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ABSTRACT Although mating has been described in sev
eral hermit crab species, the mechanics of spermatophore 
transfer have not previously been demonstrated. Evidence 
from pleopod and gonopore morphology, video observa
tions, and inseminated females indicates that in Clibana
rius vittatus the male applies a spermatophoric mass di
rectly onto the female via the gonopores rather than with 
modified pleopods 1-2 (gonopods) and/or genital papillae 
as in many other decapods. The single second pleopod of 
males of C. vittatus has a simple endopod with no appar
ent modifications for sperm transfer. There are no genital 
papillae extending from the male gonopores. The globular 
spermatophores are aligned in rows surrounded by a sem
inal secretion in the male ducts (vasa deferentia that 
terminate in ejaculatory ducts opening to the exterior via 
the gonopores). During copulation, described from time-
lapse video recordings, tbe ventral surface of the last 
thoracic segment of the male, bearing the gonopores, was 

In decapod c r u s t a c e a n s , t h e immot i le s p e r m a t o 
zoa a r e s u r r o u n d e d by protect ive a n d adhes ive m a 
te r ia l s w h e n t r ans f e r r ed to t h e female ( S u b r a m o -
n i a m , 1993). T h e s e s p e r m - b e a r i n g s t r u c t u r e s 
( spe rma tophores ) , formed pr ior to or d u r i n g e jacula
t ion , v a r y in size, s h a p e , a n d complexi ty . T h e place
m e n t of s p e r m a t o p h o r e s on t h e ex te r ior of t h e fe
ma le or w i t h i n s p e r m a t h e c a e is often achieved w i t h 
one or m o r e p a i r s of m a l e gonopods, wh ich a r e mod
ified an t e r i o r pleopods (abdomina l a p p e n d a g e s ) u t i 
lized for s p e r m t r ans fe r in m a n y decapods (Baue r , 
1986), such a s c a r i d e a n s h r i m p s (Baue r , 1976), 
p e n a e o i d e a n s h r i m p s (Bauer , 1991 , 1996a,b) , cani -
ba r id crayfishes (Andrews , 1911), nephrop id lob
s t e r s ( F a r m e r , 1974), and b r a c h y u r a n c rabs (Cron in , 
1947; Ryan , 1967). In some decapods , such as s t e -
nopodid s h r i m p s (Bauer , 1986) and p a l i n u r i d lob
s t e r s (Phi l l ips e t al . , 1980), t h e m a l e an t e r i o r pleo
pods a r e not modified for s p e r m t rans fe r . 

Males of a n o m u r a n species , inc lud ing t h e h e r m i t 
c rabs of t h e super fami ly P a g u r o i d e a (McLaugh l in , 
1983), produce cha rac t e r i s t i c s p e r m a t o p h o r e s t h a t 
a p p a r e n t l y a re depos i ted on the e x t e r n a l sur face of 
the female (Tudge, 1999a,b). Tudge (1991 , 1995, 
1999a,b) and S u b r a m o n i a m (1993) descr ibed t h e 
p r e d o m i n a n t s p e r m a t o p h o r e t ype encoun te r ed in 
p a g u r o i d e a n c r a b s a s s t a lked or p e d u n c u l a t e w i t h 
t h r e e d is t inct componen t s , t h e d i s ta l a m p u l l a , s t a l k . 

apposed to the ventral cephalothorax of the female. A 
massive amount of seminal secretion containing sper
matophore ribbons, termed here the spermatophoric mass 
and described for the first time in a hermit crab species, 
was observed covering the sternites and coxae of pereo-
pods 1-5 of a recently copulated female. It is suggested 
that during copulation the male emits the contents of the 
ejaculatory ducts directly onto the female without the aid 
of gonopods or genital papillae. Although spermatophore 
transfer is simple in C. vittatus, the presence of modified 
anterior pleopods or elongate genital papillae (sexual 
tubes) in other paguroidean species suggests the possibil
ity of a more complex insemination process in these other 
hermit crabs. J. Morphol. 253:166-175, 2002. 
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and proximal pedes ta l . T h e s p e r m a t o z o a a r e s tored 
wi th in the a m p u l l a , which is composed of two ha lves 
jo ined a long t h e i r l a te ra l r idges (Tudge, 1999a). T h e 
d i s ta l a m p u l l a r e s t s a t op t h e s ta lk , which is unde r 
la in by t h e p e d e s t a l or base of t h e s ta lk . T h e pedes
t a l a p p e a r s to function a s t h e point of a t t a c h m e n t for 
the s p e r m a t o p h o r e to t h e ex te rna l surface of the 
female d u r i n g copula t ion (Tudge , 1999b). Mouche t 
(1930, 1931) and H a m o n (1937, 1939) sugges ted t h a t 
t h e a m p u l l a sp l i t s a long th i s r idge, t e r m e d the line 
of dehiscence (Tudge 1999a) or "ligiie de suture" 
( H a m o n , 1937), t h e r e b y re leas ing t h e spe rma tozoa 
(Tudge 1991, 1995, 1999a,b) . H a m o n (1937) sug
ges ted t h a t mechan ica l or osmotic forces migh t 
c a u s e t h e a m p u l l a to f rac ture a n d re l ease t h e sper
ma tozoa . 
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pleopods bear complex setules covered with mul-
t idigitate scales like those used in cleaning of gills 
and other s t ructures in a variety of other decapods 
(Bauer, 1979, 1998, 1999). This brist l ing array of 
complex setae may serve to clean the embryos as 
the pleopods beat and circulate water among 
them. In male pleopod setae, the setules are 
sparse and morphologically simple. 

The gonopores of male Clibanarius vittatus are 
unremarkable apertures guarded by flap-like oper-
cula and are not borne on genital papillae (external 
extensions of the ejaculatory ducts), as in several 
other decapod groups. In cambarid crayfishes (An
drews, 1911) and brachyuran crabs (Cronin, 1947; 
Ryan, 1967), elongate genital papillae fit into 
pleopodal gonopods that are inserted into a median 
spermatheca (crayfishes) or female gonopores 
(brachyuran crabs). During copulation, ejaculated 
male products are conducted from the male ducts 
into the female via the genital papillae and gono
pods. In the penaeoid shrimp Sicyonia dorsalis, 
short genital papillae may inject ejaculated material 
directly into the female spermathecae without in
volvement of the complex gonopods (petasma) 
(Bauer, 1996b). The lack of genital papillae in males 
of C. vittatus indicates that ejaculated material sim
ply exits and flows directly onto the female. 

During the brief copulation of Clibanarius vitta
tus, the gonopores of the male are near to or in 
contact with the ventral surface of the female cepha-
lothorax. Our interpretation is that when ejacula
tion occurs, adhesive seminal secretion bearing 
spermatophores is emitted from both male gono
pores directly onto the female as a spermatophoric 
mass. The rows of spermatophores, neatly arranged 
in the vasa deferentia of the male, are scattered 
about in the mass, which might be expected, as the 
seminal secretion is spewed out onto the female 
ventral surface. Spawning occurs within hours of 
copulation. Eggs spawned from the female gono
pores must pass over the spermatophoric mass m 
passing to the abdomen, where they will be attached 
to the pleopods of the female. The jostling and con
tact of eggs with spermatophores during spawning 
may cause the splitting of their lateral ridges sub
sequent release of spermatozoa for fertilization. The 
spermatophoric mass quickly disappears after 
spawning, perhaps by cleaning with the fifth pereo-
pods, the major cleaning and grooming appendage of 
hermit crabs. 

Although we conclude that transfer of spermato
phores in Clibanarius vittatus is a morphologically 
simple affair, without the involvement of gonopods 
or genital papillae, this may not be the case in other 
hermit crabs. In many paguroidean species, males 
have first and second pleopods, often referred to as 
gonopods because of their complex modifications 
(McLaughlin and Provenzano, 1974; Lemaitre, 
1994) of the type seen in other decapod species in 
which the anterior pleopods do serve as gonopods. In 

addition, many other paguroidean species have pro
nounced genital papillae, termed "sexual tubes" 
(McLaughlin, 1980; Lemaitre and McLaughlin, 
1995) that might be used to place spermatophoric 
masses or spermatophores directly on the female in 
a more complex fashion than that observed in C. 
vittatus. Spermatophore transfer in hermit crabs 
species with "gonopods" and sexual tubes needs to be 
investigated to determine if and how these struc
tures are involved in insemination. 
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Fig. 6. Clibanarius vittatus. SEM of the spermatophoric 
mass on copulated females (HMDS dried). A,C,E: Female 
preserved just after copulation. B,D: Female that had 
spawned between copulation and preservation. A: Spermato
phoric mass surrounding the gonopores (gp) and covering the 
sternites and coxae of pereopods 1-4. Note seminal secretion 
(ssl and spermatophores (sp) within the spermatophoric mass. 
B: Remnants of a spermatophoric mass (unlabeled arrows) on 
a recently spawned female, gp, gonopore. C: Higher magnifi
cation of spermatophoric mass from A. Note rupturing of 
spermatophores. sp. spermatophore; ss, seminal secretions. D: 
Higher magnification of B showing remnants of the spermato
phoric mass and ruptured spermatophores (sp). ss, seminal 
secretion. E: Higher magnification of spermatophore from C 
showing rupture along the line of dehiscence (compare to Fig. 
3E). Scale bar = 1 mm in A and B, 200 urn in C, 100 y.m in D 
and E. 

second pleopod shows no obvious modification for the role of female pleopods in incubation of em-
spermatophore transfer. Although the second bryos. The pleopods of females, relatively larger 
pleopod of C. vittatus is sexually dimorphic, the and more setose than those of males, serve as 
differences between the sexes can be a t t r ibuted to a t tachment sites for embryos. The setae of female 

"1 ^ 
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Fig. 5. Clibanarius uittatus. Position of the spermatophoric 
mass on the female. A: Photograph of a female preserved jus t 
after copulation, spin, spermatophoric mass. B: Drawing of the 
female in A depicting spermatophoric mass (spm) covering the 
slernites and coxae of pereopods 1-4. pi—5, pereopods 1—6. C: 
Camera lucida drawing of a female that had copulated 2.5 h 
before preservation and that had spawned at some time between 
copulation and preservation. Note the remnants of the spermato
phoric mass (spm) covering the sternites and coxae of pereopods 
3 (p3) and 4 (p4). Scale bar = 1 cm for B and C. 

the viscous, adhesive seminal secretion and sper-
matophores observed in the vasa deferentia and 
ejaculatory ducts of the male. Our conclusion about 
transfer of the spermatophoric mass from the male 
to the female is based on the morphology of the 
anterior pleopods and gonopores of the male, the 
position of male and female during copulation, and 
the position of the spermatophoric mass on the fe
male after copulation. The evidence presented here 
indicates that the spermatophoric mass is applied 
onto the external surface the female directly from 

the male gonopores rather than with the aid of go
nopods or other intromittent structures. 

The use of modified first and second pleopods as 
gonopods for spermatophore transfer has been 
demonstrated in decapod groups such as caridean 
shr imps (Bauer, 1976; Berg and Sandifer, 1984), 
penaeoidean shrimps (Bauer, 1991, 1996b), cam-
barid crayfishes (Andrews, 1911), nephropid lob
s ters (Farmer, 1974), and brachyuran crabs (Cro-
nin, 1947; Ryan, 1967). Males of Clibanarius 
vitlatus do not have first pleopods and the single 
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Fig. 4. Clibanarius vi.ttatus. Copulatory position modeled from video recordings of copulation 
and from preserved specimens placed in mating posture. The male (unshaded, above female) has 
the gonopore area near the ventral surface of the posterior cephalothorax of the female (dark 
shading), ab, abdomen: p l - p 5 , pereopods 1-5. 

ing of the female in its gastropod shell, as described 
by Hazlett (1966, 1996). In the copulations observed, 
the female partially emerged from the shell after 
several hours and assumed a copulatory position, in 
which the ventral surfaces of the cephalothorax of 
the mating pair are apposed. Examination of the 
copulatory position, based on a model based on video 
observations and arranged preserved specimens, re
veals that the male gonopores are situated opposite 
the posterior ventral surface of the pereopod 1-4 
segments (Fig. 4). The male and female walking legs 
(pereopods 2-3) are intertwined while pereopods 
4—5 are held outward from the cephalothorax at 
approximately a 90° angle. The portion of the male 
abdomen bearing the pleopods does not extend out 
beyond the aperture of the shell and does not come 
into contact with the female. In the three mating 
pairs in which copulation was recorded on video, the 
copulatory position was held for 20 sec in two mat-
ings, but only for 5 sec in the third. One of the three 
females from these pairs was preserved 2.5 h after 
copulation; spawning had occurred and remnants of 
a spermatophoric mass were observed. In the other 
two females, preserved at least 6 h after copulation, 
spawning had taken place but no spermatophoric 
mass remained. In another female whose copulation 
was observed directly on a laboratory water table, 
preservation took place immediately after copula
tion. Spawning had not taken place and a large 
spermatophoric mass was observed on the female 
(Fig. 5A,B). 

Spermatophoric Mass 

The single female preserved jus t after copulation 
had a large opaque gelatinous mass covering the 
ventral surface of the cephalothorax from pereopods 
1-4, including the gonopores (Fig. 5A,B). The adhe
sive seminal secretions attached the spermato-
phores to the sternites and coxae of the female. 
Microscopic examination of the mass prior to SEM 
revealed long ribbons of unruptured spermato-
phores embedded within a mass of seminal secre
tion. The dehydration process for SEM caused these 
spermatophores to rupture (Fig. 6A,C,E). Dehydra
tion also caused some shrinkage in both the seminal 
secretion and spermatophores. 

In another copulated female, preserved 2.5 h after 
copulation, spawning had occurred but remnants of 
a spermatophoric mass remained, covering the 
coxae of pereopods 4 - 5 as well as the sternites of 
pereopods 3-5 (Figs. 5C, 6B,D). Observations made 
first with a stereomieroscope and then SEM showed 
that ruptured spermatophores were still present on 
the coxae of pereopods 3 as well as the coxae and 
sternites of pereopods 4 (Fig. 6B,D). 

DISCUSSION 

Hazlett (1996) first noted the presence of a sper
matophoric mass on recently copulated females of 
Clibanarius vittatus. In the present study, we de
scribe the spermatophoric mass of a hermit crab 
species in detail for the first time. It is composed of 
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Fig. 3. Clibanarius vittatus. A: Light micrograph of a ribbon of 
spermatophores (sp) surrounded with seminal secretions (ss) 
within the distalmost region of the vas deferens, ed, ejaculutory 
duct. B: Enlargement of A to show detail of the spermatophores 
(sp) and the interconnecting basal region (b) between two sper
matophores. sz, spermatozoa within a spermatophore. C: Confo-
cal micrograph of single spermatophore containing spermatozoa 
(sz). D: SEM of two HMDS-dried spermatophores (sp) dissected 
from the ejaculatory duct, ss, seminal secretion. E: SEM of a 
critical-point-dried spermatophore with characteristic line of de
hiscence (Id). Scale bar = 500 \t.m in A, 100 |j.m in B, 50 (xm in C, 
40 |xm in D, and 30 |o.m in E. 

lumens of the vasa deferentia and ejaculatory ducts themselves caused the latter to rupture along their 
(Fig. IB). Surrounding the spermatophores (Fig. 
3A,B,D) is an opaque, adhesive, mucoid material, 
termed here the seminal secretion, which clings to 
objects upon contact (Figs. 3D, 6A-D). Mechanical 
disturbance (e.g., touching with a probe) of freshly 
extruded seminal secretion or the spermatophores 

lateral ridges. 

Descript ion of Copulation 

Upon contact with a receptive female, the male 
began precopulatory behavior, a tapping and rotat-
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Fig. 2. Clibanarius villains. Sexual dimorphism in reproductive morphology of gonopores and second pleopods. A: SEM of male 
gonopores (gp) and operculum (o) located on the coxae of the fifth pereopods (HMDS dried!. B: SEM of female gonopores (gpl on coxae 
of third pereopods (HMDS dried). C: Anterior view of second pleopod of male (shield length = 10.5 mm) with setae removed, en, 
endopod; ex, exopod. D: Anterior view of second pleopod of female (shield length _ 6.3 mm) with setae removed, en, endopod; ex, 
exopod. E: SEM of male pleopod seta (st) and setules (su) (critical-point-dried). F : SEM of dense array of female pleopodal 2 setules; 
arrow indicates multidigitate scale subsetule (sc) on setule (HMDS dried). G: SEM of a single male pleopod 2 setule with simple scale 
subsetules (sc) (critical-point-dried). H: SEM of female setule with multidigitate scale subsetules (sc) (HMDS dried). Scale bar - 1 mm 
in A and B, 2 mm in C and D, 20 \xm in E, 40 pjm in F, 2 p.m in G, and 4 p.m in H. 
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Fig. 1. Clibanarius vittatus. Testes and vasa dei'erentia terminating within the pereopod 5 
coxae as ejaeulatory ducts that open to the exterior through the gonopores. c, coxa; gp. gonopore; 
t, testis; vd, vas deferens. Scale bar = 1 nnti. 

similar in relative size and shape to those of the 
male (Fig. 2B). The sternum between the third 
pereopods (Fig. 2B) of the female is smooth and 
lacks any invaginations of the exoskeleton or aper
tures suggestive of the female sperm-storage struc
tures found in many other decapods, such as the 
thelyca and spermathecae of penaeoidean shrimps 
(Bauer, 1991, 1993, 1996a,b), cambarid crayfishes 
(Andrews, 1905, 1906, 1908; Hobbs, 1974), and ne-
phropid lobsters (Farmer, 1974; Aiken and Waddy, 
1980). 

In males of many decapod species the endopods of 
the first two pairs of pleopods are modified as gonopods 
(Bauer, 1986). In Clibanarius vittatus, as in many 
other hermit crabs, pleopods are present only on the 
left side of the abdomen. The first abdominal somite of 
C. vittatus lacks a pleopod in both males and females 
wliile a single pleopod is present on abdominal somites 
2-5. The pleopods ai-e biramous, with both an endopod 
and an exopod, each bordered by long setae bearing 
setules. The second pleopods of males and females 
(Fig. 2C,D) were compared to detect possible modifica
tions in the male related to spermatophore transfer. 
The female exopod is approximately equal in length 

and width to the endopod, while in males the exopod is 
longer and broader than the endopod (Fig. 2C,D). Both 
the endopod and exopod of female pleopod 2 possess a 
greater number and proportionally longer setae and 
setules than those of the male (Fig. 2E,F). The setules 
of pleopod 2 setae of the male are sparsely equipped 
with simple scale subsetules (Fig. 2G), wliile those of 
the female are densely covered with multidigitate 
scale subsetules (Fig. 2F.H). 

Spermatophores and Seminal Secret ion 

Spermatophores of this species are formed prior to 
ejaculation and can be observed within the lumens 
of the vasa deferentia and ejaeulatory ducts (Figs. 1, 
3A,B). Each nonpedunculate spermatophore is com
posed of two halves meeting at a raised line termed 
the "lateral ridge" or "line of dehiscence" (Tudge, 
1991, 1999a), forming the ampulla of the spermato
phore (Fig. 3D,E). Spermatozoa can be observed 
within the ampulla (Fig. 3B,C). Below the ampulla 
is a basal region (Fig. 3B) that acts as a connecting 
cord attaching adjacent spermatophores within the 
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Mouchet (1931). Hamon (1937, 1939), Mathews 
(1953), Greenwood (1972), and Uma and Subramo-
niam (1984) have described the formation of pagu-
roidean spermatophores within the testes and vasa 
deferentia. According to Mathews (1953), the sper
matozoa of Dardanus asper (Diogenidae) form a con
tinuous stream as they leave the testicular region of 
the male gonopods and are mixed with epithelial 
secretions. During this mixing process the sperma
tozoa are grouped and separated into distinct and 
visible spermatophores within the coiled vasa defer
entia via contractions of the surrounding muscular 
layer. The contractions mold the seminal secretions 
surrounding the grouped spermatozoa into the char
acteristic shape of the spermatophore. 

Although aspects of spermatophore formation 
have been investigated in several paguroidean gen
era (Mouchet, 1931; Mathews, 1953), the mecha
nism by which spermatophores are transmitted 
from the male gonopore to the body of a receptive 
female has only been hypothesized (Mouchet, 1931; 
Kamalaveni, 1949; Mathews, 1956; Hazlett, 1966, 
1996; Ameyaw-Akfumi. 1975). The purpose of this 
study was to determine the mode of spermatophore 
transfer in the hermit crab, C/ibanarius vittatun. 
Morphology of the anterior pleopods of the male, 
gonopores, spermatophores, and spermatophoric 
masses deposited on the female are described and 
observations on copulation recorded with time-lapse 
video are reported. 

MATERIALS AND METHODS 

Live specimens of Clibanarius vittatus (Bosc, 
1802) were collected in July and August 1999 from 
Grand Terre Island and Isles Dernieres, Louisiana, 
for mating observations. The hermit crabs were 
placed in large plastic bags containing ambient sea-
water saturated with oxygen for transport back to 
the laboratory. They were maintained on a recircu
lating water table system with water temperature 
from 25-30°C, salinity 15-25 ppt, and a light:dark 
cycle of 14:10 h. 

Testes and vasa deferentia containing spermato
phores were dissected from freshly preserved male 
crabs. The crabs were first anesthetized by chilling, 
secured with insect pins to a wax-coated dissecting 
dish to straighten the abdomens for ease of dissec
tion, and then fixed in 10% formalin. Ejaculatory 
ducts, the distalmost portions of the vasa deferentia 
contained within the coxae of the fifth pereopods, 
were stuck to glass coverslips precoated with poly-
L-lysine and prepared as described below for scan
ning electron microscopy (SEM). The freshly dis
sected vasa deferentia of one male were placed in 
oxygenated seawater for 1 h and then placed in 10% 
seawater formalin for 20 min, during which time 
they spontaneously ejaculated their spermatophores 
and surrounding seminal secretions. These sper
matophores and seminal secretions were prepared 

by washing with seawater for 30 min, stained with 
FM 464* (Red lipophilic marker) and Syto 13* 
(green nuclear marker) for 30 min and examined 
with a confocal microscope (Biorad® MRC 1024 ES). 

Drawings of testes and pleopods were made using 
a camera lucida mounted on a stereomicroscope. 
Material photographed using light microscopy was 
first fixed in 10% seawater formalin for 1 h, washed 
twice with seawater for 20 min, stained with acid 
fuchsin, and cleared with CMCP-10 high viscosity 
mountant . 

For observation of morphology with SEM, 
formalin-preserved vasa deferentia, spermato
phores, appendage, and portions of the cephalotho-
rax from various individual crabs were washed twice 
for 15 min with a 0.2 M PBS (pH 7.2) (Tudge, 1992) 
to remove residual formalin and then dehydrated 
with a graded ethanol series (20-100%). Specimens 
were either critical-point-dried with C 0 2 or air-dried 
after treatment with a 1:1 solution of 100% hexam-
ethyldisalizane (HMDS) and 100% ethanol for 20 
min followed by immersion in 100% HMDS. All spec
imens were sputter-coated with gold for 1-6 min 
before viewing them in a JEOL 6300-FV SEM 
equipped with a digital image-capture system. 

To assess ovarian maturity for mating observa
tions, female hermit crabs were removed from shells 
by gently heating the apex of their gastropod shells 
with a butane cigarette lighter. Nineteen females 
with mature ovaries (full of vitellogenic oocytes), but 
without embryos or remnants of egg membranes on 
the pleopods, were individually paired with a male 
in aquaria. Activities were recorded for 1 day at a 
24-h recording speed (five frames/sec) with a time-
lapse video recorder system attached to an infrared-
sensitive surveillance camera equipped with a 3 0 -
180 mm zoom lens. Illumination consisted of two 880 
nm infrared lamps during the night (dark) period 
and two 40-watt fluorescent lamps for day (light) 
observations. Videotapes were reviewed daily to de
termine if copulation had occurred. When copulation 
was observed on a tape (3 of 19 pairings), the pairs 
were preserved in 10% seawater formalin and the 
females were later examined for the presence or 
absence of spermatophores and seminal secretions. 
One additional copulation was observed on a water 
table and the mating pair was immediately pre
served and later examined as in the other three 
pairs. 

RESULTS 
Gonopore and Pleopod Morphology 

The distal ends of the vasa deferentia, the ejacu
latory duets, are located within the coxae of the fifth 
pereopods of the male and open to the exterior via 
the gonopores (Figs. 1, 2A). These openings are 
guarded by flap-like opercula (Fig. 2A). The female 
gonopores, the external openings of the oviducts, are 
located on the coxae of the third pereopods and are 


