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ABSTRACT: Larvae of the crustaceans Hyas araneus L. and H. coarctatus Leach were reared in the 
laboratory at 12°C; their respiration rates were measured at 3, 6, 9, 12, 15 and 18°C. For all stages of H. 
araneus and for the megalopa of H. coarctatus the increase in metabolic rates with increasing 
temperature could be described by Bglehrddek's equation; QZo values decreased in these cases with 
increasing temperature. In the zoeal stages of H. coarctatus the relation between respiration and 
temperature followed an exponential model, and the Qlo values remained constant (Zoea I)  or 
increased (Zoea 11) with increasing temperature. At 3'C, equivalent stages of the 2 species had almost 
identical respiration rates (R, per individual); weight-specific metabolic rates (Q02) were higher in H. 
coarctatus. The rate of increase in R with increasing temperature was conspicuously lower in H. 
coarctatus than in H. araneus. At 18°C the former species had Rvalues 30% (Zoea I) ,  37 % (Zoea 11), and 
16% (megalopa) below those in the latter species. Since there were similar differences in biomass 
(measured as dry weight, carbon, nitrogen, and hydrogen content) between corresponding stages of the 
2 species, Q02  values became very similar at 18'C. The significance of the moult cycle and of 
adaptation is discussed in relation to the general results obtained from comparable investigations on 
crustacean larval metabolism. 

INTRODUCTION 

Influence of environmental  factors on  metabolic 
requirements  of decapod  larvae h a s  b e e n  s tudied i n  a 
number  of species  (for review s e e  Schatzlein & Costlow 
1978, Dawirs 1983, 1984). In most cases, respiration 
(both per  individual a n d  per  uni t  of weight)  increases  
with increasing temperature (Kinne 1970, Precht e t  al.  
1973), bu t  t h e  response may vary within a r a n g e  of 
temperatures  (e .g.  Schatzlein & Costlow 1978) a n d  
be tween  developmental  s tages or related species  (e.g. 
Sastry & McCarthy 1973, Sastry & Vargo 1977). 

Changes  of respiration (at  12°C) dur ing  t h e  course of 
larval development  a n d  growth of t h e  spider  crabs 
Hyas araneus a n d  H. coarctatus w e r e  described by  
Anger  & Jacobi  (1985) a n d  Jacobi  & Anger (1985). In 
the  present  study, metabol ic  rates  of larvae of these 
species  were  measured  i n  the  laboratory a t  6 different 
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constant temperatures  i n  o rder  to  compare  responses 
be tween  s tages a n d  species .  

MATERIALS AND METHODS 

Larvae of Hyas araneus a n d  H. coarctatus w e r e  
obtained a n d  reared  a t  12°C a s  described by  Anger  e t  
a l .  (1983), Anger  & Jacobi  (1985), a n d  Jacobi  & Anger  
(1985). Samples  of larvae w e r e  t a k e n  approximately i n  
t h e  middle  of their  moult  cycles, i .e.  6 d after Zoea I 
hatching or moult ing,  a n d  11 d after mega lopa l  moult- 
ing .  In part of these  samples,  d r y  weigh t  (W), carbon 
(C), nitrogen (N), a n d  hydrogen  (H) w e r e  measured  
with s tandard techniques  (Anger  e t  a l .  1983),  a n d  t h e  
energy  content  w a s  calculated from C (Salonen e t  a l .  
1976). Another  al iquot  par t  of t h e  larval  sample  w a s  
used  for the  measurement  of respiration rate  a t  6 differ- 
e n t  temperatures  (3, 6,  9 ,  12,  15,  a n d  18"C),  app ly ing  
t h e  Winkler  method  (Grasshoff 1976, Anger  & Jacobi  
1985). Before e a c h  exper iment ,  t h e  larvae w e r e  
a d a p t e d  to t h e  experimental  temperatures  for 2 h ,  
without  food. 
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RESULTS 

All measurements of biomass in 6 d old zoeae and 
11 d old megalopae of both species are compiled in 
Table 1. The values found for the megalopa of Hyas 
araneus and those for the Zoea I1 and megalopa stage 
of H, coarctatus were significantly lower than the cor- 
responding values given by Anger & Jacobi (1985) and 
Jacobi & Anger (1985), respectively. In all other cases 
there was good correspondence in estimates of 
biomass and energy found in these different studies. 

The relative composition of the larvae was very simi- 
lar in the 2 species, but the absolute amounts were 
quite different: the zoeae of Hyas coarctatus had con- 
sistently about 30 % less biomass and energy per indi- 
vidual than those of H. araneus. This difference 
decreased to less than 20% in the megalopa stage. 

Individual (R) and weight-specific (Q04 respiration 

rates (Table 2), without exception, increased wlth 
increasing temperature in all larval stages of both 
species. The Qlo values for 4 different temperature 
ranges of 6 C" each are compiled in Table 3. This index 
of metabolic response generally decreased with 
increasing temperature in Hyas araneus. In H. coarc- 
tatus, in contrast, such a trend was found only in the 
megalopa. In Zoea I of this species, Qlo values 
remained almost constant; in Zoea I1 they increased 
with increasing temperature (Table 3). 

The inconsistency of these trends consequently also 
affected the regression models describing the relation 
between respiration (R) and temperature (T; in "C). In 
most cases the best fit between measured and pre- 
dicted data was obtained with Bglehradek's (1935, 
1957) equation: 

Table 1. Hyas araneus and H. coarctatus, larval stages. Dry weight (W), carbon (C), nitrogen (N), hydrogen (H) (all in pg; C, N, H 
also in % of W), C/Nand C/Hratios, energy content (in Joules, J) per individual and per mg W; 2, -t: arithmetic mean, standard 

deviation; n:number of replicate analyses; n': total number of individuals analysed 

Parameter Hyas araneus Hyas coarctatus 
Zoea I Zoea I1 Megalopa Zoea I Zoea I1 Megalopa 

- 
W (W)  

X 128.6 276.5 470.7 91.1 194.0 381.9 
+ - 3.8 14.2 60.6 3.2 9.1 72.8 

- 
(70) 

X 38.8 41.1 34.9 35.8 36.9 34.1 
t 0.5 0.9 1.1 0.7 1.3 1.7 

C - 
X 50.0 113.7 164.6 32.6 71.6 131.3 
f 1 .? 6.9 24.2 1.4 4.5 30.2 

- 
X 7.3 8.1 7.5 7.3 7.7 7.3 

( X )  k 0.1 0.2 0.4 0.2 0.3 0.3 
N 

- 
(l4 X 9.4 22.4 35.5 6.6 14.9 27.8 

t 0.4 1 .O 4 8 0.2 0.9 5.1 

- 
X 5.5 6.0 4.9 5.1 5.5 4.8 
5 0.2 0.2 0.3 0.2 0.3 0.6 

H - 
X 7.1 16.5 22.9 4.6 10.6 18.6 

(PS) -C 0.4 1.3 4.3 0.3 0.8 5.5 

- 
C/N 

X 5.29 5.08 4.63 4.93 4.79 4.68 
+ - 0.05 0.11 0.18 0.08 0.04 0.27 

- 
C/H X 7.09 6.90 7.22 7.05 6.76 7.17 

f 0.23 0.15 0.34 0.14 0.17 0.57 

- 
J ind-' X 1.80 4.21 5.67 1.13 2.52 4.49 

+ - 0.07 0.28 0.88 0.05 0.18 1.11 

- 
J mg-' X 14.0 15.2 12.0 12.4 13.0 11.6 

t 0.3 0.5 0.5 0.3 0.6 0.8 

n 13 13 13 13 11 2 0 

n' 52 26 13 9 1 66 20 
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Table 2. Hyas araneus and H. coarctatus, larval stages. Individual (R) and weight-specific (QOJ respiration rates, in pg 02h-I 
individual-l and pg ~ ~ h - l r n g - ' ,  respectively, in relation to temperature ("C). F, k SD: arithmetic mean k standard deviation 

(n = 8) 

Zoea I1 

Zoea I1 

Megalopa 

Temperature ("C) 

3 6 9 12 15 18 

Hyas araneus 
Zoea I 0.097 0.205 0.236 0.268 0.315 0.320 

0.015 0.022 0.020 0.012 0.021 0.035 

0.75 1.59 1.83 2.08 2.44 2.48 

0.227 0.377 0.504 0.583 0.618 0.798 
0.008 0.042 0.027 0.057 0.048 0.155 

0.82 1.37 1.83 2.11 2.24 2.89 

- 
Megalopa X 0.270 0.412 0.631 0.698 0.770 0.846 

-t 0.054 0.051 0.160 0.116 0.1 17 0.065 

Q02 0.57 0.88 1.34 1.48 1.64 1.80 

Hyas coarctatus 
Zoea I R 2 0.103 0.122 0.147 0.163 0.207 0.225 

f 0.010 0.010 0.008 0.012 0.015 0.041 

Q02 1.13 1.34 1.61 1.79 2.27 2.47 

R 2 0.219 0.256 0.282 0.327 0.408 0.502 
f 0.019 0.021 0.020 0.023 0.020 0.030 

Q02 1.13 1.32 1.45 1.68 2.10 2.59 

R 2 0.275 0.382 0.455 0.648 0.670 0.712 
+ - 0.062 0.027 0.074 0.063 0.101 0.122 

Q02 0.72 1 .OO 1.19 1.70 1.75 1.86 

where b, a ,  and m = fitted constants; b = intercept 
with R-axis in the linearized (logarithmic) form of 
Eq. (1). Thus it is a scaling constant defining shifts 
along the R axis. Since the weight-specific metabolic 
rate (Q4) is defined as RW-l, constant b for QQ is 
obtained by dividing the b value for R by W (from 
Table 1, but expressed in mg). Constant a is termed the 
'biological zero' (Bglehradek 1935, 1957), i.e. the 
temperature at which R theoretically becomes zero. 
The coefficient m expresses the overall degree of cur- 
vilinearity in relation to T 

This model was applied to all larval stages of Hyas 

araneus and to the megalopa of H. coarctatus. All fitted 
parameters of Eq. (1) are given in Table 4 .  

The biological zero (a) was highest in Zoea I of 
Hyas araneus, intermediate in the following stages of 
this species, and much lower in the megalopa of H. 
coarctatus. The constant m shows the opposite trend 
(Table 4). 

The shape of the curves represented by Eq. (1) is 
shown, as an example, for the larval stages of Hyas 
araneus in Fig. 1. It can be seen that these curves are 
not parallel but increasingly divergent with increasing 
temperature. In particular, the metabolic response pat- 

Table 3. Hyas araneus and H. coarctatus, larval stages. Q I o  values for 4 different 6 C" temperature ranges 

Hyas araneus Hyas coarctatus 

Temperature Stage 
range ("C) Zoea I Zoea I1 Megalopa Zoea I Zoea I1 Megalopa 

3- 9 4.40 3.78 4.12 1.81 1.52 2.31 
6-12 1.56 2.06 2.40 1.62 1.50 2.41 
9-15 1.62 1.40 1.39 1.77 1.85 1.91 

12-18 1.35 1.69 1.38 1.71 2.05 1.17 
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Table 4. Hyas araneus and H. coarctatus, larval stages. Parameters of Eq.  (1) and (2) for individual (R) and weight-specific (QOJ 
respiration rate in relatlon to temperature ("C), r: correlation coefficient (in all cases significantly different from zero; P C  0.001) 

Parameter Hyas araneus Hyas coarctatus 
Zoea I Zoea I1 Megalopa Zoea I Zoea I1 Megalopa 

b (R) 0.140 0.149 0.189 0.089' 0.181' 0.097 
b (QOd 1.089 0.539 0.402 0.977' 0.933' 0.254 
m 0.305 0.569 0.528 0.053' 0.054' 0.686 

a 2.7 0.9 1.1 - 1.5 

r 0.998 0.994 0.992 0.994 ' 0.991 ' 0.986 

Parameters for Eq. (2); all others for Eq. (1) 

tern of the Zoea I stage is much different from that in 
the 2 following instars. 

Respiration in the zoeal stages of Hyas coarctatus in 
reiation to temperature followed an exponential model 
[Eq. (2) ]  rather than BPlehradek's equation [Eq. (l)]: 

R = b .Pt, (2) 

where R, T, b, and m = defined as above; e = base of 
natural logarithms. Constant b can be calculated for 
Q 0 2  as described for Eq. (1). An equally good relation 
between measured and predicted data as that of Eq. (2) 
is given by the Arrhenius equation (e.g. Hirche 1984). 
Since the latter is more complicated, and does not yield 

a better description of the above relation, Eq. (2) was 
adopted here. 

Respiration (R) curves of Hyas coarctatus larvae 
intersect those of same-stage H. araneus larvae near T 
= 3°C. With increasing T, the R of H. araneus increas- 
ingly diverges from that of H. coarctatus. This pattern 
can be observed in all larval stages (Table 2). At the 
highest temperature (18°C) R values of H. coarctatus 
were 30 % (Zoea I), 37 % (Zoea 11), and 16% (megalopa) 
below those of H, araneus. Since similar differences 
were found in biomass, as indicated earlier, the 
weight-specific metabolic rates ( Q 0 4  of equal stages 
at 18°C were very similar in the 2 species (Table 2). 

Temperature ('C) 
3 6 9 12 15 18 

r// ' I I 
I 

0.9- 

0.8- 
- Megalopa 

k 0.7- Rz0.189 (T-1.1) 
3 
U 
. - 
-? 06- 
U 
C 
.- 

v Zoea I1 & 0.5- 
r-4 RzO.IL9 (T-0.9)  

0.569 
0 

C 
-m- Zoea I .  

e 
R=01L0 (T-2.7) 0.305 a 

LT 
+ 
I/ I I I 1 

3 6 9 12 1 5  18 
Temperature ( O C  1 

Fig. 1 Hyas araneus. Respiration rate (R;  
pg O2 h - '  individual-l) of larval stages 
in relation to temperature (T;  "C). Arith- 

metic mean f standard deviation 
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DISCUSSION 

Respiration values (R, Q 4 )  and metabolic response 
to changes in temperature (Qlo) found in larval stages 
of Hyas araneus and H. coarctatusfall within the range 
observed for decapod larvae and other planktonic crus- 
tacea of different size, geographic origin, and systema- 
tic position (e.g. Vernberg & Costlow 1966, Sastry & 
McCarthy 1973, Ikeda 1974, Sastry & Vargo 1977, 
Schatzlein & Costlow 1978, Moreira et al. 1980, 1981, 
Laughlin & Neff 1981, Vernberg et al. 1981, Dawirs 
1983, Paul & Nunes 1983, Hirche 1984, McNamara et 
al. 1985). Despite this abundance of studies on 
metabolism in relation to temperature, there exists by 
no means a general view of this relation in planktonic 
crustaceans in general or in any crustacean sub-group. 
This study too was unable to demonstrate a pattern 
common to all the larval stages of 2 closely related 
species. This is particularly conspicuous in the Qlo 
values (Table 3): their trends with changing ranges of 
temperature differed in the zoeal stages of Hyas coarc- 
tatus from that in the megalopa of the same species, 
and from those in all stages of H. araneus. Deviating 
trends in early larval stages were also found in Cancer 
borealis (Sastry & McCarthy 1973) and Carcinus 
maenas (Dawirs 1983). If there are general response 
patterns that can be described and predicted by a 
single model or a few models, such future generaliza- 
tion requires many further comparative investigations. 
These should consider more experimental tempera- 
tures and wider ranges of temperature than most of the 
above studies have used. 

The data presented here allow us to formulate some 
relations between the metabolism of Hyas larvae and 
temperature as well as body weight. The latter relation 
- as has been discussed in most of the above-men- 
tioned literature - is in general a linear function 
between log respiration and log weight (for recent 
discussion see e.g. Vernberg et al. 1981). These authors 
write 'among decapod larvae, especially during the 
developmental sequence, this relationship is not well 
understood'. Anger & Jacobi (1985) and Jacobi & 
Anger (1985) have shown that this is caused by a 
general lack of consideration and understanding of the 
larval moult cycle. The present results are strictly valid 
only for 6 d (Zoea I and 11) or 11 d (megalopa) old larvae 
reared at constant 12OC. For most of the data given in 
the above-listed literature the larval age within the 
moult cycle had not even been recorded. Since there 
can be great changes of metabolism under constant 
conditions during each moult cycle, the relations 
between respiration and both temperature and 
biomass should also be studied in different stages of 
the moult cycle. Such studies may reveal that the 
metabolic response (e.g. Qlo value) can be quite differ- 

ent in early postmoult or late premoult larvae, as com- 
pared to larvae in intermoult or early premoult (as in 
the present study), because physiological stability is 
higher in the latter than in the former stages. 

Another factor which may complicate the interpreta- 
tion of experimental data on metabolism is adaptation 
(i.e. both acclimation and acclimatization; for general 
discussion see e.g. Prosser 1958, Kinne 1970, Alderdice 
1972, 1976, Precht et al. 1973). Our relatively high 
respiration values for Hyas coarctatus larvae at low 
temperatures (Table 2) seem to suggest that this 
species is more cold-adapted than H. araneus. Patterns 
of development rate of these species in relation to 
temperature (Anger 1984), and geographic distribution 
(Christiansen 1982), however, do not support such an 
interpretation in this particular case (see also recent 
criticism of the concept of metabolic adaptation to low 
temperatures by Hirche 1984). Additional studies must 
demonstrate the significance of the moult cycle, of 
adaptation phenomena, and of possible 'other temper- 
ature-dependent compartments of metabolic demand' 
(Alderdice 1976) for interpretation and modelling of 
larval crustacean energetics. 
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