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The endemic South American family of freshwater anomurans, Aeglidae, consists of three genera: the fossils
Haumuriaegla Feldmann and Protaegla Feldmann et al., and the extant Aegla Leach. In Aegla there are >60 described
species from Argentina, Bolivia, Brazil, Chile, Paraguay, and Uruguay, between 20°S and 50°S. Very little is known
about the reproductive biology of Aegla. This paper summarises this information based on study of the extensive pre-
served collections in the National Museum of Natural History, Smithsonian Institution, and on data from the literature.
The data presented includes female reproductive cycles, mating behavior, external reproductive morphology of males
and females, and internal reproductive morphology of males. Areas for future research in the reproductive biology of
aeglids are indicated. The ultrastructure of spermatophore-like lobes and spermatozoa are described and illustrated for
males of Aegla longirostri Bond-Buckup and Buckup and Aegla rostrata Jara. No distinctly structured spermatophores
are present, and spherical sperm cells appear polymorphic. Both these characteristics are unusual, although not unique,
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for an anomuran crab.
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Introduction

The anomuran family Aeglidae Dana, 1852 contains more than
60 species in the genus Aegla Leach, 1820 and two fossil
species Haumuriaegla glaessneri Feldmann, 1984 and
Protaegla miniscula Feldmann et al., 1998. The species of
Haumuriaegla was found in late Cretaceous marine rocks at
Cheviot, New Zealand (Feldmann, 1984), while Protaegla is
from marine red limestone in quarries at Tepexi, Mexico
(Feldmann et al., 1998). The fossil species are the only
members of the family outside South America. Extant species
of Aegla have a limited distribution across six countries in
South America between latitudes 20°S and 50°S (see Bond-
Buckup and Buckup, 1994, 1998, 1999 for reviews on aeglid
taxonomy and biogeography). The restricted range of Aegla is
very similar to the endemic South American parastacid fresh-
water crayfish genera, Parastacus Huxley 1878, Samastacus
Riek, 1971, and Virilastacus Hobbs, 1991, and suggests a
similar route of colonisation. In fact, their ranges overlap so
extensively that Riek (1971) suggested that competitive
exclusion by aeglids forced crayfish out of streams and rivers
and into burrowing lifestyles along river banks and fields.

The discovery of the fossil Haumuriaegla in marine rocks in
New Zealand (Feldmann, 1984) strengthened the arguments of
Ortmann (1902) that aeglids invaded South America from the
sea on the southern Pacific coast and then extended their range
eastwards into freshwater systems, toward the Atlantic coast.
Dispersal in the opposite direction (Atlantic to Pacific) has
been suggested by others (Schmitt, 1942b; Ringuelet, 1949;
Morrone and Lopretto, 1994, 1995) and is based on the
premise that the least ornamented morphology, seen in the
Atlantic species of Aegla, is the plesiomorphic condition. The
fact that the Cretaceous fossil Haumuriaegla is heavily orna-
mented with spines and tubercles would seem to contradict this
argument. The recent discovery of the fossil Protaegla in early
Cretaceous marine rocks in Mexico, extends the stratigraphic
and geographic range of the family, and adds further support to
the marine origin of the family.

Crandall et al. (2000) have suggested that the sister-group to
the parastacid crayfish of South America are Australian and
New Zealand genera (based on the 16s mitochondrial gene).
This result may suggest a similar dispersal and colonisation
route for parastacids and Aeglidae.

The early confusion surrounding the taxonomy and
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systematics of the genus Aegla was discussed by Martin and
Abele (1988) and Bond-Buckup and Buckup (1994, 1998,
1999) who listed described species, distributions, and refer-
ences. The relationship of Aeglidae to the other anomuran fam-
ilies remains unresolved. Milne Edwards and Bouvier (1894:
243 and 311) derived the aeglids from marine hermit crabs and
placed them on a direct lineage to the galatheids. Recently,
Martin (1985, 1989) and Martin and Abele (1988) linked
aeglids with hermit crabs (paguroids and coenobitoids) rather
than with the galatheids, although a sister-group relationship
with the Galatheoidea had been suggested earlier by Martin and
Abele (1986). Representatives of the Aeglidae were included in
some recent phylogenetic analyses of anomuran relationships
(McLaughlin and Lemaitre, 1997; Pérez-Losada et al., 2001,
2002) but were absent from an analysis based on reproductive
characters (Tudge, 1997). Further, some species of Aegla have
been the subject of more focused studies of intrageneric rela-
tionships (Schuldt et al., 1988; D'Amato and Corach, 1997),
biogeographic studies on areas of endemism (Morrone and
Lopretto, 1994, 1995), and more recently phylogeny within the
Chilean representatives of the family (Pérez-Losada et al.,
2000).

This paper summarizes available information on reproduc-
tion in Aegla for the first time. Particular aspects of the repro-
ductive biology of aeglids that still require investigation are
highlighted. Novel data on the form of spermatophore-like
lobes in the male reproductive system and light microscope and
ultrastructural observations of spermatozoa of A. longirostri
Bond-Buckup and Buckup, 1994 and A. rostrata Jara, 1977 are
also presented.

Materials and methods

A single male of Aegla rostrata was collected by Dr Carlos Jara
from Lake Rifiihue, Valdivia Provence, Chile on 13 Nov 1995.
The gonads were removed and fixed in 3% glutaraldehyde in
phosphate buffer. A squash of tissue was examined and
photographed through a Leitz Orthoplan 2 microscope with
Nomarski phase contrast, and attached Wild Photoautomat
MPS 45 photomicrography system. Kodak T-Max 100 ASA
black and white film was used. The remainder of the tissue was
processed for transmission electron microscopy (TEM).

Gonads were dissected from three species of Aegla, collect-
ed by Mr Pérez-Losada on 30 Oct 2000, in Rio Grande do Sul,
Brazil, and fixed in 3% glutaraldehyde in phosphate buffer.
Specimens of A. grisella Bond-Buckup and Buckup, 1994 and
A. spinipalma Bond-Buckup and Buckup, 1994 were collected
in the Sangao River and the Capingui River, respectively, while
a single A. longirostri was collected from the Carreiro River.
Light microscope observations were made of the fixed tissues
before they were processed for TEM (see Tudge et al., 2001).

Seven additional specimens of Aegla were collected by Mr
Pérez-Losada in Chile and Argentina, 17-24 Feb 2000, fixed in
70% ETOH: A. affinis Schmitt, 1942, Maula River, Province of
Taloa, Chile; A. papudo Schmitt, 1942, Rabuco River, Province
of Quillota, Chile; A. neuquensis Schmitt, 1942, Chico River,
Province of Mendoza, Argentina; A. pewenchae Jara, 1994,
Lake Lialuia, Chile. External and internal reproductive
morphology of all specimens was observed.
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The identified aeglid collection (958 specimens from 22
species, including types) of the National Museum of Natural
History, Smithsonian Institution, Washington D.C. (USNM)
was examined, and sex ratio, date of collection, and presence of
ovigerous females were recorded. Data for ovigerous females
was supplemented from the literature.

Results and discussion

Sex ratio. The sex ratio (males to females) of an Aegla species
was first reported as approximately 1:1 by Mouchet (1932, as
Aeglea laevis). However, this species does not occur in
Uruguay (G. Bond-Buckup and L. Buckup, pers. comm.) and
therefore must be attributed to another taxon, possibly
A. uruguayana Schmitt, 1942 or A. platensis Schmitt, 1942.
Subsequent authors have stated that the sex ratio is usually 1:1
but may vary according to time of year, season, and where in
the river specimens were collected (Bahamonde and Lépez,
1961; Lopéz, 1965; Burns, 1972). More recently, Bueno and
Bond-Buckup (2000) found a sex ratio of 1.08:1, in populations
of A. platensis in the Mineiro River, Brazil and a ratio of 1:1
has been recorded for A. castro Schmitt, 1942 in Ponta Grossa,
Brazil, by Swiech-Ayoub and Masunari (2001b).

Aeglids are gregarious animals known to congregate in
large numbers at the river's edge, especially during the spawn-
ing season (Bahamonde and Lépez, 1961; Burns, 1972; Martin
and Abele, 1988). After mating, the number of females is great-
est on the riverbanks, while the males return to the deeper water
in the centre of the river. This sex-specific separation of habitat
at this time may account for the observation by Mouchet
(1932), that no males of Aegla sp. (as Aeglea laevis) were
found at the end of winter (September—October) around
Montevideo, Uruguay.

When investigating the sex ratio in the aeglid collection at
USNM, the Aegla holdings were found to be biased toward
male specimens (4:1). This under-representation of females
across all 22 species in the collection further compounded the
search for ovigerous females, of which there were only 40
specimens (4.2%). The paucity of female specimens in the
USNM collections represents a collection bias favouring males,
and enhanced by local cultural and ethical practices of not col-
lecting ovigerous females (L. Buckup and G. Bond-Buckup,
pers. comm.).

Mating. Aeglids are sexually dimorphic in a number of fea-
tures. These include: the presence of abdominal pleopods in
females over 12 mm carapace length (cl), a larger carapace
(both length and width) in males, larger and unequal chelipeds
in males, narrower abdomens in males, and difference in loca-
tion of the ventral gonopores (Bahamonde and Lépez, 1961;
Burns, 1972). An ovigerous female of 9.87 mm cl was found by
Bueno and Bond-Buckup (2000) for A. platensis, and appears
to be the smallest female with eggs recorded to date. As far as
can be ascertained, observations on mating behaviour have not
previously been documented for any species of Aegla. No
information appears to be available on whether pre- or post-
copulatory mate guarding occurs or where mating occurs in the
moult cycle. However, two instances (one in the wild and one
in an aquarium) of finding male-female pairs in a sternum to
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sternum position, engaged in mating behavior, were recounted
to me (J. W. Martin, pers. comm). On both occasions the
animals separated upon being disturbed and no evidence of
sperm transfer was seen. A ventral to ventral mating position
would seem the most obvious for these crabs as has been
commonly illustrated for other anomurans (e.g. Kamalaveni,
1949; Efford, 1967; Hazlett, 1968; Helfman, 1977; Wada et al.,
1997; Hess and Bauer, 2002).

There is no published information about the size at sexual
maturity for males of any Aegla species. Female size at sexual
maturity has been recorded as a minimum of 12.5 mm cl (all
mature by 20.5 mm) (Bahamonde and Ldpez, 1961; Burns,
1972) for female A. laevis, and between 9.8 mm and 17.7 mm
cl (Bueno and Bond-Buckup, 2000) in female A. platensis.

Female reproductive biology. Sexually mature females of
Aegla can be distinguished from males primarily in the pres-
ence of four pairs of abdominal pleopods, and position of the
gonopores (= genital pores) on the coxae of the third pereopods
(P3) (Bahamonde and Lépez, 1961; Burns, 1972; Martin and
Abele, 1988). Illustrations of the gonopores and the pleopods in
females of A. platensis can be found in Martin and Abele (1988,
figs 10 and 16). The pleopods are used to carry fertilized eggs
during the spawning period, and during this time eggs are
groomed often to keep them aerated and clean of ectoparasites
(Martin and Felgenhauer, 1986). Burns (1972) stated that
females do not moult while brooding eggs, but no further infor-
mation is available on the synchrony of the moult cycle and the
reproductive cycle in Aegla. The eggs are spherical, small and
have been described as pale yellow, orange, or reddish
(Mouchet, 1932; Bahamonde and Lépez, 1961; Lopéz, 1965;
Burns, 1972; Jara, 1977). Measurements of aeglid egg diameter
vary between species and have been recorded as 0.8—-1.35 mm
(Lopéz and Sawaya, 1960; Bahamonde and Lopéz, 1961;
Lopéz, 1965) in A. laevis, 1.1-1.5 mm (Lopéz and Sawaya,
1960; Lopéz, 1965) in A. paulensis Schmitt, 1942 (as A. ode-
brechtii paulensis), 1.2 mm (Jara, 1977) in A. rostrata, 2.2 mm
(Swiech-Ayoub and Masunari, 2001b) in A. castro. Bahamonde
and Lopez (1961: fig. 17) illustrated eggs attached to the female
and further provide information on the range and frequency of
egg size and numbers per female in A. laevis. The fecundity of
females has been stated as 64-255 (Lopéz, 1965) eggs per
female in A. paulensis, an average of 100 (Jara, 1977) in
A. rostrata, and 90-204, average = 121 (Swiech-Ayoub and
Masunari, 2001a) in A. longirostri.

The eggs have abundant yolk, direct development, no free-
swimming larval forms and therefore hatch as juveniles, resem-
bling adults (Mouchet, 1932; Martin, 1989; Bond-Buckup et
al., 1996, 1998, 1999; Bueno and Bond-Buckup, 1996). The
complete embryonic development of Aegla platensis has
recently been documented as occurring in ten distinct, post-
fertilisation, morphological stages (Lizardo-Daudt and
Bond-Buckup, 2002).

The timing of spawning differs between species and
between populations of the same species. Females of Aegla
castro and A. longirostri live for about two years, and can
reproduce in both years (Swiech-Ayoub and Masunari, 2001a,
2001b). A review of literature and examination of specimens in
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the USNM collections reveal that in 13 species of Aegla,
ovigerous females have been found in every month except
November and December (Fig. 1). However, in A. platensis
some ovigerous females were collected in these months (Bueno
and Bond-Buckup, 2000) making it the only species that poten-
tially breeds all year round. Spawning times and/or collection
of ovigerous females can be found in Swiech-Ayoub and
Masunari (2001a, b) for A. castro, Jara (1989) for A. denti-
culata Nicolet, 1849, in Mouchet (1932), Bahamonde and
Lopez (1961) and Burns (1972) for A. laevis, in Lopéz (1965)
for A. paulensis, in Rodrigues and Hebling (1978) for
A. perobae Hebling and Rodrigues, 1977, in Bueno and Bond-
Buckup (2000) for A. platensis, and in Jara (1977) for
A. rostrata. The internal morphology of the female repro-
ductive system has yet to be described or illustrated in the
literature.

Male reproductive biology. Aeglid males have no easily
observed abdominal pleopods, but some vestigial pleopodal
remnants have been recorded (Martin and Abele, 1988) on
abdominal segments 3 and 4 in Aegla platensis. The male gono-
pores are on the coxal segment of pereopod 5 (P5) (Burns,
1972; Martin and Abele, 1988), as with all decapods, but
aeglids have an additional, tube-like extension. This tube was
first illustrated in Aeglidae by Milne Edwards and Bouvier
(1894: 240, fig. 30), and the taxonomic significance of the sex-
ual tube morphology was recognised by Schmitt (1942a: 28).
He stated that there "seem to be some differences in the relative
proportions of the protruding sperm ducts on the reduced fifth
legs" between A. abtao Schmitt, 1942 and A. concepcionensis
Schmitt, 1942 and that the importance of this observation was
being investigated.

As has been recorded in many freshwater crayfish, intersex
males (exhibiting both male and female secondary sexual char-
acteristics) have been observed in several species of Aegla
(L. Buckup and G. Bond-Buckup, pers. comm.).

Lopretto (1978a) described the internal and external mor-
phology of the fifth pereopod of 12 species of Argentine
aeglids, including detailed drawings, and photographs, showing
the fine structure of P5 and associated tube. Lopretto recog-
nised the systematic and phylogenetic importance of this male
sexual character, established a specific nomenclature for its
structure, devised a key to these species based on P5 and tube
morphology, and carefully documented tube diversity across
these Argentine species. In doing so, she established several
distinctive species groups based solely on P5 and tube charac-
teristics (Lopretto, 1978a, 1978b, 1979, 1980a, 1980b, 1981).

Internal morphology of the reproductive system of male
aeglids is virtually unknown. Mouchet (1932) stated that an
Aegla species (as Aeglea laevis) males do not have sper-
matophores and recognised that this was exceptional among
galatheoids. Lopretto (1978a: 288) vaguely described the male
reproductive system as seen under the light microscope and
noted small capsules with cellular elements and delicate inter-
mediary connective threads. Lopretto's remarks could refer to
spermatozoa with microtubular arms bundled into lobes within
the testis and vas deferens, as observed in Tudge and Scheltinga
(2002) and during this study (Fig. 2).
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Month Jan Feb
Species

Mar  Apr

May

Jun Jul Aug Sept Oct Nov Dec

A. laevis laevis'
A. denticulata’
A. papudo

A. parana

A. platensis’
A. castro®

A. prado

A. schmitti

A. uruguayana
A. neuquensis
A. perobe®

A. rostrata®

A. paulensis’

Figure 1. Occurrence of ovigerous females of Aegla species obtained from literature sources and USNM specimens. Total USNM speci-
mens examined = 958 (40 ovigerous females). Symbols: ' Bahamonde and Lépez (1961); * Jara (1989); * Bueno and Bond-Buckup (2000);
* Swiech-Ayoub and Masunari (2001a, 2001b); * Rodrigues and Hebling (1978); ¢ Jara (1977); 7 Lopéz (1965). Shading = range from literature
sources indicated. Solid black bar = number from USNM collection for that month.

Mouchet's (1932) statement on spermatophores is supported
by observations presented herein of the male reproductive mor-
phology (Fig. 2A) in Aegla rostrata. No distinct, encapsulated,
spermatophores were observed in the vas deferens of A. ros-
trata, and instead there are only thin walled, spherical to
oblong, lobes containing the sperm cells. These lobes were
approximately 0.5-1 mm in size and bound by a thin, translu-
cent membrane. Terminally, some exhibited a distinct line or
fold, which may represent some sort of lumen. Presumably
these blind-ending, spermatophoric lobes, empty into a
common duct, or ducts, in the testis or vas deferens.

When a squash of these lobes was made on to a slide and
observed using transmitted light microscopy, their contents
revealed many different sized and shaped cells. Among this
array of cells the spermatozoa were periodically scattered (Fig.
2B). Although themselves polymorphic, the sperm cells dis-
played a distinct suite of characteristics that identified them as
decapod/anomuran sperm cells (Jamieson and Tudge, 2000;
Tudge and Scheltinga, 2002). The roughly spherical to ovoid

cells contained a smaller spherical vesicle (sometimes clearly
ring-shaped) at one pole, and an adjacent coarse granular zone
(Fig. 2B-G). These small vesicles represent the acrosome
vesicles embedded in the cytoplasmic region. More obviously
the spermatozoa were seen to have long, filamentous arms radi-
ating from the central cell mass. The number and position of
these arms is variable, from none being visible, to a maximum
of three (Fig. 2E, G). Analysis at the electron microscope level
(Tudge and Scheltinga, 2002; this study Fig. 3) revealed these
filaments, or arms, to be the bundles of microtubules common
to all anomuran spermatozoa recorded to date (Tudge, 1997;
Jamieson and Tudge, 2000).

Under the transmission electron microscope the spermato-
zoa of Aegla rostrata, although slightly irregular in shape, were
found to have a consistent ultrastructure. The spherical to ovoid
sperm cells are approximately 5 wum wide and 4 um in height
(through the acrosomal axis), with the acrosome vesicle being
1.5 wm in diameter. The entire sperm cell can be divided into
two hemispheres; the upper (or acrosomal) one containing the
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Figure 2. Light micrographs of Aegla rostrata Jara, 1977. A, Spermatophoric lobes; B—G, Squash of spermatophoric lobe contents showing sper-
matozoa (arrowheads) scattered amongst assorted cells (Asterisk in E and G indicate individual spermatozoa with three microtubular arms).
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Figure 3. Transmission electron micrograph of spermatozoon of Aegla
longirostri Bond-Buckup and Buckup, 1994 in longitudinal section.
Abbreviations: av, acrosome vesicle; cy, cytoplasm; m, mitochon-
drion; ms, membrane system; mt, microtubular bundle; n, nucleus;
p, perforatorial column; pm, periacrosomal material.

acrosome and cytoplasmic elements, the lower (or nuclear) one
the nucleus (Tudge and Scheltinga, 2002; this study Figs 3, 4).
The acrosome vesicle is irregular in shape and is composed of
an electron-dense outer ring with an electron-pale central area.
This central column can be posteriorly penetrated by irregular
intrusions. Cytoplasmic elements include many circular mito-
chondria, membrane bundles or arrays, and sometimes a
centriole is visible immediately posterior to the acrosome. The
nucleus is coarsely granular, more electron-dense than the cyto-
plasm, and is penetrated by the bases of the microtubular arms,
which are mostly evident as short bundles of microtubules in
oblique section (Tudge and Scheltinga, 2002; this study Figs 3,
4). All the spermatozoa observed exhibited the above
ultrastructural characteristics, with differences between sperm
cells being in their overall shape, and in the irregular, often
crenulated, dense region of the acrosome.

In summary, it can be clearly seen that much research is still
needed to gather basic information on reproductive cycles and
morphology in aeglids. Areas of future research that would be
fruitful include, but are not restricted to, observations on mat-
ing behaviour, timing of mating during the moult cycle, sperm
transfer mechanisms, male sexual tube(?) morphology and
microstructure, male and female reproductive system gross
morphology, egg ultrastructure, and further spermatophore and
sperm cell ultrastructure. The latter is needed to confirm that
the novel observations provided above, and in Tudge and
Scheltinga (2002), are representative for the genus and family.
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