.l tl-te l"ll:-V~ ~'III'i.rn'" .l.,......) t .. l,y i,~r'-(y 1Il,)v"".,rn' .i.n t: 11(' 

w,\+;cr . 

S\I'\JP . '··"e t~n.D~.9m.-;)nt:.f'd hf"'oII1t; "'"\,, r1'-'Ct'IVI">t l ('vrr F1 ~·"'l.i\t:j.v.,ty '.: .... ql"' 

h ' l'hf:\U<; yr.".k <;,1C _ " .. '''''''' cl,f') r~ , ~ fin ~r') 1 l.~ cOII"'ir)tlOU:~ wit', wi..H, v'''''' 0-: ri\ '. 

fj.n ro .ld! ; . In t;hE' larv., In,.~t i. tn(''p"h.or '''''~ ' <l1)1>0.1( ,'- 'l of.!.' p,'rt:~ n'" '::11(" ')l)fly . 
'r'le Mf' .InOphOTC' .:It hr>i\C'" lln\" 11UJ1\!)pr t?- ! rl • ;':Yl"'" ''''''COW' tuL.v pin"rnin:I+;/?cL 
'l'~c yo' k ~.1r. hpCOfnl'$ pa!'t I.y -.b':'t) l)('cl , ,..,,.\(1 t

"
pn c('r~totr,"t:'ti,\ "J'l><,,;or"j 

!. .... tl1(' c,1u(I~11 fin . L.trv .. l !\("t ...... rnp"l~'.ln·o::; , .. , .''-11"1 . 

rn thic; c:t;\qP yolk ~n.c ;. Ci I:Ot:rl1.'..y i"l \)~()r"('tl . '.,.Iol~t-h ~(,co"t(,"i ""f"!. 
(\('vcl()!..'~(l ;tn(~ l.1.tVil !it\.l~tu fe('cti.IH' r·tiv.'.':v . 'r'le .lj ~~pntil.ry (" i\ t'l,1'. 

bce.)fI1,....·· .. ~t-""',iQll . 1\ :!.ilrCl" nU'I,)v'r fll- ,Ilf",ltl",.hor"c; ~lon('.lr·~ OIl t',p 
ll"_"[)Ultlf'nt 'l'hf~Y i.ncr~,,~'" in 1'>i70 <1n' !It'mh,.... .... as Wl" t' . 'I'''", 11<) ,+-,..t"3.or 
concretion of th" optic vf"~iclc o,...t:~ ,1nu',I,.... ,l, 5.n ("Clnn"r:',,>on In t'1"" '~J.,',' 
of "::hr .tnt-_C'cior 0l1C 4 'rhC' 1t1 r:-V,ll r!.Tl f<. 1(1 i."~ COrtt:.ipu'l~s . Tllf' ;qt-('\r.",' 

strw:-tur", Or t'le ~.1.r-\'t1. suc~ ."'l,~ '''!I'r-> ,I,"·"("r ,\1'" , n l!.h·~ ,Irl" ,...1 .... , .. 'y 

v5 .. !.ihJ" rlu(" "'0 t'1f' J::r;u1:-;! ... lrt ... ·IWY . "'h.-. ,'V.t.-.t t:.' !. .... c; :-ot"qr> ..i~ ... "
4

1 I'I\r'\ 

'on". 
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Tl\C !,>cliretl. fin of the ' ... \rva is oT("lLly elonqatec1 . '!'hro In vill c1"r~\'ll 
and v('ntnl Fin i'lSBUJnr:-S n~.:lrly ;vlult" Iqr'1n .. ,nd c;t:ruc~erC' . ,~ The- pcctor,lt 
fins .. ,\oll r;\.tnport3.nn r. . .,y ... 1.r(~ i\l!:o w"'.!.l-foY'ncd . Thp c;:'lud~1.1 ri.n b,..,.,rc.; 
1:>' to 17 rays IJ.nd becoll\es .'5"!.iqh't.~.y ro~·k("(1. . ''!''hc ].t' rvn]. f~.n. fo.l.<.1 

'l'll" ana_', tlnd. vC'ntral Lin rulr' 
urc brokf'?!l ir'\to "';cp,1.l';"at<.' • fl.rt.s, ,1.!lI.l l.,troor f?Qc;<'.0r;sr·s 'J t-o 1.0 "'''ly'~ . 

'l'hc l)f),ly ('If thr l.lrvil i:; ~lf·o\v.i. '. y " "0'_ \lii:~ m{~J . .-'nf)·,)'lo""(":; . /\ cll.'r,H:t(".,.j.~:':ic 

bl~CY~ c.1ot " ,P£J'ctr:s .. \t t'l"" bit~~C of t ll(' c.\U,l.11 n.n . 'T';'v' • .... 1-)01.p hor~'( ,.,f +-.hi"' 

l;lrv .. , it:; now cov('rp,l aver I)y rnir"l-+-~ ~(~, IpC; . 1\ tl\ .!..1:) sta,."'" fry 'f\e,,~..;urne; 

;!1.1 1"'11 . 

tC'nfl('I~('Y t'rum t--~i"' '101d'fl~' t:r ... y ill • .... 'l _L • .:h i' ;,..~ 1 ('''-In''' ' ~-:f"I i' '.'~ 1".(Il,l.y 
C.1{-'SJ.r..lb'p to tr.l.nSf(lT t't(' -;UlIlI>i flC'l 'r .',I ·"; ('=0'11 t,.;,r ,.y to i' rp.:'\r.i.IVI c'. t.h 
t. flY.. ('li1(\O,\) '~I.E ; ~J""dl_'rl in tl,,, 1,)(",,1 \" .... pr . ,'It. ',infT fri.(>''; l,,')l,l'nf', t'-In". 

nf'f)d n""lnu1 .• lr C"U~l('rv""si.o'l , (111 .. 1 fp,...c.\i.I\"l (,) I.en 'n .\ (1 'Y o n.r.'i.'",\ I·l,;_c'<r>n 

nq , n,lrt .culo"lTl,( yol'.: ('mu' ·~i-f.'i("c.\ ;.n Wi,,:!' r :..f: \.~s('tl , .... 6th :\ I"jrN,t 

.,(lv •• ntilf:""'. 1\ :tumpl.nq f' _ry '1., .. ,\, 1 cl • .,r')ct(,rq c1",·!p'.oppr! ill !-·W_:.," up 
tn,' . I to-; (1.\ f[f"I'C f)11 in ~: L?l' .I n,l .... ,vu""C' . 

JUI'\pin~ fri,pc; g-r.-vlu.,!J.y +-r:ln,,;(('I'"1T\ intQ 'i.nQnr"!.i'lqr. rluyil1(J th,.. ~r...,n 

n yCf\r . J\ tu!.!y [orm~d f"in .. jcrl.; .... ':1!-: Irt"n"·vrr·q (,0 to ')C I'U'\ ill ":n l t l • • 
'l"\_~; ·~t.l(1n i e; Jl\.trld·",.i hy ("')l,l'\t]r'~ ;.n ':"" !.l',II~' L,r lH:;"'lt~ , lW"('y olJII' ·.,11 . 
'l't)f' h('.ld .)@rOl11l'r ronre ('oni.(,";' I -' nrl '"\("If'y ')1'(""1"'(." y. 1'1; r:ll ~",..~ f ~p ..; nf'rpi"\~p 

of qirt'"l . 'l'\li ,_ .:llso bnCOI'\ro (lc.~f',=,ly ~o"",-<j_·d . r--in':.\.'\t.f' c •. i.lv",'y '.i\rv:-t' 
~C .. '.f' c 't.."qC';. i 1'-0 'il.-'-fJf~ <';"-01'0" (·.I';'If"d \\·il,.;,l) .,.,1,1"·n yr 1.'.OWS , "r" .... '., fln(' 
blUf\ 0:::('01',...·.;. '!'he f'~n(Jf.t"' l 1.'"' 11 i'; phot-.f"lJ"1(l';i+-tVf"' ii'll."'. rh(10lW"l ~;U:iv(" . Thry 
show t':'0Hcl(\l\cy to m.i.gr"'lt~ down rivC"r . ('l"ll)" ' ]. :-In(1 ?) 
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lJi;'('/I;','if'r; 

qpq;)Yn i"n t-}", 1 ~ ! (\ 'li~tor.i('O~ f'r I'I'\,-I~"":"''''Y~ , t:'\t:>rc i9 "0 :"tCCOU'lt l"''':c(H ... tino 
!:llr! (".1""y rI'('\vf"lnp'1\('Iont: Of II·H-};;·:·,J/·h"'il1.~.· h, .l"tr!T1mf"'1,'!';r- (l\h.TT'.ar1 :.<v .... \ , /'('J' /(It. 

I~S.!J. '.')73) , 'II(J" I.J ;I,h·rp. ~'":.u k~1J'rLi_ )"t)70) . ·~u!.tr .• lrn':' (11J70~ g .. lVCo 1~:t .• ,r"'ot._C 

;c.,t:.lrc 0 .... In.th';(~f' r ).,t rv('\ wh i f"'1 .,"U"".') "':<" d .... ··t-;.·',..\.ti~·,1 t:,",(~,,, (rom t 'H~ '.lYV,H" o( 

!hlC fry 
cpnt ~.:; 

be'ow lOt'!'lm S~?f-! .. :'1 tIll" l;'!"vl\~ or ~'C'l' pion ,: f.l)1'(1 

('ili~r(l ',n "'Jtic("' 

a"!so ~U(·~ Cilud.\.t 
I.n 

In COw.rnan with ffio"\ny cyprini(~.s the ~i\C fry of Lhe Top {J"ut1:lo1'O ;'t .l.no Cf'nt., ;nl:'; 
copiou!,; ,-nt\OUT\t of yol.k *:0 L.i(\!.! over t'le unfolVr)t'r,,""'" C;i.tu.-, -+-i.nn . 'rh,-" '1'01.', 0::.1(.' 
pre vll'cs hie r'".ln r

' ,.:' for b:ri.sk tnOV (,I'l(\11 01 l .\rv,\(_~ t.lu·,r<:r"r("l l"PY lead ,l ,tlJ'.\~;I.(~114 
1i('u . "'his is on('l OF cri t ical st~1.q(' in tl,,.. l' fc hl~tory il't. thi.s ti'n("l w1,en 
c1
.cv c>1.n.T:1i.nl] (I'Jf'Js 1x~c(\"l(> infcctccl wit.~ F\.'nCl.l ~ '\II(~ h."'Ir· ' pri,l . ""'1(' '": .1r" r.,-y r " n 
to).C'1-~tC II")W .!.cvcl Or ~~. ~50"'VP~ ( Iv,/flPn ('on f-, I.n{',' ",.n rlJV'!l w.""t~'(>r (1'.:-.., " 1) . 

·!.·~It· f!r)()(l wdt.t'r i~; ' .'.eh .i.!~ h.1..~1'11' : . .\rt ;(~'" ,'I'" of • .l':t:.y r("ld f:I.,IV ..... } ••• .-'., .tr t- ~:; 
.1n,-j~i('pr:;C . The t' ('Iv(\lODin o "'0"1 or ·ro.· p", ., '~';' ."l'.;() u.\r .... y'lo rn~-'t.",:":i.I~rl 
l.p· nnc·y 'or il br.V"" .pc-r;.()c' "r:: JPl'ol"";rr1 ~'1 lJo1r-y .r\l~'.t~1t ( ~~7) :'.'1 I'~l ,/'''1.:' . '1'11; ~ 

.~ .'11 dd.t'l .. ...l'_ iOIl 1.:0 "e rc!n<]:"c lid''''' rt' n- 'II' "n'f ~o III.lt- (I C-" OJ!""lf)."" ~""q o:'f'111ryn 
hoi t:.C"l nut 
or j~cc ur 

TI1f" 5 ' \.~(ly or L' le life hic; .... ory of the l'l.1
'
l!,::pnl"' ~pnct!: ;:l.c t.ivc ~\'Illr'ort to ':.11,.-. 

Lht'or.y of " :;" 1 t:oltory On toqC'ny " (r". tin .... ,'n<1 n"l 'On J.'Je.-:;) w'lieh l)('1SI-'" 'tr"'j th;, t:. 
d"',,"'-oprnC'n'" rJ~Of"'f"('(1!1 ;1'5 " !"po~("'n('"C' or 3.111."rv.l S Or r(~J..'t:i.v(' ·1r.r'n'~ (!~f'H;.l'~) , 
~1r' J."'- lr~'!:C'tl Jy r.'ni/ ' ""' \'\111 1)$ ( ~wi.t:C)l("'-:) t;o Ill"'", (Pl"ll' .1nc' f''''.nc':in'1 . I·J'\\ r("lr:(' I.~I,.) . It: 
olf"'~lC'''t·.; 11).tt t-IIP!i/\ t ~r"'!,":~r)I,I~ dr,,,, (>CQ 'on,:.t· ,) '.ly iIIIPort .• ", t to t."'c.' \:11 .. ;1·.,,1)1 .... l~. r" 
i..n mOI]n · ,1.ln c::;tr(\.In! whC'n f;h~y 11\.11'"'< cl,.l!"'n r ·~-; .i.1\ ._,,("1 onJ. ln:~'.m to pnv il"'n ll'",....nt 
l"'('\.l.;t t i.on r:'l i fl . 

GOJ.(l"f\ mnh:-;cpr ".-,~ i!1tr~. ftl.linQ nl"'n'i_ ('IC!. ' ll '" t.,C dcvC-"lo,-,mcnt or C'o~.cl ""nt.er: 

'i!)hC'r:ies . Tnere l.5 d wide Scope f or !,ron.''J.t=~.on of ''4,h!ieCr in r'-'s~rVf)5.Ts . 
C,..nr:r.ll1t- !;upply ""f 'crt:'.lizc-r f"L-:h Sl:OC, 1 c.w h,... rn."l(' ("rom t:hc r i VI""rrj.r j (:! !1.tt-c.:her.y . 
nr:::,..lu',· ... ""'()! O'~ '.:h,.. :'5cpd any rry by (lyt" i f'"iC'i.,' .l rll' ..!.nduced br~c(l .. llq l,.t~ x<;-n 

r,lrric(! out lly ~"r('sthf1 (1.9till) . ThC' l!'I':lh!;('C'r i~ GuittL'::dc For C'..l!.tuy ,.> itl 

.tr:r10cLlti.n n w'-th 1':C""l..tle~" hi'!.J. b,ll~':'Irl or <:.ltldr:" I./Cc·f'fl;·:'('j ·!,,· i lu :: I" ~1'n9 .'Jo71'!,':!:) 
,'lud S 'lt'W tr"ut: ( ~:('/I1: ;: (!17!01'r)~r ,,/.":7in:" f-j'/fnl,:) I\ rt i r.;cJ .. 11. fC'(>t~5.n"l or Tn"t, ... ,...,...!" 
-' t·y c.\.n bf' t.l01lr:> Ly p xf..r.:lct Of l')()i.l..C'cl C''Jo (yolk) st,rc' .... i.nC'] rj. r:·c }:o.i1.rn On ".ll('" 

S UI J .... ce of til!"" r("lt1r i l1 '1 pond o r c..!.oth 1.t'lie: (",I .nT''') ' 

Ncpdlcsc mi.l" Sf"Cr j.s of unquccotion;l\_1)('1 \l tility for s t ockin,g in hi,r:;Jrn'.tituoc 
lOlkcs . III L'la icc - col.!1 ·...,;'I ter [lI.\~~ rf'oc,.".,d.:ion.tJ. 'i~11C'ry of t}-,c m .. h~('('r .. In.<.! 
~.tg .\11l,·c1 ~f"I(\C~("I~ (",.1n b("l cr ..... vP'.Of'lr-n. . 1"':_.~ 1 1i '1f1 m.'h!""" .......... r- i.n nid',.,nr' n,li·\.lrn' lln<\ 
''',111 m.!c ' (\ 1.,,<.,,: ~;l":h ;\"i l;'CW.:t , n(~f)"d~ "nd ~1t<1','!'i,p--ov.tr (1(u!itr.khilPj) W .... 1.1. be of 

o rn.:'\t t('lur,~.~t: c "+-tT."f"'con . "'he rj.(\'.~ ol-o,~r>)"v.,4-io"~ of thC' 'luthor h.lVI> ':.ndi-

,l\"ri.,I'g IU ll'u··' . '1'IlC!' .... tri.!.'J.'r.d c " C,lIt 1 .. ~ 1'~1 t , 1 i.z(Sll Wit,l, l ... tt,le e!·rOJ.t 
(:~"nlo~ t.Jt" J o"'Ob) . And ,· ..... "1..,sTX>r f.:-L'tinn I.,r Ll)p (l(~vI""~.opi'1a C~IO" ."tS fC'i\c;ib!.o o v C'r 

"('r'.'l.'l'L.J"j~ , t',f' yol" ... .. C' rry or tll(> 1Tt,lh··"", pn::s"'~;""r.::; C'-'"'I.inu:. lJ\'~''''nf- ;-tv 0"" t'"' ('\ 
yol',: 'Nidi:', l,1t'i ;_t .. t:('~ th,., nrO· ... ·~t19 Ft ... ~ , ".,. V. I 1:0 till.(\ I)W~.r ff'od !ihnrt:;19f) . '1 he 
', rv., ... ~. I(,nf)wn t:t'l r,..,>cl ""cl'. ort'.v .. ll'"l,·r 1(\_ ' rl.ty~ rl"'n('."l~n(~ ""fV'1n tIl'" f"'nviron-

" '(..'11'" (·Pl"I:t:.rln t"f) \tl',ie" tJH"V ~"'O r,"'.,'1"(""_' . T.,I V,\(~ C,)'t be- rr'i1r"d in f:\oIrlh,.n 
"p~~; . ""'.tlv~,.."r ), I rv.lr> C.ln l ~C i;"".ln r • rl. ,I by I ,.,11L.,q ;. 11 p,l r+'lPI1 not: 1',11 r ( ; llf"'rl 

'.oJ;' I, W. ,!·,..r '" )'V ".,:.,,., I) :--yq "\l ".fI"' .•. 1,11" .... ,.( .... '" 1,.,'1 . 
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