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ABSTRACT: Thinning of the digestive epithelium of manne molluscs may provide an index of 
environmental stress. Variability in epithelial thickness, as a consequence of the large variety of 
environmental and populational variables which could affect MET (Mean Epithelial Thickness), may 
counter the value of the index. Variation in MET of the intertidal gastropod 1.2ttorina littorea (L.) has 
been studied under experimental tidal conditions and, based on published data, under natural tidal 
conditions in the bivalves Mercenafia mercenaria (L.) and Mytilus edulis L. using a planimetric 
method. We found no significant variation in MET in all cases. The present results are discussed in 
relation to those obtained with L. littorea experimentally exposed to Cd and which show a significant 
reduction in MET after long sublethal exposure periods. 

INTRODUCTION 

Mean  digestive epithelium thickness (MET) has been  proposed as a histological 
index of envi ronmenta l  stress (Lowe et a l ,  1981; Tripp et al., 1984; Marig6mez et aL, 
i986). The concept and its calculation are, however, not yet precisely standardized.  This 
parameter  is closely related to lysosomal labilization (Moore, 1986), which is accepted by 
WHO-FAO (GESAMP, 1980), as useful in envi ronmenta l  quality assessment. Both are 
based on the same biological feature: the induct ion of cellular lysis in the epi thel ium of 
the digestive gland of molluscs as a result of (a) detoxification processes, and (b) the 
general  response to stress. As a consequence  of enhanced  secretion and cellular autoly- 
sis, the epithelium of the digestive diverticula becomes thinner,  resulting in the formation 
of atrophic diverticula. These effects can be measured  and expressed unde r  the single 
concept of a reduction in MET, whose statistical sigriificance can be tested. Lowe et al. 
(1981) showed the neccessity of developing stress indices based on a simple methodology 
(i.e. MET, lysosomal latency) but, nonetheless,  responsive to realistic envi ronmenta l  
situations. 

Several studies have described a th inn ing  of the digestive epithelium in response to 
environmenta l  stressors (Moore et al., 1978a, b; 1979; Lowe et al., 1981). The natura l  
variability in MET associated with normal  phasic digestive processes (Owen, 1972; 
Morton, 1973; Mathers, 1976; Robinson & Langton, 1980; Morton, 1983) has, however,  
rarely been,  quantified. The morphometric measure  of the relationship be tween  digestive 
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cell height  and tubule lumen width has been  correlated with the pe rcen tage  of digestive 
tubules in an absorptive stage (Robinson, 1983). These results indicate the  validity of 
planimetry as an objective parameter  of the morphological changes  in the  molluscan 
digestive gland. There are two events related to phasic digestion which could affect the 
value of MET of digestive diverticula over a tidal and/or digestive cycle. 

The  first of these deals with differences in the synchrony of the diverticula. Two types 
of digestive activity have been  distinguished in molluscs: monophasic  and diphasic 
digestion. In monophasic  digestion, there is always a predominant  tubule type which is 
dependent  on the specific phase of digestion in which the digestive gland is involved at 
each moment  of the tide, and which is also related to food availability. Monophasic  
digestion has been  described by Morton (1956) for the bivalve Lasaea rubra (Montagu) 
from the high water zone, by Morton (1969; 1970 a, b, and c; 1971) for the bivalves 
Dreissena polymorpha Pall., Cardium edule (L.), Macoma balthica (L.}, Anodonta cygnea 
L., and Ostrea edulls (L.), and by Morgan & Last (1982) for the f reshwater  prosobranch 
Melanoides tuberculata Mfiller. In these cases, the substitution of holding {type I) tubules 
by digestive (type II) tubules, and subsequent  almost total substitution of type  II by type 
III tubules has been  observed over a tidal cycle. The diphasic pattern of digestion was 
first described (and the term coined} by McQuiston {1969}. Owen  (1972} repor ted  upon 
this pat tern for C. edule and O. eduh's. In this case, the proportion of tubules  type III 
remained almost constant over the tidal cycle. However,  the type II tubules  partially 
replace the type I resulting in an increase in epithelial thickness variability. MET would 
be slightly higher  during this phase, just as the index developed by Robinson (1983} is 
when  absorptive tubule numbers  increase. These two tubule types are not  dissimilar in 
thickness if compared  with type III and IV tubules. Langton (1975} descr ibed a different 
pattern of diphasic digestion in Mytilus edulls L. In ,this case, the proportion of type I 
tubules was always lower than that of type II, and when digestion occurred the proportion 
of type II tubules increased. Thus, there is dominance of one tubule type  without  total 
replacement  as in monophasic digestion, resulting in a small increase in MET and a 
noticeable reduction in epithelial thickness variability. In summary, we  could define 
diphasic digestion as one in which there is alternation of the two simultaneously 
dominant  types of tubules (I and II} (Langton, 1975} over the tidal cycle in relation to 
digestion. 

The second digestive event that could reduce the significance of MET as a measure 
of environmental  effects is whether  or not the fragmentation stage is significant. Abun- 
dant  fragmentat ion tubules have been associated with the final stages of monophasic  
digestion. Morton (1956) described monophasic  digestion in L. rubra as including a 
dominant  fragmentat ion stage. Owen (1972), however, rejected the pat tern  of Morton 
(1956) for C. edule and O. edulis, arguing a lack of complete f ragmentat ion as described 
for L. rubra and Scrobicularia plana (da Costa), which also exhibits typical monophasic  
digestion (Owen, 1972). Langton (1975) attributed these apparent ly  contradictory results 
to the time of exposure, underlining Owen 's  arguments  to explain differences between 
different populations of the same species. These causes are: (a) correlation of feeding 
with external or internal rhythms; (b) the nature of the food, and (c) the mode  of release of 
residual bodies. L. littorea does not show any evidence of a fragmentat ion stage such as 
that evidenced in Mytilus sp. (Merdsoy & Farley, 1973; S~ez, 1986). 

Of the four types of diverticula morphology described in the digestive gland of 
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molluscs (holding or type I, absorpt ive or type II, f ragmenta t ion  or type III, and  regenera t -  
ing or type IV) the most abundan t  are types  I and  II in examples  of cont inuous (non- 
phasic) and  diphasic  digestion, which seems to be the most common. In such cases  type 
III and  IV tubules  account for < 10% of the totai  number  of tubules.  Such a fea ture  has 
b e e n  descr ibed  by  Robinson & Langton (1980) and Robinson et al. (1981) for a subt idal  
popula t ion  of Mercenaria mercenaria (L.), and  by  Langton (1975) for M. edulis. 

Conversely,  it is known that  envi ronmenta l  stress induces  the formation of a trophic 
epi the l ia  (Couch, 1984). These are similar in thickness  to type  IV tubules  resul t ing in a 
genera l  reduct ion in MET of the tubule  populat ion.  This reduct ion in MET might  be  used  
as an index to represent  the proport ion of a trophic divert icula induced  by  stressors. A 
prob lem might  arise when  s tudying animals  with monophas ic  digest ion in which  tubules  
type  III constitute an abundan t  subpopula t ion  at some per iods  of the digest ive  cycle. This 
could occur in the case of L. rubra (Morton, 1956) and O. edufis (Robinson et al., 1981). 
Al though there  is a structural dist inction b e t w e e n  a t rophy and  normal ly  thin tubu/es  
(Lowe et al., 1981; Couch, 1984), this may  not be  de tec ted  dur ing rout ine analysis.  It 
could be  avoided  after de terminat ion  of the most appropr ia te  sampl ing  moments ,  or after 
select ion of the most appropr ia te  level  on the shore in which  the f ragmenta t ion  s tage  is 
not p resen t  due  to continuous food availabil i ty.  

In the presen t  work, variat ion in MET of the digest ive g land  of Littorina littorea (L.) 
unde r  exper imenta l  t idal  conditions has  been  invest igated.  The results  are  compared  
with those ob ta ined  when  L. littorea is exposed  to suble thal  concentrat ions  of cadmium 
lead ing  to a stress response.  It is a part  of a la rger  project  which includes  the  s tudy of 
different  envi ronmenta l  and  popula t ional  var iables  which could affect the s ignif icance of 
MET in environmenta l  stress assessment .  The investigation, deals  bas ica l ly  with L. 
littorea because  it may  be  considered an excel lent  indicator  of pol lut ion and  a sent inel  
responsive  to environmenta l  stress. For compar ison purposes ,  the non-p lan imet r ic  da ta  
from other  pub l i shed  works dea l ing  with morphologica l  variat ions in digest ive  tubules  of 
severa  molluscs (Morton, 1956; Langton, 1975; Robinson & Langton, 1980; Robinson et 
al., 1981) have been  t ransformed into p lanimetr ic  ones and MET calculated.  

MATERIALS AND METHODS 

Exper imenta l  t idal  condit ions (4.5/7.5 h LT/HT and  12/12 h l ight /dark)  were  per-  
formed in the labora tory  with the a id  of a t ide-s imulator  in which  Littorina fittorea 

individuals  were  accl imated for one w e e k  prior  to removal.  Unfed animals  and  Fucus 

vesiculosus L. fed animals  were  s tudied over  two comple te  t idal  cycles (24 h). Individuals  
were  removed  from the tide simulator every  second hour and the posterior  por t ion of their 
digest ive g land dissected  out and  fixed in Bouin's  licluid. 

Pa ra f f in -embedded  8-~m serial  sections were  s ta ined with haematoxyl in -eos in  
(Pearse, 1976). Tubule-sect ion shapes  were  drawn with the a id  of a d rawing  tube 
a t tachment  on a Nikon Opt iphot  microscope.  The per imeters  and  the surfaces covered  by  
both the outer  and  the inner  shape  of each  tubule  sect ion were  ca lcula ted  by  means  of a 
W a t a n a b e  DT1000 digit izer  connected  to an Olivetti  M24 persona l  computer .  MET was 
es t imated  following the method based  on the geometr ica l  t ransformat ion of tubule-  
sect ion shapes  into a hypothet ical  t r apez ium (Fig. 1). The surface of this t r apez ium 
corresponds to the epi thel ium surface in the section (difference be tw e e n  the surface of 
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Fig. 1. Planimetric procedure used to measure the epithelial thickness of Littorina h'ttorea. A: 
schematical representation of a tubule section observed under the light-microscope; B: magnified 
projection of the former tubule section (So = area covered by the outer shape, Si = area covered by 
the inner shape}; C: regular figure obtained from the magnified projection (the values So and Si 
correspond to those of Figure IB, Po = perimeter of the new outer circumference, Pi = perimeter of 
the new inner circumference); D: hypothetical trapezium characterized by the same measures as in 
Figure C. The height of this trapezium (h)is considered to be the thickness of the tubule for this 

section. The mean h value for one animal is considered to be the MET value 

both tubule shapes). The two bases of the t rapezium have  a fixed length:  the per imeter  of 
the c i rcumference which contains a circle with the same surface as that  bruited by, 

respectively,  the outer  and the inner tubule shapes. Thus, from the equa t ion  A -- (B + b)/ 

2.h (A, surface of the trapezium; B and b, major and minor bases; and h, he ight  of the 

trapezium) the value  h can be calculated. This value corresponds to the epi thehal  
thickness of the tubule section. Five randomly selected tubule sections w e r e  measured  in 

each of six paraffin sections {60-80 ~tm distant from each other} from two individuals of 

each  sample. The mean  value of the total statistical tubule populat ion (n = 60 --- 5 x 6 x 

2) was considered to be  the MET of each examined  group. 

The  transformation of data from pubhshed  works deal ing with tubule  variability in 
relat ion to tide and digestion was carried out in the following way. Usually these data are 

g iven as the ave rage  proportion (%} of each  tubule  type. Either from publ i shed  photo- 

graphs or scaled drawings, tubule-shape projections were  measu red  in the digitizer 

following the procedure  described above. The values  calculated were  used  as a pat tern 
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Fig. 2. Procedure used to transform the nominal-staging data from other authors into data compar- 
able with MET values, hi = h value for a pattern tubule-type calculated as described in Figure 1; pi 
= percentage datum given by other authors to express the proportion of each tubule type. I, II, III, IV 

terms represent the four tubule types described in the digestive gland of molluscs 

for each tubule type in each case. Thus, the MET of a sample  was the sum of the products 
of each pat tern of epithelial  thickness by its corresponding pe rcen tage  (Fig. 2). We are 

aware  of the hmitations of this procedure:  it ignores the variabili ty within and be tween  

tubule types (morphological change of digestive tubules is a continuous feature which is 

expressed in a complete  set of in termediate  figures). This would  increase the variability 
of each sample  and a more realistic measure  of variability within each sample  would be 

higher, and the confidence intervals wider  than those calculated by means  of the 

transformation procedure.  Consequently,  when  two m e a n  values  are considered non- 
significantly dissimilar under  these test conditions, the same conclusion' should be 

obtained when  considering a more realistic larger variability. The following exper imenta l  

studies have  b e e n  used as reference:  Robinson & Langton (1980) for Mercenana mer- 
cenaria, Morton (1971) for Ostrea edulis, and Langton (t975) for Mytilus edulis. Thus, the 

complete  tidal cycles of M. mercenaria and M. edulis, as well  as the ex t reme cases of 

digestive activity in these species and in O. edulis have been  invest igated.  
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On the other hand,  we exposed individuals  of L. fittorea to Cd (1.25 mg/1) for 27 days. 
According to Marig6mez et al. (1987), exposure to such a cadmium concent ra t ion  should 
lead to a non-specific stress response because  it is under  the asymptotic LC50 value and 
results in a sublethal  damage.  Animals  were main ta ined  in filtered na tura l  seawater  for a 
1-week period without food. Tanks were continuously aerated and  wa te r  tempera ture  
ranged  be tween  16 and  18 ~ Afterwards, cadmium was supplied as c a dmi um chloride 
for 27 days. Rephcate control and  cadmium exposure series were carr ied out. Two 
individuals  were removed from each experimental  group. Histological a n d  analytical  
procedtires were the same as described earlier. During the cadmium exposure  period 
animals were fed on Fucus vesiculosus. Water and food were changed  every  second day. 

One- and two-way ANOVAs (model I), the Student 's  t test for comparison be tween  
means,  and the test of S tuden t -Neumann-Keuls  (S-N-K) have b e e r / t h e  statistical pro- 
cedures used to estimate the significance of the results (Sokal & Rohlf, 1979). The specific 
statistical t reatment  of each case is indicated in each group of results. 

RESULTS 

Figure 3 shows the results of the planimetric  measurements  of the digest ive diver- 
ticula of iittorina littorea over two complete tidal cycles, under  feeding a n d  unfeed ing  
conditions. ANOVA (Table 1) reveals no significant difference in the MET over a tidal 
cycle, or as a result of food digestion. Additionally, the S-N-K test showed no significant 
differences be tween  the mean  values. 

Table 1. 2-way ANOVA table for the case of L. fittorea subjected to experimental tidal conditions. 
FA: effect of food avaflabihty, SH: effect of the sampling hour, I: food availability • sampling hour 

interaction, W: within groups 

Source Sums of squares d.f. Mean squares F ratio 

FA 4.12 1 4.12 0.24 (P> 0.1) 
SH 334.91 12 27.91 1.60 (P> 0.05) 
I 845.71 12 70.48 4.05 (P= 0.05) 
W 452.73 26 17.41 
Total 1302.56 51 

The digestive diverticula of Mercenaria mercenaria (Fig. 4) show no significant 
variation in the MET due to tidal fluctuations (Table  2a). These results are in ag reement  
with those obtained in the S-N-K test for comparison be tween  m e a n  values.  ANOVA 
revealed a significant variation among epi theha in Mytilus edulis (Table 2b, Fig. 4). The 
S-N-K test indicated the existence of overlapped groups of epithelia in relat ion to MET, 
and  only two well separated clusters could be dist inguished from them. The  first consists 
of 5 elements (6, 13, 15, 18 and 19 samphng  hours) characterized by a h igher  MET value: 
0.954 ___ 0.015 arbitrary units. The second is constituted by the r ema in ing  21 samphng  
hours (MET = 0.925 _ 0.016 arbitrary units). 

Constancy in MET can be demonstra ted even for the cases of ext reme digestive 
stages. The peak intracellular digestive activity and  the period in which  intracellular  
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digestion is likely to be at a minimum were  selected, and the morphology of the digest ive 

diverticula studied in M. mercenaria, M. edulis, and Ostrea edulis (Robinson et al., 1981). 

In the present  work these nominal-s taging data were  transformed into planimetr ic  ones 

following the procedure  formerly descr ibed (Fig. 2). The Student 's  t test allows us to 

conclude that the MET values at both extremes of  digest ive activity are not significantly 

different in any case (Table 3). 

A strong effect of the t reatment  (Cd dosage and dosage- t ime interaction) on the 

populat ional  var iance in epithelial height  has been  recorded (Table 4). The m e a n  value 
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Fig. 3. Variations in the MET (arbitrary units) of the digestive diverticula of Littorina littorea over two 
tidal cycles (one complete light-dark period) under food availability (e) and food unavailability (o) 
conditions. Intervals represent the standard deviation for each case. HT = high tide, LT = low tide. n 

-- 60 tubules for each point 
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Fig. 4, Variations in the MET (arbitrary units) of the digestive diverticula of A4ercenaria mercenaria 
(e) and Mytilus edufis (o) over two tidal cycles. Calculations from the studies of Langton (1975) and 
Robinson & Langton (1980), see text. HT = high tide, LT = low tide. Since results are based on 

percent data, n = 100 tubules for each point 

d e c r e a s e d  s ign i f ican t ly  (from 200 to 158 a rb i t ra ry  uni ts  approx imate ly ) .  F i g u r e s  5C and  D 

s h o w  the  m o r p h o l o g i c a l  c h a n g e s  in the  s t r e s sed  ep i the l i a  as c o m p a r e d  w i t h  F i g u r e  3, 

w h e r e  the  e x t r e m e  cases  of phas i c  d iges t ion  (high t ide wi th  food and  l o w  t ide  w i t h o u t  

food) are  also i l lustrated.  
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D I S C U S S I O N  

T h e  resu l t s  o b t a i n e d  for Li t tor ina  l i t torea s u p p o r t  ou r  in i t ia l  h y p o t h e s i s  of n o n -  

s i g n i f i c a n t  v a r i a t i o n  in  t he  M E T  of i ts d i g e s t i v e  g l a n d  d u e  to t i de  or d i g e s t i o n  (Fig. 3 a n d  

T a b l e  1). Th i s  is in  a g r e e m e n t  w i t h  t h e  l a c k  of e v i d e n c e  of a f r a g m e n t a t i o n  s t a g e ,  as  s e e n  

in  M y t i l u s  sp., ( M e r d s o y  & Far ley,  1973), as  w e l l  a s  w i t h  t h e  m e r o -  a n d  a p o c r i n e  m o d e s  of 

r e l e a s e  of r e s i d u a l  b o d i e s  s u g g e s t e d  b y  S~ez  (1986) for L. f i t torea.  T h e  t ida l  r e g i m e  in  t h e  

Table 2. 1-way ANOVA tables for Mercenaria mercenaria (a) and Mytilus edufis (b). AS: among 
samples (tide hours), WS: within samples (within animals) 

Source Sums of squares d.f. Mean squares F ratio 

Mercenana mercenaria 
AS 0.57 24 0.024 
WS 49.48 2475 0.020 

Total (a) 50.05 2499 

Mytilus edulis 
AS 10.99 25 0.044 
WS 39.04 2574 0.010 

Total (b) 50.04 2599 

1.19 (P> 0.i) 

44.00 (P <0.01) 

Table 3. Comparison be tween  the MET (arbitrary units) of the extreme stages of the digestion for 
Mercenaria mercenana (a), O. edufis (b), and/V/, edulis (c). t 0.05, (~) = 1.96. H: samples from the 
stage of high digestive activity, L: samples from low digestive activity, SD: standard deviations, n.s.: 

not significant 

Species H SD L SD ts 

a 0.884 0.142 0.826 0.142 0.343 n.s. 
b 0.838 0.201 0.676 0.162 1.090 n.s. 
c 0.937 0.119 0.905 0.131 0.174 n.s. 

Table 4. Results of the planimetric analysis of the digestive gland of Mttorina littorea exposed to Cd 
for 27 days: 2-way ANOVA table. T: main effect of time, E: main effect of Cd-exposure, I; t ime x 

exposure interaction, W: within groups of t reatment  

Source Sums of squares d.f. Mean squares F ratio 

T 1867.91 1 1867.91 1.19 (P> 0.1) 
E 100935.87 1 100935.87 64.21 (P <0.01) 
I (T• 74351.20 1 74351.20 47.29 (P<0.01) 
W 371051.28 236 1572.09 

Total 548167.81 239 
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laboratory corresponded to a mid-intert idal  position on the shore in concordance with the 
zonation reported by Merdsoy & Farley (1973) for a natural  populat ion of L. littorea. 

According to these authors, mid-zonation, could cause a lack of correlation be tween  tidal 
cycle and  phasic digestion. The digestion characteristics of this species seem to be 
associated with httle variation in diverticular morphology. This is accurately expressed by 
a statistically constant  MET, as expected. 

Mercenaria mercenaria showed a similar behaviour  in relation to MET variability 
(Fig. 4, Table 2a). The results could be justified on the basis of the description of the 
studied populat ion (Robinson & Langton, 1980). According to these authors, all four 
tubule  types are present  in individuals in each sampling hour. It thus seems that 
intracelhilar digestion occurs continuously within the digestive diverticula, probably 
because  of the subtidal zonation of this clam population. The former assertions are also in 
agreement  with the results of Wilson & Latouche (i978) on a subtidal  populat ion of 
Ostrea eduh's, i.e. the four tubule  types were recorded every time. In both cases the 
proportion of tubules III and IV remains low and almost constant, while some changes in 
the tubule  type I/type II ratio have been  observed only as a result of different food 
availability: a high food-richness increases the proportion of type II tubules  and vice 
versa. It is thus likely that alternation of the dominant  tubule  types does not significantly 
affect the MET in a subtidal  population of M. mercenaria (Fig. 4, Table 2a). 

M. edulis exhibits a pattern of diphasic digestion (Langton, 1977)i The fragmentat ion 
stage is, however, sometimes evident. A similar peculiar pat tern has also b e e n  reported in 
the scallop Pecten max imus  L. (Mathers, 1976). In this case, almost 50 % of the tubule  
populat ion shows type I morphology, while the other half are type II tubules.  The 
fragmentat ion stage is abundan t  only at times in the digestive cycle. The present  results 
on M. edulis are not in disagree.rnent with the normal  occurrence of a f ragmentat ion 
stage. However, the total dominance of type I or II tubules  results in a slightly higher 
MET value being reached only when  absorptive tubule  numbers  increase over the 73 % 
of the total tubule populat ion (Langton, 1975). The MET parameter  seems to be a more 
accurate parameter  than the MPTW (Mean Proportion of Tubule  Width) (Robinson, 1983), 
because  in those instances in which type III tubules are a b u n d a n t  (over 15 %) simultane-  
ously with abundan t  absorptive tubules (11 and 23 hours) the MET value is low, while 
MPTW value is high (Robinsqn, 1983). These complementary results suggest  the use of a 
combinat ion of methods for studies of digestion. According to Langton (1975), 90 % of the 
tubules are either of type I or II, at mid-tidal levels, the following variables causing this: 
(a) the lack of feeding activity offers an equiproportional occurrence of both tubule  types, 
and (b) aerial exposure and intermediate- term starvation increases the proportion of type 
I tubules.  Therefore, normal  changes in these tubule  proportions might lead to slight but  
significant variations in MET which are untikely to interfere with a s tress-induced 
epithehal thickness reduction (Lowe et al., 1981). 

Thus, no significant variation in MET could be detected for almost all the studied 

Fig. 5. A: A paraffin section through the digestive diverticula of air-exposed unfed winkles; scale 
bar: 125 ~m. B: Section from immersed fed winkles; scale bar: 75 ~m. C: Section from control group 
before Cd-exposure; scale bar: 75 ~m. D: Section from animals experimentally exposed to Cd (1.25 
rag/I) for 27 days; scale bar: 75 ~m. Differences are not observable between A, B and C photographs, 
whilst Cd-stressed digestive gland exhibits an advanced degenerative stage expressed in a thinner 

epithelium. (Stained with haematoxylin-eosin) 
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cases. Mid- t ide  mol luscan populat ions ,  in which  changes  b e t w e e n  ho ld ing  and  absorp-  
tive tubules  are  relevant ,  show a significant variat ion in MET values .  Never the less ,  such 
var iabihty  does  not  seem to affect consistent ly the MET va lue  for s tress  indica t ion  
purposes  because  the  most impor tan t  variat ions occur b e t w e e n  the type  I and  II tubule  
ratio. The ex t reme  cases  of Lasaea  rubra and  Scrobicularia plana (Morton, 1956; Owen, 
1972), in which  the f ragmenta t ion  s tage is p redominan t  at some per iods  of the  digest ive  
cycle wel l  cor re la ted  with  the  tide, should be  s tud ied  to comple te  the  field of possibi l i t ies  
in relat ion to the  different  types  of digest ion descr ibed  in molluscs.  

Al though the digest ive  tubules  of molluscs consist bas ica l ly  of the four men t ioned  
types  of tubule,  it seems  that  stress condit ions induce  a r e p l a c e m e n t  of the  former by  
another  tubule  type  that  has  b e e n  t e rmed  atrophic.  Couch (1984) found tha t  the  occur- 
rence  of a t rophic  digest ive  epi the l ia  is re la ted  to the p resence  of en# i ronmen ta l  irri tants 
in the habitats of the oyster Cr~ssostrea virginica (Gm~hn). Lowe et al. (1981) described a 

reduction in height of the digestive cells beyond that demonstrated in a normal feeding 

cycle, in oil-exposed M, edulis. The normal synchrony of the digestive cells was lost to a 

point in which nearly all the tubules exhibited an appearance similar to that usually 

t e rmed  reconst i tut ing {type IV). tn fact, the reduct ion  ~n the he igh t  of the  d iges t ive  cell  
popula t ion  would  be  an express ion of the  formation of a h igh  propor t ion  of atroph/c 
diverticula.  

The above  p h e n o m e n o n  seems to be  qui te  general ,  and  has  b e e n  r e p o r t e d  to be  a 
response  to a g rea t  number  of stressors. Thompson  et al. (1974) descr ibe  a d e c r e a s e  in the 
digest ive  g land  index,  cor re la ted  to the proport ion of each  tubule  type,  as a consequence  
of s tarvat ion in N/. eduh's. Thompson  et al. (1978) report  upon  a cont inuous  in t race l lu lar  
digest ion,  whe re  the four tubule  types  are  a lways  present ,  in Myti lus  californianus 

Conrad  from the  lower  shore. These  authors  descr ibe  h reduct ion  in ep i the l i a l  th ickness  
caused  by  nutr i t ional  stress. Moore  et al. (1978a and  b; 1979) have  o b s e r v e d  the  th inning 
of the digest ive  tubule  epi thel ium, resul t ing from a loss of apical  cytoplasm,  in response  
to p ro longed  aer ia l  exposure  at e leva ted  tempera ture ,  inject ion of 17~-oestradiol ,  and  
inject ion of an th racene  in M. edulis. T r i p p e t  al. (1984) also asser t  that  some organic  
pol lutants  enhance  reduct ion of the digest ive cell he ight  of M. mercenaria. Mar ig6mez  et 
al. (1986) conc lude  that  copper  exposure  induces  a reduct ion in d iges t ive  g l and  MET in 
the terrestr ial  gas t ropod Arion ater L, Finally, Axiak  et al. (1988) have  o b t a i n e d  similar 
results for the b iva lve  Venus  verrucosa exposed  to the  wa te r  a c c o m o d a t e d  fract ion of an 
oil. In v iew of these  concordant  results,  it is therefore  hypo thes i zed  that  env i ronmenta l ly  
i nduced  th inning of the digest ive  epi the l ium might  be m e a s u r e d  by  m e a n s  of MET. 

Table 5. Comparison between the MET of the digestive diverticula of control and hypothetically 
stressed (80 % atrophic epithelia) Mercenaria rnercenaria (a) and Ostrea edulis with high (b) and low 
(c) digestive activity, t 0.05 (oo) = 1.96. C: control populations, HS: hypothetically stressed popula- 

tions, SD: standard deviations, s.: significant 

Population C SD HS SD ts 

a 0.885 0,142 0.426 0,173 4.33 s. 
b 0.838 0,201 0.490 0.185 2,97 s. 
c 0.676 0.162 0.490 0.185 1.96 s. 
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Accord ing ly ,  the  p r e sen t  statist ical  and  g raph ica l  a r g u m e n t s  s u g g e s t  t he  va l id i ty  of 

u s ing  M E T  for e n v i r o n m e n t a l  stress a s s e s smen t  p u r p o s e s  in reahs t ic  s i tuat ions.  Thus ,  a 

s igni f icant  r e d u c t i o n  in M E T  b e y o n d  the  lower  v a l u e s  of this p a r a m e t e r  r e c o r d e d  du r ing  

d iges t ion  has  b e e n  d e m o n s t r a t e d  in L. l i t t o rea  e x p o s e d  to sub le tha l  concen t r a t i ons  of 

c a d m i u m  for 27 days.  

T h e  s ign i f i cance  of such  a r educ t ion  in M E T  e v e n  for the  d i f ferent  t ypes  of phas i c  

d iges t ion  is a n o t h e r  ques t ion  that  shou ld  be  c o n s i d e r e d  in re la t ion  to t h e  n o r m a l  

o c c u r r e n c e  of a b u n d a n t  type  III and  IV tubu le s  r e p o r t e d  u p o n  for s o m e  m o l l u s c a n  

popula t ions .  T h e  pa t t e rns  of M.  m e r c e n a r i a  (scarce o c c u r r e n c e  of t ubu le s  type  III a n d  IV) 

a n d  O. e d u l i s  ( larger  occur rence  of t y p e  IV tubules)  f rom the  fo rmer ly  d e s c r i b e d  tubu le  

popu la t i ons  (Table  5) h a v e  b e e n  the  basis  for t h e s e  calcula t ions .  If a cer ta in  d e g r e e  of 
e n v i r o n m e n t a l  s t ress  is supposed ,  a p ropor t ion  of n e a r l y  80 % a t roph ic  d ive r t i cu la  m i g h t  

be  r e a c h e d  (Couch,  1984). Similar  conc lus ions  h a v e  b e e n  fo rmu la t ed  by  L o w e  et  al. 

(1981), w h o  do not  re fe r  to p e r c e n t a g e  va lues  bu t  i nd ica t e  that  nea r ly  all the  t ubu l e s  s h o w  

an  a p p e a r a n c e  s imilar  to type  IV tubules .  Thus,  hypo the t i ca l ly  s t ressed  popu la t i ons  h a v e  

b e e n  c r e a t e d  by  i n c r e a s i n g  the  p ropor t ion  of type  IV tubu les  (up to 80 %). Previous ly ,  t he  

p r e s e n t  au thors  h a v e  found  that  the  p ropor t ion  of a t roph ic  tubu les  a n d  the  M E T  v a l u e  a re  

l inear ly  co r re l a t ed  (unpubhshed  data). F rom the  resul ts  s h o w n  in Tab l e  5, a s ign i f ican t  
d i f f e rence  in MET,  as we l l  as a s igni f icant  v a r i a n c e  c o m p o n e n t  due  to t r e a t m e n t  

(hypothe t ica l  stress) can  be  c o n c l u d e d  for all the  cases,  i n c l u d i n g  tha t  in w h i c h  the  

f r a g m e n t a t i o n  s t age  is a b u n d a n t  u n d e r  no rma l  condi t ions .  H o w e v e r ,  t he se  specu la t i ons  

r equ i r e  fur ther  e x p e r i m e n t a l  conf i rmat ion  in f ie ld  and  l abora to ry  s tudies  b a s e d  on  the  

c o m p a r i s o n  b e t w e e n  n u m e r o u s  mo l lu scan  species .  

A c k n o w l e d g e m e n t s .  The authors wish to thank A. Mateo for hi~ skilful technical assistance and 
photography-work, and J. Castillero for his excellent informatic support. The authors are specially 
indebted to Dr. D. M. Lowe and to some anonymous referees for their valuable criticism on the 
manuscript. 

LITERATURE CITED 

Axiak, V., George, J. J. & Moore,.M.N., 1988. Petroleum hydrocarbons in the marine bivalve V e n u s  
verrucosa: accumulation and cellular responses. - Mar. Biol. 97, 225-230. 

Couch, J., 1984. Atrophy of diverticuIar epithelium as an indicator of environmental irritants in the 
oyster Crassostrea virginica. - Mar. environ. Res. 14, 525-526, 

GESAMP, 1980. Monitoring biological variables related to marine pollution. - Rep. Stud. GESAMP 
11, 1-22. 

Langton, R. W., 1975. Synchrony in the digestive diverticula of Myt i lus  edulis. L. - J. mar. biol. Ass. 
U. K. 55, 221-230. 

Langton, R. W., 1977. Digestive rhythms in the mussels Myt i lu s  edulis. - Mar. Biol. 41, 53-58. 
Lowe, D. M., Moore, M. N. & Clarke, K. R., 1981. Effects of oil in digestive cells in mussels: 

quantitative alterations in cellular and lysosomal structure. -Aqua t .  Toxicol. I, 213-226. 
Marig6mez, J. A., Angulo, E. & Moya, J., 1986. Copper treatment of the digestive gland of the slug 

Arion  a ter  L. 2. Morphometrics and histophysiology. - Bull. environ. Contam. Toxicol. 36, 
608-615. 

Marig6mez, J. A., Martin, L. M. & S&ez, V., 1987. Lethal effects of cadmium in Littorina li t torea (L.) 
(Gastropoda, Prosobranchia). - Cuad. Marisq. Publ. T~c. 9; 181-189. 

Mathers, N. F., 1976. The effects of tidal currents on the rhythm of feeding and digestion in Pec ten  
m a x i m u s  L. - J. exp. mar. Biol. Ecol. 24, 271-283. 



94 J. A. Mafig6mez et al. 

McQuiston, R. W., 1969. Cyclic activity in the digestive diverticula of Lasaea rubra (Montagu) 
(Bivalvia: Eulameliibranchia). - Proc. malae. Soc. Lond. 38, 483-492. 

Merdsoy, B. & Farley, J., 1973. Phasic activity in the digestive gland cells of the marine prosobraneh 
gastropod, IAttorina littorea (L.). - Proc. malac. Soc. Lond. 40, 473-482. 

Moore, M. N., 1986. Molecular and cellular indices of pollutant. In: Strategies and advanced 
techniques for marine pollution studies: Mediterranean Sea. Ed. by C. S. Giam ~ H. J. M. Dow. 
Springer, Berlin, 417-435. 

Moore, M. N., Lowe, D. M. & Fieth, P. E. M., 1978a. Responses of lysosomes in the digestive cells of 
the common mussel, Mytilus edulis, to sex esteroids and cortisol. - Cell. Tiss. Res. 188, 1-9. 

Moore, M. N., Lowe, D. M. & Fieth, P. E. M., 1978b. Lysosomai responses to experin%entaUy injected 
anthracene in digestive cells of My~lus edulis. - Mar. Biol. 48, 297-302. 

Moore, M, N., Lowe, D. M. & Moore, S~ L., 1979. Indication of lysosomai destabilisation in marine 
molluscs exposed to air. - Mar. Biol. Lett. 1, 47-57. 

Morgan, E. & Last, V. K., 1982. Observations on the feeding and digestion rhythm of the freshwater 
prosobranch Melanoides tuberculata MO/ler. - Zool. Anz., 209, 281-393. 

Morton, B. S., 1969. Studies on the biology of Dreissena polyrnorpha Pall. 2. Correlation of the 
rhythms of adductor activity, feeding, digestion and excretion. - Proc. malac. Soc. Lond. 38, 
401-414. 

Morton, B. S., 1970a. The tidal rhythm and rhythm of feeding and digestion in Cardium edule. - J. 
mar. hiol. Ass. U. K. 50, 499-512. 

Morton, B. S., 1970b. A note on the cytological structure and function of the digestive diverticula of 
Macoma balthica correlated with the rhythm of the tide. - Malac. Rev. 3, 115-1 19. 

Morton, B. S., 1970c. The rhythmical behaviour of Anodonta cygnea L and Uniopictorum L. and its 
biological significance. -Fonna Functio 2, 110-120. 

Morton, B. S., 1971. The diurnal rhythm and tidal rhythm of feeding and digestion in Ostrea edulis. - 
Biol. J. Linn. Soc. 3, 329-342. 

Morton, B. S., 1973. A new theory of feeding and digestion in the filter feeding larnellibranchia. - 
Maiacologia 14, 63-79. 

Morton, B. S., 1983. Feeding and digestion in bivalves. In: The mollusca. Ed. by K. M. Wilbur. Acad. 
Press, New York, 5 (2), 563-586. 

Morton, J. E., 1956. The tidal rhythm and action of the digestive system of the lamellibranch Lasaea 
rubra. - J. mar. biol. Ass. U. K, 35, 563-586. 

Owen, G., 1972. Lysosomes, peroxisomes and bivalves. - Sci. Prog., Oxford 60, 299--318. 
Pearse, A. G. E., 1976. Histochemistry, theoretical and applied. Churchill Livingstone, Edinburgh, 

759 pp. 
Robinson, W. E., 1983. Assessment of bivalve intracellular digestion based on direct measurements. 

-J. moll. Stud. 49, 1-8. 
Robinson, W. E. & Langton, R. W., 1980. Digestion in a subtidal population of MercenaHa mercenana 

(Bivalvia). -Mar. Biol. 58, 173-179. 
Robinson, W. E., Pennington, M. R. & Langton, R. W., 1981. Variability of tubule types within the 

digestive gland of Mercenana mercenaria (L.), Ostrea edulis L. and My~lus edulis L - J. exp. 
mar. Biol. Ecol. 54, 265-276. 

S~ez, V., 1986. Histofisiologia de la gi~%ndula digestiva del gaster6podo litorai iittoHna littorea (L) 
sometido a regimen experimental de mareas. Licenciature Thesis, Universidad del Peds Vasco- 
Euskai Herriko Unibertsitatea, Bilbao, 97 pp. 

Sokal, R. S. & Rohlf, F. J:, 1979. Biometfia. Bhime, Madrid, 831 pp. 
Thompson, R. J., Ratcliffe, N. A. & Bayne, B. L, 1974. Effects of starvation on structure and function 

in the digestive gland of the mussel (Mytilus edulis L). -J. mar. biol. Ass. U. K. 54, 699-712. 
Thompson, R. J., Bayne, C. J, Moore, M. N. & Carefoot, T. J., 1978. Haemolymph volume, changes in 

the biochemical composition of the blood, and cytological responses of the digestive cells in 
Mytilus califomianus Conrad induced by nutritional, thermal and exposure stress. - J. comp. 
Physiol. 127, 287-298. 

Tripp, M. R., Fries, C. R., Craven, M. A. & Grier, C. E., 1984. Histopathology of MercenaHa 
mercenaHa as an indicator of pollutant stress. - Mar. environ. Res. 14, 521-524. 

Wilson, J. H. & Latouche, R. W., 1978. Intracellular digestion in two sublittoral populations of Ostrea 
eduh's (Lameliibronchia). - Mar. Biol. 47, 71-77. 


