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ABSTRACT: Various physiological and biochemical methods have been proposed for assessing the 
effects of environmental perturbation on aquatic organisms. The success of these methods as 
diagnostic tools has, however, been limited. This paper proposes that adenylate energy charge 
overcomes some of these limitations. The adenylate energy charge (AEC) is calculated from 
concentrations of adenine nucleotides ([ATP + 1/2ADP]/[ATP + ADP + AMP]), and is a reflection of 
metabolic potential available to an organism. Several features of this method are: correlation of 
specific values with physiological condition or growth state, a defined range of values, fast response 
times and high precision. Several examples from laboratory and field experiments are given to 
demonstrate these features. The test organisms used (mollusc species) were exposed to a variety of 
environmental perturbations, including salinity reduction, hydrocarbons and low doses of heavy 
metal. The studies performed indicate that the energy charge may be a useful measure in the 
assessment of environmental impact. Its use is restricted, however, as several limitations exist 
which need to be fully evaluated. Further work relating values to population characteristics of 
multicellular organisms needs to be completed before the method can become a predictive tool for 
management. 

INTRODUCTION 

Many  recent  studies have examined  the potent ia l  of various physiological  and  
biochemical  methods for assessing an organism's  state of we l l -be ing  in  per turbed  and  
non-per tu rbed  aquat ic  env i ronments  (Jeffries, 1964, 1972~ Lynch, 1974; Davis, 1977~ 
McLeay & Howard, 1977; McIntyre et al., 1978). Several problems limit the appl icat ion of 
many  of these methods to env i ronmenta l  moni tor ing  programmes (Sprague, 1971~ 
McErlean et al., 1972; Swartz, 1972~ Waldichuk,  1973). The problems include:  specificity 
of response to a species or phylet ic  group~ differences be tween  species; lack of ecologi- 
cal relevance;  seasonal  variation; low levels of precision, which lead to h igh levels of 
var iabi l i ty  of response and  which subsequent ly  require large sample sizes (n _--_ 20 
organisms) for statistically detectable  differences; difficulty of objective assessment  
without complex and  expensive  methodology; lack of consistent  responses;  slow 
response time~ unsu i tab le  for appl icat ion in  the field and  the laboratory. Despite 
awareness  of these problems since the late 1960s, the need  for a technique(s) which 
overcomes at least some of these problems is still felt (McLeay & Howard, 1977). 

A biochemical  measure  k n o w n  as adenyla te  energy  charge (AEC) has b e e n  recently 
shown to overcome some of the above problems (Ivanovici, 1977a, b, 1980a; Giesy et al., 
1978). Furthermore, it has b e e n  proposed as a method which has great potent ia l  for 
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eva lua t ion  of the  responses  of o rgan isms  to env i ronmen ta l  pe r tu rba t ions  (Ivanovici,  
1974~ W i e b e  & Bancroft, 1975~ Ivanovici  & Wiebe ,  1980}, e spec ia l ly  in a moni to r ing  
p rog ramme.  

In this  p re sen ta t ion  I shal l  desc r ibe  severa l  e x a m p l e s  from aqua t ic  inve r t eb ra te s  
which  i l lus t ra te  some of the  fea tures  of the  AEC response .  I should  emphas i se ,  however ,  
that  this  me thod  also has  severa l  p rob lems  wh ich  n e e d  to be  p roper ly  eva lua t ed  before  
its po ten t i a l  as a moni tor ing  and  p red ic t ive  tool can  be  ver i f ied.  

DEFINITION AND BASIC RESPONSE OF ADENYLATE ENERGY CHARGE 

The AEC is de f ined  as the  me tabo l i c  ene rgy  po ten t i a l ly  ava i l ab l e  from the  adeny-  
la te  pool  to an  o rgan i sm at the  t ime of s a m p l i n g  (Atkinson & Walton,  1967; Atkinson,  
1968). It is ca l cu la t ed  from m e a s u r e d  concentra t ions  of a de nos ine -5 ' - t r i phospha t e  (ATP), 
- d iphospha t e  (ADP) and  -monophospha t e  (AMP) by  the formula;  (ATP + 1/2ADP)/(ATP 
+ ADP + AMP). By def in i t ion  va lues  of AEC range  from 0 to 1.0. 

F rom theore t i ca l  and  empi r i ca l  considera t ions ,  Atk inson  (1968) p r e d i c t e d  that  val -  
ues  of AEC w o u l d  be  b e t w e e n  0.8 to 0.9 in a l l  o rgan isms  under  phys io log ica l ly  op t imal  
condi t ions.  This was  in i t ia l ly  ver i f ied  by  C h a p m a n  et al. (1971), who  also showed  that  
va lues  of AEC b e l o w  0.8 occur red  w h e n  condi t ions  b e c a m e  l imi t ing  or sub-opt imal ,  and  
that  o rgan isms  whose  AEC dec rea sed  b e l o w  0.50 d id  not  recover  w h e n  r e tu rned  to 
op t imal  condi t ions.  Growth  and  reproduc t ive  ra tes  were  much  r e d u c e d  wi th  va lues  
b e l o w  0.8. M o n t a g u e  & Dawes  (1974), W i e b e  & Bancroft (1975) and  Reece  et al. (1976) 
found s imi la r  responses  in a va r ie ty  of microorganisms.  The  AECs  of numerous  mul t ice l -  
lu la r  o rgan isms  have  b e e n  shown to r e spond  in a s imi lar  fashion (e. g. ver tebra tes :  
Ridge,  1972, Thi l la r t  et al., 1976, Chu lava tna to l  & Haesungchare rn ,  1977~ plants :  Ch ing  
et al., 1975, Bewley  & Gwozdz,  1975; inver tebra tes :  Ivanovici ,  1974, Behm & Bryant, 
1975, Wijsman,  1976), a l though  the  re la t ionsh ip  b e t w e e n  changes  in  AEC and  effects on 
growth  and  reproduc t ive  po ten t i a l  are  not  we l l  documented .  

RESPONSES OF ADENYLATE ENERGY CHARGE UNDER LABORATORY 
CONDITIONS 

Tab le  1 shows a typ ica l  response  of AEC in the  es tuar ine  gas t ropod  Pyrazus 
ebeninus to r educ t ion  in salinity.  Decreases  in sa l in i ty  b e l o w  20 %0 were  re f lec ted  by  
s igni f icant  reduc t ions  in AEC wi th in  24 h. Fur ther  reduct ions  d id  not  occur  un less  the  
exposure  pe r iod  was  e x t e n d e d  pas t  7 days  (see Ivanovici ,  1980a). A l though  the response  
to sa l in i ty  was  not  af fec ted  at 29 ~ va lues  in a l l  groups  were  app rox ima te ly  20 % lower  
than  at  20 ~ W h e n  mol luscs  were  r e tu rned  to control  condi t ions  of 34 %0 at  20 ~ from 
the r e d u c e d  sa l in i t ies  at both  t empera tures ,  the  only  mol luscs  wh ich  d id  not recover  
were  those  whose  AEC d e c r e a s e d  b y  40 ~ to a pp rox ima te ly  0.5 wi th in  24 h (i. e. those 
kep t  at 0 and  17 %0 at  29 ~ The  a d e n y l a t e  pool  showed  no s igni f icant  changes  
a s soc ia t ed  wi th  var ia t ions  of sa l in i ty  or t empe ra tu r e  in  this  and  other  examples ,  ind ica t -  
ing  its insens i t iv i ty  to var ia t ions  in env i ronmen ta l  condi t ions  (Table 1). 

The  da ta  from this  e x a m p l e  i l lus t ra te  a n u m b e r  of features.  The  AEC has  a h igh  leve l  
of precis ion.  This  is i nd i ca t ed  bo th  by  the a d e q u a c y  of the  smal l  s ample  size (3 molluscs)  
to de tec t  d i f ferences  that  were  s ta t i s t ica l ly  s ignif icant ,  and  the  low overal l  s t anda rd  error  



558 A . M .  I v a n o v i c i  

Table 1. Pyrazus ebeninus. Response of adenylate  energy charge and  total aden ine  nucleotides to 
reduct ion in salinity and  e levated  tempera ture  (summarized from Ivanovici, 1980a). Gastropods 
were transferred to the indica ted  conditions after 1 week ' s  acclimation to laboratory conditions. 
Molluscs were removed for analysis  of nucleot ides after exposure to the exper imenta l  conditions for 
1 and  4 days. Collumela muscle was dissected from each mollusc and  freeze-clamped in less than  
60 s. Each f reeze-c lamped tissue was then  pulver ized (at - 1 8 0  ~ 6 % perchloric acid added,  
pulver ized further  and  mixed thoroughly, then  al lowed to thaw on ice (tissue : acid was 1:10). Each 
sample was centr i fuged (600 g, 40 min, 0 ~ neutra l ized (5N K2CO3), then  assayed for ATP, ADP 
and  AMP. Modified spectrophotometric  methods of Jaworek et al. (1974) and  Lamprecht  & 
Trautschold (1974) were used to assay ATP, ADP and  AMP with  hexokinase,  pyruvate  kinase and  
myokinase  respectively. (Details of these  methods  are in Ivanovici 1977a and  1980b.) The experi-  
menta l  data  were  analysed  by  analysis of variance,  and  differences be tween  means  were tes ted for 

s ignif icance by  Student-Newman-Keuls  test  (see Ivanovici, 1980a for details) 

Salinity Tempera ture  Time of Adenyla te  (ATP+ADP+AMP)  
(Too) (~ sample energy  charge* /nnol g-1 wet  weight  

(days) 

0 20 ~ 1 0.63 • 0,07 5.74 ___ 0.07 
4 0.66 • 0.02 3.42 • 0,24 

29 ~ 1 0.51 • 0.01 5.32 • 0.45 
4 0.54 • 0.03 5.15 • 0.25 

17 20 ~ 1 0.66 • 0.03 6.00 • 0.25 
4 0.66 • 0.02 3.81 • 0.22 

29 ~ 1 0.55 • 0.01 4.96 • 0.30 
4 0.60 • 0.04 5.02 • 1.31 

34 20 ~ 1 0.86 • 0.02 5.42 • 0.18 
4 0.89 • 0.02 5.40 • 0.04 

29 ~ 1 0.73 • 0.05 5.82 • 0.34 
4 0.70 • 0,01 4.52 • 0.48 

* Values  are means  of 3 animals  • s tandard error 

of • 0.034. C o m p a r i s o n s  of t h e  o v e r a l l  c o e f f i c i e n t s  of v a r i a t i o n  of A E C  w i t h  t h o s e  of t h e  

i n d i v i d u a l  n u c l e o t i d e s  a n d  t h e  r a t i o  of ATP:  A D P  ( f rom d a t a  of 5 e x p e r i m e n t s ,  I v a n o v i c i ,  

1980a)  a l so  i n d i c a t e  t h a t  t h o s e  of t h e  A E C  h a v e  t h e  h i g h e s t  l e v e l  of p r e c i s i o n .  T h e  v a l u e s  

a re :  A E C ,  7.4 ~ ATP,  18.7 ~ ADP,  19.7 "I0; A M P ,  41.4 ~ a d e n y l a t e  pool ,  13 ~ 

A T P  : ADP,  39.9 %.  T h e  r e s p o n s e  t i m e  is  r a p i d ,  o c c u r r i n g  w i t h i n  24 h. T h e  r e s p o n s e  

o c c u r s  f a s t e r  a n d  c l e a r e r  t h a n  m o r t a l i t y  d a t a  ( Ivanov ic i ,  1980a) .  T h e  r e s p o n s e  of A E C  to 

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

l e n d s  i n s i g h t  i n t o  t h i s  s p e c i e s '  d i s t r i b u t i o n  i n  t h e  e n v i r o n m e n t .  Por  e x a m p l e ,  t h e  s p e c i e s  

is f o u n d  o n l y  i n  t h e  t e m p e r a t e  r e g i o n  of e a s t e r n  A u s t r a l i a .  W i t h i n  t h e  e s tua ry ,  i t  is  f o u n d  

o n l y  i n  t h e  m o r e  s a l i n e  a r eas ,  w h e r e  s a l i n i t y  a t  h i g h  t i d e  is b e t w e e n  3 0 - 3 4  %0. A d d i -  

t i o n a l  f i e ld  s t u d i e s  are ,  h o w e v e r ,  n e c e s s a r y  to v a l i d a t e  this .  

S t u d i e s  w i t h  s e v e r a l  o t h e r  a q u a t i c  s p e c i e s  ( b o t h  e s t u a r i n e  a n d  f r e s h w a t e r )  u n d e r  

l a b o r a t o r y  c o n d i t i o n s  i n d i c a t e  t h a t  A E C  r e s p o n d s  c o n s i s t e n t l y  (by  r e d u c t i o n  b e l o w  

n o r m a l  v a l u e s )  w h e n  c o n d i t i o n s  d e t e r i o r a t e  f r o m  o p t i m a l .  W i j s m a n  (1976) s h o w e d  t h a t  

A E C  d e c r e a s e s  in  Myti lus edulis u n d e r  a n a e r o b i c  c o n d i t i o n s .  I v a n o v i c i  ( in p r e p a r a t i o n )  

d e m o n s t r a t e d  a s i m i l a r  r e s p o n s e  to a n a e r o b i c  c o n d i t i o n s  i n  a n o t h e r  m u s s e l  s p e c i e s ,  

Trichomya hirsuta. The  r e s p o n s e  of A E C  to r e d u c e d  s a l i n i t y  h a s  a l so  b e e n  d e m o n s t r a t e d  
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in the  paras i t ic  worm, Monieza expansa (Behra & Bryant, 1975), as we l l  as in two b iva lve  
species ,  Anadara trapezia and Saccostrea commercialis (Rainer et al., 1979). A l though  
the la t ter  s tudy demons t r a t ed  consis tency of response  of AEC to the  stress of r e duc e d  
salinity,  two p rob lems  were  h igh l igh ted .  The  AEC of S. commercialis was s igni f icant ly  
lower  than  normal  in the  control  groups  (0.76-0.64), i nd ica t ing  tha t  pe rhaps  some 
spec ies  m a y  be  unsu i t ab le  for moni tor ing.  The  AEC response  d id  not d i f ferent ia te  
spec ies  accord ing  to thei r  sens i t iv i ty  to sa l in i ty  reduct ion,  sugges t ing  that  its usefulness  
may  be  more  as a gene ra l  indica tor  of stress - wi th in  spec ies  ra ther  than  b e t w e e n  
species.  Fur ther  s tudies  are  n e e d e d  here,  however .  

Acute  and  chronic exposure  of Corbicula fluminea, Anodonta imbecillis, Procam- 
barus pubescens and  Palaemonetes paludosos to Cd resu l ted  in s igni f icant  reduct ions  of 
AEC (Giesy et al., 1978). The  response  occurred  r ap id ly  (e. g. s ignif icant  reduc t ion  in C. 
fluminea after only  6 h exposure  to as l i t t le  as 5 /~g 1-1 Cd), we l l  in advance  of 
phys io log ica l  and  behav iou ra l  changes ,  and  demons t r a t ed  h igh  leve ls  of precis ion,  wi th  
sample  sizes of only  5 animals .  Reduced  AEC levels  occurred after exposure  of the 
mar ine  i sopod  Cirolana borealis to anoxia  and  0.14 m M  to luene  (Skjoldal  & Bakke,  
1978). The lack  of s ta t is t ical  informat ion in this  study, however ,  m a k e s  its in te rpre ta t ion  
more  difficult.  

FIELD STUDIES 

The su i tab i l i ty  of a me thod  for the  assessment  of env i ronmenta l  pe r tu rba t ion  must  
be  e v a l u a t e d  u n d e r  f ie ld as we l l  as l abora tory  condit ions.  Factors which  should  be  
cons ide red  inc lude:  ease  of s ampl ing  in the  field~ w he the r  leve ls  of p rec i s ion  are  
comparab l e  to those  u n d e r  l abora tory  conditions~ f reedom from seasona l  and  spa t ia l  
effects~ and  corre la t ion  wi th  the  p re sence  or absence  of stress. 

The s tudies  of Atk inson  (1968) and  C h a p m a n  et al. (1971) ind ica te  that  AECs of 
organisms  in thei r  normal  env i ronments  should  r ange  b e t w e e n  0.8 and  0.9. Levels  of 
AEC found in severa l  aqua t ic  inver tebra te  spec ies  s a m p l e d  from normal  f ie ld condi t ions  
have  ver i f ied  this. Fur thermore ,  the AEC app e a r s  to be  i n d e p e n d e n t  of seasonal ,  t ida l  
and  spa t ia l  differences.  For example ,  the  AECs of I~razus ebeninus s a m p l e d  at  different  
t imes  of the yea r  were  s imi lar  (Table 2). Even though  the di f ferences  b e t w e e n  h igh  and  
low t ides  were  signif icant ,  the  va lues  were  wi th in  the  normal  r ange  (Table 2). AECs of P. 
ebeninus from different  a reas  a re  also comparab le .  Similar ly,  Giesy  et al. (1978} found 
h igh  and  comparab l e  AECs in sepa ra t e  popula t ions  of A. imbeci111s and  C. fluminea. 
Seasona l  var ia t ion  of AEC has  b e e n  noted,  however ,  in severa l  spec ies  of zoop lank ton  
(Skjoldal  & Bamstedt ,  1977}. The  levels  of p rec i s ion  in this  la t te r  s tudy are  not  as good  as 
those  desc r ibed  above.  This sugges t s  that  me thodo log ica l  diff icul t ies  m a y  contr ibute  a 
la rge  but  u n k n o w n  amount  to the  obse rved  var iabi l i ty .  Me thodo log ica l  diff icul t ies  m a y  
also account  for the  low AECs (0.66 _+ 0.06) m e a s u r e d  in f ie ld  popula t ions  of Saccostrea 
commercialis b y  Rainer  et  al. (1979). 

Lower - than-normal  va lues  of AEC have  b e e n  gene ra l ly  consis tent  wi th  the  onset  of 
subop t ima l  condi t ions  in th.e field. Natural ,  but  unusua l ly  l a rge  pe r tu rba t ions  in  the 
es tuar ine  env i ronment  resu l t ing  in, for example ,  p ro longed  exposure  to r e d u c e d  sa l in i ty  
caused  by  f looding  are  re f lec ted  by  AECs  of 0.65 _+ 0.034 in Pyrazus ebeninus (Table 2). 

Mol luscs  sub jec ted  to m a n - m a d e  per tu rba t ions  in  the  f ie ld also show s ignif icant  
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Table 3. Pyrazus ebeninus. Response of adenylate energy charge and nucleotide pool to changes in 
environment (summarized from Ivanovici 1977a, b, in preparation). Individuals were caged at clean 
and polluted sites for 14 days, returned to Moona Moona Creek and sampled after a further 14 days. 

Values are means of 6 animals. Methods as described in legend of Table 1 

Controls Experimentals 
Measure Time Moona Moona Currambene Morrisons Duck 

{days} Creek Creek Bay River 

AEC 14 0.82 0.80 0.62 0.69 
28 0,81 0.77 0.79 0.80 

ATP § ADP § AMP 14 5.99 6.40 4.52 4.48 
(/~noles g-1 wet weight) 28 6.49 6.71 6.10 5.96 

Table 4. Trichomya hirsuta. Adenylate energy charge and nucleotide pool in populations from the 
inlet and outlet sides of the Vales Point Power Station (from Ivanovici, 1977a, b, in preparation). 
Values are means of 6 animals. Nucleotides were extracted from adductor muscle. Methods as in 

legend of Table 1 

Measure Inlet Outlet 

AEC 0,78 0.68 
_ 0,022 

ATP d- ADP § AMP 2.45 2.34 
(prnol g-1 wet weight) __ 0,087 

Salinity (%0) 30.7 31.0 
Temperature (~ 21,2 28.9 

reduct ions  in AEC wi th in  24 h (Ivanovici, in preparation).  For example ,  the AECs of P. 

ebeninus t ransferred to var ious sites in the f ield were  depressed  only in those molluscs  

wh ich  were  t ransferred to sites known to be con tamina ted  with  hydrocarbons (Table 3). 

Values  wi th in  the normal  range  were  measu red  only in molluscs  caged  at control sites or 

in molluscs  re turned  to control condit ions from per tu rbed  ones. Fur thermore  l ive mol- 

luscs were  not found at the con tamina ted  sites several  months after the conclusion of the 

exper iments .  This observat ion associates low va lues  of AEC wi th  low survival,  a l though 

it is not conclus ive  proof, and does not indicate  mechan i sms  of action. Adeny la t e  pool  

size did not  change  s ignif icant ly  under  natural  or m a n - m a d e  per turbat ions  (Tables 2 

and 3}. 

AECs in popula t ions  of Trichomya hirsuta from the inlet  and outlet  sides of a power  

plant  indica te  that  the lower  AEC was  found only in the mussels  from the out let  s ide 

where  the env i ronment  was  pe r tu rbed  by fast f lowing wate r  hea ted  8 ~ above  ambien t  

(Table 4}. This low va lue  was  associated wi th  a very  sparse populat ion,  and lends  

indirect  support  for the associat ion of low reproduct ive  or survival  potent ia l  wi th  

r educed  AECs. 

These  field studies demonst ra te  the fo l lowing features: (a) The  methods  descr ibed  

by Ivanovici  (1977a, 1980b) enab le  samples  to be  col lec ted  easi ly in the field. (b) AEC 

has levels  of prec is ion  under  f ield condit ions that  are comparab le  wi th  those in the 
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l abora tory  (e.g. overa l l  S. E.s of da t a  in Tab les  3 and  4 were  _+ 0.029 and  +_ 0.022, 
respect ively) .  (c) The coefficient  of va r ia t ion  (C.V.) for AEC is the  smal les t  of the 
nuc leo t ide  var iables ,  even  unde r  f ie ld condi t ions,  i nd ica t ing  its super ior  leve l  of preci -  
sion. For example ,  C.V.s from 4 expe r imen t s  by  Ivanovic i  (1977a) were  also as follows: 
AEC, 9.7 % ; ATP, 22 0/0; ADP, 22.1% ; AMP, 49.7 %; adeny la t e  pool,  15.0 0/0; ATP:ADP,  
33.7 % (Ivanovici,  in prepara t ion) .  These  es t imates  reflect  var ia t ion  b e t w e e n  ind iv idua l s  
of a g iven  s amp le  popula t ion ,  and  inc lude  va r i ab i l i ty  due  to s a m p l i n g  and  ana ly t ica l  
steps. S imi la r  h igh  levels  of p rec i s ion  for AEC, as c o m p a r e d  wi th  other  nuc leo t ide  
var iables ,  are found in f reshwater  inver tebra tes  (C.V.s b e t w e e n  2 and  7 ~ for AEC, 

g rea te r  than  for o ther  nuc leo t ide  va r iab les  but  not  repor ted ;  Giesy  et al., 1978), foetal  rats 
(Ballard, 1971), p lan t s  (Ching et  al., 1975) and  aqua t ic  microb ia l  communi t ies  (within- 
sample  C.V. of 8 % for AEC, c o m p a r e d  wi th  > 25 % for other  nuc leo t ide  measurement s ;  
Witzel ,  1979). (d) Seasona l  and  spa t ia l  va r i ab i l i ty  are  minimal .  (e) The r e d u c e d  AECs 
corre la te  wi th  env i ronments  that  can  be  cons ide red  to p l ace  the organisms  unde r  stress, 
and  p r e s u m a b l y  unde r  some reproduc t ive  d i sadvan tage .  

These  s tudies  now n e e d  to be  e x t e n d e d  to inc lude  a much  grea te r  var ie ty  of species ,  
and  to examine  reproduc t ive  po ten t ia l  in  adul t s  and  survivorship  in offspring wi th  
respec t  to l owered  AECs. 

LIMITATIONS OF ADENYLATE ENERGY CHARGE 

Al though  the da ta  d i scussed  above  ind ica te  that  the  AEC has  a n u m b e r  of advan-  
t ages  over  o ther  methods ,  there  are  severa l  l imi ta t ions  which  ind ica te  that  its use  must  
be  a p p r o a c h e d  cautiously.  Since these  l imi ta t ions  have  b e e n  desc r ibed  in de ta i l  e lse-  
whe re  (Ivanovici,  1980c; Ivanovici  & Wiebe ,  1980), they  wil l  only  be  br ief ly  l i s ted  here:  

(a) A d e q u a t e  measu res  to e i ther  avoid  or es t imate  the  extent  of b r e a k d o w n  of ATP 
dur ing  dissect ion,  ex t rac t ion  and  analys is  are  necessa ry  to ensure  in vivo est imates .  
Problems in me thodo logy  are  a r ecogn ized  source of lower - than-normal  va lues  
(Knowles, 1977; Ski o lda l  & Bakke,  1978); current  me thods  are  laborious,  t ime consuming  
and requi re  spec ia l i zed  personnel .  This la t ter  aspec t  needs  to be  cons ide red  careful ly  in 
de t e rmin ing  the size of the  s ampl ing  p rogramme.  

(b) Except ions  in pa t t e rn  of AEC response  in pe r tu rbed  env i ronments  ind ica te  that  
spec ies  m a y  n e e d  to be  se lec ted  careful ly,  and  that  in te r spec ies  or in te rphyle t i c  compar i -  
sons m a y  be  l imi ted:  va lues  of AEC less  than  0.8-0.9 have  b e e n  m e a s u r e d  in "normal"  
organisms  (e. g. Zs . -Nagy  & Ermini,  1972; Eigener ,  1975), in some cases, desp i t e  
op t imiza t ion  of methods  (e. g. Rainer  et  al., 1979); va r ia t ion  of AEC occurs in different  
organs  of some organ isms  (Wijsman, 1976); h igh  AECs have  b e e n  m e a s u r e d  in  organ-  
isms k n o w n  to be  mor ibund  and  to be  unde r  ex t r eme ly  stressful  condi t ions  (e. g. 
C h a p m a n  & Atkinson,  1973; Ivanovici ,  unpubl i shed) .  

(c) Lack of p red ic t ive  p o w e r  of AEC measurement .  Insufficient  s tudies  have  b e e n  
done  wi th  mul t i ce l lu l a r  organisms  re la t ing  the effects of r e d u c e d  AEC on growth,  
r eproduc t ive  po ten t i a l  and  the  v iab i l i ty  of offspring of s t ressed  adults.  Unti l  these  are 
car r ied  out, p red ic t ions  b a s e d  on lowered  AECs can  only r e m a i n  tentat ive.  

(d) AEC cannot  ident i fy  the  cause  of pe r tu rba t ion  - it can only be  used  as a gene ra l  
indica tor  of stress. It does  not a p p e a r  to d i f ferent ia te  b e t w e e n  sensi t ive  and  less -sens i t ive  
spec ies  (Rainer et  al., 1979). 
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C O N C L U S I O N  

A n u m b e r  of e x a m p l e s  h a v e  b e e n  p r e s e n t e d  to i l l u s t r a t e  t h a t  m e a s u r e m e n t s  of A E C  

do of fer  a n u m b e r  of f e a t u r e s  w h i c h  i n d i c a t e  g r e a t  p o t e n t i a l  for  a p p l i c a t i o n  to m o n i t o r i n g  

p r o g r a m m e s  of v a r i o u s  sorts .  S u c h  p r o g r a m m e s  m i g h t  i n c l u d e  a q u a c u l t u r e  {where  

o p t i m a l  g r o w t h  c o n d i t i o n s  n e e d  to b e  e v a l u a t e d } ,  m o n i t o r i n g  for  e f f l u e n t  e f fec t s  o n  

s e l e c t e d  s p e c i e s  i n  t h e  e n v i r o n m e n t  a n d  e v a l u a t i o n  of n e w  c o m p o u n d s  a n d  t h e i r  e f fec t s  

o n  o r g a n i s m s  i n  l a b o r a t o r y  c o n d i t i o n s .  A t  a m o r e  b a s i c  l e v e l ,  A E C  c o u l d  l e a d  to b e t t e r  

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

t h e  l e v e l  of m e t a b o l i c  p o t e n t i a l  a v a i l a b l e .  T h e  f e a t u r e s  t h a t  A E C  m e a s u r e m e n t  h a v e  

i n c l u d e :  c o n s i s t e n t  r e s p o n s e  to s t r e s s  { p e r t u r b e d  e n v i r o n m e n t a l  cond i t ions} ,  u n d e r  

l a b o r a t o r y  a n d  f i e l d  c o n d i t i o n s ;  h i g h  l e v e l s  of p r e c i s i o n  b o t h  i n  t h e  l a b o r a t o r y  a n d  i n  t h e  

f ie ld ,  r e s u l t i n g  i n  t h e  n e e d  for  s m a l l  s a m p l e  s izes ;  e a s e  of s a m p l i n g ~  i n d e p e n d e n c e  f rom 

s p a t i a l  a n d  p o s s i b l y  s e a s o n a l  ef fects .  

It w a s  o n c e  h o p e d  t h a  t A E C  m i g h t  p r o v i d e  t h e  a l l - e n c o m p a s s i n g  m e t h o d  t h a t  w o u l d  

s u p p l y  t h e  a n s w e r s  n e e d e d  i n  e f f e c t s - a s s e s s m e n t  ( Ivanov ic i ,  1974, 1977a,  b).  T h e  a v a i l -  

a b l e  d a t a  i n d i c a t e  t h a t  A E C  c a n n o t  b e  u s e d  a l o n e  as  a n  e f f e c t i v e  p r e d i c t i v e  tool .  

H o w e v e r ,  i ts  u s e  as  a g e n e r a l  i n d i c a t o r  of s t r e s s  is n o t  p r e c l u d e d ,  as  l o n g  as  t h e  

l i m i t a t i o n s  a r e  r e c o g n i z e d ,  a n d  i t  is  m e a s u r e d  i n  c o n j u n c t i o n  w i t h  a t  l e a s t  s e v e r a l  

p h y s i o l o g i c a l ,  b i o c h e m i c a l  or o t h e r  m e a s u r e s .  F u r t h e r  s t u d i e s  a r e  r e c o m m e n d e d .  
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