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ABSTRACT: After a period of food deprivation, Ligia italica were refed for 2 days with different 
diets and their midgut glands were examined under the electron microscope with special reference 
to the large cells. The predominant features are the following: extended glycogen fields after 
sucrose-diet; numerous lipid droplets and peroxisome-like vesicles after lipid-diet (butter); swollen 
mitochondria and a great number of pinocytotic vesicles after protein diet (curds); electron dense 
vesicles and myelin bodies after the uptake of Escherichia coti. In contrast to amphipods, the 
intertidal isopod L. italica is not able to digest cellulose, as the cell uttrastructure exhibits all 
features of starved animals, as welt as that following feeding with lignin. 

INTRODUCTION 

Terrestrial isopods have marked  preference for certain types of leaf litter (for review, 
see Hassall  & Rushton, 1984). Such preference,  however,  may be masked  by ext raneous  
factors, such as food deprivat ion,  which  in  turn  induces  them to readi ly  accept almost 
any feed that is offered. It is food qual i ty  that causes s ignif icant  effects on their  rates of 
growth (Debry & Muyango,  1979; Kheiral lah & El-Sharkawy, 1981) as wel l  as on the 
ultrastructure of their midgut  g lands  (Storch, 1984). 

Only recently, Carefoot (1984) used an artificial diet to assess the amino  acids 
required for growth in  the semi-terrestr ial  isopod, Ligia paHasii. Similar  rates or even  
better growth was ob ta ined  for this isopod fed the test diet  (nutr ient-complete)  as 
compared to that fed on seaweeds.  Carefoot 's exper iments  further showed that growth of 
L. pallasii was apparen t ly  unaffected by a deficiency of certain amino  acids. The 
presence of microorganisms in their in tes t ina l  tract most l ikely provided them with the 
lacking amino acids, such that growth was unaffected. 

In general ,  knowledge  on the food and  feeding habits  of semi te r res t r i~  isopods, like 
IAgia, is scant. Members  of this genus  occur in  coastal areas worldwide.  They  live mostly 
in rock crevices immedia te ly  above the highest  h igh tide and  feed on p lan t  material .  
Ligia oceanica (Nicholls, 1931) and  L. pallasii (Carefoot, 1984), for instance,  have b e e n  
shown to feed main ly  on algae. A related species, L. italica, was, however,  found to be an 
omnivore (Donadey, 1975). Varying condit ions al low these isopods to exhibi t  cann iba l -  

ism as well. 
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The  p resen t  work  was  therefore  conduc ted  to f ind out  the effects of different  d ie ts  on 
the  u l t ras t ruc ture  of the  m i d g u t  g l ands  in the  semi- te r res t r i a l  isopod,  L. italica, and to 
compare  thei r  r e sponse  with  that  of t rue te r res t r ia l  isopods.  

MATERIAL AND METHODS 

The spec imens  of Ligia itafica Fab.  (Oniscidea,  Ligi idae)  were  col lec ted  in the 
supra l i t to ra l  zone  of the  Gulf  of Tries t  in the  v ic in i ty  of Izola  (Slovenia,  Yugoslavia)  in 
M a y  1985. Adu l t  spec imens  were  p l a c e d  in glass  conta iners  and  were  brought  to the  
labora tory  of the Inst i tute  of Zoology  in He ide lbe rg .  They  were  kep t  ind iv idua l ly  in 
smal l  p las t ic  con ta iners  f i l led  wi th  g y p s u m  and  m o i s t e n e d  with  sea  wa te r  (18 °C, LD 
12:12). Most  of the  i sopods  were  s ta rved  for e igh t  days.  The  control  an ima l s  were  fed 
wi th  the  b rown  a lga  Fucus virsoides dur ing  the same  per iod.  Every  day  the an imals  were  
i n spec t ed  and  the conta iners  were  c leaned .  After  e igh t  days  of s tarvat ion the isopods 
were  refed wi th  d i f ferent  d ie ts  for two days:  sucrose  (carbohydrate) ,  bu t te r  (lipid), curds 
(protein), f i l ter  p a p e r  (cellulose),  l ign in  (carbohydrate) ,  Escherichia cob (bacteria).  The 
an ima l s  were  obse rved  severa l  t imes  da i ly  to de t e rmine  the food intake.  

After  two clays of r e feed ing ,  the  an ima l s  were  d i s sec ted  and  the rnidgut  g l ands  were  
fixed. Severa l  f ixat ives  were  t e s ted  pr ior  to the  ma in  f ixat ion (3.5 % g l u t a r a l d e h y d e  in 
0.1 M cacody la te  buffer  in sea  water ,  3.5 % g l u t a r a l d e h y d e  in 0.1 M S6rensen  phospha te  
buffer  in d i s t i l l ed  water ,  3.5 % g l u t a r a l d e h y d e  wi th  di f ferent  concent ra t ions  of sucrose in 
S6rensen  p h o s p h a t e  buffer). The  midgu t  g l ands  were  cut in 1-2 mm p ieces  and  f ixed in 
3.5 % g l u t a r a l d e h y d e  in 0.1 M S6rensen  p h o s p h a t e  buffer  (pH = 7.4) for two h, r insed  in 
buffer,  and  pos t f ixed  in 1 %  osmium tetroxide.  After  dehyd ra t i on  in a series of g raded  
e thanol ,  the  g l ands  were  t ransfer red  to p ropy l e nox ide  and  e m b e d d e d  in ara ldi te .  
Ul t ra th in  sect ions  were  s t a ined  with  u rany l  ace ta te  and  l ead  ci t rate  and  e x a m i n e d  under  
a Zeiss  9 -2S  e lec t ron  microscope.  The e x p e r i m e n t a l  work  was  car r ied  out in the 
labora tory  of the  Inst i tute  of Zoology,  Univers i ty  of He ide lbe rg ,  in May  1985. 

RESULTS 

A n i m a l s  f e d  w i t h  F u c u s  v i r s o i d e s  (10 days):  The  i sopods  inges ted  the 
food (numerous  faecal  pe l l e t s  were  p resen t  in the conta iners ;  dur ing  the d issect ion  we 
obse rved  that  the  gut  was  full  of food). The  u l t ras t ructures  of the  l a rge  cells of the 
an ima l s  fed wi th  Fucus  and  of the f ie ld  an ima l s  de sc r ibed  by  ~trus (in press) are 
p rac t i ca l ly  ident ica l .  The  ap ica l  cy top lasm conta ins  numerous  l ip id  d rop le t s  (Fig. la)  
a s soc ia ted  wi th  mi tochondr ia .  A b u n d a n t  Golgi  f ields and  rough  endop la smic  re t icu lum 
are  p resen t  a round  the nucleus .  Numerous  pe rox i some - l i ke  ves ic les  were  obse rved  in 
the  cytoplasm.  The  nuc leus  is l a rge  and  ovoid  hav ing  a condensed  chromat in  pat tern.  
The  basa l  l abyr in th  is very  p rominen t  and  assoc ia ted  wi th  smal l  l ip id  drople ts  (Fig. lb).  

S t a r v e d a n i m a 1 s (10 days):  Spec imens  of Ligia italica can survive long per iods  
(two months)  of food dep r iva t ion  (~trus, in press).  The  u l t ras t ruc ture  of the  l a rge  cel ls  in 
s ta rved  L. italica is ve ry  s imi la r  to that  de sc r ibed  by  Storch & Lehner t -Mori tz  (1980). The 
amoun t  of l ip ids  is r e d u c e d  and  if smal l  amounts  are  present ,  they  are  loca ted  in the 
basa l  par t  of the  cell .  Mi tochondr ia  a re  less  numerous .  They  are, however ,  s l ight ly  
swollen.  The  rough  e n d o p l a s m i c  re t i cu lum is in the  form of ves ic les  and  c losely  p a c k e d  
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whorls (Fig. lc). Golgi bodies  are very rare. The nuc leus  is i r regular ly  shaped hav ing  
projections. Electron dense  vesicles and  lamei lar  bodies  are very prominent .  

A n i m a l s  r e f e d  w i t h  s u c r o s e  (8 days of starvation, 2 d a y s o f r e f e e d i n g ) : T h e  
animals  were observed to take the food (the gut  was part ly filled with it). A b u n d a n t  

Fig. 1. Large cell (a, b) after 10 days feeding with Fucus virsoides. (a) apical cytoplasm (4750 : 1); (b) 
basal labyrinth with small lipid droplets (11 900:1); (c) starvation period 10 days, ER in whorls 

(arrow) (4750 : 1) 
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g lycogen  f ie lds  assoc ia ted  with  numerous  e lec t ron- lucen t  vacuoles  are  p resen t  in the 
cy top lasm (Fig. 2a), There  are only a few smal l  l ip id  drople ts  in the  ap ica l  part  of the cell. 
Mi tochondr ia  are  s l ight ly  swollen.  The rough  e n d o p l a s m i c  re t icu lum is ma in ly  in the 

Fig. 2. Large cell after 8 days starvation, 2 days refeeding with (a) sucrose; and (b) lipid diet (butter). 
G: glycogen L: lipid droplet (11 900:1) 
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form of vesicles;  Golg i  f ie lds  are  very  frequent ,  The  nuc leus  has numerous  smal l  
projections;  chromat in  is condensed .  

A n i m a l s  r e f e d  w i t h  b u t t e r  (8 days  of s tarvat ion,  2 days  of re feeding) :  
Animals  i nges t ed  the  food (faecal  pe l l e t s  were  p re sen t  in the  containers) .  Lipid  drople t s  
assoc ia ted  wi th  pe rox i some- l i ke  ves ic les  a re  the  most  p r o m i n e n t  fea tures  of the  l a rge  
cells (Fig. 2b). Numerous  mi tochondr ia  are present .  They  somet imes  a s sume  a r ing-  
shaped  form enc los ing  l a rge  vacuoles .  Golg i  f ie lds  a re  abundan t ;  the  rough  e n d o p l a s m i c  
re t icu lum is in the form of shor t  c is ternae .  Pinocytot ic  ves ic les  we re  o b s e r v e d  b e n e a t h  
the microvi l lous  border .  

A n i m a l s  r e f e d  w i t h  c u r d s  (8 days  of s tarvat ion,  2 days  of re feeding) :  
An imal s  were  not  obse rved  to inges t  the  food (the gut  was  e m p t y  at  the  t ime  of 
dissection),  Few l ip id  d rop le t s  are  p re sen t  in the  l a rge  cells.  Mi tochondr i a  are  l igh t  and  
swollen,  A grea t  n u m b e r  of p inocyto t ic  ves ic les  were  d e t e c t e d  u n d e r  the  microv i l lous  
border ,  Golg i  f ie lds  a re  concen t r a t ed  a round  the nucleus .  The  rough  e n d o p l a s m i c  
re t icu lum is in the  form of short  c i s te rnae  and  vesic les ,  N u m e r o u s  p e r o x i s o m e - l i k e  
vesic les  are  p resen t  in the ap ica l  cy toplasm.  Nuc le i  wi th  p ro jec t ions  were  observed .  

A n i m a 1 s r e f e d w i t h 1 i g n i n (8 days  of s tarvat ion,  2 days  of re feeding) :  The  
an imals  were  obse rved  to inges t  l ign in  (the gut  was  full of food). Mye l in  bod ies  a re  very 
frequent,  Lipid drople t s  a re  concen t r a t ed  in the  basa l  par t  of the  cell .  Mi tochondr i a  are  
often r i ng - shaped  or e l o n g a t e d  wi th  a da rk  matrix.  Pe rox i some- l ike  ves ic les  a re  p resen t  
in the cytoplasm. The rough  e n d o p l a s m i c  re t i cu lum is in the  form of short  c is ternae .  The  
nucleus  has numerous  pro jec t ions  (Fig. 3a). 

A n i m a l s  r e f e d  w i t h  c e l l u l o s e  (8 days  of s tarvat ion,  2 d a y s o f r e f e e d i n g ) :  
The animals  were  obse rved  to t ake  smal l  p i eces  of f i l ter  p a p e r  (the gut  was  e m p t y  at the 
t ime of dissection).  The u l t ras t ruc ture  of the  l a rge  cel ls  r e s e m b l e s  that  in the  s t a rved  
animals .  

A n i m a l s  r e f e d  w i t h  E s c h e r i c h i a  c a l l  (8 days  of s tarvat ion,  2 days  of 
refeeding):  The an imals  were  obse rved  to t ake  the  food (numerous  faecal  pe l l e t s  were  
presen t  in the containers ;  the  gut  was  par t ly  f i l led wi th  food), The  u l t ras t ruc ture  of the  
large  cells is very specific.  Numerous  e l ec t ron -dense  ves ic les  r e s e m b l i n g  pe rox i somes  
are concen t ra ted  in the  ap ica l  cy top lasm (Fig. 3b), We obse rved  l a rge  amounts  of smal l  
l ip id  droplets.  Mi tochondr ia  are  s l igh t ly  swollen,  A b u n d a n t  Golg i  f ields are  present .  The 
rough endop la smic  re t i cu lum is ves i cu l a r  or in the form of short  c is ternae .  M y e l i n  bod i e s  
are frequent .  The  l ight  oval  nuc leus  has  no project ions,  The  nuc lea r  e n v e l o p e  has  dense  
pore  complexes .  Nucleo l i  are  very  l a rge  with  p r o m i n e n t  g r anu la r  and  f ibr i l la r  parts .  
Pinocytot ic  ves ic les  are  p re sen t  u n d e r  the  microvi l lous  border .  

DISCUSSION 

Ligia italica can survive  long  pe r iods  of food depr iva t ion .  S tarva t ion  m a i n l y  affects 
the u l t ras t ructure  of the  l a rge  cel ls  in the  m i d g u t  g lands ,  and  as a l r e a d y  r epor t ed  by  
Storch & Lehner t -Mor i tz  (1980) and  ~trus (in press),  it resul ts  in a r educ t ion  of e ne rgy -  
rich compounds ,  mi tochondr i a l  hydra t ion ,  and  the t ransformat ion  of the  rough  endop la s -  
mic re t i cu lum into whorls  and  vesicles .  Gas  & N o a i l l a c - D e p e y r e  (1976), w h i l e  s tudy ing  
the in tes t ina l  ep i the l i a  of fas t ing carps,  sugges t  that  such morpho log i ca l  t ransformat ion  
may  be  due  to changes  in the  p e r m e a b i l i t y  of membranes .  On  the  o ther  hand,  Ta i ra  et  al. 
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Fig. 3. Large cell after 8 days starvation, 2 days refeeding with (a) lignin, showing nucleus with 
projections; and (b) Escher ich ia  coil, showing peroxisome-like vesicles and myelin bodies 

(11 900:1) 

(1981) observed a s imilar  whorled a r r angemen t  of the rough ER in the exocrine cells of 
the pancreas  in  the starved Japanese  newt  and  African c lawed toad, which condit ion 
was reversed upon resumpt ion  of feeding.  Thus, the same investigators impl ied that the 
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whorled configuration of the rough ER served as ER reservoir and actually represented 
the inactive physiological state of that organelle. While both of the foregoing contentions 
appear to rest on a good basis, there are modest possibilities that such alterations could 
have also been due to the effects of the fixatives used. 

Intracellular lysis of cells in starving animals is demonstrated by the frequent 
appearance of myelin bodies. It is deduced that these bodies consist of fibrils derived 
from the ER (Gas & Noaillac-Depeyre, 1976). A longer starvation period results in 
nuclear pycnosis. As described by Storch (1984), this is characterized by a progressive 
transformation of the nuclei into irregular forms, with their periphery developing small 
projections and the chromatin assuming a network pattern. Refeeding previously starved 
L. italica with diets results in either complete or partial regeneration of cell structure 
similar to that described by Storch (1984) for terrestrial isopods. 

Fasted animals accumulate enormous deposits of glycogen in the large cells of their 
midgut glands when refed with sucrose, although starvation symptoms are still evident. 
This lends support to Carefoot's (1984) contention that an artificial diet containing a high 
percentage of carbohydrates (42.84 % dry weight of starch and sugars, and 32.28 % of 
cellulose) was good. Small amounts of carbohydrates (glycogen) were observed in the 
midgut glands of newly-caught specimens of L. itafica (~trus, in press). Whereas sucrose 
promotes only partial regeneration of the cells, the specimens fed with cellulose 
exhibited cell ultrastructures similar to that in starved animals, suggesting that cellulose 
was not utilized by L. itafica. 

The results obtained for butter and Fucus virsoides are similar. Several workers have 
already shown that lipids play a major role in the metabolism of isopods (Stanier et al., 
1968; Steeves, 1963; Vonk, 1960). Following absorption of lipids in a manner described 
by Komnick et al. (1984), deposition of lipid droplets occurs mainly near the centre of the 
cell. In dragonfly larvae, ingested fats are processed by luminal lipolysis, the end 
products of which are delivered across the membranes of the enterocytes by active 
transport and resynthesized into lipid droplets in the ground plasm. 

The importance of proteins in crustacean nutrition has already been discussed by 
Neiland & Scheer (1953) and Boghen & Castell (1981). Slight regeneration of cell 
structure was obtained after refeeding L. italica with curds. This is consistent with the 
result obtained for casein-fed Penaeus monodon postlarvae suggesting to Vogt et al. 
(1985) that casein was not well utilized by the young prawns. 

The literature provides substantial information on the significance of fungi and 
bacteria in the nutrition of crustacea (B~irlocher & Kendrick, 1973; Hassall & Rushton, 
1984; Wieser, 1979; Coughtrey et al., 1980; Donadey, 1975; Carefoot, 1984). Results 
obtained in this study showed that the large cells of the midgut glands were rapidly 
regenerated after feeding L. itafica with Escherichia coli. 

In general, this study has revealed that L. italica is omnivorous, at least after a 
period of starvation, and that this species readily accepts several feeds offered. Cellu- 
lose, however, is not assimilated by L. italica, in contrast to the semi-terrestrial 
amphipod, Orchestia cavimana, whose R-cells exhibit large amounts of glycogen after 
feeding on cellulose (own observations). 
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