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ABSTRACT: Osmoregulation was studied in embryos, juveniles and adults of the isopod Sphaeroma 
serratum (Fabricius. 1787). Salinity tolerance was studied in juveniles and adults. Juveniles and adults 
were euryhaline. Salinity tolerance was wide at birth in stage I juveniles and it increased up to a 
maximum in stage IV and adults. The lower and upper lethal salinities for 50% of the animals (96 h 
LSSo) at 20°C varied from about 13%0 and 59%0, respectively, in stage I, to about 2% and 74%0, respec- 
tively, in stage IV and in adults. Early and late embryos had, respectively, no or weak osmoregulatory 
capabilities. They were isosmotic and slightly hyperosmotic to the fluid of the incubating pouches in 
which they developed. The adult type of osmoregulation was partly present in stage I juveniles and was 
fully acquired at stage 11. The osmoregulatory capacity increased in the following stages and the adult 
osmoregulatory efficiency was established in stage IV. In juveniles and adults, osmoregulation and 
salinity tolerance appeared to be correlated. The ability of S. serratum to live in a habitat subjected to 
large variations of salinity is achieved through 2 sequential adaptations: (1)  embryos, which develop in 
incubating pouches, are protected in them against osmotic stress; and (2) juveniles are able to hyper- 
regulate at birth and, therefore, after birth, all stages are euryhaline. 
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INTRODUCTION 

The ontogeny of osmoregulation has been studied 
in several decapod crustaceans: Penaeus japonicus 
(Charmantier 1986, Charmantier et al. 1988), Macro- 
brachium petersi (Read 1984), Homarus americanus 
(Charmantier et al. 1984, 1988), H, gammarus (Thuet 
et al. 1988), Callianassa jamaicense (Felder et al. 1986), 
Clibanarius vittatus (Young 1979), Hepatus epheliticus 
(Kalber 1970), CaLlinectes sapidus (Kalber 1970), Cancer 
irroratus and C. borealis (Charmantier & Charmantier- 
Daures 1991), Rhithropanopeus harrisii (Kalber & Cost- 
low 1966), Libinia emarginata (Kalber 1970), Sesarma 
reticulatum (Foskett 197?), Cardisoma guanhumi (Kal- 
ber & Costlow 1968), and Uca subcylindrica (Rabalais 
& Cameron 1985). Cyathura polita is the only non- 
decapod species in which changes in osmoregulation 
during development have been studied (Kelley & Bur- 
banck 1972, 1976). In order to document the ontogeny 
of osmoregulation in other peracarid species, the pre- 

sent study was conducted on the isopod Sphaeroma 
serratum (Fabricius, 1787). 

Sphaeromid isopods usually live in coastal marine or 
brackish waters, which are often subject to variations 
in salinity. The life cycle of Sphaeroma serratum has 
been described in Morocco (Daguerre de Hureaux 
1966) and on the French Mediterranean coast in the 
Thau Lagoon (Charmantier 1974). This latter coastal 
body of salt water, about 20 km long and 4.5 km wide, 
communicates with the sea only by 2 narrow channels. 
Salinity conditions are therefore variable, ranging be- 
tween about 22 and 40%0 (Audoin 1962, Charmantier 
19?4), with greater variations in the few meters near 
the shore where sudden drops of salinity down to 
3-?%D are observed during and immediately after 
heavy precipitation. Most sphaerornids live under 
rocks close to the shore, in 5 to 80 cm deep water, and 
they usually move in a range of only a few meters. Indi- 
viduals of this species, including the young stages, are 
thus subjected to large variations in salinity. As noted 
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by Kelley & Burbanck (1972) in Cyathura polita, 'the 
ability of such a stationary species to become estab- 
lished in any habitat is limited by the ability of the most 
sensitive stage of its life cycle to tolerate changes of the 
local environmental conditions, . . .  and its ability to 
reproduce there'. The correlation between the salinity 
tolerance of different developmental stages and their 
corresponding osmoregulatory capabilities has been 
established in a few decapod species including Uca 
subcylindnca (Rabalais & Cameron 1985), Penaeus 
japonicus, Homarus americanus (Charmantier et al. 
1988), Cancer irroratus and C, borealis (Charmantier 
& Charmantier-Daures 1991). 

The objectives of this study were to determine the 
salinity tolerance of the free young stages of 
Sphaeroma serratum, to define the ontogeny of their 
osmoregulation and to attempt to correlate their 
osmoregulatory ability and salinity tolerance. In this 
species, the development after birth comprises several 
young stages, also called juvenile (stages I ,  11, 111, etc.), 
resembling the adults except for a few characters 
detailed below (Daguerre de  Hureaux 1966). Adult S. 
serrafum hyperregulate at low salinity, hyperosmo- 
conform in seawater and hypoosmoconform in high 
salinity media (Charmantier & Trilles 1973). 

The embryonic development of sphaeromid isopods 
displays features decribed by Leichmann (1891) in sev- 
eral species, Hansen (1905) in Sphaeroma rugicauda, 
Kinne (1954) and Jensen (1955) in S. hookeri and Da- 
guerre de  Hureaux (1966) in S. serratum. There is con- 
siderable variation among species in the way eggs or 
developmental stages are kept by the female. In S, ser- 
ratum, after spawning, eggs are transferred into incu- 
bating pouches formed by deep invaginations of the 
ventral tegument in the thoracic region, that open to 
the exterior by small, narrow slits. There, early embryos 
develop into late embryos (given different denomina- 
tions depending on the authors). The transition from 
early to late embryo involves the shedding of embry- 
onic membranes (Kinne 1954, Jensen 1955, Daguerre 
de  Hureaux 1966). Embryos are bathed in a thick incu- 
bating pouch fluid (Leichmann, 1891). Late embryos 
molt into first juvenile stage individuals (stage I )  which 
leave the incubating pouches through the slits, but 
remain for a few days on the ventral side of the female 
within the brood pouch (or marsupium) which is 
limited by the external side of the thoracic tegument 
and the oostegites and is open to the external medium. 
Stage I juveniles then become free-swimming and pro- 
gressively leave the marsupium and molt to stage 11. 

The second objective of this study was to determine 
the osmoregula.tory abilities of ear1.y and late embryos 
in and out of the incubating pouches, i.n order to assess 
the function of protection of these pouches against 
osmotic stress. 

Fig. 1 Different stages of development of Sphaeroma serra- 
turn. (A) Transverse section of the thoracic region of a female 
carrying embryos. c: cuticle; d digestive tract; e .  embryo; 
ip: incubating pouch; o: oostegites (B)  Early embryos (top and 
side view). (C) Late embryos. (D) Juveniles in stage I (arrow- 
heads) on the ventral side of a female. o: oostegites. (E) From 

left to right, juveniles in stages I to V 
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MATERIALS AND METHODS 

Specimens. Adult and young Sphaeroma serratum 
were collected in June and July from under rocks and 
boulders immersed along the shore of the Thau Lagoon 
near the city of Sete, Herault, France. In  the laboratory, 
they were kept in 25 1 aquaria filled with seawater 
(S, 3?O4L; T, 20°C), aerated and filtrated (Eheim filters), 
under an artificial photoperiod of 12 h light - 12 h dark. 
They were fed with fragments of mussels and Ulva sp. 
Juveniles were kept 4 to 7 d and adults 7 to 10 d under 
these conditions before experimental use. Among adults, 
females carrying different stages of development were 
easily selected since embryos are visible through the 
translucent ventral thoracic tegument (Fig. 1A). Two 
embryonic stages were used: early eyed embryos with 
folded limb buds, yellow-colored by vitellus (Fig. lB), 
and late embryos with differentiated body parts and 
appendices (Fig. 1C). After killing the female, we ex- 
tracted the embryos from the incubating pouches using 
forceps. Stage I juveniles were collected from under the 
oostegites (Fig. ID) or from other parts of the female 
where they wandered. Staging of the juveniles from 
stages I to V (Fig. 1E) was based on the development 
of the seventh pereiopods and on the number of 
articles and of large setae of the antennae (Daguerre 
de Hureaux 1966). The development of embryos lasts 
approximately 1.5 mo at 20 'C; the average duration of 
stages I to V at 20°C 1s about 11, 11, 13, 15 and 17 d ,  
respectively, with large individual variations (Daguerre 
de  Hureaux 1966, Charmantier unpubl. data). Juveniles 
in the middle of each stage were retained in our experi- 
ments; in addition, stage I juveniles in early postmolt 
(less than 1 d after their occurrence in the brood pouch) 
were also used in an osmoregulation experiment. The 
embryonic and juvenile stages were also monitored by 
measurement under a dissecting microscope for their 
total length and their eye index (defined as half the sum 
of width and length of the eye) according to the method 
established by Perkins (1972) in embryos of the lobster 
Homarus americanus. Prepubescent adult males and 
reproducing females were also measured in the same 
way, and their molt stages were determined through 
microscopical observation of the dactylopodite of 
the seventh pereiopods (Tchernigovtzeff & Ragage- 
Willigens 1968). Only individuals in molt stage C were 

retained. Data regarding the length and eye index 
of these stages are recorded in Table 1. 

Preparation of media. Experimental media were pre- 
pared in 50 m1 plastic Petri dishes for juveniles and in 
200 m1 plastic boxes for adults. Dilute media were pre- 
pared by addition of distilled water to seawater and high 
salinity media were prepared by adding 'Instant Ocean 
Synthetic Sea Salts' (Aquarium Systems, Inc.) to sea- 
water. All experiments were conducted at 20°C. Salini- 
ties were expressed according to the osmotic pressure in 
mosm kg- '  and to the salt content of the medium in %o. 

A value of 3.4%0 is equivalent to 100 mosm kg- '  
(29.41 mosm kg-' per 1%0). Osmotic pressure of the 
media was measured on a Roebling or Wescor 5000 
osmometer. 

Survival bioassays. Early and late embryos removed 
from the incubating pouches were exposed to a 
500 mosm kg-' ( -  17 %) medium. 

To determine salinity tolerance in stages I to V 
juveniles and adults, acute static bioassays were con- 
ducted with Sphaeroma serratum held in test media 
ranging from freshwater ( -  10 mosm kg-') to sea- 
water (- 1100 mosm kg-') differing by increments of 
100 mosm kg-', and from seawater to 2300 mosm kg-' 
differing by increments of 100 and 200 mosm kg-', 
respectively, below and over 1500 mosm kg-'. Each 
bioassay was run on a group of 10 individuals and 
replicated. S. serratum were counted and dead indi- 
viduals removed at 0.5, 1,  3, 6, 12, 24, 36, 48, 72 and 
96 h according to the prescriptions of Sprague (1969) 
in toxicity studies. The criteria for death were total lack 
of movement, immobility of appendages and heart, 
and lack of response after repeated touches with a 
probe. Median lethal salinities (LSSo) and 95% con- 
fidence intervals were calculated by techniques of 
probit analysis (Lichtfield & Wilcoxon 1949, Finney 
1952) computerized on the Letcur program (Zitko 1982, 
Lieberman 1983, R. Mounet-Guillaume unpubl. data). 
LS,,s were calculated at 24, 48 and 96 h. 

Osmoregulation. All fluid collections from Sphaeroma 
serratum were conducted under mineral oil to avoid 
evaporation and desiccation. Adults and juveniles 
were quickly and carefully dried on filter paper before 
the immersion in oil. Their hemolymph was then 
sampled with a glass micropipette inserted in the 
heart. The extracellular fluid (ECF) of early embryos, 

Table 1. Total length and eye index of the different developmental stages of Sphaeroma serratum used in this study. Each 
number represents the mean value from 10 to 15 determinations, with 95 7'0 confidence interval 

Stage Early Late Juveniles in stages Adults 
embryos embryos I I I I11 IV V 

Total length (mm) 1.12 * 0.08 1.39 * 0.03 1.77 + 0.03 2.13 + 0.06 2 56 + 0.05 2.74 + 0.13 3.37 + 0.11 6.1 * 0.5 
Eye index (pm) 7 9 * 1 2  1 2 3 + 7  178k 13 183 i 8 206 + 6 237 + 11  286 * 10  484 * 13 
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the hemolymph of late embryos and the incubating 
pouch fluid (IPF) were sampled in the same way after 
dissection of the female under oil. In other experi- 
ments, early and late embryos were collected from 
females and exposed to different salinities before their 
ECF or hemolymph was sampled. 

Osmotic pressures of hemolymph, ECF and IPF were 
determined for each life history stage after the extra- 
cellular fluid osmolality reached a steady state value 
relative to the ambient water osmolality. They were 
measured on a Kalber-Clifton micro-osmometer re- 
quiring 30 to 50 nl (Clifton Technical Physics, Hartford, 
NY, USA), with reference to the osmotic pressure of 
the medium. Results were expressed either in osmotic 
pressure, or in osmoregulatory capacity (OC), defined 
as the difference between the osmotic pressures of 
hemolymph and of the medium. Variance analysis and 
Student t-tests were used for statistical comparisons. 

RESULTS 

Salinity tolerance 

Exposure of early and late embryos to a 500 mosm 
kg-'  (- 17%0) medium for more than 10 to 15 h was 
lethal, with signs of hypoosmotic shock (bulging 
cuticle, tissue protrusion). 

The ability of juvenile and adult Sphaeroma serratum 
to tolerate low and high salinities varied with the devel- 
opmental stage (Fig. 2 ) .  The 96 h LSS0 in low salinity 
media was significantly highest in stage I juveniles, with 
a mean value of 385 mosm kg-' (- 13%0). It decreased 
sharply in stage I1 (175 mosm kg-', - 6%0) and stage 111 
(87 mosm kg-', - 3%0), to a minimum (corresponding to a 
maximum tolerance) of 40 to 60 mosm kg-' (- 1.4 to 2%0) 
in stages IV and V and in adults. In adults, no difference 
was found between males and females and, thus, their 
results were pooled. The 48 and 24 h LSSOs followed the 
same pattern of variation, but were lower than the 96 h 
value, particularly in stage I with a 24 h LSS0 of 82 mosm 
kg-' (- 2.8%0). 

In high salinity media, the 96 h LS,, was significantly 
lowest in stage I: 1732 mosm kg-' (- 59%0). It increased 
in stage I1 and did not change in the following stages. 
Its value in adults was 2177 mosm kg-' (-74%). 

Osmoregulation 

Adaptation time 

The time of adaptation after a change in the environ- 
mental salinity was evaluated in stage I and I11 juve- 
niles and in adults (Fig. 3).  After a rapid transfer from 

seawater at 1100 mosm kg-'  (-37.4%) to a dilute 
medium of 500 mosm kg-' (- 17%0), the hemolymph 
osmotic pressure stabilized within 2 to 3 h in both 
juvenile stages and within 18 h in adults. The time 
of adaptation to concentrated media was shorter than 
the time of adaptation to dilute media (Charmantier 
unpubl. data). In all subsequent experiments, we 
kept the embryos (extirpated from females) 6 h,  the 
juveniles 12 to 24 h and the adults 24 to 48 h in each 
medium before sampling. 

Embryos 

The abillty of embryos to osmoregulate was evalu- 
ated in seawater (1100 mosm kg-', 37.4%0) and in a 
dilute medium (500 mosm kg-', 17 %o) (Fig. 4). 

I-i 
L I I I I I 11- Stages 

I I I Ill IV V Ad. 

l l I I I I 
I Days 

0 10 20 30 40 50 60120& 
400 

Fig. 2. Sphaeroma serratum. Salinity tolerance in juveniles 
(stages I to V) and adults at 20 "C. Variations in LSS0 in "A and 
mosm kg- '  according to development stages and to days of 
development, in high and low salinities (upper and lower 
traces). Each point represents the mean value of at least 
2 determinations from 10 ind~viduals, with 95% confidence 

interval. ( A )  24 h LSSo; (0) 48 h LSSo; (a) 96 h LSSo 
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Fig. 3. Sphaeroma serratum. Change in hemolymph osmotic pressure in 
stages I and I11 juveniles and in adults after rapid transfer from seawater 
(1100 mosm kg-', 37.4%0) to a dilute medium (500 mosm kg-', 17%0) 
at 20°C. Each point represents the mean value of determinations from 

5 to l 0  individuals, with 95 % confidence interval 

ECF ECF 
in f ,  out f. 

HL I . '  
out f .  

IPF osmotic pressure was higher than the 
hemolymph osmotlc pressure by - 50 mosm 
kg- '  (p < 0.001) and the ECF of early embryos 
kept in the incubating pouches of intact 
females until sampling was isosmotic to the 
IPF (-910 mosm kg- ' ) .  But in early embryos 
extirpated from females and exposed to the 
dilute medium, the ECF osmotic pressure was 
low and almost isosmotic to the medium (- 535 
mosm kg-') (Fig. 4A). 

In the 500 mosm kg-' medium, the females 
carrying late embryos had similar hemolymph 
and IPF osmotic pressures when compared to 
early embryo-carrying females. The 
hemolymph osmotic pressure of late embryos 
kept in intact females was slightly but signifi- 
cantly (p  < 0.001) higher than the IPF osmotic 
pressure (- 925 mosm kg-'). The hemolymph 
osmotic pressure of late embryos previously 
extirpated from females was 590 mosm kg-', 
i.e. much lower than in the former case, but 
still higher (p  < 0.02) than the ECF osmotic 
pressure of early embryos submitted to the 
same experimental condition (Fig. 4B). 

Juveniles and adults 

The ability of juveniles and adults to 
osmoregulate was evaluated over a wide 
range of tolerable salinities, i.e. from 
100 mosm kg-', -3.4%o (from 200 mosm kg-', 
- 6.8%0 only in stage I) to 2000 mosm kg-', 
- 68%0. Results are given as the variations of 
either the hemolymph osmotic pressure or the 
osmoregulatory capacity, OC, according to 
the medium osmotic pressure (Figs. 5 & 6). In 
adults, no difference in osmoregulation was 

Fig. 4. Sphaeroma serratum. Osmotic pressure of hemolymph (HL f . )  
and incubating pouch fluid (IPF) of females, extracellular fluid (ECF) of found between prepubera1 and repr0- 
early embryos and hemolymph (HL 1.) of late embryos in 2 media at ducing females and, thus, their results were 
20°C. (A) Females and early embryos in a 500 mosm kg-', 17% medium. pooled. As juveniles in staqe 1 are found either 
(B)  Females and late embryos in a 500 mosm kg-' med~um.  (C) Females sheltered the marsupiu';ll under the ooste- 
and early embryos in seawater (1100 mosm kg-', 37.4%0). in f . :  early or 
late embryos kept in females until sampling; out f . :  early or late embryos gites, wandering on the female body, or swim- 

extirpated from females, exposed to the medium, then sampled. Each ming in the mediun1, the pressure 
bar represents the mean value of determinations from 10 to 

viduals, with 95% confidence interval. ' p  < 0.001 

In seawater, the hemolymph of the females was 
isosmotic to the external medium. The IPF and the ECF 
of the early embryos were slightly more concentrated, 
by 40 to 50 mosm kg-' (Fig. 4C). 

In the 500 mosm kg-' medium, the females carrying 
early embryos were strongly hyperosmotic, with a 
hemolymph osmotic pressure of - 850 mosm kg-'. The 

30 indl- the intra-marsupial medium was measured: 
no difference was found to the external 
medium. 

The pattern of osmoregulation was similar 
in juveniles and in adults, particularly at low salinity 
and in seawater. All stages hyper-regulated in the 
dilute media and isoconformed or hyperosmocon- 
formed in seawater (Figs. 5 & 6). The ability to hyper- 
regulate at low salinity increased progressively from 
stage I to stage IV, and was unchanged in stage V and 
in adults, as  demonstrated by the variations of the 
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Medium (rnosm kg-') 

Fig. 5. Sphaerorna serraturn. Variations of the osmotic pressure of he- 
molyrnph according to the osmotic pressure of the medium in juvenile 
stages I to V and in adults, at 20°C. Each point represents the mean 
value of determinations from 10 to 15 ~nd~viduals  with 95 % confidence 
interval. The isoconcentration line is drawn. Results are given for 

external osmotic pressures ranging from l00 to l l00 mosm kg-' 

hemolymph osmotic pressure (Fig. 5) or by the changes 
in OC (Fig. 6).  At high salinity, stage I juveniles isocon- 
formed, and later stages (juvenile stages I1 to V and 
adults) hypoosmoconformed, i.e. their hemolymph 
osmotic pressure varied as  a function of external 
osmotic pressure but remained below external by 10 to 
20 mosm kg-' (Fig. 6).  

In summary, osmoregulatory capacity changed 
throughout the development. The OC of early and 
late embryos (for both stages, in and outside the fe- 
males), juveniles in stage I (1 d after birth, and at mid- 
stage), juveniies in stages !I to V and adults was cal- 
culated after exposure to a 500 mosm kg-', 17%0 
medium (Fig. 7). OC increased throughout develop- 
ment. Early embryos, and to a lesser level late em- 
bryos, when artificially exposed to the dilute medlum, 
had the lowest OC; under natural conditions, I.e. in 
the incubating pouches, the difference between the 
osmotic pressures of their ECF or hemolymph and of 
the medium was higher than the OC of females. OC 
was higher in stage I juveniles at birth than in late 
embryos. It increased during stage I, continued to in- 
crease up to stage IV and remained stable in stage V 
and adults. 

DISCUSSION 

Salinity tolerance 

In Sphaeroma serratum, early and late 
embryos cannot survive at low salinity outside 
the incubating pouch. The range of tolerable 
salinities tends to increase throughout the 
development of the free-living stages. Eury- 
halinity is wide immediately after birth: in the 
first juvenile stage, the lower and upper 96 h 
LSSOs were about 13%0 and 59%0, respectively. 
At this stage, the lower 24 h LSS0 was 2.8%; it 
means that stage I juveniles can tolerate short 
term exposures to very low salinities, which 
are not uncommon in the field after heavy 
precipitations. Even when sheltered under 
the oostegites, these individuals are not pro- 
tected against osmotic shocks by the brood 
pouch since the osmotic pressures of the intra- 
marsupial medium and of the external 
medium are not different; the oostegites, 
partly lifted by the bulge of the juveniles, 
do not prevent free exchange of medium 
between the marsupium and the exterior. In 
the following juvenile stages, euryhalinity 
increases progressively, reaches its maximum 
in stage IV and remains stable up to the 
adults: lower and upper 96 h LSSOs were then 
about 2%0 and 74%0, respectively. 

Adaptation time 

In Sphaeroma serratum, the time required for osmotic 
equilibration in a dilute medium was about 2 to 3 h in ju- 
veniles and 18 h in adults and is therefore size-depen- 
dent. These times are similar to those found in decapods 
such as Homarus amencanus (Charmantier e t  al. 1988) 
and Cancerirroratus (Charmantier & Charmantier-Dau- 
res 1991), in which adults and, in the case of H. amen- 
canus, larvae, are much larger than adults and juveniles 
of S. serratum. The relatively slow osmotic adaptation in 
sphaeromids could originate from several mechanisms 
starting in the minutes following a hypo-osmotic shock 
(Thuet 1979a), including decreases in diffusion and os- 
motic permeabilities, in drinking rate and in outflux of 
sodium, and increases in urine production and in active 
uptake of sodium (Thuet et al. 1969, P m p p o t  et al. 1972, 
Thuet 1978a. b, 1979b, 1981, 1982). 

Osmoregulation 

Early embryos extirpated from the incubating 
pouches do not osmoregulate. The slight hyper- 
osmoticity of their ECF is probably due to its high 
organic m.ateria1 content since internal vitellus is 
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Fig. 6. Sphaeroma serratum. Variations of the osmoregulatory capacity (OC) according to the osmotic pressure of the medium in 
juvenile stages I to V and adults, at 20 "C. Each point represents the mean value of determinations from 10 to 15 individuals, with 
95 % confidence interval. Results are given for the entire range of experimental external osmotic pressures (l00 to 2000 mosm kg-') 

abundant at this stage. A limited ability to osmoregu- After birth, stage I juveniles hyperregulate in dilute 
late appears in late embryos. Under natural conditions, media. The slight increase in OC at mid-stage I is prob- 
early and late embryos are sheltered in the incubating ably due to the higher permeability of the teguments of 
pouches, the function of which is discussed in the next stage I juveniles in early post-molt. The adult type of 
section. regulation is thus partly present in stage I juveniles 

Fig. 7. Sphaeroma serratum. Variations of the 
osmoregulatory capacity (OC) in early embryos 
(E. Embr.), late embryos (L. Embr.), juveniles m 
stages I to V and adults, exposed to a 500 mosm 
kg-', 17%0 medium, at 20°C. Each bar represents 
the mean value of determinations from 10 to 30 
individuals, with 95 % confidence interval. in f . .  
early or late embryos kept in females until sam- 
pling; out f.: early or late embryos extirpated from 
females, exposed to the medium, then sampled; 
bh: less than 1 d after birth; ms: mid-stage. 
Comparisons with adults: ' p  < 0.001 (except for 

juveniles 111 where p < 0.005) E. Embr. L. Embr. J.1 J.II J.III J.IV J.V Ad. 
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and is fully acquired at stage 11. OC increases in the 
following stages and the adult osmoregulatory effi- 
ciency is established in stage IV. Throughout the 
whole development of Sphaeroma serratum after birth, 
stage I juveniles represent the most sensitive stage to 
fluctuations in salinity, but their hyperregulating 
capabilities enable them to tolerate sharp, but short, 
decreases in salinity. 

Throughout juvenile and adult development, a 
strong correlation exists between increased ability to 
osmoregulate, in particular to hyperregulate in low 
salinities, and improved salinity tolerance. This rela- 
tion persists until the end of their life-cycle: adult male 
spheroms stop molting and pass through a period of 
senescence during which they lose their ability to 
hyperregulate and become less tolerant to salinity 
(Charmantier & Trilles 1973). 

These results can be compared with observations in 
other species. In the benthic isopod Cyathura polita 
living in estuaries of the eastern United States, adults 
are tolerant of salinities betwen 0.5 and 3 2 % ~  (Kelley & 
Burbanck 1972). As in Sphaeroma serratum, juveniles 
at  hatching have the adult hyper-hypo osmotic type 
of regulation and its efficiency increases dunng the 
juvenile period (Kelley & Burbanck 1972, 1976). In the 
fresh/brackish water shrimp Macrobrachium petersi, 
larvae are confronted with very low salinities in their 
natural environment, and they can efficiently regulate 
the osmotic concentration of their hemolymph (Read 
1984). Hyperosmotic regulatory ability is also present 
at the time of hatching in the estuarine ghost shrimp 
Callianassa jamaicense (Felder et al. 1986). In these 
species, along with S. serratum, which have In com- 
mon that their young stages encounter salinity 
extremes in their environment, a clear correlation has 
been demonstrated between osmoregulatory ability 
and salinity tolerance. In addition the adult type of 
osmoregulation, although not fully efficient, is estab- 
lished as early as the first larval or juvenile stage after 
birth. These species constitute the second of 3 groups 
we established on the basis of different patterns of 
ontogeny of osmoregulation (Charmantier et al. 1988, 
Charmdntier & Charmantier-Daares 199 1). 

Function of incubating pouches 

In Sphaeroma serratum, embryos develop in incu- 
bating pouches (Daguerre de Hureaux 1966) in which 
they are bathed in IPF. During exposure to low salinity, 
the hemolymph of the female is hyperosmotically reg- 
ulated and the IPF is slightly more concentrated than 
hemolymph, perhaps on account of its high organic 
concentration, particularly in lipids (Goudeau 1977). 
Compared to the IPF, the ECF of early embryos is isos- 

motic and the hemolymph of late embryos is slightly 
hyperosmotic, which can be related to the limited abil- 
ity of osmoregulation at this stage. Through this mech- 
anism, variations of salinity are attenuated and the 
incubation pouches function as osmotic shelters for the 
brood they contain. 

In other species of isopods, embryonic development 
proceeds either in incubating pouches, as in 
Sphaeroma serratum, or in a marsupium which is open 
to the exterior. Due to the large increase in size of the 
embryos, ~t has been suggested that females provide 
nourishment for their brood (Monod 1926, Saudray 
1954, Green 1965). This hypothesis has been sustained 
in species possessing incubating pouches, particularly 
in parasitic species such as Paragnathia formica 
(Monod 1926) and Hemioniscus balani where micro- 
villi were observed on the extra-embryonic epithelium 
layer (Goudeau 1977). By contrast, no evidence of a 
trophic function of the female has been found in non- 
parasitic species, with incubating pouches such as 
S. hooken (Kinne 1954), Excirolana chiltoni and E. lin- 
guifrons (Klapow 1970), or without incubating pouches 
such as Dynamene bidentata (Holdich 1971) and 
Cyathura polita (Kelley & Burbanck 1976). In the 
course of these studies primarily aimed at the nutrition 
of embryos, a possible protective function of the incu- 
bating pouches against fluctuations of salinity was 
proposed in E. chiltoni (Klapow 1970) but it was not 
demonstrated experimentally. In C. polita, embryos 
develop in a marsupium and are thus subjected to vari- 
ations of salinity; their osmotic protection is achieved 
by the surrounding vitellogenic and embryonic mem- 
branes (Kelley & Burbanck 1976) which have a very 
low permeability (Stromberg 1972). Our results In S. 
serratum are thus the first experimental evidence of a 
function of the incubating pouches of isopods docu- 
menting the osmotic protection of the brood. 

In vertebrates, elasmobranchs represent an evolu- 
tionary array of styles for the maternal support pro- 
vided for the developing embryos, from oviparity 
through various degrees of aplacental to placental 
viviparity (Kormanik 1992). Am.ong them, the dogfish 
Squalus acanthias is an example of lecithotrophic 
(aplacental) viviparity (Wourms 1981). Eggs are en- 
closed in thin-walled and permeable capsules, re- 
tained in the uterus dunng gestation, and bathed in 
uterine fluids. This closely resembles the embryonic 
development of Sphaeroma serratum. Early stages of 
development of Squalus acanthias are incapable of 
osmoregulation and the uterus thus offers an osmotic 
protection during the progressive development of 
osmoregulatory effector organs including kidneys, 
rectal glands and osmoregulatory epithelia on 
branchial arches (Kormanik 1993). Convergence is 
thus particu.larly apparent in the solution of similar 
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physiological and ontogenetical problems in 2 widely 
separated phyla. 

In Spheroma serraturn, early and late embryos have 
no, or weak, osmoregulatory capabilities; they are 
osmotically protected against variations of salinity by 
the incubating pouches in which they develop. At 
birth, stage I juveniles are directly exposed to ambient 
salinity in the marsupium, then in the external 
medium; they have an  adult type of hyperregulation 
and possess osmoregulatory capabilities which enable 
them to tolerate very low salinities for several hours. 
Osmoregulatory capacity increases in juveniles up to 
stage IV. A strong correlation exists between ability to 
osmoregulate and salinity tolerance. Through these 
sequential mechanisms, S. serratum is a widely eury- 
haline species throughout its development and is well 
adapted to the very demanding medium in which it 
lives. 
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