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ABSTRACT

The present study was carried out on 45 common carp fish (Cyprinus carpio L.)
ranging jromn 1-56 days-old post hatching in an altempt {o describe the morphogenesis
of the fins during the larval and juvenile stages of development. The newly hatched lar-
vac were reared for 56 days-old and the specimens were collected periodicadlyy and
prepared as usual for the light microscopic studies. The obtained resulis revealed thal.
in the larval stage (1-28 days-old). the fin rudimernits of one day old larvae wwere repre-
senied only by a pair of pectoral _fin paddle carrying an apical ectodermal ridge and by
a continuous membranous median fin fold. The pectoral fin folds appeared to be clearly
developed in larvae of 6 days-old while those of the dorsal, tail and pelvic fins were
recogized in larvae of 16 days-old, but those of the anal fins were detected later on at
23 days-old. Differentiation of both fin blades and actinotrachial fibers were firstly de-
lecled in those of the pectorad Jin in 16 days-old larvae, while those of dorsal, (ail cnd
pelovic fins were observed in larvae of 23 days old. In juvenile stage (29-56G days-old),
the fin blades and actnotrachial ftbers of the anal fins were observed in 30 days-old
Juvenile fish. The acetlular bony demirays were detected firstly in the pectoral fin
bladles of juvenile fish of 40 days-old. followed by those of the dorsal. tail. petvic ane
anal _fin blades of 48 days-old juvenile fish. Meanwhile, the formation of the typical cel-
lelar bony demirays was detected in dll fins at end of this study in_juvenile fish of 56
days-old. As well, the fin epidermis appeared much thicker and contained mucous and
club cells. Meanwehile, the fin corium was formed of fibrous meshtorle containing many

bhlood vessels and nerve bundles.

INTRODUCTION

It is generally acceptad that the [ins are a broad surfaced folds of the skin which conlains es-

pecial supporting structures, fin rays which are designaled as actinotrachia and lepidotrachia
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{15: 16; 18 and 21). The [ins of the leleosti are not only primarily organs of locomotion but also
they can he mwodified to form a broad-sucking pad. defensive weapons as well as organs of copu-
lation and camoutlage, (16). The carly dcvclopmchtul and stractural features of the lin buds
have becn described in some of {eleosti by (5: 10; 11: 13: 22 and 7). Yet. there is no altention on
this subject in ithe common carp lish. This work was intended {o describe the development ol the
fins in these fish, as they are one ol the most successtul and favorable fish for culturing in Egyp-

tian waler.

MATERIAL AND METHODS

The prescent study was carried out on 45 common carp fish (Cyprinus carpio L.} ranging from
1-56 days-old post hatching. The newly haiched larvac were collected at one day-old from Abba-
sa fish [ al Sharkia province, incubated and reared in an electrically acrated ponds under a
suitable cuivironmental and nutritional conditions until 56 days-old post hafching. The speci-
mens were collected periodically and segregated into larval and juvenile stages (Table 1) accord-
ing to the chronological events of development and description given by (2). The sciceted speci-
mens were fixed in Bouin s fluid and 10% bulfered neutral lormalin, processed with the slandard
histological technigques and scctioned at thickness ol 5um and the sections were stained with
H&E, AB/PAS adopted by (2). ‘

RESULTS

The organization of the lins of the present fish was studied during the larval and juvenile

stages ol development,

Larval stage (1-28 days-old), in one day-old post hatched larvac. the {in rudiments of the sin-
gle or median fins were still unditlerentiated and represented by a continuous median fin fold
started candal to the head and encircle the body and tail Vat its median plane. Mcanwhile. the ru-
diments of the paired or bilateral lins were represented only by swimming pectoral paddle while
those ol the pelvic fins were still absent (I“ig. 1). The median fin {old was an epithiclial lold of one
cell layer ol flattened cpithelial cells continuous with the general covering epithelium of the body
and enclosce a relatively empty subepithelial space (Fig. 2). As well, the pecloral fin paddlie was
formed ol an c¢pithelial envelope, similar to that of the median fin fold but il revealed a narrow
apical cctodermal ridge. The core of such paddic was filled-up with two laleral subepitheliat
sheets ol dense myotoms and onc axial or central sheet of mesenchymal cells. Furthermore, the

entire distal end of such paddle contained only aggregated mesenchymal cells, also. (he apical
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cetodermal ridge had neither myotoms nor mesenchymal cells (Fig. 3).

In larvac of 6 days-old, the epiihelial layer of the pectoral paddle and its apical cctodermal
ridge was formed of 2-3 layers of cuboidal epithelial cells. The mesenchymal and myotomal
sheets which constitute the proximal part of the paddle were thought to be invelved in formalion
of the proximal endoskeletal fin rays "radii” and (in musculature which fulfill the inovement of
the fins and permit its articulation with the pectoral girdle. Meanwhile the apical cctodermal
ridge was much elongated and its core was filled-up with dense mesenchymal extension thereby
the pectoral fin fold was formed (FFig. 4). At the same time the epithelial layer of the median fin
fold was lormed of 1-2 cell layer of cuboidal cells, while the cavity of such fold revealed cvidence
of migrated mesenchymal cells, As well. the median fin fold showed two minute contralaicral epi-

thelial outpockings assumed to be the prospective pelvic fin rudiments (Fig. 5).

In larvae of 9 days-old , the epithelium of the median fin fold becomes thickened into 2-5 cell
layers of cuboidal cells and rested upon a distinet basal lamina. Also the corc of such fold re-
vealed more mesenchymal cells and apparent fibroblasts especially along its dorsal and tail end
thereby the fin folds of the dorsal and tail fins were formed (Fig. 6). At the same tinic, the pelvic
fin rudiments were clearly observed on both sides of the median fin fold at sites of the future pel-
vic fins. Such buds were formed ol dense conical masses of migrated mesenchymal cells covered
by an epithelial envelope continuous with that of the body surface. On the other hand. the inter-
mittent part of the median fin fold located in between the pelvic buds appeared not more than an
epithelial oul-pocking enclosing an empty space (Fig. 7).

In 16 days-old larvae, the dorsal and anal fin folds were clearly differentiatcd along (he dorsal
and tail plane of the median {in lold. As well. the ventral part of the median {in fold caudal to the
anal aperture revealed local condensation of migrated mesenchymal cells thereby the anal fin
fold was differentiated (I'ig. 8). At the same time, the pectoral folds showed progressive develop-
mental changes as they differentiated into a broad fin blades. Such blades were formed of an epi-
thelial envelope and connective tissue core. The epithelial envelope was formed of stratified squa-
mous epithelium which was built-up of normal epithelial cells and revealed scarcely scattered
club cells. On the other hand, the core of the developed blades was formed of loose meshwork of
connective tissue fibers and fibroblasts and revealed scattered blood vessels and free blood cells.
Furthermore, the epidermal basal lamina appeared more thicker and gave rise to disintegrated
collagenic strip thereby the early dilferentiated collagenic actinotrachia were formed at the sub-
epidermal space in close contact with the basal tamina. Each actinotrachia was formed of two
symmeirical scgments of straight homogeneous lamina with much less closely apposed spindle-
shaped fibroblasts {Fig. 9).
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In larvace of 23 days-old, the dorsal, tail and pelvie [in folds were clearly differentialed into a
broad {in biades similar in its architecture to those of the pectoral {in which have been described
in the previous age (Ifg. 10 & 11}, Morcover, the remainder part of the median fin fold which

lifted beyond differentiation of the anal lin was disintegrated completely (IFig. 10 &11).

Juvenile stage (29-56 days-old). the anal fin blades appeared well-differentisted and had thick
stratified squamous epithelium rested on thick epidermal basal lamina and revealed subepider-

mal actinotrachial tibers (Fig. 12}

In juvenile lish of 40 days-old. the epidermis of the developed fins revealed a greatl variation in
its thickness and gave rise to inward evagination or epidermal pegs in relation (o sites of the fu-
ture lepiclotrachia. The collagenic segments of the preexisting actinotrachia libers were being to
leave the subepidermal space and migrated to occupy the center of the {in core. Such segments
were being to developed into strongly curved or ¢ - shaped rods of acellular homogencous lamina
with clesely apposed fibroblasts and/or ostioblasts onto the surfaces thercby the early differen-

tiated demiravs of the future lepidotrachia were formed (Fig. 13).

In juvenile lish of 48 days-old, the covering epidermal layer of the developed lins became more
thicker and revealed numerously detected club cells. The developed demirays of the lepidotra-
chia werc oriented deeply in the loose connective tissue corium of the pectoral. dorsal. tail and
anal fins aind became separated from the epidermal surface by a connective tissue sheet, Moreo-

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

In juvenile tish of 56 days-old, the general architecture of the developed fins assumed that of
the matwic fish. The epidermis revcaled a great variation in its thickness and coniained much
number of goblet-like mucous and club cells but with some exception that the epidermis on the
inner surfaces 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 {in lepidotrachia (figs. 15 &16). The con-
nective tissuc corium of the fins was a fibrous meshwork containing numerous blood vessels
and nerve bundles especially in between the demirays of the lepidotrachia. The demirays of each
lepidotrachia were being to be formed of ossilied rods. Each rod was formed of typical cellular os-
sified malrix with clearly deposited osteocytes and closely apposed oseoblasts onto the surfaces.
Moreover. the demirays of the firstly located lepidotrachia of the fins were fusecd or joinied with
each other (IFig, 16 & 17).

DISCUSSION

The presenl study revealed that the organization of the fins in the commen carp lish Cyprinus
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carpio L.} lollowed a definite basic pattern which developed early during the larval stage and
reached a more complex form during the juvenile siage. In one day-old Cyprinus carpio larvae,
the initial pecloral lin rudiments were recognized in the form of a pectoral paddle carrying an
apical ectoderimal ridge similar to that described in the newly hatchéd larvae ol Salmo {rutta fai-
ro (8); Killi scheli (22) and Clarias lazera (7). As well, the median fin rudiments of one day-old
were resemled that described in the newly hatched larvae of Salmo trutta gairdenri (9) and Clari-
as lazera {7). On the other hand. the pelvic fin rudiments were still absent in such newly hatched
larvae of the present stuly. Similar observation was recorded in the newly hatched lvae of Co-
regonus lavaretus (21); Salmo trutta gairdenri (12; 10; 11 and 13) and Clarias lazera (7). The lar-
val fin folds were not only locomotory organs but, also provide a large respiratory and perhaps
execretory surlace as the respiratory organ were not yet developed in the newly hatched larvac
(16).

In the growing larvae of salmo trudia fairro (5): Killi scheli (22) and Clarias lazera (7). the pec-
toral fin fold was differentiated from the preexisting apical ectodermal ridge. Similar finding was
observed in the present study in larvae of 6 days-old. The pelvic fin rudiments of the growing lar-
vae of Salmo frutta gairdenri (12; 9;: 10 and 11} and Clarias lazera (7) were recognized in the
form of an epithelial out pocking filled-up with mesenchymal!l cells. Such outpocking was located
on either side of the median fin folds at sites of the {uture {ins. Such pelvic [in rudiments were
detected in the present fish larva of 9 days-old. The present study revealed that the lin folds of
the median fins were differentiated within the primitive membranous median fin fold in order of
dorsal, tail and anal {in folds similar order patliern of differentiation was noticed in larvac ol Sal-
mo trutta gairdneri (9) and Clarias lazera {7}. The sub epidermal space of the developed {in folds
or blades revealed tiny rods of collagenic actinotrachial fibers (8; 3; 9; 10 and 13). Similar finding
was detected in the pectoral fin fold of 16 days-old larvae; in dorsal, tail and pelvic fin [olds of 23
days-old larvae and later on, in the anal fin fold of 30 days-old larvae during the prescnt study.
The actinolrachial fibers of the fin fold were derived wholly from the migrated mescnchymal cells
that colonized the fin fold (8 and 3). Meanwhile, (9: 14 and 13) concluded that. thie actinotrachail
fibers were firstly derived from the collagen epidermal basal lamina but the invaded mesenchy-
mal cells were involved in the turther formation of such actinotrachia. Such pattern of actinotra-
chail differentiation was detected in the present study. The role of the epidermal basal lamina in
formation of the actinotrachia fibers was confirmed by the statement of (6) who saicl that. some
of the eminyonic epithelial cells produce collagen involved in the composition of the basal lamina
and typical strialed collagen fibers. The actintrachial fibers constitute the initial skeletal frame-
work ol the developed fin fold and provide a mophogenetic templat for development ol subse-

quent lepidotrachia (17; 3; 18; 21: and 13). The actinotrachia werte though (o be consisted of
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scleroprotein "clastoidin” intermiediale type belween collagen and elastin (8: 3 and 14). Mcan-

while, {9 11 and 13) concluded that the actinotrachial rods were consisted of collagen,

In agreement with {21; 11 and 13) the carly differentiated lepidolrachia of the present fins
were developed within the preexisting actinotrachial fibers. Meanwiiile, (17: 12 and 4) concluded
that this [epidoetrachia were derived exclusively from the invading mesenchymal eclls at the in-
terface betweenn the basal lamina and the preexisting actinotrachia. The growing lepidotrachia
constituling by acellular bony demirays. Hence, the [ully organized ones were formed of typical
cellular bony demirays characterized by presence of osteoblasts and oscocytes {19: 15; 17: 4: 21
and 12). Similar findings were observed in the present juvenile {ish of 56 days-old. The Icpidotra-
chia constitute the permanent fin skeleton, each lepidotrachium was consisted of two symmetri-
cal parallel bony elements, demirays spatially separated in distinet collagenous network contain-
ing blood vesscls and nerve bundles (17;4: 18; 21 and 13). This finding was in accordance with
that obscrved in the present juvenile fish of 56 days-old. The lepidotrachia of the fins were
formed without endochondral sequence by deposition of osteocyles and osteoblasts around the
initially tormed acellular matrix (19: 15: 17 and 21}. Similar observalions were detected in the
present study. The present study revealed that the demirays of the firstly located lepidotrachium
were fuscd {o form a single hard-ossilied ray similar to that described by (19 18 and 15}. Such
hard lepiclotrachia serve as defensive weapons and to divide the approaching waler current in or-
der to reduce the exerted forces of the current (16 and 18). The present study agreed with that of
{20 and 18} as the fins had no true dermal layer but revealed a corium of {ibrous meshworlk.
But disagreed with the finding of (7) in Clarias lazera in which the fins revealed a true dermal
layer ol compact collagenic bundles. The lin buds does not protruded in a similar way {o thal re-
ported in the limb buds of the tetrapods, this morphological difference was revealed Lo the flat-

tened shape ol the {in fold compared to the cylindrical shape of the tetrapod limb buds {11}
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Table (1): The collected specimens for the present study:

Stage Number of specimens Age/day

I-Larval stage

w

oo {0 [0 |00 | dom [ [ din [ [da {10 GO
[ ]
L

i
|
|

Juvenile stage

i
&f @

Fig. (1) : Mustrative diagram for the newly hatched larva of one day old showing. continuous me-

dian lin fold (i), pectoral fin paddle (p).
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Fig. (2): A photomicrograph of cross scotion of the median fin fold of one day old larva showing,
thin cpithelial envelape (12). cinpdy anbepithelial cavity (¢ ), and covering epithelium ol
the body (E) (H&E stain, X 400).

Fig. (3): A photomicrograph of longitudinal section of the pectoral paddle of one day-old larva
showing, thin epithellal envelope (E). subepidermal myotomal sheets (M), axial mesen-
chiymal sheet (m), distal mesenchymal condensation () and apical ectodermal ridge (a).
(H&R stain, X 400).
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Fig. (4): A pholomicrograph of longltudinal section of the pectoral fin fold of 6 days- old larva
showing, epithelial envelope (B} and dense mesenchymal extension (M) ( FI&E stain, X
shnindo).

Fig. (5): A pholomicrograph of cross section of the median fin fold of 6 day old larva showing, .
epithelial envelope (] and migrafted mesenchymal cells (M) (HI&E stain. X 400).
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Fig. [6): A photomicrograph of cross section of the dorsal fin fold of 9 days-old larva showing, .

thiick epidermal layer (E) and colonized mesenchymal cells (M) (H&E stain, X400).

Fig. (7): A photomicrograph of cross section of thie pelvic fin fold of 9 days-old larva showing,,
epithiclial envelope (E} and dense mesenchymal core (M), Nofe the transit part of the me-
dinn fin fold [f) (H&E stain, X400)

Mansoura, Vet. Med. J. Val. IV, No. 2, 200:



EI‘HGT!IL S, El'.""f..
103

Fig. [B:}: A photomierngraphi of cioss sertion of the anal fin fold of 16 days-old larva showing, ep-
ithelinbenvelope [E) and mescichymnl core (V) (H&E =siain, X 400).

Fig. (9): A photomicrograph of cross seefion of the peetoral fin blades of 16 days-old larva show-
ing, siratified squamous cpithelind layer (E) | scatiered cinb cells ( ¢ ). corium of lpose
connective tissue (U and actinotrachial segments (a) (H&E atain, X 400).
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Fig. (10): A photormicrograph of cross section ol the pelvic fin blade of 23 days-old larva showing,
stratified squamous epithelivm () and loose connecilve tissue corium (1), Nole disap-

pearance of the transient paul ol the median [in fold. (H&T stain, X 400).

Fig. (11): A photomicrograph of cross section of the fail fin blade of 23 days-old larva showing,,
cpidermis (E), loose conneclive rissue corium {tand segmerls of the actinotrachia (a) (11
& £ stain, X 400),
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Fig. (12): A phatomicrograpl of cross section of the anal fin blade of 30 days- old juvenile fish
showing,, thick epidermal layer (£), clear basal lamina (], segments of the aclinetrachia
(a) { H&E stain, X 400).

Fig. (13): A photomicrograph of cross section of the pectoral fin blade of 40 days- old juvenile
lish showing, epidermal layer (E), epidermial pegs {pl. curved demirays (d) of lepidotra-
chia, deposited fibroblasts and osteoblasts {arrow] and loose connective lisste corium (t)
(1&E stain, X 400).
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Fig. (14): A photomicrograph of cross section ol the pectoral fin blade of 48 days-old juvenile fish
showing. , epidermal laver [E). club cells (¢). deeply Tocated demirays [(d) subepidermal
conncetive tissue sheet (1) and loose conrective lissue corium (L ). Nole the proximal en-

doslieletal lin radil (0 and fin musculature (M) (H&E stain, X 200).

Fig. (15): A plmtomicrograph of cross scelion of the pectoral fin blade of 56 days- old juvenile
[i=ly showing,, epidermal layer (E). club cells {c) and goblet-like mucous cclis {arrow)
AL/ PAS stain, X 400).
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Fig. (18): A photomicrograph of cross section df the pebvie fin blade of 56 days- old juvenile lish
showing,, epidermis (7). ossilied demirays {d), blood vessels {v), nerve hundles (n) atid

lmise connective ftissue onriun (1) (IT&E s(ain, X400]

Fig. (17): A photomicrograph ol cross section of the dorsal fin blade of 56 day old juvenile lish
showing, epidermis (2], flo coviung {1 essified demivays (d) osteoblasis and oslcocytes
{arrow), Nete the fusion Detween the demirays constituting the lepidotrachia. (H&E

shavhn, X 400).
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