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Abstract

This study was designed to test the hypothesis that two sympatric species of freshwater
gammaridean, Hyalella pleoacuta and H. castroi, might show differences at the intermolt
duration and postembryonic growth in laboratory conditions. Ovigerous females were
collected with a net in April 2005 and April 2000, in a trout culture pond in the Vale das
Trutas, municipality of Sdo José dos Ausentes, southern Brazil. These specimens were
cultured in the laboratory (19° C and 12-hour light-dark photoperiod), and examined
for signs of release of juveniles at the same time each day. The culture water was
changed twice a weak. Juveniles that emerged from the brood pouch were separated
and classified as stage I; the subsequent stages were identified by each successive molt.
All the amphipods were observed twice a day until their death. There was no significant
difference between the mean total intermolt period of males (9.68 days) and females
(9.03 days) of H. plevacnta. However, in H. castroi, the males showed a longer mean total
intermolt period (12.18 days) than did females (10.68 days). Sexual dimorphism was
observed at stage V in both species (H. pleoacuta — males: 25.6 + 0.65 days and females:
24.7 * 0.40 days; H. castroi — males: 28.4 £ 1.29 days and females: 27.1 = 0.56 days).
Sexual maturity (stage VIII) was attained after 52.3 £ 1.1 days in males and 51.5 * 1.1
days in females of H. plevacuta. In H. castroi the males and females attained sexual
maturity after 56.7 £ 2.5 and 53.2 + 1.3 days, respectively. Males and females attained a
maximum cephalothorax length of 0.85 and 0.79 mm, respectively in H. pleoacuta, and
0.89 and 0.86 mm, respectively in H. castroi. The mean longevity of males and females
was 124.8 = 10.32 and 121.8 = 9.31 days, respectively in H. ploacuta, and 164.0 and
139.5 days, respectively in H. castroi.
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Introduction

The bodies of crustaceans are limited by
rigid exoskeletons that determine a peculiar type
of growth. The growth appears as a discontinu-
ous phenomenon that takes place in staggered
increments, whose most evident manifestation
is the molting process or ecdysis. Each ecdysis is

followed by a post-molt uptake of water and, as
consequence, a rapid increase in body size during
the short soft-skinned period (Hartnoll, 1982).
The increase in weight and size after each molt-
ing event obeys to an increase in the volume of
the body fluids and the subsequent tissue growth.
The neurohormonal regulation of the molt cycle
is affected by diverse external and internal factors,
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being temperature and photoperiod the most rele-
vant ones among the first group, and age, sex, and
gonad maturity the most important ones among
the second group (Hartnoll, 1982; Lipcius, 1985).
Besides, these animals allocate energy between
growth and reproduction many times throughout
adult life (Stearns, 1992).

The genus Hyalella Smith, 1874 occurs in
freshwater environments in southern Brazil. Most
of the Hyalella species usually found associate to
macrophytes, being that others species are found
swimming at the water column or burrowing at
the sediment of permanent reservoir, lakes, and
(Kruschwitz, 1978; Wellborn, 1995).
These species are important members of the ben-

streams

thos, because they are used as food by aquatic
birds, fishes and other crustaceans (Kruschwitz,
1978; Wellborn, 1995).

Development of the species of Hyalella oc-
curs in the marsupium (Cooper, 1965). These
crustaceans, as well all amphipods, have direct
development, and their eggs hatch into juveniles
that have the general adult morphology, although
they still lack secondary sex characteristics (Strong,
1972; Borowsky, 1991; Steele and Steele, 1991).
Development in these species is divisible into an
embryonic period, extending from ovulation to
hatching; and a juvenile period (postembryonic pe-
riod), extending from hatching to emergence from
the marsupium (Borowsky, 1980a; 1980b). Sexual
dimorphism in species of Hyalella is identified by
adult larger body size and enlarged second gnatho-
pod of males and oostegites of females (Nelson
and Brunson, 1995).

The life cycles of the species of Hyalella that
occur in Brazil are not known. The majority of
studies on Hyalella in Brazil have emphasized the
taxonomy of the group (Pereira, 1989; Bond-
Buckup and Araujo, 1998; Pereira, 2004; Gonzalez
et al., 2006). However, the biological traits of spe-
cies of Hyalella were recently investigated by Cas-
tiglioni and Bond-Buckup (2007), Castiglioni and
Bond-Buckup (in press a and b). This work was
developed with the aim to test the hypothesis that
two sympatric species of freshwater gammarid-
ean, Hyalella pleoacuta Gonzalez, Bond-Buckup and
Araujo, 2006 and H. castroi Gonzalez, Bond-Buck-
up and Araujo, 2006 might show differences at the
intermolt duration and postembryonic growth in

laboratory conditions. For these, the time to first
molt, intermolt duration, molt frequency, age of
the sex recognition, age of the sexual maturation
and growth were analyzed in males and females of
these two sympatric species of Hyale//a.

Material and Methods

Ovigerous females of two Hyalella species
were collected with a net in April 2005 and April
2006 in one culture pond holding trout — Oncorbyn-
chus mykiss (Walbaum, 1792) in the Vale das Trutas
near the headwaters of the Rio das Antas in the
municipality of So José dos Ausentes, state of Rio
Grande do Sul, Brazil (28°47°00”S, 49°50°53”W)).
Both species were found together, living under
the roots of aquatic macrophytes of the genera
Senecio Linnaeus, Hydrocotile Linnaeus, Ludwigia
Linnaeus, and Callitriche Linnaeus along the sides
of the ponds. The regional climate is character-
ized as medium mesotherm, with cold winters and
mild summers because of the altitude (1,100 m)
(Nimer, 1989).

The amphipods collected were placed in
plastic bags and kept in a cooler during transpor-
tation to the laboratory where the animals were
identified. The ovigerous females were cultured in
the laboratory at a temperature of 19° C with a
12-hour light-dark photoperiod. During the em-
bryonic and postembryonic periods, the speci-
mens of both species were kept in containers with
a volume of water of 100 ml each. The water used
in laboratory cultures was collected together with
the amphipods, from the trout culture pond. Sa/-
vinia sp. was added to the container to serve as a
substrate as well as food for both species of Hy-
alella. Every other day, fish food (TetraDiskus®
— 43% protein) was added ad /ibitum to the cultures
as a food supplement for the females. Ovigerous
females were examined for signs of release of ju-
veniles at the same time each day. Juveniles that
emerged from the brood pouch were placed in-
dividually into 50 ml containers, and classified as
stage 1. The subsequent stages were identified by
each successive molt. These amphipods were fed
twice a week with three drops of the algae Ankis-
trodesmus sp. Corda, 1838 (3.5 x 10° cells/ml) and a
small leaf (about 0.009 g) of the macrophyte Ca/-
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litriche rimosa Fasset, 1951. This macrophyte was
collected together with the ovigerous females in
the trout culture ponds. The water in the cultures
was changed twice a week. After the 8" stage, the
specimens were transferred to 100 ml containers.
All the amphipods were observed twice a day until
their death.

The duration (days) of each molt stage was
calculated for each amphipod. Next the total
mean time between each molt (£ SE) was calcu-
lated for males and females individually, for each
species. Analyses of variance, complemented by a
Bonferroni fest, were used to compare the mean
time between molt stages of each sex of spe-
cies of Hyalella (x = 0.05) (Zar, 1996). Each molt
stage was compared between males and females
of H. plevacuta and H. castroi (ANOVA; Bonferroni
test; o = 0.05) (Zat, 1996).

Some amphipods were measured for cepha-
lothorax length using a micrometer eyepiece in a
stereoscopic microscope (0.01 mm), two days af-
ter each molt during the life cycle. This measure-
ment was performed to determine the growth and
molt increment in each molt stage of males and
females of both species. The molt increment in
each molt stage of males and females of each spe-
cies was compared by analysis of variance (ANO-
VA) complemented by a Bonferroni zest (o« = 0.05)
(Zar, 1996). We also compared the molt incre-
ment between males and females of each species,
and between males and females of both species
(ANOVA; Bonferroni zest; o = 0.05) (Zar, 1996).

The longevity (days) was recorded for each
specimen. Next the mean longevity of males and
females for each species was calculated. The mean
longevity (days) of amphipods was compared
between sex and species, using a 7 test (« = 0.05)
(Zar, 1990).

Results

The life cycle of H. plevacuta and H. castroi can
be divided into an immature stage (consisting of
the first 5 stages), a juvenile stage (stages VI and
VII) and an adult stage (stage VIII and older). The
duration of each stage differed between species.

Mortality in the first juvenile stages was high:
107 (51.2%) and 83 (35.3%) juveniles died before

their sex could be determined, in H. plevacuta and
H. castroz, respectively. The first molt occurred at
7.1 £ 0.13 days (mean * SE) (n = 152) in H. pleoa-
cuta and 6.8 = 0.09 days (n = 103) in H. castroi.

There was no significant difference be-
tween the mean total intermolt period (+ SE) of
males (9.68 £ 0.31 days) and females (9.03 + 0.21
days) of H. plevacuta (+=1.749; p < 0.05). How-
ever, in H. castroi, the males showed a longer
mean total intermolt period than the females
(males: 12.18 £ 0.50 days; females: 10.68 £ 0.29
days) (# = 2.628; p < 0.05). Males and females of
H. castroi showed a longer mean intermolt period
than did males and females of H. plevacuta (males:
t=-4.268; females: #=-4.675; p < 0.05). Males
and females of H. plevacuta molted 9.8 and 9.7
times (means), respectively, whereas males and
temales of H. castroi molted 11.3 and 10.5 times
along of life cycle, respectively.

The duration (days) of each stage of males
and females of H. plevacuta and H. castroi is shown
in Table I. Males and females molted with more
frequency at the 5% stage in H. plevacuta (p < 0.05)
and at the 6™ stage in H. castroi (p < 0.05). How-
ever, males and females of both species showed
a longer mean intermolt period in the later stages
than in the first stages (p < 0.05).

Sexual dimorphism, identified by the enlarged
second gnathopods of males and by the oostegites
of females, was first observed at the 5% stage in
both species of Hyalella. This stage was reached
after about 25.6 * 0.65 and 24.7 £ 0.40 days in
males and females, respectively, in H. ploacnta. In
H. castroi sexual dimorphism was attained after
28.4 £ 1.29 days in males and 27.1 £ 0.56 days
in females. The sex could be determined at sizes
of about 0.35 and 0.37 mm CL in H. ploacuta and
H. castroz, respectively. Stage VIII (sexual maturity)
was attained after 52.3 £ 1.1 days (mean + SE) and
51.5 = 1.1 days in males and females, respectively,
in H. pleoacuta. In H. castroi the males and females
attained sexual maturity after 56.7 * 2.5 days and
53.2 = 1.3 days, respectively. The males and fe-
males of H. plevacuta attained sexual maturity at
0.51 and 0.48 mm CL, respectively. In H. castroi,
males and females were sexually mature at 0.55
and 0.53 mm CL, respectively.

The molt increment in each molt stage of
males and females of both species is shown in
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Table I. Duration (days) (mean * SE) of each stage of males and females of Hyalella plevacunta and H. castroi.

Stages Hyalella pleoacnta Hyalella castroi
Juveniles Juveniles
1 7.11£0.13 (213) ef / DE 6.8 £0.09 (200) ef / EF
11 6.01+0.13 (200) f / E 6.7+0.11(168) f / F
111 6.0+ 0.11(152)f /E 6.8 = 0.19 (145) ef / EF
v 6.6 £0.17 (152) ef / DE 7.1 £0.17 (124) f / EF
Males Females Males Females
v 8.1 £0.27 (58) ed 7.7£0.25 (94) CD 7.4+ 0.49 (25) ef 7.7 £0.26 (78) EF
VI 8.6+ 0.31(57)d 9.0+ 0.38(87)C 9.1+ 0.74 (25) de 8.5+ 0.38 (68) DE
VI 10.1 + 0.40 (46) d 10.9 + 0.44 (66) B 11.1 4090 (22)d 104+ 0.61 (38) D
VIII 12.9 £ 0.86 (34) ¢ 12.6 £ 0.75 (42) B 15.0 £1.28 21) ¢ 14.3 £ 1.02 (47) C
X 17.3+2.11 (19 b 17.5+2.23 (25) A 204 *1.55 (19) b 19.4 +1.64 (29) B
X 19.2 £ 1.74 (17) ab 18.1 £ 2.01 (20) A 203+ 1.78 (16) b 22.8 £1.72 (25) A
XI 2141193 (14) a 174 £1.12 (15) A 20.6 +2.30 (14 b 242+1.83(22) A
XII 22.0 £3.55 (10) a 19.8+217 (12) A 2554279 (11)a 24.9 +1.70 (18) A
XIIT 2231437 4)a 20.8+£223(9) A 25.6£2.69 (8 a 254£122(13) A
X1V 25.7 % 4.26 (3) a 23.6+3.23(7) A 29.0 £1.00 (2) a 284+ 1.51 (7) A
XV 26.0 (1) a 23.7£0.88 (3) A
XVI 26.0 £ 6.00 (2) A

Note: Juvenile stages I to IV were not separated into males and females, since these juveniles could not be sexed because their secondary sexual

characters are not yet developed. Numbers between parentheses are number of individuals analyzed. Small letters correspond to the comparisons

of males each species of Hyalella and capital letters correspond to the comparisons of females of each species of Hyalella. Values with at least one

letter in common did not differ statistically (o« = 0.05).

Figure 1. Although the males showed a high molt

increment, there was no significant difference in

the molt increment in each molt stage of males
and females of both species (p > 0.05). Besides,
there was no observed significant difference in the

molt increment between both sex of the species
(p > 0.05). In Figure 2 indicates the cephalothorax
length of males and females of H. plevacuta and

H. castroi at each stage. The cephalothorax length

of males and females of both species is represent-
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Figure 1. Mean molt increment (+ SE) of males and females of

Hyalella pleoacuta and H. castroi in each development stage.

ed by a sigmoid curve, but males became larger

than females with each successive stage, mainly

in H. pleoacuta. The males and females attained a

mean maximum size (cephalothorax length) of

0.85 and 0.79 mm, respectively in H. plevacuta, and

0.89 and 0.86 mm in H. castroi. Figure 3 represents

the growth curve of males and females of H. pleo-

acuta and H. castroi constructed by integrating data

on molt increment and intermolt duration.
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Hyalella pleoacuta and H. castroi at each stage of their life cycle.
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Figure 3. Growth curve of males and females of Hyalella plevacnta
and H. castroi in laboratory conditions constructed by integrating data

on molt increment and intermolt duration.

The longevity of males of H. pleoacuta
ranged from 58 to 259 days, and that of females
from 51 to 266 days. There was no significant
difference between the mean longevity (£ SE)
of males (124.8 = 10.32 days; n = 33) and fe-
males (121.8 = 9.31 days; n = 42) of H. plevacuta
(t=0.014; p> 0.05). In H. castroi, the longevity
of males ranged from 62 to 240 days and that of
females from 56 to 262 days, i.c., males showed
greater mean longevity than females (males:
164.0 £ 42.5 days; n = 21; females: 139.5 £ 10.39
days; n = 46) (= 1.230; p < 0.05). Males and fe-
males of H. castroi showed greater mean longevity
than did males and females of H. plevacuta (males:
+=2.509; temales: 7= -1.296; p < 0.05).

Discussion

The stages of thelife cycleidentified in H. pleo-
acuta and H. castroi were the same as observed in
H. azteca Saussure, 1858 by Cooper (1965). How-
ever, the duration of each stage and the age at sex-
ual maturity of the species of Hyalella analyzed in
the present work differed from H. agteca. Probably
the duration of each stage of life cycle is directly
influenced by the environmental conditions under
which the animals are raised or exposed, especially

the temperature and photoperiod (Bovee, 1950;
Cooper, 1965; Strong, 1972; Kruschwitz, 1978).
The intermolt periods in females of H. plevacuta
and H. castroi were very similar to that observed in
H. azteca (11 days) by Othman and Pascoe (2001).
However, the total intermolt period in males of
these two species was lower than that of H. agreca
studied by Kruschwitz (1978) (17.17 days) and by
Othman and Pascoe (2001) (20 days).

Sexual dimorphism is often pronounced in
amphipods. The sexes of gammarideans can usu-
ally be distinguished by differences in secondary
sexual characters, including body size, gnathopods
(Moore and Wong, 1996), oostegites (Kruschwitz,
1978), and antennae (Tsoi and Chu, 2005). De-
velopment of these secondary sexual characters
reflects sexual differentiation and maturation
(Hartnoll, 1982). The time of sex recognition in
H. plevacnta and H. castroi was very similar to the
results reported by Nelson and Brunson (1995)
and Othman and Pascoe (2001) in H. azteca (see
Table II).

The age of sexual maturity of males and fe-
males of H. plevacutawas similar to H. castroi. How-
evet, H. azteca became sexually mature at different
ages than the species of Hyallla analyzed in the
current work, as observed in Table II. It should
be noted, however, that these variations in the age
of sexual maturity may be attributed to the dif-
ferent ambient or laboratory conditions to which
different species or populations were exposed. In
the case of H. agteca, its growth and development
are affected by several environmental factors,
particularly temperature (Bovee, 1950; Coopert,
1965; De March, 1977; Kruschwitz, 1978), but
also photoperiod (De March, 1977; Kruschwitz,
1978), dissolved oxygen (Nebeker ¢z a/, 1992), pH
(Pilgrim and Burt, 1993), and food quantity and
quality (Hargrave, 1970; Moore and Farrar, 1996;
Wellborn, 1994). For example, this species reared
at lower temperatures can take longer to mature
and grow larger than animals reared at higher
temperatures.

The growth of individuals of H. plevacuta and
H. castroi was found to be continuous through-
out life, in laboratory conditions. Nevertheless,
growth rates were higher in the early phases (juve-
nile phases) in both species, when it is commonly
accepted that individuals grow exponentially (Wel-
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Table II. Comparison of age at sex recognition and age at sexual maturity of some species of Hyalella.

Age of the sex
recognition (days)

Age of the sexual
maturity (days)

Laboratory conditions

(temperature and photoperiod Authors

light/dark)
Hyalella azteca _ 60-65 20° C-22° C Bovee (1950)
Hyalella azteca _ 26-41 26° C-28°C Bovee (1950)
Hyalella azteca _ 36 20°Cand15h /9h Cooper (1965)
Hyalella azteca _ 24 20°Cand16h /8h Nelson and Brunson (1995)
Hyalella azteca 19-21 23 22°Cand16h/8h Othman and Pascoe (2001)
Males: 24.7* Males: 52.3*
Hyalella pleoacuta ) ) 19°Cand12h / 12h Present study
: Females: 25.6% Females: 51.5% ’
. Mals: 27.1* Males: 56.7*
Hyalella castroi _ 19°Cand12h /12h Present study
Females: 28.4* Females: 53.2%
* = means

ton and Clarke, 1980). Similar data were reported
by Othman and Pascoe (2001) for H. agteca and
by Maranhdo and Marques (2003) for Echinggam-
marus marinus (Leach, 1815), also in laboratory
conditions.

Males and females of H. plevacuta and H. cas-
#roi molted about the same time until sexual matu-
rity. However, in adult males, the intermolt period
was longer than in females. This observation is
similar to those of Geisler (1944), Strong (1973),
Kruschwitz (1978), and Othman and Pascoe
(2001), who found that adult females molted more
frequently than adult males of H. agzeca. This is
probably because the female are involved in pro-
ducing and releasing the juveniles, and so they
need to molt more frequently than the males.

In the case of gammaridean amphipods, the
females have no mechanism for sperm storage
and typically produce a clutch of eggs at each molt
(Cooper, 1965; Strong, 1973). One to a few days
prior to the female molt, males use their anterior
gnathopods to grasp the female’s second coxal
segment, in a pre-copulatory mate-guarding be-
havior (Borowsky, 1984). Pairs remain attached in
this way (male dorsal to female) throughout the fe-
male’s molt, at which time the first-instar offspring
are released and the new clutch of eggs is fertilized
by the guarding male as eggs pass into the mat-
supium. Pairs separate after fertilization (Cooper,
1965; Strong, 1973). The pre-copulatory mate-
guarding behavior guarantees that males and fe-
males are together during this phase of the female
life cycle. The males of H. plevacuta and H. castroi
carry the females for about 6 days (Castiglioni and
Bond-Buckup, 2007). The embryonic and postem-
bryonic periods take about 15 days in H. plevacuta
and 16 days in H. castroi (Castiglioni and Bond-

Buckup, 2007). Adding the time that the females
of H. plevacuta and H. castroi remain together with
the males, to the time the females require to incu-
bate the eggs and carrying the hatching juveniles
in the marsupium, sums to about 20 days of their
reproductive cycle. Thus, the somatic growth of
the females is compromised, and they do not molt
during this life phase. Afterwards, the females need
to molt more frequently than males to compensate
for the increase in body size. Besides, it must be
taken into account that the body size of the female
is correlated with the number of eggs produced,
that is, the larger the female, the more eggs that
she will can produce and carry in the marsupium
during the course of embryonic development
(Castiglioni and Bond-Buckup, submitted).

The body sizes at which sex can be identified,
and maximum body size attained by individuals of
H. plevacuta and H. castroi under laboratory condi-
tions were all smaller than in field conditions (see
Castiglioni and Bond-Buckup, in press 4). Hargrave
(1970) and Moore and Farrar (1996) observed that
diet quality and quantity are clearly important in
determining growth and reproduction in H. azteca.
Probably the food quality and quantity influence
the growth of H. plevacuta and H. castroi. A smaller
body size under laboratory conditions was also
observed in the amphipod Echinggammarus marinus
by Maranhao and Marques (2003). In addition to
the influence that the quality of the food may have
had on these results, the lower body size reached
by individuals under laboratory conditions could
also be attributable to a decrease in the scope for
growth in response to stress. Chen ¢z a/. (1990) re-
corded higher mortalities and lower growth rates
of penaeid shrimps in culture, because of the de-
terioration of water quality caused by metabolic
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wastes, mainly ammonia and nitrite, which can be
toxic to crustaceans. It is possible that water-qual-
ity problems caused by wastes since the food was
supplied ad /ibitum and the water was changed only
twice per week, may have influenced the present
results for growth of H. pleoacuta and H. castroi.

The time to first molt, molt frequency, sex
determination, and sexual maturation were very
similar between these sympatric species, H. pleoa-
cuta and H. castroi. However, the species differed in
the total intermolt period, maximum body size and
longevity of males and females in laboratory con-
ditions. Probably these differences in the life cycle
observed in laboratory conditions are sufficient to
allow the two species to coexist in the trout pond.
Knowledge of these biological traits is essential to
understanding of the life cycle of these freshwater
gammarideans, and for their future utilization in
tests of environmental quality.
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