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ABSTRACT: Early (instar I and II) juveniles of the spider crab Hyas araneus were reared under  
constant conditions (12 ~ 32 ~'~S} in the laboratory, and their growth, biochemical composition, and 
respiration were studied. Every second day, dry weight  (W), ash-free dry weight  (AFW}, and  
contents  of ash, organic and  inorganic carbon (C), ni t rogen (N), hydrogen (H}, protein, chitin, lipid, 
and  carbohydrates were measured,  as well as oxygen consumption. Changes  in the absolute 
amounts of W, APW, and C, N, and H during the moulting cycle are described with various 
regression equations as functions of age within a given instar. These patterns of growth differ in part  
from those that  have  been  observed during previous studies in larval stages of the same and  some 
other decapod species, possibly indicating different growth strategies in larvae and  juveniles. There 
were clear periodic changes  in ash (% of W} and  inorganic C {as % of total C}, with initially very low 
and then steeply increasing values in postmoult, a maximum in intermoult, and decreas ing figures 
during the premoult  phase  of each moulting cycle. Similar pat terns were observed in the chi t in 
fraction, reaching a maximum of 16 % of W (31% of AFW). Ash, inorganic C, and  chitin represent  the 
major components  of the exoskeleton and hence,  changes  in their amounts are associated with the 
formation and  loss of cuticle material. Consequently,  a high percentage of mineral  matter  was lost 
with the exuvia (76 % of the late premoult  [LPM] ash content, 74 % of inorganic C}, but  relatively 
small fractions of LPM organic matter  (15 % of APW, 11% of organic C, 5-6  % of N and  H}. These 
cychc changes  in the cuticle caused an  inverse pat tern  of variation in the percentage values (% of W} 
of AFt / ,  organic C, N, H, and  biochemical constituents other than chitin. When  these measures  of 
living biomass were related to, exclusively, the organic body fraction (AFW), much  less variation was 
found during individual moulting cycles, with values of about 43-52 % in organic C, 9-10 % in N, 
6 - 9 %  H, 31-49% of AFW in protein, 3 - 1 0 %  in lipid, and  < 1% in carbohydrates.  All these 
constituents showed, on the average, a decreasing tendency during the first two crab instars, 
whereas  N remained fairly constant. It cannot  be explained at present,  what  other e lements  and 
biochemical compounds, respectively, might  replace these decreasing components  of AFW. 
Decreasing tendencies  during juvenile growth were observed also in the organic C/N and  in the 
lipid/protein weight  ratios, both indicating that  the proport ion of lipid decreased at a h igher  rate 
than that  of protein. Changes  were observed also in t h e  composition of inorganic matter,  with 
significantly lower inorganic C in early postmoult  (2-4 % of ash} than  in later stages of the moult  
cycle (about 9 %}. This reflected probably an  increase in the degree of calcification, i.e. in the 
calcium carbonate  content  of the exoskeleton. As a fraction of total C, inorganic C reached  maximum 
values of 17 and  20 % in the crab I and II instars, respectively. The energy content  of juvenile spider 
crabs was est imated independent ly  from organic C and  biochemical  constituents, with a significant 
correlation be tween  these values. However, the former estimates of energy were, on the average, 
significantly lower than the latter (slope of the regression :~ 1). Since organic C should be  a reliable 
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integrator of organic substances, but the sum of protein, hpid, chitin, and carbohydrates amounted to 
only 60-91% of AFW, it is concluded that the observed discrepancy between these two estimates of 
energy was caused by energy from biochemical constituents that had not been determined in our 
analyses. Thus, energy values obtained from these biochemical fractions alone may underestimate 
the actual amount of organic matter and energy. Respiration per individual in juvenile spider crabs 
was higher than that in larval stages of the same species (previous studies), but their W-specific 
values of oxygen consumption (QO2) were lower than in conspecific larvae (0.6-2 ~g 02 '  [mg W]-~). 
QO2 showed a consistent periodic pattern in relation to the moult cycle: maximum values in early 
postmoult, followed by a rapid decrease, and constant values in the intermoult and premoult phases. 
This variation is interpreted as an effect mainly of cyclic changes in the amounts of cuticle materials 
which are metabolically inactive. From growth and respiration values (both expressed in units of 
organic C), net growth efficiency, K2, values may be calculated. In contrast to previous findings in 
larval stages, K2 showed an increasing trend during growth of the first two juvenile instars of H. 
araneus. 

INTRODUCTION 

Growth patterns, changes  in the e lementa l  (CHN) or proximate biochemical  
composition, and oxygen consumption have b e e n  studied only seldom dur ing  the course 
of individual  moul t ing cycles in juveni le  brachyuran  crabs. The most comprehens ive  
accounts of biochemical  changes  dur ing a moul t ing  cycle of a crab were g iven by Renaud 
(1949) for Cancer pagurus, and  by Heath & Barnes (1970) and Spindler-Barth (1976) for 
Carcinus maenas. Oxygen consumption has b e e n  measured  in m a n y  crus tacean species 
(McMahon & Wilkens, 1983), bu t  seldom in relation to the moul t ing cycle (Bulnheim, 
1974). 

The spider crab Hyas araneus (L.) has b e e n  invest igated quite in tens ively  as to its 
larval physiology and  biochemistry (Anger et al., 1989), but  only a few chemical  a s p e c t s  
such as CHN, inorganic matter, protein, and  nucleic ~cids were studied dur ing  its early 
juveni le  growth (Anger, 1984; Anger  & Hirche, 1990). In the present  study, growth (in 
terms of changes  in the e lemental  and proximate biochemical  composition) and  respira- 
tion were measured  in the first two juveni le  instars of this species, and  compared  with 
pat terns that had been  found in other decapods, as well as with those in the larval stages 
of the same species, H. araneus. 

MATERIAL AND METHODS 

Hyas araneus larvae were obtained from ovigerous females and mass-reared in the 
laboratory at 32%o salinity and a constant temperature of 12 ~ applying standard 
techniques (Anger et al., 1983). Freshly hatched Artemia sp. (San Frandsco Bay Brand TM) 
nauplii were given as food; seawater and food were changed every second day. After 
metamorphosis to the first juvenile stage, crabs were reared individually in net-bottom 
tubules (for details see Kunisch & Anger, 1984), where they received somewhat larger (ca 
2-day old) Arternia sp. nauplii. Temperature and salinity were the same as during larval 
development. 

Oxygen consumption, dry weight (YV), ash-free dry weight (AF~V), organic and 
inorganic carbon (C), nitrogen (N), and hydrogen (H), as well as total protein, lipid, 
carbohydrates, and chitin were measured in regular intervals during early juvenile 
development. W, AP-hA/, and CHN were determined also in exuviae of the first crab stage. 
The first moults to the crab II instar occurred 20 days after metamorphosis, and first 
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ecdyses  to the next  s tage  18 days  later.  After a total of > 500 juveni les  had  b e e n  sacrif iced 
in these  exper iments ,  not  enough mater ia l  for their  continuation was  left  after day  16 of 
the second instar; measu remen t s  of l ipid and chitin were  su spended  after day  14, and  
those of respira t ion a l r eady  after day  8 of the crab II moult  cycle (in the  la t ter  case  a 
technica l  failure p r even t ed  the use of la ter  data). 

Oxygen  consumpt ion  was measu red  with a Winkler  technique in 8 repl ica te  exper i -  
ments  (with 3 indiv iduals  each, and  4 rephca te  b lanks  without  animals;  see  A n g e r  et al., 
1989). 

W and  CHN measu remen t s  fol lowed s tandard  techniques (Anger  et al., 1983), wi th  5 
rephca te  analyses  (1 indiv idual  each). Ash, AFW, and  inorganic  C were  m e a s u r e d  after 
f reeze-drying,  subsequen t  de te rmina t ion  of W, and  ashing at 500 ~ for 4 h (Hirota & 
Szyper,  1975; Anger ,  1984). 

Biochemical  measu remen t s  were  made  in three  rephcate  samples :  pro te in  after 
Lowry et al. (1951) with bovine serum a lbumin (Serva 11 930) as a s tandard;  hpids  
photometr ica l ly  with a Merckotes t  | (Merck TM, Darmstadt)  r e a ge n t  kit, ut i l iz ing the 
sulfophosphovani l l in  reac t ion  (ZSllner & Kirsch, 1962); ca rbohydra tes  after Ho l l and  & 
Gabbo t  (1971) us ing  glucose as a s tandard;  chitin gravimetr ical ly  after Raymont  et  al. 
(1964). 

Energy  content  was  ca lcu la ted  i ndependen t ly  from organic C (Salonen et  al., 1976) 
and b iochemica l  const i tuents  (Winberg,  1971). Metabol ic  losses of organic  C were  
ca lcula ted  us ing a convers ion factor of 0.3375 ~g C/~G 02, assuming an  a ve ra ge  RQ va lue  
of 0.9 (Anger, 1990). 

Statist ical  tests were  carr ied out according to Sachs (1984): compar isons  of m e a n  
va lues  (Ho: x l  = x2; S tudent ' s  t-test,  after F-test;  pp.  212-214); s ignif icance of correlat ion 
and regress ion coefficients (Ho: r = 0, m = 0; pp. 329, J39); d i f ferences  of regress ion  
coefficients and  in te rcept  values  (a) from a theoret ical  value (Ho: m = 1 or m = 6,25, a = 0; 
pp. 339-340); l inear i ty  of regress ions  (pp. 335-338). Ho was re jec ted  when  P < 0.05. Error 
bars  (~ + SD) are g iven  in Figures  only when  direct ly measu red  va lues  are  d isp layed,  
not in those ca lcu la ted  by  difference or as a pe rcen tage  from two i n d e p e n d e n t l y  
measu red  da ta  sets (for instance,  ~g inorganic  C, from mean  values  of ash [% of W] and  of 
C [% of ash]). 

RESULTS 

D r y  w e i g h t  (W), e l e m e n t a l  c o m p o s i t i o n  (CHN) ,  a n d  a s h  c o n t e n t  

Growth pat terns,  i.e. the increase  in absolute  b iomass  values  (per individual)  dur ing  
t ime (t, in days) of the  first two juveni le  moul t ing cycles are shown in F igures  1 a n d  2. Dry 
weight  (W) inc reased  in both instars  at a h igher  rate  during the b e g i n n i n g  than  in la te r  
parts  of the moult  cycle, fol lowing a p a r a b o l a - s h a p e d  curve. This recur ren t  pa t t e rn  may  
be descr ibed  by  a quadra t ic  equat ion  as  a function of time, t ( regression equat ions  given 
in Figs 1, 2; u p p e r  graphs) .  It appea r s  h ighly  inf luenced by  changes  in the  ash fraction, 
which showed in bo th  instars  a s teep  increase  dur ing  the first third of the moul t ing  cycle 
(postmoult, ear ly intermoult) ,  fol lowed by  rather  constant  values  la te r  on. W h e n  ash  was  
subt rac ted  from total  W, the  organic  fraction (AFW) could be  seen  to increase  as a h n e a r  
function of age  (Figs 1, 2; uppe r  graphs).  

The increase  in total  carbon (C) may  also be  descr ibed  as a hnea r  function of t ime 
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within a given moul t ing  cycle (Figs 1, 2; middle  graphs).  In contrast, the  fract ion of 
inorganic  C showed a similar pa t t e rn  to that  of total  ash, i.e. a s teep increase  dur ing  the 
beg inn ing  of the  moult  cycle fol lowed b y  constant  values .  When  only organic  C was 
considered,  it r evea led  a shghfly parabohc,  or an almost  l inear  increase  wi th  t ime in the 
first two crab s tages  (regression equat ions  in Figs 1, 2~ middle  graphs).  

The lower g raphs  in Figures  1 and 2 show the pat terns  of growth in total  n i t rogen  (N) 
and hydrogen  (H). No anorganic  N or H were  de tec ted  in our analyses.  The  increase  in 
these  fractions could be  desc r ibed  with bes t  fit as a non-hnear  (parabohc) funct ion of age;  
however ,  the curvature  in H was very  w e a k  and  not  significantly different  from lineari ty.  

Figures  3-6  show changes  in the  relat ive (percentage  of W) CHIN and  ash contents  of 
juveni le  crabs. The ash content  inc reased  in both  instars dramat ica l ly  dur ing  the  ear ly 
postmoul t  period:  from ca 20 % after ecdysis  to a maximum, a few days  later,  of 50-52 % 
(drab I instar) or 56 % (crab II) (Fig. 3). Dur ing the second half of the moul t  cycle a 
significant decrease  occurred,  l e ad ing  to final values  of 40 % (crab I) or 47 % (crab II). 
These  pa t te rns  of change  in the ash content  were  very  similar in the first two juveni le  
instars, but  the  ave rage  level  was somewhat  h igher  in the second than in the  first s tage 
(Fig. 3). 

The carbon content  of ash ( inorganic C) was low in early postmoul t  juveni les  (2 and 
4 %  in the first and  second  stage,  respectively) ,  but  then  it inc reased  rap id ly  and  
r ema ined  constant  th roughout  the  rest  of the moul t ing cycle, amount ing  to abou t  8-9  % 
of ash (Fig. 3). As a fraction of total  C, inorganic  C increased  dur ing  the pos tmoul t  phase  
from initial va lues  of 1-2 %, to a max imum of ca 17 % (crab I) or 20 % (crab II), before  it 
dec reased  to final va lues  of ca 10 or 14 %, respect ive ly  (Fig. 3). 

As a consequence  of a rap id  pos tmoul t  increase  in the pe rcen tage  of ash (Fig. 3), the 
fractions (% of W) of both  total  and  organic C dec reased ' concur ren t ly  dur ing  this early 
phase  of the moul t ing  cycle (Fig. 4). Since the absolute  amounts  of minera l s  (ash) 
r ema ined  constant  after reach ing  a maximum,  and  those of organic  const i tuents  (AFW, C) 
cont inued to increase  (Figs 1, 2), the fractions (% W) of both total  and  organic  C inc reased  
during the second half of the moul t ing  cycle (Fig. 4). 

The C content  of the  organic  fraction cha nge d  relat ively httle, r ang ing  b e t w e e n  43 
and 52 % of AFW, and  without  showing a clear  pa t te rn  within the  crab I or II moul t ing  
cycle (Fig. 4). However ,  a decreas ing  t rend may  be  seen  in these  values  dur ing  growth  in 
these  two instars  (Fig. 4), indica t ing  a g radua l  shift in their  ave rage  b iochemica l  composi-  
tion. 

Changes  in the  n i t rogen  and hydrogen  contents  of juveni le  crabs {as a pe r c e n t a ge  of 
W~ Fig. 5) were  also h ighly  inf luenced by  changes  in the ash content  und  thus, were  
similar to those in C (cf. Fig. 4). As a fraction of AFW, however ,  N r e m a i n e d  rather  
constant  (9 - i0  %), whe reas  the H content  a p p e a r e d  to show, l ike organic  C (Fig. 4), a 
sl ightly dec reas ing  t rend {Fig. 5). 

The C/N weigh t  ratio may  be  a useful  index  of the relat ive e lementa l  composi t ion  of 

Fig. 1. Hyas araneus, crab I instar. Growth patterns in the absolute values (in ~g .individual -1) of dry 
weight (W), ash-free dry weight (AFW), ash, carbon (total, organic, and inorganic C), nitrogen (N), 
and hydrogen (H) in relation to age (days, d) within the moulting cycle. Error bars: ~ __+ SD. 
Regression equations: quantities of single constituents (in ~g.individua1-1) as functions of time (t, in 

days)~ r2: coefficient of determination 
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an organism. When  total  C was considered,  it showed dur ing the first two crab instars  
significant changes  in relat ion to N, with a s teep increase  dur ing the postmoul t  phase  and 
a decrease  dur ing premoul t  (Fig. 6). However ,  when  exclusively organic C was re la ted  to 
N, the organic  C/N ratio was, on the average ,  much lower  (except  in early postmoult ,  
where  ash and  inorganic  C were  very low), and  changes  during individual  moul t ing  
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cycles were  w e a k e r  than those found in total C /N  (Fig. 6). As a c o n s e q u e n c e  of decreas-  

ing organic C, accompanied  by a constant pe rcen tage  of N (as % AFW), t he  organic  C/N 
ratio showed a decreas ing t endency  during the first two juveni le  instars (Fig. 6). 

Since N remained  constant and both organic C and H revea led  a dec reas ing  trend 

dur ing early juveni le  growth, there  was a decrease  also in the sum of t he se  e lements  
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within AFW. This tendency suggests an ,increase in the percentage of organic substances 
that contained proportionally lower amounts of C, N, and H, and higher quantities of 
other elements (such as phosphorous, oxygen). 

Prox imate  b iochemica l  compos i t ion  

Changes in the absolute amounts (per individual) of the major biochemical con- 
stituents protein, hpid, chitin and carbohydrates are shown in Figure 7. Since no clear 
recurrent growth patterns were found therein, no attempts were made to describe these 
changes with regression equations as functions of juvenile age. 

Protein constituted consistently the greatest body fraction, showing an almost con- 
stant increase during growth. Lipid was present in much smaller quantities, increasing 
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Fig. 7. Hyas araneus, crab I and II instars. Growth in the absolute values (in ~tg.individua1-1) of 
protein, chitin, lipid, and carbohydrates in relation to age (days, d). Error bars: ~ _ SD 
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during the first, but less in the second instar. Carbohydrates constituted by far the 
smallest of the biochemical fractions that we measured (consistently below 1% of AFW). 
The absolute quantity of carbohydrates increased mainly in the second crab stage, after 
passing a transitory minimum, 4 days after ecdysis (Fig. 7, lower graph). Chitin showed a 
clear cyclic pattern, with very low values immediately after ecdysis, a steep increase 
during the postmoult phase, and constantly high values throughout the rest of the 
moulting cycle. On the average, chitin was the second largest fraction after protein. 

Changes in the relative (% of AFW) biochemical composition of juvenile crabs are 
shown in Figure 8. Both the fractions of protein and lipid showed a statistically significant 
decrease with age, with values ranging from 31-50 of AFW in protein, and 3-10 % in 
lipid. Since this decrease was stronger in the latter class of constituents, also the lipid/ 
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prote in  we igh t  ratio dec reased  significantly, in part icular  dur ing the second  crab s tage  
(Pig. 8, lower  graph).  This indica tes  again  (cf. C/N; Fig. 6) a shift in the  b iochemica l  
composit ion dur ing  early juveni le  growth, with a relat ive increase  in the  propor t ion  of 
protein  and  a dec rease  in that  of hpid.  

The ave rage  chitin content  dec reased  as well, reaching max imum va lues  of about  
30 % and 20 % of APW, respect ively,  in the first two instars. Since all major  b iochemica l  
fractions (protein, hpid,  chitin; expressed  as % of AFW) dec reased  dur ing  ear ly  juveni le  
growth, and  the quant i ty  of carbohydra tes  did  not p lay  a signif icant  role, compounds  
other than  these  must  have  concurrent ly  increased  within the organic  mat te r  of juveni le  
crabs. 

Protein has  in the h tera ture  often been  es t imated  from N, us ing a convers ion factor of 
6.25. When  total  N was  plot ted  agains t  protein, a hnear  re la t ionship was  found, however ,  
with a slope that  was significantly lower than 6.25 (Pig. 9, u p p e r  graph).  The s lope was 
sl ightly s t eeper  (3.95 vs. 3.36}, and  the coefficient of de terminat ion  somewha t  h igher  (r 2 = 
0.893 vs. 0.875), w h e n  non-chi t in  N was used  as a predictor  of protein,  ins tead  of total  N 
(chitin-N es t imated  as 6 % of chitin weight~ Pig. 9, upper  graph).  Again,  the  s lope of this 
regress ion hne  was  significantly different from 6.25, and the in tercept  with the  y-axis  was 
significantly different  from zero. This indicates  that  there  must  have  b e e n  signif icant  
amounts  of n i t rogenous  compounds  other than  protein  or chitin in Hyas araneus juveni-  
les, or some pro te in-hke  subs tances  were  not de tec ted  with the Lowry method.  

E n e r g y  c o n t e n t  

The ene rgy  content  of juveni le  spider  crabs was es t imated  i n d e p e n d e n t l y  in two 
ways:  (1) from organic  C and  (2) from biochemical  constitdents.  F igure  10 (upper  graph} 
shows that  ene rgy  values  ca lcula ted  from C were  mostly h igher  than  those ob ta ined  from 
biochemical  consti tuents.  There  was  a significant l inear  re la t ionship b e t w e e n  these  
values,  but  the  s lope was signif icantly different from a theoret ical  va lue  of 1 {Fig. 10, 
lower  graph).  This means  that  e i ther  C-der ived  values  significantly over -es t imated  the 
ac tual  energy  content ,  or b iochemica l  const i tuents  other than  those m e a s u r e d  in the 
presen t  s tudy cont r ibuted  signif icantly to the total  energy  content  and  thus, the sum of 
the energy  contents  ca lcula ted  for the fractions of protein, hpid,  chitin, and  ca rbohydra tes  
was  lower than  the actual  ene rgy  content.  

When  the contr ibut ion of the major  b iochemical  fractions to the total  ene rgy  content  
(calculated from these  components)  was considered,  protein was  found to be  the  grea tes t  
contributor (50-73 % of total  energy}, and its relat ive impor tance  showed  an increas ing  
t endency  dur ing  ear ly juveni le  growth {Fig. 11}. Chitin was normal ly  the  second  most 
impor tant  fraction (up to 30 %), except  for ear ly postmoult  periods,  whe re  its amounts  
were  very low and  consequent ly ,  there  was proport ional ly  more ene rgy  in the  l ipid 
fraction (up to 28 %). The la t ter  showed  a clear ly decreas ing  t rend  (down to 9 %} dur ing  
the per iod of observat ion  (Fig. 11). The pool  of ca rbohydra tes  cont r ibuted  consis tent ly  
< 1% of total  energy.  

E x u v i a l  l o s s e s  

Exuviae were  ana lysed  only in the crab I instar.  Since their  W, AFW, and  C H N  values  
(including inorganic  C) were  very  similar both  in absolute  terms and in their  re lat ive 
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Fig. 9. Hyas araneus, crab I and II instars. Protein in relation to total and non-chitin N (all in ~tg), 
linear regression equations, r2: coefficient of determination; n: number of observations (P < 0.001) 

composit ion with those obtained in a previous study (Anger, 1984), the n e w  data are not 

shown in a table or a graph. The organic  fraction (AFW in % of W) of exuviae  was 

somewhat  h igher  in our present  material  as compared to that in the prev ious  study (24 vs. 
21-22 %). The ash content  of crab I exuviae  amounted  to 76 % of W, with  9 % of the ash 
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energy calculated from biochemical constituents 

be ing  inorganic  C. As a consequence ,  as much  as 43 % of total C in the exuviae  was 

inorganic. 

Prom these  data on exuvial  matter  and composition, percent  ecdysial  loss may be  

calculated, re la ted  ei ther to LPM matter  or to previous growth. Exuvial  loss amounted  to 
37 % of LPM values  of body W. Most of this loss comprised inorganic  matter ,  since 76 % of 

total LPM ash was cast with the exuvia, whereas  most organic mat ter  (AFW) was re ta ined 

by the crabs (15 % loss}. The  same pat tern could be observed in C: as m u c h  as 74 % of 

LPM inorganic  C, but only 11% of organic C were  lost with the shed exoskele ton.  Exuvial 
losses in N and H amounted  to 5-6 % of LPM values. 

When  exuviai  loss was expressed as a pe rcen tage  of the growth tha t  had  been  
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ach ieved  dur ing the crab I moul t ing cycle, aga in  h igh  losses were  found in total  W (57 %), 
ash (83 %), and  inorganic  C (77 %), but  low figures in precedingly  accumula ted  organic  
mat ter  (29 % AFW; 21% organic  C; 18 % N; 24 % H). 

R e s p i r a t i o n  a n d  n e t  g r o w t h  e f f i c i e n c y  

Oxygen  consumpt ion per  indiv idual  (R) did  not  show a consistent  pa t te rn  of change  
dur ing an indiv idual  moult ing cycle. R values  were  significantly h igher  in ear ly pos tmoul t  
crab II than at any t ime during the p receed ing  instar  (Fig. 12). When  R was exp res sed  as a 
fraction of body  C resp i red  per  day  (carbon-specif ic  respirat ion rate), it was found to vary  
in the range  of ca 2--4 % C.  d -1. 
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Fig. 12. FIyas araneus, crab I and II instars. Upper graph: Respiration (~g O2.h -I) per individual (R) 
and per mg W (QO2) in relation to age (days, d}. Error bars: ~ _ SD. Lower graph: Net growth 

efficiency (K2: growth in % of carbon-assimilation} 
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Weight-specific respiration rate (QO2), which is a measure of the metabolic intensity 
of tissues, was consistently high in early postmoult, decreasing subsequently, and 
constantly low in later stages of the moult cycle (however, the latter part of this pattern is 
not certain in the second instar, because too few data were available here; Fig. 12). 

Instantaneous growth rates (expressed as ~tg organic C per individual per day) may 
be calculated by first derivation of the regression equations describing organic C as a 
function of age in each juvenile instar (Figs 1, 2). If excretion is assumed to comprise 
exclusively ammonia production (or urea is neglected), the sum of respiration and growth 
should represent assimilation, and C-based net growth efficiency (K2) may be estimated. 
Since growth rates showed an increasing trend (Figs 1, 2), while respiration was rather 
constant (Fig. 12, upper graph), K2 showed an increasing tendency during juvenile 
growth in the first two juvenile instars of H y a s  araneus  (Fig. 12, lower graph). 

DISCUSSION 

Growth of early juvenile H y a s  araneus  was measured primarily as an increase in 
absolute biomass (W, AFW, CHN, biochemical constituents). It was in the present 
material higher than that observed by Anger et al. (1983) and Anger (1984), but lower 
than the values reported by Anger & Hirche (1990), although in all these studies juvenile 
crabs had been reared under identical conditions. 

In addition to this intraspecific variation in the average absolute amounts of biomass, 
variation was found also in the relative proportions of single constituents, and in the 
patterns of absolute change. For instance, Anger & Hirche (1990) found parabolic growth 
curves (with decreasing instantaneous growth rates) in W and total C of the crab I instar, 
and a linear increase (i.e. a constant growth rate) in fhe N fraction. These patterns are 
very common also in larval growth of decapod crustaceans, including H. a r a n e u s  (Anger, 
1991). The material used in the present study, in contrast, showed in the first two crab 
stages a linear growth pattern in total C, and parabolic curves (with increasing instan- 
taneous growth) in N (Fig. 1). Since no other data with a high temporal resolution of 
sampling during individual moulting cycles of early juvenile crabs is available, it must 
remain uncertain which of these patterns is typical, and by what internal or external 
factors growth patterns are influenced. 

Variability occurs mainly in the amounts of organic constituents per individual, 
whereas the absolute quantifies of ash and inorganic C were found to be very similar in 
different studies. This was particularly obvious in the composition of exuvial dry matter, 
two thirds of which are presumably calcium carbonate (estimated from inorganic C; 
Anger, 1984). The major components of exuviae, i.e. ash and morganic C, accumulate 
very rapidly (faster than organic matter) during the early postmoult phase of the moult 
cycle. Thereafter they remain constant, while organic constituents continue to increase, 
as long as growth conditions (e.g. food availability) remain favourable. These patterns 
lead to an initial increase in the percentage of inorganic matter, subsequently followed by 
a decrease (Fig. 3). 

Besides direct effects of food or other external factors on juvenile growth of crabs, 
their elemental and biochemical body composition may be influenced by previous 
conditions of hfe, such as temperature during embryonic development (Kunisch & Anger, 
1984), or nutrition during larval development (Harms et al., 1991). Growth of decapod 
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crus taceans  is also subject  to significant genet ic  variat ion (e.g. van  Olst et  al., 1980), 
which  may  be  r educed  to some degree  by  differential  mortal i ty in under-s ized ,  poss ibly  
also in over-s ized individuals  of a popula t ion  (Kunisch & Anger ,  1984). 

Besides changes  in the relat ion be tween  organic  and inorganic  consti tuents ,  there 
are  obvious shifts in the e lementa l  and  b iochemical  composit ion of both  the  whole  body 
and  the exuvial  mat te r  of juveni le  crabs. Changes  in the pe rcen tage  of inorganic  C within 
the  ash fraction (Fig. 3) indicate  that  the minera l  composit ion of ash changes  dur ing  the 
moul t ing  cycle, with very low calcium carbonate  values  after ecdysis,  a r ap id  increase  
dur ing  the pos tmoul t  period,  and  a constant ly nigh level  thereafter .  Later, shed  exuviae  
showed  the same minera l  composit ion ( inorganic C amount ing  to about  9 % of ash) as 
comple te  in termoul t  and  premoul t  crabs. This indicates  that  almost  all inorgan ic  C had  
been  accumula ted  in and then  lost with the exoskeleton.  Data p re sen ted  by  A n g e r  (1984) 
sugges t  that  these  pa t te rns  remain  consistent  also in la ter  juveni le  instars.  Such per iodic  
changes  in the minera l  content  of juveni le  crabs exert  a s trong inf luence  on the 
pe rcen t age  of W values  of all e lements  and  compound classes that  are  a ssoc ia ted  with 
organic  mat ter  (Figs 4, 5). Similar moul t -cycle  re la ted  var ia t ion in e l emen ta l  and  
b iochemica l  composi t ion has  b e e n  found also in the larval  s tages  of H. a raneus  (Anger  et 
al., 1989) and  many  other  decapod  species  (Anger, 1991), sugges t ing  s imilar  per iodic  
pa t te rns  of growth throughout  their  life cycle. 

Changes  within the organic  fraction can be  made  visible in the  organic  C/N ratio 
(Fig. 6), or when  b iochemica l  const i tuents  are  expressed  as a pe rcen tage  of A F W  (Fig. 8). 
These  da ta  (% AFW) showed in the  two first juveni le  s tages  of H. araneus  a s teady 
decrease  in the major  organic  constituents,  protein,  lipid, and  chitin; the  same  app l i ed  to 
organic  C and H (Figs 4, 5). The sum of all four b iochemical  const i tuents  that  were  
m e a s u r e d  in this s tudy dec reased  from maximum values  'of about  90 % of A F W  in the 
ear ly  crab I i n s t a l  to min imum values  of ca 60 % at the end  of the second  crab  stage. 
These  values  compare  favourably  with a total of 85 % measu red  by  Speck  et  al. (1972) in 
a crayfish, Orconec tes  l imosus.  Since l ipid dec reased  in H. araneus  at a h ighe r  rate  than 
protein,  and  C faster  than  N, decreas ing  tendencies  were  de tec ted  also in the  l ipid/  
prote in  and C/N ratios (Figs 6, 8). Carbohydra tes  (present  paper)  and  nucle ic  acids 
(Anger  & Hirche,  1990) occur only in minor  quantif ies and,  thus, cannot  expla in  this 
decline.  Hence,  no explanat ion  can be  given at present  of wha t  other  organic  const i tuents  
may  rep lace  the compounds  and  e lements  that  decrease  within the AFW fraction. 

Besides inorganic  constituents,  only chitin showed a clear  per iodic  pa t t e rn  re la ted  to 
the  moul t ing cycle (Figs 7, 8). Similar changes  were  found by  Spindler -Bar th  (1976) in 
Carcinus  maenas .  Al l  these  fractions are  associa ted with the formation of the exo- 
skeleton.  

A cyclic pa t te rn  occurred also in carbohydrates ;  however ,  this was  c lear ly  visible 
only in the second crab instar  (Fig. 7). Similar pa t te rns  were  obse rved  by  Renaud  (1949) 
in C a n c e r p a g u r u s  and  Spindler-Bar th  (1976) in C. maenas .  Decreas ing  va lues  dur ing  the 
pos tmoul t  per iod  were  p robab ly  caused  by  a n igh  turnover  rate,  due  to po lymer isa t ion  of 
free sugars  into chitin macromolecules  of the  cuticle. This decrease  was  fol lowed by  
increas ing  ca rbohydra te  va lues  in the in termoul t  period,  p robab ly  ind ica t ing  a decreas-  
ing turnover  and,  hence,  an increas ing  pool of glucose and  glucosamin which  are  n e e d e d  
in the premoul t  phase  for chitin synthesis,  when  a new cuticle is secre ted  b e n e a t h  the old 
one (Speck & Urich, 1972; Gwinn & Stevenson,  1973). In la te  premoult ,  a par t  of the old 
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cuticle is resorbed  and uti l ized both as an ene rgy  source and  as a pool  of precursors  for 
the synthesis  of new cuticle mater ia l  (Speck & Urich, 1971, 1972). 

The ave rage  b iochemica l  coml~osition 'of juveni le  H. araneus  is on the  ave rage  
similar to that  in o ther  juveni le  or adul t  decapods ,  as well  as to that  found  in the  larval  
s tages  of the  same species  (Anger  et al., 1989): prote in  was consis tent ly the dominan t  
fraction of AFW, fol lowed by  chitin (except  in the  ear ly postmoul t  per iods  of the moul t ing  
cycle), and  lipid. Carbohydra tes  o ther  than  chitin p l ay  only a minor  role in the  b iochemi-  
cal composi t ion of crabs. Protein a m o u n t e d  to 31-50 % of AFW (or 15-34 % of W), which  
is s imilar  to va lues  found in previous  s tudies  on larval  and  juveni le  H. a r a n eu s  (Anger  et  
al., 1983; A n g e r  & Hirche, 1990), and  comparab le  wi th  an average  va lue  of 42 % of APW 
(31% of W) found in a crayfish (Speck et al., 1972). 

The m a x i m u m  (intermoult) chitin content  of whole  sp ider  crab AFW was  33 % in the  
first, and  21% in the  second crab instar  (corresponding to 16 and  10 % of W, respec-  
tively). Speck  et  al. (1972) found ca 22 % of AFW (16 % of W) in O. l imosus ,  and  Hornung  
& Stevenson (1971) 13 % of W in another  crayfish, O. obscurus.  In the  ed ib le  crab, Ca n cer  

pagurus ,  and  the shore crab, Carcinus  maenas ,  only ca 6-7 % of W were  de t e rmine d  as 
chitin (Drach & Lafon, 1942; Spindler-Barth,  1976). 

The hp id  fraction within AFW a m o u n t e d  in juveni le  sp ider  crabs to only 3 -10  % (i.e. 
1.2-7.7 % of W). This is similar to a va lue  of 3.3 % of AFW (2.4 % of W) m e a s u r e d  in a 
crayfish (Speck et  al., 1972), whe reas  Renaud  (1949) found in C. p a g u r u s  a h igher  l ipid 
content  (8-16 % of W). Higher  values,  r ang ing  b e t w e e n  18 and  30 % of A F W  (8-24 % of 
W) were  found also in the larval  s tages  of H. araneus  (Anger et al., 1983, 1989). Like the  
da ta  on juveni le  growth (cf. Fig. 8, lower  graph),  the lat ter  da ta  sugges t  that  there  is 
dur ing  larval  deve lopmen t  a dec reas ing  t endency  in the proport ion of hp ids  in re la t ion to 
other  b iochemica l  consti tuents,  g radua l ly  l ead ing  to X pro te in-or ien ted  metabohsm.  This 
is cor robora ted  by  a decreas ing  ave rage  atomic O/N ratio (oxygen r e sp i r ed  in re la t ion to 
n i t rogen excreted;  Ange r  et  al., 1989). 

Quant i ta t ive  re la t ionships  b e t w e e n  e lementa l  and  b iochemica l  const i tuents  of bio- 
mass  may  b e  used  to convert  such da ta  from the one to the  other. The  most  commonly  
used  conversion is that  of n i t rogen to protein,  app ly ing  a s imple theore t ica l  factor of 6.25 
(e.g. Raymont  et al., 1964). In decapod  larvae,  inc luding  those of H. araneus ,  much  lower  
factors were  found (Anger  & Harms,  1990), sugges t ing  signif icant  amounts  of non-pro te in  
N. The  same was  obse rved  also in juveni le  crabs,  even  after chi t in-N was  subs t rac ted  
from total N (Fig. 9). 

While  organic  C may  be  cons idered  a useful  in tegrator  of b iomass ,  the  sum of 
protein,  hpid,  chitin, and  ca rbohydra tes  covered  only 6 0 - 9 1 %  of AFW. The  main  pool  of 
ene rgy  was  found in the  protein  fraction (Pig. 11), a l though hpids have  almost  double  t h e  
energy  content  pe r  unit  of weight  (Winberg,  1971). Significant amounts  (up to about  
30 %) of b iochemica l  energy  are  b o u n d  in chitin of the  exoske le ton  (Fig. 11) and,  thus, 
lost with the  exuvia.  The  gap  b e t w e e n  energy  va lues  es t imated  from C a n d  those from 
biochemica l  const i tuents  (Fig. 10, u p p e r  graph),  as well  as the s lope < I in the  regress ion  
hne that  hnks  these  values  with each  other  (Fig. 10, lower  graph),  may  be  exp l a ined  with  
a signif icant  contr ibut ion to total  ene rgy  by  b iochemica l  compounds  o ther  than  those 
m e a s u r e d  here.  

Indiv idual  oxygen  consumpt ion  (R) of juveni le  H. araneus  was,  on the  average ,  
h igher  than that  of the  p reced ing  m e g a l o p a  and  other  larval  s tages  of the  same  species,  
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while carbon-specific and weight-specific respiration (QO2) values were lower (cf. Anger, 
1990; Anger  et al., 1989). As in all larval stages of this, and of other decapod species 

(Anger ,  1991), QOz was maximum in early postmoult, then it decreased, and  eventual ly  
remained fairly constant  in the intermoult  and later phases of the moul t ing cycle (Fig. 12). 
This correspondence suggests a consistent pattern of metabolic activity in tissues of 
decapods, possibly throughout  their hfe cycle. It is mainly caused by the formation of 
chitin and  inorganic materials in the cuticle which do not take part in metabolic  activity of 
the animal. 

When  ins tan taneous  growth rates (expressed as units of organic carbon per indi- 
v i d u a / a n d  per uni t  of time) are calculated from regression curves (Figs 1, 2) and  related to 
metabohc combust ion of organic C, C-based net  growth efficiency, K2, may be calculated 
(Fig. 12, lower graph). The same can be done in energy units ins tead of C (Gnaiger, 
1983). The result is in both cases an increasing trend in K2 dur ing growth of the first two 
juvenile  instars of H. araneus .  This is at variance with previous f indings in larvae of this 
and other decapod species (Anger, 1991) and might indicate a major difference be tween  
food conversion and  growth strategies of l a rva /and  juveni le  stages. However,  the body of 
bioenergetic data on early juveni le  crabs is at present  very poor, and  further comparative 
studies are needed  for safe conclusions. 
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