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Abstract

The semiterrestrial grapsid crab Chasmagnathus granulata Dana is one of the most predominant inhabitants of
brackish salt marsh ecosystemsin South America. Its early postembryonic stageswererearedin the laboratory from
hatching of the first larval stage through the first juvenile crab instar, and changes in the quantity and elemental
composition of biomass (measured as dry weight, W; carbon, C; nitrogen, N; hydrogen, H) were investigated in
short intervals of time (every 1 or 2 d). In aseries of successive developmental stages, the accumulation of biomass
per individual can bedescribed asan exponential function of the number of moults. In contrast, the pattern of growth
within individual moulting cyclesis described with best fit of observed and predicted data as a quadratic function
of development time elapsed since last ecdysis. Weight-specific instantaneous growth rates show decreasing trends
within the moulting cycle. Cumulative biomass increments during larval development of C. granulata are among
the highest on record for brachyuran crabs. The quantities and patterns of larval growth arein this speciessimilar as
inmost marine brachyuran crabs, for which data are available, but different from those in some other semiterrestrial
grapsid crab species, which livein similar brackish water habitats as C. granulata. Hence, the early postembryonic
stages of C. granulata do not show special bioenergetic adaptations to the non-marine conditions, which prevail in
the adult habitat of this species. This reflects a strategy of larval export to the sea, i.e. a reproductive dependence
of this species on the marine environment.

Introduction

The true crabs (Brachyura) are considered marine by
origin (Guinot, 1978). Among these, members of the
family Grapsidae belong to the most typical and fre-
guent inhabitants of salt marshes, mangroves, estuar-
ies, and brackish coastal lagoons world-wide, many
of them invading also marginal freshwater and terres-
trial environments. However, only a minority of these
species has completely adaptated to such non-marine
habitats, spending here their entire life-cycle (Hart-
noll, 1988; Anger, 1995). The majority seems to fol-
low an“export strategy” (review of dispersal strategies:
Strathmann, 1982; Morgan, 19953, b): the adults may
liveinbrackish, freshwater, or terrestrial environments,
but their larvae must develop in sea water.

In species which retain their larvae in the adult
habitat, physically extreme conditions and a high-
ly variable, unpredictable plankton production select
for physiological adaptations in the early life-history
stages (review: Anger, 1995). A dtrategy of larval
export, in contrast, may allow for a persistance of
ancestral marinetraits during thelarval and early juve-
nile phase. Asone of the most conspicuous adaptations
to development in non-marine habitats, the larvae of
some crab species show a high degree of nutrition-
al independence, based upon enhanced initial lipid
reserves, thisendotrophic potential appearsto be asso-
ciated with unusually low larval growth rates (com-
pared with marine species), evenin the presence of suf-
ficient food (Anger, 1995). However, only scarce data
is available on development, physiology, and growth
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inthelarvae of decapod speciesthat livein transitional
zones between the seg, freshwater, and land.

The semiterrestrial grapsid crab Chasmagnathus
granulata Danais one of the most predominant inhab-
itants of the supratidal and intertidal zones of brackish
salt marshes, estuaries, and coastal lagoons in south-
eastern South America (Boschi, 1964; Boschi et a.,
1992). The adults survive for extended periods on dry
land and in water with extremely low salinity (Santoset
al., 1987; Spivak et al., 1994), where they also repro-
duce (Spivak et al., in press; Luppi et a., in press).
Larval development of this species, in contragt, is pre-
sumed to take place in adjacent coastal marine waters
(Anger et a., 1994). In the present study, patterns
of growth and chemical compositon were investigated
during the complete larval development and through
the first juvenile stage of C. granulata, in order to
detect possibly existing early bioenergetic adaptations
to non-marine conditionsin this species.

Materials and methods

Ovigerous Chasmagnathusgranulatawere caughtin a
salt marsh near the village of Mar Chiquita (Province
of Buenos Aires, Argentina [37°44’ S, 57°25 W];
for characterization of the habitat and local distribu-
tion of the adults: see Spivak et al. 1994). Crabs were
transportedto the Helgoland Marine Biological Station
(Germany), where they were maintained in local sea-
water (32-33%o0 S) at constant 18°C, with a12:12 h
daylight:darkness regime, until larvae hatched. These
were mass-reared in gently aerated 10 L glass beakers,
under the same conditions of temperature, salinity, and
light. Every 24 h, food (freshly hatched Artemia spec.
nauplii, San Francisco Bay Brand™) and seawater
werechanged, and thelarvaewere checked under adis-
secting microscope. Dead |larvaewere discarded, while
freshly moulted individual s were staged (according to
size and morphological criteria; Boschi et a., 1967)
and transferred with wide-bore pipettesto new rearing
vessels. Inthisway, each beaker contained exclusively
larvae which were not only in the same stage, but also
had the same age within agiven instar. Megal opae and
juvenile crabs were reared, under otherwise identical
conditions, in unaerated glass bowls (400 ml), with
nylon gauze (300 xm mesh size) offered as an artifi-
cia substrate. In short intervals (every 1 or 2 days),
samplesof larvae or early juveniles, respectively, were
taken for later determination of dry weight (W) and
elemental composition (carbon, C; nitrogen, N; hydro-

gen, H; see Tables 1 and 2 for numbersof replicates, n,
and total numbers of individuals, n’, analysed). Until
analysis, the samples were stored frozen at below —
20°C in pre-weighed tin cartridges. W was measured
to the nearest 0.1 ;g on a Mettler UM 3 microbalance.
C, N, and H were measured with a model 1108 Car-
lo Erba CHN Analyser, applying standard techniques
(Anger & Harms, 1990). The energy content of bio-
mass (per individual or per mg W) was estimated from
C (Salonenet a., 1976).

Statistical analysisof datafollowed standard meth-
ods (Sachs, 1984). Since goodness-of-fit G-tests
showed that the data did not significantly deviate from
a normal distribution, multiple comparisons of mean
values were carried out employing parametric analy-
sis of variance (ANOVA), pairwise comparisons with
Student’s t-test, after checking for equal or unequal
variances (F-test). Three levels of statistical signifi-
cance (P < 0.05, < 0.01, or < 0.001) are distinguished
in comparisonsof mean valuesand inregression analy-
Ses.

Results

Changesin dry weight (W) and elemental composition
(C, N, H) measured during the course of larval and
early juvenile development of Chasmagnathus granu-
lata are fully documented in Tables 1 and 2. Typical
patterns of growth are illustrated in Figures 1 and 2,
with W as a measure of biomass, B. Changes in the
relative composition (C, N, H in % of W) are shown
in Figure 3. All parameters of B per individual (in ug
or Joules, respectively), increased significantly during
larval and early juvenile development both between
subsequent stages and during the course of each moult-
ing cycle (ANOVASs: in all parameters of B and in all
developmental stages P < 0.0001).

When growth is described in a sequence of devel-
opmental stages, B increases exponentally with the
number moults passed (stage number: S=1in Zoeal,
=2inZoeall, etc.):

B=c-&"", (1)

where c and k arefitted constants, and e is the base of
the natural logarithm. Figure 1a shows, as an exam-
ple, the increase in W from hatching to the first crab
stage, for both theinitial and final valuesin each stage.
The gap between these two exponential curves repre-
sents the weight gain (AW) in each stage. Also this



221

o o o g€ oy 8y 08 4 74 0 o 05 05 05 Sy SL SL 00T 00T 0sT 00T feras 0sT (Apun) u
8 8 8 L 8 8 8 S S S S S S S € S S S S 9 S S S (sssAreue) u
120 Se0 910 €20 S€0 20 670 670 650 SE0 8£0 610 160 180 90 620 [414 500 150 920 1€0 €10 120 F
9zLT yL9T sL'9T Y6'ST LLST €8T Lg€T  8S9T  [6ST  9€€T  69CT  92¢T  68€T  ST¥YT  ve¥T  evET 1921 99T  €0VT  6LET  65CT 98Tl 82Tl (mBwr)3
900 ¥T'0 600 zT0 yT0 500 $0'0 00 900 200 900 200 €00 ¥0'0 Y00 100 100 100 000 200 000 000 000 F
(144 Lz 4% 16T T 8eT 0T 90T 06'0 190 290 250 90 €70 o 920 €0 120 220 0z0 1T0 vT'0 0To (puir) 3
€10 110 oTo LE0 110 0z0 100 €50 810 LT0 150 ST0 85T SE0 8v'0 ¥E0 LT0 650 0T0 620 €70 6.0 050 ¥
6v'9 999 89 ¥9'9 ST'8 €59 102 €L9 989 89 0z9 609 8TL seL szl 969 29 €19 902 189 w9 699 159 HD
ST0 100 ST 500 200 200 00 200 500 0z0 120 220 150 220 €00 500 020 500 ¥00 100 9T0 ST €0 ¥
34 oy 1754 66 697 087 ory 85y 97 ®EY 157 [34 34 1y €51 wy SLy S8 09% 214 eyd 09 wy N:D
€20 850 ovo ¥50 Sv0 620 810 80 Sz0 1€0 900 110 620 810 €00 800 900 zT0 €00 0T 200 900 200 ¥
696 €6'8 18 6L €95 aL's 01 587 15€ 16T 982 6r'z €8T 19T 85T i Wt 62T 880 280 vL0 190 90 (pui/6r) H
ST 910 ¥T'0 ¥E0 [oa0) 0z0 600 250 €10 610 o ST0 80 €70 €€0 620 610 90 1T0 820 €€0 ¥50 87’0 F
169 659 839 9 TS 679 0e's 159 619 06'S 88'S 28S €95 vE'S 'S 'S 6'S v6'S 185 09 295 s 8r's (M%) H
150 950 €50 8.0 990 920 120 0z0 €0 850 SE0 zT0 120 110 €20 200 0T 900 €00 0T 200 €00 ¥0'0 F
80°€T syl 28Tl STET 96 47 259 809 €25 Yy 6 80 897 we 44 [£124 98T 291 GeT €21 S0T 180 L0 (puiB77) N
€0 100 €0 610 110 yT0 600 120 820 80 70 L0 850 ¥20 ST 200 9e0 €10 1€0 110 S20 €20 690 ¥
€6 616 126 ¥90T 868 e 258 156 €26 €18 108 2L 808 128 198 008 9L ig Sv'8 9’8 v6'L €52 '8 (M%) N
€5T e 61T v0'e e [z orT 9,0 ¥ST 1072 €LT 990 150 €60 00T 820 920 0£0 110 150 yT0 €00 600 ¥
9829 9765 96'S 9T 434 /S/€ 9982 98z  8OYZ  S68T  SLLT ZIST T8CT T8TT SYTT 8TOT 288 S8, €29 89S Sy 0 00€ (puibr) o
170 290 620 €v0 90 220 L0 880 80T 690 9.0 6£0 T /ST 880 150 20 050 60T 050 vL0 120 ¥50 F
6Ly 98y (334 syey [4x44 oy  evle  8SEy  6yZy  T9LE  6Z9  EySE  T98E  CI6E  O0E6E  GLLE  YZ9E  CC9E  688E €8S BO9E  T9VE  Ov'GE (M%) 2
ev'e aL's 97 029 veL 182 08¢ €5T L0¢€ YE'S S0 S0C STT ¥ST we L0 650 00T ¥50 Vet €50 ST0 vE0 F

SE0rT 81'GET 05'.2T sgeet 89'80T 1626 199, S6'€9 S9'99 0r'0S 98'8y 69°cy Tcee ST0e cree 16'9¢ Seve 69TC €0'9T ST 8T'ET 8STT Sv'8 (puiyBrl) m

9 S 4 € 4 T 0 S 4 € 4 T 0 4 € 4 T 0 v € 4 T o A(p) awit
Aleeoz 111807 |1es0z 18807 Bfeis

pesAfeue SEENPIAIPUL JO JBquinu [e10} : U ‘sssAfeue a1edljdel Jo Jaquunu :u ‘as F X uswdoprep
a0z Jo (p) swin Buunp ‘sorel whHem H:D ‘N:D ‘(3) eiuod ABleue pue ‘(H) usboipAy ‘(N) usboniu ‘(D) uogted ‘(M) Wbiem Aip ul ssbueyd "erejnueld snyreufewseyd ‘T a|qeL



222

S S S S S g 4 4 74 74 74 4 e 174 (Atpur) u

S S g g g S 8 8 8 8 8 8 8 8 (sesAreure) u
6770 S50 €70 2X0) 09T 8T 150 Wi 6770 L€0 0.0 S50 020 Z80 ¥
62€T  J0CT  €9€T  SSCT  VEET  99°€l ¥SST  /Z¥T  629T  82ST 89T  TOET  LOET  /8ET (mbwpr)3
90T 780 150 €70 €80 €0 €70 120 L0 Ze0 9’0 €0 €10 1710 F
¥1'9 12§ 28'S ey oy SL'e wy sry A% SZY €ee e e 96T (puir) 3
8T0 900 ¥1°0 920 (040} zro ¥T'0 0T0 020 arT’0 ¥2'0 Z€0 020 120 F
659 ge'L 799 9 9 €9 189 g8'9 86'9 87’9 10°2 09'2 029 'L H:D
arT’0 920 /T0 610 590 8e0 6T°0 €T0 9T’0 ¥1°0 ¥1°0 480} €10 110 ¥
ety 9G¥ SLY 65 SLy 651 167 80'S 867 667 187 /S SLY €S N:D
9y 8r'e 9ee 0T 0% 0T 08T 160 6T 9T /87T 9eT S8°0 190 F
€89z S07C 8S¥Z  €£6T 28T SSOT G99T  €08T /09T 89T Z0€T €T6 20TT  S€L (pub7) H
120 8T0 €20 920 250 250 220 z€0 120 6T°0 z€0 €20 810 €20 F
69'S ¥0'S 2LS 29'S 98's 209 €r'9 ¥.'S IT9 1€9 €L'S /87 86'S 6T'S (M%) H
66'S e £6°C v 1T 9.0 8T 1T 06'T 90T ¥6'T ST 080 0.0 F
€2/ IrSe  9E¥e  S0LZ  €I¥C 68T 90€Z  SEvZ Shee  S62C /88T  OTST  /€¥T  SOTT (puyBr1) N
€0 0£0 T€0 0€0 €57 €70 120 850 120 020 120 910 S20 9g0 F
108 ¥1'8 00'8 s8'L ¥0'8 €e8 158 sl 598 128 ve'8 80'8 18°2 zs8 (M%) N
SZ'6c 1222  ly¥T  8SIT 6eve ITL 90T 885 ZSTT /T8 20TT  9v8 8¢ 0ze ¥
IT€/T 28T9T 60€9T /0T 08'SIT  ¥8'+0T GZEIT vS€el  86TIT 9SYIT 2076  TI69 6189 095 (puybr) o
960 80T ¥80 60T GT'E 98¢ €60 29C 68°0 890 €T 60T 60 95T F
Vl€ €0/ €6.€ 0098 TIS/E  €T'8E LTy TE6E  L0Sy 2Ty TTOr 2698  €0/E 858 (M%) D
619, 99T1S 00Ty ¥€82 vL/L  €6LT ZleZ  S9vZ  €82C 95T 996 S98T  Z80T  €L0T F
8079y 8E9Ey 920Sy 0SPE  ¥9CIE  0S'S/Z ¥YeTlC TPSIE 8965 69//2 €vr92c +8'98T 6TF8T 9L Tyl (puybr) m

A 9 14 4 T 0 4} 0T 8 9 ¥ 4 T 0 ‘(p)swiL

| qeld edoebo N afeis

pasAeue SenpIAIpUl JO JBquinu [e10} : U ‘sasAeue aledl|dal Jo Jegquunu (U ‘gs F X ‘safiels | qelD pue edoefe 1 ayi ul Juswdoprep Jo (p) swi
Buunp ‘soires WybHem H:D pue N:O ‘(3) wewod Abwsus pue ‘(H) usbolpAy ‘(N) usboaiiu ‘(D) uogsed ‘(M) Wbem Aip ul ssbuey) “erejnueld snyreubewseyd ‘zZ a|gel



W (ug/individual)

AW (%)

500

y=8.047e "91%% 12 _ 09969
400 - y=4.705¢ "85 % 12 _ 09940

300

2004 o final

] initial

100

(a)

0 T

Z1 Z11 ZIII ZIV Meg CI
100

(©)

75 4

50 1

25 1

Z1 ZII ZIII ZIV Meg CI

223

- 200 (b)
E
2 1504
<]
100 -
50 -
0 . Lt !
eg
10000
~ (d) 5468
; 3211
§ 1661
L
3 1000 757
100

Z1 Z1I ZII ZIV Meg CI

Figure 1. Chasmagnathus granulata. Growth (dry weight, W, per individual) in successive developmental stages (Zoea |-V, Megaopa, Crab
). (@) Increase of initial and final W, respectively, as an exponential function of the number of stages; r2: coefficient of determination for
regression equations given; (b) growth increment (AW), in pg/individual; (c) AW as a percentage of intial (early postmoult) W in each stage;
(d) cumulative growth, as a percentage of theinitial W at hatching from the egg.

increment (AW in ug per individua) shows an expo-
nential increase in a series of developmenta stages
(Figure 1b).

When AW is expressed as a relative increment (in
% of early postmoult W in each stage), gains of 39—
93% per moult cycle are obtained, with a minimum
value measured in the Zoea |l. The other larval stages
gained 83-93% in W, and an increment of 68% was
observed during the Crab | stage (Figure 1c).

Cumulative weight gain (AW expressed in % of
theinitial W of afreshly hatched Zoea | larva) showed
an exponential increase, i.e. alinear increase on alog-
arithmic scale. Figure 1d showsthat W increased from
hatching to the end of the last zoeal stage by a factor
of amost 16, or by a factor of 32 during complete
larval development from hatching to metamorphosis.
Similar growth patterns, but in most cases with larger
percentage increments, were found aso in the other
parameters of B (not shown in graphs; cf. Tables 1, 2).

When the increment in each developmental stage
is further analysed, growth during time (t, in days)
of individual moulting cycles can be described with a
simple 2nd-order polynomial (quadratic) equation:

B=By+a-t—b-t? 2

whereBy, a, and b arefitted constants. B, isan estimate
of theinitial B valuefor agiven parameter (W, C, N, H,
or E) within a given moulting cycle, and the constants
a and b define the curvature of the model. The fitted
constants for all developmental stages and parameters
of Baregivenin Table3. With theexceptionof H inthe
Crab | stage, all coefficientsof determination (r%) were
> 0.9 and significantly different from zero (P < 0.001,
in Crab |: r2 = 0.839, P = 0.01). In all developmental
stagesand all parametersof B, the biomasscurveswere
parabola-shaped, with atendency to flatten during the
course of a moulting cycle (Figure 2: W shown as an
example).
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Figure 2. Chasmagnathus granulata. Growth (dry weight, W, in pg/individual; X 4= SD) during time (d) of development in successive moulting

cycles. Parameters of regression curves: see Table 3.

These parabolic patterns indicate that the instan-
taneous (daily) rates of growth, G, decreased during
time of development in each moulting cycle. Instanta-
neousgrowth rates (G in pg or Jindividual —*-d—1) are
obtained by derivation of Eq. 2:

G=dB/dt=a—-2-b-t. (3)
Thus, our model predictsalinear decreasein G dur-

ing thetime (t) of the moulting cycle, and thefitted con-
stant a becomes an estimate of the initial (maximum)
daily growth rate. Only inthe Zoealll, where negative
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Table 3. Chasmagnathus granulata. Fitted constants (Bo, a, b; seetext: Eq. 2) and coefficients of determination
(r?) of polynomial regression equations describing changes in biomass (dry weight, W; carbon, C; nitrogen, N;
hydrogen, H; energy content, E; in g or Joules per individual, respectively) during time (d) of development

in subsequent stages (Zoea |-Crab I)

Stage: Zoeal Zoeall Zoealll ZoealV Megalopa Crab |
w Bo 8.6 21.6 34.6 76.4 144.2 270.8
a 281 324 6.58 18.98 28.50 48.02
b 0.250 0.266 0.189 1.406 1.422 3.054
r2 0.9912 0.9976 0.9717 0.9953 0.9210 0.9801
C Bo 3.0 7.7 131 28.8 52.3 101.6
a 0.98 143 1.40 9.70 13.19 16.87
b 0.045 0.094 -0.310 0.686 0.656 0.981
r2 0.9990 0.9851 0.9872 0.9978 0.9648 0.9531
N Bo 0.70 1.58 2.65 6.18 11.74 21.97
a 0.187 0.385 0.497 2.489 2.374 3.383
b 0.0057 0.0371 -0.0373 0.2302 0.1172 0.1726
r? 0.9975 0.9580 0.9954 0.9097 0.9761 0.9701
H Bo 0.46 1.30 1.95 4.06 7.42 16.42
a 0.171 0.124 0.367 1.380 2.017 2.030
b 0.0164 0.0114 -0.0113 0.0730 0.1018 0.1135
r2 0.9995 0.9689 0.9669 0.9520 0.8983 0.8394
E Bo 0.10 0.27 0.47 1.03 1.83 3.61
a 0.041 0.053 0.029 0.390 0.513 0.582
b 0.0029 0.0029 -0.0182 0.0269 0.0256 0.0327
r 0.9994 0.9908 0.9866 0.9982 0.9683 0.9367

b values were obtained (Table 4), dlightly increasing
daily rates of biomass accumulation are described by
our model.

Since the absolute rates of G (in ug or
Jindividual~-d—1) depend on the absolute amounts
of B present in alarvaor juvenile, G was consistently
highest in W, followed by C (or E, estimated from C),
N, and H. Likewise, it showed in al parametersof B a
clear increase in subsegquent developmental stages.

In order to make daily growth rates compara-
ble for different measures of B, and among different
stages and species, they must be normalized. Biomass-
specific growth rates (G/B; dimension: fraction [or %]
of B-d~?) are calculated by division of Eq. 3 by the
corresponding parameter of biomass:

G/B=dB/(B-dt)=(a—2-b-1)/B. (4)

In all developmental stages and all parameters of
biomassconsidered (except for CintheZoealll), max-
imum G/B values were observed in early postmoult,
withinitially ca. 15-30% growth per day, and decreas-
ing increments during the later parts of the moult-

ing cycle. In late larval stages (Zoea IV, Megalopa),
growth reached zero values and eventualy, became
negative prior to ecdysis.

Changesin therelative composition of biomass (C,
N, H in % of W, elementa ratios, W-specific ener-
gy content) are documented in Tables 1 and 2, and
some typical patterns are illustrated in Figure 3. After
hatching or moulting, respectively, W showed most-
ly a steep immediate increase, followed by only little
changesthereafter. In contrast, thefractionsof C, N and
H, and the energy content (E) increased more steadily
during each moulting cycle. Asaconseguence of these
differential rates of increase, the percentage C, N and
H as well as the W-specific energy values decreased
during postmoult. Later during the moulting cycle (in
intermoult and premoult), these valuesincreased again.
This typical sequence caused a cyclic pattern, which
was particularly conspicuousin C (Figure 3).

Theaveragelevel of these measuresof organic con-
stituents within total biomass (W) increased through-
out zoeal development, then it decreased dightly in
the Megalopaand in thefirst juvenile stage (Figure 3).
The C:N weight ratio showed an increasing tendency
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Figure 3. Chasmagnathus granulata. Changesin carbon (C, in % of
dry weight, W; X & SD) during time (d) of development in successive
moulting cycles. Z: Zoea stage.

throughout larval development (from ca. 4.2 to about
5.0, if oneparticularly low measurementinthe Zoeal |
isignored); after metamorphosis, this index remained
at alevel of ca. 4.5t04.7.

Discussion

The semiterrestrial crab Chasmagnathus granulata is
typically found in habitats with extremely variable
and often very low salinity conditions (Boschi, 1964;
Boschi et al., 1992; Spivak et al., 1994). After hatching
from the egg, this species passes through four (Boschi
et al., 1967), or exceptionally through five zoeal stages
(Pestana & Ostrensky, 1995; Anger, unpubl. obs.).
Within the family Grapsidae, this type of larval devel-
opment is quite typical of coastal marine species,
whereas those living in brackish water habitats show
frequently an abbreviation of the zoeal phase (review:
Rabalais & Gore, 1985; Anger, 1995).
Asinmorphological development, also the patterns
of growth and chemical composition of larval biomass
resemblein C. granulata (Tables 1 and 2, Figures 1 to
3) closely those of marine decapod crustacean species
(for review see Anger, 1991, Anger in press). In the
early Zoea |, about 35% C and a C:N ratio of 4.2
were measured, whichis quitesimilar to the averagein
marine decapod larvae (Anger & Harms, 1990). This
is in contrast, however, to some other grapsid crab
species which live in brackish Jamaican mangroves:
their larvae hatch with great yolk reserves persisting
from the egg (reflected by enhanced C contents and
C:N ratios) and, probably as a consequence of partia

degradation of thoseyolk reserves, show reduced zoeal
growth rates even in the presence of sufficient food
(Anger, 1995).

Also the order of magnitude and the patterns of
change in instantaneous biomass-specific growth rates
during individual moulting cycles of larval C. gran-
ulata were similar as in marine decapod species (cf.
Anger, 1991): they were maximum (ca. 15t040%d—1)
in early postmoult, then they levelled off during inter-
moult and premoult. When cumulative zoeal growth
from hatching to the end of the zoeal phase (here: to
the premoult Zoea IV), is compared with that in oth-
er brachyuran larvae (cf. Anger, 1995), C. granulata
does not show a reduced, but rather one of the high-
est rates of biomass accumulation so far recorded in
larval decapods. Likewise, the patterns of larval respi-
ration ratein relation to different temperatures suggest
adaptations to development in marine rather than in
the shallow waters of coastal lagoons and salt marshes
(Ismael et al., in press). In summary, the brackish-
water crab C. granulata shows in the bioenergetics of
its larval and early juvenile stages the typical traits of
a marine species, without apparent adaptations to the
brackish and semiterrestrial conditions, under which
the adults live and where the larvae are released. This
indicates a strategy of larval export out of the adult
habitat, i.e. rapid transport of early larvae towards the
sea, corroborating the conclusions drawn by Anger et
al. (1994) from patterns of larval occurrence in the
lagoon plankton. Since a stable plankton production
should be expected in coastal marine waters (in con-
trast to lagoons or mangrove swamps), there may be
no selection for an enhanced maternal energy invest-
ment into egg production of this species. However,
other physiological adaptations to non-marine condi-
tions should be expectedin C. granulata larvae, name-
ly an enhanced salinity tolerance of the Zoea | and
the Megal opa, because these stages |eave and re-enter,
respectively, salt marshesand brackish coastal lagoons.

More comparative dataon larval growth, physiolo-
gy, and ecology of decapod crustacean speciesthat live
intransitional zones between sea, freshwater, and land,
should improve our understanding of early life-history
adaptations, and eventually, of the evolutionary transi-
tion of crustaceansfrom marineto limnic or terrestrial
environments.
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