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Ontogeny of osmoregulation in the grapsid crab
Armases miersii (Crustacea, Decapoda)
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ABSTRACT: Osmoregulation was studied in the zoeal stages I to IlI, the megalopa, juvenile crab stages
I and II, and in adults of the grapsid crab Armases miersii. The larvae hatch and develop in tropical
supratidal rock pools, where ample variations of salinity occur. To cope with this harsh environment,
the capacity for osmoregulation is well developed at hatching, and becomes further accentuated in the
larvae and juveniles. All zoeal stages hyper-regulated at low salinity (5 to 26 PSU), but at higher salin-
ity (33 to 44 PSU), they were hyper-osmoconformers. The type of osmoregulation changed in the mega-
lopa stage to a hyper-hypo-regulation pattern. While the hyper-osmoregulatory capacity increased
gradually throughout postembryonic development from hatching to adult, the hypo-osmoregulatory
capacity increased from the megalopa to the adult. The ontogenic acquisition of osmoregulation was
faster for hyper- than for hypo-regulation: 85 and 41 % of the adult capacity, respectively, was acquired
in the crab I stage. These findings confirm that important physiological changes occur at metamorpho-
sis. A correlation is established between the osmoregulatory ability of each developmental stage and
its salinity tolerance. The ecological implications and the adaptive and evolutionary significance of
osmoregulation in early life-history stages of A, miersii and other aquatic crustaceans are discussed.

KEY WORDS: Osmoregulation - Ontogeny - Development - Metamorphosis - Adaptation - Crustacea -
Brachyura - Grapsidae - Larva - Megalopa - Juvenile - Armases

INTRODUCTION evolution of the Arthropoda, the ontogeny of osmoreg-
ulation has thus a great adaptive significance, and this

The importance of physiological adaptations in evo- has stimulated a growing number of studies on differ-

lutionary ecology has been underlined in several
recent studies, especially with regard to the physiolog-
ical changes occurring during development, both in
vertebrates (e.g. Kormanik 1992, Limburg 1996) and
invertebrates (e.g. Charmantier & Charmantier-Dau-
res 1994, Morritt & Spicer 1995). Salinity is one of the
main environmental factors wielding a selection pres-
sure upon aquatic organisms. Thus, the successful
establishment of a species in a given habitat depends
on the ability of each of its developmental stages to
adapt to, among other factors, the typical level and
variations in salinity. This may be achieved through
the physiological processes of osmoregulatidn, In the
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ent crustacean species.

Within the field of evolutionary physiology, the
widespread scientific interest in the Crustacea reflects
the great variety of habitats that are populated by this
group. While osmoregulation has been explored in the
adults of numerous crustacean species (reviews in
Mantel & Farmer 1983, Pequeux 1995), the number of
species in which the ontogeny of osmoregulation has
been studied is still limited (review in Charmantier
1998). This is conspicuous also in the Decapoda and
other malacostracans, in which less than 20 species
have been studied. The majority of these are edible
and have probably, at least partly, been chosen as
research objects for their availability and economical
interest rather than for their ecophysiological traits.
Additional studies on other crustaceans are thus neces-
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sary to broaden our perspective, and the studied spe-
cies should be selected chiefly on the basis of their
habitat characteristics. In particular, species that live in
habitats with extreme and/or highly variable salinities
are interesting in this context.

One species fitting this requirement is the semiter-
restrial tropical crab Armases miersii (Rathbun, 1897)
(formerly Sesarma miersii; for revision of generic tax-
onomy, see Abele 1992). This grapsid crab breeds in
supratidal coastal rock pools on the northern shore of
Jamaica, where the larval and early juvenile stages
develop under harsh and extremely variable environ-
mental conditions of temperature, oxygen concentra-
tion, and salinity (Anger 1995a, Anger & Schultze
1995, Schuh & Diesel 1995a). The latter factor shows
ample and unpredictible changes in a 0 to 120 PSU
range, due to precipitation and evaporation (Anger
1995a, Schuh & Diesel 1995a). Laboratory experiments
showed that the early postembryonic stages, compris-
ing 3 zoeae, 1 megalopa, and the first crab stage, may
tolerate a wide range of salinities, from 5 to 50 PSU
(Schuh & Diesel 1995b). The tolerated range tended to
broaden in successive stages, which led Anger (1996)
to hypothesize that an osmoregulatory capability
might already exist in this species from hatching, and
that its extent should change during the course of sub-
sequent development.

The objectives of the present study were thus (1) to
determine in the successive postembryonic stages,
from the zoea I to the second crab stage and in adults,
the ability to osmoregulate, and (2) to compare the
osmoregulatory capabilities with available data on
salinity tolerance and developmental ecology of these
life-history stages, highlighting the evolutionary sig-
nificance of physiological adaptations.

MATERIALS AND METHODS

Specimens. In 1993, laboratory-reared juveniles
from 3 different hatches of Armases miersii were trans-
ported from the Discovery Bay Marine Laboratory,
Jamaica, to the Marine Biological Station Helgoland,
Germany. They were reared to adulthood in 51 aquaria
with seawater (ca 32 to 33 PSU salinity), at 24°C and a
12:12 h light:dark cycle. Instars I to V were fed exclu-
sively 2 d old Artemia sp. nauplii, later stages with lab-
oratory-reared marine isopods (Idotea sp.). Larvae
have been frequently obtained under these conditions
since 1994. The larvae used in the present study
hatched from late March through April 19}9‘7. They
were mass-reared in 400 ml glass bowls at’the same
conditions of temperature, light and salinity; the initial
larval density was 50 individuals per bowl in the zoea ]
and II stages, 30 in the zoea III, 20 in the megalopa, and

10 in the crab I stage. At daily intervals, seawater was
changed and freshly hatched Artemia sp. nauplii were
given as food (density: approximately 10 mi™'). When
molts occurred, the larvae were staged individually
according to morphological criteria (Zimmermann-Ruf
1997) and further reared in groups with an identical
age within a given instar.

The average duration of successive developmental
stages was 3 d (zoea I}, 3 d (zoea II), 4 d (zoea III), 8 d
(megalopa), and 8 d (crab I). Molt stages within each in-
star (Drach 1939) were routinely determined according
to the time elapsed since the last preceding ecdysis, dis-
tinguishing between the initial postmolt stages (A and
B), intermolt (C) in the middle, and premolt (D) near the
end of the molting cycle. Except for the study on the ef-
fect of the molt stage on osmoregulation (conducted
only in zoea III), hemolymph samples were collected
exclusively from stage C individuals. In zoea I to crab I,
this was defined as the middle of the time of the instar.

In later crab instars, the individual time since the last
molt was not known. To select stage C crabs from these
materials, soft (postmolt, A and B) and strongly colored
(premolt, D) individuals were rejected. The '‘crab II'
samples had to be taken from a mixed mass culture
with about 80 % crab II and 20% crab I (according to
carapace size); ‘adult’ crabs (males and females with
1.1 + 0.3 cm carapace width) were not fully grown to
maximum possible size but sexually mature.

The validity of staging methods was occasionally
confirmed through microscopical observations; the tel-
son in larval stages (Anger 1983) and the exopodite of
a third maxilliped in crabs (Drach 1939, Drach & Tcher-
nigovtzeff 1967) were used as reference body parts.

Preparation of media. Experimental media were
prepared and stored in 51 plastic containers for the
entire duration of the experiments. Dilute media were
prepared by adding desalinated freshwater to natural
seawater, and the high salinity medium was prepared
by adding ‘Tropic Marin® salts (Wartenberg, Ger-
many) to seawater. All experiments were conducted at
a constant temperature of 24°C. Salinities were ex-
pressed as osmotic pressure (in mosm kg™!) and as salt
content of the medium (in PSU); a value of 3.4 PSU is
equivalent to 100 mosm kg~! (29.41 mosm kg~' per 1
PSU). The osmotic pressure of the media was mea-
sured with a micro-osmometer Model 3MO (Advanced
Instruments, Needham Heights, MA, USA) requiring
20 pl per sample. Media with the following osmolalities
{mosm kg!) and corresponding salinities were pre-
pared: 31 (1.1 PSU), 156 (5.3 PSU), 302 (10.3 PSU), 500
(17.0 PSU), 755 (25.7 PSU), 961 (seawater, 32.7 PSU)
and 1287 (43.8 PSU). Adult crabs were exposed to all
media; the lowest salinity was not used for younger
stages because it was below their range of tolerance
(Schuh & Diesel 1995b, Anger 1996).
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Osmoregulation. Larvae and young crabs

(stages I and II) were superficially dried on 700 -

filter paper, then quickly immersed in min-
eral oil to avoid evaporation and desiccation.
The remaining adherent water was aspi-
rated through a first glass micropipette. The
hemolymph was then sampled with a sec-
ond micropipette inserted in the heart. In
adult crabs, the hemolymph was collected
via a hypodermic needle after sectioning of
the propodite of a fourth or fifth pereiopod
previously dried with filter paper. The
hemolymph was quickly transferred into
mineral oil to avoid evaporation.

Hemolymph osmolality was determined 400
for each life-history stage only after it had
reached a steady state value relative to the
ambient water osmolality. A preliminary
experiment with zoea III larvae and crab I
juveniles showed that this occurred within a
tew hours (see below). Due to the small
number of available specimens, a similar
evaluation could not be conducted in adult
crabs. Based upon results from previous
studies with other brachyuran species (Charmantier
1998), adults were kept for ca 48 h in each experimen-
tal medium before sampling. In larvae and early juve-
niles (crab I and IT), we allowed for an acclimation time
of 20 to 24 h.

For all developmental stages, hemolymph osmolality
was measured with reference to the medium osmolal-
ity on a Kalber-Clifton nanolitre osmometer (Clifton
Technical Physics, Hartford, NY, USA) requiring about
30 nl. The results were expressed either as hemolymph
osmolality or osmoregulatory capacity (OC), defined as
the difference between the osmolalities of hemolymph
and the medium. Analysis of variance (ANOVA) and
Student's t-test were used for multiple and pairwise
statistical comparisons of mean values, respectively,
after appropriate checks for normal distribution and
equality of variance (Sokal & Rohlf 1995).

RESULTS
Adaptation time

The time of adaptation after a change in the environ-
mental salinity was evaluated in the zoea IIl and crab 1
stages (Fig. 1). After a rapid transfer from a medium
(zoeae: 474 mosm kg“l, 16.1 PSU; crabs: 499 mosm
kg, 17.0 PSU) to a more dilute medium (both stages:
156 mosm kg!, 5.3 PSU), the hemolymph osmolality
stabilized in the zoeae within 1 h, and ix juvenile crabs
within 1 to 2 h.

T Armases miersii

Hemolymph (mosm/kg)
= o wn [~ (=)
wn S w (= un
=] =4 = =4 <&

Zoea II1

0 5 10 15 20 25

Time (h)

Fig. 1. Armases miersii. Change in hemolymph osmolality in zoea III and
crab I instars after rapid transfer from an original medium (zoeae: 474
mosm kg™, 16.1 PSU; crabs: 499 mosm kg~?, 17.0 PSU) to a dilute medium
(both stages: 156 mosm kg!, 5.3 PSU) at 24°C; error bars: ¥ + SD; n = 3 to

10 individuals

Effect of the molt stage on osmoregulation

The effect of the stage of the molting cycle on the
osmoregulation of an instar was evaluated in zoea III
larvae exposed to 3 salinities (Fig. 2). At the lowest
salinity (156 mosm kg™, 5.3 PSU), the osmoregulatory
capacity (OC) was significantly lower in postmolt
(stages A and B) than in intermolt and premolt (stages
C and D), differing by 14 and 18 %, respectively; how-
ever, the OC values did not change significantly
between stages C and D. In the 500 mosm kg !
medium (17 PSU), the OC was only slightly (by 4 %),
but significantly, lower in stages A and B than in C;
again, the differences between molt stages C and D
were statistically not significant. In seawater
(961 mosm kg~!, 32,7 PSU), the OC values were gener-
ally low, without significant differences among the 3
stages of the molt cycle.

Osmoregulation in successive developmental
stages

The ability of young postembryonic stages and
adults to osmoregulate was evaluated over a wide
range of tolerable salinities. The results are given as
variations in the hemolymph osmolality and as OC in
relation to the osmolality and salinity of the medium
(Figs. 3 & 4). In the adults, no difference in osmoregu-
lation was found between males and females; their
results were pooled.
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Fig. 2. Armases miersii. Osmoregulatory capacity (OC) in molt stages A

and B (early postmolt, 0 d), C (intermolt, 1 d), and D (premolt, 3 d) within

the zoea III instar during exposure to 3 salinities, at 24°C; error bars: ¥ +

SD; n = 9 to 10 individuals; different numbers near error bars indicate sig-
nificant differences between salinities (p < 0.05)

sively from the zoea I to the adults. As ex-
ceptions, the OC in dilute media remained
unchanged between the zoea III and the
megalopa stages, and, at some salinities, the
ontogenic changes in OC were not signifi-
cant between the zoea II and III or between
the crab I and II stages (Fig. 4). At high
salinities (32.7 and 43.8 PSU), the weakly
hyper-osmoconforming trait remained un-
changed between the zoeal stages I and III,
while the hypo-osmoregulatory capacity in-
creased from the megalopa to the adult
crab. In megalopae, juveniles and adult
crabs, the transition from hyper- to hypo-
regulation, ie. the isosmotic salinity, was
close to 26-27 PSU (Fig. 3).

DISCUSSION
Adaptation time
In Armases miersii, the time required for
osmotic equilibration after a sudden de-

crease in external salinity was about 1 to 2 h
in the 2 tested stages, zoea III and crab L

The pattern of osmoregulation changed during the This time is similar to those found in young stages of
course of development. All 3 zoeal stages hyper- other decapod or isopod species (review in Char-
regulated in the dilute media and isoconformed or mantier 1998). For instance, in the closely related grap-

slightly hyper-osmo-conformed between
25.7 and 43.8 PSU. A significant shift in
the osmoregulatory pattern occurred in
the megalopa. This stage retained hyper-
regulation at low salinities, but also be- 0 5

Medium (PSU)
15 20 25 30 35 40 45

came a slight hypo-regulator in seawater 1400

and at enhanced salinity. This type of | Armases miersii

1200

hyper-hypo-osmoregulation was main-
tained in the crab I and Il juveniles and in
the adults (Fig. 3). In particular, adult
crabs were very strong hyper-regulators
at low salinity (down to 1.1 PSU) and
strong hypo-regulators in seawater and
higher salinity. In the 4 experimental
media ranging from 302 to 961 mosm
kg™! (10.3 to 32.7 PSU), adult Armases
miersii maintained an almost constant
hemolymph osmolality (mean values: 200 4 .7
733, 749, 770, 810 mosm kgY). s

1000
800 -
600 -

400 -

Hemolymph (mosm/kg)

—-o--- Zoea II --<-- Crab Il
------ v Zoea IIT —— Adult

The ability to osmoregulate at both low 0 T
and high salinities increased throughout 0 200
development, as demonstrated by varia-
tions in hemolymph osmolality (Fig. 3)

iy

400 600 800 1000 1200 1400

Medium (mosm/kg)

. jersii. iati h lality in dif t
or OC (Fig. 4). At low salinities (5.3 to Fig. 3. Armases miersii, Variations of the hemolymph osmolality in differen

17.0 PSU), the hyper-osmoregulatory
capacity increased in general progres-

stages of postembryonic development in relation to the osmolality and salinity
of the medium at 24°C; error bars: X + SD; n = 8 to 11 individuals; dashed line:

isoconcentration
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Effects of the molt stage Fig. 4. Armases miersii. Variations of the osmoregulatory capacity (OC) in
different stages of postembryonic development in relation to the osmolality
and salinity of the medium at 24°C; error bars: ¥ + SD; n = 8 to 11 individu-
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(i.e. during postmolt, stages A and B) than during the
later stages, intermolt (C) and premolt (D). This effect
following ecdysis might result from a passive diffu-
sional and osmotic uptake of water through the highly
permeable postmolt teguments, favoured by the large
difference in osmolality between the external medium
and the hemolymph.

In contrast to other species (review in Charmantier
1998), no significant increase in hemolymph osmolality
was noted in premolt. This effect has been interpreted
as an adaptation ensuring the entry of water into the
body for an increase in volume at the time of ecdysis
(Kalber & Costlow 1966). In Armases miersii, the
increase in larval body size at ecdysis would thus
result, at least at low salinity, from its strong osmoreg-
ulatory ability, which ensures a high hemolymph
osmolality. On a more general level, the variability in
hemolymph osmolality during the molting cycle, even
if it is limited as in A. miersii larvae, highlights again
the necessity for checking the molt stage in compara-
tive studies of osmoregulation.

Osmoregulation in successive developmental stages
-

Adult Armases miersii hyper-regulate at low salini-

ties and hypo-regulate in undilute,d/seawater and at

higher salt concentrations. The isosmotic salinity is

close to 26-27 PSU. Although the ability to osmoregu-
late varies among species and with other factors such
as temperature and body size, this pattern is common
among species belonging to different families of the
Brachyura (Mantel & Farmer 1983). At low salinities,
the hyper-osmoregulatory capacity of A. miersii
reached up to 600 mosm kg~!. This value is close to
those reported from other Grapsidae, particularly in
Sesarminae such as Sesarma meinerti (Gross et al
1966), S. catenata, S. eulimene (Boltt & Heeg 1975),
and S. reticulatum (Foskett 1977), but also in species
belonging to the family Ocypodidae (review in Mantel
& Farmer 1983), e.g. Uca subcylindrica (Rabalais &
Cameron 1985a).

At high salinity, the hypo-osmoregulatory capacity of
adult Armases miersii is strong, e.g. about —400 mosm
kg™! in a 44 PSU medium. At approximately the same
salinity, a similar value was measured in Sesarma
meinerti (Gross et al. 1966) and in some Uca species
(review in Mantel & Farmer 1983); on the other hand,
the hypo-osmoregulatory capacity of S. reticulatum is
only about —200 mosm kg~! (Foskett 1977).

Adult Armases miersii are among the most efficient
osmoregulators amid the decapod crustaceans. This
may be illustrated in 2 additional ways: (1) this species
maintains an almost constant hemolymph osmolality at
salinities between 10 and 33 PSU; (2) over the entire
range of tested salinities (1 to 44 PSU, i.e. for external
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osmolalities spanning 1250 mosm kg~!), the variation
in hemolymph osmolality remained below 300 mosm
kg

The patterns of osmoregulation change during the
postembryonic development in Armases miersii. Zoeae
are hyper-isoregulators, with an increasing ability to
hyper-regulate at low salinity, especially from the zoea
I to the zoea I stage. The adult hyper-hypo-osmoregu-
latory type is established in the megalopa: at this stage
however, the ability to hyper-regulate is not higher
than in the zoea III, and the ability to hypo-regulate is
still very limited. In the subsequent juvenile crab I and
Il stages, both the hyper- and hypo-osmoregulatory
capacities increase, and they certainly continue to
increase in later juvenile stages, until the adult capac-
ity is eventually reached. The ability to osmoregulate is
established in 2 steps during the postembryonic devel-
opment of A. miersii: (1) the larvae are from hatching
able to hyper-isoregulate; (2) the capability for hyper-
hypo-regulation is acquired at the megalopa stage.

This ontogenic change in the patterns of osmoregu-
lation can be compared with that in other species, and
it may be assigned to one of 3 different types that have
been proposed (Charmantier et al. 1988; review in
Charmantier 1998). Armases miersii belongs to the
third category, in which the pattern of osmoregulation
changes during the postembryonic development. In
another grapsid species, Sesarma reticulatum, the
zoeal stages are also hyper-isoregulators and the adult
crabs hyper-hypo-regulate, as in A. miersii, but the
megalopa stage retains the zoeal pattern of osmoregu-
lation; thus, the transition from the larval to the adult
pattern of osmoregulation should in that species occur
only during the early juvenile crab stages (Foskett
1977). The ontogenic changes found by Rabalais &
Cameron (1985b) in the ocypodid crab Uca subcylin-
drica resemble more closely those in A. miersii: its
2 zoeal stages are hyper-isoregulators, and the shift to
the adult hyper-hypo-regulation pattern occurs al-
ready in the megalopa stage. In all these crab species,
the change in the pattern of osmoregulation is obvi-
ously linked with metamorphosis, as in other previ-
ously studied species.

In general, the transition from the larval to the adult
type of osmoregulation may occur abruptly in 1 meta-
morphic molt, as in lobsters Homarus americanus, or it
may represent a more gradual change. The latter
occurs in species where metamorphosis is spread over
several molts, e.g. in Penaeus japonicus and probably
other penaeid shrimps (Charmantier et al. 1988). In the
literature, there are controversial views of the timing of
metamorphosis in brachyurans, It may refer tg?fhe molt
from the megalopa to first crab stage (Costlow 1968), to
that from the last zoea to the megalopa (Felder et al.
1985}, or to both molts (see discussion in Gore 1985,

Charmantier & Charmantier-Daures 1991). In Cancer
irroratus (Charmantier & Charmantier-Daures 1991),
probably also in Sesarma reticulatum (Foskett 1977),
the change in the osmoregulatory pattern occurs after
the molt between the megalopa and the first crab
stage. In Armases miersii and in Uca subcylindrica, in
contrast, this change is accomplished earlier, at the
zoea-megalopa transition. These findings support the
interpretation that metamorphosis in the brachyuran is
spread over 2 molts. Moreover, our observations stress
the need to consider physiological changes as a part of
metamorphosis, since transitions from the larval to the
adult pattern (if these are different) should primarily
occur during this developmental event.

During ontogeny, a strong correlation has often been
observed between an increasing ability to osmoregu-
late and an improving salinity tolerance. This has been
documented in several crustacean species such as the
isopod Sphaeroma serratum (Charmantier & Char-
mantier-Daures 1994} and, among the decapods, in
Macrobrachium petersi (Read 1984), Uca subcylindrica
(Rabalais & Cameron 1985b), Homarus americanus,
Penaeus japonicus (Charmantier et al. 1988), and
Cancer irroratus (Charmantier & Charmantier-Daures
1991). A similar relationship may be established in
Armases miersii. In rearing experiments at 25°C, com-
plete development from hatching to the first crab stage
has been observed in a wide range of salinities, from 5
to 50 PSU (Schuh & Diesel 1995b), and salinity toler-
ance changed in successive stages (Anger 1996).
Anger (1996) noted that the tolerance of low salinity
tended to increase during development from the zoea I
to the crab stage I. After the present study, we may
relate this trend to the concomitant increase in the lar-
val ability to hyper-regulate; at 5 PSU salinity, 85 % of
the hyper-osmoregulatory capacity of the adults is
already acquired in the crab I stage.

The relation between the ontogeny of osmoregula-
tion and tolerance of high salinities, however, is not as
clear. The mortality rates of successive stages re-
mained high under hypersaline conditions (Anger
1996), despite the appearance of a hypo-regulation
ability in the megalopa. This may partly be explained
by our observation that the hypo-osmoregulatory
capacity in the crab I stage represents, at 44 PSU salin-
ity, only 41 % of the adult capacity. We thus suppose
that the survival at enhanced salinities may increase in
later juvenile crab stages, when the mechanisms of
hypo-regulation are more efficient.

In Armases miersii, the ontogenic acquisition of
osmoregulatory abilities is faster for hyper- than for
hypo-regulation. The origin of this physiological hete-
rochrony, reported for the first time in crustaceans,
remains hypothetical (see below). As the ability to
osmoregulate originates from specialized tissues and
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organs (review in Charmantier 1998), their structural
and functional ontogeny will be an interesting field for
future research throughout the development of A.
miersii.

The relationships between osmoregulation and
salinity tolerance have important ecological implica-
tions and evolutionary significance. The possession of
high osmoregulatory capabilities at hatching, which
increase in later developmental stages, is one of
the adaptive factors permitting the development of
Armases miersii in supratidal rock pools. In this physi-
cally harsh habitat, extreme conditions of salinity are
common, with sudden drops following rainfalls and,
less frequently, periods of slow evaporative increase in
salinity (Anger 1995a, Anger & Schultze 1995, Schuh &
Diesel 1995a). Different levels of selection pressure
exerted by low and high salinities, respectively, might
thus account for the evolutionary acquisition of a fast-
increasing ability to hyper-regulate and a slow-grow-
ing ability to hypo-regulate.

Beside a high level of osmoregulation, further adap-
tations to the conditions in rock pools have been
detected in the postembryonic stages of Armases mier-
sii, including metabolic, nutritional and reproductive
traits (Schuh & Diesel 1995b, review in Anger 1995b).
Similar ecophysiological correlations have been estab-
lished for the early life-history stages of Uca subcylin-
drica, which also encounter extreme salinity variations
in their nursery habitats, temporary rainfall puddles
(Rabalais & Cameron 1985b). Likewise, this relation-
ship was shown for the developmental stages of the
isopod Sphaeroma serratum in shallow coastal waters
of lagoons (Charmantier & Charmantier-Daures 1994).
Among the few species studied as yet, an ontogenic
increase in both osmoregulation and salinity tolerance
thus appears to be common. This correlation should be
important, as it permits ontogenic migrations between
habitats with different salinity regimes, as e.g. in Mac-
robrachium petersi (Read 1984) and Penaeus japonicus
(Charmantier et al. 1988). In the latter case, osmocon-
forming stenchaline larvae hatch and develop in the
open sea, and only the osmoregulating euryhaline
postlarvae can enter coastal lagoons.

The establishment of a species in a habitat with am-
ple salinity variations requires strong osmoregulatory
abilities. From the available studies it appears that
crustaceans have evolved 2 alternative adaptive
strategies to achieve this goal. In one of them, the lar-
vae are conformers, and colonization of a physically
harsh environment is accomplished through re-immi-
gration of late developmental stages, following the on-
set of an efficient osmoregulation (usually at mef'gmor-
phosis). The second strategy, in which a great ability to
osmoregulate is already present at hatch,ing, is exem-
plified by Armases miersii. Although this capability is

initially limited and, thus, increases through develop-
ment, it permits the entire postembryonic development
in a land-locked habitat such as supratidal rock pools.
This strategy is probably based on an early develop-
ment of osmoregulatory tissues and organs during em-
bryogenesis and a rapid maturation after hatching,
particularly at metamorphosis. Since these traits allow
for an enhanced emancipation from the original habi-
tat, the sea, they may represent an important prerequi-
site for the evolutionary conquest of non-marine envi-
ronments. Thus, the ontogeny of the structure and
functionality of osmoregulatory systems should be fur-
ther investigated in species like A. miersii,
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