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Hermit crabs are anomuran crustaceans that shelter their
soft abdomen in gastropod shells. These shells also protect the
eggs hermit crabs incubate in their pleopods. This is a critical
period for both females and clutches since egg loss during shell
investigation and agonistic encounters may reduce female fit-
ness (sensu CHILDRESS 1972). This is evidenced by the behavioral
modifications undergone by females during egg-brooding (NEIL

& ELWOOD 1985). In addition, space limitation due to small shell
internal volume may reduce the amount of eggs females can
incubate (FOTHERINGHAM 1976). Thus, if shell volume is fixed,
the larger the eggs the smaller the number of eggs that can be
maintained inside the shells. Besides the ecological constraints
associated to egg size, its variation may represent adaptations
to distinct selective forces (CODY 1966). In fact, relative sizes of
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ABSTRACT. The description of the embryonic development of the hermit crabs Clibanarius antillensis Stimpson, 1859,
C. sclopetarius (Herbst, 1796), C. vittatus (Bosc, 1802), and Pagurus criniticornis (Dana, 1852) and preliminary observations
on the development of Pagurus brevidactylus (Stimpson, 1858) and Paguristes tortugae Schmitt, 1933 were done. The
analysis of the external morphology of the embryos of the studied species allowed the identification of seven
stages: Stage 1, Zygote and cleavage; Stage 2, Homogeneous mass (advanced cleavage and gastrulation); Stage 3,
Initiation of the germinal disc (yolk-free area); Stage 4, Percentage of yolk-free area from 5% to 50-70%; Stage 5,
Eye pigmentation (comma-shape) and heart beating; Stage 6, Percentage of yolk-free area from 70-80% to 95%)
and eye development to a darkened irregularly-rounded shape; Stage 7, Zoea visible and hatching. Despite all stages
were recorded in all species, interespecific differences were recorded in relation to zygote size and embryo color;
cleavage, absolute and relative developmental time, and moment eye pigmentation appeared. Such morphological
differences may be associated to variations in the yolk amount and composition and reveal different reproductive
strategies at least between P. criniticornis and all studied species of Clibanarius.
KEY WORDS. Clibanarius; life history strategies; Pagurus; reproduction.

RESUMO. DesenDesenDesenDesenDesenvvvvvolvimentoolvimentoolvimentoolvimentoolvimento embrembrembrembrembrionárionárionárionárionárioioioioio eeeee durdurdurdurduraçãoaçãoaçãoaçãoação dododododo períodoperíodoperíodoperíodoperíodo dedededede incubaçãoincubaçãoincubaçãoincubaçãoincubação dedededede carcarcarcarcaranguejosanguejosanguejosanguejosanguejos ererererermitõesmitõesmitõesmitõesmitões trtrtrtrtropi-opi-opi-opi-opi-
caiscaiscaiscaiscais dododododo entrentrentrentrentremarésemarésemarésemarésemarés (Deca(Deca(Deca(Deca(Decapodapodapodapodapoda, AnomAnomAnomAnomAnomururururura).a).a).a).a). A descrição do desenvolvimento embrionário dos ermitões Clibanarius
antillensis Stimpson, 1859, C. sclopetarius (Herbst, 1796), C. vittatus (Bosc, 1802) e Pagurus criniticornis (Dana, 1852) e
observações preliminares sobre o desenvolvimento de Pagurus brevidactylus (Stimpson, 1858) e Paguristes tortugae Schmitt,
1933 foram realizadas. A análise da morfologia externa dos embriões das espécies estudadas permitiu a identifica-
ção de sete estágios: Estágio 1, Zigoto e clivagem; Estágio 2, Massa homogênea (clivagem avançada e gastrulação);
Estágio 3, início da formação do disco germinal (área livre de vitelo); Estágio 4, Porcentagem da área livre de vitelo
de 5% a 50-70%; Estágio 5, Pigmentação do olho (forma de vírgula) e batimentos cardíacos; Estágio 6, Porcenta-
gem da área livre de vitelo de 70-80% to 95%) e desenvolvimento do olho para uma forma escurecida e
irregularmente arredondada; Estágio 7, Zoea visível e eclosão. Embora todos os estágios tenham sido registrados em
todas as espécies, diferenças interespecíficas foram registradas com relação ao tamanho do zigoto e coloração do
embrião, clivagem, tempo de desenvolvimento absoluto e relativo e momento em que a pigmentação do olho
apareceu. Estas diferenças morfológicas podem estar associadas variações na quantidade e composição do vitelo e
revelam diferenças nas estratégias reprodutivas pelo menos entre P. criniticornis e as espécies de Clibanarius estudadas.
PALAVRAS-CHAVE. Clibanarius; estratégias de vida; Pagurus; reprodução.
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eggs, larvae and juveniles and the duration of the embryonic
and larval (post-embryonic) development are important com-
ponents of the life history strategies of marine invertebrates
(HINES 1982, HADFIELD & STRATHMANN 1996).

Although the post-embryonic development is known for
some Brazilian species: Clibanarius antillensis Stimpson, 1859
(BROSSI-GARCIA & HEBLING 1983, SIDDIQUI et al. 1991), Clibanarius
vittatus (Bosc, 1802) (LANG & YOUNG 1977), Clibanarius scloeptarius
(Herbst, 1796) (BROSSI-GARCIA 1987), Paguristes tortugae Schmitt,
1933 (HEBLING & NEGREIROS-FRANSOZO 1983), Pagurus criniticornis
(Dana, 1852) (HEBLING & BROSSI-GARCIA 1981), and Pagurus
bravidactylus (Stimpson, 1858) (NEGREIROS-FRANSOZO & HEBLING

1987), studies on the embryonic development are inexistent.
The first descriptions of embryonic development of hermit crabs
were made in very early studies (RATHKE 1840, MAYER 1877, FAXON

1882, JACKSON 1913, KRAINSKA 1934, 1936, 1938, SCHEIDEGGER 1976,
see a more review for crustaceans in ANDERSON 1982). Investiga-
tions on the duration and macroscopic characterization of em-
bryonic development are more recent and originating in both
laboratory (KAMALAVENI 1949, COFFIN 1960, WEAR 1974, NYBLADE

1987, LANCASTER 1988) and field studies (WADA et al. 1995, 2000,
GOSHIMA et al. 1996). The study of SCHEIDEGGER (1976) furnished
the most complete description of the external and internal mor-
phology through the embryonic development of hermit crabs
and identified thirteen stages from cleavage to larval hatching.
However, the number of stages characterized in studies on the
external morphology of embryos is variable (LANCASTER 1988). In
addition, field studies on the reproductive biology of hermit crabs
classify the clutches in less detail but in a still quite variable
number of stages (AMEYAW-AKUMFI 1975, FOTHERINGHAM 1980,
NEGREIROS-FRANSOZO et al. 1992, WADA et al. 1995, 2000, GOSHIMA et
al. 1996, GARCIA & MANTELATTO 1999, TURRA & LEITE 1999, 2001,
MANTELATTO et al. 2002).

The aim of this study was to record the external mor-
phology of embryos and the duration of the embryonic devel-
opment of four intertidal hermit crab species (Clibanarius
antillensis, C. sclopetarius (Herbst, 1796), C. vittatus and Pagurus
criniticornis; preliminary observations were taken for Pagurus
brevidactylus (Stimpson, 1858) and Paguristes tortugae). The de-
velopmental sequence was compared among species to pro-
pose a framework and a visual key for the morphological iden-
tification and classification of embryonic stages for further
population or reproductive studies on hermit crabs.

MATERIAL AND METHODS

The hermit crabs species were collected along the São
Sebastião Channel during 2001 summer months and main-
tained separately in plastic swimming pools (1.80 x 1.30m) with
circulating seawater. The crabs were then observed during sev-
eral days and, after successful mating (see TURRA 2005 for de-
tailed description of the reproductive behavior of the studied
species), the females were removed from their shells by break-
ing them gently. These females were then supplied with apex-

less shells and maintained individually in small plastic aquaria
(10 cm in diameter for the small-sized species – C. antillensis, P.
criniticornis, P. brevidactylus, and P. tortugae – and 20 cm in di-
ameter for the large-sized ones – C. vittatus and C. sclopetarius)
at 25°C, 34‰ and 12/12 h photoperiod in an incubation cham-
ber. The water was changed daily and the crabs were fed with
commercial fish food after each observation. Observations were
taken daily (Clibanarius and Paguristes) or at 12h intervals
(Pagurus) until hatching. These differences in observation time
were based on pilot observations on total developmental time
of the studied species and, as a consequence, allowed roughly
equivalent observation periodicity. At each observation, the
females were removed from their shells using a flexible rubber-
coated wire to force them to leave shells through the aperture.

Ten embryos of each specimen (number and shield length
of ovigerous females: Clibanarius antillensis, five individuals,
3.0 mm, 3.1 mm, 3.1 mm, 3.6 mm, and 4.7 mm; C. sclopetarius,
five individuals, 6.6 mm, 7.0 mm, 7.2 mm, 7.4 mm, and 8.3
mm; C. vittatus, 3 inds., 6.1 mm, 7.5 mm, and 7.6 mm; Paguristes
tortugae, two individuals, 4.7 mm and 6.2 mm; Pagurus criniticornis,
5 inds., 2.1 mm, 2.3 mm, 2.3 mm, 2.4 mm, and 2.6 mm; P.
brevidactylus, one individual, 2.1 mm) of each species were re-
moved in each time interval for macroscopic observations of de-
velopmental features. These eggs were then fixed in aqueous
Bouin solution for 24h, washed in water three times and pre-
served in 70% alcohol to allow more detailed morphological de-
scriptions. Fresh and preserved zygotes were measured using a
micrometer to evaluate, for each species, the reduction in egg
maximum diameter after preservation procedure through paired
Student t tests (ZAR 1999). The mean size of the embryos in newly
laid clutches (fresh embryos) was compared among species
through ANOVA and Scheffé’s post-hoc test to test the null hy-
pothesis that the mean zygote size did not vary among hermit
crab species (UNDERWOOD 1997). In this analysis, the sizes of the
ten eggs sampled in each clutch were averaged to produce a mean
value of egg maximum diameter for each specimen that was used
as replicate in interespecific comparisons. Homocedasticity was
evaluated through the Cochran’s test (UNDERWOOD 1997).

RESULTS

Egg size and developmental time
Egg laying took place up to one hour after copulation in all

species. The size of the eggs (zygote) varied markedly among spe-
cies (ANOVA, F = 74.651, df = 4, p < 0.001; Pagurus brevidactylus
was not included in the analyses because egg size measurements
were taken for only one individual – 0.373 ± 0.017 mm). Paguristes
tortugae presented the largest embryos (x ± SD; 0.683 ±0.021 mm,
Scheffé’s test: p < 0.05 for all pairwise comparisons). Clibanarius
sclopetarius (0.479 ± 0.039 mm) and C. vittatus (0.444 ± 0.019
mm) presented eggs of similar sizes (Scheffé’s test: p > 0.05) as
well as the embryos of C. antillensis (0.354 ± 0.011 mm) and P.
criniticornis (0.371 ± 0.003 mm: p > 0.05). All other comparisons
revealed differences in egg size. The maximum diameter of pre-
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served eggs was reduced by a ratio of 3 to 12% in comparison to
fresh embryos (Student t test, p < 0.05 in all comparisons).

The duration of embryonic development varied mark-
edly among species (ANOVA, F = 922.275, df = 3, p < 0.001).
Pagurus criniticornis took on average 9.2 ± 0.5 days (mean ± SD)
to hatch, a shorter period than recorded for Clibanarius species
(Scheffé’s test: p < 0.05 for all comparisons). The embryonic
development of Clibanarius antillensis (18.2 ± 0.5 days) was also
shorter than that of C. vittatus and C. sclopetarius (24.0 ± 0.2
and 25.3 ± 0.6 days, respectively; p < 0.05 for both compari-
sons), which, in turn, presented similar durations (p > 0.05).
Preliminary observations were taken for other two common
rocky shore hermit crabs, Paguristes tortugae and Pagurus
brevidactylus, and revealed that the duration of the embryonic
development of P. brevidactylus (nine days) is very similar to
that of P. criniticornis. The description of the embryonic devel-
opment of P. tortugae was not completed because females lost
their few eggs during the experiment. However, the embry-
onic development of this species, i.e., based on the duration of
each stage (Tab. I), was demonstrated to be slower than that of
C. antillensis but faster than those of C. sclopetarius and C.
vittatus, suggesting that an estimate of the total developmen-
tal time for this species would be between 20 and 26 days.

Morphological characteristics
The embryonic development of the studied species was

very similar and enabled the identification of seven develop-
mental stages (Tab. I, Figs 1-88).

Stage 1. This stage was composed by the zygote and its
subsequent cleavages (Figs 1-3, 20-22, 46-48 and 70-72). The
fresh eggs of the studied species differed in color: C. antillensis,
P. criniticornis and P. brevidactylus – greenish/dark-yellow; C.
sclopetarius and C. vittatus – dark-red/purple; Paguristes tortugae
– light-red. In all species, the first, second and third cleavages
occurred almost simultaneously forming an 8-cell embryo. Af-
ter that, subsequent cleavages took 4 hours for species of the
genus Clibanarius and 2-3 hours for P. criniticornis, on average.
The observation of cleavage was possible for up to two days
(one day for P. criniticornis) after copulation.

Stage 2. The embryo was characterized by a homogeneous
mass because cell number was very high and cell individual-
ization became difficult (Figs 4-5, 23-24, 49-50 and 73-74).

Stage 3. After some time (five days for C. antillensis, C.
sclopetarius, and C. vittatus; four days for P. tortugae; two days
for P. criniticornis; see table I), a concentration of cells was ob-
served in the eggs, evidencing the germinal disc, a grayish/
pale yolk-free area (Figs 6-7, 25-26, 51-52 and 75-76). The yolk
was broken up into cell-like granules.

Stage 4. The percentage of the yolk-free area increased
from 5% to up to 50-70% depending on the species (Figs 8-13,
27-36, 53-61 and 77-84). In this period, some characteristics
were recognizable in dorsal and lateral views such as the differ-
entiation into cephalic and abdominal regions and the devel-
opment of the cephalic lobe, which originates the eyes, first

and second (bireme) antenna and mandible. The development
of the buds of maxilla and maxilipeds could be observed
through transparency in only some embryos.

Stage 5. The dark eye pigmentation became evident (Figs
14, 37, 62 and 85) and heart beats were observed in all species.
Eye pigmentation initiated in Clibanarius species when the yolk-
free area was about 50-60% of the total embryo area in com-
parison to 70-80% in P. criniticornis. In terms of relative devel-
opmental time, eye pigmentation appeared later in P.
criniticornis (75-80% of the total developmental time) than in
Clibanarius species (60-65% of the total developmental time).

Stage 6. The pigmentation of the eyes increased during
development from a comma-shape to an irregularly-rounded
darkened area comprising almost 10% of the embryo lateral
view. Such alterations in eye pigmentation were followed by
variations in the percentage of yolk-free area from 70-80% to
95% (Figs 15-18, 38-43, 63-67 and 86-87) but any evident al-
teration in embryo color (pigmentation) was recorded.

Stage 7. The zoea became visible when more than 95%
of the embryo lateral view was free from yolk. Hatching oc-
curred and a small portion of yolk was still visible in the dorsal
region of the zoea (Figs 19, 44-45, 68-69 and 88).

Besides the morphological modifications during embry-
onic development a tendency of increase in egg size was evi-
dent (Figs 1-88). Alterations in egg coloration were recorded in
all species, with early stages being characterized by the colour
of yolk and the latter ones by the pale/whitish non-pigmented
embryo. Such alterations were a direct consequence of yolk
consumption during development. The eggs of each female
developed synchronously, i.e., all incubated eggs of a given
female were in the same developmental stage.

The relative duration of each developmental stage was
estimated for each species (Fig. 89). Stages presented different
relative durations with stage 4 being the longest in all species.
The relative duration of stages was very similar in the three
Clibanarius species. In Pagurus criniticornis stage 4 was propor-
tionally longer and stages 5 and 6 were relatively shorter in
comparison to other species.

DISCUSSION
Despite the general sequence (stages) of the embryonic

development was very similar in the studied species some spe-
cific differences could be recorded in relation to: (1) fresh egg
size and color, suggesting that yolk amount and composition
varied among species; (2) cleavage (Tab. I), (3) developmental
time; (4) appearance of eye pigmentation (Tab. I and Fig. 89).
COFFIN (1960) and LANCASTER (1988) showed that the eye pig-
mentation occurred almost in the middle of the development
of Pagurus samuelis and P. bernhardus, respectively. On the other
hand, the stages preceding eye pigmentation in Pagurus
middendorffii (WADA et al. 1995), P. nigrofasciata (GOSHIMA et al.
1996) and P. lanuginosus (WADA et al. 2000) took about 70-80%
of the total developmental time, being very similar to P.
criniticornis. Such differences in duration of embryonic stages
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among species may have a direct relationship with relative egg
size (amount of yolk), yolk composition and species-specific
reproductive strategies, but further studies are necessary to
evaluate these hypothesis.

In general, stages of embryonic development are charac-
terized according to embryo external morphology, size and col-
oration. Based on such characteristics, seven clearly identifiable
stages were proposed for the studied species (Figs 1-88). Other
field and laboratory studies classified hermit crab embryos in a
variable number of stages, which can be compared with the
present classification (table II and citations therein). Since clas-
sification was highly variable in these studies, there are stages
that correspond to one or more stages proposed here. For ex-

ample, COFFIN (1960) did not report the presence of embryos
with homogeneous masses prior to the formation of the germi-
nal disc in Pagurus samuelis (Stimpson, 1857). In this way, sepa-
ration of developmental stages may become a less subjective
and a more accurate task using the visual hermit crab model
presented here as reference. The present study also showed that
different egg stages may have different developmental times.
Thus, despite being clearly identifiable, they represent quite dif-
ferent periods in relation to total developmental time. This was
also reported by COFFIN (1960) and LANCASTER (1988) in experi-
mental studies and by WADA et al. (1995, 2000) and GOSHIMA et
al. (1996) in field surveys. It becomes clear the necessity to un-
derstand the variability in the duration of each developmental

Table I. Comparison of the embryonic development of the four studied hermit crab species (Clibanarius antillensis, C. sclopetarius, C.
vittatus, and Pagurus criniticornis) including preliminary observations on two other species (Pagurus brevidactylus and Paguristes tortugae).
(C) Cleavage, (HM) homogeneous mass, (GD) initiation of germinal disc (yolk-free area), (%) percentage of yolk-free area, (EP) eye
pigmentation, (HB) heart beating, (H) hatching, (?) the observation of the embryonic development stopped due to females lost all
embryos.

Time
(days)

Species Time
(days)

Species

C. antillensis C. sclopetarius C. vittatus P. tortugae P. criniticornis P. brevidactylus

1 C C C C 0,5 C

2 C C C C 1,0 C

3 HM HM HM HM 1,5 HM

4 HM HM HM GD 2,0 GD

5 GD GD GD GD 2,5  < 5%

6  < 5% GD GD 5% 3,0 5%

7 5-10%  < 5% 5% 5-10% 3,5 10-15% 20%

8 15-20% 5% 5-10% 10% 4,0 20-30%

9 20-30% 5-10% 10% 10-20% 4,5 30% 40-50%

10 30% 10% 10-15% 20-30% 5,0 40-50%

11 40-50% 10-15% 15-20% 30% 5,5 50% 60-70%

12 60-70%/EP 20% 20-30% 40%/EP/HB 6,0 60-70%

13 70-80%/EP/HB 20-30% 30-40% 40-50%/HB 6,5 70%/EP/HB 70-80%/EP

14 80%/HB 30-40% 40-50% ? 7,0 70-80%/HB

15 80-85% 40-50% 50-60%/EP ? 7,5 80-90% 90%/HB

16 85-90% 50-60% 50-60%/EP/HB ? 8,0 90-95%

17 95% 50-60%/EP/HB 60-70%/HB ? 8,5 95%/H 95%

18  > 95% 60-70%/EP/HB 70-75% ? 9,0 95%/H

19 H 70% 75-80% 9,5 H H

20 H 70-80% 80%

21 80% 80-85%

22 80-90% 90%

23 90% 95%

24 90-95% 95%/H

25 95% H

26 95%/H

27 H



681Embryonic development in hermit crabs

Revista Brasileira de Zoologia 24 (3): 677–686, setembro 2007

Figures 1-19. Embryonic development of Clibanarius antillensis: (1) zygote; (2-19) lateral views of embryos in each subsequent day of
observation. (1-3) Stage 1; (4-5) stage 2; (6-7) stage 3; (8-13) stage 4; (14) stage 5; (15-18) stage 6; (19) stage 7. (cl) Cephalic lobe;
(cm) chorionic membrane; (e) eye; (ep) eye pigment; (gd) germinal disc (yolk-free area); (y) yolk.
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stage to properly select the way into which hermit crab embryos
will be grouped for a particular ecological study. For example,
embryos without eyes represent 75% of the developmental time
in P. criniticornis in comparison to 60% in Clibanarius (Fig. 89).

TURRA & LEITE (2001) studied the fecundity of C. antillensis,
C. sclopetarius and C. vittatus and revealed that all the five de-
velopmental stages identified (Tab. II) were well represented
only in the clutches of C. antillensis, while those of the two

other species were concentrated in the first one (yolk not con-
sumed). It was hypothesized that such differences could be a
consequence of species specific patterns of embryonic devel-
opment, i.e., the first stage would be shorter in C. antillensis
than in both C. sclopetarius and C. vittatus. The results of the
present study do not support such a hypothesis once the dura-
tion of stage 1 (sensu TURRA & LEITE 2001) is proportionally
equivalent in the three species as demonstrated by the present
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Figures 20-45. Embryonic development of Clibanarius sclopetarius: (20) zygote; (21-45) lateral views of embryos in each subsequent day
of observation. (20-22) Stage 1; (23-24) stage 2; (25-26) stage 3; (27-36) stage 4; (37) stage 5; (38-43) stage 6; (44-45) stage 7. (cl)
Cephalic lobe, (cm) chorionic membrane, (e) eye, (ep) eye pigment, (gd) germinal disc (yolk-free area), (y) yolk.
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Figures 46-69. Embryonic development of Clibanarius vittatus: (46) zygote; (47-69) lateral views of embryos in each subsequent day of
observation. (46-48) Stage 1; (49-50) stage 2; (51-52) stage 3; (53-61) stage 4; (62) stage 5; (63-67) stage 6; (68-69) stage 7. (cl)
Cephalic lobe, (cm) chorionic membrane, (e) eye, (ep) eye pigment, (gd) germinal disc (yolk-free area), (y) yolk.
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study. In this way, the differences reported by TURRA & LEITE

(2001) may be associated with differences in reproductive pe-
riod among species (TURRA & LEITE 2000), which is an impor-
tant feature related to differences in the reproductive strate-
gies of marine invertebrates (HADFIELD & STRATHMANN 1996).

As demonstrated by NYBLADE (1987) and in the present
study, egg size is inversely related to the overall duration of the
embryonic development. However, there are only a few ad-
equate data available to allow a general understanding of the
ultimate factors governing reproductive strategies in hermit
crabs. The fast development of P. criniticornis, P. brevidactylus
and even C. antillensis in comparison to C. sclopetarius and C.

vittatus may be also caused by differences in yolk composition,
evidenced by differences in egg coloration. Such information
is also not available up to date and may elucidate some of the
proximate factors related to different reproductive strategies
employed by hermit crabs.

Finally, once a reduction in egg diameter was evidenced
after preservation procedure, future studies should inform in
which condition (fresh or preserved) egg measurements were
taken to prevent biased conclusions. Alternatively, in studies
focusing the overall investment in reproduction by females,
one could use the dry weight of egg masses, which is probably
less affected by the fixation procedure than egg diameter.

Figures 70-88. Embryonic development of Pagurus criniticornis: (70) zygote; (71-88) lateral views of embryos in each 12 hour observation
period. (70-72) Stage 1; (73-74) stage 2; (75-76) stage 3; (77-84) stage 4; (85) stage 5; (86-87) stage 6; (88) stage 7. (cl) Cephalic lobe,
(cm) chorionic membrane, (e) eye, (ep) eye pigment, (gd) germinal disc (yolk-free area), (y) yolk.
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