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Reproduction ané development in fish are complicated
pr@éaasea regulated by many iﬁtrinsia'ané axt:insig factors,
The fiaé ambz#& develops externally in water. The egg membrane
is impermeable to must af the biemalaaalaa. Therefore, mainte=
nance and growth of tha embrye proceed at the expense of
nutrients, éapasitgd in the egg dwring aaganusis. During the
course of aarly dswalapmsmk, the dapuaitad biomolecules ars
dagradsﬂ ta anpaly energy for the g%aming amhry@ and also to
au@@ly ﬁraeﬁwaara for &ynthesia of nem bi@mala@&les. Hataﬁn&ism
of wariaua biamalasulas varies et diffureat stages of davelapmsﬁt,
dapemding an the reqwirsmamts a? ﬁha ambrya. These variatiaas are
brought abaut by ragwiatimn a? anzymu aatiwitins mhich cmﬁtral :
the mata&nli@ reactionse Giffaraﬁtial gens axprassiea, at ’
different staaes @? davalnpmamt, largely controls the madulaﬁian
in the lavela af aetivitias m# di??arank enzymes. Howaver,
anviranmmmk also playa sama imﬁwrtant role in rsgwlating wata&al&am
during smb:yagmﬁasiaq Mstaheli&m in fish is a labile srauasa and
shows aampanaa%ary ahaﬂgaa with alﬁaratiam& in the enwiranmank,
Alta:aﬁiam in ﬁhysiaa»&hamiﬁal mandihiwne of water, in which thé
gmbryo develapa, laada to altnratians in rate of development,
Beyond a aarﬁaiﬂ kimit af envir@ﬁmental fluctuations, the ambrya&
die due ta tha hr&akﬁawm of meﬁabmli& homeostasis, ﬁstahwli@ :
adaptatian t@ aunviva in variable eﬁnditiaas of the environment
variea widely among dif?araﬁt species. The devalapmantal stag&a
of some fishes have a wide tolerance range while Por some others

it is narrow.

Common carp (Cyprinus carpis) is an example of fishes

having a broad range of tolerance capacity. It bresds and grows



well at low as well as at moderately high altitwﬁsa. In
comparisen to commen aaipr‘ihglinéiaﬂ majér~@arp,,g§ gghaig_
(r@hu), is highly aamsikiv§ ta the envirenmental Mariatiéﬁga
it grows well in tropical warm water where it breeds well in
naturees It fails tﬂ breed m&taraily in saall‘gaa?iaad water
bodies Adaptability to nature is diffesent in different
apaegss and is mestly determined by genetic Paatéra, This is
observed in terms of aiffazgnt matahali¢ compensatory changes
at sube-cellular level. Hamaeer, the bggie amtageaia\paﬁtaxms
of metabolic and biochemical changes iﬁ fishes, in general,
and in these speeies in partiecular,are limited. Thare?ara,

the ﬂrasaﬂt study was undertaken to study %ha breeding effi- ‘
ciency, and rate ef development and survival, aiangwi%h eewtaim

biochemical and metabolic patterns during the early development

of scale carp (a commen carp, Cyprinus carpio var. communis L.)
and rohu (an Indian major carp, Labeo rohita Hams )e Their
response to high altitude stress, with regard to these parameters

and the physico-chemical factors of the ponds were also studied,

Tﬁé experiments were conducted in North-Eastern India,
at Gauhati (26°11'N & 91°47'E) situated at an altitude of 100 m
ASL and at Shillong (25°5'N & 91°9'E) at an altitude of approx=
imately 1500 @;ﬁﬁt and Hawpuﬁ (25°40'N & 91956'F) situated at
an alhituée of 1000 m ASL. The experimental ponds were prepareﬂ
and managed, under idantical &nnditiana, in the Fish Farms of
Governments of ﬁa#am and Meghalayas The physiceo=chemical factors
of these ponds at Gauhati and Shillong were recorded for 18

moriths during the period from January, 1979 to May, 1980 at
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rsgalar wenthly intwrwal&. it was abservsd that at highmt altitude,
tamperatwra and pH were lower while free &arkanuaimxids aanﬁaﬁt was
highax than those at lower altikuﬁa. The dissolved exygen did not
show aay 3igni?inanﬁ alki#ué&aal ﬁi??gran@a.

davelopment and aﬂrvﬁuai of the embryos were wptimum at iawar
’altitaﬁao ﬁﬁkﬁ showsd a greater ratas of &awmzaamant with shmrﬁar
immuﬁaﬁi@@ pariaﬁ than ﬂﬁalﬁ carp. B@wmvaxg in both the sﬂeaies,
some stags saeai?im Va%ia%iaﬁ& marﬁ aisa @baarwwag The anwiﬁanmsnt
at higﬁar aitiﬁaéa affected tha rate of induced breeding and
éavalnwmeat of aeala carp and rehu, with rohu showing more damage.
At lawwr aitikaﬁw (@auﬁati}, induced ‘breeding experiments conducted
during 1??9ﬂ8§ showed an appreciable success in both secale carp
and rohus However, at Shillong, out &f the two attempts, only once
(fareh, 1988) the induced bresding of scale carp was completely
successful., Rohu breeders were found to be highly ﬁéﬁ&iﬁi@ﬁ to
Shilleng water. In twa occassions {ﬁmguat, 1979 and June, 1?3&),
all breedsrs dicd at Shillong when introduced from Gauhati, In an
3imtermadiata altitude at Mawpun (1000 n ASL), once in August,
1?7?, all rohu breeders survived, &a&- spawning was only
partials At the same place, in two other attempts in the

next year (July & August, 1988) all ?amala breeders died,
ﬁeaidés survival of bresders and spawning, the rate of
'fartiiiza%igé;l develepment ard smbryonic survival were also
lower at‘ﬁighkw‘aikiﬁudee During 1979 breeding, there was

a high mortality of scale carp embryss due to the infsction of

ﬁapralagﬁiaQ'?hair«martaliﬁy was considerably reducad during
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1980, with apprepriate waasaﬁas to &aﬁﬁxal the parasitic aquatic
Fumgaa;‘ﬁ&hu embryos wa#a highly suseceptible to &ighe: altitude
aad‘ths survival of embryua during the only successful breeding
at Mawpun (????3 was negiiqibla;

8ixtesn (16) dawelap&nn&al stages were identified in scale
carp, fsam:the fertilized egg to the fry stages, while in rohu,
tﬁ:&aaf'#heag a@aggs‘namqug:32ﬂaa¥$x:(atagas&), igta gastrg1a
(stage=10) and beginning of eye pigmentation (stage-13) could
not be detected. The total 1m¢a§ahiam period was larger in both
the species at higher aztim@g' aqw,mg mwzmpgrawre and low «;;R.
Howsver, at some stages #&g,xaﬁg of development were faster at
highar;altiﬁada shawing18qﬁéyﬁﬁagéfﬁpQgifin‘rsiatiaaship to the
environments The sarvigéi sﬁaﬁisa,mgru’gagdueﬁad in nine diffaerent
developmental stages. Scale carp embryos showsd a higher rate of
mortality, only after the &nﬂémika (12)/akagq;!at higher altitude
wharmagal&;ataggavaf r@hﬂ»sﬁéugaxh;ghgg‘gaamsaﬁihiliﬁytuvhigﬁar
alti%uda} Thia &&@@a@(sﬁmg ngy ﬁlﬁée raigtiansﬁig wigﬁ the low
tampara#wggg ﬁagtakity'wéa higéﬁz at the neurula (1?) ataga‘mham
about Eﬁ%vaf the embryes died at 2&*&, and at wre»hat@hiﬂg (f%a)
atag& with a fmrthsx daarsasa in tamparatura to #5“&, uirtually
all the amkryas diad indiaatiﬁg staga spaeific samﬁiﬁiviﬁy to

amwitammamtal atraxu¢

Theialkaratiaﬁa in the rate of development and survival
and their respense to high altitude are wbwiausly related to tha
biochemical and matabalia changes in the embryasg This might ba
reflected, gt@asly, in tha,qualita&iva_aad quantitative changes

of Warieua'hiﬂmgiaauies which are not permeable through the
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chorionic membrane. ?hata?ara, the qanaaatratiama aﬁﬁ aamp@siiigns
of a&inﬁ aeids, proteins and nucleic aaiés and the enzymes and
metabolities of three metabolic pathways (ammonia aetaaﬂliamg
naaratranamiasiea & tyraaima axiaatiﬁn) were studied as models,
from uafaxtilizué egg till hutehing (stage=-15b), at both the
altitude in kh& two aaﬂsia&a

The ontogenie pattarn of changes in various himmalﬁeala#
were found to bs more or less similar in the early ecleavage stages
in the tuo fishes. Howewer, in the later stages they showsd some
species specific variations. The wet weight of scale carp was
higher with higher water and dry matter contents. During the
course of smbryonic development, the wet weight and wster content
increased but DMC Pollswed a reverse patterns The redustisn of
DMC, which represents the nutrients in the embrye was higher in
rohu thaa‘aeala carpe Thia,might be necessary for a higher ensragy
need of tha &ajar carp amhryaa For their faster rate of develop~
ment (12.3 hr$¢) ‘than scals carp (58 hred). The total-, soluble-
‘and mytnplaami& proteins showed a common pattsrn of dacrease, till
\the aaﬁ of aiaaVaga in the twa ?ishaa. In seale carp, after a
tamparary increase at hlsmtulatimﬂ (atagena), they further decresa-
sed till hatehiag* Haw@wsr, in rohu, prataiﬁs again increassed from
&1aatu1atian. The m&tﬁaheaﬁzial protein levels increased in
ambryas aF ba&h the ?iahas, but a sig&i?&eant increase was shsarved
at atage»? (ga&%@alakian) in rehu than stage-12 (swsnmite) in scale
carpe The uvurali increase in mitawﬁamdrial protein was higher in
scale carp (?35%) in comparison to rohu (293%)« The changss in
ﬁutal Peon aminn acida (Faa), in general, followsd a reverss patt-

ern with that sf tahal prat&iﬁ in a&bryaa of both the spsmiaa; The
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samﬁasitién of the FAA-in mature oocytes of the two fishez were
differsnt. In scale carp altogether seventeen and in rohu eigh=
teen amino ascids wers identified. Cysteine and eystine in seale
carp and threonine in rohu could not be detectad at any stage of
development, During the course of embryonic development, the amino
acids changed quaiitativaly and also guantitatively which were
alaa ﬂiffarnnt in the two species, Estimations of DNA and ﬁ&ﬁ in
the oocytes of the two speciss shﬁmaa that tka zaluas ware aﬁﬁa*‘
zuwtly savaral thousand times higkar than their samatiw walaas.“
This &s 3im£1ar to the eariiar repa&ts in other muiparaus animals
and some fishas. The DNA and ﬂﬁﬁ gontents of smbryos did ﬂm% ahanga
duxiﬁg the aazly skagaz of éawelapmant‘ The enhancement mmuid be
seen anly ?raﬁ the late matula (atagﬁn?) and late gastrula (atage—
10) sta@as for DNA and RNA t&spa@%iwuly in scale earp. Hﬂmawar, in

rahu the ina@easa were aariiar at 16=cell (5) stage.

The a??a@ts of higﬁwr altitude on the above paramatera of
carp émhryms were,; in genaral, biphasie with the wlaawaga stagea
almost shmming no effact and the 1ater stages, particularly from
gaatrulatiaﬁ kili hatching, exhibiting alteratimns of normal pattern
of changes of biammi&aulewa In a&aza carpy the rate of inaraasa in
water content anﬁ dry mattar eantanﬁ was comparatively slaw and ;
se¢ also the wat waight’ In raﬁu, Prom neurula (11) stage ‘the wat@r
content suddsmly inaraaaed above the normal lewal ?allawing a
aimulﬁan&aus daaraaée im DMC. This indisated a severe depletion of
the yolk substaﬁaea %a aid %ha,ineraasad rate of matahaimsm'ﬁf the
embryos under atrass of highgr altitude. The levels of different
types of pra%sina significantly decreased in the post gaatralatiﬂn
stages of both the fishes axeept the mitoehondrial yrntain in seale
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carps The decrease inﬁieaﬁed:a low rate of synthesis of protein
and/or highar degradation of yalk at higher altitude, The FAR, in
@ﬁﬂaral, showed a &igher lewai in ambryaa of both the carps at
higher altitués, %aw@vur, in maak cases, hiaﬁar altitude did not
alter the ralatiwa &aﬂﬂeﬂt?ﬁﬁiﬂﬁ& of di??aruﬁt amino acids axgapt
a few. The lsvwis of katal @ﬁa and RNA wers found to be lowered
only towarde the later phase of develepment before hatching, at
higher altituda. This too might have baan éua to the 1uw rate of
their aynthasia or a highsr éﬁplatian a? the éepasitee nucleie
acids, The law lawala of nwaieia awida alsa indiaa%a a low rate
of prutain ayathasin ané 1aw grawtk rats of the ambryna at higher
altihadaa

The varistions absarvad, in the 1awa1$nf di?f&rant biomole-
cules aetwaen éawslap&sﬂtal stages, betwsen the twe apeaias and
between the two altitudes, might be dus to alterations in the
di?farank‘astahmiiefpéﬁhwéya which, in turn, are controlled by
-enzymas.‘ﬁwmamiaFﬁaﬁaaeiiéﬁs neurotransmission and tyrosine oxi-
dation pathﬁaya érawﬁnawh to show dévelaﬁmantal and édaptﬁtianal
changes in vat;aua other graups of animals. The mature oecyts of
both the carp apa@ias aantaiaad a aaﬁsiéenabls amount of ammsnia
and urea which are taxie praduats of nitrogen aaka&al&sm¢ Thw
levels of bath metabolites wara higgﬁr ia~$eals carp prahabzy due
to its 1&2@&» siza. The aan&amtraﬁians did not vary when the
valuaa were axarsaaed per gxam wet wmight; aath ammonia and urea
levels inaraasaﬂ in aaneuﬁtra%iaﬁ with progress of development,
The increase was stage mgaai?i@. The rate af ia@raaaﬁ was mara
ﬁrwmiment 1n ama&e carp thaa rmha, ahaming a highar resistance

caaaaiky of secale carp embryos tu,awmaaia or urea toxicity. The
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‘ontogenic and éaeuiaa specific variations of the ammonia and urea
levels might have besn an independent or combined sffect of
differential rate of their productien, elimimation, or aaﬁéirﬁiaﬂ

to osther substanges.

Studies on some amzyaﬂa aasuciataé with ammania metabolism
(G@ﬁ, ﬁl&, G& and arginasa) showed differsnt anteganin patterns.,
3ama of the snzymes saeh as arginase and lﬁ in both the spaaiss
and plﬁ im scale carp ware praaant in all staga 1me1uding au?arv
%ilizad agg, ﬁ&ﬁ apasarsa anly a?tar Fertilizatiaﬂ and PDG aativity
in rahu awaearnd only at ﬂnurmlatian atag&. These anzyma aetivztiea,
mhiah wara ﬁwaaant in the egg or appeared aPtsr fartilixatiam; wsre
maintainaﬁ dmriag hha 31&&@&@& sﬁagas anﬁ showed the enhancement
of thﬂir aatiwﬁty in some atagaa after the morphogenatic mevamemt
started. In a few easas, the unzyma a&timity decreased at parti-
mular stages. The aaaumulgtima of some enzymes in active state and
soma in inactive state duriag oogenesis has besn Known. Some of
the iﬂaﬁ%&wa'amiyma ﬁﬂiaauiasigat activated at fertilization to
maat‘ﬁha/ﬁa&ﬁ'af these snzymes at the earlisst developmental
stages. GDH might have activated in the same way. Besides, many
masked mRNAs of the egg alss start translating different proteins
during the early stages of @w&aia@&aﬁ% contributing to the appear-
ance s?‘auma enzymes at these atagaa when synthesis of RNA has &esn
suspected, Hence, due to gradual loss of thess maternally deposited
enzymes, the level of activity showed some decrease after some
stages of ﬂevelapmaﬁﬁ dus to lack a? synthesis of new maleaulu&.
ﬁamawar, awua emzymsa which were nw% éeauaiteﬁ in the egg or their
activiky was not neaaasary iﬂ a aaxﬁiaalar species in the aarly

stagas af aavalepm&nt, appaaraé anly at a later stage, gasaibiy
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dus to the expression of ths embryonic gene at that paxtigﬂla: 
stage of dayﬁiagﬁgmg,;xhig,miggt a@wa;aisn_whaﬂpgaaé ?ag tha pre=
axia&iag enzymes ﬁaAaaa§t their activity to a kighsz,lsvg;xﬁzam'a
particular aﬁagaé‘?hg/flaakgaﬁiaaaLia the gﬁé@ganama amggﬁxg and .
urea levels during the,d#vnlgpmqmt‘gf the scale carp and ﬁaﬁg»aaé
the lack eof a correlation with their corresponding emzﬁﬁs;qggig;-
tieg,_faix‘§a‘xgka any QQQQ%FQQ‘Qﬁﬂgiﬂ&i&ﬂ.aﬁﬁﬂ% amw#ﬁiaymgkékalism
pa&t&r& in’ths:twa species, ﬁewmvwr, species specific variations in
thu smzyms aﬁtiwiti!a'aﬁd §ha manstﬂtsatiaﬁ of the mmtahalites have

huan alnariy smumn in thn prcawn& atadya

Estimations of ammonia and urea concentrations in scale carp
and rohu embryes revealed that the endogsnous level of ammonia at
highar'aiﬁitudm a&angad at &é@%aiﬂ stages of éawalapmént,whegaas‘
urea showerd no significant variation from their respective normal
levels at lower altitude. In rohu, the 16-cell stage and all
atagea ?fsm neurulation tiil pre=hatehing zantainsé significantly
higher leael of aumaﬂia. 5@&13 carp showed better tolerance to
fluaﬁﬁatiaam‘ia.iﬁa eoncentration of ammonia during the develep-
mental stages and survived mull, with about 3 times higher
aaau@ﬂtraﬁinﬂa of ammonia khaﬂ zah&. The alterations in ammenia
iau&l ahgmaﬁ a closs vulatiaa&hip with the ahamgaa 1a-prn£ain and
FAA aanﬁaat af the aﬁhryas &t bighar altitude and to some axtant
with %&a v;riatians in the a@tﬁviﬁ? ar the enzymes r@lataé to
am&aaia matakaiiam.

&a&iw&ky of ammania ms%a&alising mnzym@s stwdied (ﬁ@ﬁ, ?&&,
as and amginase) showsd diffarant a?faaﬁs at hzghaw alﬁiﬁﬁdao ?ha
activitiss of some aﬂzymﬁs 1&@:@8&&& or decreased ak some stagas

of davalapmeat and the agﬁeatanes or induction of some anxyma
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activities were either postponed or preponded at highsr altitude.
However, the variations in gensral, were more pronounced during

tha postegastrulation stages than the cleavage stages,

Faa@tianai distrantiatiua é&&iﬁg dmwelaamant haa haan
coupled with di??ﬁrﬁnﬁi&tian of specific enzymes, AChE, is one
auah snzyme , aasamiatad with the Fﬂnﬁti@mal diffaxanﬁ&aﬁian of
nerve anﬁ mu°@ls cells, In tha present study, AChE ae%&vity in
embryo was &at@&ﬁad at the onset of gastrulation in bath the
species, This is a&m&laz ta earlisr rspart in amphibians showing
a highar iﬁduﬁti@n of the enzyme activity at qaatxulakiam. ﬁlthaugh
it ia diffiwult to axplain a da?iﬂiks functional significange of
tha appearance of ACRE at gastrulation, it is true that during this
stage the morphogenetic ﬁﬂ@amanta’staﬁt determining the map of
final differentiation, Estimations of ACh revealed its simultansous
rise with AChE at gaaﬁ&m&éﬁiﬁn;lxt can be suggested that perhaps
at this stage, the ACh synthesis ececurred at a large scale as an
imdw&iﬁg factor for AChE géne*,?ha‘ﬁabat:ata induction of enzyme
activity has besn known in enzyme regulationse In the subsequent
stages, the activity of AChE increased with neural and museular k
differentiation. This was élmqﬁt(paxailal in both species indicating

a speciss nonespecific and differentiation related‘gena activation,

The effact of higher altitude on bhe entogeny of ACh and
AChE was also spscies specific. Scals carp did mot show mush
variations at high&r»aiiit@da"@hégééﬁ iﬁ‘raha,»ﬁha high altitude
effsct was prominent during the Iaﬁar 5%3@55 @?,&&&31@9§@&#4 The
appaaraméw a? AChE activity also gékléalayﬁé from gastrulatien to
neurulation in rohu indicating the delay in Punetional differentia-

tion ef ﬂ«aral and maaeular %iaauaaa
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Studies on the developmental pattern of TAT, the rate
limiting enzyme of fyraaima'éxi$aiiaa,‘shﬂwaé that the enzyme was
present in the oytoplasmic fraction (c=-TAT) in all developmental
stages, including mature oocyte, in scale carp and rohu, In the
mitochondrial fraction, TAT activity (w-TAT) was detected only
at neurulation in scale carp and a%‘&maemits'sﬁagw in teha,?ﬁliwv
owsd by a significant increase till hatohing. However, the appear-
ance of m=TAT was @arrﬁiatwé_mith'th§~aigﬂ&?iéamt increase in the
smbryenic mi%aahanﬁriai.graﬁe;n lsvel 1ndiaa§ing that this amzymaf'
migﬁ% be preduced hy»a'ﬁita§h§adr$ai‘gﬁna aﬁd‘&&a aetivated uwhen
wsw‘miﬁugﬁan@éia were syﬁgﬁg§§g§¢,in‘tha embryee The di??eranogé
in the entogenic aattgthiﬁfvgﬂxﬁf and m=TAT sﬁ@@aaﬁ@ﬂ“ﬁhai they
éxa.tma &&é&ﬁzyma§ a? ?ﬁt,aqap@aya different :egalat@ty‘maehanisme.
Yhﬁ aawaiagmeakal'aatﬁn?a.a¥~m~Tﬁ? and muf&? in scale carp and rohu
were alsa ?ﬁua@ ta be dif?arﬂaﬁ fram those of aammals, whaze aﬁtin
witias of hﬁﬁ& the is@amzymﬁs remained low aaﬁ without ahy _
raignifi&ant altaratiaa ﬁiil hit%ﬁ. Yha di??araa@ea iﬂ the dsvalapa
mamtal patéarm a? a»?ﬁ? aad uw?ﬁ? in aaala marp and raha, paztieu»
1ar1y the iats appearance a? mn?#? in thu Eatur aaaaias, auggaat
éi?ﬂhreaﬁ yugaiatary MQahaﬂaamx Fer kke ﬁwm ias&nzym;ﬁ iﬁ the twe

carp saa&iaa;

; ?hszﬁ~wgs no alteration at higher altitude in the appearance
of o~TAT and m=TAT activities. However, during the later stages of
development c«TAT activity iaa@aasaﬁ;iﬂ‘sﬁala garp and m=TAT
asfiwikias dscreassd in Tohu st higher altitude.

?hm dﬁ@tlﬁﬁ&aﬂ%ai paﬁﬁérn a# ali anzymas in ﬁhs pressﬂt study

was fauaé tn ahaw aama aiffaneﬂeaa w%th the shangas in gaa&ral
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pretein levels. The changes in gensral protein and the aniyma
activities were very prominent at fertilization of both the garps.
The protein content was drastically redused on fertilization
wheresas most of the enzyms aetivitias were either not a??aetsd or
inmraaaad. $imi1aw esntﬁastiﬁg ahangta in ﬁatal pratain anﬁ enzyme
actiwitiaa ﬁara alaa eaaarvwﬁ in ntkar stages of dswal@amam%.
Thamu di??axwaeaa ‘may be éua ta %ha independent ragulatian of the
amzymaa for saa@ifia phyaialegiaal fmﬁctians &a&epanéant mf the

ganarai prata*n kurnewarg

‘?haréf&ré, the m&rphélégiwél énd biochemical ahamgaa during
the davelepmantal;stagas}nf.ﬁﬁa two wérps were mestly species
spegific. 3$aidaa,‘thei3‘adap%iwa capabilities were also different,
possibly due to their di?faranca in genetically eontrolled bieehe-

mical regulations.

| ﬁﬂm baaia jﬁfarma&ian wh&&h sesma aﬁpam&n& ?tam the p&aseat
atuéy is ﬁha%, the aarly atagea of anﬁagﬁniw davazapmant af carps,
damina&aé by Fast rate of aali mulk&pii@atian are less sensitive
ta mﬁviranman%el flua%uatiana than the lak&r staga of devslapmwnt,
é@minaﬁ&é ﬁy di?farantlaﬁien and marahagaﬂaais‘ This sauld ba,
paasihly, due te ﬁha faet khat hasiées aupply of ana:gy, the ﬁspaw
gited yalk im tha egg aan&ainﬁ mweaaaaﬁ? precursors and enzymes
for eamplaking the alaavagas and due to 133& number of cells and
their simplef arganizaﬁi@n, the gaaeams axwhaﬂga and metabolic
waste diffusion alse take place efficiently during sarly stages cf
éavalapmant; However, morphogenetic movements, ﬁtartad from gastru=
lation Pollowed by differentiation and organogenesis, involvs
axpr&ssimm of several genes and activatlon of protein synthetis

mechanism, These Processes need a large amount of ensrgy Por which
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t&a ustaﬁaliaa mxgﬁt have been greatly accelerated needing more
gassous exchangs and disposal of metabolic wa#%ak»'?ha situation
1& wivu becomes so samplicatsé ﬁariag thase uﬁagﬁu %haﬁ ths inter=~
ference hy the alterations in environmental factors &aeamaa easier,
In these sﬁagaag %ha‘yaik perhaps ﬂlaysf,tha ma jor rmia‘tafprévida
energy but not the readymade precursess, the stock of which might
have already depleted, Haﬁéﬁ&f,‘aﬁ ak#ﬁlﬂﬁé.@aﬁ?ixmatiaa'af this
Brapasihian-néﬁﬂﬁ more aeégixaa studies regarding the mode of
depesition of different blemolecules in the egg and their utili-

zation during developments

1t aéalélke seen Prém tha studies im rélati@n'ﬁé aititude
that scale carp has better adagtakiiiky ?mr dawalaamenﬁ and growth
at higher altztaﬁﬁ than raha; it showed hat#er spawning parfnrmance
and rates of fa@tiiixatﬁsa, growkh and survival., These aqtiuitias
had significant aﬁgralatisﬁs‘mita their biochemical compositisns
and relative &tahiiity of aataﬁalia na&hwaya« The gammkia varian
bility in their capacity of aéaptatiﬁﬂ a&gﬁ% be zalataﬁ to ths
presence of axcess amauat nf ?alk au&sﬁaaa&& 1ncluﬁiﬁg, panhaas,
saveral enzymas, maﬁauﬁgmr R%& aaﬁ a%huz essential aw@stanaes in
the eag of scale carp, giving it more iﬁ@eﬁeﬂd#ﬁ@i ?ar its me%a-
bolism and development, Eesiﬁ@a, hiﬁ@kamigai regulatory mechanisms,
probably, operates moras gff&aiaaﬁlyl£a aaa1a carp than rohue
Hewsver, studiss on r@gulatium‘af dif?greék'ks?ymata&aiiaﬁaaathways
with relation to different envirenmental fa@ﬁbfé‘eaaLaXplain; for
surs, that out of this mulﬁirantariai effect mﬁiaﬁ“?aﬁtéra are
more important and whether they could B@.@mnérailadxhy some
experimental manipulation %o iadﬂ#afaéap%a&ility in the non=
aaapﬁiva rohu to higher altitudse. |



