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ABSTRACT.—The palaemonid shrimp Creaseria morleyi is widely distributed along the northern portion of
the Yucatan Peninsula inhabiting submerged cave systems. A high degree of morphological variation is
evident in the shape of the carapace and the relative lengths of the first two pereiopods in the larger
organisms. In order to find an explanation for these changes in taxonomically important characters, a mor-
phometric analysis was undertaken. Several body parts as well as individual articles of the first and second
pereiopods were measured for a total of 24 variables. The equation Y = aX®, was used to calculate the
divergence from isometry in relation to carapace length. Males ranged in total length from 31.6 to 49.3 mm
and females from 31.8 to 65.6 mm. For males, all regressions considering body variables showed negative
allometry, except for gonopod length. For females, the only variable showing positive allometry was carapace
width, suggesting that as females increase in size the carapace becomes wider than longer. Regarding the first
pereiopod, almost all variables showed negative allometry; males and females did not differ markedly in this
respect. For the second pereiopod, males showed negative allometry; however, for females, chela related
dimensions exhibited positive allometric growth, consistent with the diverging morphology of the larger
females. Regressions for males and females were significantly different describing a sexual dimorphism.
Graphic representations of the tendencies show that significant changes in the morphology, or in the level
of allometry, occur in females at sizes between 46 and 60 mm of total length.
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INTRODUCTION mented eyes and body (Holthuis 1952). In
contrast with most other cave adapted spe-

sula promotes the formation of submerged ~Cies, whose distribution range is reduced to
cave systems and sinkholes locally know as 1€ ©f @ few localities (Holthuis 1986; Vil-
cenotes (Reddell 1981). These environ- lalobos et al. 1999), C. morleyi is widely dis-

ments are inhabited by an endemic biota tributed along the northern portion of the
composed of teleostean fishes and crusta- Yucatan Peninsula; until 1983 it was known

ceans; with the latter group being domi- from 46 sites (Reddell 1981; Pérez-Aranda

nant both in terms of number of taxonomic ~ 19832)- _ , .
groups and individuals present (Wilkens This endemic shrimp was originally de-
1982). Among crustaceans, decapods are scribed as Palaemon morleyl (Creaser, 1936)
the more abundant and diverse with seven Pased on a type series composed of eight
genera and ten species (Iliffe 1993). organisms, among which the holotype had
The palaemonid shrimp Creaseria morleyi & total length (TL) of 33.5 mm. The genus
(Creaser, 1936), represents a monotypic ge- Creaseria was proposed by Holthuis (1952),
nus closely related to Palaemon, character- who examined females that measured up to
ized by the presence of antennal and bran- 42 mm TL. In these two studies, as well as
chiostegal spines, the absence of a in several lzflter ones, a certain degree of
branchiostegal groove, a two-jointed man- morphological variation was reported

ibul i .. among adult females measuring between
dibular palp, reduced eyes, and unpig 35 and 60 mm TL, in the relative length of

- the appendix masculina of males, and in
ms. received January 31, 2006; accepted April 4, 2006  the shape and number of teeth on the ros-

The karstic nature of the Yucatan Penin-
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trum in both sexes (Hobbs and Hobbs 1976;
Hobbs et al. 1977; Hobbs 1979; Pérez-
Aranda 1983a). During recent sampling
trips conducted throughout the Yucatan
Peninsula, males of up to 44 mm TL and
females of up to 66 mm TL were captured.
A high degree of morphological variation
was evident in the larger organisms,
mainly in the shape of the carapace and the
relative lengths of the articles of the first
two pereiopods (Fig. 1). Further, important
differences emerged with respect to the fig-
ures that appear in Hobbs and Hobbs
(1976, fig. 8) and Hobbs et al. (1977, fig. 19)
which had been commonly used to identify
the species. This situation becomes relevant
if we consider that the morphology of the
first two pereiopods, together with the
shape and number of teeth on the rostrum
are the two most important taxonomic
characters to differentiate among species in
the family Palaemonidae (Holthuis 1952;
Mejia et al. 2003; Walker and Poore 2003).

In order to find an explanation for the
noticeable changes in proportions of the
several regions and appendages in C. mor-
leyi, a morphometric analysis was under-
taken. Previous studies with palaemonid
shrimps have extensively used allometric
or relative growth to define the change in
shape and proportion that takes place
gradually over a series of molts (Hartnoll
1982; Roméan-Contreras and Campos-Lince
1993; Cartaxana 2003; Mossolin and Bueno
2003; Mariappan and Balasundaram 2004).

10 mm

Sometimes an abrupt change in shape and
proportion occurs at a single molt, fre-
quently called puberty molt, separating the
last juvenile stage from the first sexually
mature one (Hartnoll 1985).

The aim of this study was to explore if an
abrupt increment in size and proportion
of the different body parts, based on allo-
metric growth, could be used to explain the
presence of two different morphologies in
the freshwater shrimp C. morleyi from the
Yucatan Peninsula. We found that impor-
tant differences in the allometric growth of
the second pereiopod are evident, particu-
larly in females where significant changes
in the morphology occur at sizes between
46 and 60 mm TL.

MATERIALS AND METHODS

Fifty-nine Creaseria morleyi (20 males and
39 females), deposited in the Coleccién Na-
cional de Crustaceos (CNCR), Instituto de
Biologia, Universidad Nacional Auténoma
de México, were studied from 17 different
localities in the Yucatan Peninsula: 1, Pozo
Chaak (20°21'36"N, 89°45'36"W; 1 male,
CNCR 1640; Aug 27, 1992); 2, Cenote de
Sihunchen (20°41'40"N, 89°40'44"W; 6
males, 2 females, CNCR 22733, 22734,
22738; May 3, 2004); 3, Cenote de San Isidro
(20°7'64"N, 89°37'18"W; 3 females, CNCR
318, 320; Jun 15, 1938); 4, Cenote Cuxtal
(20°47'19"N, 89°35'26"W; 1 male, 6 females,
CNCR 22720; Jul 21, 2003); 5, Cenote Noh-

FIG. 1. Creaseria morleyi females: A, female with small second pereiopod; B, female with large second pere-

iopod. Scale bar represent 10 mm.
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chen (20°29'51"N, 89°35'20"W; 2 females,
CNCR 22722, 24621; May 1, 2004); 6, Grutas
de Tzab-Nah (20°43'49"N, 89°28'28"W; 3
males, 4 females, CNCR 12579, 22717,
22725, 22726, 22736; Jul 29, 2003); 7, Cenote
Tza-Itza (20°43'49"N, 89°27'57"W; 1 male, 2
females, CNCR 22724, 22729; Dec 4, 2003);
8, Cenote Kabahchen (20°23'14"N,
89°23'43”W; 2 females, CNCR 22718, 24620;
Jul 29, 2003); 9, Cenote de Hoctun
(20°51'23"N, 89°11'44"W; 1 male, 3 females,
CNCR 22716, 22721, 22723, 22732; May 5,
2004); 10, Cenote de Santo Domingo
(19°46'07"N, 88°40'04"W; 3 males, 6 fe-
males, CNCR 22735; Aug 7, 2004); 11, Cen-
ote de Las Ruinas (19°37'46"N, 88°33'07"W;
2 males, 2 females, CNCR 22728, 24611,
24612; Aug 7, 2004); 12, Grutas de Balan-
canche (20°39'31"N, 88°32'05"W; 1 female,
CNCR 319; Jun 15, 1938); 13, Cueva Chac
Mol (20°38'47"N, 88°24'53"W; 1 female,
CNCR 330; Jun 15, 1938); 14, Cueva de
Punta Laguna (20°38'47"N, 87°38'23"W; 1
female, CNCR 24616; Dec 9, 2003); 15, Noh
Aktun (20°23'36"N, 87°37'01"W; 2 males,
CNCR 24617; Dec 7, 2003); 16, Cueva de
San Dimas (20°22'13"N, 87°35'17"W; 3 fe-
males, CNCR 22727, 24618, 24619; Dec 7,
2003); 17, Cenote Hoil (20°21'24"N,
87°19'70"W; 1 male, CNCR 22725; Feb 12,
2004) (Fig. 2).

Total length (TL), cephalothoracic length

(CFL), rostrum length (RL), caparace length
(CL), caparace width (CW), abdomen
length (AL), abdomen width (AW), telson
length (TL), total length of the appendage
as well as length of the five individual ar-
ticles of the first and second pereiopods,
and gonopod length (GL) in the case of
males, were measured with a caliper or
with a stereomicroscope fitted with an ocu-
lar micrometer (0.01 mm) (Fig 3).

Due to the sexual dimorphism exhibited
by adults of C. morleyi, males and females
were analyzed separately. Since the ros-
trum can be very variable in shape and
length, carapace length (CL, Fig. 3) was
used as the main independent variable in
the regression analysis (Mariappan and Ba-
lasundaram 2004).

The equation Y = aX®, was used to obtain
the relationships between CL and the re-
maining variables. In its linear form, log y =
log a + b X, where a slope = 1 denotes iso-
metric growth, slope > 1 is positive allome-
tric growth, and slope < 1 is negative allo-
metric growth (Hartnoll 1982). The data
were log transformed before computing the
regression equations (Sokal and Rohlf
1995). Divergences from isometry on the
slope values were tested with a Student’s
t-test (o = 0.05). Analysis of covariance was
used to test for significant differences in
slopes between sexes (Zar 1999).

FIG. 2. Map of the Yucatan Peninsula, Mexico, indicating the sites where Creaseria morleyi were collected.
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CFL

AL

E

FIG. 3. Creaseria morleyi, schematic drawings of the body parts measured. A, cephalothorax: CFL, cephalo-
thoracic length; CL, carapace length; CW, carapace width; RL, rostrum length. B, abdomen and telson: AL,
abdomen length; AW, abdomen width; TL, telson length. C and D, first and second pereiopods: IS, ischium
length; MR, merus length; CP, carpus length; PR, propodus length; PRW, propodus width; PRH, propodus
height; DL, dactylus length. E, second pleopod: GL, gonopod length.

With the purpose of describing the rela-
tive growth of the first two pairs of pereio-
pods and determining the size at which sig-
nificant changes in their proportions occur,
females of C. morleyi were classified as hav-
ing small or large pereiopods, as seen in
Figure 1. To graphically analyze the ten-
dencies, total length was plotted against the
length of the different pereiopodal articles;
least squares estimates were used to illus-
trate the relationships. All data were
treated with the NCSS statistical package
(Hintze 2004).

RESULTS

Twenty males and 39 females were in-
cluded in the analysis; males ranged in to-
tal length from 31.6 to 49.3 mm (X = 39.9 =
1.2 mm), and females from 31.8 to 65.6 mm
(x = 44.3 £ 1.6 mm). All regressions ob-

tained appear in Table 1, with CL being
used as the independent variable in all
cases. The regressions are divided into
three sections: those involving cephalotho-
rax, abdomen and telson, and gonopod
length for males; those of the first pereio-
pod; and those of the second pereiopod.
For males, all regressions considering body
variables showed negative allometry, ex-
cept for GL where positive allometry was
obtained (Table 1). For females, similar re-
sults were obtained; however, the only
variable showing positive allometry was
CW, suggesting that as females increase in
size the carapace becomes wider than
longer (t-test, p < 0.05) (Fig. 4).

Regarding the first pereiopod, in males
all variables show negative allometry ex-
cept for the length of the carpus which ex-
hibits positive allometry and propodus
height with an isometric growth. Females
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Log carapace width

® Females log CW=-0.313 + 1.072 log CL

| © Males log CW=-0.127 +0.902 log CL

0.6 T T
0.9 1.0 1.1

1.2 1.3 1.4

Log carapace length

FIG. 4. Relationships between the carapace length and carapace width for males and females of Creaseria

morleyi (log-transformed data).

show a similar pattern with all measure-
ments exhibiting negative allometry except
for carpus length, which is positive. In gen-
eral terms, the first pereiopod does not dif-
fer markedly between males and females, but
there is an evident difference in the growth
of the propodus and dactylus in females.

With respect to the second pereiopod,
dactylus length in males shows positive al-
lometry and propodus height an isometric
growth; the rest of the variables show nega-
tive allometry. For females, chela related
dimensions such as propodus length,
width and height, and dactylus length
show a positive allometric growth, consis-
tent with the diverging morphology of the
larger females (Fig. 1). A closer inspection
reveals that females with large chelae can
be clearly separated from those with small
chelae showing a noticeably different level
of allometry (Fig. 5). The change in the rela-
tive proportions of the chela occurs at sizes
ranging from 46.9 to 59.2 mm TL.

All regressions for males and females
were significantly different (Fisher test,
analysis of covariance; Table 1) describing a
marked sexual dimorphism.

DISCUSSION

Although Creaseria morleyi is widely dis-
tributed across all the karstic areas of the
Yucatan Peninsula and can be present in

remote and inaccessible sites, some of the
populations mentioned in previous studies
have not been found recently, and others
have probably disappeared. An example of
this situation is the several localities cited
around the city of Merida (Pérez-Aranda
1983a). In addition to the shrinking habitat
problem, cave environments in the Yucatan
generally support small populations of
aquatic animals due to their oligotrophic
nature (Pérez-Aranda 1983b). Due to these
two effects, C. morleyi is becoming rare and
for the same reason, the number of organ-
isms used for this analysis represents a
uniquely large data set.

The sexual dimorphism seen in C. morleyi
becomes more evident when the larger in-
dividuals are compared. Several species of
Palaemon, which is closely related to C. mor-
leyi (Holthuis 1952), show a similar pattern
of sexual dimorphism; Palaemon northropi
and P. ritteri females exhibit stronger and
larger chelae on the second pereiopod than
males (Guerao et al. 1994; Cartaxana 2003;
Kim 2005). In contrast, in the genus Macro-
brachium adult males are larger than fe-
males and their second pereiopods, tradi-
tionally used as diagnostic characters, are
more developed (Anger and Moreira 1998;
Mossolin and Bueno 2003; Mariappan and
Balasundaram 2004).

The type of growth shown by C. morleyi
in relation to total length indicates negative
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FIG. 5. Relationships between total length and several article lengths of the first and second pereiopods of
females of Creaseria morleyi. A, total length vs. merus of first pereiopod length; B, total length vs. propodus of
second pereiopod width; C, total length vs. carpus length of first pereiopod; D, total length vs. second propodus
height; E, theoretical behavior of the growth of the first pereiopod; F, theoretical behavior of the growth of the
second pereiopod. E and F calculated with the least squares method.

allometry, or that the carapace increases in
length at a faster rate than total length. This
pattern is also exhibited by other palae-
monids such as Palaemon northropi, P. pan-
daliformis, Macrobrachium acanthurus and M.
olfersii (Anger and Moreira 1998); in P. lon-
girostris, however, males show a positive
allometric growth (Cartaxana 2003).

In particular, the carapace of female C.
morleyi tends to increase more in width
than in length, a feature that is evident
when the largest females are examined
(Fig. 1). Another important feature of the
largest females is the second pereiopod
which changes dramatically, through what
could be called a puberty molt (Hartnoll
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1985) (Fig. 5). This increment in the size
of the chela is similar to what happens
in other decapod species with marked het-
erochely (Negreiros-Fransozo and Fran-
sozo 2003; Mariappan and Balasundaram
2004).

Puberty molts as described by Hartnoll
(1982; 1985) involve a change in the level of
allometry, an interval during which the pu-
berty molt can take place, and a mature
morphology associated with reproduction.
In the case of C. morleyi, the first two ele-
ments are clearly present when the lengths
of various articles of the second pereiopod
are plotted against total length (Figs. 5a-d).
However, since no reports of ovigerous
C. morleyi exist, it remains somewhat
speculative to call this a puberty molt. Pu-
berty molts have been studied only occa-
sionally in palaemonids; however, this has
been observed in the cephalothorax of Mac-
robrachium borellii (Collins and Petriella
1999).

With the description of the significant
change in morphology of the second perei-
opod of C. morleyi through allometric
growth, we can conclude that all specimens
belong to the same species. Graphic repre-
sentations of the tendencies (Figs. 5e-f),
show that significant changes in the mor-
phology take place in females during a pe-
riod of growth that occur between 46 mm
and 60 TL.
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