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Offspring production in three freshwater crab species (Brachyura:
Pseudothelphusidae) from the Amazon region and Central America
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ABSTRACT. Freshwater crabs are an important component of the fauna of limnic environments, and out of the two true
freshwater crab families present in the Neotropics, Pseudothelphusidae is the most diverse. Considering the lack of
information regarding reproductive features of neotropical freshwater crabs, we studied, for the first time, the fecundity
and the presence of juveniles carried by females of two pseudothelphusids from the Amazon region - Kingsleya latifrons
(Randall, 1840) and Kingsleya ytupora Magalhdes, 1986 — and one from Central America — Potamocarcinus magnus
(Rathbun, 1896). The two Kingsleya species produced relatively few (56-114) and large eggs (1.9-3.7 mm), typical for
species with an abbreviated or direct development. Recently produced eggs were substantially larger in K. latifrons
(mean 2.83 mm) when compared to those of K. ytupora (mean 1.87 mm); however, at the end of the embryogenesis,
mean egg diameter was similar in both species. Therefore, it is assumed that hatchlings in both species should have a
similar size. A brief description of attached juveniles of K. ytupora is provided. The number of juveniles varied between 30
(K. ytupora) and 179 (P. magnus); two size groups of juveniles were found, which indicates that the offspring cling to
their mother for a prolonged period of time. There was no significant loss of eggs and juveniles; it is assumed that
parental care diminishes the loss of their offspring. We compiled the available information of reproductive aspects from
freshwater crabs: egg diameter was in the range of 2-3 mm, independent of female size and fecundity, and reported egg

number varied between 9 and 417 eggs.
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The Pseudothelphusidae, with over 250 valid species (NG
et al. 2008, Yro et al. 2008), is by far the most diverse of the two
true freshwater crab families from the Neotropics. Their repre-
sentatives are distributed from northern Mexico to Central and
South America as far as the southern limits of the Amazon Ba-
sin, and have been reported also from some of the Caribbean
islands (RopriGuez 1982). Most of the South American species
inhabit mountainous areas along the Andes, but a branch of the
Kingsleyini, represented mainly by the genera Fredius Pretzmann,
1967, Microthelphusa Pretzmann, 1968, and Kingsleya Ortmann,
1897 extend to the Guyana Shield and Amazon Basin (RobriGuez
1982).

RopriGuEz & MaGaLHAES (2005) summarized the available
information on the Pseudothelphusidae and, for Central
America, indicated the presence of 13 genera including 43 spe-
cies. Similarly, MagaLHAes (2003a) provided a list of five genera

and nine species for Brazil. In spite its high diversity (Yro et al.
2008), the biological and ecological aspects of these
pseudothelphusid freshwater crabs are poorly studied. Except
for a few brief ecological notes (RobriGuez & MacgaLuats 2005),
the majority of the publications on the neotropical families
deal with systematics, taxonomy or zoogeography. However,
to the best of our knowledge, reproductive features of
neotropical pseudothelphusids are completely unknown.

All seven species currently assigned to Kingsleya have their
distribution associated to the uplands of the Guyana and the
Central Brazilian Shields (MacaLHAEs & Turkay 2008). The spe-
cies are usually known only from their type material and even-
tually from a few additional specimens. Exceptions are Kingsleya
latifrons (Randall, 1840) and Kingsleya ytupora Magalhdes, 1986
for which some scattered observations of females with eggs
and newly-hatched juveniles have been mentioned by Maga-
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LHAES (1986, 2003b). These species are typically found in fast-
flowing habitats such as rapids and waterfalls, occurring among
fissures, or under submerged rocks in shallow waters or occa-
sionally out of the water, but always in the close vicinity of the
water source (MaGaLHAEsS 1986, 2003b). No information on the
reproductive cycle for these species is available, except for the
observations from MacaLHAEs (1986) who indicated that females
of K. latifrons carrying eggs or young were captured in July and
September (Rio Uatuma) and in October (Rio Trombetas) in
the northern tributaries of the Amazon River. For K. ytupora,
egg-bearing females were also reported in October among ma-
terial collected in the Rio Xingu (MacaLHAes 2003b). The em-
bryonic or postembryonic development has not been described
for any of the Kingsleya species, and the same is true for the
species of Potamocarcinus H. Milne Edwards, 1853 from Cen-
tral America.

Considering the almost complete lack of information re-
garding the reproductive features of neotropical freshwater
crabs, the present study aimed to offer data about fecundity
and the presence of juveniles carried by females of two
pseudothelphusid crab species from the Amazon region (K.
latifrons, K. ytupora) and one from Central America -
Potamocarcinus magnus (Rathbun, 1896). The results obtained
are part of a long-term collaborative project on freshwater crabs
of Central and South America to provide insights in the repro-
ductive strategies of freshwater decapods and will hopefully
stimulate more studies on the ecology of these poorly known
representatives of the neotropical freshwater fauna.

MATERIAL AND METHODS

Ovigerous females and females carrying juveniles were
obtained from the collections of the Instituto Nacional de
Pesquisas da Amazonia (INPA), Manaus, Brazil and of the Museo
de Zoologia (UCR-MZ), Escuela de Biologia, Universidad de Costa
Rica, San José, Costa Rica. These two collections contain the
largest holdings of Pseudothelphusidae in their respective geo-
graphic areas. In the INPA-collection, a total of 38 lots of K.
latifrons and K. ytupora were checked for the presence of females
bearing eggs or juveniles. In some of the lots females with egg/
juveniles were not kept separately, but these vials were inspected
carefully for eggs/juveniles, which may have detached from the
females. Therefore, detached eggs/juveniles were taken into con-
sideration for their count. In the entire collection of the UCR-
MZ, comprised by 218 lots of Pseudothelphusidae, only one fe-
male of P. magnus was found with attached juveniles. Addition-
ally, abundant material recently collected by Rélier Lara (Instituto
Costarricense de Electricidad, Costa Rica) in the Pacific lowlands
of southern Costa Rica was examined: 532 individuals of differ-
ent species of Pseudothelphusidae: Allacanthos pittieri (Rathbun,
1898), P. magnus, Ptychophallus barbillaensis Rodriguez &
Hedstrom, 2000, P. colombianus (Rathbun, 1893), P. paraxanthusi
(Bott, 1968), P. tristani (Rathbun, 1896), P. tumimanus (Rathbun,
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1898). However, no females carrying eggs or juveniles were en-
countered. The taxonomic identification of the material used
for the present study was verified by one of us (CM).

The carapace width (CW: distance across the carapace at
its widest point) and carapace length (CL: distance along the
midline, from the frontal to the posterior margin) were mea-
sured for all females using a Vernier caliper (to nearest 0.05
mm). The same measurements (using a stereomicroscope, to
nearest 0.01 mm) were obtained from the juveniles (N = 10 per
female) attached to the females. Regarding ovigerous females,
the entire egg mass was detached and counted. Subsequently,
20 eggs were arbitrarily separated from each female and mea-
sured the width and length of each egg under a microscope
equipped with a calibrated ocular micrometer. These data were
used to calculate egg volume (EV) according to the formula
proposed by Turner & Lawrence (1979) for oblate spheroids: EV
=1/6 (a * b*> * m), where ‘a’ represents length, and ‘b’ width.
The developing embryos were classified in early (Stage I: em-
bryos with uniform yolk) and advanced stages (Stage III: eyes
clearly visible), following the criteria proposed by WEHRTMANN
(1990). In accordance with similar studies of other brachyuran
crabs (e.g. HiNes 1991, Reib & Corey 1991, ManTELATTO & FRANSOZO
1997, PinHEIRO & HaTTORI 2006), the relation between fecundity
and female size was described by an allometric model (Huxtey
1950; Y = aXP"). In order to evaluate the possible mortality dur-
ing embryogenesis and subsequent early juvenile development,
an analysis of covariance (ANCOVA; Zar 1999) was applied to
examine the relation between offspring number (embryos and
juveniles) and CW. In the case of a significant difference (p <
0.05), the Tukey a posteriori test was used to establish the simi-
larity between early developmental stages (Zar 1999). Differ-
ences between the average of both egg diameter and egg vol-
ume of early (Stage I) and advanced eggs (Stage III) were tested
using a Student t-test (p < 0.035).

RESULTS

Offspring production

The only female of P. magnus examined herein measured
85.7 mm CW, and carried 179 juveniles with an average CW of
5.2+ 0.16 mm (Tab. I).

We examined a total of 20 females of K. latifrons: eight
with eggs, two with attached juveniles, and 10 without eggs or
hatchlings. In the case of K. ytupora, a total of 31 females were
examined: eight carried eggs, 13 females with juveniles, and
10 females without eggs or juveniles. A regression analysis of
the relationship between number of eggs and crab body size
showed that fecundity increased with female size of K. ytupora
(Fig. 1). Most females with or without eggs/hatchlings were in
the size range between 40-50 mm CW (85%; K. latifrons) and
45-55 mm CW (58%; K. ytupora).

Mean size of female K. latifrons (45.4 = 3.03 mm CW)
and K. ytupora (49.8 £ 4.52 mm CW) carrying eggs or juveniles
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was significantly different (Student t-test; t = 3.05; p < 0.001)
(Tab. I). The mean egg number was higher in K. ytupora (80 +
18.1 eggs) than in K. latifrons (73 £ 10.6 eggs) (Tab. I). Recently-
produced eggs were significantly larger (Student t-test, t =7.33;
p < 0.001) in K. latifrons (mean egg length 2.83 + 0.136 mm)
when compared to those of K. ytupora (mean egg length 1.87 +
0.093 mm); however, at the end of the embryogenesis (Stage
III), mean egg diameter was similar in both species (Tab. I).
Likewise, the mean egg volume of freshly-extruded eggs was
significantly larger (Student t-test, t = 7.33; p < 0.001) in K.
latifrons (10.8 £ 1.74 mm?) than in K. ytupora (3.2 £ 0.52 mm?).
Eggs close to hatching (Stage III), however, reached a larger
mean egg volume (21.0 £ 2.37 mm?) in K. ytupora compared to
that of the single female of K. latifrons carrying eggs in Stage III
(19.9 mm?) (Tab. I). We did not detect statistically significant
differences between the slopes of eggs/attached juveniles ver-
sus CW in K. ytupora (Fig. 1).

1604 Comparison of slopes (ANCOVA)
» p>0.05
2
= 1201 A O g
o
‘G
@
Ke)
E 40 a
2 A -0~ Eggs
A Juveniles
0 .

T T T T T T T T T T T
42 44 46 48 50 52 54 56 58 60 62

Carapace width (CW, mm)
Figure 1. Number of eggs and attached juveniles in the freshwater
crab Kingsleya ytupora from the Amazon region (Brazil), with a
comparison of slopes (ANCOVA).

The mean size of the juveniles from the two female K.
latifrons was 4.92 + 0.390 mm CW. In the case of K. ytupora,
two cohorts of juveniles were detected (Fig. 2): the early juve-
niles measured on average 4.30 mm CW, the larger ones 4.93
mm CW, which represents an size increment of 15%.

Juveniles of K. ytupora

The first juvenile stage has a swollen, orbicular cara-
pace, with smooth lateral margins; exorbital angle rounded;
frontal margin narrow, smooth, with a very shallow notch in
the middle, distinctly projected anteriorly, partially covering
the eyestalks; spots of yolk supply visible through the thin
carapace (Figs 3 and 4). The second juvenile stage has a dor-
sally flat carapace, a little broader than in the first stage, lat-
eral margins with rudimentary spines, a bit larger anteriorly;
exorbital angle with a small acute spine; frontal margin clearly
bilobed, slightly rugose and projected anteriorly, with a deep
median notch.
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Figure 2. Offspring size (egg length and carapace width of at-
tached juveniles) during the early development of the freshwater
crabs Kingsleya latifrons (top) and K. ytupora (bottom).

DISCUSSION

With the exception of the knowledge about the fecun-
dity of the trichodactylid crabs Dilocarcinus pagei Stimpson, 1861
and Sylviocarcinus australis Magalhdes & Tiirkay, 1996 (see
Mansur & HesLING 2002), the results here obtained by us repre-
sent the first detailed report on egg production and presence
of juveniles associated with female pseudothelphusid crabs
inhabiting the Neotropics. The findings of our investigation
are based upon a relatively low number of observations per
species when compared to other studies on the egg production
of abundant marine brachyuran decapods (e.g. Hines 1991, Reip
& Corey 1991, ManTELATTO & FrANsozo 1997, Lituro et al. 2005).
The obvious lack of information about reproductive features
of neotropical freshwater crabs may be explained by 1) the cryp-
tic habit of these crabs (MacaLHAes 1986), specially ovigerous
females and females bearing juveniles; 2) their nocturnal habit
(MacgaLHAEs 1986, 2003a); 3) their habitat covers mostly remote
areas which results in sporadic collections, thus limiting the
possibility to adequately describe the complete life cycle of these
freshwater crabs (MaGaLHAEs 1986, 2003a); and 4) the relatively
low number of specialists working on the biology/ecology of
this group in the Americas. Both the absence of published in-
formation on female reproduction and the low number of fe-
males with eggs or juveniles in the collections analyzed by us
suggest that those females are even more difficult to collect
than males or females without eggs. In accordance with this
conclusion, Mansur & HesLING (2002), studying the reproduc-
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Figures 3-4. Kingsleya ytupora: dorsal view of carapace of first (3) and second juveniles (4) encountered on the abdomen of females.

Scale bar: T mm.

tion of two crabs of the family Trichodactylidae, also mentioned
the difficulty to collect females with eggs or juveniles. Like-
wise, Disney (1971) emphasized the scarcity of females bearing
eggs or young and argued that they may retract into their bur-
rows and forage less at this time. Our long-lasting experience
in field collections of these decapods in the Neotropics cor-
roborates the above-mentioned conclusions.

All three crab species studied herein produced relatively
few but large eggs (Tab. I), typical for species with an abbrevi-
ated or direct development (McEpwarp 1997). To the best of
our knowledge, the only published information on fecundity
in neotropical freshwater crabs is of Dilocarcinus pagei and
Silviocarcinus australis (Trichodactylidae) from Brazil (MANsur
& HesLiNGg 2002): these crab species produced on average slightly
more eggs (214 and 170, respectively; Tab. I) than the two
Kingsleya species studied herein. MaGaLHAEs (1986) reported that
two females of K. latifrons from rio Uatuma (Amazonas) carried
57 and 67 eggs, which is within the range found in the present
study.

Table I summarizes the available information about re-
productive features of freshwater crabs. These data about egg
production suggest that freshwater crabs produce on average
between 100 and 300 eggs; however, fecundity may vary greatly
intra- and interspecifically (Corey & Reb 1991).

Exact data on the egg size of freshwater crabs are rare. All
available information indicates that the egg diameter of these
crabs is in the range of 2 and 3 mm, independent of female size
and fecundity (Tab. I). However, most studies did not consider
the developmental stage of the eggs, which impedes a com-
parison of the published values: egg size in decapods tends to
increase during the incubation period (WEHRTMANN & KATTNER
1998, YamacucH1 2001, WEHRTMANN & Loprez 2003, PAVANELLI et al.
2008), and this increase is typically related to the incorpora-
tion of large amounts of water (Paxpbian 1970). In contrast,
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Mansur & HesLING (2002) mentioned that the egg diameter of
D. pagei and S. australis did not vary during embryogenesis.
The present results, although based on only few observations
of eggs in different developmental stages, indicate a substan-
tial increase of both egg diameter and egg volume (Tab. I). In
the case of K. latifrons and K. ytupora, the egg diameters en-
countered during the end of the embryogenesis represent the
highest values so far reported for freshwater crabs, but addi-
tional data of the egg size variation during the incubation pe-
riod from other species are needed for a valid comparison.
Egg volume is a widely used parameter to describe and
compare reproductive traits among decapods (e.g. Corey & REID
1991, Kuso et al. 2006, Ttrossi et al. 2010), including brachyuran
crabs (Reip & Corey 1991, Navarerte ef al. 1999). The first egg
volume data for freshwater crabs is presented here (Tab. I). De-
spite the fact that the mean egg volume of freshly-extruded eggs
of K. latifrons was more than three times larger than in K. ytupora,
our data indicated that eggs close to hatching were larger in K.
ytupora (Tab. I). This surprising result needs to be substantiated
by additional egg data for both species, especially for K. latifrons
where we obtained only one female with eggs in Stage III. Not-
withstanding, these results may indicate that (a) K. latifrons in-
vests more energy in the initial egg production than K. ytupora,
and (b) eggs of K. ytupora increase during the incubation period
considerably more in volume than those of K. latifrons. These
hypotheses might be tested by future laboratory rearing experi-
ments studying the entire incubation period of both species.
Egg mortality during embryogenesis is a common phe-
nomenon in decapods (see Kuris 1991 for review). In the case
of K. ytupora, the present results (Fig. 1) indicate that this spe-
cies is not suffering a substantial loss of eggs or juveniles. We
assume that parental care diminishes the loss of eggs and juve-
niles. Such behavior is often highly developed in species in-
habiting extreme environments and species which produce only
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Table I. Comparison of reproductive features in freshwater crabs (n.a. = information not indicated in the cited publication; CL = carapace
length; CW = carapace width). Egg size (egg length or egg diameter, otherwise not specified in the study) refers to eggs independent

of their developmental stage.

Species Sifze of ovigerous Number of eggs Numbgr of Egg size (mm) Size of hatchlings
emales (mm) hatchlings (mm CW)
Candidopotamon rathbunae 22.3-36.8 CW 9-117 n.a. 2.96 n.a
Dilocarcinus pagei 43.49 CL n.a. 298.4 (12-1071) n.a. n.a
Dilocarcinus pagei 32-34 to 50-52 CL  213.8 (120-299) 83-1057 Egg diameter 2.0 n.a
Rodriguezus garmani (Rathbun) n.a. ~200-300 n.a. Egg diameter ~2-3 n.a
Geothelphusa exigua Suzuki & Tsuda 18.6-26.6 CW 17 42 n.a. 4.1+0.17
Geothelphusa dehaani (White) 17.8-31.6 CW n.a n.a n.a. 4.5+0.28
Kingsleya latifrons 41.9-51.0CW 73 +£10.6 (65-85) 61 Egg length 2.7-3.4 (2.98 + 0.321) 3.9+ 0.28 (3.4-4.2)
Kingsleya ytupora 42.8-60.3 CW 80 £18.1(56-114) 30-122 Egg length 1.8-3.7 (2.90 + 0.860) 4.5 £ 0.48 (3.8-5.2)
Spiralothelphusa hydrodroma (Herbst) n.a. 289.76-333.0 142.4-147.7 Egg diameter 2.20 + 0.45 n.a
Spiralothelphusa hydrodroma 3.1-5.5CW 247-417 n.a. n.a. n.a
Potamon fluviatile (Herbst) 41.99+0.28 CL 103.7 (55-157) n.a. n.a. n.a
Potamocarcinus magnus 85.7 CW n.a. 179 n.a. 5.2+ 0.16 (5.0-5.4)**
’é‘;ﬁ’)’l’gggff)“g"gﬁ Janfrancor na. ~200 na. 2.5 35
Sinopotamon yangtsekiense Bott 18-35 CL 30-100 n.a. n.a. ~4
Sylviocarcinus australis 20-22 to 42-44 CL  170.2 (57-200) 78.3-442.0 Egg diameter 2.0 n.a.

Mean egg volume + SD mm? (max.
egg diameter in mm)

Reference and country

Species Duration of incubation period
Early stage Advanced stage

Candidopotamon rathbunae n.a. n.a. 45 days Liu & Li (2000), Taiwan, China
Dilocarcinus pagei n.a. n.a. n.a. Davanso et al. (2007), Brazil
Dilocarcinus pagei n.a. n.a. n.a. Mansur & Hesung (2002), Brazil
Rodriguezus garmani (Rathbun) n.a. n.a. n.a Rosrant et al. (Zl?]zi); Trinidad, West
Geothelphusa exigua Suzuki & Tsuda n.a. n.a. n.a Okano et al. (2000), Japan
Geothelphusa dehaani (White) n.a. n.a. n.a Okano et al. (2000), Japan
Kingsleya latifrons 10.8 £1.74 (2.92) 19.9 (3.43)* n.a. Present study, Brazil
Kingsleya ytupora 3.2+£0.52(1.94) 21.0+2.37 (3.46) n.a. Present study, Brazil

Spiralothelphusa hydrodroma (Herbst)
Spiralothelphusa hydrodroma
Potamon fluviatile (Herbst)

Potamocarcinus magnus

Potamon fluviatile lanfrancoi
Capolongo & Cilia

Sinopotamon yangtsekiense Bott

Sylviocarcinus australis

n.a. n.a.
n.a. n.a.
n.a. n.a.
n.a. n.a.
n.a. n.a.
n.a. n.a.
n.a. n.a.

41.0+12.29 days

Pital & Susramoniam (1985), India

41.0+12.3 Pital & Susramoniam (1984), India
n.a. Michew et al. (1990), Italy
n.a. Present study, Costa Rica
46 days CAPOLONGO & C|LK>I§L§90), Republic of
30 days CHeN et al. (1994), China
n.a. Mansur & Hesung (2002), Brazil

* Data from one single female; ** data from one single female with juveniles.
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a limited number of offspring (ThieL 2003). According to this
author, extended parental care has been reported so far in 35
brachyuran crabs. Since the present study is based on preserved
specimens, we do not have live observations about (possible)
parental care behavior in these species. However, these relative
large freshwater crabs should be an ideal object to study such
behavior under laboratory conditions.

As observed and described for other freshwater crabs (see
references cited in Tab. I), individuals attached to the females
of the three species studied herein were juveniles. Although
we did not observe the hatching process, it is assumed that all
three species display a direct development, as this is a com-
mon feature for all of the so-called primary freshwater crabs
(Yeo et al. 2008, CumBERLIDGE & NG 2009).

The presence of juveniles attached to the female has been
already reported for several freshwater crabs (see Tab. I). Our
results for K. ytupora (Fig. 2) clearly show that two size groups
can be found on the abdomen of the females. Considering that
the egg size at the end of the incubation period was almost
identical in both Kingsleya species (Tab. I), it seems safe to as-
sume that the hatchlings in both species should have a similar
size (e.g. SHIRLEY et al. 1987, WEHRTMANN & ALBORNOZ 2003,
WEHRTMANN & Lorez 2003). Therefore, we firmly believe that
juveniles of K. latifrons hatch at a similar size as those in K.
ytupora. However, the limited number of females of K. latifrons
with juveniles simply did not allow encountering females car-
rying the smaller size group of juveniles.

The presence of two size groups seems to indicate that
juveniles are attached to the mother for a prolonged time pe-
riod. In the case of Candidiopotamon rathbunae (De Man, 1914),
brooding females carry their juveniles between 9 and 16 days
(Liv & L1 2000). According to these authors, the post-hatching
period seems to be correlated with the calcification of the cu-
ticle of juvenile crabs. Similarly, juveniles of Aegla perobae
Hebling & Rodrigues, 1977 remain attached to the abdomen
of the female for 8-12 days after hatching (RobriGuez & HEBLING
1978). In A. castro Schmitt, 1942 this period extends until 15
days (SwitcH-Ayous & Masunart 2001), while in A. uruguayana
Schmitt, 1942 and A. platensis Schmitt, 1942 females carried
their young for 3-4 and 10 days, respectively (Lorez-Greco et al.
2004, Lizarpo-Daupt & Bonbp-Buckur 2003). In contrast,
Parathelphusa hydrodomous (Herbst) seems to carry their young
for a substantially longer period of time. According to Pirar &
SusraMONIAM (1984), the average number of days spent by the
juveniles in the brood was 63.7 days with marked interannual
variation, varying between 38 and 100 days. In the case of the
three freshwater crab species studied herein, the exact dura-
tion of the attachment of the offspring to the mother cannot
be established by our data, and future laboratory studies are
needed to clarify this aspect.

The description of the carapace (Figs 3 and 4) allows mor-
phologically distinguishing of the two size groups of attached
juveniles in K. ytupora. These results coincide with the fact that
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roughly 70% of the 28 crustacean species so far reported to
have attached offspring, carry them until they reach the sec-
ond juvenile stage (THieL 2003). At least in Cherax cainii Austin,
2002 the first two stages of juveniles have recurved spines on
the dactyls of their fourth and fifth pereopods, which facilitate
their attachment to the mother; the third juvenile stage is in-
dependent of the mother, and their dactyl spines are straight
and cannot grasp the mother’s pleopods (Burton et al. 2007).
We did not detect such recurved spines in the attached juve-
niles of the crab species studied herein. However, a more de-
tailed study of the morphological and behavioral adaptations
of the different juvenile stages is recommended in order to better
describe the mechanism which hatchlings use to remain at-
tached to their mothers in fast-flowing habitats.
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