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R E S U M E  

-La quantité d'ammoniaque excrétée par Artemia élevé dans des 
conditions axéniques, dépend de la nature qualitative et quantitative 
des nucléotides puriques utilisés pour satisfaire le besoin essentiel de 
ce crustacé en dérivés puriques. Les résultats obtenus dans les condi- 
tions expérimentales rigoureuses de culture sur milieu synthétique per- 
mettent de poser le problème de la signification métabolique de l'acti- 
vité de l'adénylate désaminase.- 

A B S T R A C T  

-The quantity of amonia excreted by Artemia reared under axenic 
conditions depends on the quality and quantity of purine nucleotides 
used to satisfy the essential purine requirement of this crustacea. 
Results obtained under the rigorous conditions of culture in synthetic 
media, rise the problem of the metabolic significance of the adenylate 
deaminase ac tivi ty .- 

M O T S - C L E S : Artemia, élevage axénique, excrétion, ammoniaque, 
adénylate désaminase. 

K E Y W O R D S : Artemia, axenic culture, excretion, amonia, 
adenylate deaminase. 
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: Dérivés pyrimidiques : Nucléotides puriques mg % 

AMP GMP IMP 

: CMP = 20 mg % : 100 : 140 : 60 : 60  100 ' 1 4 0 '  60 1 0 0 '  140 : 
: thymidine = 5 mg % 

11.5 : 12.2 : 12.8 : 10.8 11.4 : 12.1 1 1 . 1  : 12.3 ' 12.8 : Indice de croissance . 
.-------------------------:--------:--------:---------:-------:--------:--------:--------:--------:----------: 
: pg NH4 - N excrété : 1 3 . 6 2 :  1 7 . 9 9 :  22.10 : 4.34 : 5 . 9 2 :  7 . 2 7 :  5 . 4 4 :  5 . 9 4 :  7.58 : 

: + 0.52 : + 0.65 : + 2.34 :+ 0.4 : 2 0.26 : f 0.26 : 2 0.24 : 2 0.55 : + 0.58 : 

Tableau 1. Quantités d'amoniaque excrétées par Artemia en fonction de la qualité et de la quantité 
des nucléotides puriques alimentaires (données pour le 14ème jour) 

: Nucléotides puriques : Al@ GMP IMP 
: Calbiochem A grade : acide libre mono-hydraté : disodique 1,s hydraté : acide libre anhydre : 
. - - - - - - - - - - - - - - - - - - - - - - - - - - : - - - - - - - - - - - - - -  ....................... -----------------------. 

365.24 434.2 348.2 : Poids moléculaire 

: Pourcentage d'azote 19.21 15.88 16.08 

. . : Concentration mg1100 ml : 

: milieu nutritif. : 60 : 100 : 140 : 6 0  : 100 : 1 4 0 : 6 0  : 100 : 140 : 

: N purique mg1100 ml 
: milieu nutritif : 11.5 : 19.2 : 26.9 : 9 .5  : 15.9 : 22.2 : 9.6 : 16.1 . 22.5 : 

Tableau II. Quantités d'azote purique correspondant aux concentrations des nucléotides puriques 
- alimentaires 



INTRODUCTION 

Une composante essentielle de l'étude de la productivité pri- 
maire serait l'estimation de l'excrétion d'ammoniaque par le zooplancton 
puisque l'ammoniaque constitue une source importante d'azote pour le 
phytoplancton (JAWED, 1973). Etant donné la nature complexe du phénomène 
de l'excrétion d'ammoniaque par le zooplancton, ce paramètre est difficile 
à estimer dans les conditions du laboratoire, de plus les résultats dif- 
ficiles à interpréter et à extrapoler aux conditions du milieu naturel 
(IKEDA, 1977). En accord avec PROVASOLI (1977) nous pensons que des in- 
formations importantes du point de vue écologique peuvent être acquises 
paradoxalement grâce à l'utilisation de conditions totalement artificielles. 

La participation du métabolisme purique à la production d'ammo- 
niaque chez les Crustacés a été considérée comme impossible à estimer 
(SCHOFFENIELS et GILLES, 1970). Compte tenu de l'incapacité dlArtemia à 
synthétiser le noyau purique (CLEGG et Coll., 1967; WARNER et McCLEAN, 
1968), notre méthode d'élevage sur milieu synthétique nous a permis d'en- 
treprendre une étude sur les effets de la qualité et de la quantité des 
nucléotides puriques alimentaires sur l'excrétion d'ammoniaque. 

MATERIEL ET METHODES 

La méthode mise au point par PROVASOLI et ~'AGOSTINO (1969) 
pour l'élevage axénique de la race Utah est utilisée (salinité 24 ; 
température 25' f 0.5' ; 5 animaux/lO ml de milieu nutritif ; 50 larves 
pour chacune des conditions expérimentales). 

Le besoin d'Artemia en dérivés pyrimidiques est couvert par 
l'acide cytidylique (CM? : 20 mg %) et par la thymidine (5 mg %). Le 
besoin en dérivés puriques est couvert soit par l'acide adénylique (AMP), 
soit par l'acide guanylique (GMP), soit par l'acide inosinique (IMP) à 
3 concentrations différentes (60, 100 et 140 mg %). L'index de croissan- 
ce des larves est établi selon PROVASOLI et d'AGOSTIN0 (1969) pour le 
14ème jour de développement. Le même jour, les mesures d'excrétion 
d'ammoniaque par Artemia ont été effectuées selon la méthode du dosage 
colorimétrique à l'indophénol adaptée à l'analyse automatique décrite 
antérieurement (HERNANDORENA et KAUSHIK, 1981). 

RESULTATS ET DISCUSSION 

Les résultats de cette expérience sont reportés dans le ta- 
bleau 1. Nous savions (HERNANDORENA, 1972) que l'indice de croissance 
dlArtemia augmente avec la concentration du milieu en nucléotides puri- 
ques quel que soit le mode de couverture de ce besoin par l'AMP, le 
GMP ou l'IM?. Il en est de même de la quantité d'ammoniaque excrétée 
qui augmente avec la concentration pour chacun des nucléotides. Lorsque 
les besoins sont couverts par l'AHP, l'excrétion ammoniacale sur 14 jours 
est de 13,6, 18,O et de 22,l vg ~/Artemia, pour des concentrations res- 
pectivement de 60, 100 et 140 mgjb dans le milieu nutritif. Par contre, 
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il ressort de ces résultats que l'excrétion d'ammoniaque pour des taux de 
croissance analogues, est très supérieure lorsque le besoin en nucléoti- 
des est couvert par l'M. Les différences observées ne peuvent pas 
s'expliquer par les pourcentages d'azote contenus dans chacun des nuclé- 
otides, pourcentages reportés dans le tableau II. 

Le fait que le besoin alimentaire dlArtemia en nucléotide puri- 
que puisse être satisfait par l'un des trois nucléotides, suppose qu'Ar- 
temia dispose des activités enzymatiques nécessaires à l'interconversion 
des nucléotides puriques. L'interconversion AMP * GMP selon le schéma 
classique met en oeuvre des réactions de désamination (AMP désaminase et 
GMP réductase) alors que la production d'AMP et de GMP à partir de 1'IMP 
n'implique aucune réaction de désamination. Il apparaît effectivement 
que le taux d'excrétion d'ammoniaque est le plus faible quand le besoin 
en nucléotide est satisfait par 1'IMP ; mais les différences très signi- 
ficatives observées entre les taux d'excrétion chez les animaux dont les 
besoins sont couverts par 1'AMP ou le GMP posent le problème de l'exis- 
tence d'un cycle purique (BISHOP et BARNES, 1971 ; GIBBS et BISHOP, 1977). 
Compte tenu des taux de croissance analogues obtenus chez les animaux 
élevés en présence des différents nucléotides, le fonctionnement du cycle 
purique ne serait pas lié au taux métabolique. 

Le catabolisme des acides aminés contribue également à la pro- 
duction d'ammoniaque. L'estimation de cette part due au catabolisme des 
acides aminés sera le préalable à la vérification de la signification 
métabolique de l'activité de 1'AMP désaminase 

1. au niveau de la régulation de la charge énergétique (CHAPMAN et 
ATKINSON, 1973) 

2. au niveau du fontionnement du cycle purique (BISHOP et BARNES, 
1971) 

3. au niveau du catabolisme purique. 

Nous savons que la nature quantitative du besoin alimentaire 
dlArtemia en AMP varie en fonction de la concentration du milieu nutritif 
en albumine, en fonction de la salinité (HERNANDORENA, 1974) et en fonc- 
tion de la température (HERNANDORENA, 1976). Nos conditions expérimen- 
tales vont nous permettre de sérier les facteurs susceptibles de varier 
dans les conditions naturelles et susceptibles de modifier le métabolisme 
azoté. 
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Departinent OC Zoclogy, Tr in i ty  Collece, L:i:bliri 2 ,  I relznd 

R E S U M E  

-Mes travaux sur les crabes permettent d'explorer les problèmes liés 
aux études "in situ". 

Les facteurs importants sont : la consommation d'oxygène, les rythmes, 
le comportement, les races locales, les différences liées au sexe, la taille et 
la variabilité individuelle. 

Le caractère singulier de toute expérience isolée est souligné, mais 
le besoin de réaliser des observations à la fois sur l'individu et sur des moyennes 
établies 2. grande échelle est rappelé. L. 

A S S T i ? A C T  

-3y work on c r i c s  i.s explaineci a s  u Oasis for exploring the  problerns 
encoiintsred dtiring i r ~  s i t u  F t.oclies. 

Oxygen consuncti.on, rhy thm,  behaviour, 1 ocal  rdces,  sex d i î f  erences, 
s i z e  ancl Indiv!.dua?. v; r i a b t l i t y  are presented a s  f9.c t o r s  of importance. 

The local nature of  ar,y s i n g l e  experimertt is eniphasizeil, and t he  need 
f o r  both individual  s tud ies ,  cnil iverages on d broad 'Dasis, is stressed,-  

i.I O T S - C L ï i  S a I n  sittr, inclividua.lit6, exc i t i b i i i t r i )  forrnes loca les ,  
crabes. 

K E : Y  M O R D S  2 - *  I n  s i t u  ind iv idua l i ty ,  e x c i t a b i l i t y ,  l o c a l  r a r e s ,  
crabs. 

2 1  



S t u d i e s  of a n i ~ , a l s  i n  s i t u  a r e  l i a b l e  t o  many d i f f i c u l t l e s .  Spec ia l  
equipment must of'ten be pre?.z?ed, t r z n s p o r t a t i o n  anü a c c o r a ~ d a t i c n  must be 
o r g ~ n i ~ e d ,  and many days o f  l abour  2 u s t  t e  3erforrced under d i f î i c c l t .  condlt.ions. 
These proS1e1n.s can bt? overc:ome with  p e r s i s t e n c e  ano i n s p i r a t i o n .  

~ n o t h e r  c l a s s  o f  ~ r o b l e m s  i.s more d i f f i c u l t  t o  sur:rLount; t h e  
organisms and t h e î r  envimnment o r e  v a r i a b l e  a d ,  e x c e j ~ t  by s e l e c t l o n ,  beyonti 
t h e  c o r t r o l  of t h e  experinienter. I have s t ~ d i e d  a nzml~cr çf a s p e c t s  o f  
~ h y s i o l o g y  n3d n o r p h o i o g  i n  c:.abs and t h i s  paper is  a surnii1ür-J. of  sone ef i t r  
~ o ~ n p l i c a t i o n s  and u r c e r t a i n t i e s  t h a t  1 have i'oünd ir. t!!is worli. S l o ~ k  ~t tt.e 
problen; of 2 situ s t u d i e s  Ei-r,:n tkAe c o n c l t i e r a t i ~ r i  of uni:ri&ls t h a t  ey:ün sin 
i11mense range of  5 i z e  i n  t h e i r  growtk., a r e  long- l iv rd ,  anil c m  be st3~dic:d frofi 
phys ic log ica l ,  morphological 2nd û e h a i o u r a l  vicwpoiri ts, i i  clu:iing ir i .dividuali tÿ.  

I review a v a r i e t y  o f  xork her5,  both riiy cwri kr~d r h a t  o f  c t r -ers .  
Host o f  t h i s  wcrk has n o t  Leeri dûne i n  s j   LI, 1,ut c-sproxiziate.; t h i s  condit lori  
by usirlg animôls t h a t  were f r e sh ly  c o i l e c t e d  and mearlrred before  any aicliriicition 
could i e k e  placc. ?{y work a i t h  Libir l ia  emarginkta ( ~ ( + a c h ) ,  t h e  a a e r i c â n  s p i d e r  
crab,  was done i n  Woods Role, U.S.ii., i n  197?-19?22. These crcibs rvere exanired 
and d i s s e c t e d  im-lediately iipori c o l l e c t i o n .  Cancer ydgurus (L.)  were xainta ined 
t n  t h e  l abora to ry  i n  L$ondon f o r  uy t o  t x o  rno~~ttls ,  ! 11 ?973. Zascir!us Iilaenits (L. ) 
were used f o r  a l 1  of my rt?cerit rxperjnierits zc6 have ceeri f r e s h l y  c o l l e c t e d  and 
measured inimediately a t  t h e i r  snibient t e ~ p e r k t u r a .  g. rnaei.as kere rrieus~red i n  
Roscoff, France, i n  1979 ; i n  biicklow, I r e l a n d ,  iri 1979-1 >80; ~ r - d  2r. L o r t ~ f  erz-y, 
N, I r e l a n u ,  i n  ?y&. Scnie i n  s i t u  reco ld ings  of oxyjer. eonsuingtion rhythms Ir1 

maenâs were mcde Ir. 1378 in Vicklow. The oxygen cor.sunptic?ii r a t a  srown i n  C . - 
Figures  1 ai?d 3 6re e x c i t e d  r a t e s  ;,roduced by ri:tn2lir.g t h e  crz9s .  Excitement 
caused by f e e d i r g  i s  a l s o  shown ?n Figure  1. 

1.. 1 . Overa l l  ses?onses of i n d i v i d u a l  c r z b s  

One o f  t h e  f i rs t  c:orn?lications %kat  1 encountered i n  crabc was t r i ~ l i  
marked Lehavioilral c c n t r o l  cl: oxyger, cor.sum~f,io~z ( ~ i ~ u r e  1 ). The r e s c l  Ls here 
a r e  f o r  Cancer t)agurds kep t  i n  t h e  l a w r a t c r y ,  bu t  s F n i l a r  recyn.?r;ee z ~ r e  found 
t n  f r e s h l y  c o l l e c t e d  Zarcînus caeiias. Figtire ! is a. f a c s l r , i l e  o f  LE in i i iv lduâl  
recorciirg,  showing t n e  generzl  s h p e  o f  t h e  c y c l e  ( ~ l d r i v h ,  ?375~i; ~ l d r i c h  ana 
Kc!*lullan, 1979). Due +,O i n d i v i d u a l  asynchroriit s t h e  average o f  i ~ a r y  such C Y C ~ R S  

a?pmückes t h e  form of a sinusoiClal curve. There  WÜS i.r o v e r a ~ l  zei!ii-lunar 
rhythm for both s t e r v e d  and f ~ d  crabc,  an2  t-,is p e r s i s t e c  f u r  !iearly two lnonths 
i n  t h e  l a h o r a t o w .  Such rkiythms côr, irival i d a t e  ex;crin',er~ts %hct do noL aceount 
f o r  them. Over several  weeks t h e  d i f f e r e n c e  ire n g t r i t i r e  leve lç  caused tt.e 
r a t e s  o f  strin'ed acd f e d  CraDs t o  diverge,  but t h e  rhyti imicity r e a a i r e d  trie saxe,  



1.2, Exciteciand q üiescer- t m',es of oxygen consumptkn 

y i t h i r .  t h ?  semi-ltirxir rhythni t h e r e  was a mar3ed d i f f e r e n c e  uetween 
t h e  r a t e s  of nxygen consu!sptirn o f  c rabs  t h a t  weru! ur,disturked ( a i e s c e n t )  and 
t i a s e  th;t  were d i s tu rked  o r  exc i t ed  by feeding (F) o r  handling TH), The e x c i t e d  
r a t e  l ~ s t e d  l c n g e r  when it was caused Cy feeding ( ~ l d r i c h ,  1973) .  Both s t c r v e d  
and fed crabe doubled t h e i r  m t e s  o f  oxygen consumption wnen exc i t ed ,  poss ib ly  
by nwitching frori t h e  use of one scayhognathi-le 2nd set of g i i l s ,  t o  t h e  use  of 
both  s e t s  (SCu~berlici~e and iJylo:d, 1577). T h i ~  doukling apnears t o  be a f u n c t i o n  
o f  t h e  1;uiescant rate hecause h igher  qu iescen t  r a t e s  towards t h e  peak of t h e  
s e ~ i i - l u n a r  rhythn a r e  c o r r e l a t e d  wi th  h igher  e x c l t e d  rates, Sone f r e e h l y  
colLected C a r c i n ~ s  maenas havt shown very low r z t e s  of oxygerl consun.ption and no 
r h y t h ~ t s  nor  ;ny exci.ted r a t e s .  1 presuine thctt t h e s e  animals were ~ ( 3 1 7  s t a r v e d  
.'nAer t h e i r  n;ituraZ conciiiioris ( i i ldr ich,  ?9?7). This  p o v s i b i l i t y  is represented 
hy t h e  IcwesZ; l j n e  i n  Figure  1 . 

1.3, S i f fe rences  b e t ~ e ~ z  l e ~ o r a t o r y  and i n  s i t u  experirnents 

Thé gexier-1 i e v e l  ;f oxygen cor,su.sption r a t e s  founu i n  Carcinus maenas 
m e a s ~ r e d  ove? 24 h o u 3  w i ~ s  twice  as high i r i  thcl l & ! m ~ a t o r y  as -- i n  m d r i c h ,  
1979). 1 have a s s ~ m d  t h a t  t h i s  was due t o  e x c i t e n e ~ t  caused by t h e  change i n  
sü;roundings, 3 u t  i n  t h i ~  cctse t h e r e  r!ictst be a t  l e a s t  two l e v e l s  t o  t h e  e x c i t e d  
rite found i n  t h e  l&boratory.  Freshly c o l l e c t e d  c r a b s  e r h l b i t  tke  exc i t ed  r a t e  
when h r n d l e ù ,  but  tt:is has a s-iort  aurai5.cn (8igure  1). If t h e  rcite then f a l i s  
t o  lowvr e r c i  t e d  r a t e  c c m ~ r r e d  wl th  c rabs  i n  s i t u ,  then al1 l a b o m t o r y  work 
mrly be Sased on ir:inaturally iiign r a t e s .  The recordings  of r a t e s  i n  s i - tu  d i d  no t  
r e v e a l  any o v e r t  rkytlixs, except  f o r  a susgected corre1a"lion between t h e  sadden 
change 4 c ternoerrlEure i r i  t h  t h e  incomirg ticie (kldri.ch, 1979). Ilepledge (1 975) 
a l s o  d i d  po t  f i  nd ar.y rhy-tl.:~s i n  Carcinr.ts Iqaenas recorded i n  s i t u .  S ince  1 plan  
t o  aeke more i e c o r d i ~ g e  o f  i n  situ rhythms i n  t h i s  criib us ing b e t t e r  respirometers 
T w i l l .  n o t s a e c ~ l z t e  f u r t t e r  u n t i l  tnen,  

8 - y = Exci t enen t  due t o  

H - Excitement ùue t3 7- 

6- 

5- 

4- 

3- 

2- 

1 - 
0 4  n O t- Stvd. 

O 8 8 

O 11ay s 14 
FIGUIU 1. Exci ted (EX.) and qu iescen t  (G.) r a t e s  o f  oxygen 

c t > n u u m p t i o n  i.n fd, o r  s t â r v e d  Cancer pagurus. ( ~ e e  1.1. - 1.3.) 
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1.4. The e f l v c t s  of a.r.irr,al. tehavi.our uchon experiments 

Anirria,ls can see,  hear,  smell ,  o r  vaxious combinations of these. For 
t h i s  reason inves t iga t ions  t h a t  aini t,o disccver  t h e  normal ç t a t e  of Zn animal 
m i i s t  be performed without d i s turb ing  it. It is not  easy t o  xake such nieasure- 
ments. O x y ~ e n  consumption is usuâl ly r e c o d e d  w i t t  the  uninial i n  a cloçed 
container  which r e s t r i c t s  noxmal rot ion.  The container  ccln be out i n  t he  normal 
environment, but t he  ontmal  remains caged. Heart bcat can 'oe re~aoteljr recortled, 
but  biochemical measurenents on l i v i n g  unimalu rerjuire some forrri of non- 
des t ruc t ive  sampling, 2nd the  mater ials  w i l l  orobably h a ~  t o  be processed i i i  a 
laboratory. How t o  do these  tbirigs  rith ho ut r e s t r i c t i n g  o r  d i s türb ing  an animal 
I s  an ooen question. 

2. THE INFLUENCE OF LOCAL MCES AND SIZE DIFFERENCES Oh' PHYSIOLOGY 

3.1 , Local races  

The existance of morp t~c log ic~ l  d i f fe rences  i n  l o c a l  races  has been 
well  documented by Teissf e r  (1936). My own recent  work has been devoted t o  t he  
phyelological differences i n  l oca l  races  of Carci nus maenas ( ~ l d r i c h ,  i n  press;  
a lço  work i n  preparation).  Looking f i r s t  a t  tl-e r e l a t i v e  weights of org?.ns, 
crabs from Roscoff had l a r g e r  d iges t ive  glznds and Iorger  g i l l c  t h a ~  i n  crabs 
from Y i c k l o ~ ,  when both p o ~ u l a t i o n s  were measured i n  2979 ( ~ ~ ~ u r e  2 ) .  Carcinus 
subsequently me~çureci ir,  Portaferry had the  l z r g e s t  g i l l s  of a11. Tl,e average 
oxygen ccnsum~tion of t he  iioscoff crabs vas g r e a t e r  than i n  t he  Wicklow cra'üs, 
bu t  consumption was h-ighest in Portctferry. Thus t h e  s i z e  of t he  g i l l s  was 
ranked wi-th the  r a t e  of oxygen consunption. Tk*is ccrrelatScn could be expected. 
Gray (1957) found a co r r e l a t ion  between the  g i l l  rirea and the  r e l a t i v e  metâbolic 
r a t e  of several  a e r i c a n  crabs. 

Planktonic 3enthic  
s tages  microvores 

Uen 5hlc inizcrovores 

FIGURE 2. Local dtfferences i n  the  proportifi9na.l s i z e s  o f  Grgans i n  
Carcinus maenas, G i l l s  ( G ) ,  d iges t ive  gland (DG), and stoznach (s) rire 
shown. Differences i n  the  r e l a t i v e  weights of  g i l l s  and digestsve 
gland were measared i n  the  three  populatrons o f  Carcinus niaenas, (se, 2.1,- 2 .3 , )  



2.2. S ize  d i f fe rences  

I have drawn Figure :! t o  emphasize the  d i f f e r e n t  ecological niches of 
t he  same species  a s  i t  passes through the  immense range of  s i z e  comon t o  nir-:.ny 
marine animals. Tnese d i f f e r e ~ t  niches a r e  â consequence both of t he  increase 
i n  size and mor~>~ofogica l  changes, and m u s t  l ead  t o  changes in d i e t  and general  
energe t ics  (Aldrich, t 972). 1 focnd t h a t  l a r g e r  specimens of t ne  arnerican sp ide r  
cca3, Liainir,  eir,:-rgtnata, were using l e s s  of t h e i r  s t ~ m a c h  capaci ty than were the  
srfialler rapidiy growing s i z e s  (kldr ich,  1974). 1 have not looked f o r  t h i s  i n  
C;arcinus 3u t  snon it i f t  t h e  f igure  a s  a suggestion ?:or f u r t h e r  s tudies .  I n  t h e  
sanie p iper  or: Li3inia  1 showed the  s i m i l a r  s loyes f o r  t h e  s l z e  regression of 
oxygen conçumption, and f o r  the  weight of the d iges t ive  gland. 1 am now working 
on t h t s  r e l a t i onsh ip  i r r  Carcintls. Ir,* s tud ie s  can 3e used t o  discover t h e  
extremes, bot5 hiqh and low, t o  which physiological fanct ions a r e  used. They can 
%lso discover whether t h e  ûrganisms a r e  l imi ted  a t  any s t age  i n  t h e l r  growt:? by 
t h e i r  Ueslyn. î hese  s t :~di ,es  con le:,d t o  estirnattons of t he  s u i t a b i l t t y  of an 
organism ?'or i ts qiche, and whether behavioural adaptat ions a r e  norc important 
than morpholûgica l ones. 

2.3. Experiments based uDon m e  popala t io j  

decaüse of l o c a l  races  and 1oc;i p e c u l i a r i t i e s  i n  ecological  f ac to r s ,  
sach population stitdied w i l l  d i f f e r  from a l 1  o the r  populations i n  s ü b t l e  ways. 
It  m y  ~ o t  be possible  t o  genc?rüliee as  Dmadly as one wishes from situ work 
because o f  t h l s  I l i n i t a t i ~ n ,  It is even more l i k e l y  t h a t  many laoctratory studj.es 
have been unin,~ent.ionally bisssed 3y t h e  assu lnpt i~n  t h a t  a l 1  populations of t h e  
saine s.pecles are equivalent. There is no necd t o  2espâ i r  over t h i s ,  mny l o c a l  
dffferences xust  be s l i g h t ,  but sxperiments should take these va r i a t i ons  i n t o  
account . 

3. INiIVIIIUAL VARI.A!~ILITY 

3.1 g g e n e i t ~ r  of t he  exci ted r a t e  

Despite using what should be a wel l  defined upper o r  exci ted r a t e  of 
oxygen consumption t o  minimise v a r i a ù i l i t y ,  there is sttll a g r e a t  range of 
individual  v a r i a t i o n  i n  r a t e s  ( ~ l g u r e  3) .  This va r i a t i on  i ç  not  the à i f f e r ence  
between i5e  vxcited and quiescent r ~ ~ t e s .  The exc i ted  r a t e s  were p lo t ted  on 
probabi l i ty  ga7er (Cassie, i 9 53, 1 954) and Tornetl  a s ing le  normal d i s t r i b u t i o n  
( ~ l d r i c i l ,  19'75C, a l so  5n ?rsss). Thus f o r  a given experiinent t h e  r a t e  was 
homogeneouw. a z i x t ~ r e  of both t h e  quiescent and exci ted r a t e s  gives a mârkec! 
bi-modal p lo t  ( ~ l d r i c h ,  1 9 7 5 ~  j. 

3.2. Scuge f o r  imiividual va r i a t i on  

Secause of the  above ana lyc is ,  the tgo t o  three-fold range of values 
f o r  t h e  exci ted r a t e  represents  t h e  scope f o r  individual  va r i a t i on  within t l i i s  
upper rz te .  This va r i a t i on  could coniyrise asynchronieç I n  rhythm,  d i f fe rences  
Letween crabs t h a t  were welL o r  poorly f ed  i n  s i t u ,  parasitisra,  and individual  
differences i n  behaviour. I n  sho r t ,  th55 part of t h e  vc?riat?on is unexplained. 

3.3. Sexual d i f f  erences 

k sexual d-fference is apparent i n  Figure 3, only males weigh more 
than 60g and t h e  average r e sp imto ry  r a t e  of t h i s  group is below t h a t  exrected 
by ext ra30la t ing  fmm smaller  crabs. I have found t h i s  decrease i n  ~nale  
funct40ns i n  Libinia  emarginata a s  well. Here smaller  d iges t ive  glands were 



found i n  l a rge  males than extrapolations from smaller  s i z e s  would prôdict  
( ~ l d r i c h ,  1974). It is therefore  iinportant t o  know something about s iae- re la ted  
changes i n  phyuiological functions before predict ions from s tud ie s  on a 
r e s t r i c t e d  s i z e  ranp;e a r e  made. 

3 5 5 10 53 100 
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FIGURE 3. Local races ,  individual  v a r i a b i l i t y ,  and s i z e  e f f e c t s  
i n  t h e  oxygen consumption of Carcinus maenas. 

3.4. The importance of ana l iz ing  the Individual 

Because long recoràings of individual  animals may have t o  for12 the  
bas i s  of some -- i n  s i t u  work ( E . ~ .  , wldrich, ?979),  much nust be done with a smaL1 
amount ~f data.  Thus every experiment may be a co l l ec t ion  of individual  da ta ,  
t he  s to ry  of a day and an  animal reweated sever21. t ines .  Ekch day and each 
s to ry  m i l s t  be t reasured f o r  what i t  is, the bes t  t h a t  chance allowed. idxtracting 
one ana lys is  from these s t o r i e s  is a greüt  a r t ,  oerhaps equlvalent i n  soaie 
resnec ts  t o  t he  convoluted arguments of taxonomy. A crude ana lys is  would be to 
compare the ecological background with body dimensions, a s  1 have done. x much 
Inore defined ana lys is  would be t o  compare kiorrnonal and enzy~natic changes whicki 
m u s t  r e f l e c t  t he  instantaneous s t a t e  of t he  individual  animals. 

The range of var iab les  encountered, l n e i r  unique comkinations, and 
the  maximum and minimum r a t e s  exhibi ted a r e  not given 3y averages, c o r  can they 
be derived from them ( ~ o l l b e r g e r ,  1965). Remenber t h a t  most invertebrirtes a r e  
ea,ten by o the r  r rea tures ,  t h a t  surv iva l  t o  reproductive ags is unusual fmm a 
s t â t i s t i c a l  standpoint,  t h a t  l o c a l  populations of s n a i l  anrmals Ray never 
develop enough t o  breed, and t h a t  t h e  o ld  successful  breeder rnay cont r ibu te  



d l s p m m r t i o n a t e l y  t o  t he  t o t a l  stock. Further,  t he re  a r e  good and bad years 
f o r  al1 suck stocks. Individual success is  thus a phenornenon, 

4.1 . Temperature 

Newell (5979) discusses  h i s  own and o ther  work t o  t h e  e f f e c t  t h a t  i n  
t h e  na tu ra l  e~vironment ,  many s ~ e c i e s  compensate f o r  t h e  va r i a t i on  i n  temperature 
with only s l i g h t l y  a l t e r ed  r a t e s  of omgen consumption. 1 can amplify t h i s  
c o n c l u ~ i o n  f r o m  my nork with Carcinus maenas. The response t o  temperature can 
be maskeà 3y l o c a l  differences,  so t h a t  crabs raeasurcd a t  lower i n  s i t u  
temperatures ca.n have higher metabolic r a t e s  than crabs measured a t  higher 
s i t u  temperatures.(kldrlch, i n  press) ,  Note t h a t  i n  Figure 3 crabs measured a t  - O 
the  sane 2 situ temperature (16 C) had d i f f e r e n t  average r a t e s  of oxygen 
consumption, The question of l o c a l  compensations f o r  temperature, o r  .jxst g rea t  
l o c a l  d i f fe rences  i n  metabolic r a t e s  requi res  much f u r t h e r  work in situ. 

A s  a fu r the r  coiiiplication, 1 suspect thctt t he  maximum capaci ty f o r  
gronth may r a re ly  be rea l ized  i n  temperate climates.  Cold temperatures i n  
winter  fn t e r rup t  growth t h a t  would continue i n  wanner cli.mates. The r a t e s  t h a t  
we meDsure o re  therefore those t h a t  do e x i s t ,  not those t h a t  c m  ex i s t .  Perhaps 
it is Ses t  t o  assume as a s t e r t i n g  point,  t n a t  a l 1  conditions aze unsuitzble f o r  
maximum r a t e s ,  anil t h a t  al1 animals have been forced i n t o  sub-optimal 
environments by predatton and com?etition. 

4.2. Biochemistq 

There has Seen much recent  laboratory work on biochemical rnechanisms 
( f o r  revien s e e  Eewell, 1979) and i n  s i t u  work is increasing. Soucher e t  a l . ,  
(1975) measured the  na tura l  production of d iges t ive  enzymes i n  zooplankton. 
Lan5ton (1977) has invest igated the  na tura l  d iges t ive  rhythms i n  i iy t i lus  e d d i s .  
1 have alre&y alluded t o  t h e  problems i n  sa13pling f r ~ m  an exc i tab le  a n i n A m )  
but  1 hope t h a t  s tud ie s  of motile and l a rge  spec ies  w i i l  become more cormon i n  
t he  future.  The r e l a t i v e  r o l e  played by Siochemical and beh&vioural cont ro l  has 
not been quant lf ied.  

5 .  SEASOX 

5.1. Seasonal changes i n  size-relatecl d i f fe rences  

There appear t o  he seasonal d i f fe rences  i n  the s ize- re la ted  slopes of 
oxygen consümption i n  Carcinus maenas, altnough these  d i f fe rences  a r e  of ten  
s l i g h t  (k ldr ich ,  i n  o r e P a r a t i o f i m e i n  b r e t e l e r  (2975) found seasonal 
differences i n  these s lo3es f o r  small  Carcinus but  these d i f fe rences  were not 
s t a t i s t i c z l l y  s i g n i f i c ~ n t ,  although the  l e v e l s  were. 1 am not  convinced t h a t  
t he  l ack  of s t a t i s t i c ~ l  proof of these  d i f fe rences  i n  s lope  should be accepted 
without fu r the r  stuciy, It seems su rp r i s inz  t h a t  a g rea t  range of s i z e s  of t he  
same species  should 5e equally çuccessful o r  not ,  a s  t h e  seasons change. Such 
s i z e  ranges may syan more than one feeding niche. Seasonal d i f fe rences  i n  s lope 
have been found i n  the  Iceland sca l lop ,  Chlamys i s landicâ  (vahl,  1978). 

5.2. Seasonal changes i n  the  ecological  background 



Variables i n  t h e  f i e l d  w i l l  be f a r  more numemus than i n  t h e  
laboratory,  and there  is  no choice i n  t h i s .  u s  an exaxple consider t h e  changes 
i n  t i d e s  and weather i n  t h e  i n t e r t i d a l  zone. Noon o r  midnisht, and t h e  highest  
t i d e s  correspond twice each month so  one might exoect g r e a t  a c t i v i t y  i n  nocturnal 
s ~ e c i e s  t h a t  a l s o  have a t i d a l  rhythm. But t i d e s  a r e  a l s o  cont ro l led  by winii, 
and temperatures can Vary considerably between oright  and cloudy days. The 
chances of having the  bes t  conditions f o r  a c t i v i t y  a t  t h e  sane time, o r  even the  
same day i n  each month, a r e  remote. Months pass quickly and the  ecological  
background of i n  s i t u  experiments changes accordingly. 1 think it is no 
exaggeration t o  Say t h a t  i n  t he  North At lan t ic  environment t he re  w i l l  be no two 
days a l i k e  i n  t he  e n t i r e  year ,  when we consider t h e  t o t a l i t y  of background 
f ac to r s .  

Inver tebra tes  grow quickly, and with t h i s  growth t h e i r  r e l a t i v e  
metabolic r a t e s  and t h e i r  requirements change, The7 pass through successive 
niches according t o  t h e i r  s i z e  and a b i l t t i e s .  Hn energet ic  planktonic l a m a  
quickly becomes a slower benthic .juvenile arid f i n a l l y  an adu l t  t h a t  inay feed  
ra re ly .  Thu; t he  environnent and the  anlmals change. We nust l ea rn  t c  s e e  the  
world 3s our  subjec ts  do. 

CONCLUSIONS 

The major problem wi th  i n  s i t u  s tud ie s  is i n  my opinion, t h a t  very 
few of the  na tur~z l  va r i a t i ons  i n  t he  environrnent can be se lec ted  a t  w i l l .  The 
organisms found i n  s i t u  can be manipulated i n  var ious ways but i n  t he  end r e ç u l t  
t h e i r  na tura l  Sehclviour and physiological experience may overr ide al1 o the r  
fac tors .  1 can imagine i n  s i t u  s tud ie s  taking two d i rec t ions .  One d i r ec t ion  
w i l l  use many animals i n  each euperiment, disregarding t h e i r  ind iv idua l i ty  
en t i r e ly ,  and concentrating on average r e su l t s .  These large experiments can be 
repeated i n  many environments and seasons. Thei r  ana lys i s  w i l l  r ecu i re  some 
mul t ivar ia te  technique. The o the r  d i r ec t ion  w i l l  l ead  t o  very defined anzlyses 
of individual  behaviour in  a small nuinber of specimens, and i n  a neccessar i ly  
r e s t r i c t e d  range of na tura l  conditions.  These two appmaches w i l l  t h e n  be 
combined on a s t a t i s tLca1  nas is  t o  pred ic t  the  i ~ d f v i d u a l  mechanisms by which a 
popülation survives. This w i l l  not reveal  the e n t i r e  s to ry ,  b u t  t he  l imi t a t ions  
of time, money and na tura l  complexity must be acknowledged, 

"What 1s the  f i r s t  business of t he  philosopher? Âo c a s t  away concei t i  
f o r  it is impossible f o r  a man 40 begin learning what h e  th inks  he knows." 
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