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The spermatozoa of Potuinon-fluviutileand P . ibericrrm are virtually indistinguishable and do not
support separate subgeneric rank (Potainon and Punripofurnon, respectively). Synapomorphic
with the spermatozoa of the South African freshwater crab Potumonuutrs parlutus .siClne~.iare the
elongation of the two centrioles and disposition of the centrioles almost parallel to each other,
unknown elsewhere in the Brachyura, and reduction of the thickened ring (homoplasic with
grapsids and gecarcinids). Other, probably synapomorphic, similarities of Potamon and Pofurnonnutrs include the wide inner acrosome zone, absence of a definite acrosome ray zone
(homoplasic in other families) and the cleistospermial spermatophores. Further similarities, of
questionable polarity, are the simple, not niultilaminar, nuclear membrane and the tendency of
the nuclear arms to wrap around the nucleus. Differences of Pofamon from Potumonautes, which
possibly support their present generic separation and give weak support to their former separate
familial placement in the Potamidae and Potamonautidae respectively, are perforation of the
operculum and the weak, rather than strong, development of a periopercular rim. Absence in
Potanion and Potumonaure.~of an accessory opercular ring and a xanthid ring separates them
from xanthids. No close affinities with other heterotrenie families are seen but their assignment to
the Heterotremata is not in doubt. Their spermatozoa lack two of the distinctive features of
thoracotreme spermatozoa (apical button on the operculum and concentric lamellation of the
outer acrosome zone). No clear correlates of spermatozoon structure with a freshwater existence
are recognizable but reduction of the thickened ring possibly relates to peculiarities of the
acrosome reaction. However, the production of spermatophores with single spermatozoa
(cleistospermia) is possibly a device to prevent polyspermy and wastage or the small number
of lecithotrophic eggs produced in potamids.

Introduction

The true freshwater crabs, sometimes also called river crabs, are freshwater crabs which do not
experience a marine milieu at any stage of the life cycle and have no cofamilial marine
contemporaries. They occur in the tropical and warm-temperate to temperate zones of all
continental masses, Europe, Africa, Asia, Australia and America. They are different from the
various kinds of crabs which have colonized brackish, inland water and even terrestrial habitats
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but which have close marine relatives and which generally return to brackish water or the sea to
breed and for larval life (for instance, Varuninae, Sesarminae and at least a part of the
Hymenosomatoidea). The true freshwater crabs, although some rare species tolerate brackish
water (Bott, 1969), live away from salt water, often very remote from the sea even in the centre of
continents, inhabiting rivers or their banks, streams (sometimes at montane altitudes as high as
3000m), lakes and marshes, but also occurring in rainforest, under leaves, and in other habitats
which provide a humid atmosphere. Some, however, not only survive without immersion in
water, but also tolerate relatively dry conditions, as in the Sahara and Australia.
It appears that direct development is the rule among true freshwater crabs. They are
characterized by few, large lecithotrophic eggs; a longer incubation period; the young hatching
as miniatures of the adult and being carried for a time under the abdomen of the female (maternal
care). There is no free-swimming marine planktonic phase requiring a metamorphic moult and
no larval dissemination as the zoea and the megalopa stages have been eliminated. Direct
development appears, inter aha, to be a mechanism to reduce dispersal from optimal (specialized,
restricted) conditions occupied by the adults and to enhance survivorship by reducing predation.
They appear to differ from some other crabs adapted to freshwater (grapsids, for instance
Eriocheir) or to terrestrial habits (gecarcinids, for instance Curdisornu) in being unable to walk
long distances on land, a fact correlated with the absence of the requirement to return to marine
or brackish conditions to breed and to spend the early life stages.
A number of apomorphies, which are probably at least partly homoplasic, characterize
freshwater crabs. All show morphological adaptations for air-breathing and water-conservation,
with a reaccommodation of mouth parts.
All freshwater crabs were placed in a single taxon, the Potamonidae (type-genus: Poturnon
Savigny, 1816), by early workers (e.g. Ortmann, 1896, 1902; Balss, 1957). The old name
Potamonidae was corrected to Potamidae in 1964 (Bull. zool. Norn. 21: 342).
In her work on the phylogeny of crabs (in which freshwater crabs are not studied, though
named), Guinot (1978) used a single name, Potamidae, but in sensu luto, and for convenience
only, to connote the true freshwater crabs. For the same reasons, Guinot (1978) and Rabalais &
Gore (1 985) recognized a single superfamily Potamoidea, with several families.
With the extraordinary augmentation of known forms in most inland tropical waters of the
world (sometimes every basin having its own taxon, as determined from gonopod features),
freshwater carcinologists have considerably increased the number of taxa, admitting more levels
than for the marine fauna (Holthuis, 1979), sometimes adopting a nomenclature more quadrinominal than binominal and using different systems of classification (for instance, use of tribes,
subtribes). The wide divergences among recent carcinologists on classification largely reflect
contradictory positions about the origin and phylogeny of the group. Some workers postulate a
common, distant (marine) ancestry for true freshwater crabs with a monophyletic origin for all
groups, then fragmentation of archaic forms; others propose the hypothesis of several successive
radiations, in the Tertiary, arising from different marine families (xanthoids, portunids, etc);
others consider that genera originated from nearby genera by extension of range and isolation.
For a discussion see Rodriguez (1986) who rightly states that ‘the present distribution of
freshwater crabs cannot be understood simply in terms of either vicariance or dispersal, but as
the result of a complex series of events’.
In outlining the major groups of the true freshwater crabs, we will not here deal with various
hypotheses as to their biogeographical origins. It is, however, relevant to discuss the status of
potamoid families. From a morphological stand point it might be questioned whether the family
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Potamonautidae (type-genus: Potamonautes MacLeay, 1838), established by Bott (1970u, h,
1972) for some African genera, is valid at the fainily level. The principal differences concern the
mandibular palp, with three articles (Potamon, in the family Potamidae) or with two articles
(Potamonautes, in the family Potamonautidae). Subsequently, Monod (1 977), rejected the
multiplication of freshwater families and recognized in Africa only two families: Gecarcinucidae
(notably with Glohonuutes Bott), and Potamidae, the last including the Potamonautidae.
Nevertheless, the Potamonautidae is retained as a family by many authors (Abele & Felgenhauer,
1982; Cumberlidge & Sachs, 1989; Banarescu, 1990; Cumberlidge, 1995; Stewart, Coke & Cook,
1995). It is also questionable whether the Palaeotropical family Potamidae is phyiogeneticdlly
distinct from the Neotropical Trichodactylidae; in both of them plesiomorphy is apparent in the
mouth parts, in the very simple first pleopod and in the long pleopod 2. On the other hand, we
suggest that the Neotropical family Pseudothelphusidae, which are apomorphic in possessing a
first pleopod with a multilobate and ornamented apex, are not closely related to Potamidae but
are derived from the Panopeidae, mud-crabs of the superfamily Xanthoidea.
In the present study we confine our attention to two families in examining the spermatozoa of
two species of Potamon (Potamidae Ortmann, 1896) and comparing these with the spermatozoa
of Potanzonautes perlatus sidneyi (Potamonautidae Bott, 1970a) previously described by Jamieson (1993).
The family Potamidae has more than 60 species in about 15 genera. They are present in north
Africa, tropical and warm temperate Eurasia to the Philippines and Japan; Wallace’s line marks
their eastern limit. They live only on continents and continental islands. It is the only freshwater
crab family which occurs in Europe (Pretzmann, 1962). The type-genus Potamon Savigny, 1816,
ranges from Algiers and Italy throughout west Asia and the southern slopes of the Himalayas to
Burma and western Yunnan. The discovery of fossil Potamon in northern Europe from the upper
Miocene (Pannon age) indicates that the genus was formerly distributed further northward and
westward than at the present time, owing to a warmer climate in Middle Europe (Pretzmann,
1972). For discussions of speciation and subspeciation of potamids see Hogarth (1 993) and
Pretzmann (1980, 1983a, h, 1984, 1986, 1993).
The two species of Potamon which we investigate are currently placed in two subgenera,
Potamon (Potamon) for P. ,fluviatile (Herbst, 1785), and Potanzon (Pontipotonzon Pretzmann,
1962), for P. ibericum tuuricum (Czerniavsky, 1884) (see Pretzmann, 1983a, h, 1984, 1993).
The material of Potamon (Potamon).fluviatile was collected by Dr M. Vannini, from Italy
(Florence). The ultrastructure of spermatozoa from this material has been the subject of a brief
account (greatly augmented here) by Tudge & Justine (1994) in an investigation of the
distribution of actin and tubulin in crab sperm. The material of P. (Pontipotumon) ilwicum
which we investigate was collected from the Herault River, southern France. The preliminary
investigations on the occurrence of potamid crabs now established along at least 15 km of the
HCrault river in an apparently abundant population have suggested the possibility of a relatively
recent (20-30 years?) introduction into France mixed with crayfishes imported from Turkey,
rather than a relict status, which is most unlikely as demonstrated by recent chorology
(Charmantier, 1992). The native P. (Pontipotumon) ibericum tauricuin inhabits Turkey. But
this subspecies is itself subdivided in several infrasubspecific local forms.
The family Potamonautidae Bott, 19700 (leaving aside its questionable distinction from the
Potamidae) is widely distributed in Africa, from the south of the Sahara to South Africa.
Potanzonautes MacLeay, 1838, is a genus of freshwater crabs with 15 subgenera and more than
50 species. It was formerly placed, as a subgenus of Potamon Savigny, 1816, in the family
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Potamidae Ortmann, 1896, in the subfamily Potaminae. Bott (1955) raised Potamonautes to
generic rank while retaining it in this subfamily.
In the present study we address the following questions, from the point of view of
spermatozoal ultrastructure. Does separate subgeneric rank appear justified for each of the
two species P. fluviatile and P. ibericum? How closely related does the genus Potamon,
represented by these two species, appear to be to the genus Potamonautes and does separate
familial status seem justified for the latter? What relationships can be deduced between the family
Potamidae and other brachyuran families? In addition some comparison is made with the
spermatozoa of the only other land or freshwater crabs investigated (the terrestrial Cardisoma
earnifex, in the Gecarcinidae, and the freshwater Varuna litterata, in the Grapsidae Varuninae
(investigated by Jamieson, Guinot & Richer de Forges, 1996); and Australocarcinus, in the
Goneplacidae (Jamieson & Guinot, 1996). Consideration of the Hymenosomatidae, ranging
from marine to brackish and freshwater habitats, will be deferred to another work.
Materials and methods
The collections
The mature male specimens of Potamon fluviatile (Herbst, 1785) were collected by Professor M. Vannini
from Italy, 12km from Florence, Bagno a Ripoli, in August 1992, and those of Potamon ibericum were
collected by Dr G. Charmantier from the Herault River, Montpellier, France in July 1992.

Histological techniques
Portions of the testis (approximately 1 mm3) were fixed in 3% glutaraldehyde in 0.2M phosphate
buffer (cacodylate for Potamon ibericum) at pH 7.2, for a minimum of 2 h at 4 "C before transportation, in
the fixative, at ambient temperatures, to the laboratory. They were rinsed in phosphate buffer (3 rinses in
15 min), postfixed in phosphate-buffered 1YOosmium tetroxide for 80 min; similarly rinsed in buffer and
dehydrated through ascending concentrations of ethanol (40- 100%). After being infiltrated and
embedded in Spurr's epoxy resin (Spurr, 1969), thin sections (500-800 A thick) were cut on an LKB
2128 UM IV microtome with a diamond knife. Sections were placed on carbon-stabilized colloidincoated 200pm mesh copper grids and stained (according to Daddow, 1986) in Reynold's lead citrate
(Reynolds, 1963) for 30 s, rinsed in distilled water, then placed in 6% aqueous uranyl acetate for 1 min,
lead citrate again for 30s and finally again rinsed in distilled water. Micrographs were taken on an
Hitachi H-300 transmission electron microscope at 80 kV and a JEOL 100-S transmission electron
microscope at 60 kV.

Results

For a comparative account and explanation of the various components of the brachyuran
spermatozoon see Jamieson (199 1a , b, 1994), Jamieson, Guinot & Richer de Forges (1 995) and
the Discussion. The 1994 paper contains a diagram of these components. Table I lists the state
of all characters used by the authors in spermatozoal analyses for both species and allows
comparison of Potamon (Potamon)Juviatile with P. (Pontipotamon) ibericum and comparison
of both of these with the other investigated freshwater crab Potamonautes perlatus sidneyi, the
spermatozoon of which was described by Jamieson (1993).
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General morphology
The spermatozoon of Potamon ihericum is illustrated from transmission electron microscopy
in a line drawing (Fig. 1) and in micrographs (Plates la-c, Ira-e). The spermatozoon of Potamon
fluviatile is illustrated from transmission electron microscopy (Plate IIIa-e). No significant
differences between the spermatozoa of P. ihericum and P. fluviatile are recognizable and the
spermatozoa of the two species will be described together.
As in Potamonautesperlu~ussidneyi,each of the many spermatophores in the testes of Potuinon
ihericum and P . fluviatile contains only one spermatozoon. As such the spermatophores
constitute cleistospermia in contrast with spermatophores with multiple spermatozoa, termed
coenospermia. The spermatozoa (Potamon ihericum: Fig. 1, Plates Ia, b, He; P. .fluviatile: Plate
IIIa) are typically brachyuran in gross morphology. An acrosome vesicle forms most of the bulk.
The acrosome is concentrically zoned but lacks the concentric lamellation seen in thoracotremes;
it is capped apically by a dense operculum and is ensheathed in a very thin layer of cytoplasm
T A B LIE
Compurison of Potamon ibericnm and P. fluviatile with Potamonuutes perlatus sidneyi
Potuinonuutes

Charactcr
1. Acrosome length/width
2. Acrosome zonation
3. Opercular perforation
4. Opercular projections into suboperculum
5. Operculum-capsule continuity
6. Operculum thickness
7 . Opercular width
8. Periopercular rim
9. Accessory opercular ring
10. Subopercular protuberance
1 I . True acrosome ray zone
12. Outer acrosome zone
13. Anterolateral pale zone
14. Flangelike lower zone
15. Xanthid ring
16. Perforatorium
17. Head of perforatorium
18. Corrugations of perforatorial chamber
19. Lateral arms
20. Lateral arms
21. Centrioles
22. Post median process
23. Thickened ring
24. Concentric lamellae
25. Capsular chambers
26. Capsular projections
27. Capsular flange
28. Spiral acrosome zone
29. Opercular overhang
30. Spermatophores

perlutus
sidneyi

Potamon
ibericunz

Potamon
fluviatile

0.9
Concentric
*Imperforate
Absent
Discontinuous
*Moderate
Moderately wide
*Well developed
Absent
Absent
Presence uncertain
Not ragged
Absent
Absent
Absent
Pre-equatorial
Non-capitate
Absent
Several
Nuclear only
Elongate
Absent
*Vestigial
Absent
Absent
Absent
Absent
Absent
*Absent
Cleistospermia

0.7-0.9
Concentric
Perforate
Absent
Discontinuous
Moderate but thickei
Moderately wide
Weakly developed
Absent
Absent
Absent
Not ragged
Absent
Absent
Absent
Pre-equatorial
Non-capitate
Absent
Several
Nuclear only
Elongate
Absent
Weak
Absent
Absent
Absent
Absent
Absent
Present?
Cleistospermia

0.8
Concentric
Perforate
Absent
Discontinuous
Moderate but thicker
Moderately wide
Weakly developed
Absent
Absent
Absent
Not ragged
Absent
Absent
Absent
Pre-equatorial
Non-capitate
Absent
Several
Nuclear only
Elongate
Absent
Vestigial
Absent
Absent
Absent
Absent
Absent
Present?
Cleistospermia

* Difference of Potamon ihericutn and/or Potamon Juvicitilr from Potumonuutrs perlutus sidneyi. Note: there are no
differences in the recorded characters between Potamon ihericum and P. $zitviatile other than, possibly, character 1.
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FIG 1. Poturnon ihericurn. Semi-diagrammatic mid-vertical section of a spermatozoon, traced from a transmission
electron micrograph.

which in turn is embedded in the nucleus. The acrosome vesicle is centrally penetrated, almost to
its apex, by a cylindrical perforatorial column. The nuclear material forms several marginal
projections or ‘arms’. The spherical, or here slightly depressed, form of the acrosome is typical of
the Eubrachyura (Heterotremata+Thoracotreinata).
A chromatin-containing ‘posterior median process’ of the nucleus, seen in homolids, Ranina
and some majids is absent. The nucleus consists of uncondensed, fibrous chromatin, and forms a
cup surrounding the acrosome as in all other brachyurans. A thin layer of cytoplasm, which
intervenes between nucleus and acrosome as in other brachyurans, forms a small mass containing
the putative centrioles and projecting at the posterior end of the perforatorial chamber.
Cytoplasmic islets lying lateral to the acrosome and embedded in the chromatin are rare (Fig.
1, Plate Ib); they contain bodies identifiable by homology with other crabs as degenerating
mitochondria, although no cristae have been observed (Plates Ia-c, I11 b, c).

Acrosome
The subspheroidal core of the Potamon spermatozoon consists entirely of the concentrically
zoned acrosome which is capped by, and includes, the opercular complex (Plates Ia, b, IIa, e, 111).
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The acrosome is invested by an acrosomal membrane underlain by a moderately electron dense
sheath, the ‘capsule’ (Plates Ia, IIa, IIIa). The mean length of the acrosome, from the apex of the
operculum to the base of the capsule, in Potamon ibericum is 2.73pm (S.D.=0.2, n = 15); the
mean width is 3.44pm (S.D.=0.22, n = 13). In P. fluviatile, the mean length is 2.84pm
(S.D.=0.18, n = 7), with a mean width of 3.47 pm (S.D.=0.17, n = 7) (Plate IIIa). The acrosomal
membrane is separated by a very thin, hyaline layer from the capsule and, like the capsule, is
invaginated to cover a columnar subacrosomal or perforatorial chamber, the contents of which
are the perforatorium (Plates Ia, IIa-d, IIIa-e). The anterior tip of this chamber extends almost
to the anterior apex of the spermatozoon. This central, subacrosomal axis of the acrosome is
surrounded by a moderately electron-dense layer, the inner acrosome zone (Plates Ia-c, IIa, b, d,
e, IIIa-c). The inner acrosome zone forms a thick cylinder, narrowest near its equator, and does
not extend into the posterior fifth of the acrosome. There is no xanthid ring or modification of
this. N o acrosome ray zone, typical of heterotreme spermatozoa, is recognizable. In some cases,
in P. ihericum (Plate Ia), the inner acrosome zone, near its base, sends a pointed, wing-like
extension on each side into the outer acrosome zone.
An outer acrosome zone (Plates Ia-c, TIa-e, ITTa-e) surrounds the inner acrosome zone and
the base of the perforatorial chamber. This outer zone extends to the convex margin of the
acrosome, being bounded by the capsule. It is uniform in structure and moderately electron
dense, though paler than the inner acrosome zone, and does not display concentric lamellae.
At the anterior pole of the Potamon acrosome, as in all other brachyurans and in paguroids,
there is a dense cap-like structure, the operculum (Plates Ia, b, IIa, IIIa). This has a mean width of
2.62 pm (S.D.=0.19, n = 12) in P. ihericum and 2.48 pm (S.D.=0.13, n = 6) in P.jiusiatile. Unlike
most heterotremes, but like investigated thoracotremes with the exception of Macrophthalmus
and Varuna litterata, the operculum in Potamon is perforate as in podotremes, the majid
Menaethius monoceros and corystoids. In Potamon the operculum is apically domed as in
thoracotremes, excepting Macrophthalmus, and in many heterotremes. Unlike thoracotremes,
there is no apical button. The electron-dense upper layer of the operculum is thicker in Potamon
than in most brachyurans.
A lower tier of the opercular complex (Plates la, IIa, IIIa), about as thick as the operculum
proper, Iacks the strong electron density of the upper tier and is present only in the central region
of the operculum. This layer may be termed the subopercular zone and appears homologous with
the lower layer of the operculum as defined for Potumonautes (see Jamieson, 1993) in which the
additional small subopercular zone was recognized. N o accessory ring is present. The dense layer
of the operculum has a small ‘opercular overhang’.
At the opposite, posterior, pole of the acrosome (Plates Ia, ITb-e, IIIa, d, e) the capsule is
interrupted, as in all brachyurans, by invagination of the acrosome membrane and capsule as an
orifice which opens into the columnar subacrosomal chamber. In Potamon, the orifice and the
perforatorial chamber and enclosed perforatorium are unusually wide. A ‘thickened ring’ which
is visible on each side of the subacrosomal invagination in most heterotremes and many
thoracotremes (see Discussion) is weakly developed and may be considered vestigial (Plates la,
IIb, IIId).
Periopercular rim

In Potamon. the periopercular rim, an electron pale rim between the opercular overhang and
the anterior ‘shoulder’ of the outer acrosome zone (Plates Ia, IIa, IIIa), is very weakly developed.
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PLATE
I. Poturnon ibericunz.Transmission electron micrographs. (a) Mid-vertical section (LS) of a single spermatozoon
in a spermatophore. (b) Longitudinal and oblique transverse section of two spermatozoa. (c) Transverse section (TS) of a
spermatozoon. Note the tendency OF a nuclear arm to wrap around the nucleus.

Abbreviations for all Plates: av, acrosome; ba; putative basal attachment of perforatorial tubules; ce, centriole; cy,
cytoplasm; ia. inner acrosome zone; m, mitochondrion; n, nucleus; na, nuclear arm; npm, nuclear plasma membrane;
0 , operculum; oa, outer acrosome zone: p. perforatorium ; pt, perforatorial tubules; so, subopercular zone;
sw, spermatophore wall; tr, reduced thickened ring.
Scale bars in all plates: 1 pm except where indicated.
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Suhacrosomal region
The subacrosomal material consists of a highly differentiated, unusually stout perforatorium
which extends from the posterior perforation in the capsule to the vicinity of the operculum at the
apex of the acrosome, as in other heterotreme (and thoracotreme) Brachyura (Plates Ia-c, IIa-e,
IIIa-e). The perforatorium is wider shortly above the thickened ring than elsewhere. The
substance of the perforatorium contains irregularly arranged microtubules, themselves of
somewhat irregular form and diameter.

Cytoplasm
The cytoplasm of the spermatozoa of Potamon forms a thin layer ensheathing the whole of the
acrosome excepting its opercular region (Plates Ia, c, IIIa, b, d, e). In places it expands into the
nuclear material as evidenced by the presence of putative degenerating mitochondria, occasionally (Plate IIIc) extending as islets (sometimes detached?) far into the nucleus (Plate Tc). The
periacrosomal cytoplasm is continuous with a mass lying at the posterior pole of the perforatorial
chamber and the material within the posterior perforatorial chamber may also be regarded as
cytoplasm. No cytoplasm extends into the nuclear arms.

Centrioles
The basal cytoplasm in the perforatorial chamber contains two centrioles (Plates IId, e, IIla, e).
The centrioles are unusual (see also Potamonautes, see Discussion) in being elongate (Plates IIc,
IIle). As both are seen in cross-section in some sections (Plate IId), they are deduced to be
approximately parallel to each other.

Nucleus
In Poturnon, as in other brachyurans, the nuclear material is located in the lateral arms and
in the cup-shaped structure around both the acrosome and its cytoplasmic sheath (Plates la-c,
IId, e, IIIa). The chromatin is separated from the operculum by the ‘periopercular’ rim (Plates
l a, IIa, IIIa), with or without intervention of a very thin layer of cytoplasm. The nuclear
membrane is represented by an often thick, strongly electron dense layer around the cytoplasm
(Plate la, c IIa, e, IIIa). In places it is very thin or possibly interrupted. It is also present as a
thin dark layer around the mitochondria1 islets and around the arms (Plate Ic). It shows none
of the hexalaminar or multilaminar structure seen in some heterotremes (for instance, in
dorippids and trapeziids).
The external surface of the cell is bounded by a moderately dense membrane which may
represent fused nuclear and plasma membranes, the nuclear plasma membrane (Plates la, c,
IIe, IIIa-c). The general chromatin consists of electron-dense filaments in a pale matrix as in
other brachyurans. In both species this network is dense near the acrosome, leaving a pale,
sparse zone in the lower third.
In both species, the nuclear arms tend to wind around the nucleus (Plates Ic, IIIb, c), as in
Potamonautes perlutus sidneyi.
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PLATE11. Poturnon ibericum. Transmission electron micrographs. (a) Detail of longitudinal section (L.S.) of opercular
region; (b, c and d). Detail of LS of base of perforatorial chamber. In (c), note elongation of the centriole and in (d), the
approximately parallel disposition of the centrioles. (e) LS spermatozoon. Abbreviation and scale bars as Plate I.
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PLATE111. Pofumo/i,fil6vicriilele.
Transmission clectron micrographs. (a) Mid-vertical section (LS) of a single spermatozoon
in a spermatophore. ( b a n d c) Transverse section of a spermatozoon. Note the tendency of a nuclear arm to wrap around the
nucleus. (d and e) Detail of LS of the base of the perforatorial chamber. Abbreviations and scale bars as Plate 1.
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Discussion

With regard to the questions posed in the Introduction, the following inferences can be drawn
from this study.
The spermatozoa of the two examined species of Potamon, P. ibericum and P.juviatile, are
virtually indistinguishable (See Table I). Small differences in dimensions given in the above
account are doubtfully significant and do not appear to be larger than those which occur between
crab species intragenerically. On the basis of spermatozoon structure alone, separate subgeneric
rank for each of the two species is not supported though the possibility remains that separation
on details of the terminal article of pleopod 1 gives two valid subgenera.
The spermatozoa of Potamon, represented by these two species, appear sufficiently similar to
those of Potamonautes to question or offer only weak support for separate familial status of the
latter. Synapomorphies of Potamon spermatozoa with the spermatozoa of the South African
freshwater crab Potamonautes perlatus sidneyi (see Jamieson, 1993) are the elongation of the
two centrioles and disposition of the centrioles almost parallel to each other, unknown
elsewhere in the Brachyura; and reduction of the thickened ring (homoplasic with grapsine
and sesarmine grapsids, and with gecarcinids though not with varunine grapsids, in which the
ring is well developed). Other, probably synapomorphic, similarities of Potamon and
Potamonautes (Table I) include the wide inner acrosome zone; absence of a definite acrosome
ray zone and the cleistospermial spermatophores. Further similarities, of questionable polarity,
are the simple, not multilaminar, nuclear membrane and a similar appearance of the nuclear
arms as they wrap around the nucleus. The larger periopercular rim in Potamonautes is a
difference of doubtful significance but perforation of the operculum in Potamon gives some
support to separate familial status, especially if confirmed in further species of the two genera.
Perforation of the operculum is usually a family-wide character state, e.g. Majidae, or may be
almost constant for higher taxa. It is perforate in the great majority of podotremes and
thoracotremes, having an additional apical button in the latter. However, variation from a
perforate to an imperforate condition sometimes occurs within families. Thus the operculum is
imperforate in Varuna though perforate in other grapsids. Similarly it is imperforate in
Mucrophthalmus crassipes (see Jamieson, 199lh, 1994) though perforate in other ocypodids.
It is imperforate in the freshwater species Australocarcinus hparius, as shown by Jamieson &
Guinot (1996).
Despite the difference in perforation, the operculum is similar in form in Potamon and
Potanzonautes, the lower of its two layers in Potamonautes perlutus sidneyi undoubtedly being
the equivalent of that termed the subopercular zone for Potamon.
The periopercular rim, weakly developed in Potamon, is an electron pale rim encircling the
pcriphery of the operculum and its underlying subopercular zone. It was first seen in the
spermatozoa of Potamonuutes perlatus sidneyi (see Jamieson, 1993), but was later demonstrated
in the xanthoids Calocarcinus africanus (see Jamieson, Guinot & Richer de Forges, 1993) and,
though weakly developed, Etisus 1aevimanu.s (see Jamieson, 1994). It is well developed in the
bythograeids Austinograea alayseae and Bythograea thermydron and the panopeid xanthoid
Eurypanopeus depressus and is weakly developed in Segonzacia mesatlantica, Eurytium limosum
and in Curdisoma carnifex (as shown by Jamieson et al., In prep., and Jamieson, Guinot & Richer
de Forges, 1995). It is clearly a highly homoplasic character. It is absent from Vauuna litteratu
and from Australocurcinus ripurius (see Jamieson, Guinot & Richer de Forges, 1996, and
Jamieson & Guinot, 1996, respectively).
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As to relationships between the family Potamidae and other brachyuran families, potamid
spermatozoa are typical of the Eubrachyura (Heterotremata+Thoracotremata). They lack two
of the distinctive features of thoracotreme spermatozoa: apical button on the operculum (also
lacking in ~ u c ~ o p ~ t h a [ iand
n u sVarunu) and concentric lamellation of the outer acrosome zone.
Absence of concentric lamellation of the outer acrosome zone, as in Potamon andPotamonaute.7
(and Austra/ocurcinu,r), is characteristic of heterotremes, in contrast to almost invariable
concentric lamellation in thoracotremes (Jamieson, 199 1 a,b). In thoractoremes concentric
lamellation is apparently absent in Uca dussui?zieri (see Jamieson, 1991a, b; 1994) and, apart
from a single vesicle doubtfully to be considered lamellation, in Varuna litterata.
The thoracotreme features which Potamon does possess, perforation of the operculum, and
absence of a definitely recognizable acrosome ray zone, are here deduced to be Potamonthoracotreme convergences. The operculum is also perforate in podotremes, majids (see
Jamieson, 19916) and corystoids (Jamieson et al., In prep.; Tudge & Justine, 1994; Tudge,
Grellier & Justine, 1994) among heterotremes. Potamid (and potamonautid) spermatozoa are
heterotremate in all respects except the absence of a definite acrosome ray zone (also lacking in
Varunu and Australocarcinus). Potamon spermatozoa show no features, such as a xanthid ring,
which would link them with one heterotreme family more closely than another. Absence in
Potamon and Potanzonautes of an accessory opercular ring further separates them from
xanthoids (though spermatozoa of the plesiomorphic xanthoid family Menippidae remain to
be investigated for this feature) and from most thoracotremes. Presence of opercular perforation
is a notable difference from most other heterotreme families, including the Portunidae, with
which freshwater crabs have been linked by some authors. A cladistic analysis (Jamieson e f al., In
prep.) has confirmed that spermatologically Potumonautes is excluded from the Thoracotremata
or from a xanthoid clade in the Heterotremata but otherwise has poorly resolved affinities
(Potamon was not included in the analysis). In their immunofluorescence study of the spermatozoa of Poturnon J-luviutile, Tudge & Justine ( 1 994) found actin to be associated only with a
region at the anterior or apical pore of the acrosome vesicle, apparently representing the
operculum. Failure to detect actin in the structure considered to be the perforatorium remains
to be explained.
Potumon and Potanzonautes are exceptional in the Heterotremata in reduction of the thickened
ring. The thickened ring, a short, curved lamina which is adpressed to the inner surface of the
acrosomal capsule where the latter invaginates to form the subacrosomal chamber, is present in
heterotremes and thoractremes, but it is reduced in varuniiie (Varuna litterata) or lost in typical
grapsids (see Jamieson, 1991b, 1994) and in the gecarcinid Cardisoma carnij2.x (Jamieson, Guinot
& Richer de Forges, 1996). The thickened ring is the sole basic synapomorphy of the
Eubrachyura (Heterotremata+Thoracotremata), although present (rarely) in Anomura (Jamieson, 1994; Tudge, 1994, 19952, h).
With regard to comparison between potamid (and potamonautid) spermatozoa (and also
Australocarcinus spermatozoa) with those of other freshwater or land crabs investigated
(Vurunu litterata) in the Grapsidae Varuninae, and Cardisoma carnifex in the Gecarcinidae,
see Jamieson, Guinot & Richer de Forges, 1996), the latter crabs return to brackish o r marine
water to breed, and for larval stages, and therefore might be expected to differ in fertilization
biology from true freshwater crabs. Differences of spermatozoon morphology might reflect
their different fertilization biology, while unusual similarities between the two groups would
be more likely to be related to the internal physiological environment of crabs which spend
part or all of their lives without a saline bathing medium. However, such correlates, if they
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exist, are not apparent. It is presumably merely coincidental that all five genera (Potamon,
Potamonautes, Australocarcinus, Varuna and Cardisoma) lack a recognizable acrosome ray
zone as, although absence seen in Potamon, Potamonautes and Australocarcinus is an unusual
feature for heterotremes, absence is an ancestral feature (thoracotreme synapomorphy) in
Varuna and Cardisoma. The acrosome ray zone is absent in all thoracotremes (a predominantly marine group), in which freshwater or terrestrial species always have contemporary
relatives in the sea, in contrast with true freshwater crabs. Furthermore, Varuna, lacking this
zone, reproduces in estuarine and marine conditions, whereas Potamon and Potamonautes,
also lacking it, reproduce in freshwater.
Presence of an opercular perforation in Potamon, Potamonautes (homoplasic with majids) and in
Cardisoma (where it is an ancestral, synapomorphic, thoracotreme condition), but not in Varuna,
or the wholly non-marine Australocarcinus, again cannot be attributed to a non-marine habitat.
Reduction of the thickened ring in Potamon and Potamonautes is extreme in grapsids (though
less reduced in Varuna) and in Cardisoma. The ring is, however, exceptionally well developed in
Australocarcinus. Although reduction probably relates to peculiarities of the acrosome reaction,
it thus cannot be seen as a common feature of true freshwater crabs (for a description of the
acrosome reaction (see Medina, 1992; Medina & Rodriguez, 1992).
The production of spermatophores with single spermatozoa, cleistospermia, in Potamon and
Potamonautes is presumably an adaptation to peculiar features of fertilization biology in these
genera. One evident peculiarity is the very large size and small numbers of eggs, correlating with
lecithotrophic, direct development. It seems possible that spermatozoa are delivered singly to the
eggs. This may involve refinement of delivery from the seminal receptacle, after insemination, to
the egg, relative to the mechanism described for coenospermial spermatophores in the spider
crab, Innchus phalangium, by Diesel ( 1 990, 1991). Production of single-spermatozoon spermatophores (cleistospermia) is conceivably a device preventing polyspermy in individuals in which
wastage of the small numbers of large eggs (and incidentally of spermatozoa) has to be
minimized.
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