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Abstract The isopod Sphaeroma terebrans Bate, 1866
burrows in aerial roots of the red mangrove Rhizophora
mangle L. The burrows serve as shelter and as a repro-
ductive habitat, and females are known to host their
o�spring in their burrows. I examined the reproductive
biology of S. terebrans in the Indian River Lagoon, a
shallow lagoon stretching for � 200 km along the At-
lantic coast of Florida, USA. Reproductive isopods were
found throughout the year, but reproductive activity
was highest in the fall and during late spring/early
summer. During the latter periods, large numbers of
subadults established their own burrows in aerial roots.
The average numbers of S. terebrans per root were high
during the fall, but decreased during the winter and
reached lowest levels at the end of the summer. Females
reached maturity at a larger size than males, but also
grew to larger sizes than the males. The average size of
females varied between 8 and 10 mm, the average size of
males between 6.5 and 8.5 mm. The number of embryos
female)1 was strongly correlated with female body
length. No indication for embryo mortality during de-
velopment was found. Parental females (i.e. with juve-
niles in their burrows) hosted on average between 5 and
20 juveniles in their burrows (range 1 to 59). Most ju-
veniles found in female burrows were in the manca stage
and 2 to 3 mm in body length. Juveniles did not increase

in size while in the maternal burrow, and juveniles of
similar sizes could also be found in their own burrows.
Males did not participate in extended parental care,
since most of them left the females after copulation.
Many females that were born in the summer produced
one brood in the fall and a second during winter/early
spring. Females that were born in the fall produced one
brood during spring/early summer, but then probably
died. Extended parental care in S. terebrans is short
compared to other peracarid crustaceans. It is concluded
that this reproductive strategy in S. terebrans serves
primarily to shelter small juveniles immediately after
they emerge from the female body, when their exoskel-
eton is still hardening and their physiological capabilities
are still developing. Thus, in S. terebrans, extended pa-
rental care probably aids to protect small juveniles from
adverse physical conditions in their subtropical intertidal
habitat.

Introduction

Extended parental care is known from peracarid crus-
taceans inhabiting a variety of habitats, such as seagrass
and algal beds (Brearley and Walker 1995, 1996; Aoki
1997), shallow soft-bottoms (Mattson and Cedhagen
1989; Thiel et al. 1997), and hard-bottoms (Shiino 1978).
The most long-lasting parental care has been found in
peracarid species that inhabit burrows, tubes or nests. In
these species, juveniles may experience parental care for
several months (Thiel 1999a). In free-ranging species
that do not host their o�spring in a parental dwelling
but on their body, the parental care period is short,
usually not exceeding a few weeks (Aoki 1997; Thiel
1999a). For most peracarid species with extended pa-
rental care, the reasons for the break-up of the parent±
o�spring association are not known.

Parental dwellings may not be stable enough to per-
mit long-lasting coexistence of parents and their o�-
spring. Burrows or tubes in soft-bottoms, and nests
in exposed seagrass or algal beds may be frequently
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destroyed, resulting in the separation of parents and
their o�spring. The stability of a parental dwelling could
thus have a substantial in¯uence on the duration of
parental care. Among the most stable dwellings in the
marine environment are those that are established in
biotic microhabitats such as sponges, ascidians, bra-
chiopods, bivalves, roots, rhizomes and wood. Several
peracarid (and other) crustacean species are known to
raise their o�spring within biotic microhabitats (Wol�
1976; Vader and Beehler 1983; Gonzalez and Jaramillo
1991; Conlan and Chess 1992; Messana et al. 1994).
These biotic microhabitats may be su�ciently stable to
allow a long period of extended parental care, possibly
resulting in the occurrence of very large o�spring (Du�y
1996; Thiel 1999b). However, many biotic microhabitats
are small (salps, bivalves, ascidians, roots and rhizomes),
and thus do not provide much space for large families.
Usually, only one or two parents and a single clutch of
juveniles are found in these small biotic microhabitats
(Vader and Beehler 1983; Gonzalez and Jaramillo 1991).
Besides sponges, large pieces of wood constitute another
biotic microhabitat in the marine environment that
could accommodate large numbers of closely related
individuals. Wood is utilized both as habitat and as food
by a variety of di�erent peracarid species (Menzies 1954;
Eltringham and Hockley 1961; KuÈ hne and Becker 1964;
John 1970; Rotramel 1975; Ribi 1982; Perry and Brusca
1989). Large pieces of wood often host numerous indi-
viduals of similar sizes. Due to their destructive activities
in arti®cial wood structures, a vast amount of research
has been conducted on wood-boring peracarids (see
Clapp and Kenk 1963), but surprisingly few details are
available about their reproductive biology.

Sphaeroma terebrans is a wood-boring isopod, whose
main distribution is in mangrove forests around the
world, where it preferentially dwells in the aerial roots of
red mangrove trees (see e.g. Harrison and Holdich 1984;
Villalobos et al. 1985). This isopod also builds burrows
in other substrates such as dead wood and marshgrass
rhizomes (Estevez 1994). It is generally assumed that the
burrow serves as a shelter for the isopod rather than as a
food resource (John 1970). The size of a burrow gener-
ally does not exceed that of its inhabitant, and boring
activity decreases drastically after the isopod has estab-
lished a burrow in whatever substrate is available (John
1970). In experimental studies, S. terebrans apparently
survived best in waters that contained planktonic algae
(John 1970). The setation and morphology of the
maxilliped and the ®rst three pereopods of S. terebrans
strongly suggest that this isopod ®lters its food out of the
water in a similar manner as its boring congener
S. quoyanum (Rotramel 1975). The aerial roots of red
mangroves thus provide an ideal habitat for S. terebrans
for several reasons, e.g. (1) the anterior parts of aerial
roots are very soft (Gill and Tomlinson 1975), and it is
therefore easy to establish burrows in them; (2) aerial
roots are frequently ¯ushed by water (during high tide),
and therefore provide an optimal habitat for ®lter-
feeding organisms in a lagoonal environment.

Careful observations by Messana et al. (1994) only
recently revealed that the wood-boring isopod Sphae-
roma terebrans engages in extended parental care, during
which juveniles live with their parents in so-called family
burrows. Females host their o�spring in their burrows
before these have fully developed their boring capabili-
ties (Thiel 1999d). It is not well known how many ju-
veniles live in one family burrow, or how large they grow
during this period of extended parental care. In several
other peracarid crustaceans boring in wood (Limnoria
spp.: Menzies 1954, 1957), wood-like substances such as
kelp stipes (Peramphithoe stypotrupetes: Conlan and
Chess 1992; Chess 1993), or seagrass blades (Brearley
and Walker 1995, 1996), males have frequently been
found to cohabit with females. These observations sug-
gest that male boring peracarids may be involved in
parental care to a higher degree than males of other
peracarid species. It is not unusual to ®nd pairs of fe-
male and male S. terebrans within one burrow (Estevez
and Simon 1975; Estevez 1978; Messana et al. 1994), but
it is not known whether males of this species actively
participate in parental care or not. In the present study,
I paid ample attention to collect S. terebrans from in-
dividual burrows, to obtain a better understanding of
the reproductive biology of these wood-boring isopods.

Materials and methods

Study area

The study was conducted in the Indian River Lagoon, which ex-
tends �200 km along Florida's Atlantic coast (27°32¢N; 80°20¢W).
Sphaeromatid isopods occur in various intertidal and shallow
subtidal habitats of the lagoon (Kensley et al. 1995). The lagoon
was arti®cially modi®ed during the 1950s and 1960s as part of a
program designed to control mosquito populations. The extensive
modi®cations included the construction of large impoundments
that are temporarily ¯ooded and then drained (De Freese 1995;
Larson 1995). The formation of dams and reduced saltwater-ex-
change within the impoundments substantially altered the intertidal
habitats in the lagoon (De Freese 1995). In many parts of the
lagoon subjected to extensive remodeling, red mangrove trees
(Rhizophora mangle L.) now only grow in a narrow fringe along the
outer side of these impoundments. All collections referred to herein
were made along these mosquito impoundments. The collection site
is �5 km north of the Fort Pierce Inlet. Water temperatures range
between 15 and 34 °C, and salinities between 17.5 psu (practical
salinity units) during the winter months and 35 psu during the
summer months (SA Reed unpublished data). The oxygen levels in
the lagoon water range between �2 ml l)1 (late spring/summer) to
�12 ml l)1 (fall), but usually vary between 5 and 8 ml l)1. The
water level in the lagoon is highest during the fall, and reaches low
values during the summer months (Provost 1973).

Sampling

The aerial roots of the red mangrove Rhizophora mangle L., con-
taining burrows of Sphaeroma terebrans Bate, 1866, were collected
monthly along the south-eastern shore of a shallow bay in the
lagoon. On each sampling date, 40 to 60 roots were collected, and
were carefully dissected immediately upon return to the laboratory.
The isopods were faithful to their burrows, remaining in them
during handling, and leaving them only when they were opened
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during dissection of the roots. All isopods from each burrow were
preserved in 4% formalin and later transferred to 70% ethanol.
The isopods were stretched out ¯at with forceps, and measured
from the tip of the head to the tip of the pleotelson with the aid of a
measurement ocular. Females were identi®ed by the presence of
oosetigers, oocytes or embryos and males by the presence of penis
appendages. Five di�erent embryo stages were distinguished, fol-
lowing the categories of Kinne (1954) and Holdich (1968) ± Stage
A: embryos shortly after fertilization, still egg-like in appearance;
Stage B: limb buds emerge and towards the end of this stage the
unpigmented eye becomes visible and the egg membrane is shed;
Stage C: the embryo elongates and takes the shape of a comma
(also referred to as the ``comma''-stage: see Jensen 1955), limbs
develop further and eyes become pigmented; Stage D: appendages
develop, pereonal segmentation is increasingly visible, the yolk-
mass is largely used up; Stage E: all yolk reserves have been used
up, appendages are fully extended, and embryos resemble juveniles
in appearance, with a soft and whitish exoskeleton.

While many sphaeromatid isopod species are semelparous (see
e.g. Shuster 1991), others are reported to be iteroparous, producing
two or more broods during their lifetime (see, e.g. Harvey 1969;
Charmantier 1974). In order to determine the life history of
Sphaeroma terebrans, it is important to know whether females
produce one or two broods. In the present study, I recorded all
females collected on each sampling date and their respective re-
productive states; this enabled female cohorts to be distinguished
and their development to be followed.

On some sampling dates, while dissecting the roots, all isopods
from 10 to 27 individual roots were counted to estimate the sea-
sonal abundance of Sphaeroma terebrans. Descriptions of the po-
sition of isopods in their burrows are given, based on observations
made during the collection and dissection of maternal burrows.

Results

General observations on Sphaeroma terebrans
in root burrows

All isopods collected in this study had constructed their
burrows in aerial roots of Rhizophora mangle. The
numbers of isopods on inhabited roots varied from 1 to
48 individuals root)1. In roots containing high densities
of isopods, burrows were sometimes adjacent, but usu-
ally physically separated from each other. Most subadult
isopods were alone in their burrows. Among adult iso-
pods, females and males could be found in pairs within
one burrow. Parental females hosted their o�spring in
the terminal end of their burrows. The females were
situated with their head towards their o�spring and their
posterior end towards the burrow opening (Fig. 1A).
When males were present in the burrow of a parental
female, they were always situated behind the female and
closest to the burrow opening. Juveniles at the terminal
end of the maternal burrow were usually clustered in a
dense group (Fig. 1A). Fully developed juveniles were
sometimes observed to start their own burrows at the
terminal end of the female burrow (Fig. 1B). In some
cases a few relatively large juveniles (3 to 5 mm body
length) were found in their own burrows, which bran-
ched o� from the main burrow behind the female
(Fig. 1C).

The average number of Sphaeroma terebrans root)1

decreased from �9 isopods root)1 in the fall to �4:5

isopods root)1 in the winter/spring of 1997/1998 and �3
isopods root)1 in August 1998 (Fig. 2). Empty isopod
burrows were frequently found, particularly during the
summer months. The width of the isopod burrows was
strongly correlated with the size of their occupants
(y = )0.003 + 0.564x, where y = burrow width and
x = isopod body length; R2 = 0.776; p £ 0.05) (Fig. 3).
Only four small isopods (encircled data points in Fig. 3)
occupied burrows considerably larger than would have
been expected from their sizes.

Population structure in monthly burrow samples

The isopods reached sexual maturity at a body length of
�6 mm for females and � 5 mm for males. Females
reached sexual maturity at larger body sizes than males
and grew to a larger size than males (Fig. 4). Through-
out the year, the isopod population was composed of a
large proportion of sexually mature individuals 6 to
12 mm in size. Subadult individuals were most abundant
in the months October to December and May to August.
The small numbers of subadult isopods of <5 mm be-
tween January and April indicate that during these
months almost no recruitment occurred (Fig. 4).

The percentage of female Sphaeroma terebrans paired
with males decreased from almost 70% in September
1997 to �20% in May 1998 (Fig. 5A). This decline in
the percentage of paired females covaried with the sex
ratio (males:females), which showed a similar seasonal
decrease (Fig. 5A). Interestingly, the percentage of fe-
males with embryos in their bodies or with juveniles in
their burrows does not appear to have been a�ected by
the percentage of females that were paired in preceding
months (cf. Fig. 5A and B). For example, the percentage

Fig. 1 Schematic drawings of burrows of parental female Sphaeroma
terebrans in aerial roots of Rhizophora mangle containing very young
juvenile stages (A), older juvenile stages (B), and subadults remaining
from a previous cohort (C)
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of females with embryos increased during spring 1998
(Fig. 5B) at the same time as the percentage of paired
females decreased (Fig. 5A). The percentage of parental
females (i.e. those with juveniles in their burrows) fol-
lowed a similar seasonal trend as the percentage of fe-
males with embryos, but with a lag of � 1 mo (Fig. 5B).

Throughout the year, 40 to 80% males were paired
with females (Fig. 6). Only in August 1998, when the
male:female sex ratio increased to 1.76, was a low per-
centage of males (22.4%) found in female burrows.
Separation of all reproductive females collected between
September 1997 and August 1998 into females awaiting
fertilization (females with eggs) and females already
fertilized (females with juveniles or embryos) revealed a
distinct pattern of male attendance (Fig. 7). For females
with empty gonads or with developing eggs in their go-
nads, there was no signi®cant di�erence between the
number attended by males and the number without
males in their burrows (Mann±Whitney U-test;
p > 0.05) (Fig. 7). For females carrying embryos or
caring for juveniles (parental females), signi®cantly more

were found without a male than with a male (Mann±
Whitney U-test; p < 0.05) (Fig. 7). Thus, males are
generally not present when females are caring for o�-
spring, and parental care in Sphaeroma terebrans is
exclusively the task of the females.

Reproductive potential of females

In general, after the eggs are fully developed the females
molt to a reproductive stage with fully developed oos-
tegites. During this molt, the eggs are fertilized, and the
females thereafter contain embryos. The average female
size throughout the year varied between 8.5 and 10 mm
(Fig. 8A). Females were smallest during the summer
months. The average size of males displayed a similar
trend, but they were usually 1 or 2 cm smaller than the
females (Fig. 8A). The average number of embryos
female)1 increased slightly during the winter, but de-
creased again towards summer (Fig. 8B). Most parental
females hosted an average of between 4 and 22 juveniles

Fig. 2 Sphaeroma terebrans.
Average number (�1 SE) of
isopods per aerial root of red
mangrove, Rhizophora man-
gle; juveniles in burrows of
parental females not includ-
ed in count

Fig. 3 Sphaeroma terebrans.
Width of isopod burrows in
aerial roots of red mangrove,
Rhizophora mangle, as a
function of isopod body
length in September 1997;
outlying (encircled) data
points were excluded from
correlation analysis
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in their burrows (range = 1 to 59 juveniles). The
numbers of embryos were positively correlated with
female body length (y = )75.124 + 11.97x;
R2 = 0.646; p £ 0.05) (Fig. 9). No signi®cant di�erence
in numbers of embryos female)1 were found between
the di�erent embryonic development stages (Kruskal±
Wallis = 1.04; p > 0.05; n = 178 egg- or embryo-car-
rying females), indicating that embryonic mortality
during development was negligible. Most juveniles
found in female burrows were in the manca stage. Most
juveniles left the maternal burrow before the ®rst juve-
nile molt. Few juveniles reached sizes >3 mm in the
maternal burrow (Fig. 10). On some sampling dates
(October/November 1997, May 1998), juvenile Sphae-
roma terebrans <3 mm were also found in their own
burrows (Fig. 4), indicating that they are capable of
establishing burrows at this size.

A comparison of the reproductive stage of all females
collected on each sampling date allowed di�erent co-
horts to be distinguished and their longevity to be esti-
mated. Females born in summer 1997 produced eggs in
September 1997, and then increased in size while molt-
ing to the reproductive stage (maturation molt). These
females incubated embryos in their incubating pouches
in October/November 1997 (Fig. 11). During the sub-
sequent months (November 1997 to January 1998), they
released their o�spring and began to develop new eggs
in December 1997/January 1998. Apparently, after re-
leasing their ®rst brood, these females did not grow in
size during their molt to the resting stage (Fig. 11: fe-
males with eggs in December 1997/January 1998). After
they had been fertilized, they incubated their second
brood in February/March 1998, and most probably died
after releasing this brood. Since some very large females

Fig. 4 Sphaeroma terebrans.
Number of females, males,
and subadults in respective
size classes collected from
burrows in aerial roots of
red mangrove, Rhizophora
mangle
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were found with eggs between March and June 1998;
some may have produced a third brood during this time
(see Fig. 11 which shows 3 and 4 large reproductive
females in April and May 1998, respectively). Females
born in fall 1997 began producing eggs in February
1998, and the ®rst of these females incubated embryos in
March 1998. After releasing their brood, some of these
females began to produce another brood, but many
probably died (Fig. 11: low numbers of females
>10 mm with eggs from May to August 1998). Since
juveniles born in the winter/spring grow very rapidly

(see Fig. 4), recruitment of females during the spring/
summer months appears to occur continuously. A short
break in recruitment of newly maturing females is rec-
ognizable in May 1998 (Fig. 11) that may separate the
cohort born in the fall/winter from that born in the
spring (May/June 1998). The ®rst females born in spring
started to produce eggs in June 1998, but most did not
produce eggs until August 1998. These ``summer''
females would persist throughout the subsequent winter,
and produce one brood in the fall and a second in
winter/spring.

Fig. 5 Sphaeroma terebrans.
A Percentage of females
found paired with a male
and sex ratio on each sam-
pling date; B percentage of
parental females (i.e. hosting
juveniles in their burrows)
and with developing embry-
os in their bodies (Nos. on
top abscissa number of fe-
males found on each date)

Fig. 6 Sphaeroma terebrans.
Percentage of males found
paired with a female and sex
ratio on each sampling date
(Nos. on top abscissa number
of males found on each date)
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Discussion

Female Sphaeroma terebrans reproduced and hosted
juveniles in their burrows year-round. The size-fre-
quency distribution of juveniles found in maternal bur-
rows indicates that juvenile size does not increase during

extended parental care. Juveniles of the same size as
those in maternal burrows could be found in their own
burrows. Males were not involved in parental care. In
fact, there is little indication that isopod families remain
together for long time-periods, despite the fact that their
microhabitat is relatively stable and family burrows
would be able to persist for several months.

Fig. 7 Sphaeroma terebrans.
Average number of females
in respective reproductive
stages that were found un-
paired and paired with males
in their burrows on each
sampling date (n = 583 fe-
males collected between
September 1997 and August
1998). Box-plots show me-
dians, 25 and 75 percentiles
and ranges (d outliers);
Mann±Whitney U-test (n.s.
no signi®cant di�erences;
*p < 0.05)

Fig. 8 Sphaeroma terebrans.
A Average length (�1 SE)
of females and males on each
sampling date; B average
numbers (�1 SE) of embry-
os and juveniles per brood-
ing and parental female,
respectively (Nos. on top
abscissa number of females
and males found on each
date)
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Fig. 9 Sphaeroma terebrans.
Numbers of embryos
female)1 as a function of
female size; all embryo-
bearing females (n = 178)
collected between September
1997 and August 1998 were
pooled

Fig. 10 Sphaeroma tere-
brans. Number of juveniles
of various size classes
(length, mm) found in bur-
rows of parental females; all
juveniles from each sampling
date were pooled
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Fig. 11 Sphaeroma tere-
brans. Size and reproductive
stage of females collected on
each sampling date; female
reproductive stage is char-
acterized by the most devel-
oped o�spring stage with
which they were found
[arrows subadult cohorts
maturing to adult stage (ru-
dimentary oostegites,
developing eggs)]
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Life history

The time required for sphaeromatid isopods to reach
maturity is relatively long (Borowsky 1996), and the
development of embryos and juveniles relatively slow. In
the Indian River Lagoon, the Sphaeroma terebrans
population is dominated by two major cohorts: one is
born during spring/early summer, matures in late sum-
mer/early fall, produces two broods (one in fall, one in
winter), and dies thereafter; the second cohort is born in
fall, and its members recruit to their own burrows shortly
after. Members of this latter cohort mature during the
winter, produce their ®rst brood in spring/early summer
and, potentially, a second brood during summer. Isopods
from both cohorts attain an age of �10 mo. Other
sphaeromatid isopods from temperate waters live con-
siderably longer, e.g. S. serratum in NW Europe lives for
2 yr, S. rugicauda for up to 18 mo (Harvey 1969), and S.
hookeri in northern Europe for 18 mo (Kinne 1954). As
in S. terebrans, other sphaeromatids may produce their
®rst brood within the ®rst months of their life (Kinne
1954; Harvey 1969; Charmantier 1974). The production
of a second brood usually only occurs a considerable
time (3 to 8 mo) after production of the ®rst brood
(S. hookeri: Kinne 1954; S. monodi: Lejuez 1966; S. ser-
ratum: Harvey 1969, Charmantier 1974, Kittlein 1991).
Many sphaeromatid isopods from temperate northern
areas produce only one brood during their lifetime (S.
rugicauda: Harvey 1969, Betz 1979; Dynamene bidentata:
Holdich 1968, 1971).

It is puzzling that many females hosted small juve-
niles in their burrows during the winter months, but that
almost no recruitment took place between January and
April 1998. Possibly, during the cold winter months
(water temperatures 15 to 17 °C), development is very
slow, and a continuous but low recruitment activity
during this time period was not detected (see Fig. 2).

Early and extended parental care

In Sphaeroma terebrans, development of the embryos
takes place in ventral invaginations originating from the
brood pouch (also termed ``incubating pouches'':
Charmantier and Charmantier-Daures 1994). The de-
veloping embryos attain a considerable size during this
time, emerging at � 2:5 mm body length, as manca
stages, from the female's body. Mortality during em-
bryonic development was negligible; this agrees with the
observations of Jensen (1955) for S. hookeri and Betz
(1980) for S. rugicauda. Other authors found consider-
able di�erences between the numbers of eggs and the
numbers of embryos in S. hookeri, referring these losses
to mortality during embryonic development (Kinne
1954; SchuÈ tz 1963). As pointed out earlier (``Results ±
Reproductive potential of females''), female S. terebrans
grow in size during the maturation molt, i.e. when eggs
are fertilized. Thus, comparison of females containing
eggs with females bearing embryos using size as an

identi®er would indicate an apparent (but not real) loss
of embryos. Kittlein (1991) suspected that high estimates
of embryonic mortality in S. serratum may have arisen
from the fact that some late-embryo stages had already
left the maternal incubating pouches. These consider-
ations and the present results on embryonic develop-
ment in S. terebrans lead me to suspect that embryonic
mortality in sphaeromatid isopods is generally low.

Because of low embryonic mortality and the large size
that embryos reach in the maternal body, the whole
body-cavity of the female is ®lled with embryos towards
the end of embryonic development. Feeding is sup-
pressed in females with fully developed embryos (John
1970). This corresponds to observations by Kinne
(1954), who found mostly empty guts in female Sphae-
roma hookeri containing embryos. In other sphaer-
omatid isopods, Holdich (1968) and Shuster (1991)
noted that the mouthparts of gravid females are degen-
erated and that females do not feed while incubating
embryos in their bodies. Thus, while incubating one
brood, female S. terebrans cannot accumulate resources
for the production of a subsequent brood. Conse-
quently, oocytes are very small or undetectable in
females that have just released one brood from their
bodies. As in free-ranging sphaeromatid isopods
(S. quadridentatum: Borowsky 1996; S. hookeri: Jensen
1955, S. serratum: Daguerre de Hureaux 1979), follow-
ing release of the juveniles from their bodies, female
S. terebrans molt to a resting stage. During this resting
stage the females accumulate resources and produce new
eggs; this process requires considerable time (several
months). Surprisingly, most juveniles leave their mothers
before a new brood is produced. During extended pa-
rental care, the juveniles are located at the head of the
female; it is possible that this constricts the e�cient ¯ow
of water through the maternal burrow. Juveniles may
interfere with the female's feeding activities, culminating
in their active eviction by the female.

When they leave the parental burrow, juvenile
Sphaeroma terebrans are about the same size as when
they were born. In other peracarid crustaceans, juveniles
can grow considerably during parental care, albeit some
juveniles may be forced to leave their parents at smaller
sizes than their siblings (Aoki 1997; Thiel 1999a). Many
juvenile S. terebrans may establish burrows in the vi-
cinity of the parental burrow, and some juvenile burrows
even originate from the maternal burrow (also observed
by Messana et al. 1994). Juveniles of other peracarid
species have been observed to establish their ®rst own
burrows in a similar fashion (Corophium volutator:
Thamdrup 1935; Limnoria lignorum: Henderson 1924;
L. algarum: Menzies 1957; Lynseia annae: Brearley and
Walker 1995, 1996; Leptocheirus pinguis: Thiel et al.
1997). Small juveniles that can establish their own bur-
rows under parental protection have the advantage of
never being fully exposed at the surface of their burrow-
substrates (wood, kelp stipes, seagrass blades, soft sed-
iments), where they could easily fall prey to ®sh or
crustacean predators. Not all o�spring from one clutch
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start their own burrows from within the maternal bur-
row, but those that do so probably have considerably
higher survival rates than their siblings that build a new
burrow away from the maternal burrow. In experiments
in which roots containing isolated S. terebrans females
with o�spring were suspended continuously in water,
almost all juveniles built their own burrows from within
the maternal burrow (Thiel 1999d). It is not entirely
clear why females in sheltered laboratory conditions
would provide longer parental care for their o�spring
than females in the ®eld, but it is possible that interfer-
ence from conspeci®cs, or from their congener S. quad-
ridentatum (excluded from the laboratory experiments)
reduces the duration of parental care in the ®eld (Thiel
1999e). Thus, the presence of fewer burrowing conspe-
ci®cs may enable females to care for their o�spring more
extensively than in the presence of many burrowing
conspeci®cs. This scenario would represent an interest-
ing case of a feed-back mechanism whereby the duration
of parental care (and the survival of o�spring) is regu-
lated by the abundance of conspeci®cs.

While extended parental care in Sphaeroma terebrans
may help to protect small juveniles from predation (as in
other peracarid crustaceans: Thiel 1999c), the physical
environment of female burrows may also be conducive
to juvenile survival. Early juvenile stages of S. serratum
do not possess a fully developed osmoregulatory ca-
pacity (Charmantier and Charmantier-Daures 1994),
and it is likely that the closely related S. terebrans has a
similar ontogenetic development pattern. Small juvenile
S. terebrans that were taken from the maternal burrow
required several days to establish their ®rst own burrow
(Thiel 1999d). During this period they would be exposed
at the surface of the aerial roots, potentially experiencing
the drastic salinity variations of their intertidal habitat.
Isopods with well-®tting burrows (see Fig. 3) can store
small amounts of water in them (my own observations)
possibly helping the isopods to survive exposure to
sudden changes in salinity. Females hosting their small
o�spring at the terminal end of their burrows could thus
e�ciently shelter them from osmotic stress. In S. serra-
tum, osmoregulatory capacity increases substantially
between the ®rst and second juvenile stage (Charmantier
and Charmantier-Daures 1994). It has also been re-
ported that during the ®rst days of their free-living
stages, wood-boring isopods exhibit a distinct change in
color from white to brown (Henderson 1924); this was
also noted in S. terebrans (my own observations). This
color change could result from calci®cation of the exo-
skeleton, and might correspond to the increasing
osmoregulatory and boring capabilities of the juveniles.
Thus, only during extended parental care can juvenile
S. terebrans fully develop the physiological potential
that will enable them to survive in their own burrows.

Other peracarid species that care for their o�spring in
a burrow or tube may provide extended parental care for
much longer time periods than Sphaeroma terebrans,
(e.g. Peramphithoe stypotrupetes: Conlan and Chess
1992, Chess 1993; Leptocheirus pinguis and Casco bige-

lowi: Thiel 1998, 1999a). While the mangrove roots
provide a stable environment that would allow the
prolonged coexistence of parents and o�spring, in the
case of S. terebrans both females and large juveniles
(>manca) may be better o� in their own burrows than
in a family burrow.

Male role during extended parental care
in Sphaeroma terebrans

Detailed analysis of the reproductive stage of female
Sphaeroma terebrans has shown that males leave their
mates after fertilization and thus are not present when
their o�spring develop. This is apparently in contrast to
other boring peracarids, in which females and males are
usually found in pairs. At present, it is not known
whether males in such species (Limnoria sp.: Henderson
1924, Menzies 1954, 1957; Peramphithoe stypotrupetes:
Conlan and Chess 1992; Lynseia annae: Brearley and
Walker 1995, 1996) are actively involved in extended
parental care and, if so, which role they play. These
species inhabit extensive and large burrow systems and
feed on the tissues of their hosts. Thus, the males may
support the females in ventilating and excavating the
burrows systems and additionally remove waste prod-
ucts, as do terrestrial wood-boring beetles (Robertson
and Roitberg 1998). As other sphaeromatid isopods
(Rotramel 1975), S. terebrans does not appear to feed on
the wood, but obtain their nutrition by ®lter-feeding
(Rice et al. 1990). Instead of supporting females, male
S. terebrans might be in their way, and therefore not
tolerated in the female burrows during extended paren-
tal care. Male Limnoria sp. and P. stypotrupetes appar-
ently remain with the female, i.e. are monogamous;
consequently, o�spring from di�erent clutches would all
be from the same male. Thus, in these species the males
may tolerate the juveniles from previous clutches be-
cause these most probably represent their own o�spring.

In Sphaeroma terebrans the female possibly expels the
male. However, it is also possible that the male actively
leaves the female after fertilization. Many aerial man-
grove roots in the study area contain several mature
females, and there may be a good chance of a male
®nding another receptive female nearby. In S. terebrans,
females may thus reside in their burrows for long time
periods while males may move from female burrow to
female burrow, as already postulated by Venkata
Krishnan and Nair (1973). In another sphaeromatid
isopod, Paracerceis sculpta, males occupy spongocoels
to which they attract females (Shuster 1987, 1992).
Following fertilization of the ®rst females, males attempt
to attract additional mates while guarding ``their''
sponge-territories, thereby protecting the ®rst females
and their developing o�spring. Thus, in this harem-
forming isopod, males indirectly engage in extended
parental care. In S. terebrans, the females that ®t tightly
into their burrow openings (compared to the usually
smaller males) can presumably block the burrow
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entrances more successfully than the males. It appears
that in this wood-boring isopod there is no need for
males to attend their mates and o�spring, and they
consequently leave after copulation.
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