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ABSTRACT

The present study was carvied out on 45 common carp fish (Cyprinus carpio 1.}
ranging from 1-56 days-old post halching in ar attempt (o describe the morphogenesis
of the fins during the larval and juvenile stages of development. The newly hatched lar-
vae were reared for 36 days-old and the specimens were collected perfocticallyy andd
prepared as usual for the light microscopic studies. The obtained results revealed that.
in the larval stage (1-28 days-old). the fin rudiments of one day old larvac were repre-
sented only by a patr of pectoral fIn paddle carrying an apical ectodermal ridge and by
a continuous membranous median fin fold. The pectoral fin folds appeared to be clearhy
devcloped in larvac of 6 days-old while those of the dorsal. tail and pelvic fins were
recognized in larvae of 16 days-old. but those of the anal fins were delectecd later on al
23 days-old. Differentiation of both fin blades and actinotrachial fibers were firsthy de-
tected in those of the pectorad fincin 16 da,ys-old larvae. while those of dorsal. tedl anel
peloic fins were observed in larvae of 23 days old. In juvenite stage {29-56 deys-old).
the jin hlades and actnotrachial fibers of the anal fins were observed in 30 doyys-old
Juuenile fish, The acellidar bony demirays were detected firstly in the pecloral fin
blades of juvenile fish of 40 days-old. followed by those of the dorsal. tail. pelvic and
anal fin blades of 48 days-old Juventle fish. Meanwhile, the formation of the typicul cel-
lwlar hony demirays was detected in all fins at end of this study in_fuvenlle fish of 56
days-old. As well. the fin epiderimis appeared much thicleer and contained mucotts and

club cells. Meauwvhite, the fin corium was formed of fibrous meshworle containing mcuty

blood vessels and nerve bundles.

INTRODUCTION

93

It is generally accepted that the s are a broad surfaced folds of the skin which tonfains cs-

pectal supporting structures. {ln rays which are designated as aclinotrachia and Iepidotrachia
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{15: 16: 18 wngd 21). ‘The hins ol (the (cleosti are pol only primavily organs ol Jocomalinn bul also
they an bhe modifled to form a broad-suclidng pad. detensive weapons as well as orggns of copit-
lation ana camoullage. (16} Che cartv develgpmental and struclural leatures ol (he fin buds
have Leen ceseribed In some ol teleosti by (5 10: V1. 132 22 and 7). Yel. therc is no allcidton on
this subjcet D the cammon carp [isit. This work was intencled Lo desceribe the development ol the
fins In these lish, as they are one of the most suceessiul and favorable Nsh for culturing in Egyp-

Llan walcr.

MATERIAL AND METHODS

The present study was carrfed out on 45 common carp {Ish (Cyprinus carpio L.) ranging rom
1-56 days-old post hatching. The newly halched larvae weve collected at one day-old hrom Abbi-
sa fish [ana at Sharkia province. incubaled and reared in an electrically acraled ponds pndar a
sultable cnvironmental ang nulctiivnal conditions until 56 days-ald past hatehing. Yhe spedd-
mens were collected periodically :nd scyrcgated into larval and juvenile stages (Table 1) accords
ing to (he chronological events o) development and descriplion glven by [2). The sclected spect-
mens were lixed in Bouin s fluid and 10% bulfered neutral formalin, processed with the standard
histological tcehniques and sectioned al thickness ol Sum and the sections were stained with
N&E. AB/1’AS adopled by (2).

RESULTS

The organization of lhe ins of (he present fish was studied donpg the Jarval and juvenile

slages ol development.

f.avval stage (1-28 days-oldl,  one day-old post halched lavac. the fin cudiments al the sin-
gl or median lins were stll vndifferentiated and represented by a contlnuous medtan i fald
stavter] eaudal to the ead and encircle the body and tai) at ite median plane. Meanwhile, the ro-
diments of the palred or bilateral {ins were represented only by swimnuing pectorval picldle while
those nl the pelvic s were still absent (INig. 1), The median fin bl was an epithetinl fokl of one
vell Yayer of Nallencd epithelial cells conlinuous with the gencral covering epithclium ol [he body
and enclose a rvelatlvely cmpty subepithelial space (Fig. 2). As well, the pectorud fin paddle was
[ormed o) an epttheltal envelope. sunilar (o fhat o! the median hia fold DuC it reveated o Larrow
apical ocloderimal ridge. The core ol such paddle was filled-up with two lateral subepithellal
sheets ol dense myotoms and onc axlal or central sheel of niesenchymal cells. Furthennore, the

entice distat end of such paddie caitained anly aggregaled mesenchymal eclls. also. (he apicad
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cclodermal ridgs had neither myoloms nor mescenchymal cells (Fig. 3).

In larvae ol 6 days-old, the epilhelial layer of the pectoral paddle and its apical ectodermal
ridpe was formed of 2-3 layers ol cuboidal epithelial cells. The mesenchymal and myotomal
sheets which constitiute the proximal part of the paddle were thought to be invelved in lTormaton
of the proximal endoskeletal lin rays "radii” and [in musculature which G 'he movement of
the fins and permit its articulation with the pectoral girdle. Meanwhile the apical cecludermal
ridge wias much clongated and ils core was filled-up with dense mesenchymal cxienslon thereby
the pectoril lin fold was formed {Fig. 4). At the same time the epithelial layer of the median
fold was tormed of 1-2 ccll layer of cuboidal cells, while the cavity of such lold revealed svidence
of migrated mesenchymal cells. As well, the median fin told showed two minute contralaieral epi-

thelial out pockings assumed to be the prospective pelvic fin rudiments (Fig. 5.

In larvac of 9 days-cld , the epithelium ol the median fin fotd becomes thickened Inlo 2-5 cell
layers of cuboidal cells and rested upon a distinet basal lamina. Also the corc of such {old re-
vealed more mesenchymal cells and apparent fibroblasts especially along its dorsal and tatl end
thereby the In fold. s of the dorsal and tail fins were formed (Fig. 6). At the same lime. the pelvie
fin rudiment:. were clearly cbserved on both sides of the median fin fold al sites ol the [uture pel-
vic (ins. Such buds were formed ol densc conical masses of migrated mesenchymal cells covered
by an gpithelial envelope continuous with that of the body surface. On the other hand. the (nter-
mltleat part ol the medlan fin [old located in between the pelvic buds appearad not more than an
eplthelial pult-pocking enclosing an emply space (Fig. 7).

In 16 cays-old larvae, the dorsal and anal lin lolds were clearly diffcrentiated along the dovsal
and tail plane of the median fin fold. As well, (he ventral part of the median fin (old caudat to Lhe
anal aperiure revealed lecal condensation of migrated mescochymal cells thereby the anal fin
fold was (:fTerentiated [Ilg. 8). At the sawne (Ime, the pectoral [olds showed progrivsive develop-
mental changes ns they differentiated inlo a broad {In blades. Such blades were lormed of an epi-
thelial envelope and connective tissue core, The eplthelial envelope was formed of stratified squa-
mous epifhelium whicl was bullt-up of normal epithellal cells and revealed scarcely scatlered
club cells, On Lhe other hand. the core of the developed blades was formed of loose meshwork of
connectlve fissue fibers and fibroblasts and revealed scaitered blood vessels and [ree blood cells.
Furthermore. the epideruial basal lamina appeaved more thicker and gave rise to disintegrated
collagenic strip thercby the early differentiated collagenic actinotrachia were formed at the sub-
epider mal space in close contact with the basal lamina. Each acunotrachia was lormed ol bwe
symmeltrical scéments of straight homogeneous lamina with much less closely apposed spindle-
shaped fibroblasts (Fig. 9).
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In kuvae of 23 days-old, the dorsal, tail and pelvic fin Iolds were clearly diflerentinled into a
broad fin hlades sfmilar in [is archilechire to those of the pectoral fin which have been de cribed
in the previons age (Fg, 10 & 11). Morcover, the remainder part of the edian lin lold wwhich

itfted beyond differentiation of the anal lin was disintegrated completely (Fig, 10 &11!

Juvenile stage (29-56 days-old), the anal fin blades appeared well-differentizled and had thick
stratilled squamous epithelium rested on thick epidermal basal lamina and revealed svbepider-
mal actinolrachial {ibers (Fig. 12).

In juvenije (ishi of 40 days-old. the epidermis of the developed fins revealed a greal viwrlation in
its thickness and gave rise to inward evagination or epidermal pegs In relalion (o siles ol the (u-
ture lepidatrachia. The collagenic segrmenis of the preexisting actinotrachta fibcrs were being to
leave the subepldermal space and migrated to occupy the center of the fin core. Such segmenls
were being (0 developed into strongly curved or ¢ - shaped rods ol acellular homogeneous lamina
with closely apposed fibroblasts and/or ostioblasts onto the surfaces thercby the early dilTeren-
tiated demirays of the Iuture lepidoirachia were formed [Ifig. 13).

In Juvenile fish of 48 days-old. the covering epicdermal layer of the developed lins becaime more
thicker and revealed numerously detected club cells. The developed demirays of the lepido!ia-
chia were oriented deeply in the loose connective tissue corium ol the pectoral, dersal, tall and
anal Ins and became separated [roim the epidernmal surface by a connective tissue sheet. Moreo-

ver, the proximal endoskeleton and musculature of the pectoral fin were observed (Fig. 14)

In juvenile fish of 56 days-old. Ihe gencral architecture of the developed fins assusned that of
the mabe lish. The epidermis revealed a great variation in its thickness and contained muoeh
nuinber ol goblet-like mucous and chub cells bul wilh some exception that the ¢pidennis on the
Inner surlaces of the paired fins was thinner and had no club cells. The epidermal surlace of the
fins revealed many convolution in relation to sites of the fin lepidotrachia (figs. 15 &16). The con-
nective fissue corlumn of the fns was a librous meshwork containing numerous blood vesscels
and nerve bundles especially in behwesn Lthe demirays of the lepidotrachia. The dewlrays of each
lepidotrachia wore being to be formed of ossilied rods. Eaclh rod was forined ol typical ecllular os-
sifled matrix with clearly deposiled osteocytes and closely apposed oseoblasts onto Lhe surfaces.,
Mareover. the demirays of the firstly localed lepidotrachia of the fins were fused or joinled with
each olher (Fig. 16 & 17).

DISCUSSION

The present study revealed thal the organization of the fins in the common cavp lish Cyprinus
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carpio L) Iellowed s delinite basic paltern which developed eardy during the Larval stage and
reached 3 more complex ferin during the juventle stage, In one cay-old Cyprinns carpio larvac.
the initial pectoral fin rudients  were recognized in the foim of a pectoral paddle carrying an
apical eeindermal ridge stnilar to (hat deseribed in the newly hatched larvae of Saline brutla (ai-
vo [5). Wil seheli 122) and Clarias iazera (7). As well, the median fin rudiments of one day-old
were rescinled that described in (he newly hatched larvae of Salme Lrutta gaivdenri [9) and Clari-
as lazera (7). On the other hand, ihe pelvic fin rudiments were stll absent in such newly hatched
larvar ol Ihe present stuly. Similur obscrvalion was recorded In the newly batched larviae ol Co-
regonus lavarctus (21); Salmo tratta gairdenei (124, 100 11 and 13) and Clarias lazera (7). The iar-
val [in folds were not only locomotory organs bul. also provide a large respivalory and perhaps
execretory susiace as the respivalory organ were not yel developed in the nowly hatched larvac
(161

In the growing Lervae of salmn Gratta labreo (31 K6 schell (22) and Clamas Tasera (7). the pec-
toral fin [old was differentiated lrom the preexisung apleal ectodlermal ridge. Shinilar linding was
observed in the present study in larvae ol 6 dayvs-old. The pelvic lin rudiments of the growing lar
vae of Sahno (rutta gairdenrl (12, 20 10 and 11) and Clarias lazera (7] were recognized in the
form of an epithelial out pecking Gilled-up with mesenchymal cells. Such oultpocking was Incaled
on elther side ol the median fin lolds al siles of (e Mtare ns. Soch pelvic i rodiments were
detected i the present lish layva ol @ days-old. The present sludy revealed that the liu lolds of
the median (ins were differentiaict within the primitive membrancus median lin lold in order of
dorsal, taut and anal [lin folds sunilar order patiern of dillerentiaton was noticed in larvae of Sal-
mo trulla gaicdneri [9) and Clavias lazera (7). The sub epidermal space ol the develuped lin iolds
or blades revealed tiny rods of collugenic actinotrachial libers (8: 3: 8: 10 and 13]. Similar (inding
was delected in the pectoral fin fold of 16 days-old larvae: in dorsal, tail and pelvie fin lolds of 2.3
days-old larvae and later on, in the anal [in lold ol 30 days-old larvae during the prescnt study.
The actinstrachial fbers of the o lold were derived wholly from the migcated mesencliymal cells
that cotonized the fin Iold (8 and 3). Meanwhile, (9; 14 and 13} concluded that, the aciinolrachail
fibers were livsily derived Irom the callagen epldermal Basal Jamina but the invaded mesenchy-
mal cells were involved In the further formation of <i:ch actinolrachia. Such patlern ol aclinolra-
chall dillerentintion was delected in (he present study, The role of the ¢pidernmal basal lamina in
formalion ol the actinolrachia libers was confirmed by the stalement of (6) who said [hal. soime
of the embiryonic epithelial cells produce coliagen invalved in the composivuon ol the basal lamina
and typical siriated collagen libers. Tne aciintrachial [1bers constitute the initial skeletal lrame
work ol the developed fin fold and provide o mophogenetic templal for development ol subse-
quent lepicolrachia (17, 3; 18, 21 and 131 The actinotrachia werte though to be consisted of
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scleroprotein “clastoidin® fntermediale type behween collagesn: and etastin (8: 3 and 14). Mcan-

while. {90 10 and 13) concluded ihat (he actinolrachial rods were consisted ot ¢ollagen.

In agrecement with (21: 11 and 13]) (he carly ditfferentiated lepidotrachia of the presenl fine
weare develaped within ihe preexisting actinotrachial fibers. Meanwhile. (17; 12 and 4) concluded
that this lepidotrachia wers derived esclusively fronmy the invading mesenchymat cells al the in-
lerface between the basal Lunina and the preexisting actinoirachia. The growing lepidotrachia
conslituting by acellular bony demirays. Feoce, the fully organized ones were (ommed of Lypleal
ccllular ony demirays characterized by presence ol osicoblasts and oscocyles (19: 15 17: 4: 21
and 12). Similar indings were observed in (he prescut juvenile fish of 56 days-old. The lepidatra-
chia constitute the permancnt in skeleton. each lepidotrachlum was consisted ol lwo symmclii-
cal parallc) bony clements. demirays spabaily scparated in distinet collagenous nelwvork contain-
Ing blood vessels and nerve bundles (17:4: 15: 21 and 13). This Inding was in accordimce with
(hat obscived in the present Juventle Bsh of 5G days-oid. The leptdotrachia of (he flns were
formed withowt endochondral sequence by deposition of osteocytes and osteoblasts araound the
infdally formed acellular matrix (190 15: 17 and 21). Similar observations were detected In the
present study. The present study revealed that the demirays of the firstly located lepidotrachilum
were fusedd to (orm a single hard-ossifled ray stmilar to that described by (19: 18 and L5). Such
hard lepidotrachia serve as defensive weapons and to divide the approaching water current in or-
der to rectuce (he exerted forces ol Lhe corrent (18 and 18). The present study agreed wily that of
(20 and (8) as the fins had no true dennal Jayer but reveated a corlum  of librous meshwork.
Bul disagreed with the (Inding of (7] in Clarfas lazeca in which Itic {lns revealed o trac dermat
layer of compact collagenic bundlics. The linn buds docs nol protruded in a slimilar way (o (hat re-
ported in the limb buds of the telrapods. this inorphologlcal dillerence was vevealed Lo the fat-

tened shupe ol the Bn fold comnored to the eylindrical shape of the (ctrapod limab buds (1 1).
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Table (1): The collected specimens for the present study:

Stage Number of specimens Age/day
i

6
9

16
23
28
29
30
40
48
56

I-Lerval stage

Juvenile stage

tod |ts oo ool 3 | o | 30 [ 6a |t 00

%Z @

Fig. (1) : Nustrative diageam for the newly hatched larva of one day old showing. conlinucus me-
lian fin fold (M), pectoral lin paddic [p).
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Fig. (2). . phinfomicrograph of cross section ol the median fin fold of one day old larva showing,
L:in gpithelial envelope (I19). copty subeplthelial cavity (¢ ), and covering cpithellum of
Lie body (E) (H&E stain, X 400).

Fig. {3)' A photomicrograph of Jongiindinal section ol the pecloral paddie ol one day-old larva
showing, thin eplthelial cuvclope (£, subepidernial myotomal sheets (M) axial mescn-
chymal sheet (m). distal mesenchyinal condensation (c) and apical eciodermal ridge (a).
(HN&E stamn, X 400).
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Fig. (4): A photomicrograph ol longiiudingl  scetion ol the pectoral fin (pld of 6 days- old larva
showing, eplthelinl covelope (12 and dense mesenchvinal exlension M) | HI&E stain, X
=l akndDo).

Fig. {5): A phatomicrography of erss== e lion ol e median ln fold of 6 day old larva showing,
cpithelial envelope (E) aod migrated apesenchymal cells (M) [HEE gtain, X 400),

Monsoura, Vet. Med. .. Voel. IV, No., 2, 2002
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Fig. {6): A photomicrograph of cross section of the dorsal fin fold of 9 days old larva showing, .

thiclk epldermal laycr (E) and colonized mesenchyimal cells (M) (H&E stain. X400).

Flig. (7): A pholomicrograph of cross scction of the pelvic Nn fold of 9 days-old larva showing..
epithelial envelope {E) and dense mesenchymal core (M), Nole the transit part ol the me-
dian (in fold (1) (H&E stain. X400)

Mansoura, Vet. Med. J. Vol. IV, No. 2, 2002
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Fig. (8): A phaiomicyograph ol ¢ross wectione ol the anid lin okl ol 16 days-old lava showing. ¢p-

ithelial envelope () aned mesencbosuad core vy HLEE stain, 2 400).

Fig. (9): A photomicrograph ol rress seclion ol the pogrora ! nn Wades of 56 days-old harva show-
ing, stratified squamens: cpdbichal Jayer [l seateves dab cells (¢ ). corivm ol loose

conncelive tssue (U and s tinedrnchial scginenis {20 (HSE staine X 400).
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Fig. (10): A photomicrograph o1 cross scctlon of the pelvie fin blade of 23 days-old larva showing.
sfralilied squamous epithelivm ((2) and loose conneclive tissue corivm (1), Note disap-
pearance of Lthe transient part ol ihe median lin fold. (HE&E stain, X 400).

Fig. {(11): A photomicrograph ol cross section of the tail fin blade of 23 days-old larva showing,,
epidermis (E), loose conncctive tssue corium (and segments of the actinotrachia (a) {#1
& L stain, X 400).
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Fig. (12} A photonucrogranh of cross seclion ol the ana! hin blade of 30 days- old juvenile fish
showing,, thick epidesinal layer (). clear basal lamina (b, sefinenls of the aclinotrachia
fa] { &R siain, X 400],

Fig, (13): A photomicrograph of cross section of the pectoral (i Blade ol 40 days- old juveniie
lish showing. epideroal fayver (E). enidermal pegs ip). curved demtrays (d) of lepidotra-
chia, deposited fibroblasls and oslec! tasts [arow) and loose connective Lissoe coram (L)
[ NM&E stain, X 400).
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Fig (14): & photomicragraph of cross scelon of the pectora! [in Blade of 48 days-old juventle lish
shonvings, | epldermal leyer (120, eclub cells (V). deeply Iocated demivays (df sabepiclerind
comungaelive tssue sheel W) amd Tivse connechive Bssue coctimm (1] Nole the prosimal cn-
chosteeletal Doy radii (0 and oo mosealaioee ) (&E staing X 2000,

| g
g T
R e YL

Fig. [15): A phetomicrograph of eross scotion al the pecloral in blade of 56 daya. alth hivenile
li=h showing., epldermal hiyer (Kl club eclls (0] and goblet-Iike mneous celis (ariow!

(ALSZPAS stain, X 400).
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Fig. (16): A pholamicrograpl: ol cooss soction of the pelvie fin blade of 56 days- ald juvenile lish
showing,, epidermis (N1 ossibed demimys (d) blogd vessels (V). neree Doadles (1) and

Jnase connective tasue comnm ) (TR EF slain, X400)

& -

b

Fig. (17): A pholomicrograph of vross sceton of the dorsal (in blade of 568 day old juvenile I'sh

showing, epiderns (KL Ho eorivm 1] ossitied demirays td) osteoblasts and osleoacyles
frow). Note the fusion hetween the demirays canstituting the lepidntrachla, [H&E
S1ain, X 40Q).
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