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ABSTRACT: Moult  cycle and morphogenes i s  in  larval instars (zoea I, zoea II, megalopa) of the 
spider crab Hyas araneus (L.) were s tudied in the laboratory. Changes  in the epidermis  and  cuticle 
were  documented  photographical ly  at daily intervals to characterize the stages of the  moult  cycle. 
Stage A {early postmoult) is a very short per iod dur ing which  the larva takes up water. During late 
postmoult  {B) and  intermoult  (C) the endocuticle  is secreted, and  there is conspicuous epidermal  
t issue condensa t ion  and  growth. The onset  of early premoul t  (D0} is character ized by epidermal  
apolysis, occurring first at  the  bases  of the  setae in  the telson of zoeal instars or in  the rostrum of the  
megalopa,  respectively. Intermediate  premoul t  (D1) is the ma in  period of morphogenesis ,  in  
par t icular  of setogenesis:  in  the  setae of the  zoeat telson and  carapace there  is invagina t ion  or (in 
the  zoea II) degenera t ion  of ep idermal  tissues. Formation of new setae in  the  interior of ep idermal  
tubules  was observed in  zoeal maxi l l ipeds and  in the an t ennae  of the  zoea II and  mega lopa  instars. 
During late premout t  {Stages D2_4) part  of the  new cuticle is secreted, and  the  results of mor- 
phogenes is  become clearly visible. For technical  reasons (rigid exosketeton) only a prel iminary 
account  of the moult  cycle in the mega lopa  can be  given. A t ime schedule  is suggested for the stages 
of the  moult  cycle. It is es t imated that  postmoult  (A-B) takes ca 9 to 15 % of total instar  duration, 
intermoult  (C) ca 22 to 37 %, and  premoul t  (D) ca 48 to 69 %. There is an  increas ing t rend of relat ive 
portions of t ime (% of total  instar  duration) from instar to instar  in  Stages A - C  {mainly in the latter} 
and  a decreas ing t rend in Stage D {mainly in D o and  D2_4). 

I N T R O D U C T I O N  

P o s t e m b r y o n i c  d e v e l o p m e n t  a n d  g r o w t h  of c r u s t a c e a n s  is  d e p e n d e n t  o n  t h e  r e p e -  

a t e d  p r o c e s s  of m o u l t i n g .  S h o r t l y  a f t e r  e a c h  ecdys i s ,  a n e w  c y c l e  of m o r p h o l o g i c a l  

c h a n g e s  b e g i n s  i n  t h e  e p i d e r m a l  a n d  c u t i c u l a r  s t ruc tu re .  T h e s e  p r o g r e s s i v e  m o u l t  

p r e p a r a t i o n s ,  w h i c h  a r e  t e r m e d  " m o u l t  cyc l e" ,  c a n  b e  c l a s s i f i e d  i n  d e c a p o d s  a c c o r d i n g  

to t h e  s y s t e m  p r o p o s e d  b y  D r a c h  (1939) a n d  e x t e n d e d  b y  T c h e r n i g o v t z e f f  (1965) a n d  

D r a c h  & T c h e r n i g o v t z e f f  (1967). 

M o u l t  cyc l e s  or  p a r t s  t h e r e o f  h a v e  b e e n  i n v e s t i g a t e d  i n  m a n y  a d u l t  c r u s t a c e a n s  

( H e l p  & B e l l o n - H u m b e r t ,  1978;  D e x t e r ,  1981; B u c h h o l z ,  1982}, b u t  o n l y  i n  f e w  l a r v a e :  

B r o a d  & H u b s c h m a n n  (1963) n o t e d  s o m e  g ross  m o r p h o l o g i c a l  d e t a i l s  i n  s h r i m p  l a r v a e  

(Palaemonetes kadiakenMs) a n d  Rao  e t  al .  (1973} b r i e f l y  d e s c r i b e d  c h a n g e s  f r o m  i n t e r -  

m o u l t  to  e a r l y  p r e m o u l t  i n  l o b s t e r  l a r v a e  (Homarus americanus]. H e r p  & B e l l o n - H u m b e r t  

(1978} g a v e  a d e t a i l e d  a c c o u n t  of t h e  m o u l t  c y c l e  i n  Astacus leptodactylus l a r v a e .  

M c N a m a r a  e t  al .  (1980) s t u d i e d  m o r p h o l o g i c a l  a n d  p h y s i o l o g i c a l  c h a n g e s  d u r i n g  t h e  

f i rs t  l a r v a l  s t a g e  of Macrobrachium oilers11. T h e s e  l a r v a e  a r e  w e l l  c o m p a r a b l e  to  t h e  
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juveni les  of penae id  p rawns  [Penaeus californiensis and  R stylirostris) inves t iga ted  by 
Huner  & Colvin (1979). Only  Freeman  & Costiow (1980) a nd  McConaugha  (1982) 
descr ibed morphogenesis  and  moul t  cycle in  b rachyuran  larvae (Rhithropanopeus har- 
risii). 

Besides these at least  in  part morphological  studies there are a n u m b e r  of others 
referr ing to the hormonal  and  biochemical  changes  related to the moul t  cycle (Freeman 
& Costlow, 1979, 1980; McConaugha  & Costlow, 1981; McConaugha ,  1982). 

The present  inves t iga t ion  at tempts to describe morphological  changes  in  the epider-  
mis and  cuticle of larval  spider  crabs, Hyas araneus (Brachyura), and  to provide a t ime 
scale for these events. Knowledge  of the relat ive durat ions of the moul t  cycle stages is of 
utmost  importance for the unde r s t and ing  of changes  in  larval  food requ i rements  (Anger 
& Dawirs, 1981; Anger  et al., 1981), growth patterns, and  b iochemical  processes (Anger 
& Dawirs, 1982; Anger  et al., 1983; Dawirs, 1983). The external  morphology of H. 
araneus larval  instars has b e e n  described in  detail  by Chr is t iansen (1973). 

MATERIAL AND METHODS 

Larvae of Hyas araneus were ob ta ined  from ovigerous females collected near  
Helgo land  (North Sea), reared ind iv idua l ly  at constant  12 °C, and  fed Artemia spec, 
naup l i i  and  Brachionus plicatilis as descr ibed in  detai l  by  Anger  & Dawirs (1981). 

Samples  of live larvae (3 to 5 individuals)  were t aken  from culture vials at 24 h 
intervals  and  pipet ted into a compression chamber  as des igned  by Uhlig & Heimberg  
(1981). They were examined  by means  of an  inver ted  t ransmit ted  l ight  microscope 
"Axiomat IDC" (Zeiss, W. Germany),  app ly ing  differential  in te r ference  contrast 
(Nomarski). After hav ing  b e e n  pressed be tween  the coverslips the larvae died. There-  
fore, new  indiv iduals  had  to be  t aken  every day for microscopical  examinat ion.  Fotos 
were t aken  with a bu i l t - in  35 m m  camera (Zeiss) us ing  Agfapan  Professional ASA 25 
(Agfa Gevaert,  W. Germany)  film and  automatic exposure control. 

Changes  in  the in te rna l  structures (epidermis and  cuticle) were s tudied and  
documented  at dai ly intervals  dur ing  the entire larval  development ,  which  took ca 2 
months.  

The study concentra ted on the fol lowing parts of the larval  body: in  the zoeal  instars 
main ly  the telson was examined ,  addi t ional ly  the dorsal and  rostral carapace spines, the 
an tennae ,  and  the maxil l ipeds.  Of the telson the med ian  part was examined  thoroughly 
(Fig. 1), inc lud ing  (a) the bases  of the three inner  setae on each side, (b) the region 
a round the lateral spine,  and  (c) the outer marg in  of the telson adjacent  to the lateral  

Fig. 1. Hyas araneus, zoea I: telson with areas of reference, a = bases of inner setae; b = region of 
the lateral spine; c = outer margin 

Fig. 2. Hyas araneus, zoea I; telson (region a in Fig. 1) with spongy epidermis (ep). Stage A 
(immediately after hatching) 

Fig. 3. Hyas araneus, zoea h telson (region a in Fig. 1} with condensing epidermis (ep). Stage B (less 
than 1 day after hatching) 

Fig. 4. Hyas araneus, zoea h telson (region a in Fig. 1); with condensed epidermis (ep) and 
reenforced cuticle (cu). Stage C (2 days after hatching) 
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spine.  At the lat ter  site, the cut icle  th ickness  was measured .  In the second instar, the  
l imb buds were  cons idered  as well .  

In general ,  carapace  spines are less sui table for use in s tage-class i fying than the 

zoeal  telson, because  in the  latter it is much  easier  to f ind exact ly  the same spot in 

different individuals .  In the megaiopa ,  observat ion of internal  structures was difficult 

because  of the much more  r igid exoske le ton  and the lack of long, t ransparent  spines. In 
this instar, main ly  the rostrum and the an tennae  w e r e  examined .  The  th ickness  of the 

cut icle  was measured,  in this case at the marg in  of the rostrum and in the fourth s egmen t  
of the antennal  f lagel lum.  

To prevent  confusion of the stages of larval  d e v e l o p m e n t  wi th  those of the moult  

cycle, the term "s t age"  wi l l  be  used  to des igna te  a uni t  of the moul t  cycle, us ing  Drach 's  

nomencla ture ,  whereas  the instars of larval  deve lopmen t  wi l l  be  referred to by their  

n a m e  (zoea I, zoea  II, mega lopa)  or in genera l  by the te rm "instar" .  The  very  first instar, 
the  praezoea,  lasts only  a brief  per iod of a few minutes  to max ima l ly  a few hours. It is not 

cons idered  in this invest igat ion.  The  term "ha tch ing"  therefore  refers he re  to the moult  
from the prezoeai  to the first zoeal  instar. 

RESULTS 

Z o e a  I 

Stage A (early postmoult) 

Immedia te ly  after moult ing,  the exoskele ton  is very  thin, the larval  body is com- 
p le te ly  soft. This can be  ascer ta ined by probing with forceps. The  ep ide rma l  tissues have  

a spongy structure (Pig. 2). The  thickness  of the cuticle at the outer  marg in  of the telson is 
ca 1.3 (1.2 to 1.4) ~m. 

Stage  A is a very  brief  per iod  (less than one hour) in which  the larva takes  up water  

unti l  the cuticle is fully ex tended  and the body with  all its spines  and a p p e n d a g e s  has 
ga ined  the final shape  characteris t ic  of the instar. 

Stage B (1ate postmoult) 

Most of the endocu t ic le  is secre ted  dur ing  this stage. Thus, the exoske le ton  becomes  
elast ic  and increas ingly  rigid. The  ep ide rmal  t issues beg in  to concent ra te  a long  the 

cut icle  surface, and they b e c o m e  denser  compared  to those of ear ly  pos tmoul t  (Fig. 3). 

Fig. 5. Hyas araneus, zoea I: telson (regions a and b in Fig. 1) with growing epidermis (ep); apolysis 
(ap) at setal bases. Stage D O (4 days after hatching) 

Fig. 6. Hyas araneus, zoea h telson (region a in Fig. 1); epidermis {ep) with advanced apolysis (ap) at 
setal bases and in the outer ramus; cu = cuticle. Stage Do, early premoult, (advanced; 6 days after 

hatching) 

Fig. 7. Hyas araneus, zoea h telson (regions a and b in Fig. 1); outer ramus filled with epidermal 
tissue (ep), showing advanced apolysis (ap); fold of invagination (fi) at setal bases; secondary 

spinules (ss) on new setae; cu = cuticle. Stage D i (early; 7 days after hatching) 

Pig. 8. Hyas araneus, zoea I: telson (regions a, b and c in Pig. 1); deep folds of invagination (fi) at 
setal bases and in the proximal part of the irmer ramus; new setae with secondary spinules (ss); 
outer margin with old cuticle (cu) and epidermal apotysis (ap). End of Stage D 1 / beginning of D 2 

(8.5 days after hatching) 



O
 

O
~ 

c~
 



290 K. Anger  

Postmoult Stages A and  B combined  last for ca I day at 12 °C. The cuticle at the outer 
marg in  of the telson reaches ca 3.5 (3.4 to 3.7) ~m, w h e n  in termoul t  (Stage C) is 
approached.  

Stage C (intermoult) 

Condensa t ion  of the ep idermal  tissues cont inues  (Fig. 4), accompanied  by increas- 
ing  tissue growth toward the end  of this stage (cf. Fig. 5). The endocut ic le  is still be ing  
reinforced, bu t  the rate of secretion decreases and f inally ceases dur ing  intermoult .  At 
the outer marg in  of the telson, the cuticle thickness f inal ly reaches ca 4.8 (4.6 to 5.0) [~rn. 

The mean  dura t ion of Stage C is ca 2.5 days at 12 °C. It is character ized by  a lack of 
drastic morphological  changes,  by the complet ion of the endocuticle,  and  by an apparent  
accumula t ion  of l iv ing  biomass (tissue growth) in the entire larval  body. 

Stage Do (early premoult) 

Epidermal  t issues have further increased in  both volume and  densi ty  (Fig. 5). 
Separat ion of the ep idermal  matrix from the cuticle (apolysis) can be  observed first unde r  
the art iculat ion of the inne r  setae of the telson, ca 3.5 days after ha tch ing  of the zoea I 
(Fig. 5). During the fol lowing ca 3 days of development ,  the epidermis  attains an 
increas ingly  fibrous structure, and  apolysis proceeds in  the rami  of the bifurcated telson 
(Fig. 6), in the carapace spines, and  in  the appendages .  Due to con t inu ing  ep idermal  cell 
growth, the distal parts of larger  spines and  df the telson rami become solidly filled with 
dense  tissue (cf. Fig. 7). At the end  of this stage of the moul t  cycle, the first secondary 
spinules  already b e g i n  to appear  on the new setae, i.e. before the first signs of 
invag ina t ion  can be observed. 

Stage D~ (intermediate premoult) 

Seven days after hatching,  invag ina t ion  has a l ready started with the ar t iculat ion of 
the inne r  telson setae, and  the secondary spinules  are now clearly vis ible  (Fig. 7). 
Retraction of the new  spines, an tennae ,  and  telson branches  from the sheaths of old 
cuticle cont inues dur ing  Stage D~, which lasts for ca 2 days. In the second half of this 
phase,  invag ina t ion  and  formation of secondary sp inules  also take place there. Figure 8 
shows the b e g i n n i n g  of invag ina t ion  in  a ramus of the telson and  contemporar i ly  
advanced  morphogenesis  in  an inner  seta. Apolysis now starts in  the maxil l ipeds.  

Fig. 9. Hyas araneus, zoea I: telson (region a in Fig. 1); new inner lateral seta (ns) of the zoea II 
instar; maximum invagination (fi)~ new cuticle (ncu) conspicuous on secondary- spinules (ss); cu = 

old cuticle. Stage D2_ 4 (10 days after hatching) 

Fig. 10. Hyas araneus, zoea I: dorsal carapace spine (DCS) and antenna (ANT); detached epidermis 
(ep), in the antenna with secondary spinules and new cuticula (ss/ncu), pleated in the dorsal spine; 

cu = old cuticle. Stage D2.. 4 (10 days after hatching) 

Fig. 11. Hyas araneus, zoea h exopodite of maxitliped with old cuticle (cu), advanced apolysis (ap), 
reduced epidermis in the natatory setae; new setae (ns) formed inside epidermal tubules. Stage D2_ 4 

(9 days after hatching) 

Fig. 12. Hyas araneus, zoea h telson (region a in Fig. 1); new setae withdrawing from old setal 
sheaths. Stage D3_ 4 (11 days after hatching; immediately before moulting) 
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In the distal region of the old setae and  spines, a long f i lament  appears,  which 
separates the old and  n e w  processes. The epidermis in  the proximal  parts of the ne w  
a n t e n n a e  and  long spines  acquires a p lea ted  appearance,  whereas  in  the distal regions it 
remains  unfolded with clearly vis ible  spinules  deve lop ing  on its surface (cf. Fig. 10). 

The epidermal  t issues in  the natatory setae on the maxi l l iped  exopodites detach 
from the cuticle dur ing  Stage D 1 and  beg in  to degenerate .  Stage D~ may be def ined as 
the t ime when  morphogenes is  of new epidermal  structures ma in ly  takes place. At the 
end  of this stage, ca 8.5 days after ha tching  of the larva, the fold of invag ina t ion  has 
reached its farthest point  in  all  setae, and  it is h igh ly  advanced  in  the branches  of the 
telson as wel l  as i n  spines  and  an tennae .  Completely  ne w  setae and  appendages  (e.g. 
two addi t ional  setae on the inne r  marg in  of the telson; Fig. 9) are formed dur ing  this 
stage, The epidermis  still lacks a new  cuticle. 

Stages D2_ 4 (late premoult)  

It would  be very difficult and  arbitrary to discern the temporal  sequence  of premoul t  
Stages D 2 to D 4 in H. araneus larvae. Therefore, in  accordance with F reeman  & Costlow 
(1980}, they are considered as combined  in  this study. 

The b e g i n n i n g  of Stage D 2 is characterized by the appearance  of ne w  cuticle. This is 
first vis ible  on the setae and  secondary spinules  of the te lson (Fig. 9), t hen  on all other 
surfaces of the epidermis,  which  has meanwhi l e  completely retracted from the exoskele- 
ton a long the spines, an tennae ,  and  other appendages  (Fig. 10). 

Morphogenesis  t ak ing  place in  the distal segment  of the maxi l l iped  exopodites 
becomes  clearly vis ible  in  Stage D2, w h e n  the new  cuticle is secreted: n e w  natatory setae 
(6 ins tead  of 4) are formed in  deep tubules  wi thin  the epidermis  of this segment ,  whi le  
the epidermis  in  the old setae is resorbed (Fig. 11). 

Shortly before moul t ing  (D3.~), the epidermis reaches its greatest  retract ion from the 
old cuticle, and  n e w  setae wi thdraw from their old sheaths {Fig. 12). No microscopical 
ev idence  has b e e n  found that  there is s ignif icant  degenera t ion  in the old larval  ex- 
osketeton: the thickness  of the cuticle at the marg in  of the te lson was not  found to 
decrease dur ing the final per iod of the moult  cycle. W h e n  probing  with forceps, 
however,  the larvae appeared  to have a softer carapace cuticle than  that of earlier 
premoul t  and  intermoult .  

Observat ions suggest  that Stage D 2 takes up most of the t ime of late premoult ,  which 
al together  lasts for ca 3 days. Moul t ing  (Stage E) is a very brief process. As f requent ly  
observed in  the laboratory, it takes only a few minutes .  There  is no coordinat ion of 
moul t ing  with the dai ly l ight  cycle. 

Fig. 13. Hyas araneus, zoea Ii: pereiopod buds with cuticle sheath (cu) and dactyl spine formation 
(ds); ep = epidermis. Stage C (5 days after moulting) 

Fig. 14. Hyas araneus, zoea II: pereiopod bud with advanced dactyl spine formation (ds) and 
developing new setae (ns); ep = epidermis; cu = cuticle sheath. Stage D O (7 days after moulting) 

Fig. 15. Hyas araneus, zoea II: megalopal rostrum developing within the cuticle sheath (cu) of the 
rostral spine; ep = epidermis. Stage D 1 {ti days after moulting) 

Fig. 16. Hyas araneus, zoea II: telson with degenerating epidermis (deg) in the rami, setae, and 
spines. Stage D 1 (9 days after moulting) 
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Z o e a  II 

Stages A and B 

Postmoult appears as in the zoea I (Figs 2 and 3), Shortly after moulting, the 

thickness of the cuticle at the outer margin of the telson is ca 2.8 (2.6 to 3) ~m. This is 

about double the value found in the zoea I. It increases within 2 days to ca 4.7 (4.6 to 

4.8) ~m. 
As in  the zoea I, the concentrat ion of ep idermal  t issue can be clearly observed in  the 

telson, the carapace spines,  the an tennae ,  and  in  the mega lopa l  l imb buds.  There  is no 
clear t ransi t ion b e t w e e n  Stages B and  C. 

Stage C 

Most characters are as in  the zoea I (cf. Fig. 4). The final  cuticle th ickness  (see above) 
reaches ca 7.7 (7.5 to 8.0) ~m 6 days after moult ing.  It is aga in  about  double  the thickness 
measured  in  the zoea I. 

Unl ike  the s i tuat ion in  the zoea I, some morphogenes is  a l ready occurs dur ing  
intermoult :  there is ev ident  dactyl spine formation in  the thoracic appendages  (limb 
buds) (Fig. 13), 

Stage D O 

The first gaps between retracting epidermis and cuticle are observed 6 days after 
moult ing. Apparent detachment begins at both the inner and outer margins of the telson 
in  the region of the outer and dorsal spines. Epidermis retraction is s imi lar  to that in  the 
zoea I instar (Figs 5 and 6). 

A l ready on day 7 of zoea II  development there is far advanced apolysis in  the telson, 
in  the carapace spines, and  in  the an tennae .  Retraction of setae a nd  spines  from their  
sheaths beg ins  earl ier  in  Stage D o than  in  the zoea I instar. By day 8 apolysis is complete, 
and  retraction of setae and  spines  is much advanced.  

Morphogenesis  of the l imb buds  proceeds fast dur ing  this stage: in  the chel ipeds 
myomere  formation begins ,  and  the differentiation of the dactyl spine and  of setae in  the 
posterior pereiopods is advanced  (Fig. 14). 

Stage D I 

In contrast to the zoea I, the in te rmedia te  phase of premoul t  is characterized more by 
epidermal  degenera t ion  than  by invaginat ion.  The tissues of carapace spines  are 

Fig. 17. Hyas araneus, zoea II: telson with degenerating epidermis (deg) in the outer ramus and the 
inner setae. Stage D t (9 days after moulting) 

Fig. 18. Hyas araneus, zoea Ih telson with advanced degeneration (deg) of epidermis; shape of 
megalopal telson already for]ned. Stage D2_ 4 (12 days after moulting) 

Fig. 19. Hyas araneus, zoea II: megalopal pereiopod inside the cuticle sheath (cu) of the limb bud; 
dactyl spine (ds) with fold of invagination (fi), new setae (ns); secondary spinules (ss), and new 

cuticle (ncu). Stage D2_ ~ (11 days after moulting) 

Fig. 20. Hyas araneus, zoea II: dorsal spine with signs of degenerating cuticle and fungal filaments. 
Stage D2_ 4 (13 days after moulting) 
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resorbed,  b e g i n n i n g  from the t ips  and  p roceed ing  proximal ly .  In addi t ion,  the  m e g a l o p a l  
rostrum is now formed wi th in  the shea th  of the rostral  sp ine  (Fig. 15) by  e p i d e r m a l  
re t rac t ion  and  shr inking .  

The  b ranches  of the  te l son  wi th  a l l  sp ines  and  se tae  d e g e n e r a t e  (Fig. 16, cf. Fig. 18). 
The  inner  se tae  r ema in  as  th in  f i laments  (Figs 17 and  18) unt i l  l a te  premoul t .  As in the  
zoea  I, those structures are  found on the  t ips of al l  re t rac ted  processes  such as sp ines  and  
setae.  

Morphogenes i s  of a p p e n d a g e s  is qui te  appa ren t  dur ing  p remou l t  in  the  zoea  II, as 
the  morpho log ica l  changes  toward  the  m e g a l o p a  are  much  grea te r  t han  b e t w e e n  the 
zoeal  instars.  From the  b e g i n n i n g  of S tage  D 1 (ca 8.5 days  af ter  moult)  there  is 
i nvag ina t ion  in the  p rox ima l  par t s  of the  dac ty l  sp ines  in  the  pe re iopods  (cf. Fig. 19), and  
m yomere  format ion is c o m p l e t e d  dur ing  the  ca 2 clays this  s tage  lasts.  Morphogenes i s  of 
n e w  structures can also b e  obse rved  in  the  maxi l l ipeds ,  the  p leopods ,  and  the  an tennae .  

At  the  end of S tage  D~, somewha t  less than  11 days  after moul t ing ,  d e g e n e r a t i o n  
processes  are more or less comple ted .  The n e w  te lson  has  a l r e a dy  a t t a ined  the shape  it 
wi l l  have  in the  m e g a l o p a  ins tar  (Fig. 18). This is much different  from morphogenes i s  in 
the zoea I te lson (cf. Fig. 9). 

Stages D2~ 4 

Stage  D 2 beg in s  wi th  the  a p p e a r a n c e  of the  n e w  cuticle,  ca 11 days  after  moul t ing .  It 
can c lear ly  be  seen  in  the  dac ty l  spine,  the  setae,  and  the s econda ry  sp inu les  of the  
pe re iopods  (Fig. 19), wh ich  h a d  b e e n  comple t ed  in the i r  f inal  morpho logy  dur ing  Stage  

D1. 
In la te  p remoul t  there  are  some microscopical  ind ica t ions  of pa r t i a l  exoske le ton  

degene ra t i on  in the d is ta l  par ts  of the  ca rapace  spines  and  of the  telson:  in those regions  
the  cut icle  appea r s  thin, and  it often turns da rk  and tends  to b r e a k  a w a y  (Figs 18 and  20). 
Close  examina t ion  suggests ,  however ,  that  chi t in  is, to a g rea t  extent ,  not  r e so rbed  there  
by  the la rva l  body,  bu t  r a the r  by  fungi  se t t l ing  p re fe rab ly  on "ho l low"  par ts  of the  
exoske le ton  (Fig. 20). Probing  of the  exoske le ton  revea l s  tha t  at leas t  in  the  ca rapace  
reg ion  there  must  be  some resorp t ion  of the  old cuticle by  the la rva l  body.  

M e g a l o p a  

Stages A - C  

As in the  previous  s tages.  The  cut ic le  th ickness  was  m e a s u r e d  (1) at  the  m a r g i n  of 
the ros t rum in the reg ion  w h e r e  it narrows,  near  the  bo rde r  of the  th i rd  and  fourth 
segments  of the an tennaf  f lage l lum;  (2) in  the midd l e  of the  fourth s e gme n t  of the  
an tenna l  f lagel lum.  Short ly  before  moul t ing  (still in flae shea th  of the  rostral  sp ine  of the  
zoea II [cf. Fig. 15]) and  short ly after it (Fig. 21a), the  rostral  cut ic le  th ickness  is ca 2.6 
(2.4-2.8) ~tm. Four days  after  mou l t ing  it has  grown to ca 5.9 (5.7-6.2) ~tm, the  approxi -  
mate  f inal  thickness .  In the  a n t e n n a l  f lage l lum,  the  cut ic le  is reenforced  from in i t i a l ly  ca 
1.5 (1.3-1.6) pxn to ca 2.7 (2.5-2.8) ~m dur ing  the  same t ime span.  

Three  to four days  after  mou l t i ng  the  e p i d e r m a l  t issues  have  condensed  cons ider -  
ably,  and  most of the  endocu t ic le  has  b e e n  secre ted  (Fig. 21). This m a y  b e  de f ined  as the  
approx imate  border  b e t w e e n  Stages  B and  C in the m e g a l o p a  instar.  
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As in the  zoea l  instars,  in te rmoul t  does  not  r evea l  dras t ic  morpho log ica l  changes .  
S tage  C is ma in ly  charac te r i zed  b y  a p p a r e n t  t issue growth,  i.e. accumula t ion  of l iv ing  
biomass .  

Fig. 21. Hyas araneus, megalopa: rostrum, (a) immediately after moulting (Stage A), and (b) one day 
later (Stage B). ep = epidermis; cu = cuticle 

Fig. 22. Hyas araneus, megalopa: rostrum with detaching epidermis (ep), gap of apolysis (ap), 
cuticle (cu). Stage D o (14 days after moulting) 

S t a g e s  Do_ 4 

The  b e g i n n i n g  of S tage  Do can b e  c lear ly  seen  in  the  rostrum, w h e n  the ep ide rmis  
de taches  from the  cut ic le  14 days  after  moul t ing  (Fig. 22). In the  an tennae ,  pere iopods ,  
p leopods ,  and  o ther  a p p e n d a g e s ,  apo lys i s  does  not  a p p e a r  unt i l  day  15 to 17. 

18 days  after  moul t ing,  s epa ra t i on  of the ep ide rmis  from the cut icle  is p rac t ica l ly  
complete .  S imul taneous ly ,  there  ist ev iden t  morphogenes i s  of new se tae  and  myomeres  
in  the  an tennae .  The rostral  ep ide rmis  has  b e e n  r e d u c e d  to the  approx ima te  size and  
shape  of the crab rostrum. This m a y  be  cons ide red  the  b e g i n n i n g  of S tage  D~. A d v a n c e d  
morphogenes i s ,  a c c o m p a n i e d  by  n e w  cut icle  format ion (Stage D2), becomes  appa ren t  ca 
22 days  after moul t ing.  

The dura t ion  of p remoul t  is h igh ly  var iable .  Metamorphos i s  in the m e g a l o p a e  used  
in this  s tudy occurred  23 to 32 days  after mou l t ing  from the zoea  II instar.  The 
app rox ima te  m e a n  dura t ion  of the  p remou l t  S tages  D 0, D 1, and  D2_ ~ m a y  be  es t ima ted  as 
4, 4, and  5 days,  respect ive ly .  These  f igures,  however ,  must  be  cons ide red  pre l iminary ,  
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as the simple microscopical  methods appl ied  in  this s tudy do not  al low a re l iable  
subdivis ion of the premoul t  stages in  the megalopa  because  of its r igid and  opaque  
exoskeleton. Further informat ion wil l  be  ga ined  employing  histological  techniques.  

A b s o l u t e  a n d  r e l a t i v e  d u r a t i o n s  of t he  m o u l t  c yc l e  s t a g e s  

An  approximate t ime scale for the moul t  cycle stages in  all  larval  instars is g iven  in  
Figure  23. 
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Fig. 23. Hyas  araneus: time schedule for the moult cycle in all larval instars at 12 °C. Duration of the 
single stages given in days and as percentage of instar duration (the latter in parentheses) 

The length  of early postmoult  (A) is neg l ig ib le  in  comparison to the rest of the moul t  
cycle in  all larval  instars of H. a r a n e u s .  Therefore, it is omitted in  Figure 23. Late 
postmoult  (B) appears  to increase  slightly both in  terms of absolute  and  relat ive figures 
from ca 1 day (9 % of instar  duration} to ca 4 days (15 %) with larval  deve lopment  
(Fig. 23). Since the t ransi t ion be tween  postmoult  a nd  interrnoult  is not  very clear, this 
t rend might  be  ins igni f icant  in  percentage  figures. 

The intermoult  per iod (C) increases conspicuously both in  absolute  and  relat ive 
terms (Fig. 23). It amounts  to circa one fifth to one fourth of zoea I duration,  and  more 
than  one third of the megalopa.  As a consequence,  the relat ive t ime of premoul t  as a 
whole becomes shorter from instar  to instar. The shor tening of premoul t  takes place 
ma in ly  in  D o and, somewhat  less, in  D2_ 4. D 1 appears  rather  constant  in  dura t ion  w h e n  
relat ive figures are cons idered  (15-18 %). Since total instar  durat ion increases  dur ing  
larval  development ,  this means  increas ing  absolute t ime spans for in te rmedia te  pre- 
moul t  (D1}. 
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DISCUSSION 

Class i fy ing  the s tages  of the  moul t  cycle  in  d e c a p o d  l a rvae  bea r s  a number  of 
p rob lems  to be  cons ide red  before  a t t empt ing  to compare  our own observat ions  wi th  
l i te ra ture  data :  be s ide s  i nd iv idua l  va r ia t ion  in  the  s p e e d  of d e v e l o p m e n t  there  is a l a ck  
of synchrony wi th in  di f ferent  par t s  of the  la rva l  body.  This  is pa r t i cu la r ly  obvious  in 
events  such as apolys i s  or i nvag ina t i on  wh ich  can  first be  obse rved  nea r  the  se ta l  ba ses  
in the  telson,  and  only  la te r  in  l a rge r  sp ines  or a p p e n d a g e s .  S imi la r  var ia t ion  was  also 
obse rved  b y  van  Herp  & Be l lon -Humber t  (1978) and  Dexter  (1981). F r e e m a n  & Cost low 
(1980) s ta ted  that  " e p i d e r m a l  events  occur at app rox ima te ly  the  same  ra te  in al l  reg ions  
of the  in t egumen t" ;  however ,  t hey  cons ide red  only the  dorsa l  sp ines  and  an t ennae  in 
R h i t h r o p a n o p e u s  harr i s i i  larvae.  Since in  H y a s  a r a n e u s  the  moul t  cycle  events  a re  
somewha t  d e l a y e d  in  these  par ts  of the  la rva l  body  as c o m p a r e d  to the  telson,  a s imi lar  
pa t t e rn  migh t  b e  expec t ed  in  R. harr i s i i  too. In the  p resen t  inves t iga t ion  the ear l ies t  
occur rence  of e p i d e r m a l  events  was  u sed  to de s ign  a t ime  schedule .  

Ind iv idua l  va r ia t ion  in the  occurrence  of moul t  cycle  events  was  found to be  
gene ra l l y  low in H. a r a n e u s  zoeae .  P re l iminary  observat ions  sugges t  that  i nd iv idua l  
var ia t ion  in d e v e l o p m e n t  t ime as found par t i cu la r ly  in the  m e g a l o p a  instar  may  ma in ly  
be  e x p l a i n e d  by  var ia t ion  in the  la te  p remoul t  pe r iod  (D2-4). This is p r o b a b l y  in  contrast  
to ex te rna l ly  i m p o s e d  var ia t ion  due  to s tarvat ion  (Anger  & Dawirs,  1981) or hormonal  
man ipu l a t i ons  (F reeman  & Costlow, 1980), which  a p p e a r  to affect ma in ly  the  in te rmoul t  
pe r iod  (C). 

The  t e chn ique  of p r e p a r a t i o n  is also of p r imary  impor tance :  as obse rved  in  p re l imi -  
na ry  expe r imen t s  and  also b y  Buchholz  (1982), p rese rva t ion  of p l ank ton ic  crus taceans  in 
a lcohol  or fo rma ldehyde  resul ts  in ar t i f ic ia l ly  c h a n g e d  e p i d e r m a l  structures.  Such 
art ifacts m a y  exp la in  why  Dexter  (1981) found "apolys i s"  dur ing  intermoult .  Therefore,  
the  e x a m i n a t i o n  of l ive  ma te r i a l  ce r t a in ly  y ie lds  more r e l i ab l e  resul ts  than  the s tudy  of 
p r e s e r v e d  animals .  The  d i ssec t ion  of a p p e n d a g e s  as  car r ied  out  e.g. b y  He rp  & Bellon- 
H u m b e r t  (1978) and  Buchholz  (1982) can  also c h a n g e  s t ructures  to b e  s tudied:  w h e n  
h a e m o l y m p h  p ressure  s u d d e n l y  drops,  the  ep ide rmi s  is often d is loca ted ,  and  it can 
pa r t i a l l y  s epa ra t e  from the cuticle.  For this  reason,  the  compress ion  chamber  desc r ibed  
by  Uhl ig  & H e i m b e r g  (1981) was  found to be  su i tab le  for the  s tudy of smal l  c rus taceans  
such as b r a c h y u r a n  larvae.  S imi la r  p rob lems  migh t  be  expec t ed  in  other  ar thropods.  

Drach ' s  s t age-c lass i fy ing  sys tem (Drach & Tchernigovtzeff ,  1967) appea r s  to be  
g e n e r a l l y  a p p l i c a b l e  for d e c a p o d  l a rvae  also; however ,  modi f ica t ions  and  extens ions  
wi l l  b e  necessary ,  w h e n  more  informat ion  on la rva l  moul t  cycles  is  ava i lab le .  So far, the  
fo l lowing  charac te r iza t ions  m a y  b e  sugges ted :  the re  a re  no sharp  t ransi t ions  b e t w e e n  
ear ly  and  la te  postmoul t ,  and  b e t w e e n  the  la t ter  pe r iod  and  intermoult .  Dur ing  Stage  A 
the  la rva  ac t ive ly  t akes  up  wa te r  and  minera ls ,  thus cons ide rab ly  inc reas ing  in  both  wet  
and  dry  w e i g h t  (Anger  & Dawirs,  1982). Dur ing  that  t ime,  the  ep ide rmis  appea r s  
he t e rogeneous  (McNamara  et al., 1980), g ranu la r  and  uns t ruc tured  (Buchholz, 1982), or 
spongy  (cf. sec t ion  "'Results"). 

Dur ing  la te  pos tmoul t  (B) a n d  in t e rmoul t  (C), the  ep ide rmis  in  H. a r a n e u s  l a rvae  was  
found to condense  and  to g row (cf.  F r e e m a n  & Costlow, 1980). "Str ipe  pa t te rns"  
(Buchholz, 1982) or "se ta l  t racks"  (Dexter, 1981) were  not  obse rved  in  the  p resen t  study. 
Condensa t i on  of t issues  is a c c o m p a n i e d  by  s teep  increase  in  b iomass  (dry weight ,  
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carbon,  ni t rogen) and  an  equa l l y  s teep  dec rease  in the  wa te r  content  (Anger  & Dawirs,  
1982). 

A n g e r  & Dawirs  (1981) s u g g e s t e d  that  p remoul t  is s ta r ted  on ly  af ter  u n k n o w n  
essen t ia l  subs tances  (p re sumab ly  sterols) have  b e e n  t a k e n  up  wi th  food. W h e n  the  
amoun t  of " reserves"  exceeds  a cer ta in  level ,  fur ther  d e v e l o p m e n t  from D O th rough  
moult ing,  runs au tomat ica l ly ,  i n d e p e n d e n t  of p re sence  or a b s e n c e  of food. The  t ime  
schedu le  g iven  in  F igure  23, toge the r  wi th  the  expe r imen ta l  resul ts  b y  A n g e r  & Dawirs  
(1981) sugges t  a g a i n  tha t  in  zoea l  ins tars  this  " 'poin t -of - reserve-sa tura t ion"  (PRS) is 
i den t i ca l  to the  end  of S tage  C. Zoeae  fed  cont inuous ly  have  a lmost  d o u b l e d  the i r  
b iomass  at this s tage  (Anger  & Dawirs,  1982). In the mega lopa ,  the  t rans i t ion  b e t w e e n  
in termoul t  and  ear ly  p remou l t  co inc ided  wi th  a m a x i m u m  in b iomass  (Anger  & Dawirs,  
1982; A n g e r  et al., 1983). 

Summariz ing ,  pos tmoul t  and  in te rmoul t  m a y  be  cons ide red  c o m b i n e d  as the  pe r iod  
of cut icle  formation,  of r ese rve  accumula t ion ,  and  of r a p i d  t issue growth.  

The  b e g i n n i n g  of p r emou l t  is in i t i a t ed  by  apolysis ,  the  charac ter i s t ic  event  of S tage  
D o . Wi th  the  excep t ion  of Dexter  (1981; see  above),  this  def in i t ion  has  b e e n  used  
consis tent ly  th roughout  the  l i terature .  

The  fo l lowing phase ,  D 1, is gene ra l l y  cons idered  the pe r iod  of se togenes i s  (e.g. 
S t ephenson  et  al., 1968; He rp  & Bel lon-Humber t ,  1978; Buchholz,  1982}. There  are  
p r o b a b l y  two types  of se togenes i s :  (1) e p i d e r m a l  invagina t ion ,  and  (2) s tepwise  forma- 
t ion of a d o u b l e w a l l e d  t ubu l e  in  the  in ter ior  of the  e p i d e r m a l  t i ssue  (Dexter,  1981). D 1 
m a y  b e  subd iv ided  into  two or more  s tages,  the  subdiv i s ions  b e i n g  b a s e d  on the 
inc reas ing  dep th  of invag ina t ion .  M a x i m u m  depth  is g e n e r a l l y  cons ide red  the  s ign  for 
the  end  of D 1 (Stephenson et  al., 1968; M c N a m a r a  et al., 1980}. Buchholz  {1982} def ined  
this t ime  (DI" ' )  by  the  occur rence  of secondary  brist les .  In H .  a r a n e u s  zoeae ,  however ,  
secondary  spinules  we re  found a l r eady  at the  end  of S tage  D 0. 

The two types  of se togenes i s  were  desc r ibed  by  Drach (1944) and  b y  S tephenson  et  
al. (1968), respect ive ly .  Invag ina t ion  appea r s  to be  the  normal  case in sp ines  and  short  
setae.  The  tubule  type  was  obse rved  in  the  na ta tory  se tae  of the  zoea l  max i l l i peds  and  in 
deve lop ing  m e g a l o p a l  a n t e n n a e  of H. a r a n e u s .  Al though  Dexter  (1981} p roposed  a 
g e n e r a l i z e d  scheme of se togenes is ,  m a n y  de ta i l s  of la rva l  morphogenes i s  st i l l  r e m a i n  
unclear .  The connect ions  b e t w e e n  the moul t  cycle and  morphogenes i s  also requi re  
further analysis ,  s ince they  a p p e a r  to be  par t ly  i n d e p e n d e n t  processes  (McConaugha ,  
1982). 

Late p remoul t  (D2_4) is cha rac te r i zed  by  the format ion of n e w  cuticle .  Par t ia l  
d e g e n e r a t i o n  of the  o ld  cut ic le  in S tage  D 3 as known  from adu l t  c rus taceans  (e.g. Drach 
& Tchernigovtzeff ,  1967) was  not  d e a r l y  obse rved  microscopica l ly  in  la rva l  H. a r a n e u $ ,  

but  i t  was  sugges t ed  b y  mechan ica l  p rob ing  of the  ca rapace  wi th  forceps.  F r e e m a n  & 
Cost low (1980) r epor t ed  d e g e n e r a t i o n  "'in some reg ions"  of the  exoske l e ton  of R. h ~ s i i  

larvae,  however ,  wi thout  desc r ib ing  the i r  observa t ion  in  more  detai l .  It must  r ema in  
doubtful  as to wha t  ex ten t  this  p h e n o m e n o n  p lays  a role  in la rva l  crus taceans .  

Herp  & Be l lon-Humber t  (1978) found  se ta l  extrusions dur ing  la te  premoul t .  They  
may  have  been  caused  b y  mechan i ca l  damage ,  when  a p p e n d a g e s  we re  dissected.  They  
have  never  b e e n  obse rved  before  ecdysis  in H .  a r a n e u s  larvae.  Dexter  (1981) obse rved  
se ta l  evers ion  only du r ing  ecdys is  o r  short ly after it. Presumably ,  it  is a typ ica l  even t  of 
S tage  A. 
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T h e  t i m e  s c h e d u l e  for  m o u l t  c y c l e  e v e n t s  g i v e n  i n  F i g u r e  23 c a n  b e  c o m p a r e d  w i t h  

o n l y  v e r y  f e w  l i t e r a t u r e  da ta :  t h e  f i g u r e s  e s t i m a t e d  for  t h e  z o e a  I i n s t a r  a r e  s i m i l a r  to  

t h o s e  f o u n d  b y  M c N a m a r a  e t  al. (1980) i n  S t a g e  I M a c r o b r a c h i u m  ot fers i i .  T h e  t i m e  s p a n s  

o b s e r v e d  i n  t h e  z o e a  II a n d  m e g a l o p a  c a n  b e  c o m p a r e d  to t h e  l a s t  z o e a l  i n s t a r  (IV) a n d  

m e g a l o p a  in  R. har r i s i i  ( F r e e m a n  & C o s t l o w ,  1980). F r o m  t h e s e  d a t a  s i m i l a r  t e n d e n c i e s  

m a y  b e  d e r i v e d ,  i .e.  r e l a t i v e  p r o l o n g a t i o n  of p o s t m o u l t  a n d  i n t e r m o u l t  w i t h  c o n t e m -  

p o r a n e o u s l y  d e c r e a s i n g  p r e m o u l t  d u r a t i o n s  f rom i n s t a r  to ins ta r .  It i s  too  ear ly ,  h o w e v e r ,  

to m a k e  g e n e r a l i z a t i o n s  or d r a w  c o n c l u s i o n s .  F u r t h e r  s t u d i e s  i n c l u d i n g  m o r e  s p e c i e s  a r e  

n e c e s s a r y  to e s t i m a t e  w h e t h e r  t h e  p r e s e n t  f i n d i n g s  a r e  s p e c i f i c  for H.  a r a n e u s  or  i n  a n y  

w a y  t y p i c a l  for o t h e r  d e c a p o d  l a rvae .  T h e  m e g a l o p a  in s t a r  w iU b e  t h e  s u b j e c t  of c lo se r  

e x a m i n a t i o n ,  i n c l u d i n g  h i s t o l o g i c a l  t e c h n i q u e s ,  as  t h e  p r e s e n t  o b s e r v a t i o n s  s u p p l y  on ly  

p r e l i m i n a r y  i n f o r m a t i o n  on  its d e v e l o p m e n t .  A d d i t i o n a l l y ,  t he  a c c e l e r a t i n g  or r e t a r d i n g  

e f fec t s  of e x t e r n a l  fac to rs  s u c h  as  n u t r i t i o n  or t e m p e r a t u r e  on  t h e  s t a g e s  of t h e  m o u l t  

cyc le  w i l l  b e  i n v e s t i g a t e d  to g a i n  b e t t e r  u n d e r s t a n d i n g  of l a rva l  r e s p o n s e  p a t t e r n s  to 

t h o s e  factors .  
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