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crab 

Abstract. The spermatozoon of Birgus latro (Linnaeus, 
1767) is approx 14 #m in length. It is composed of a large 
multi-layered oblong-ovoid acrosome which is capped by 
a conical operculum and lies anterior to a small ring of 
cytoplasm and an amorphous nucleus which is drawn out 
into a series of arms or extensions. Originating from the 
cytoplasmic area are three further long microtubular 
arms. The sperm ofB. latro is very similar to the sperm of 
the only other genus in the Coenobitidae, Coenobita, of 
which C. clypeatus is a representative species. They share 
a suite of ultrastructural characters including: a long, 
cylindrical, capsule-bound acrosome containing an inner 
acrosome core, a large acrosome ray zone and a thin 
outer acrosome zone; an apical operculum anterior to a 
subopercular zone divided into two areas of differing 
density; an invaginated perforatorial zone with a bipar- 
tite granular matrix; microvillus-like extensions of the 
inner acrosome core projecting into the perforatorial in- 
vagination; a ring of cytoplasm, around the base of the 
acrosome, containing numerous mitochondria, extensive 
lamellar systems and the bases of three microtubular 
arms; granular nuclear material forming irregular arms; 
and at the posterior portion of the cell membrane a com- 
bination of nuclear and plasma membranes. Some ultra- 
structural characters which separate the two genera are: 
a domed operculum in C. clypeatus as opposed to a con- 
ical one in B. latro; in B. latro there is some residual cyto- 
plasm external to the operculum and centriotes are absent 
from the mature spermatozoon; in C. clypeatus the inner 
acrosome core does not appear to invest the perforato- 
rium and a series of dense "rods" are found subjacent and 
internal to the operculum. Similarities between the two 
coenobitids are greater than those shared with the 
pagurid Eupagurus bernhardus. In this latter species, the 
acrosome is more ovoid than cylindrical and the acro- 
some zones are less conspicuous; the operculum is absent 
from the mature sperm (although present during 
spermiohistogenesis); no subopercular zone is present; 
the perforatorium contains longitudinally arranged mi- 
crotubules and extends the full length of the acrosome; 
and the nuclear material does not form separate nuclear 

arms. Sperm ultrastructure supports monophyly of the 
Paguroidea, while distinguishing coenobitids from 
pagurids within this superfamily. 

Introduction 

The taxonomic validity and origins of the Anomura, and 
particularly of the Paguroidea, the hermit crabs, have 
long been disputed (McLaughlin 1983 and McLaughlin 
and Holthius 1985). MacDonald et al. (1957) put for- 
ward a classification suggesting independent lineages for 
the superfamilies Coenobitoidea and Paguroidea, based 
on studies of larval characters. They suggested a different 
anomuran ancestor for each of the lines, the Coeno- 
bitoidea arising from a upogebid ancestor and the 
Paguroidea from a galatheid ancestor. This view was 
challenged by McLaughlin (1983) who, using modern 
cladistic methods, postulated a monophyletic origin for 
the hermit crabs. She suggested the grouping of the 
families Pomatochelidae, Coenobitidae, Diogenidae, 
Paguridae, Parapaguridae and Lithodidae under the su- 
perfamily Paguroidea. McLaughlin's cladogram has 
been largely supported by the more recent phylogenetic 
work on a wider range of Anomura by Martin and Abele 
(1986). 

Studies on the structure of spermatozoa of the 
Paguroidea are few and limited to only three families. In 
the Diogenidae, Dhillon (1964, 1968) investigated the his- 
tochemical nature of the sperm nucleus of Clibanarius 
longitarsis and Diogenes miles using the light microscope. 
Retzius (1909), Pochon-Masson (1963) and Chevaillier 
(1966, 1967, 1968, 1970) published work on the ultra- 
structure of the spermatozoon of Eupagurus bernhardus 
(Paguridae), and more recently Hinsch (1980a, b) has 
worked on the ultrastructure of spermiogenesis in Coeno- 
bita clypeatus (Coenobitidae) and spermiogenesis of its 
Sertoli cells. The present study on Birgus latro (Coeno- 
bitidae) enables us to draw comparisons of sperm ultra- 
structure, at the generic level, within an anomuran family. 
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Within the Paguroidea, the structure and formation of 
the spermatophores has been investigated by several 
authors in the same three families, Coenobitidae 
(Matthews 1956), Diogenidae (Mouchet 1930, 1931, 
Matthews 1953, 1956) and Paguridea (Mouchet 1930, 
1931, Hamon 1937, Matthews 1957, Greenwood 1972). 
Pedunculate spermatophores occur in all three families 
but only the Paguridae have been shown to also have 
non-pedunculate spermatophores. 

Materials and methods 

The single male specimen of Birgus latro (Linnaeus, 1767), a terres- 
trial hermit crab from the Indo-Pacific, was collected in October 
1988 from Malaita Island, Solomon Islands. It was dissected in 
Brisbane, Queensland, Australia, and portions of the testis were 
fixed in 3% glutaraldehyde in 0.2 M phosphate buffer (pH 7.2) for 
1 h at 4°C. They were washed in phosphate buffer (3 washes in 
15 rain), postfixed in phosphate-buffered 1% osmium tetroxide for 
80 rain; similarly washed in buffer, and dehydrated through ascend- 
ing concentrations of ethanol (40 to 100%). After being infiltrated 
and embedded in Spurr's epoxy resin (Spurr 1969), thin sections 
(500 to 800 A thick) were cut on an LKB 2128 UM IV microtome 
with a diamond knife. Sections were placed on carbon-stabilized 
colloidin-coated 200 #m-mesh copper grids and stained in 6% 
aqueous uranyl acetate for 40 min, rinsed in distilled water, stained 
with Reynold's lead citrate (Reynolds 1963) for 20 min, and further 
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rinsed in distilled water. Micrographs were taken with a Hitachi 300 
transmission electron microscope (80 kV). 

Glutaraldehyde-fixed spermatophores, some ruptured to release 
sperm, were photographed using Olympus BH2 Nomarksi interfer- 
ence contrast microscopy and scanning microscopy. Material for 
scanning was dehydrated through a graded series of ethanol (80 to 
100%) at 10 min intervals, followed by drying in ether, sputter- 
coating with gold, and photography on a Philips 505 scanning 
electron microscope at 20 to 30 kV. 

Results 

Spermatophores 

The spermatophores of  Birgus latro are pedunculate and 
typical of  those found in the Coenobitidae. They are di- 
vided into three main regions - a sperm filled ampulla, a 
stalk and a foot or pedestal (see Fig. 2 B). The ampulla is 
an inverted heart-shape, laterally compressed and 
bounded by a 10 #m-thick sheath. The ampulla have a 
mean length and width of  441 and 447 Fro, respectively 
(n = 6). The short stalk attaches into the notch of the 
heart-shaped ampulla and has a broad attachment to the 
pedestal. During copulation, spermatophores are at- 
tached to the coxae of  the second to fourth ambulatory 
legs of  the female (C. Schiller personal communication). 
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Fig. 2. Birgus latro. Light microscopy (A, B) and scanning electron 
(SEM) micrographs (C- E) of spermatozoon. (A) Single spermato- 
zoon showing three conspicuous microtubular arms (ma) laterally, 
and several shorter, nuclear arms (na) posteriorly; a: acrosome; p: 
perforatorial chamber. (B) three entire pedunculate sperma- 
tophores composed of heart-shaped ampulla (am), stalk (s) and 

pedestal (ped). (C) Detail of anterior end of spermatozoon, showing 
conical operculum (o). (D) Detail of posterior end of spermatozoon, 
showing bifurcating nuclear arm (ha). (E) Entire spermatozoon, 
showing reduced nucleo-cytoplasmic region (ncr) posteriorly and 
long microtubular arms (ma) 

Sperm morphology 

The spermatozoon of  Birgus latro is approx 14 #m in 
length (excluding the nuclear extensions) and is com- 
posed of an extensive oblong-ovoid acrosome protruding 
from the relatively small cytoplasmic and nuclear region 
at its base (Figs. 1, 2 E; 3 A). The nuclear material forms 
a series of  extensions or "pseudopodia"  posterior to the 
main body of  the sperm. In light micrographs these can 
be readily confused with the microtubular arms 
(Fig. 2 A). The form and number of  the nuclear arms is 
variable. The three long microtubular arms arise from the 
cytoplasmic-nuclear junction, where they merge to sur- 
round the base of  the acrosome. The acrosome has a 
prominent conical operculum (Figs. 1, 2C, E; 3 B) and a 
deep perforatorium, while the remaining cell organelles 
are crowded into the meagre cytoplasm (Figs. 1; 3 A). 

The acrosome 

The acrosome constitutes most of  the sperm volume in 
Birgus latro. It is large, multi-zoned, and oblong-ovoid 
(Figs. 1, 2E). It has a mean length of  12.4/~m (range 11.9 
to 12.9 #m; n = 4); and a mean width of  5.5 #m (range 5.2 
to 5.8 #m; n = 7). At the anterior end is a conical opercu- 
lum, while at the posterior or nuclear end is the columnar 

perforatorial invagination. The entire acrosome is en- 
sheathed by a thin electron-dense membrane, the capsule 
(Figs. 1; 3 D), which is distinct from the cell membrane. 

The operculum (Figs. 1; 3 A, B), which has a mean 
diameter of  3.4 #m (range 3.2 to 3.5 #m; n-- 5), is a very 
electron-dense cone. Some residual cytoplasm remains 
perched on the outer edge of  the operculum between it 
and the cell membrane (Figs. 1; 3 B). A distinct bipartite 
subopercular zone extends about  one-quarter of the way 
down the acrosome. The anteriormost region is homoge- 
neous, lighter in density and fills the cone of  the opercu- 
lum. Very fine striations (Fig. 3 B) arising from this zone 
appear to penetrate the dense operculum. A crenulated 
boundary separates this region from the more posterior 
denser region of the subopercular zone, which ends 
bluntly against the central acrosome core. This posterior 
region might alternatively be considered an anterior region  
of the central core. A very thin layer of  paler electron 
density is interleaved between the central core and the 
posterior subopercular chamber (Figs. 1; 3 A). 

The remainder of  the acrosome is composed of  three 
distinct layers or zones (Fig. 1). The inner acrosome zone 
consists of  the central core referred to above and a sur- 
rounding acrosomal ray zone, and makes up the bulk of 
the acrosome. The central acrosome core is a homoge- 
neous electron-dense zone of  similar density to the poste- 
rior subopercular zone. This central core continues from 
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the posterior end of  the subopercular chamber through 
the central axis of  the acrosome and invests itself around 
the perforatorial invagination (Figs. 1; 3 A). 

The acrosome ray zone (Fig. 1) is a conspicuous re- 
gion of large radiating tubules (38.5 nm) surrounding the 
central core and extending the full length of  the acro- 
some, and narrowly separated from the capsule. In trans- 
verse section (Fig. 3 G) the tubules appear as circular ar- 
eas of light electron density in a dark matrix, while in 
longitudinal section (Fig. 3 D, F) they appear as alternate 
bands of  light and dark. This ray zone fails to reach the 
outer edge of  the acrosome because the third layer, the 
outer acrosome zone, intervenes between it and the cap- 
sule (Fig. 1). The outer acrosome zone is of  similar elec- 
tron density to the central core and extends as a thin 
envelope around the entire acrosome, to apparently meet 
with the latter at the neck of the perforatorial invagina- 
tion (Fig. 3 A). 
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irregular peripheral band subjacent to the inner acroso- 
mal core. A structure (Fig. 3 F) identifiable with the or- 
ganelle, which was tentatively termed the putative perfo- 
ratorium in Ranina ranina (Jamieson 1989 a), is present in 
the anterior region of  the perforatorial chamber. The 
paucity of  these structures in the sperm of  Birgus latro 
relative to those of R. ranina renders less convincing the 
view that they contribute to formation of  a perforatorial 
filament, although they may be involved in storage of  
perforatorial precursors. The possibility that they are ex- 
traneous organisms cannot yet be dismissed, and the na- 
ture of this organelle requires further investigation. 

Within the invaginated perforatorial core, chiefly at 
the junction of  posterior and anterior moieties, but con- 
tinuous with the inner acrosome zone, is a band of  digiti- 
form, sometimes branched, microvillus-like extensions 
(Figs. 1; 3A, E). They project into the invagination and 
diminish in size and abundance posteriorly. 

Subacrosomal region 

Extending nearly half  way up the acrosome from the 
posterior or nuclear pole is the prominent perforatorial 
chamber (Figs. 1; 3 A). This invaginated, columnar core 
has a mean width at its widest point of  2.4/~m (range 2.1 
to 2.7 #m; n=4) ,  and a mean length of  5.4/~m (range 
5.0 to 5.8/~m; n =4). The column is the same diameter for 
most of  its length, except for the most posterior end 
where it becomes thinner as it meets the nuclear material. 
The perforatorial-nuclear boundary is not delineated by 
a membrane and is discernible only by the difference in 
density between the two areas. A condensation of  the 
perforatorial matrix appears at this junction (Fig. 3 A). 

The matrix within the perforatorial invagination is in 
two forms posteriorly and anteriorly. Extending anteri- 
orly from the condensation at the perforatorial-nuclear 
boundary is a plug of  homogeneous, granular, electron- 
pale material, which gives way anteriorly to a more vari- 
able, denser form (Figs. 1; 3 A). This latter region has an 

Fig. 3. Birgus latro. Transmission electron (TEM) micrographs of 
spermatozoon. (A) Longitudinal section (LS) of entire spermato- 
zoon. (B) Detail of operculum of (A), showing differentiated sub- 
opercular zone and striations subjacent to dense operculum. (C) 
Oblique section through ring of cytoplasm and into a nuclear arm, 
showing numerous small mitochondria, membrane systems and 
conspicuous lamellar body. (D) Transverse section (TS) through 
acrosome, anterior to perforatorial chamber. (E) Detail of digiti- 
form, microvillus-like extensions of inner acrosome zone projecting 
into perforatorial chamber. (F) Detail of LS of acrosome ray zone, 
showing alternate light and dark bands and detail of anomolous 
perforatorial inclusion. (G) Tangential section through acrosome 
ray zone and ring of cytoplasm, showing appearance of individual 
rays in TS, membrane systems, and LS of a microtubular arm. (H) 
Detail of branching microtubular arm where it enters cytoplasm, 
and form of chromatin in nucleus, ar: acrosome ray zone; c: capsule; 
ch: chromatin; iz: inner acrosome zone, lb: lamellar body; m: mito- 
chondrion; ma: microtubular arms; ms: membrane systems; my: 
microvillus-like projections; na: nuclear arms; npm: nucleo-plasma 
membrane; o: operculum; oz: outer acrosome zone; p: perforatorial 
chamber; pi: perforatorial inclusion; st: subopercular striations; sz: 
subopercular zone 

Cytoplasm 

The cytoplasm is very much reduced and sits as a ring 
around the acrosome base just above the nuclear region 
(Figs. 1; 3 A). Numerous irregularly shaped mitochon- 
dria with few cristae are present (Fig. 3 C), and appear 
continuous with a complex, loosely arranged membrane 
system. A single, conspicuous lamellar body composed of  
many closely aligned concentric membranes is also ap- 
parent (Figs. 1; 3 A). The three microtubular arms leave 
the sperm at the indistinct junction between the nucleus 
and cytoplasm. The arms are long (12 to 14/~m from light 
microscopy; Fig. 2A) and are made up of  a variable num- 
ber of  longitudinal microtubules (Figs. 1; 3 G, H). Each 
arm divides into two where it enters the cytoplasm 
(Fig. 3 H), passes to each side of  the acrosome, and then 
becomes continuous with the other arms. 

No centrioles were observed in the mature spermato- 
zoon of  Birgus latro. 

Nucleus 

The chromatin of the nucleus of  Birgus latro is diffuse 
(Fig. 3 H) and, because there is no distinct membrane 
between the nucleus and the cytoplasm, appears continu- 
ous with the granular matrix of the latter (Fig. 3 A, C). 
The nucleus is drawn out into long filamentous branch- 
ing arms (Figs. 1; 2 D; 3 A, C) which are distinct from the 
thicker monopodial  microtubular arms at the ultrastruc- 
tural level (notably in lacking microtubules), but the two 
may be confused under the light microscope (Fig. 2A). 

The cell membrane is thickened from the cytoplasmic 
ring posteriorly (Fig. 3 A, C, H), and probably consists of  
the combined nuclear and plasma membranes. 

Discussion 

The paucity of  literature on sperm ultrastructure within 
the Paguroidea limits comparisons. The structure of  sper- 
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Table 1. Spermatophore form in Paguroidea. + : present; - : ab- 
sent 

Family and Spermatophores Source 
genus 

Pedun- Non-pedun- 
culate culate 

Coenobitidae 
Coenobita ÷ 
Birgus + 

Diogenidae 
Clibanarius + 
Diogenes + 
Dardanus + 

Paguridae 
Eupagurus ÷ 

Aniculus 
Pagurus + 

m 

m 

m 

Matthews (1956) 
Matthews (1956), and 
present study 

Mouchet (1930, 1931) 
Mouchet (1930, 1931) 
Matthews (1953, 1956) 

+ Mouchet (1930, 1931, 
Hamon 1937) 

+ Matthews (1957) 
+ Greenwood (1972) 

matophores in the families Coenibitidae, Diogenidae and 
Paguridae is summarized in Table 1. 

In comparing the ultrastructure of  the sperm of Birgus 
latro with that of Coenobita cIypeatus we will primarily 
refer to Hinsch (1980a). 

The external sperm morphology of  the two species is 
very similar, but the length is greater in Birgus latro 
(14 ~m) than in Coenobita clypeatus (8 #m), and the acro- 
some in B. latro is less precisely cylindrical. Both have the 
three long microtubular arms and, in the posterior part of  
the sperm, shorter, more numerous nuclear extensions. 

The internal acrosome structure is consistent between 
the two species, and the distinctive acrosome zones can 
readily be identified and homologized. In both species the 
entire acrosome is invested in the thin, electron-dense 
capsule, and the perforatorial invagination occurs in the 
posterior end. The capsule is a thin electron-dense layer 
much less developed than the capsule described for 
brachyurans (Jamieson 1989a, b). The anterior apex of 
the acrosome is capped by an electron-dense operculum 
which is dome-shaped in Coenobita cIypeatus and conical 
in Birgus latro. Unlike the sperm of C. clypeatus, residual 
cytoplasm is present external to the operculum in B. la- 
tro. The subopercular zone, which is divided into two 
consecutive regions of  varying electron density, extends 
as a column posteriorly from a subterminal position be- 
neath the operculum in both species. In C. clypeatus the 
posterior region of  the subopercular zone is coarsely 
granular, and contrasts markedly with the finely granular 
appearance of the same region in B. latro. Hinsch (1980a) 
describes, in C. clypeatus, a series of dense "rods"  which 
occur between the operculum and the anterior layer of  
the subopercular zone. No such structures were seen in 
this position in B. latro, although fine striations below 
and penetrating the operculum are present. The inner 
acrosome zone, composed of a central core of homo- 
geneous density and an exterior radiating ray zone, con- 
stitutes most of  the acrosome in both species, but the 
central core in C. clypeatus appears not to invest the ante- 
rior end of  the perforatorial investigation as it does in 
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B. latro. The weakly developed outer acrosome zone en- 
velops the inner zone as a thin electron-dense layer. This 
extends from the neck of the perforatorial invagination, 
where it appears continuous with the central core of the 
inner acrosome zone, around the remainder of  the acro- 
some. This situation is similar in both species. 

Positioned posteriorly in the acrosome is the large 
granular, perforatorial invagination which in Coenobita 
clypeatus and Birgus latro has a consistent width except 
for the narrower base or neck. The contents of this in- 
vagination can be divided into two regions based on elec- 
tron density and granular form. In the lower half of the 
invagination the walls protrude as microvillus-like pro- 
jections which, in both species, appear to be extensions of 
the inner acrosome-core matrix. 

The nuclear material in both species is diffuse, and 
where it meets the cytoplasm appears to have no clear 
membrane or delineation. Irregular vesicles were re- 
ported by Hinsch (1980 a) in Coenobita clypeatus at this 
junction, and probably represent degenerating nuclear 
membranes as demonstrated for Portunus pelagicus by 
Jamieson (1989 a). The nucleus forms conspicuous arms 
or extensions at its posterior surface, and these appear to 
be more irregular in Birgus latro than in C. clypeatus. The 
combined nuclear and plasma membranes form a thick- 
ened membrane in both species which extends only as far 
as the cytoplasmic ring. 

The remainder of  the cellular organelles are found in 
the ring of  cytoplasm which surrounds the acrosome 
base, anterior to the nuclear material. These organelles 
are numerous small mitochondria associated with tortu- 
ous membrane or lamellar systems and three microtubu- 
lar arms; the arms were suggested by Hinsch (1980a) to 
be of  cytoplasmic origin in Coenobita clypeatus. All the 
above organelles are found in the same positions in 
C. clypeatus (Hinsch 1980a). In Birgus latro there is a 
single lamellar body which Hinsch (1980 a) appears also 
to have illustrated for C. clypeatus (her Fig. 14). The ma- 
ture sperm of  C. clypeatus differs from B. latro in retain- 
ing a centriole at the nuclear-perforatorial boundary. 

Thus, similarity of the sperm of  Coenobita clypeatus 
and Birgus latro is striking and indicates some consis- 
tency of sperm ultrastructure at the intra-familial level. If  
comparisons are drawn between the two species from the 
Coenobitidae and a single investigated species of the 
Paguridae (Eupagurus bernhardus), interfamilial differ- 
ences but also similarities in sperm ultrastructure can be 
seen. 

Our knowledge of the sperm of  Eupagurus bernhardus 
derives from drawings and micrographs of Chevaillier 
(1966, 1967, 1968, 1970). The E. bernhardus spermato- 
zoon is composed of  the same three major components: 
a prominent ovoid acrosome, a polymorphic nucleus and 
a ring of  cytoplasm containing the other cellular or- 
ganelles. The acrosome vesicle is much shorter in length 
than in C. clypeatus and B. latro, but seems to maintain 
the same multi-layered configuration. A thin electron- 
dense capsule again surrounds two concentric acrosome 
zones which are homologous with the inner and outer 
acrosome zones in C. clypeatus and B. latro. The inner- 
most part of the inner acrosome zone (the central core), 
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which is prominent in the Coenobitidae studied, is absent 
from E. bernhardus. A strongly electron-dense, conical 
operculum is situated apically on the acrosome vesicle 
during spermiogenesis in E. bernhardus but, unlike the 
coenobitids, disappears at maturity (Chevaillier 1970) 
and no subopercular zone is apparent. As in the other 
two species, a prominent perforatorial invagination ex- 
tends anteriorly from the base of the acrosome, but in 
E. bernhardus it occupies the full length of  the acrosome. 
The invagination contains a series of longitudinally ar- 
ranged microtubules which appear to extend the full 
length of  the perforatorial chamber. These microtubules 
are not  found in the two coenobitid species, although 
digitiform, microvillus-like extensions of  the perforato- 
rial wall are present. The cytoplasm in E. bernhardus oc- 
curs as a ring which, as in C. clypeatus and B. latro, in- 
vests the base of  the acrosome vesicle, anterior to the 
nucleus. In all these species this ring contains many mito- 
chondria, membrane systems and the bases of  the three 
microtubular arms. Two doublet centrioles are present in 
the E. bernhardus spermatid but disappear when the 
sperm matures (Pochon-Masson 1963, Chevaillier 1970). 

In Eupagurus bernhardus the nucleus is situated in the 
same, posterior position as the other two species, but is 
much more extensive. Chevaillier (1966, 1967, 1968, 
1970) has previously investigated the ultrastructure of the 
D N A  fibres that constitute the nuclear material, and has 
found that they range in width from 20 to 200 ~ and are 
not combined with any significant amounts of  protein. 
He recognised the membrane which surrounds the nu- 
cleus and the cytoplasm as a combination of the plasma 
and the nuclear membranes. This fused membrane is 
found throughout  the studied Anomura  and Brachyura. 

The present study on the ultrastructure of the sperma- 
tozoa of  Birgus latro, in combination with the previous 
work of  Hinsch (1980a) on Coenobita clypeatus, has 
shown that there are morphological characters of sperm 
(irrespective of considerations of  plesiomorphy or apo- 
morphy) which typify the Coenobitidae. Ultrastructural 
sperm studies on Eupagurus bernhardus (Paguridae) by 
Pochon-Masson (1963) and Chevaillier (1966, 1967, 
1968, 1970) have enabled interfamilial comparisons to be 
made. 

Traditionally, the two families Coenobitidae and 
Paguridae were placed in two separate superfamilies; the 
Coenobitoidea and the Paguroidea, respectively, on the 
basis of  larval characters. A diphyletic origin of  the her- 
mit crabs from ancestral anomurans was subsequently 
suggested (MacDonald et al. 1957). More recently, Wolff 
(1961), McLaughlin (1983) and Martin and Abele (1986) 
have re-examined the question of  hermit crab phylogeny 
and, using classic taxonomy and modern cladistic meth- 
ods, have gathered evidence which supports a 
monophyletic origin for the group. The previously sepa- 
rated families, Coenobitidae and Paguridae, are now 
united with the four other families under the superfamily 
Paguroidea. The Paguridae-Lithodidae-Parapaguridae 
assemblage is distinguished from the Diogenidae-Coeno- 
bitidae (their sister group) by two synapomorphies 
(McLaughlin 1983). These are "handedness" and fusion 
or otherwise of  the first abdominal somite. This separa- 
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tion is here supported by the difference in sperm ultra- 
structure between Birgus latro and Coenobita clypeatus 
(Coenobitidae) and Eupagurus bernhardus (Paguridae). 
Similarly, the distribution of  pedunculate or non-pedun- 
culate (sessile) spermatophores in the Paguroidea 
(Table 1) appears to agree with the above separation. 
Pedunculate spermatophores occur in all three of  the 
studied families but sessile spermatophores so far have 
only been found in the Paguridae. Further ultrastructural 
sperm studies on additional hermit crab families and 
other anomurans are required to present a clearer picture 
of  anomuran phylogeny. 
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