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ABSTRACT

Based on the anatomy and histology of the vas deferens of the brachyuran crab Scvlla serrata, the vas
deferens is classified into the proximal vas deferens (PVYD), middle vas deferens (MVD), distal vas defer-
ens (DVD) and the ejaculatory duct {ED», the latter opening into the intromittant organ. Proximal portion
of PYD has cuboidal epithelial cells, secreting the substance A tha¢ encapsulises the sperm mass into sper-
matophores. The epithelial cells in the distal PVD region become columnar and secrete a granular material
substance B to act as the medium for spermatophore transfer. Swollen MVD processes thin epithelial
cells and stores the genital products pending ejaculation. Highly coiled DVD secretes a viscid, agranular
substance C differing very much from substance secreted in the other re'gions. ED does not show any secretory
activity, but & s to be filled with a substance D similtar to that found in DVD. ED possesses a thick
mesial muscular layer,

In the anomuran crab Clibanarius longitarsus, the proximal part of PYD highly secretory cuboi-
dal cells constituting the inner epithelial layer, the configuration of which significantly changes towards the
distal part of PVD to give rise to a large typhlosole, the secretions which concentrate the loose spermatozoa
into the sperm mass., In MVD, the epithelial cells are columnar in the lateral side of the lumen which is
now elliptical. Here, the sperm mass i3 surrounded by a thick layer. The secretions accumulated in the
ventral regions condense to form a cord which is attached to the pear-shaped ampule. In the DVD the
lumen enlarges largely due to the thining of the lateral columnar epithelial cells. The spermatophore ampule
is now kidney-shaped. The peduncle also get shortened and get connected to other spermatophores by a
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continuous gelatinous cord.

INTRODUCTION

CaLMAN (1909) classified the spermatophores

" of Crustacea into pedunculate and non-pedun-
- culate  types.

Pedunculate spermatophores

" are commonly met within the anomurans

whereas the non-pedunculate, vesicular type
is characteristic of Brachyura. In decapod

~ Crustacea, the vas deferens plays a major role

in the formation of spermatophores unlike

* the insects where special accessory glands are

known to secrete the spermatophoric layers
{Chapman, 1972). In general, the proximal
vas deferens is secretory in nature and the dis-

. tal part acts as a storage as well as ejaculatory

organ of the seminal products. However, the
stepwise formation of spermatophores and
its associated seminal substances in different
regions of the male genital tract is known only
in.a few forms (Cronin, 1947; Matthews,

1953, 1956 a, b; Ryan, 1967; Greenwood,
1972; Hinsch and Walker, 1974; Subramo-
niam, 1984).

In the present account, the comparative
histo-morphology of the vas deferens in a bra-
chyuran crab Scplla serrata and an anomuran
crab Clibanarius longitarsus is presented with
illustrations to elucidate the sequential syn-
thesis of spermatophoric material and their
final assembly.
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MATERIALS AND METHODS

Scylfa serrata were procured from the Puli-
cat Lake (Madras) and maintained in the labor-
atory. Clibanarius longitarsus were collected
from the Ennore Backwaters. The male repro-
ductive tracts were carefully removed and obser-
ved under microscope for the gross anatomy and
morphology. To observe the final shape of
spermatophores, squash preparations of vas
deferens were made and stained with the vital
stains such as 0 1%, Congo red, 0 17, fast green
and 0.1% meth lene blue). For histological
studies, after fixing the reproductive tract for
a few minutes in Bouin’s fixative or 5% neu-
tral buffered formalin, different regions of vas
deferens were separated and fixed overnight.
Paraffin sections were taken at 6 um thickness
and stamed in Mallory’s triple or haematoxy-
lin-eosin, For the observation of the develop-
ing spermatozoa inside the spermatophores,
smear preparations were stained with 0.19;
Janus green, periodic acid - Schiff and Feul-
gen's stain (Pearse, 1968).

RESuLTS
Scylla serrata

i. General morphology

The male reproductive system consisis of a
pair of testes and vas deferens (VD). The paired
testes are slender, white convoluted tubes in-
terconnected medially by a commissure. The
VD extends from the posterior end of testes
apnd passes through the thoracic cavity and
perciopodal musculature of the Sth thoracic
segmen where it ends in the penile papillae
on the coxae of the 5th periopod.

Based on the anatomy and functional mor-
phology, the VD is divided into four regions,
the proximal vas deferens (PVD), mid vas
deferens (MVD), distal vas deferens (DVD)
and ejaculatory duct (ED) (PL. I A))

The proximal vas deferens is tightly coiled,
5-8 mm in length and dull white in colour,

and lies anterior to the pericardial region.
The milky white MVD is loosely coiled con-
stitnting the massive part of the system; this
swe llen portion is extremely thin-walled and
rup tures very easily. The DVD is a transparent,
highlv convoluted (50-130 mm) part extending

. straight into the muscutar ED.

ii. Histology of the vas deferens

The VD is generally composed of three lay-
ers; an outer commective tissue covering (CT),
middle muscular layer (ML) and an inner epi-
thelial tining (EL). The CT stains red and ML,
blue with Mallory’s triple stain in all the regions
of VD. The EL of the proximal portion of
PVD and DVD stains blue, and MVD and
distal portion of DVD stain red with MaHory’s
triple.

a. Proximal vas deferens

In the most proximal portion of PVD, the
CT and ML are thin (0.5 - 0.7 gm) and EL is
cuboidal, The lumen is filled with viscous fluid
(PI. 1 B). In the middle portion of PVD, EL is
formed of low columnar cells with prominent
nuclei, Sperm masses are seen in the midst of
luminal substance A (Pl. IC). The substance A
staining blue with Mallory slowly encapsulises
the individual sperm masses by a process of
condensation to become the spermatophoric
layer (Pl. I D, 11 A). In the distal portion, EL
consists of tall columnar cells showing foli-
ation towards the lumen with vacuoles. The
secretory products from this are in the form
of tiny globules (Substance B) (Pi. I E). In the
lumen they are intermingled with the sperma-
tophores. The substance B stains red, whereas
the spermatophores take blue with Mallory’s
triple. The granules vary in size from 1-4 pm
in diameter (Pl I F, 1I A).

b. Mid vas deferens

The most proximal portion of MVD and
distal portion of the PVD are similar in their
histological features. - But the distal portion

e T e AR SR v B e

ok PP AR L gt R T g s SR P 1A € T e B T T

e i L

L ks



I ARTEYS

mob s Inora, TuRd 26 (1 & Dy Koo Ui aniy Tl SUBR AN,

gl i cevvar 0 Tests CFr Proxional vas defovens 1V,
delorcim MV L E2istad vas deferens (VDY and Bjecaltory duct (R1R
e senios CFONGE ol prosimal pertion o PYE sheaving epishefial cells (RO)

aod thd sevretion LEsain the lamen staed in haematoschneosing O T 8, of nisddic
sl PV chowing sobsganoe ACTAY farrowd rom the colamnar epitieibd 'c_clil.x
Nerco the s masses (56 o the lumen siained B haemiatoxylineeosti
v mbowing wihstinge A tA surreusubing the sperm masses (SM stuioed in heamiatosy”
feeasic, b0 P of dissk portion of FYD showing tall colammar epithelia) celd (kU
andl nbrnercas scidos £V refense the granadar subsrance B (B) into the lumen stained
bactintesehin-cosing and bo TS of  the most distal region of PV} showing  thinning
of e pitheluad faver {ELEL Loen  with  substance B (Hy ond few spernustophores
P amened e Malloros triphe

P |



[T PP P

. no secretory activity.
. the increase in the size of the lumen (600-780
: éu.m) which is filled with only substance B along
: with spermatophores (Pl. II B).
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of MVD is distinctly different from the preced-
. ing region in that the EL and ML are not only

thin (0.6 0.7 um), but the epitheliai cells show
Such changes lead to

c. Distal vas deferens

- © Epithelial layer is consisted of small cuboidal
; pells showing numerous infoldings into the lu-
. men. They secrete viscid eosinophilic agranular
* substance € with no spermatophores in it
: (PI. IIC).

d Ejaculatory duct

* Muscular layer is thicker (2 um) than EL,
which is formed of cells with indefinite bound-
gries, Lumen is filled with an eosinophilic
gelatinous substance D (Pl II D).

Clibanarius longitarsus

. i. General morphology

. . The male reproductive tract, confining to
. the abdominal region, consists of paired testes
. and vas deferens. PVD is highly coiled with its
- proximal portion, very difficult to differentiate
- from testes; whereas the MVD and DVD are
. larger in size and not much coiled (Pl. II E).

' ii. Histology of the vas deferens
- 8. Proximal vas deferens

i Proximal portion of PVD possesses highly
. gecretory cuboidal epithelial cells that are en-
l 'Fheathed by ML and CT. The lumen has only
i free sperm (Pl IT F). In its distal region, the
. ¢pithelial cells on the ventral side become highly
. glandular and from a typhlosole like structure
t {PL. 1L G) staining blue with haematoxylin-¢osin.

b Mid vas deferens

E.Thz inner epithelium is in the form of

| long ocolwmnar celis spreading dorsolaterally

to form an oval shaped lumen. Substances
secreted from them are deposited around the
sperm mass as sperm sheath (P1. III A). Towards
the distal region, secretion from the lateral
epithelial cells are accumulated in the ventral
groove found in the oval shaped lumen (P!
HI B). This secretion condenses into a gel-
atinous cord which establishes connection with
ampule of each spermatophore (PL III ).

c. Distal vas deferens

The inner epithelial cells are reduced very
much in length, but muscle layer is much thick-
ened (2 pmy. The lumen is greatly increased
in size and assume a rectanguiar shape. A cross
section of the DVD reveals the presence of
several spermatophores with long peduncles
(PL. III D, IV A). Interestingly, the peduncles
originate from all side of the lumen, although
in the mid vas deferens the peduncle originates
only from a ventral groove, which gets com-
pletely obliterated in the DVD region. Towards
the more distal region of the DVD, the long
peduncles of spermatophores tend to coalesce
with each other to form a central cord to which
are attached the spermatophore ampule, which
is now kidney-shaped. Consequent to this
change in shape, the peduncle shows a tenden-
cy for internalization into the ampule giving
out radiating filaments (Pl. IV B). Inside the
spermatophores, the spermatozoa are in diff-
erent stages of maturation (Pl IV B, C). Such
a condition of the completion of spermio-
genesis inside the spermatophores has also
been reported in brachyuran crabs (Fasten,
1918; Moses, 1961). The spermatopheric ribbon
is finally embedded in a gelatinous matrix (Pl
IV D, E).

DiscussioN

Comparative morphology of decapod spei-
matophores suggests their relationship with
fertilization. In the brachyuran crabs, with
internal fertilization, the spermatophores are
non-pedunculate and vesicular (Uma and
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Subramoniam, 1979). They are, in general,
transmitted through definite copulatory organs
in seminal plasma to the spermatheca for stor-
age and utilization during fertilization. On the
other hand, in the anomurans with external
fertilization the sperm transfer is through the
pedunculate spermatophores embedded in a
gelatinous matrix for the purpose of deposition
into the female sternum. Whereas the sper-
matophores of brachyuran crabs have limited
structural variation, the anomuran sperma-
tophores exhibit a species - specific morphoio-
gical variation (Subramoniam, 1977, 1984).

The results presented on the histology of
the epithelial cells lining the vas deferens of
the anomuran and the brachyuran together
with the secretory products reflect such a diff-
erence in the structural organization of sper-
matophores of the two decapod groups, The
proximal portion of PVD in S. serrata secretes
substance A which agglutinates sperm and
form the spermatophore layer. In their distal
part, the secretory nature differs in that a gra-
nular substance B is released and that it forms
the medium for storing the completed sper-
matophores. This morphological distinction
in the final secretory products of these two
regions is also reflected in the histological
nature of the epithelial cells. In the proximal
portion, they are cuboidal in nature; whereas
in the distal portion, these cells are columnar
and show foliation towards the lumen with
large vacuoles. Granular secretory products
from the vas deferens epithelium has been
reported in a number of decapods such as
carcinus maenas (Spalding, 1942), Callinectes
sapidus  (Cronin, 1947), Portunus pelagicus
(Ryan, 1967) and Libinia emarginata (Hinsch
and Walker, 1974). In a marine viviparous
teleost fish Cymategaster aggregata, the Sertoli
cells have been implicated with the contribution
of materials for spermatophore extra cellular
matrix (Gardiner, 1978).

Unlike the PVD, the MVD shows very little
secretory activity, but is membranous and acts

as the storage vegion of spermatophores and
other seminal products, derived from the PVD,
In the DVD the epithelial cells are active again
assuming a cuboidal shape. The fluid-like
secretion C is, however, not mixed with the
stored seminal products in the MVD region.
It is possible that this secretion, in view of its
muceid nature, may be employed for the for-
mation of sperm plug as described in several
other brachyuran crabs (Spalding, 1942; Ryan,
1967), Following DVD there is a short straight
tube, the ED, having a thin epithelial layer
probably with very low secretory activity. Its
lumen is filled with homogeneous secretion D
which is almost identical to that found in the
DVD. Ryan (1967) also reported in Portunus
a similar condition of storage of seminal pro-
ducts in the MVD, however in Libinia emargi-
nata, Hinsch and Walker (1974} reported that
both the DVD and MVD are used for storing
the seminal products including spermatophores.
Yet another deviation is found in  Carcinus
maengs (Spalding, 1942) and Uca lacteus (Uma,
1978) where a distinct dilated portion in the
form of vesicles in the DVD is serving a storage
function for spermatophores,

Pedunculate spermatophores are character-
istic of anomurans and certain macrurans
(Matthews, 1953, 1956 a). Each spermato-
phore consists of ampule, peduncie and pede-
stal. The structure and size of the spermato-
phores may differ from one species to another,
In Diogenes pugilator (Matthews, 1956 a), the
ampule is round with a long and stretched pe-
duncle; in Pagurus bernherdus (Mouchet, 1931)
and Pagurus novae-zeglandia  {Greenwood,
1972), the ampule is very much elongated and
connected to the gelatinous matrix by a short-
ened peduncle, whereas in Dardenus asper
(Matthews, 1953) and Dardanus punctulatus
(Matthews, 1956 a} ampules are small with a
long peduncile. The spermatophores of Coeno-
bite rugosus and Birgus latro have stumpy
and short peduncle. Unlike other hermit crabs,
in the sand crab Hippa pacifica, the spermato-
phore is in the form of a long convoluted tube
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raised by a continuous ribbon like stalk, attached

‘to a broad foot (Matthews, 1956 b). Inanother

hippid mole crab Emerita asiatica, two types
of spermatophores with their peduncles con-
nected a common base have been described by
Subramonian (1977). A similar type: of continu-

. .ous spermatophore ribbon has also been found

in E. talpoida and E. analoga (Wharton, 1942;

‘Macginite and Macginite, 1949 respectively).
P In Albunea
‘non-pedunculate, and comprised of a highly

symnistg, the spermatophore is

convoluted tube which is embedded in a gelatin-

ous matrix (Subramoaiam, 1984). Such a

{ .divetsity in the morphology of spermatophores

‘among different anomuran crabs is further
imagnified in the present study on the sper-
imatophores of the hermit crab Chlibanarius
‘fongitarsus.  Here, the spermatophores are
‘kidney-shaped and arranged eitherwise of a
i gelatinous connecting cord which is further
iembedded in a gelatinous matrix. A similar
‘condition also exists in C. olivacecus (Rathna-
ivathy, 1941). The spermatophores specifically
‘lack a peduncle with the ampules directly
‘attached to the common gelatinous cord. The
‘free inner end of this process gives radiating
filamental structures inside the ampule. Possi-
bly, they may aid in the transport of materials
from outside into the spermatophores where
.the maturational changes of sperm occur,
‘The anomurans are apparently a heterogeneous
. group which has both pedunculate and non-pe-
‘dunculate spermatophores. To bring out the
:final shape of spermatophore, the besic struc-
ture of the different regions of vas deferens
;undergo stepwise histological changes, as re-
»vealed in the present study.

' In almost all anomurans, the cuboidal celis
1 of the proximal portion of PVD become colu-
‘mmar in its distal portion. In Clibanarius longi-
-tarsus, the formation of oval shaped fumen
- occurs as in  Dardanus asper (Matthews, 1933)
‘and Pagurus  novae-zealandia (Greenwood,
:1972). The substance secreted by the columnar
i cells of the ventral side condenses into a cord
‘which connects the ampule, whereas in Dar-

i 197

damus  asper, there is specific stalk forming
material which is seen in the closing arches of
the epithelial cells (Matthews, 1953} and in
P. novae-zealandia, the tongune of the sperm
sheath projects into the lower groove to assume
an inverted T shape. However, in C. longi-
tarsus the gelatinous cord initially originates
from the epithelial cells in the ventral groove;
later several peduncles originate from all regions
of the vas deferens in the DVD region. The
peduncles are eventuaily detached from the
epithelial wall and are interconnected to give
a continuous cord. Then there is a shortening
of the cord, possibly due to its internalisation
into the ampule. -

Structural specificity of spermatophores in
different groups ef decapod crustaceans may
tempt one to interpret these features on phy-
logenetic basis. However, it is more instruc-
tive to relate the structure of spermatophores
with reference to the mode of fertilization in
the species concerned. For instance, almost
all the brachyuran forms in which the sper-
matophores exist as vesicles without any pedun-
cles or gelatinous matrix, have well defined
infromittant organ to transfer them to the fe-
male gonopore where they would be stored
in the spermatheca for internal fertilization.
On the contrary, in the majority of anomurans
the spermatophoric deposition as well as the
fertilization occur externally. Here, an intro-
mittant organ is normally lacking; and there-
fore, a direct spermatophore transfer may
entail wastage of the male gametes if they are
transported as individual vesicular type of
spermatophores, as in the case of brachyur-
ans. The development of peduncle, a connect-
ing cord and an embedding sticky gelatinous
matrix favours quick fastening of these struc-
tures to the ventral surface of the female, from
where they will either fertilize directly {(Emerita
asiatica, Subramoniam, 1977) or may slide
into the oviduct, to effect internal fertilization
as in  Clibanarius olivaceous (Kamalaveni,
1947),



108 K. UMA AND T. SUBRAMONIAM

REFERENCES

Catman, W. T. 1909. In: R. E. Lankaster (Ed.)
A Treatise on Zoology. Parr VII: Appendiculata, Third
Fascicle, Crustacea. Adam and Charles Black, London,
Vol. 7, 346 pp. :

Caapman, R. F. 1972, The Insects: Structure and
.;‘;.rgcﬂan. The English Universities Press Ltd., London.
PP-. .

Cronin, L. E. 1947, Anatomy and histology of the
male reproductive system of Callinectes sapidus Rathbun.
J. Morph., 81: 209:240,

Fasten, N. 1918. Spermatogenesis of the Pacific
Coast edible crab Cancer magister. Biol. Bull. mar.
biol. Lab., Wood Hole, 34: 277-306.

GarpIngR, D, M, 1978, The origin and fate of sper-
matophores in the viviparous fel Cymatogaster
;J‘ggregu;rse_’ (]F‘;:e;rciformes : Embiotocidag). J. Meorph.,

GreenwooD, J. G. 1972, The male reproductive
system and spermatophore formation in  Pagrris novae-
zealandiae (Dana). (Anomura: Paguridea). J. nat.
Hist,, 6: 561-5T4.

Hinsca, G. W. anp M. H. Walker 1974, The
vas deferens of the spider crab Libinia emarginata.
J. Morph., 143: 1.20.

KaMALAVENL, 8. 1947, Biology of Clibanarius offvace-
ous. Ph. D. Thesis, Madras University.

Lugie, R. D. 1954, Histopathologic Technic and
Practical  Histochemistry. e Blakiston +Comnpany,
New York, 2nd edition, 501 pp.

Mac Ginrtie, G. E. aNDp N. MAC Givitie 1949, Natural
history of marine animals, Mac Graw Hill Book Com-
pany, New York, 473 pp.

MattHEws, D. C. 1953. The development of the
pedunculate spermatophore of a hermit crab Dardanus
asper (De Haan). Paclf. Sci., 7: 255-266.

v————— 1956 2. The probable method of fertili-
zathon in terrestrial hermit crabs bosed on a comparative
study of spermatophores. Ihid., 10: 303-30%.

1956 b. The origin of the spermatopho-
ric mass of the sand crab Hippa pacifica. Q. J. micros.
Sci, 97 257-268,

Moses, M. F. 1961. Spermiogenesis in the Crayfish
(Procambaras  clarkit) 1, Description of stages,
J. biophys. biochem. Cyrol,, 101 301-333.

MOUCHET, S. 1931, Spermatophores des crustaces
decapodes, Anomures et Brachyoures et castration
parasitaire chez quelques Pagures. Anan. St. Oceanogr.
Salammobo, 61 1-203,

NaTH, V. 1932, The spermatid and the sperm of the
ggasbsg’gmubﬁum spimigera. Q. J. micros., Sci., 18

Pearse, A, G. E. 1968. Histochemistry: Theorirical
and applied. ). & A. Churchill Ltd., London, 3rd edition,
Vol. 1, 760 pp. '

RaTHNAVATHY, C. R. 194]. The Spermatogenesis
of Clibanarius olivaceous Henderson.  Proc. Indion
Acad. Sci,, 13B: 379414,

Rvan, E. P. 1967. Structure and function of the

roductive system of the crab Portunus sanguinolentus
(Herbst) (Brachyura : Portupidae): I. The Male system.
Proe. Symp. Crustacea, MBAIL, 2 : 506-521.

Spaioing, J. F, 1942, The nature and formation of
the spermatophore and sperm plug in Carcinus maenas
@. J. micros. Sci., 83: 399422,

SuBrAMONIAM, T. 1977. Aspects of sexual biology
of the Anomuran crab Emerita asiatica, Mor. Biol.,
43:  1369-377.

——— 1984, Spermatophore formation in two
intertidal crabs Albunea symmista and Emerira asiatica
(Decapoda : Anomura). Biol. Bull., 166: 78-95.

UMa, K. 1978, Studies on Comparative sperm mor-
phology and spermatophores of crustaceans, M. Phil.
Dissertation, Madras University.

e AND T, SuBRAMONIAM 1979. Histoche-
mical characteristics of spermatophore layers of Scylla
serrara . (Forskal) (Decapoda : Portunidae). fnr. J.
Invertebr. Reprod,, 1: 31-40,

WHARTON, G, W. 1942, A typical sand beach animal,
the molec crab Emerita asiatica (Say). In: Ecology of
%::dbeackes at Beaufort N, C. Ecol. Monogr., 121 137-

e e b

S

oy,

s v S

e e i, e A

T 7 2 b et



bk,

1Aty

.

sHOL. Ans o, BERE 2000 & D) K. Lisvta ast T. SusrasMosiasm, Prar |

F

Male reproductive system of Socfhy serraco s AL Shawing the speratophoric laver (5L, Noe the gceumiu-
alion of granubin subefnce (8 s between ihe \g*}crm.tmp[mrc» stained in Mallory™ ripte, B T, S, of
MY showing thin cpathelial aver (FF 5 homen b Villed with o viseid agronodar substance (Cy stuined
in eamatosyit-eosin, OO T80 ol DVE showing the epitheliat Tindeg (EL Lomes s Filled with a viscid
spratibir hstieee (e utred 1 Baenu m:ufm seostn, Y TS of ED showing thick muscular laver (ML)
The secticn 10} is saimilar (o =h‘1t of DV stadned w0 hacmatosylineosing, £, Male reproductive system
of  Cfifuaneit ives domsgdii s Festes 010 Proimal vas delerens {PVIYL Middte vas deferens (MY 2nd
Dyistal v deferam (OVDEL B0 TS of the proximat portion of PV showing cuboidal epicheliat cells
{ECY and free speom e5] s e fonen stithiead (0 haematexvin-cosin and G. 0 T. 8. of the distal portion
of PV LYY ahosisg wephilnsale 1Sy on the ventrat side stadned i haematoxylin-eosin,




Mak, mioL. Ass, Inoia, 1954 26 01 & 3 K. Usa asn T StaravoNiay, Prate L

PLate L Male reproductive ssstem of {0 fungirerses: A T8 of prostmat portion of MV showing the epithetial cells fECY on the fateral sidcsj“‘f[h_lhi‘
secretion forming sperm sheath (S8} around the sperm mass (SM stained in haemustoxylin-eosin. B, T. 8. of distul portion of MV} showmgs
deposition of gelubmous <ubstance (GS)on the venrral groove of the lumen. Now the thin muscular hver (MLL the fall columnar epithelial cell
(R0 and spermatosoa (51 in the lumen: stained in faematovslin-eosing € T. S0 of MVD showing the formation of gelatinous cord (GL) From the
deposited substance and it is connecting the spermatophoric ampute (SA) staired in hacmatosyiin-eosin and 13 TS, of VD showing the gelabinous
mateid (CeMy tn the Tumen and the changing <hape of the spermatophoric ampire 1ISA). Note thick muscilbar Faver (ML stained i1 hacmutloxylin-€08in.



Foosar, mion. Ass. Inema, USRS, 26 41 & D) KooUna ann T Sepramoesiam, Prane |1V

B

E 2004m _.:

Prate IVo Male reprodhivisve systent of Efidvrarivn foagritorsas . A Sagitish section of the coiled portion
wf DVIEY chowing the detachmemt of gelathnous cord (GEy from the Iwse and note thin
epithetial tayver (L1 amed gelatinous mutric (GMD stadred in Mallory's wiple. B, Spwer-
matophoric ampude showing the virious stiees in ke final swluration of the sperinaiosos
farrow ) apd miature speon (M8 Note the rudiiting fitaments (RFY from the intermalised
gelaliae cord €O w the basw of the spermatophoric iepeke, £ Spoermalophoric ampale
shommig the vareus stpes in B [l mossration of the speemiatosnt facramd, 15, Higher
nrignilication of 1the spergtophores 1o shess The common voneeching geliatinous cord (G0,
ambedibed on the pelntineas warrbe $OM) and B Diggrasuoatic representation of the
arringerment of spermuiiophores (8P oo sither side of the gelstinous cord (4GC),



