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ABSTRACT: Growth rate expressed as dry weight, elemental composition (C, N, H), protein content 
and nucleotide composition (ATP, ADP, AMP, CTP, GTP and UTP) as well as adenosine were 
measured in laboratory cultured Hyas araneus larvae fed two different diets. One group was fed 
freshly hatched Artemia sp. nauplii, the other the diatom Odontefla (Biddulphia] sinensis. Growth 
rate was reduced in the O. sinensis-fed group, reaching 20 to 50 % of the growth rate of Artemia-fed 
larvae. In all cases, some further development to the next instar occurred when larvae were fed O. 
sinensis, although at reduced levels compared to Artemia-fed larvae. The adenylic energy charge 
w a s  quite similar for the two nutritional conditions tested and therefore does not reflect the reduced 
growth rate in O. sinensis-fed larvae. The individual nucleotide content was clearly reduced in O. 
sinensis-fed larvae, reflecting the nutritional conditions already during early developmental periods. 
These reduced amount of nucleotides in O. sinensis-fed larvae were most obvious when adenylic 
nucleotide contents were pooled. Pooled adenylic nucteotides were found to be correlated with the 
individual content of carbon and protein, showing significant differences at both nutritional condi- 
tions tested. 

INTRODUCTION 

Adenylic  energy  charge (AF.C) was first used as a measuremen t  of the energy  

directly available to cells (Atkinson & Walton, 1967; Bomsel & Pradet, 1967), and it was 
later adopted by Ivanovici  (1980a) and Romano & Daumas (1981) as an index  for 

est imating the physiological  condition of organisms. A previous study of the nucleot ide 

composit ion of decapod larvae showed that the AEC was general ly  unaffected by food 

conditions (Harms et al., 1990b). It was sugges ted  in that study that the individual  amount  
of adenylate  nucleot ides  might  be a more useful indicator of the wel l -be ing  of decapod  

larvae, support ing Atkinson 's  original  hypothesis  that  the AEC might  be a relat ively 
conservat ive property and that changes  in AEC are always accompanied  if not  p receded  

by changes  in the quanti ty of adenylate  nucleotides (Atkinson, 1968). To evalu te  these 

previous results, the e lementa l  composition, protein and nucleot ide content  of Hyas 
araneus  larvae  fed two different diets (herbivore vs carnivore) were  analysed.  The 
nutritional conditions used here  have  already b e e n  studied in more detail  in previous 

reports (Harms & Seeger,  1989; Harms & Anger,  1990; Harms et al., 1990a). The  two diets 
were  chosen because  of their difference in nutritional value, which  facilitates the 

detect ion of variations in nucleotide content  and/or  AEC related to growth conditions. 
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MATERIALS AND METHODS 

H a n d l i n g  of l a r v a e  

Ovigerous females of Hyas araneus were collected near  He lgo land  (North Sea, 
German  Bight). Females were main ta ined  individually in f low-through aquar ia  until  
freshly hatched, actively swimming larvae could be collected in sieves which  received 
water from an overflow. The larvae were reared in mass cultures (Zoea I: 50; Zoea II: 30 
and Megalopa 10 individuals) at a constant  temperature of 12~ in 1-~tm-filtered natura l  
seawater (30 to 32 %o S, 12 h hght :  12 h dark) with two different diets. The data  for each 
larval stage were collected from a larval hatch originating from one female.  In order to 
obtain zoea II and  megalopa  stages, larvae were cultivated by s tandard  methods  us ing 
Artemia sp. naupl i i  as food (Anger et al., I983), until  they reached these  stages. Each 
experiment  (zoea I, II and  megalopa) started with freshly moulted larvae (day zero of the 
experiment).  In each experiment,  larvae were divided into two groups. O n e  group was 
fed freshly hatched Artemia sp. naupli i  (Bay Brand, San Francisco, USA), the other 
diatoms Odontefla (Biddulphia) sinensis. The food concentrat ion in the  Artemia-fed 
group was ~ 10 naupl i i  �9 m1-1 = 7.6 ~g C.  m1-1. The O. sinensis-fed group rece ived a food 
concentrat ion of 60 cells - m1-1 = 1 ~g C - m1-1 (for more details see Harms et al., 1990a). 
The culture med ium was changed  daily for the O. sinensis and  every second  day for the 
Artemia-fed group. 

B i o c h e m i c a l  a n a l y s e s  

Larval growth and nucleotide composition were measured  in each larval  stage at 
regular  intervals (every second day in zoea I and II,' every third day in  megalopa)  in 
aliquot samples of larvae from the same hatch and of the same age within a g iven moult  
cycle. Samples were stored at - 8 0 ~  for later analyses. Parallel m e a s u r e m e n t s  com- 
prised the following: dry weight  (W), carbon (C), ni trogen (N), and  hydrogen  (H), protein 
and  nucleotide composition. W, C, N and  H were measured in eight replicates,  with 
freeze drying weighing  on a Mettler UM3 microbalance, and  subsequen t  combus t ing  in 
an Elemental  Analyser  Model 1106 (Carlo Erba Science), following the methods 
described by Anger  et al. (1989). 

In order to measure  nucleotides and  protein content, three rephcate  samples  of 50 
(Zoea I and II) to 20 (megalopa) larvae were homogenized in  1.5 ml of cold 0.5 M 
Trichloroacetic acid. The cooled samples stood 10 min for protein precipi tat ion and  
nucleotide extraction before be ing  centrifuged for 15 rain at 4300 rpm. The  superna tan t  
was decanted and  neutral ized (v/v) with a mixture of Trioctylamin and  Freon  (0.5 M). The 
wa te r  phase was used  immediate ly  after careful mixing for analysis of nuc leo t ide  content  
by HPLC (for details see Moal et al., 1989). In addition to the three adenyl ic  nucleot ides  
(AN) ATP, ADP and  AMP, also CTP, GTP, UTP and  adenosine  could be de tec ted  in  most 
cases. The pellet was resuspended  in  1.0 ml 1 N NaOH and  was left at 4 ~ for at least 12 
h, before ana lys ing  total protein by the Folin Ciocalteau method (Lowry et  al., 1951). 

Anemia- fed  megalopa  were analysed twice. During the first expe r imen t  (Expen- 
men t  I), no comparable data for O. sinensis-fed larvae could be obta ined,  because  
infections occurred in the a lgae cultures early in the experiment.  Therefore,  a second 
experiment  (Experiment II) was performed. Experiment  I is inc luded in  some figures 
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when  of special  interest  and  marked  as Exper iment  I. Exper iment  I da ta  were  also 
inc luded  in the da ta  pool  for regress ion analysis.  
Error bars  (~ _ SD) are  given in Tables  arid Figures  only, when  directly m e a s u r e d  values  
are  displayed,  not  in those calcula ted from two independen t ly  m e a s u r e d  da ta  series (for 
instance,  nucleot ide  content  � 9  protein -1 (Table 2), AEC (Fig. 4) and  ~ A N  (Fig. 5). 

RESULTS 

G r o w t h  r a t e  

Larval  growth  was measu red  as dry weight  (W), carbon (C), n i t rogen (N), hyd rogen  
(H) and  protein.  W and  protein  content  are  g iven  in Table  1. The changes  in absolu te  
b iomass  pe r  ind iv idua l  during the larval  deve lopmen t  is shown for C in Figure  1. Increase  
in N content  is documen ted  as total  ne t  gain  dur ing  each larval  i n s t a r  (Fig. 2). The 
indiv idual  amount  of N at both nutr i t ional  condit ions can be  es t imated  from the prote in  
content  by us ing the regress ion equat ion given by  Anger  et aL (1989). The ind iv idua l  
content  for H, which  is not p re sen ted  here,  might  be  es t imated  from C, us ing  the 
regress ion equat ion  also given by  Anger  et al. (1989). 

During each  larval  stage, W, C, N and pro te in  increased  unde r  both nutr i t ional  
condit ions tested,  except  for prote in  in Odontella (Biddulphia) sinensis-fed m e g a l o p a  
(Fig. 2). The ga in  in organic mater ia l  was h ighes t  in the Artemia-fed group, reach ing  
shght ly  h igher  ne t  gain  values  in W, C and N, compared  to da ta  p resen ted  by  Harms  et al. 
(1990a). The ne t  ga in  in protein  was low compared  to ear l ie r  da ta  (Harms et al., 1990a). 
The  pe rcen tage  ga in  of biornass dec reased  in Artemia-fed la rvae  from instar  to instar. 
Larvae fed O. sinensis had  a lower b iomass  increase  compared  to Artemia-fed la rvae  
(Fig. 2). The absolu te  and pe rcen tage  increase  of b iomass  was h ighes t  in the  zoea  II, 
except  for W and  prote in  which was accumula ted  in h igher  quanti t ies  in the  m e g a l o p a  
and  the zoea I, respect ively.  The biomass  increase  in the  zoea  I r eached  approx imate ly  
one-fifth, except  for protein  which r eached  one-third,  of the  b iomass  accumula t ion  of 
Artemia-fed larvae.  The growth ra te  in the zoea  II r eached  approx imate ly  55 to 65 % of 
the values  of Artemia-fed larvae,  except  for pro te in  which r eached  only 20 %. The 
b iomass  increase  in O. sinensis-fed m e g a l o p a  va r ied  be tw e e n  16 % (C), 36 % (N) and 
53 % (W) compared  to Artemia-fed megalopa .  Protein dec reased  ( - 9  %) in the m e g a l o p a  
when  fed O. sinensis. The net  ga in  of b iomass  in O. sinensis-fed la rvae  repor ted  here,  is 
above  the va lues  repor ted  in an earl ier  s tudy (Harms et al., 1990a). This is espec ia l ly  true 
for W, C and N in the  zoea II and  mega lopa  stages.  Fur ther  deve lopmen t  to the  next  larval  
instar  could be  observed  in all exper iments ,  a l though deve lopmen ta l  success  of O. 
sinensis-fed l a rvae  was  low compared  with the Artemia-fed group. The deve lopmen ta l  
success of O. sinensis-fed la rvae  dec rea sed  from zoea  I to mega lopa .  

The growth measu red  as W, prote in  and C (Table 1 and Fig. 1) ceased  in all instars  in 
late  premoult .  This final phase  of constant  or dec reas ing  b iomass  is par t  of the  normal  
growth pa t te rn  of the  larvae,  and  is a lways  much  longer  in the m e g a l o p a  s tage  than  in 
zoeal  s tages  (see A n g e r  et al., 1990). This decrease  in b iomass  was  obse rved  ea rher  in the 
moul t ing cycle w h e n  larvae  were  fed with the d ia tom O. sinensis (Fig. t). 



32 J, H a r m s  

Table 1. Hyas araneus. Dry weight (W, ~g individual-I), and protein content (~g individual-:) during 
time (days) of development in subsequent larval stages reared under different nutritional conditions 
at constant temperature (12 ~ " " Larvae developed to the next instar after being fed  with Odontella 
(Biddulphia) sinensis in the previous larval stage; x, ___SD: arithmetic mean, s tandard  deviation; 

number of analyses = 8 for W, = 3 for protein 

Larval 
stage Age 

(days) 

Dry weight  Protein 

Artemia sp. O. sinensis Artemia sp. O. sinensis 

+SD ~ +SD ~ --_+SD ~ _SD 

Zoea I 0 68.46 2.07 68.46 2.07 19.17 1.66 19.17 1.66 
2 108.96 5.46 87.75 1.93 25.64 1.65 19.36 2.33 
4 105.70 3.58 102.75 5.15 31.63 0.62 24.47 2.85 
6 140.81 3.68 112.02 6.50 37.16 0.47 31.73 5.03 
8 145.02 11.80 121.49 17.30 47.72 3.09 32.11 2.82 

10 170.26 12.10 89.27 3.30 44.09 1.37 30.81 1.50 
12 95.99 6.37 30.16 1.65 
14 102.86 3.78 27.64 1.98 

Zoea II* * 0 145.80 6.31 34.89 1.61 

Zoea II 0 161.23 5.70 161.23 5.70 50.56 1.28 50.56 1.28 
2 242.47 8.82 206.74 15.30 62.50 1.21 58.24 0.62 
4 265.37 18.67 217.42 19.54 71.52 1.70 59.39 4.46 
6 299.84 14.32 252.72 18.98 76.01 7.02 57.89 0.75 
8 329.13 25.33 242.02 24.42 88.49 0.19 52.23 4.01 

10 348.31 13.71 244.04 30.60 76.35 8.20 63.82 0.53 
11 350.73 12.00 286.97 10.08 85.27 2.92 62.89 3.83 
12 343.01 7.09 288.19 21.16 89.02 0.19 65.86 8.23 
13 289.41 14.24 57.79 4.82 

Megalopa* * 0 278.24 15.42 72.13 0.51 

Megalopa 0 322.53 13.52 322.53 13.52 101.93 12.81 101.93 12.81 
3 529.69 51.09 402.29 22.83 143.91 6.71 92.55 25.08 
6 574.06 42.09 507.45 44.48 177.82 20.87 100.97 2.76 
9 566.11 30.41 526.14 56.62 195.14 8.05 113.28 3.61 

12 626.65 68.67 529.39 39.52 219.23 14.03 111.10 24.88 
15 554.72 36.67 485.19 38.47 178.26 35.37 100.84 1.87 
18 642.43 77.37 482.77 62.17 143.90 6.66 I15.5I 12.36 
21 552.49 34.03 431.11 41.64 140.34 1.09 90.21 1.38 
24 573.11 32.48 454.57 65.24 134.94 2.48 93.03 0.93 

N u c l e o t i d e  c o m p o s i t i o n  

T h e  n u c l e o t i d e  c o m p o s i t i o n  for b o t h  nu t r i t iona l  cond i t i ons  t e s t e d  is g i v e n  in  T a b l e  2 

as c o n c e n t r a t i o n s  m g  p r o t e i n  - t  B e s i d e s  t he  t h r e e  a d e n o s i n e  n u c l e o t i d e s  (AN), 

a d e n o s i n e  a n d  the  t h r e e  t r i p h o s p h a t e s  CTP, UTP a n d  GTP could  b e  d e t e c t e d .  T h e  

c o l u m n  s e p a r a t i o n  for UTP a n d  GTP w a s  s o m e t i m e s  i n a d e q u a t e  a n d  t h e s e  a n a l y s e s  a r e  

m a r k e d  w i t h  an  as ter isk .  T h e  p ro t e in  spec i f i c  n u c l e o t i d e  c o n c e n t r a t i o n s  w e r e  v e r y  s imi la r  

for b o t h  d i e t s  t e s t ed  a n d  s t a y e d  qu i t e  c o n s t a n t  t h r o u g h o u t  e a c h  m o u l t i n g  cyc le .  

T h e  i n d i v i d u a l  A N  c o n t e n t  is g i v e n  in  F igu re  3. T h e  va r i a t ion  of t he  t h r e e  r e p l i c a t e s  is 

n o r m a l l y  b e l o w  5 %, so tha t  e r ror  b a r s  a re  no t  visible.  H i g h e r  s t a n d a r d  d e v i a t i o n s  a r e  

f o u n d  in ATP ana lyses .  The  i n c r e a s e  in ATP w a s  mos t  a d v a n c e d  in  A r t e m i a - f e d  l a rvae .  
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Fig. 1. Hyas araneus. Carbon  content  (~g �9 individual-~; x • SD; n = 8) dur ing the course  of the 
moul t ing cycle in s u b s e q u e n t  larval s tages fed two different diets 
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Tab le  2. Hyas  araneus. Protein speci f ic  nuc leo t ide  (AMP, ADP, ATP, CTP, UTP, GTP) a n d  a d e n o s i n e  
concen t ra t ions  d u r i n g  t ime  (days) of d e v e l o p m e n t  in  s u b s e q u e n t  l a rva l  s t a g e s  r e a r e d  u n d e r  di f ferent  
nu t r i t iona l  cond i t ions  at  cons tan t  t e m p e r a t u r e  (12~ ' A n a l y s e s  w i t h  i n a d e q u a t e  separa t ion .  
* * Larvae  d e v e l o p e d  to the  nex t  i n s t a r  after  b e i n g  fed in  the  p rev ious  l a rva l  s t a g e  w i t h  Odontella 

(Biddulphl"a) sinensis 

Larval  s t a g e /  A g e  A M P  ADP ATP CTP UTP GTP A d e n o s i n e  
Diet  (days) 

Z o e a  I 
Artemia sp. 

O. sinensis 

Zoea  II ~ * 

Z o e a  I I  
Artemia sp. 

O. sinensis 

Mega lopa*  * 

M e g a l o p a  
Artemia sp. 

0 0,95 2.08 14.16 1.35 1.47 1.08 - 
2 0.90 1.70 11.61 1.15 0,91 ~ 1.70 ~ 3.02 
4 1.51 1.85 15.93 1.16 2.98 1.34 3.07 
6 1.05 2.52 15.93 1.40 1.56 1.15 0.87 
8 1.55 3.53 11.44 1.37 2.85 1.26 0.76 

10 0.74 4.05 13.48 1.35 2.64 0.87 2.47 

0 0.95 2.08 14.16 1.35 1.47 1.08 - 
2 0.74 1.92 10.84 - 1.24 0.94 - 
4 0.97 1.87 13.24 1.04 2.13 1.29 1.54 
6 1.47 2.84 12.34 1.41 1.83 1.13 0.97 
8 0.87 3.70 10,60 1.68 2.08 1.12 2.11 

10 0.74 3.92 10.86 1.08 1.78 * 0.75 * 2.30 
12 0.94 1.75 13.37 1.41 2.05 1.13 - 
14 0.35 1.18 14.02 0.98 1.05 0.84 0.88 

0 1.46 3.94 10.77 2.28 0.99 0.69 - 

0 1.82 2,95 12.34 0.94 1.45 1.02 0.55 
2 2.38 2.64 14.91 ~.58 2.01 1.28 0.54 
4 1.25 2,42 12.45 1.80 4.43 1.06 - 
6 0.97 2.64 16.06 2,96 6.02 * 1.55 ~ 0.45 
8 I . I I  2.10 15.40 0.50 5.82 * 1.26 * 0.37 

10 1.60 2.59 17.29 1.53 1.49 1.22 0.48 
11 0.91 2.09 16.93 1.10 4.21 1.47 0.40 
12 0.92 1.05 14.27 0.78 3.13 1.25 0.77 

0 1.82 2.95 12.34 0.94 1.45 1.02 0.55 
2 1.30 2.52 12.89 2.61 2.54 1.06 - 
4 1.52 2.89 12.99 2.58 2.91 1.07 - 
6 2.24 3.60 16.69 2.85 3.75 1.36 0.60 
8 1.69 2.86 15.73 1.58 3.43 1.56 0.65 

I0 1.29 3.63 16.44 1.51 3.43 1.41 0.57 
11 1.28 1.42 17.74 0.97 4.22 1.59 0.81 
12 1.58 2.75 14.29 0.69 - - 0.91 
13 2.33 4.75 14.43 0.46 2.33 0.39 1~04 

0 2.47 3.01 11.54 0.54 1.75 1.20 0.82 

0 1.65 1.70 11.42 0.57 1.56 0.91 1.21 
3 1.39 1,26 9.73 0.82 1.89 0.78 1.22 
6 1.12 1.18 11:42 0.74 2.30 0,88 1.19 
9 1.04 1.23 10.96 0.93 1.95 0.82 0.68 

12 4.19 3.37 4.64 0.99 0.87 0.48 0.52 
15 0.95 1.01 12.43 0.90 2.48 0.91 0.41 
18 1.33 1.86 15.18 0.96 2:51 1.09 0.75 
21 3.32 4,00 10.54 0.99 1.49 0.78 0.61 
24 1.66 2.34 15.01 1.03 1.89 1.07 1.14 
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Larval stage/ Age AMP ADP ATP CTP UTP GTP Adenosine 
Diet (days) 

M e g a l o p a  
O. sinensis 0 1.65 1.70 11.42 0.57 1.56 0.91 1.21 

3 1.94 1.82 10.87 0.74 1.15 0.84 0.63 
6 2.10 1.69 20.71 1.03 3.86 1.50 0.81 
9 2.85 3.51 11.01 0.90 1.47 0.90 0.70 

12 1.66 2.54 19.31 0.84 2.76 1.13 0.62 
15 1.34 2.14 17.80 1.36 2.97 1.26 0.75 
18 1.11 2.30 16.42 0.43 2.43 1.33 0.60 
21 1.40 2.60 16.39 0.67 1.18 1.18 0.84 
24 10.27 5.68 3.05 1.33 0.68 0.43 0.79 

Experiment I and II on Artemia-fed megalopa showed similar nucleotide contents  dur ing 
the larval development,  except for 12-day old megalopa in Experiment  II. A ne t  gain of 
ATP was also found in the O. sinensis-fed larval stages. However, the individual  amount  
of nucleotides in O. sinensis-fed larvae were always reduced compared to Artemia-fed 

larvae. This trend was already established during early developmental  processes, show- 
ing that nutri t ional conditions had an  immediate  influence on the levels of nucleot ides 
and therefore on the energy available to the larvae. The percentage proportion of ATP to 
the total AN pool varied with a few exceptions be tween  75 to 92 %, unde r  both nutr i t ional  
conditions tested. 

The adenyhc energy charge (AEC) was calculated f~om the mean  values of indi- 
vidual AN content  presented in Figure 3. In zoea I, AEC decreased in 8-day old Artemia- 

fed larvae (equal to Do of the moul t ing cycle), recovering shghtly later (Fig. 4). A similar 
pattern was observed in O. sinensis-fed larvae, the decrease occurring somewhat  earher, 
whereas the later increase was much  more obvious because  of their prolonged develop- 
mental  duration. In the zoea II, AEC increased in Artemia-fed larvae throughout  larval 
development.  O. sinensis-fed larvae showed a similar increase in the AEC, reaching 
similar values to Artemia-fed larvae at day 11; however, during late premoult  of the 
moult ing cycle, AEC decl ined rapidly from 0.89 to 0.78. A similar decrease in AEC (0.85 
to 0.32) was observed in the late premoult  period of O. sinensis-fed megalopa,  whereas  
no differences in the AEC were observed during earlier developmental  periods be tween  
both nutrit ional conditions tested. The AEC of Arternia-fed megalopa in Experiment  I and  
II are generally in good agreement ,  except a decrease to 0.5 on day 12 in Exper iment  II 
(recovering three days later to the previous level) and a somewhat  lower initial value in 
Experiment I. General ly  the AEC did not reflect the differences be tween  the two 
nutrit ional conditions tested. Only in late premoult  periods of the moul t ing cycle could a 
sharp decrease in AEC be observed when  larvae were fed suboptimally with O. sinensis. 

The differences be tween  the two diets were most obvious w h e n  individual  contents  
of adenosine nucleotides were pooled (Fig. 5). The differences be tween  the two nutri-  
tional diets are significant, due to the low variation be tween  the three replicates (see 
above). The individual  nucleotide contents reflected the nutri t ional  status of the larvae 
earlier than changes  in the AEC did, 
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No  cor re la t ions  cou ld  b e  found  b e t w e e n  the  i nd iv idua l  c o n t e n t  of A T P  a n d  o n e  of t he  

o the r  t r iphospha tes ,  nor  b e t w e e n  the  th ree  t r iphospha tes .  C o r r e l a t i o n  w a s  found  

b e t w e e n  the  p o o l e d  con ten t s  of the  th ree  t r iphospha tes  CTP, GTP a n d  U T P  a n d  the  ATP 
c o n t e n t  (E C T P +  G T P + U T P  -- 0 . 0 7 8 + 0 . 2 7  ATP; r = 0.85; n = 55; P < 0.001).  I n s t ead  of 

u s ing  a h n e a r  regress ion ,  a s o m e w h a t  be t t e r  cor re la t ion  can  b e  found  by  u s i n g  a p o w e r  
func t ion  (~ C T P + G T P + U T P  = - 0 . 4 7  ATP ~ R = 0.919). 

R e l a t i o n s h i p  b e t w e e n  g r o w t h  a n d  n u c l e o t i d e  c o m p o s i t i o n  

T h e  nu t r i t iona l  condi t ions ,  as s h o w n  above ,  w e r e  r e f l ec t ed  b o t h  i n  g r o w t h  and  

n u c l e o t i d e  compos i t ion .  It w a s  found  tha t  t he  con t en t  of n u c l e o t i d e s  a re  c o r r e l a t e d  wi th  

t he  con t en t s  of C a n d  p ro t e in  (Table  3). T h e  w e a k e s t  cor re la t ions  w e r e  f o u n d  b e t w e e n  the  

Table 3. Hyas araneus. Larval stages (zoea I to megalopa); parameter for linear regression [y = a + b 
x] describing relationships between biochemical components [x = carbon, protein und Joule 
individual - t  (J ind-1)] and nucleotide concentrations [y = ATP, EAN, ECGU] for pooled data of the 
two nutritional conditions tested. XAN: sum of adenosin nucleotides (AMP+ ADP + ATP); XCGU: 
sum of CTP + GTP + UTP; intercept a and slope b • standard deviations, r: correlation coefficient; 

level of significance in all cases P < 0.001; number of paired data n = 58, for ~:CGU n = 56 

a • b • r 

Carbon ATP 0.094 0.081 0.085 0.0005 0.905 
ZAN 0.179 0.058 0.011 0.0004 0.965 
ZCGU 0.087 0.032 0.002 0.0002 0.846 

Protein ATP 0.150 0.104 0.012 0.0010 0.843 
ZAN 0.197 0.081 0.015 0.0008 0.935 
5:CGU 0.096 0.036 0.003 0,0003 0.804 

J ind - I  ATP 0.131 0.083 0.234 0.0150 0.897 
:ZAN 0.232 0.067 0.293 0.0130 0.952 
5:CGU 0.096 0.032 0.067 0.0058 0.842 

s u m  of the  t h r ee  t r i phospha te s  CTP,  GTP a n d  UTP and  t h e  b i o c h e m i c a l  c o m p o u n d s  C 
and  prote in ,  T h e  h i g h e s t  cor re la t ion  coeff ic ients  w e r e  found  for t h e  r e l a t i o n s h i p  b e t w e e n  

Z A N  a n d  C a n d  pro te in .  For  t he se  two  cases,  s e p a r a t e  cor re la t ions  for t h e  t~r nu t r i t iona l  

condi t ions  t e s t e d  a r e  g i v e n  in F i g u r e  6. T h e  cor re la t ion  cons t an t s  d i f f e r ed  s l igh t ly  bu t  

s ign i f i can t ly  w i t h  t h e  nu t r i t iona l  s tatus of the  la rvae .  
T h e  to ta l  w e i g h t  of t he  m e a s u r e d  a d e n o s i n e  n u c l e o t i d e s  a m o u n t e d  to O. 16-0 .28  % of 

W, v a r y i n g  on ly  shgh t ly  b e t w e e n  the  la rva l  s t ages  a n d  nu t r i t iona l  cond i t ions .  Var i a t ion  

was  p r e d o m i n a n t l y  o b s e r v e d  w i t h i n  the  s ing le  l a rva l  s tages ,  w i t h  l o w e s t  v a l u e s  
(0,16-0,18 %) on  day  two  or t h r ee  and  s l ight ly  h i g h e r  v a l u e s  {0.:2:1-0.28 %} d u r i n g  la te r  

d e v e l o p m e n t .  

D I S C U S S I O N  

T h e  two  die ts  t e s t ed  h e r e : h a v e  b e e n  p r e v i o u s l y  u s e d  in :a :  ~ar ie ty  of s tud ies  to 
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Fig. 6. Hyas araneus. Carbon and protein concentrations related to the adenosine nucleotide pool for 
the two different nutritional conditions tested. Intercept with y-axis and slope of least-square 
regression lines given with 95 % confidence intervals; r. correlation coefficient; n, number of paired 

data; P, level of significance for r :# 0 

be  sufficient for some further deve lopmen t  to the  next  larval instars (Harms & Seeger ,  
1989}, but  larvae  fai led to comple te  the ent ire  deve lopment  successful ly up  to the 
juveni le  instar  when  fed exclusively on this diet. In this study, further d e v e l o p m e n t  to the 
next  instar  could be  observed  in all  cases. Deve lopmenta l  success d e c r e a s e d  in O. 
sinensis-fed megalopa ,  which  corresponds  to the  low increase  of the e l emen ta l  composi-  
tion (C, H, N) and prote in  content  in this larval  stage.  This s tudy aga in  demons t ra t e s  and  
quantif ies  the abil i ty of larval  crabs  to convert  phy top lank ton  b iomass  (see also Harms  et 
al., 1990a). The growth of O. sinensis-fed l a rvae  repor ted  here  are h igher  than  in previous  
exper iments  {Harms et al.. 1990a}. The a lgae  diet  al lowed some net  ga in  in organic  
constituents,  except  for prote in  in the  m e g a l o p a  stage. However ,  O. sinensis suppl ies  
subopt imal  nutri t ion compared  to Artemia sp. nauplfi.  
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Decapod  larval  deve lopmen t  is charac te r ized  by a sequence  of morpholog ica l ly  
different instars,  which  are s epa ra t ed  by  moults. The t ime b e t w e e n  two moults  can be  
further d iv ided  into a series of in ternal  physiological  and  ana tomica l  a l terat ions,  the  
moul t ing cycle as descr ibed  by  Drach {1939) and  Drach & Tschernigovtzeff  (1967) and  
which was a d a p t e d  by  A n g e r  {1983} to b rachyuran  de c a pod  larvae.  M a j o r  b iochemica l  
changes,  especia l ly  in the nuc leo t ide  composit ion,  has been  found to t a k e  p lace  in late  
premoul t  of the moul t ing cycle. This is especia l ly  p ronounced  w h e n  l a rvae  are  fed a 
subopt imal  diet  (Figs 3, 4), ind ica t ing  that  dur ing  this per iod  of the moul t ing  cycle, ene rgy  
consuming processes  are  t ak ing  place.  

The AEC is p roposed  as an index  of the energy  potent ia l ly  ava i l ab le  for cel lular  
me tabohsm (Atkinson, 1977; Dickson & Franz, 1980). Any  factor which  upse t s  homeo-  
stasis should be  ref lected in an a l te red  AEC. The max imum value  of the  Ag.C is 1, but  it  is 
found to be  normal ly  ma in ta ined  b e t w e e n  0.80 and 0.94 in uns t r e s sed  organisms 
(Ivanovici, 1980b; Vet ter  & Hodson,  1982). The values  for the AEC o b s e r v e d  here  var ied  
with a few except ions  (O. s inens i s - fed  zoea  II and  mega lopa  in la te  p r e m o u l t  s tage,  and  
12-day old A r t e m i a - f e d  megalopa)  wi th in  this range,  showing that  subop t ima l  feed ing  
condit ions are not ref lected in the AEC. The  ma in tenance  of a h igh  A E C  migh t  be  the 
result  of r ap id  ext rami tochondr ia l  resynthes is  of 1 mol ATP and  1 mol of A M P  from 2 tool 
of ADP by  adeny la t e  kinase.  The  resul t ing AMP is then rapid ly  d e a m i n a t e d  to inosine 
monophospha te  (Chapman  et al., 1976; Driedzic & Hochachka ,  1976). T h e  ma in t enance  
of a high AEC in subopt imal ly  fed la rvae  may  facilitate a rap id  r e sumpt ion  of synthet ic  
activity when  larvae  rega in  access  to h igh  qual i ty  food. 

The indiv idual  AN content  of H y a s  araneus  la rvae  is affected by  nut r i t ional  condi-  
tions at an  ear ly  s tage of the deve lopmen ta l  process.  This is m a d e  most  obvious  by  the 
pooled  AN da ta  (Fig. 5). Similar  results  had  been  observed  in a previous  s tudy  (Harms et  
al., 1990b), whe re  decreas ing  adeny la t e  pools  were  repor ted  in s tarving Carc inus  m a e n a s  

la rvae  while the AEC was ma in t a ined  constant .  Literature reports  on c h a n g e s  in ATP 
contents  are  contradictory.  Decreas ing  ATP contents  were  r epor ted  for s ta rv ing  adul t  
crayfish Orconec tes  i nermis  i nermis  (Dickson & Giesy, 1982}. However ,  in cont ras t  to this 
the same authors  repor ted  increas ing  ATP levels in s tarved crayfish P r o c a m b r u s  darki i .  

Increas ing ATP values  were  also r epor ted  for food-depr ived  fish (Dehn, 1985}. Schirf et 
al. (1987) showed  that  different  organs  of s ta rved  crayfish P. d a r k i i  r e s p o n d  differently to 
nutr i t ional  stress. The ATP pool inc reased  in the  muscles  a l though the AEC was  
unaffected whi le  it dec reased  in the hepa topancreas .  

Nucleo t ide  concentrat ions  in H. araneus  la rvae  r eached  values  b e t w e e n  0.16 to 
0.28 % of W. The concentra t ions  found for C. m a e n a s  l a rvae  were  s o m e w h a t  higher ,  
vary ing  from 0.20 to 0.56 % of W (Harms et al.. 1990b). Higher  va lues  w e r e  repor ted  for 
North Atlant ic  krill  vary ing  from 0.40 to 1.3 % (Saether  & Mohr,  1987). ATP contr ibute  up  
to 75-92 % of this weight  proport ion,  which  s tands  in good  a g r e e m e n t  wi th  the  we igh t  
re la t ionships  repor ted  by  Harms  et  al. (1990) and  Sae ther  & Mohr  (1987). 

The results  p re sen ted  here  show that  the  AEC was genera l ly  una f fec ted  by  the two 
food condit ions tested.  These  f indings  are  not  restr ic ted to Decapoda .  Ve t t e r  et al. {1986} 
found that  AEC was k e p t  constant  in  fishes, and  that  the nuc leo t ide  con ten t  dec rea sed  in 
response  to the  stress si tuations.  The ind iv idua l  amount  of adeny la t e  nuc leo t ide  might  be  
a more sensi t ive indicator  of the we l l -be ing  of organisms.  The f indings r e p o r t e d  here  thus 
suppor t  Atk inson ' s  or iginal  hypothesis  (Atkinson, 1968} that  the  AEC is a re la t ive ly  
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c o n s e r v a t i v e  p r o p e r t y  a n d  tha t  c h a n g e s  in  A E C  are  a lways  a c c o m p a n i e d  if no t  p r e c e d e d  

b y  c h a n g e s  in  t h e  q u a n t i t y  of a d e n y l a t e  nuc l eo t i de s .  
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