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Abstract The present work is a comprehensive study of
reproduction and embryonic development of Armases
cinereum. Ovigerous A. cinereum (Bosc, 1802) females
from Sebastian Inlet, Florida (9.88–19.4 mm CW) lay
2,000–12,000 eggs per brood, depending on their CW
(mm): fecundity = 24.662 CW1.9432. A. cinereum displayed
signiWcant brood loss through development (ca. 500 eggs
per brood) independently from their CW (no senescence).
However, since smaller females lay fewer eggs than larger
ones, the percentage of eggs lost during embryonic devel-
opment is greater in smaller females. The number of
eggs carried on a later stage of development (potential
fertility = 5.5593 CW2.4417) is a more accurate estimate
of the reproductive output and subsequent recruitment.
Egg volume increased during development (64%, 0.025–
0.041 mm3 or 0.36–0.43 mm of diameter, N = 270) and was
strongly correlated with egg water content increase
(19.21%, r = 0.89). Lipids, particularly fatty acids, seem to
be the major energy source for embryonic development,
decreasing 56.31 and 37.08% (respectively) during embry-
onic development; both are negatively correlated with egg
volume (r = ¡0.90). The utilization of fatty acids through
the diVerent developmental stages of A. cinereum is

presented. The most consumed fatty acids are the monoun-
satured (43.33 �g mg¡1 dw), followed by the saturated
(29.91 �g mg¡1 dw) and polyunsaturated (24.03 �g mg¡1).
Palmitic (16:0) and linoleic (18:2n-6) acids are preferen-
tially consumed (19.5 and 17.9 �g mg¡1 dw, respectively).
The high proportion of essential polyunsaturated fatty acids
of C18 and C20 reXects the consumption of primary produc-
ers such as mangrove leaves. EPA/DHA ratio (2.85–3.84)
and low DHA content indicated that this species appears in
a medium-low level of the trophic chain. The low ratio of
18:1n-7/18:1n-9 and high percentage of 18:1n-9 (marker of
carnivory) may be a sign of the consumption of juvenile
invertebrates. The high percentage of odd-numbered FA
indicated the occurrence of detritivores/scavenger behav-
iours. The fatty acid composition of the eggs reXects adult
feeding ecology (omnivorous) and habitat.

Introduction

Fecundity is quantiWed by the number of eggs produced per
female and is essential to estimate the reproductive poten-
tial and future stock size of a given species or population
(Mori et al. 1998; Hattori and Pinheiro 2003). In decapods,
due to allometric constraints of yolk storage within the
cephalothorax, fecundity is primarily determined by female
body size, but also by average egg size (Hines 1982). The
general trade-oV is reXected by a negative correlation
between size and number of eggs (Hines 1986). Initial egg
size of decapods varies intra-speciWcally latitudinally or
between geographically isolated populations (Wehrtmann
and Kattner 1998; Kyomo 2000; Rosa et al. 2007), between
diVerent reproductive seasons (Amsler and George 1984;
Pond et al. 1996; Calado et al. 2005), and on a year-to-year
basis at the same locality (Kattner et al. 1994). Although
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fecundity reXects life-time investment in reproduction,
potential fertility (number of eggs in pre-hatching stage)
provides a more accurate idea of the reproductive output
and subsequent recruitment of a species or population
(Mori et al. 1998). Therefore, brood loss should be consid-
ered in fecundity-per-recruitment models (Morizur et al.
1981; Oh and Hartnoll 1999). According to Shields (1993),
it is hypothesised that larger/older females have greater
brood loss (senescence), however it considers that the data
supporting this idea has several potential confounding
factors and recent studies did not found it (e.g. Lysmata
seticaudata by Calado and Narciso 2003 and Latreutes
pymoeus by Penha-Lopes et al. 2007).

The egg plays a central role in the life history of marine
invertebrates. The egg must contain all nutrients required
for maintenance and development of the embryo and this
should be used gradually in accordance with the needs of
speciWc cells as imposed by the genetic program of the
embryo (Sargent et al. 1989; Wehrtmann and Kattner 1998;
Rosa et al. 2007). Although protein is the main constituent
of marine invertebrate eggs (Pond et al. 1996; Holland
1978), lipids play a central role in embryonic metabolism
as the most important energy source and provide at least
60% of the total energy expenditure of the developing crus-
tacean embryo (Herring 1974; Holland 1978; Amsler and
George 1984). Besides an energy source, lipids are used as
structural components of cell membranes (Rosa and Nunes
2003). Previous studies have revealed that fatty acid con-
tent and dynamics of eggs provide information on crusta-
cean life history traits, feeding ecologies and habitats (Rosa
et al. 2007).

Sesarmids are important members of the benthic fauna
of mangrove habitats that contribute signiWcantly to the
ecosystem energy Xux by retaining and enriching coastal
waters via tidal transport of detritus (Lee 1998; Skov and
Hartnoll 2002). The wharf crab Armases cinereum (Bosc,
1802) (=Sesarma cinereum, henceforth Armases, see Abele
1992) (Crustacea: Decapoda: Grapsidae) is a supralittoral
species which is common throughout the salt marshes and
mangroves of the Northwestern Atlantic Coast (Seiple
1979). A. cinereum is distributed from Magothy River,
Chesapeake Bay, Maryland to Palm Beach, East Florida
and from Collier County, West Florida to Veracruz, Mex-
ico (Williams 1984). The highly motile and semiterrestrial
adult is often found up to 100 m inland from the marsh or
climbing in vegetation (Pennings et al. 1998). A. cinereum
prefers dry, sandy and therefore higher substrates, and is
found entirely above or just below the mean high-water
spring tide commonly near a salinity of 30 psu, usually
under wrack or washed-up wood (Seiple 1979). A. ciner-
eum is omnivorous, feeding on fresh plant material, leaf lit-
ter, mammal faeces, small Wddler crabs (Uca sp.), terrestrial
basidiomycetous fungi and marsh sediments (Seiple 1979;

Pennings et al. 1998; Buck et al. 2003). Ovigerous females
occur from mid-April to November and appear to have a
lunar-related breeding period (Seiple 1979; Williams 1984;
Seiple and Salmon 1987).

Since A. cinereum is an ecologically important species
in the ecosystems it occurs, its life-history is of great
interest. The present work aims to be a comprehensive
study of reproduction and embryonic development of
A. cinereum. We intend to understand the contribution of
females of diVerent sizes to the reproductive output of the
population of Sebastian Inlet, Florida. Fecundity, brood
loss and potential fertility of females were measured and
related with egg size variation through embryogenesis.
The hypothesis of older/larger females presenting greater
egg loss (senescense) was tested. The fatty acids composi-
tion of the eggs was described for better understanding
this species life history trait, feeding ecology and habitats.
The fatty acids dynamics during embryogenesis was stud-
ied to evaluate which fatty acids contribute more as energy
source and cell membrane structures during embryogene-
sis; the diVerential consumption of fatty acids can also give
us an idea of the fatty acids that should be present in the
larval diet to achieve a successful development (Rainuzzo
et al. 1997).

Materials and methods

Sampling

Ovigerous females of A. cinereum (identiWed using
Williams 1984) were collected at Sebastian Inlet, Florida
(27°51�33� N, 80°27�04� O) in mangrove and marshes hab-
itat above the tidemark along shore prior to dusk, as they
are more active and leave hiding places to forage (Williams
1984), during September 2006. The crabs were transported
live to the lab and female carapace length (CL) was mea-
sured. The egg mass was removed and embryonic devel-
opmental stage of all female broods were classiWed
according to the following criteria: stage I—absence of
cleavage and eyes, uniformly distributed yolk, no visible
blastoderm; stage II—eyes visible, distinct blastoderm
with half yolk; stage III—enclosing a fully developed
larva (with large eyes), little or no yolk. Stage I, II and III
correspond to periods 1 and 2, 5 and 6, and 7 and 8, respec-
tively, described by García-Guerrero and Hendrickx (2004)
for other Sesarmidae.

Egg volume and water content

Three medium size females per embryonic stage were hap-
hazardly chosen to study egg size. Thirty eggs were taken
from each female and diameter (D) was measured (90 eggs
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of three females for each developmental stage, N = 270) to
the nearest 0.01 mm under a stereomicroscope (Olympus®,
model SZ6045TR) with a calibrated eyepiece.

Egg volume was calculated using the formula V = (� D3)/6
for spheroid embryos (Hines 1982; García-Guerrero and
Hendrickx 2004). Water content (% wet weight) was
determined in triplicate for each developmental stage by
measuring the diVerence between wet and dry weight of
eggs samples after freeze-drying. Egg volume and water
content percent increase was calculated as the percent
diVerence between late and early stages of development
(stage III and I, respectively).

Fatty acids

To determine the fatty acid proWle of A. cinereum eggs at
each developmental stage, egg batches (at similar develop-
mental stages) were pooled (four to eight batches per
sample). Freeze-dried samples (three embryo samples per
embryonic stage) were ground in a Potter homogenizer
with chloroform–methanol–water (2:2:1.8) (Bligh and Dyer
1959). An internal standard fatty acid (C19:0) was added to
the extracts. After saponiWcation and esteriWcation of the
lipid extracts (Metcalfe and Schmitz 1961), the fatty acid
methyl esters (FAME) were injected into capillary columns
(30 m fused silica, 0.32 I.D.) installed in a Varian Star
3400CX gas–liquid chromatograph (GLC). Helium was
used as a carrier gas at a Xow rate of 1 mL/min; oven tem-
perature was 180°C for 7 min, then 200°C (with a tempera-
ture gradient of 4°C/min) over a period of 71 min. Both the
injector and the FID detector were set at 250°C. GLC data
acquisition and handling were performed using a Varian
integrator 4290 connected to the GLC. Peak quantiWcation
was carried out with a Star Chromatography workstation
installed in an IBM PS/1. Peak identiWcation was per-
formed using well-characterised cod liver oil chromato-
grams as a reference.

Number of eggs

Females of all sizes carrying eggs in stage I or III were pre-
served immediately in buVered 4% formaldehyde diluted
with seawater. Posteriorly, they were passed to 70% etha-
nol for examination. Egg masses were carefully removed
from the females’ pleopods with forceps. Bleach was used
to separate the eggs which were then placed in a single
layer between two transparent sheets and photographed
with a digital camera (Nikon D50) at a distance of 38.1 cm
equipped with a 50 mm 2.8 Sygma lens. Egg counts were
performed in ImageJ software with an error inferior to 3%.
Fecundity was estimated as the number of eggs in stage I
and potential fertility was estimated as the number of eggs
in stage III.

Data analysis

One way ANOVAs were used to test if there were signiW-
cant diVerences in egg volume, water content, lipids
content, total fatty acid (FA) content and each fatty acid
content between eggs of diVerent developmental stages.
Post-hoc Tukey’s multiple comparisons test was performed
if signiWcant diVerences were found. The correlations
between egg volume and water content, and egg volume
and total FA content were tested using non-parametric
Spearman correlation coeYcients. A power/allometric
model Y = �X� (already used by Pinheiro and Terceiro
2000; Mantelatto et al. 2002; Lee and Hsu 2003; Okamori
and Cobo 2003) was Wt to CW versus fecundity (number of
eggs at stage I) and potential fertility (number of eggs at
stage III), where Y is the number of eggs and X is the
female CW, which is equivalent in a linear form to
logy = log� + �.logX. An analysis of covariance was used
to test the eVect of egg stage and female CW on the number
of eggs carried by an ovigerous female. To determine if
brood loss varied with female size, a homogeneity of slopes
test (in the log-transformed version) was performed for
fecundity and potential fertility versus female CW; if
�fecundity is similar to �potential fertility, brood loss is similar for
females of all sizes; if �fecundity is signiWcantly higher than
�potential fertility, larger females have higher brood loss; if
�fecundity is signiWcantly lower than �potential fertility, smaller
females have higher brood loss. All statistical analyses
were performed on Statistica 7.0 with a signiWcance level
of 0.05.

Results

Ovigerous females collected ranged from 9.88 to 19.4 mm
CW (Table 1). Water content and egg volume signiWcantly
increased during embryonic development (19.21 and
64.13%, respectively) (Table 1), being signiWcantly corre-
lated (N = 9, r = 0.894, t = 5.29, P < 0.01). Lipids and fatty
acids decreased signiWcantly during embryonic develop-
ment (56.31 and 37.08%, respectively) (Table 1). Egg vol-
ume was negatively correlated with both lipids and FA
content (N = 9, r = ¡0.90 and P < 0.01 for both and,
t = ¡5.51 and t = ¡5.02, respectively).

Number of eggs per ovigerous female signiWcantly
decreased with egg stage (indicating signiWcant brood loss)
(N = 60, F = 4.44, P < 0.04) but signiWcantly increased
with female CW (N = 60, F = 158.06, P < 0.01) (data and
power models represented on Fig. 1). The fecundity and
potential fertility slopes were not signiWcantly diVerent
(N = 60, F = 3.19, P > 0.08) (Fig. 1), so the larger/older
females do not display a higher total loss of eggs than the
smaller/younger females (no senescence).
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Table 1 Egg volume, water content and fatty acid composition at
each developmental stage (average § standard error), percent increase
from stage I to III (if signiWcant) and one-way-ANOVA tests of homo-

geneity between the diVerent embryonic stages statistical results F and
P value (N = 9, df = 2)

Stage I Stage II Stage III Increase (%) F P value

Volume (mm3) 0.025 § 0.000a 0.034 § 0.001b 0.041 § 0.001c 64.13 184.6 0.00

Water content (%) 68.64 § 2.26a 80.31 § 0.11b 81.82 § 0.17b 19.21 30.24 0.00

Lipids (g g¡1dw) 0.277 § 0.025a 0.232 § 0.046ab 0.121 § 0.021b ¡56.31 6.05 0.04

FA content (�g mg¡1 dw) 264.10 § 8.68a 182.08 § 7.07b 166.18 § 7.14b ¡37.08 37.62 0.00

12:0 0.10 § 0.01a 0.07 § 0.01a 0.06 § 0.00b ¡40.52 10.22 0.01

13:0 0.07 § 0.00 0.06 § 0.01 0.05 § 0.01 4.31 0.07

14:0 2.98 § 0.05a 1.70 § 0.14b 1.24 § 0.05c ¡58.48 76.40 0.00

15:0 2.25 § 0.11a 1.77 § 0.11b 1.60 § 0.06b ¡29.02 12.06 0.01

16:0 55.23 § 1.78a 41.88 § 1.31b 35.96 § 1.72b ¡34.89 34.12 0.00

17:0 3.03 § 0.44 2.06 § 0.23 2.31 § 0.35 2.16 0.20

18:0 18.10 § 1.32a 12.31 § 0.41b 11.15 § 0.49b ¡38.40 27.94 0.00

20:0 1.37 § 0.01a 1.07 § 0.08b 1.09 § 0.02b ¡20.49 8.07 0.02

22:0 1.03 § 0.03a 0.91 § 0.03ab 0.80 § 0.02b ¡21.62 14.78 0.00

�SFA 84.17 § 0.16a 61.84 § 2.22b 54.26 § 2.53b ¡35.53 42.68 0.00

Iso 15:0 0.32 § 0.11 0.28 § 0.03 0.29 § 0.02 0.15 0.86

Anteiso 15:0 0.19 § 0.01a 0.13 § 0.01b 0.09 § 0.00b ¡51.06 27.37 0.00

Iso 16:0 0.51 § 0.00a 0.41 § 0.03b 0.39 § 0.01b ¡23.34 10.22 0.01

Anteiso 16:0 0.02 § 0.02 0.01 § 0.01 0.00 § 0.00 1.15 0.38

Iso 17:0 0.85 § 0.03a 0.58 § 0.05b 0.51 § 0.01b ¡39.25 20.46 0.00

�BFA 1.88 § 0.16a 1.41 § 0.12b 1.28 § 0.02b ¡31.70 8.54 0.02

14:1n-5 0.23 § 0.16 0.03 § 0.01 0.00 § 0.00 3.80 0.09

16:1n-7 11.17 § 0.47a 9.13 § 1.10ab 5.57 § 0.37b ¡50.17 11.27 0.01

16:1n-5 1.19 § 0.35a 1.86 § 0.16ab 2.18 § 0.18b 83.34 5.14 0.05

17:1n-8 0.76 § 0.12 0.58 § 0.08 0.53 § 0.08 1.70 0.26

18:1n-9 88.68 § 0.75a 58.71 § 1.24b 55.02 § 2.67b ¡37.96 77.23 0.00

18:1n-7 5.66 § 0.05 3.75 § 0.08 3.30 § 0.79 4.91 0.05

18:1n-5 0.22 § 0.03 0.28 § 0.04 0.29 § 0.03 1.00 0.42

19:1n-8 0.73 § 0.25 0.63 § 0.07 0.53 § 0.08 0.65 0.55

19:1n-10 0.21 § 0.18 0.16 § 0.01 0.11 § 0.03 0.48 0.64

20:1n-9 2.06 § 0.17a 1.24 § 0.10b 1.26 § 0.05b ¡38.66 19.43 0.00

20:1n-7 1.18 § 0.13 0.68 § 0.06 0.75 § 0.14 5.25 0.05

20:1n-5 1.48 § 0.26 0.89 § 0.13 1.05 § 0.36 1.13 0.38

22:1n-11 0.12 § 0.01a 0.00 § 0.00b 0.02 § 0.02b ¡83.19 27.88 0.00

22:1n-9 0.25 § 0.02a 0.06 § 0.05b 0.00 § 0.00b ¡100.00 15.43 0.00

22:1n-7 0.05 § 0.04 0.01 § 0.01 0.00 § 0.00 2.23 0.19

�MUFA 113.95 § 0.08a 77.98 § 2.53b 70.62 § 2.04b ¡38.03 101.61 0.00

16:4n-3 1.49 § 0.58 0.89 § 0.19 0.60 § 0.26 1.89 0.23

18:2n-6 36.38 § 5.04a 18.83 § 1.39b 18.49 § 1.45b ¡49.17 16.75 0.00

18:3n-3 5.16 § 0.08a 4.52 § 0.27ab 3.72 § 0.29b ¡27.93 6.52 0.03

18:4n-3 0.17 § 0.04a 0.00 § 0.00b 0.00 § 0.00b ¡100.00 36.71 0.00

(ARA) 20:4n-6 1.73 § 0.29 1.86 § 0.21 1.93 § 0.04 0.27 0.77

20:3n-3 0.35 § 0.00 0.38 § 0.03 0.56 § 0.08 3.78 0.09

20:4n-3 7.97 § 0.74 7.56 § 0.33 8.08 § 0.30 0.40 0.69

(EPA) 20:5n-3 7.27 § 1.80 5.04 § 0.12 5.05 § 0.32 2.77 0.14

21:5n-3 0.05 § 0.04 0.00 § 0.00 0.00 § 0.00 3.00 0.13

22:4n-6 0.27 § 0.04 0.21 § 0.01 0.08 § 0.06 4.19 0.07

22:5n-3 0.56 § 0.24 0.21 § 0.02 0.19 § 0.01 4.38 0.07
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The major saturated fatty acids (SFA) in A. cinereum
eggs were palmitic (16:0) and stearic acids (18:0). Other
SFA detected were 14:0, 15:0, 17:0, 20:0 and 22:0; 12:0 and
13:0 were detected at lower levels. Thirty Wve percent of the
SFA were consumed through embryogenesis; all saturated
fatty acids decreased signiWcantly during embryogenesis,
except for 13:0 and 17:0 which remained stable. Branched
fatty acids (BFA) (Iso 15:0, Anteiso 15:0, Iso 16:0, Anteiso
16:0 and Iso 17:0) were detected in low proportions, and
suVered an overall consumption though embryogenesis
(31.7%). The dominant monounsaturated fatty acids
(MUFA) were oleic (18:1n-9), palmitoleic (16:1n-7), and
vaccenic (18:1n-7) acids. Other MUFA detected included
14:1n-5, 16:1n-5, 17:1n-8, 18:1n-5, 19:1n-8, 19:1n-10,
20:1n-9, 20:1n-7, 20:1n-5, 22:1n-11, 22:1n-9 and 22:1n-7.
Thirty eight percent of the MUFA were signiWcantly
consumed, particularly 16:1n-7 (palmitoleic), 18:1n-9,
20:1n-9, 22:1n-11 and 22:1n-9, while 16:1n-5 signiWcantly
increased. All other MUFA remained stable through
embryogenesis. The most prevalent polyunsaturated fatty
acid (PUFA) was linoleic acid (18:2n-6), followed by eico-
satetraenoic (20:4n-3), eicosapentaenoic (EPA, 20:5n-3)

and linolenic acids (18:3n-3). Additional PUFA detected
were 16:4n-3, 18:4n-3, arachidonic 20:4n-6 (ARA) 20:3n-3,
21:5n-3, 22:4n-6, 22:5n-3 (DPA), and docosahaexaenoic
22:6n-3 (DHA) acids. PUFA had an overall reduction of
37.5% during embryogenesis; fatty acids 18:2n-6, 18:3n-3
and18:4n-3 decreased signiWcantly. The remaining PUFA
remained similar through development (Table 1).

Discussion

The CW range of ovigerous female A. cinereum from
Sebastian Inlet, Florida (9.88–19.4 mm CW) was similar to
the sizes observed by Seiple (1979) in a population from
North Carolina. Fecundity ranged between 2,000 and 12,000
eggs and signiWcantly increased with female CW. De Vries
and Forward (1991) reported that egg size of A. cinereum
increased from 0.016 to 0.027 mm3 during incubation in
lab (N = 7); a much smaller volume than we observed
where eggs were developed in situ (0.025–0.041 mm3 or
0.36–0.43 mm of diameter, N = 270). Egg diameter was
within the range usually reported for Grapsidae marine and
brackish water species (0.25 and 0.45 mm) (Anger 1995).

Brachyurans exhibit a great diversity of embryonic
development (Hines 1982). Due to allometric constraints
(limitations on space availability for yolk accumulation in
the body cavity), fecundity is determined not only by
female body size, but also by average egg size (Hines
1982). This general trade-oV is reXected by a negative
correlation between number of eggs and egg volume (and
lipid content) (Herring 1974; Hines 1982, 1986) that can
also be observed in the Armases genus. While A. cinereum,
A. angustipes and A. ricordi have a large number of eggs of
small volume (low parental investment per egg) (Costlow
and Bookhout 1960, Seiple and Salmon 1987), A. miersii
(from Jamaica) produces larger eggs (0.51–0.61 mm, greater
parental investment), but in lower number (900–4,330
eggs) (Schuh and Diesel 1995).

Brood loss during incubation reduces reproductive poten-
tial but is common among crustaceans (Oh and Hartnoll

Table 1 continued

DiVerent superscript letters represent signiWcant diVerences between embryonic stages (Tukey post-hoc tests)

FA fatty acid, SFA saturated FA, MUFA monounsaturated FA, PUFA polyunsaturated FA

Stage I Stage II Stage III Increase (%) F P value

(DHA) 22:6n-3 2.64 § 0.81 1.34 § 0.01 1.33 § 0.12 4.88 0.06

�PUFA 64.05 § 8.40a 40.84 § 2.14b 40.02 § 1.65b ¡37.51 12.08 0.01

�(n-3)/�(n-6) 0.67 § 0.02a 0.96 § 0.05b 0.96 § 0.05b 43.45 9.69 0.01

18:1n-7/18:1n-9 0.06 § 0.00 0.06 § 0.00 0.06 § 0.02 0.01 0.99

EPA/DHA 2.85 § 0.19a 3.77 § 0.09b 3.84 § 0.16b 34.79 13.10 0.01

EPA/ARA 4.11 § 0.34a 2.78 § 9.24b 2.63 § 0.23b ¡35.85 8.97 0.02

Fig. 1 Number of eggs per egg stage I and III found in Armases cin-
ereum ovigerous females with diVerent carapace width (CW) (mm)
(N = 30). Power models relating eggs number and CW (and respective
R2) for fecundity (eggs stage I), and potential fertility (eggs stage III)
are also represented

Eggs Stage I = 24.662x1.9432

R2 = 0.7349

Eggs Stage III = 5.5593x2.4417

R2 = 0.8165
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1999). A. cinereum has signiWcant brood loss through
development (ca. 500 eggs per brood). Since the number of
eggs lost during embryonic development does not increase
with females’ CW (fecundity and potential fertility slopes
are not signiWcantly diVerent), we can assume that there is
no senescence. Egg loss can occur due to a variety of fac-
tors, such as parasites, mechanical stress, and increasing egg
volume during incubation (Kuris 1991; Oh and Hartnoll
1999). A. cinereum burrowing behaviour in sandy substrate
might explain egg loss. Females incubate their eggs, which
remain attached to the pleopods, from spawning to hatching
(Guinot 1979); as they burrow, part of the egg mass is
exposed to abrasion by the substrate, resulting in egg loss.
As smaller females lay fewer eggs, but the number of eggs
lost does not change with CW (fecundity and potential fer-
tility slopes are nor signiWcantly diVerent), the percentage of
eggs lost during embryonic development is greater in smaller
females. This may have an allometric explanation: if we
assume that egg size is independent of female CW (accord-
ing to Hines 1986 and DeMartini and Williams 2001, egg
size in brachyurans, as well as for other decapods, is gener-
ally not correlated with adult size), as brood loss occurs, the
egg mass volume decreases faster than its surface i.e., the
percentage of eggs in a peripherical position in the egg mass
(exposed to abrasion) is comparatively higher in smaller
broods (typical of smaller females); larger females have
more voluminous egg masses, and compared with smaller
females, a lower percentage of eggs exposed to abrasion.

Egg volume increased 64% during development and was
within the recorded range observed in decapods (50–150%,
according to Wear 1974; Petersen and Anger 1997; Oh and
Hartnoll 1999). Egg volume increase was greater in the ear-
lier development than closer to hatching and similar to what
was observed for this species and other brachyurans by
De Vries and Forward Jr. (1991). Egg volume increase dur-
ing embryogenesis was strongly correlated with egg water
content increase (19.21%) suggesting that egg size increase
during development is primarily due to water uptake by
embryo and/or retention of metabolic water resulting from
respiration (Pandian 1970; Amsler and George 1984; Petersen
and Anger 1997); osmotic changes in the eggs can be an
important component to hatching (De Vries and Forward
1991). The decrease on egg lipids content, particularly fatty
acids might suggest they are the major energy source for
metabolism and development during embryonic develop-
ment (Clarke et al. 1990; Wehrtmann and Kattner 1998).

The fatty acid composition of A. cinereum eggs was sim-
ilar to that of other decapods (Wehrtmann and Kattner
1998; Narciso and Morais 2001; Rosa et al. 2007); with
some variation, as FA content will vary between and within
species. The variation might result from adult diet which
constituents are then passed directly to the eggs (Cahu et al.
1986; Wehrtmann and Kattner 1998).

The relatively low fatty acid content of A. cinereum pre-
hatching eggs indicates a dependence upon external food
sources (planktotrophy) (Rosa et al. 2007). Present results
are in agreement with the results obtained by Staton and
Sulkin (1991) and Anger (1995) that studied the eVect of
starvation during early larval development of A. cinereum
and observed that all newly hatched larvae would die after
three days of starvation in the Wrst zoeal stage.

The high proportion of essential polyunsaturated fatty
acids of C18 and C20 (20–22%, namely linolenic, linoleic,
eicosapentaenoic and 20:4n-3 acids), known trophic mark-
ers of primary producers (Rosa et al. 2007), in A. cinereum
eggs reXects its diet on plant material (Seiple 1979;
Williams 1984; Pennings et al. 1998; Buck et al. 2003).

Odd-numbered FA (particularly15:0 and 17:0) are pri-
marily biosynthesized by marine heterotrophic bacteria,
particularly abundant in sediments (Volkman et al. 1998).
The high proportion of odd-numbered fatty acids (above
2%) in A. cinereum eggs reveals the existence of detritivo-
rous/scavenger behaviours. Since DHA is highly conserved
throughout the food chain, the high EPA/DHA ratio (2.85–
3.84) and low content in DHA (1.33–2.64 �g mg¡1 dw) is an
indicator that this species appears in a medium-low level of
the trophic chain (Auel et al. 2002; Scott et al. 2002). The
fatty acid 18:1n-9 is the principle fatty acid in marine ani-
mals and a general marker for carnivory (Dalsgaard et al.
2003). The low ratio of 18:1n-7/18:1n-9 (0.06) and high
percentage of 18:1n-9 (32–34%) may be explained by the
fact that A. cinereum are known to feed on other inverte-
brates, particularly juveniles crustaceans such as Uca spp.
(Williams 1984; Buck et al. 2003). The fatty acid composi-
tion of A. cinereum eggs is in accordance with the omnivo-
rous feeding habits previously described for this species
(Seiple 1979; Williams 1984; Seiple and Salmon 1987;
Pennings et al. 1998; Buck et al. 2003).

Larval dietary requirements vary and depend upon the
amount of stored reserves in the egg, the provision of spe-
ciWc kinds of nutrients in the eggs, and/or the ability of the
larvae to synthesize required nutrients from precursors
(Staton and Sulkin 1991). A diet with a composition
equivalent to the eggs should be adequate to the larvae
after the onset of exogenous feeding, as the yolk reserves
have to meet all nutritive requirements and metabolic
needs of the larvae during pre-feeding stage (Rainuzzo
et al. 1997; Narciso and Morais 2001). A. cinereum eggs
fatty acid proWle revealed a low consumption of DHA
though embryogenesis, which indicates us that the larvae
of this species might not require a diet rich in polyunsatu-
rated fatty acids, particularly DHA. This was demon-
strated by Staton and Sulkin (1991) who raised newly
hatched larvae A. cinereum through the four zoea stages
using Artemia nauplii as diet (low content in DHA, Narciso
and Morais 2001).
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Conclusions

This study presents a comprehensive study of the A. ciner-
eum reproduction and embryonic development. A. ciner-
eum experiences signiWcant egg loss (ca. 500 eggs). Larger
females produce more eggs and have a lower percentage of
egg loss than smaller ones. Egg volume increases through
embryogenesis which is strongly correlated with water con-
tent increase. Lipid and fatty acid of the eggs are consumed
through development, suggesting they are a major energy
source during embryogenesis. A. cinereum utilize the fatty
acids through the diVerent developmental stages: The most
consumed FA are the MUFA (43.33 �g mg¡1 dw), fol-
lowed by the SFA (29.91 �g mg¡1 dw) and PUFA
(24.03 �g mg¡1). Palmitic (16:0) and linoleic (18:2n-6)
acids are preferentially consumed (19.5 and 17.9 �g mg¡1 dw,
respectively). Polyunsaturated fatty acids (PUFA) and
highly unsaturated fatty acids (HUFA) from the (n-3)
series, especially docosahaexaenoic acid (DHA, 22:6n-3)
and eicosapentaenoic acid (EPA, 20:5n-3), are essential
nutrients for marine animals (Anger 1998; Narciso and
Morais 2001) and are conserved through development. The
egg fatty acid proWle suggests the adults occupy a medium-
low level in the trophic chain and have an omnivore diet
(plant material and some invertebrates) with detritivores/
scavenger behaviours.
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