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ABSTRACT: Effects of feeding and starvation on the moult cycle and on the ultrastructure of 
hepatopancreas cells were studied in StageI lobster larvae (Homarus americanus Milne-Edwards). 
The relative significance of yolk and first food was quite different in larvae originating from two 
females. This difference was evident also in the amounts of stored lipid in the R-cells of the larval 
hepatopancreas. Most larvae from one hatch were, in principle, able to develop exclusively with 
yolk reserves (without food) to the second instar. The larvae from the second hatch showed 
lecithotrophic development only to the transition be tween  late intermoult and early premoult  
(Stages C/D 0 of Drachs's moult cycle) of the first larval instar. When initial starvation in this group 
lasted for 3 days or more, the point of no return (PNR) was exceeded. After the PNR, consumption of 
food was still possible, but development  ceased in the transition C/D 0 or in late premoult (D3-4). It is 
suggested that these stages of the moult cycle are critical points were cessation of development  and 
increased mortality are particularly likely in early larval lobsters under nutritional stress. Examina- 
tion of hepatopancreas R-cells suggested that the PNR is caused by an irreversible loss of the ability 
to restore lipid reserves depleted during initial starvation. Initial periods of starvation ending before 
the PNR prolonged mainly Stage D O of the same instar (I). During this delay, structural changes in 
the R-cells caused by the preceding period of starvation were  reversed: reduced lipid inclusions, 
swollen mitochondria, an increased number of residual bodies indicating autolysis, and a reduction 
of the microvillous processes. Continually starved larvae which showed lecithotrophic development  
throughout the first instar and were then re-fed after moulting successfully, had later a prolonged 
intermoult (Stage C) period in the second instar. This shows that, despite occasional lecithotrophy, 
food is an important factor in early larval development  of the lobster. 

INTRODUCTION 

T h e  A m e r i c a n  lobster ,  Homarus americanus, is s u b j e c t  to l oca l l y  i m p o r t a n t  c o m m e r -  

c ia l  f i sher ies ,  a n d  i n c r e a s i n g l y ,  to effor ts  in  a q u a c u l t u r e  (for r e c e n t  r e v i e w s  s e e  Dow,  
1980; v a n  Ols t  et  al., 1980). N u t r i t i o n a l  r e q u i r e m e n t s  of j u v e n i l e  a n d  adu l t  l obs t e r s  a r e  

fa i r ly  w e l l  k n o w n  (Conkl in ,  1980; C a p u z z o ,  1982), w h e r e a s  t h o s e  of l a r v a e  a re  less  

unde r s tood .  Subs t an t i a l  p r o g r e s s  in  t h e  k n o w l e d g e  of b i o c h e m i s t r y  a n d  p h y s i o l o g y  of 
lobs te r  o n t o g e n y  has  r e c e n t l y  b e e n  m a d e  in  t h e  e x t e n s i v e  w o r k  by  S a s a k i  (1984). It 

s h o w e d  that  first f e e d i n g  of f r e sh ly  h a t c h e d  l a r v a e  m a y  p l a y  a s i g n i f i c a n t  ro le  for fu r the r  

d e v e l o p m e n t ,  as a n u m b e r  of e s s e n t i a l  fa t ty  ac ids  a n d  o the r  c o m p o n e n t s  of food  a re  

usua l ly  not  c o n t a i n e d  in  suf f i c ien t  a m o u n t s  in  t he  e g g  yolk,  a n d  t h e y  c a n n o t  b e  
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syn thes i zed  de  novo from s imple  precursors .  However ,  there  is also ind ica t ion  of par t ia l  
l ec i tho t rophic  d e v e l o p m e n t  in ear ly  lobs te r  l a rvae  (Car lberg  & van Olst, 1976). Since 
Sasak i  (1984) found a Do th resho ld  in lobs ter  l a rvae  s imi lar  to that  obse rved  by  Ange r  
(1984) in la rva l  b rachyurans  (Hyas araneus), s imi la r  in teract ions  b e t w e e n  feed ing  
condi t ions  and  the moul t  cycle  migh t  be  p r e s u m e d  in different  crustacea.  It was  one of 
the  a ims of this  s tudy  to g ive  a p r e l i m i n a r y  account  of such in terac t ions  in ea r ly  larval  
d e v e l o p m e n t  of Homarus americanus and  to compare  them with  those found in Hyas 
araneus, in order  to assess  the re la t ive  s ign i f icance  of yo lk  and food. 

Ano the r  po in t  is the  s tudy of effects of f eed ing  and  s tarvat ion on the u l t ras t ructure  of 
the  la rva l  hepa topanc rea s .  Such effects m a y  be  used  as an ind ica tor  of nutr i t ional  
condi t ions  in c rus tacea  (Storch, 1984; Storch & Burkhardt ,  1984; Vogt  et al., 1985). The 
only  c o m p a r a b l e  s tudy on d e c a p o d  la rvae  so far ava i l ab l e  is that  by  Storch & Anger  
(1983) on Hyas araneus. 

MATERIAL AND METHODS 

O b t a i n i n g  a n d  h a n d l i n g  of l a r v a e  

Ov ige rous  I-Iomarus americanus Milne  Edwards  were  ob t a ined  from the 
Massachuse t t s  State  Lobster  Ha tche ry  on Mar tha ' s  Vineyard ,  and  t ranspor ted  to a 
l abora to ry  of the  Woods  Hole  O c e a n o g r a p h i c  Insti tution, Woods  Hole. They  were  
m a i n t a i n e d  in g lass  aqua r i a  s u p p l i e d  wi th  we l l - ae ra t ed ,  f lowing sea  wate r  (30-31%oS) at  
a m b i e n t  t e m p e r a t u r e s  (21-23 °C). Larvae  which  ha t c he d  on 5 Ju ly  and 8 July,  1984, from 
2 different  females ,  were  used  for this  study. 

F resh ly  ha t ched  S tage  I l a rvae  were  t ransfer red  to c o m p a r t m e n t e d  po lyp ropy lene  
t rays wi th  the  bo t tom r e p l a c e d  by  nylon  gauze  ( l - r am mesh  size), and  ma in t a ine d  
ind iv idua l ly .  The  trays f loa ted  in wa te r  t ab les  s u p p l i e d  cons tan t ly  wi th  ae ra t ed  f i l tered 
(10 ~m) sea  wa te r  (30-31%oS; f low rate  ca 1.5 1 • min-1). T e m p e r a t u r e  dur ing  the exper i -  
men t s  r a n g e d  from 21 to 25 °C (mean  +__ s t anda rd  devia t ion :  23.0 __+ 1.1 °C). 

The l a rvae  were  c h e c k e d  every  12 h and  (if app l i cab le ;  see below) fed frozen adul t  
Artemia (3 pe r  larva),  after u n e a t e n  b r ine  shr imps  from the last f eed ing  had  b e e n  

removed .  

E x p e r i m e n t s  

The  fo l lowing e x p e r i m e n t a l  de s ign  was  chosen  to de t e rmine  the  poin t  of no re turn  
(PNR; A n g e r  & Dawirs,  1981), and  effects of s tarvat ion  and re - feed ing :  64 la rvae  were  
t r ea ted  as  de sc r ibed  above  th roughou t  the  e x p e r i m e n t  (fed control  group),  whe reas  all  
the  others  were  s ta rved  from hatching;  eve ry  24 h another  group of 64 l a rvae  was fed for 
the  first t ime,  and  from then  on t r ea ted  in  the  same  w a y  as the  control  group.  32 la rvae  
wi th in  each  group  were  r ea r ed  exc lus ive ly  for de t e rmina t i on  of d e v e l o p m e n t  and 
surv iva l  ra te  to the  second  la rva l  instar,  16 were  used  for moul t  s taging,  and  aga in  16 for 
s a m p l i n g  hepa topanc rea s .  

M o u l t  s t a g i n g  

Every  12 h, from each  e x p e r i m e n t a l  group,  6 l a rvae  were  chosen  at r andom and 
p i p e t t e d  to a g lass  bowl.  Then  they  we re  p l a c e d  on a sl ide,  and  their  te lson was 
e x a m i n e d  u n d e r  a microscope.  The  s t age  of the moul t  cycle  was  d e t e r m i n e d  accord ing  to 
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the cri ter ia  g iven  by Sasak i  (1984), and  the l a rvae  were  t ransfer red  back  to a bowl,  and  
from there  to their  t ray compar tments .  The  l a rvae  d e v e l o p e d  wi thout  s igns  of d a m a g e  
exer ted  by  this mou l t - s t ag ing  technique .  Also l a rvae  which  d i ed  in the  e x p e r i m e n t s  
were  moult  s taged ,  if poss ib le .  

E l e c t r o n  m i c r o s c o p y  

Samples  of h e p a t o p a n c r e a s  we re  t a k e n  in the  fo l lowing way:  l a rvae  were  d i s sec ted  
in a cold solut ion of 3 % g l u t a r a l d e h y d e  a n d  7.5 % sucrose  in 0.1 M S6rensen ' s  buffer  
(pH 7.4) under  a s tereo microscope.  The  i so la ted  t i ssues  were  t rans fe r red  to ano the r  v ia l  
with the same solut ion and  s tored for ca 1.5 h in a refr igerator .  After  w a s h i n g  the 
mate r ia l  5 t imes  for 5 min  in cold  S6rensen  p h o s p h a t e  buffer  (with 7.5 % sucrose),  it was  
pos t f ixed for another  2 h in buf fe red  OsO 4 (1%),  r insed  r e p e a t e d l y  in S6rensen  phos-  
pha te  buffer, d e h y d r a t e d  th rough  a g r a d e d  ser ies  of e thanols ,  and  e m b e d d e d  in a ra ld i te .  
The samples  were  sec t ioned  (with glass  and  d i a m o n d  knives)  and  s t a ined  wi th  u rany l  
aceta te  (sa tura ted  solut ion in 70 % methanol )  and  l e a d  citrate.  Sect ions  were  e x a m i n e d  
in a Zeiss EM 9 S-2 e lec t ron  microscope.  

RESULTS 

M o u l t  c y c l e  

The  app rox ima te  course of the  s t ages  of the  moul t  cyc le  is shown in F igures  1 and  2 
(upper  graphs)  for the  control  l a rvae  of the  two ha tches  examined .  The  pos tmoul t  s t ages  
A and  B were  comple t ed  in bo th  ha tches  wi th in  less  than  12 h after  ha tch ing ,  r e ga rd l e s s  
of condi t ions  of f eed ing  or s tarvat ion.  

The ave rage  dura t ion  of interrnoul t  (Stage C) of con t inuous ly  fed  l a rvae  was  ca 12h 
in the first, and  a lmost  20 h in the  second  hatch.  Ear ly  p remou l t  (Do) l a s ted  in both  
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Fig. 1. Homams americanus: Relative frequency (%) of events of the moult cycle and mortality 
during development in fed and starved Stage I larvae; first hatch 
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Fig. 2. Homarus  americanus- for explanation see Fig. 1; second hatch 

groups,  on the  ave rage ,  ca  24 h, wi th  s o m e w h a t  h ighe r  i nd iv idua l  va r ia t ion  in the former 
than  in  the  la t te r  group.  I n t e rmed ia t e  p r emou l t  (D1) was  also s imi la r  in  l a rvae  from both 
ha tches  (ca 15 h), w h e r e a s  la te  p r emou l t  (D2~) was  s l igh t ly  d e l a y e d  in the  second  group 
(ca 16vs 12 h). 

The  comple t e  moul t  cycle  from ha tch ing  to r e a c h i n g  the second  larval  instar  thus 
las ted,  on the  ave rage ,  s o m e w h a t  less than  3 days  in the  first, and  3.5 days  in the  second 
hatch.  The  d e l a y  in the  second  g roup  was  caused  b y  p r o l o n g e d  in te rmoul t  (C) and,  to a 
lesser  degree ,  la te  p r e m o u l t  (D2_4). 

In both  e x p e r i m e n t s  the re  was  e x t r e m e l y  h igh  mor ta l i ty  du r ing  the mou l t ing  process  
(Pigs 1 and  2: "mor ta l i ty  in S tage  I"), r ega rd le s s  of the  e x p e r i m e n t a l  ( feeding/starvat ion} 
condi t ions .  This  observa t ion  wil l  be  d i scussed  be low.  

F igures  1 and  2 ( lower graphs)  show that  major  d i f fe rences  were  found in the 
responses  of l a rvae  from the two di f ferent  ha tches  to con t inua l  s tarvat ion.  Surpr is ingly ,  
most  l a rvae  from the  first ha tch  r e a c h e d  at  leas t  S tage  D 0, m a n y  also D 1, and  ca 1 1 %  
(about  the  s ame  p e r c e n t a g e  as  in  the  fed control!) mou l t ed  successful ly  to the  second  
instar,  a l t hough  they  were  not  fed (Fig. 1). Apparen t ly ,  the l a rvae  of the  second  ha tch  
had  lower  yo lk  reserves  wh ich  d id  not  a l low lec i thot rophic  d e v e l o p m e n t  th rough  the 
first ins tar  (Fig. 2). Thei r  d e v e l o p m e n t  ceased  in most cases  at the  t rans i t ion  b e t w e e n  
S tages  C and  D 0, i.e. they  showed  the  e x p e c t e d  fa i lure  at the  D O threshold .  

F igu re s  1 a n d  2 ( lower graphs)  show ano the r  impor tan t  t endency :  l a rvae  whose  
d e v e l o p m e n t  c e a s e d  in an ea r l i e r  s t age  of the  moul t  cycle  surv ived  l onge r  than  further  
a d v a n c e d  larvae.  In the  first ha tch  this can  be  seen  in  mou l t - r e l a t ed  mor ta l i ty  after  2.5 to 
3 days  after  ha t ch ing  (para l le l  to the  fed control). Most  l a rvae  wh ich  d ied  la ter  were  
found to be  in S tage  D 0. The  very  last  l a rvae  which  surv ived  up  to 8 days  of s tarvat ion 
were  stil l  in S tage  C or in very  ear ly  Do. Also in the  second  ha tch  (Fig. 2), l a rvae  which  
r e a c h e d  la te  par ts  of S tage  D o d i e d  first, fo l lowed  la ter  by  those wh ich  s t ayed  in ea r ly  D o 
or la te  C. E p i d e r m a l  apo lys i s  occur red  in  m a n y  S tage  C ind iv idua l s  as a p remor ta l  effect. 
The  re t rac t ion  process,  however ,  l ooked  di f ferent  from that  in hea l thy  D o larvae.  It was 
p r o b a b l y  caused  by  the  sh r ink ing  and  p rogress ive  d i s in teg ra t ion  of the  ep idermis .  
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Effects of temporary initial starvation on development were partly veiled in the first 
hatch, since many larvae had enough yolk reserves to advance through all or some 
premoult stages. Moult staging, however, showed quite clearly that the postmoult and 
intermoult stages (A-C) were not significantly affected by any period of initial starva- 
tion. Most larvae reached almost simultaneously Stage Do. Many of them developed 
through further stages, regardless of feeding or starvation (Fig. 1), whereas in other 
larvae effects of food deprivation could be observed: premoult Stages D o and (less) D1 
were prolonged. This effect was weak after 1 day, but obvious after 2 days of initial 
starvation. Afer a 3-day lack of food, those larvae which had not been able to develop 
beyond Stage D o with own yolk reserves, apparently reached the PNR and could not 
recover after being re-fed. 

This did not apply to those larvae which had lecithotrophic development and 
moulted to the second instar, 3 days after hatching. They accepted and converted food 
which was offered right after moulting, and they successfully developed through the 
second instar. However, the lack of food during the entire first instar caused a significant 
delay (by 1-2 days) in their intermoult (Stage C) duration of the second instar (which was 
continously fedl. Also 2 days of initial starvation (during instar I) caused a slight delay in 
Stage C development of instar II, whereas only 1 day of starvation had no clear effect. 
This shows that even larvae which are, in principle, able to develop exclusively with 
yolk reserves to the second instar, suffered from food deprivation. In this case, the effects 
of starvation became visible only in instar II, where intermoult was prolonged until 
accumulation of energy and matter from food allowed further development beyond the 
Do threshold. 

In the second hatch, ca one half of the larvae reached Stage D o , independent of food. 
Again, initial starvation mainly delayed the completion of early premoult (Do), and this 
effect was much stronger after 2 days than after 1 day of starvation. After 3 days of food 
deprivation and re-feeding, Stages Do and D1 were strongly prolonged (in total by more 
than 3 days). These larvae died later, mostly in late premoult without moulting to the 
second instar (i.e. they all had already surpassed the PNR). All larvae which were 
initially starved for 4, 5, or 6 days remained at the transition between late C and early Do, 
i.e. they behaved in the same way as continuously starved individuals (Fig. 2). It could 
be clearly observed that also these larvae easily accepted food and filled their stomachs 
but did not develop further. Thus, the PNR was not caused by inability to eat but by an 
other irreversible damage which stopped development in early premoult. 

H e p a t o p a n c r e a s  

The epithelium of the hepatopancreas of larval Homarus americanus is composed of 
the clearly distinguishable cell-types described from other decapods (R-, F-, B-cells, 
which all arise from E-cells). It was mainly the ultrastructure of the R-cells which 
changed considerably after starvation. 

In the investigated Stage I larvae of Homarus americanus, the R-cells, which were 
predominant in number, stored large amounts of lipid droplets of different diameter. 
These inclusions are considered the striking feature in freshly hatched and well-fed 
larvae. They can be much larger than the cell nuclei and do not exhibit any substructure 
(Fig. 3a). After food deprivation the stored lipid was reduced markedly; this was even 
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Fig, 3. Homarus  americanus: hepatopancreas of Stage I larvae. (a) R-cell of a freshly hatched larva 
(5200: 1); (b) R-cell: starvation period 6 days (9200: 1); (c) basal lamina: starvation period 6 days 

(9200 : 1). L: lipid inclusion; M: mitochondrium; Mu: muscle celt; N: nucleus 
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obvious after only  one day.  From the  th i rd  day  after  cessa t ion  of feed ing ,  only  s ing le  cel ls  
contained very smal l  l ip id  inclusions.  Re feed ing  after  a short  pe r iod  of s ta rva t ion  (1-2 
days) resul ted  a lways  in a r e e s t a b l i s h m e n t  of the  l ip id  contents;  from day  3 the  r e sponse  
varied; 5 days  of food dep r iva t ion  a p p a r e n t l y  m a d e  absorp t ion  of l ip id  in R-cells  
impossible .  

The R-cells of our  e x p e r i m e n t a l  an imals  neve r  con ta ined  g lycogen .  In f reshly  
ha tched  and  fed an imals  the cell  nuc leus  was  su r rounded  by  r i b o s o m e - s t u d d e d  endo-  
p lasmic  re t iculum,  smal l  Golg i  f ields,  and  mi tochondr ia .  In the  course of s ta rva t ion  the 
mi tochondr ia  b e c a m e  swol len  (Fig. 3b). They  r e a c h e d  nea r ly  the  size of the cel l  nucleus .  
The endop la smic  re t i cu lum of la te r  s tages  of s ta rva t ion  was  found b r o k e n  up  into 
vesicles or exh ib i t ed  d i l a t ed  profi les,  Golg i  f ie lds  were  lacking .  Res idua l  bod ies  indi-  
ca t ing autolys is  i nc reased  in n u m b e r  from the first day  of food depr iva t ion .  

The microvi l lous  border  was  h igh ly  d e v e l o p e d  in f reshly ha t ched  and  fed larvae.  In 
s tarved an ima l s  a r educ t ion  of the  microvi l lous  p rocesses  was  observed .  Ext reme 
al tera t ions  of the basa l  l amina  were  found in some an ima l s  in an a d v a n c e d  s tage  of 
s tarvat ion (Fig. 3c). 

The ma in  d i f ference  b e t w e e n  ha tch  I and  ha tch  II l a rvae  was  in the  amoun t  of l ip id  
mater ia l  s tored in the  R-cells.  Re feed ing  after  a s ta rva t ion  pe r iod  of 3 days  r e su l t ed  in  a 
total r egene ra t ion  in ha tch  I larvae,  whe rea s  this  was  not  the  case  in ha tch  II larvae.  After  
1 day  of re feeding ,  the  R-cells  of the  las t  m e n t i o n e d  group  co r r e sponded  to 3 -day  s ta rved  
R-cells of hatch I larvae.  Food dep r iva t ion  of 3 days  left  the  an ima l s  o r ig ina t ing  from 
hatch II wi th  smal l  and  f l a t t ened  R-celIs wi thou t  l i p id  inclusions.  This  d id  not  c h a n g e  
even after r e feed ing  for 1.5 days.  

DISCUSSION 

The re la t ive  s igni f icance  of yo lk  and  first f eed ing  in ea r ly  la rva l  d e v e l o p m e n t  of the  
Amer ican  lobster  shows a h igh  deg ree  of var iabi l i ty .  The la rvae  from two ha tches  
differed m a r k e d l y  in thei r  amounts  of l ip id  rese rves  s tored  in the  R-cells  of the  
hepa topancreas .  These  cel ls  are  cons ide red  good  indica tors  of nu t r i t iona l  condi t ions ,  
s ince they  absorb  nut r ients  from the  g l a n d u l a r  l u m e n  and  store o rgan ic  reserves  (for 
l i tera ture  see  Storch & Anger ,  1983; Storch, 1984). In one hatch,  many  S tage  I l a rvae  
r evea led  lec i thot rophic  deve lopmen t ,  t hough  effects of in i t ia l  l ack  of food b e c a m e  
vis ible  later,  in the  second  instar.  The l a rvae  of ano ther  ha tch  r e m a i n e d  in S tage  C or D O 
of their  first moul t  cycle  w h e n  they  were  s t a rved  from hatching .  Also Sasak i  (1984) found 
such a D O threshold  s imi lar  to that  in Brachyuran  l a rvae  (Anger,  1984). C a r l b e r g  & van 
Olst  (1976), in contrast,  r epo r t ed  lec i tho t rophic  d e v e l o p m e n t  of Homarus  amer icanus  
even to the third larval  instar.  However ,  this migh t  have  b e e n  an art i fact  caused  by  a 
"constant  t empe ra tu r e  p h e n o m e n o n "  as  no ted  by  Sasak i  (1984). 

Strong var iabi l i ty ,  even  a m o n g  s ib l ing  lobsters ,  has  b e e n  de sc r ibed  also in growth  
rates (e.g. H e d g e c o c k  et al., 1976; van  Ols t  & Caf lberg ,  1978). Bes ides  ge ne t i c  factors, 
also size, age,  and  nutr i t ion of the female  du r ing  oogenes is ,  as wel l  as t e m p e r a t u r e  etc. 
dur ing  both oogenes i s  and  e m b r y o g e n e s i s  migh t  p l a y  s ign i f ican t  roles  for the  quan t i ty  
and qual i ty  of reserves  in the f reshly ha t ched  larva  (e.g. Sasak i  & Capuzzo,  in press).  
Also la rvae  ha tch ing  on s u b s e q u e n t  n igh t s  from the  s ame  female  m a y  be  d i f ferent  
(Pandian, 1970). Thus, it cannot  be  de te rmined ,  wha t  caused  the s ign i f ican t ly  different  
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amounts of lipid reserves and the consequently different responses to periods of initial 
starvation in larvae from two different hatches. The only difference which could easily 
be seen was, in this case, the size of the ovigerous female: the first hatch (showing 
stronger resistance against starvation stress) originated from a much larger female than 
the second hatch. 

In all our experiments there was slow development (cf. Carlberg & van Olst, 1976; 
Sastry & Zeitlin-Hale, I977; Logan & Epffanio, I978) and very high mortality in moult 
from the first to the second larval instar. Besides low viability of both hatches, a possible 
cause might have been the lack of water movement which is known to be important for 
Homarus larvae (e.g. Auteri, 1975; van Olst et al., 1980). It could not be provided, 
because a high number of larvae had to be maintained individually. On the other hand, 
similar rearing techniques had been used successfully by Carlberg & van Olst (1976) and 
Logan & Epifanio (1978). Also the food might have been insufficient, perhaps in 
combination with the lack of turbulence: van Olst et al. (1980) reported that live brine 
shrimps yield better results than frozen ones, and Bowser & Rosemark (1981) found in 
young lobsters a "moult-related mortality syndrom associated with diet". The crucial 
component of the diet is probably fatty acids (Sasaki, 1984). Specific improvements of 
rearing techniques for this type of study thus may in future be necessary. 

Despite this problem, a number of interesting observations could be made as to 
interactions between moult cycle events, yolk and nutrition. Critical points could be 
detected in the transition between Stages C and Do, and in D3-4. Another critical point 
which is already well known in arthropod development is the moulting process itself 
(Stage E). Yolk reserves (or a brief early feeding period) may suffice to support successful 
development through all of these phases, in some cases even through at least two 
complete moult cycles (Carlberg & van Olst, 1976). In other cases, however, development 
will cease in one of the critical points, i.e. a larva is much more likely to die in one of 
these stages of the moult cycle (transition C/D 0, D:~, E) than in others. It appears that the 
slightest degree of lecithotrophy leads to late Stage C (present results; Sasaki, 1984; 

Anger, 1984). 
There is also evidence that the time which may be spent in one of these critical 

points decreases with increasing development within the moult cycle: larvae which have 
initiated the moulting process will either moult or die very soon, whereas those stuck in 
late premoult may survive in this stage for up to a few days. Larvae whose development 
ceased, due to initial starvation and low yolk reserves, in late intermoult or early 
premoult (C/D0) are able to survive the longest time under continued starvation. If this 
period of food deprivation lasts too long, these larvae may reach the point of no return 
(PNR), i.e. when re-fed they will stay in their present stage of development (usually C/ 
Do) or they may develop to the next critical point (D3_4), but will not complete the moult 
cycle (present observations; cf. Anger, 1984). 

Electron-microscopial evidence suggests that there is an irreversible loss of the 
capability to absorb and store lipid in the R-cells of the hepatopancreas, after the PNR 
has been surpassed. This effect had been found also in crab larvae (Storch & Anger, 
1983), and it may be the general "irreversible damage" postulated by Anger & Dawirs 

(1981). 
In contrast to starved and refed Hyas araneus (Storch & Anger, 1983), our lobster 

larvae never had glycogen inclusions in their R-cells. Also Vogt et al. (1985) found that 
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g l y c o g e n  w a s  l a c k i n g  i n  t h e  m i d g u t  g l a n d s  of P e n a e u s  m o n o d o n ,  w h e r e a s  s e v e r a l  

a u t h o r s  (for d i s c u s s i o n  s e e  S t o r c h  & A n g e r ,  1983),  d i d  f i n d  it  i n  o t h e r  c r u s t a c e a n s .  

In i t i a l  s t a r v a t i o n  p e r i o d s  e n d i n g  b e f o r e  t h e  PNR p r o l o n g  m a i n l y  S t a g e  D O of e a r l y  

n o n - l e c i t h o t r o p h i c  l o b s t e r  l a r v a e .  In  B r a c h y u r a n  l a r v a e  ( F I y a s  a r a n e u s )  t h i s  " b u f f e r  

z o n e "  of d e v e l o p m e n t  in  w h i c h  a c c u m u l a t i o n  of e n e r g y  a n d  m a t t e r  is m a d e  u p  for, 

a p p e a r s  to b e  ea r l i e r ,  i n  S t a g e  C ( A n g e r ,  1984).  T h e  m a i n  p e r i o d  of p h y s i o l o g i c a l  

s t ab i l i t y  i n  w h i c h  o r g a n i c  r e s e r v e s  a r e  a c c u m u l a t e d  is, a c c o r d i n g  to A i k e n  (1980 a n d  

ea r l i e r  p a p e r s  c i t e d  t h e r e i n ) ,  s o m e w h a t  l a t e r  i n  l o b s t e r s  t h a n  i n  o t h e r  d e c a p o d s ,  i.e. a t  a 

t r a n s i t i o n  b e t w e e n  l a t e  C a n d  D 0. 
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