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A b s tra c t:  T h e  m a r in e  sh rim p  P alaem on  adspersus  R a th k e , f re q u e n tin g  Z o s te ra  m ead o w s, sh o w s a n  oxygen 
c o n s u m p t io n  r a te  ( M 0 2) th a t  is in d e p e n d e n t o f  w a te r  ox y g en  te n s io n  (P tt. 0 2) a s  P 0 2 d ecrea ses  to  a 
c r i tic a l p o in t  (P cr) n e a r  70 m m  H g . T h is  re s p ira to ry  in d e p e n d en c e  is a s s o c ia te d  w ith  m a in te n a n c e  o f  a 
re la tiv e ly  c o n s ta n t “ a r te r ia l”  (p o s t-b ra n c h ia l)  h a e m o ly m p h  te n s io n  (Pa 0 2) a t  7 0 -8 0  m m  H g. A t low er 
P . ,0 2 va lues, b o th  M 0 2 a n d  P a0 2 fa ll, re flec tin g , in  c o n tr a s t  to  th e  a b o v e  in d e p e n d en c e , a  d irec t 
d e p e n d e n c e  o f  M 0 2 o n  in te rn a l P 0 2.

H a e m o ly m p h  c o p p e r  m ea su re m e n ts  d e m o n s tra te  re la tiv e ly  h ig h  h a e m o c y a n in  c o n c e n tr a tio n s  a n d  
o x y g e n -c a rry in g  cap a c itie s , b u t M 0 2 levels re fle c t a n  in s ig n ific a n t rô le  fo r  th e  p ig m e n t as  a n  oxygen  s to re . 

T h e  d a ta  a re  d iscu ssed  as  re g a rd s  a d a p ta t io n s  fo r  a e ro b ic  m e ta b o lism .

I n t r o d u c t i o n

T h e p u b lished  studies on  cru stacean  resp ira tio n  a n d  on  the  resp ira to ry  qualities 
o f  th e  haem o ly m p h  alm o st invariab ly  focus on  large species, w hich generally  live in 
re la tive ly  s tab le , po lyhaline  env ironm en ts. E xcep tions, how ever, include rep o rts  on 
th e  sh rim p  Crangon vulgaris, a  b u rro w in g  ca llianassid  an d  som e o n isco id  am ph ipods 
(see D jan g m ah  & G rove , 1971; M iller et. al., 1976; Sevilla & L agarrique , 1979).

T h is s tudy  concerns the sh rim p  Palaem on adspersus , w hich d u rin g  w in ter lives in 
fairly  deep (2 -20  m ) an d  co ld , oxygen-rich  w ate r, m ig ra ting  in sp ring  to  w arm er and  
sha llow er, vegeta tion-rich  areas fo r re p ro d u c tio n  (F ischer, 1978). T h e  la tte r  b io tope 
m ay  show  s tro n g  diel varia tio n s in oxygen ava ilab ility , vary ing  fro m  su p e rsa tu ra tio n  
d u rin g  the  day  to  p ro n o u n ced  hypox ia  a t  n igh t (Jo rgensen , 1980). A lso  longer 
perio d s o f  w a te r  s tagnancy  m ay occur as a  resu lt o f  the  fo rm a tio n  o f  halo - and 
th erm oclines. T h ere  is, how ever, evidence (M u u s, 1967) th a t P. adspersus m ay  leave 
the  hypox ic  Z ostera  m eadow s fo r open  w ate rs a t  n ig h t re tu rn in g  aga in  in daytim e.

T h e  p re se n t study  rep o rts  oxygen u p ta k e  ra tes  a n d  haem o ly m p h  oxygen tensions 
u n d e r co n d itio n s o f  declining oxygen tensions, an d  th e  haem olym ph  co n cen tra tio n s 
o f  th e  oxygen -tran sp o rtin g  haem ocyan in  in P. adspersus R a th k e , a im ing  to  access
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its capac ity  fo r ae rob ic  m etabo lism  in oxygen -unstab le  env ironm en ts. A n  earlier 
s tudy  (H agerm an  & U glow , 1979) re p o rted  the  h e a r t a n d  scap h o g n a th ite  ra tes  as 
ind icative  o f  v en tila to ry  an d  c irc u la to ry  responses. A n o th e r  (W eber & H agerm an , 
in p rep .) focuses o n  the  resp ira to ry  gas-b ind ing  p ro p ertie s  o f  the  haem ocyanin .

M a t e r i a l  a n d  M e t h o d s

P . adspersus w as collected  in  sha llow  w ate r am o n g  Z ostera  an d  Fucus in A u n o  
F jo rd , S ou th  S ealand, w here th e  m ean  yearly  sa lin ity  is 10%o (rang ing  from  6 to 
22 %0). P rio r to  experim ents, the  an im als  w ere k ep t a t  the  M arin e  B iological 
L ab o ra to ry , H elsingor, fo r a t  least 3 w k in la rge a q u a ria  w ith  ru n n in g  sea w ater a t 
I0 °C  an d  15 to  20 %0 S , an d  w ere fed w ith  M ytilu s  flesh o r m ysids. T h e  shrim ps 
used  w eighed 1.8 to  2.2 g a n d  w ere in  the  C -D , in te rm o u lt stages (classified 
acco rd ing  to  D rach , in P assano , 1960).

O xygen consu m p tio n  ra tes  ( M 0 2) o f  th e  sh rim ps w ere m easu red  ind iv idually  
w ith  closed resp irom etry  a t 10°C  using  a R a d io m e te r  oxygen electrode a n d  P H M  71 
m illivo ltm eter an d  a  S ervogor reco rd e r. T h e  re sp ira tio n  ch am ber co n ta in ed  125 ml 
w ater. A  slowly ro ta tin g  m agnetic  flea a t  the  b o tto m  ensured  co n tin u o u s w ater 
m ixing, an d  was sep ara ted  by  a  sieve from  th e  u p p e r an im al co m p artm e n t. T he 
an im al w as allow ed to  decrease am b ien t ( in h a lan t)  oxygen tension  (Pv.,02) to 
^  5 m m  Hg. E ach  experim en t las ted  2 -3  h.

P ost-b ranch ia l oxygen tensions w ere m easu red  in  haem olym ph  sam ples o f  75 y\ 
o r  m ore, d raw n  w ith  a  H am ilto n  syringe f ro m  the  p ericard ia l cavity  avoid ing  
c o n tac t w ith  air. Sam ples w ere ta k en  fro m  an im als  sub jected  to  declin ing  oxygen 
tensions (as above), and  from  an im als  m a in ta in ed  in w ate r o f  c o n s tan t oxygen 
tensions fo r a t  least 2 h. T h e  h ae m o ly m p h  sam ples w ere in jected  in to  a th e rm o sta tted  
R ad io m e te r b lo o d  gas m ic ro -cuvette  fitted  w ith  an  oxygen e lectrode requ iring  
50 p\ for reliable readings.

H aem olym ph  abso rbances, a s  reflective o f  haem ocyan in  co n cen tra tio n s were 
m easu red  a t 335 n m  using a  U n ica m  S P -1800 U V -sp ectro p h o to m ete r. C opper 
c o n ten ts  w ere m easured  w ith  a  P erk in -E lm er A to m ic  ab so rp tio n  sp ec tro p h o to m ete r 
a t  324.7 nm  a fte r 100-fold d ilu tion  o f  the haem o ly m p h  in 0.1 N  H N 0 3.

R e s u l t s

O X Y G E N  C O N S U M P T IO N  IN  D E C L I N IN G  O X Y G E N  T E N S IO N S

T h e re la tion  o f  0 2 co n su m p tio n  ra tes (M O ,) to  ex ternal 0 2 tension  (P„.02) for 
16 in te rm ou lt specim ens o f  P . adspersus a re  show n in Fig. 1. A lth o u g h  th e  pooled  
d a ta  ind icate th a t the  ra te s  o f  ae ro b ic  m etab o lism  increase w ith  O, ten sion  over the 
en tire  range stud ied  (regression  eq u a tio n , M 0 2 (m l - g ' 1 - h _1) =  0.00127 -P O , (mm)
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+  0 .0927; co rre la tio n  coefficient, 0.737), analysis o f  the ra te s  fo r ind iv idual shrim ps 
show  clear ev idence fo r independence o f  0 2 u p ta k e  betw een 70 a n d  130 m m  H g  0 2 
tension  (see F ig. 1). In m ost cases a critical p o in t (P cr) occurs n ear 70 m m  H g  below
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F ig . I. O x y g en  c o n su m p tio n  ra te s  a t 1 0 °C  o f  I6  sp ec im en s ( • )  o f  P alaem on  adspersus  in  re la tio n  to  the  
o x y g en  te n s io n  in  th e  m ed iu m  (sa lin ity , 15 %„): o  a n d  A ra te s  o f  in d iv id u a l a n im a ls  ( th e  la t te r  re p re sen tin g  

a  la rg e  2 .5 -g  in d iv id u a l th a t  sh o w ed  n o  v isib le  a c tiv ity  d u r in g  th e  e x p er im e n t).

w hich m etabo lic  co n fo rm ity  sets in . I t is o f  in te rest to  n o te  th a t ae rob ic  m etabolism  
also  increased  w ith  0 2 tension  above «  140 m m  H g.

P O S T -B R A N C H IA L  H A E M O L Y M P H  O X Y G E N  T E N S IO N

O xygen tensions o f  p o st-b ran ch ia l haem olym ph  sam ples (Pa0 2) ta k en  from  the 
h e a r t u n d e r co n d itio n s o f  declin ing  0 2 ten sio n s a re  show n in F ig . 2. In aerated  
w ate r (Pw0 2, 150-160 m m  Hg) the  haem olym ph  tension  ap p ro x im ates  80 m m  Hg. 
T h is show s a  p ro n o u n ce d  g rad ien t (A  P 0 2 =  7 0 -80  m m ) ind ica ting  the  existence o f 
sign ifican t b a rr ie rs  to  0 2-u p tak e  across the  exchange m em branes , o r  m ixing o f 
“ a rte ria lized ”  haem olym ph  in th e  h e a r t reg ion  w ith  0 2-p o o r flu id  fro m  the tissues. 
Pa0 2 stays rela tively  co n s tan t as Pw0 2 declines to  a b o u t 70 m m , then  b o th  tensions 
fall in  para lle l. W e n o te  the  parad o x ica l s itu a tio n  (F ig . 2) th a t som e haem olym ph  
values in th is  reg ion  exceed those  in the  su rro u n d in g  w ater. I f  th is w ere the  resu lt 
o f  a ir  co n tam in a tio n  d u ring  sam pling  a n d  P 0 2 m easu rem en t (despite stringen t p re ­
ca u tio n s  tak en ), it  w ou ld  be ju stified  to  assum e th a t the low est m easu red  values 
a re  closest to  the  rea l in vivo values. S im ilar an o m alies  w ere, how ever, evident 
fro m  p rev ious investigations. U n d e r co n d itio n s  o f  declin ing Pw0 2, th e  coelom ic 
flu id  P 0 2 (Pcf0 2) in  the  sea u rch in , Strongylocen tro tus droebachiensis, firs t increases 
to  a  level sign ifican tly  above Pu O, then  falls in p a ra lle l w hile rem a in in g  h igher th a n  
Pvv0 2 (Jo h an sen  & V adas, 1967). N ew ell & C o u rtn e y  (1965) describe a  sim ilar 
p h en o m en o n  in H olothuria  fo rsk a li  a ttr ib u tin g  it to  a  delayed  tran sfe r  o f  oxygen
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fro m  the re sp ira to ry  trees to  the coelom ic flu id . W e  ca n n o t o ffer a  sim ilar exp lanation  
for P alaem on adspersus. Irrespective o f  the  ex a c t ex p lan a tio n  fo r th e  h igh  Pa0 2

100 .,

• • *o
a  o

5 0  1 0 0  1 5 0  Pw0 2 m m  Hg

Fig . 2. O xygen  te n sio n  in  p o s t-b ra n c h ia l h a em o ly m p h  o f  P a la em o n  adspersus  in  re la tio n  to  d ec lin in g  
oxygen te n s io n  in  th e  m e d iu m  (10 °C , 15°00).

values, the d a ta  clearly  show  th a t the P 0 2 g ra d ie n t a t  th e  gills is d rastica lly  reduced 
as P,v0 2 falls to  70 m m  an d  below  (Fig. 2).

H A E M O L Y M P H  H A E M O C Y A N IN  L E V E L S

T he haem olym ph  show s d istinct a b so rp tio n  m ax im a a t  280, 335, an d  580 nm , 
as charac terize  haem ocyan in . U p o n  de-o x y g en atio n  by n itrogen  equ ilib ra tion  the 
la tte r  tw o ban d s d isappear.

T h e  haem olym ph  o f  ind iv idual sh rim ps show s la rg e  v aria tio n s  b o th  in absorbances 
a t  335 nm  an d  in copper co n ten t (Fig. 3). T h is  p resum ab ly  re la tes to  n u tritio n a l 
s ta te  an d  m ou lting  stage (D jan g m ah , 1970; D jan g m ah  & G rove , 1970). T h e  ca l­
cu la ted  regression  re la ting  the spec tro sco p ic  d a ta  a n d  th e  co p p e r values does n o t 
pass th ro u g h  the  orig in  ind ica ting  the  p resence  o f  som e non-haem ocyan in  copper.

T h e  m ean  haem olym ph  co p p e r co n ten t is 170 mg/1 (range, 97 to  236 mg/1). 
C onsidering  th a t cru stacean  h aem o cy an in  co n ta in s  75 000 d a lto n s o f  p ro te in  and  
2 co p p e r a to m s per 0 2-b ind ing  site (V an H o lde  & V an B ruggen, 1971) these 
values ind icate a  m ean  haem ocyan in  co n c en tra tio n  o f  10 g/100 m l (10.0 g% ), an d  a 
m ean  0 2-ca rry ing  capacity  as 3.0 m l/100 m l (3.0 vol% ) (range, 1.7 to  4.2 m l/100 ml). 
T h e  real 0 2 capacities m ay, how ever, be low er due to  the presence o f  n o n -h aem o ­
cyanin  copper. T h e  sto ich io m etry  m eans th a t  th e  average haem olym ph  (Cu, 
170 mg/1; A 335, 17 . 8 —  see F ig. 3) co n ta in s  1.34 m m ol subun it, an d  thus th a t, when 
neglecting  effects o f  residual ab so rb a n ce  an d  ligh t scattering , a  m illim olar extinction 
coeffic ien t o f  13.3 is app licab le  fo r es tim atio n s from  copper o f  the m axim um  
0 2-carry ing  capac ity  values o f  the  h aem o cy an in  in  th e  native haem olym ph . This
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value is low er th a n  th o se  (% 16-20) calcu lab le  f ro m  values re p o r te d  for the o ther 
a r th ro p o d s  (cf. A n to n in i & B ru n o ri, 1974); the  d iffe rence is in acco rd an ce  w ith the 
o ccu rren ce  o f  n o n -h aem ocyan in  copper. A p p ly in g  a m illim o lar ex tinction  coeffi­
cien t o f  17.3 as in Carcinus m aenas haem ocyan in , then  th e  m ean  A 335 value o f  17.3 
(Fig. 3) gives 1.03 m m ol subun its co m p ared  w ith  1.34 m m ol as ca lcu la ted  from  
co p p e r, in d ic a tin g  30%  non-haem ocyan in  copper.

2 5 0 .,

a b s o r b a n c e 3 35

F ig . 3. C o p p e r  c o n te n t a n d  a b so rb a n c e  a t  335 n m  o f  o x y g e n a te d  h a em o ly m p h  o f  P a la em o n  a d sp ersu s : 
c a lc u la te d  l in e a r  re g re s s io n : [C u] (mg/1) =  5.54 • A 335 +  71 .43  (c o rr . coeff. =  0.824).

T h a t the  re la tio n sh ip  betw een  haem ocyan in  c o n c en tra tio n  a n d  the  0 2-carry ing  
capac ity  in  b o d y  flu ids is n o t yet clear, is also  ev iden t from  A inslie’s (1980) da ta  
show ing  n o n -lin earity  betw een these values in the a b a lo n e  H aliotis.

D i s c u s s i o n

O ur d a ta  show  th a t th e  oxygen con su m p tio n  ra te  o f  ind iv idual specim ens o f 
Palaem on adspersus is in d ep en d en t o f  oxygen sa tu ra tio n  o f  th e  w ate r over the  range
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o f  in h a la n t oxygen tensions (70-140  m m  H g) w h ich  spans th o se  m ost frequently  
en co u n te red  in  na tu re . Below a  critica l p o in t n e a r  70 m m  H g  ae ro b ic  m etabolism  
becom es d irectly  dependent on  am b ien t oxygen ten sio n . T h is  p a tte rn  o f  m etabolic  
dependence is sim ilar to  those  prev iously  re p o r te d  in C arcinus m aenas, Cancer 
m agister, a n d  H om arus vulgaris an d  the b u rro w in g  sh rim p  Callianassa californiensis 
(T ay lo r, 1976; Johansen  et al., 1970; M c M a h o n  & W ilkens, 1975; M iller et al., 
1976). C uriously  we also  find evidence fo r re sp ira to ry  dependence ab o v e  140 mm. 
It is, how ever, p ro b ab le  th a t an im als  a t rest o r th o s e  executing  sp o n tan eo u s  activity  
n o rm ally  show  an  independen t type o f  re sp ira tio n  in oxygen-rich  w ate r an d  th a t the 
dependency  observed  here a t h igh Pv 0 2 is a t tr ib u ta b le  to  stress. T h is is suggested 
by  the  g rea te r degree o f  resp ira to ry  in d e p en d e n ce  observed  in la rge specim ens tha t 
rem a in ed  inactive th ro u g h o u t the  m easu rem en t (see F ig. 1). I t  is a lso  suggested by 
increases in h e a r t an d  scap h o g n a th ite  freq u en c ies  observed  a fte r h an d lin g  (even in 
the  absence o f  visible increases in lo co m o to r ac tiv ity , H ag e rm an  & U glow , 1979), 
a n d  by  th e  fact th a t the  m etabo lic  ra te s  a t h ig h  oxygen ten sio n s w ere m easured 
a t the  s ta r t  o f  th e  resp irom etry . Carcinus m aenas  sim ilarly  show s m etabolic  
co n fo rm ity  a fte r 1 h in the  resp irom eter b u t in d ep en d en ce  a fte r 5 h  (T ay lo r, 1976). 
A g ain , Callianassa  d isplays co n fo rm ity  in p o s tm o u lt stages (and  in in te rm o u lt stages 
w ith  haem o ly m p h  rem oved) b u t independence in unstressed  in te rm o u lt an im als 
(M ille r et al., 1976).

T h e  d a ta  show  a  d rastic  decrease in the w a te r/p o s t-b ra n c h ia l P 0 2 d ifference as 
Pw0 2 falls. I t  shou ld , how ever, be bo rne in  m in d  th a t oxygen tran sfe r p rim arily  
depends o n  the  w a te r/p re -b ran ch ia l P 0 2 d iffe rence (w hich will be g rea ter than  the 
w a te r/p o st-b ra n ch ia l difference m easured). T h e  decreased  A P 0 2 w ith  falling  Pw0 2, 
d em o n stra te s  th a t  a lternative  co m p en sa to ry  resp o n ses, such a s  increases in gili 
v en tila tio n  o r  in  haem olym ph  circu la tio n , m ust b e  invoked  to  explain  the  constancy  
in oxygen u p ta k e  as P 0 2 falls to  the  critica l po in t. E arlier d a ta  on  Palaemon  
adspersus  (H ag erm an  & U glow , 1979) show  increased  scap h o g n a th ite  ra tes, b u t a 
decrease in h e a r t ra te , as PVi0 2 declines fro m  120 to  40 m m . I t is possib le th a t the 
effect o f  the  b rad y card ia  is com pensa ted  by increases in s tro k e  volum e. T h e  sm all 
size o f  the sh rim ps, how ever, p rec luded  m easu rem en t o f  “ v en o u s”  P 0 2 fo r evaluation  
o f  ca rd iac  o u tp u t via the F ick  equa tion . A lth o u g h  s tro k e  vo lum e decreases in 
Carcinus m aenas  a s  Pw0 2 falls to  «  80 m m  (T ay lo r, 1976), M c M ah o n  et al. (1979) 
observed  a  m a rk e d  increase in stroke  vo lum e, w h ich  increases ca rd iac  o u tp u t ra te  
in  Cancer m agister  d u rin g  en fo rced  activ ity . A g ain , the  effect o f  th e  increased 
sc ap h o g n a th ite  ra tes  m ay be c o m p o u n d ed  by p ara lle l au g m en ta tio n  in s tro k e  volum e. 
Increases in  v en tila tio n  vo lum e as Ptt0 2 falls also  occur in  Carcinus m aenas 
(A ru d p rag a sm  & N ay lo r, 1964; T ay lo r, 1976) a n d  H om arus vulgaris (B utler et al., 
1978).

T h e  resu lts perm it specu la tion  on  the  m ean in g  o f  Pcr. A  w idely held  hypothesis 
is th a t it reflects the  P 0 2 w here  the  h aem o cy an in  is no  longer sa tu ra te d  w hen it 
leaves the gills (see R ed m o n d , 1955). P o in tin g  o u t  th a t th is  in te rp re ta tio n  is m arred
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by d em o n stra tio n s  th a t cru stacean  b lo o d  often  rem a in s p o o rly  sa tu ra te d  w hen it 
leaves the  gills, Y o u n g  (1973) suggests instead  th a t  Pcr co rresp o n d s to  the p o in t 
w here the low  values o f  Pa0 2 an d  p o st-b ran ch ia l p ig m en t sa tu ra tio n  s ta rts  to  lim it 
tissue u p ta k e  d u rin g  decreasing  Pw0 2. D a ta  o f  W eber & H agerm an  (in p rep .) show  
alm ost 90%  0 2 sa tu ra tio n  fo r Palaemon adspersus  h aem olym ph  a t  15°C , p H  7.7 
an d  an  a rte ria l P 0 2 o f  70 m m . C oinciden t decreases in  0 2 sa tu ra tio n  an d  M O , a t 
low er PwO, values a re  suggestive o f  a  causa l re la tionsh ip . T h e  fact th a t b o th  M O , 
an d  Pa0 2 show  inflections a t the  sam e P%10 2 (cf. F igs. 2 a n d  3) m oreover a rgues for 
a  d irec t co n tro llin g  in fluence o f  Pa0 2 on  tissue M 0 2. T h is allow s th e  an im al to 
co n tro l its m e tab o lic  ra te  v ia changes in  the  v en tila to ry  effo rt (see Jo h an sen  & V adas, 
1967).

T he evidence fo r low A P  values a t w ate r P O , values below  70 (Fig. 2) a n d  the 
find ing  th a t th e  sh rim ps can  reduce w ate r P 0 2 dow n to  5 m m , suggest h igh efficiency 
in oxygen tran sfe r  u n d er hypox ia , c o n tra ry  to  th e  generally  held  view  th a t cru s­
tacean  re sp ira to ry  surfaces g rea tly  im pede the d iffu sion  o f  oxygen. T his will 
obviously  ex tend  the  ran g e  o f  oxygen tensions u n d er w hich ae ro b ic  m etabolism  
can  occur.

O ur d a ta  reflect re la tive ly  high haem ocyan in  c o n c en tra tio n  an d  th u s  high oxygen- 
ca rry ing  capacities in P. adspersus h aem olym ph . T h e  haem ocyan in  levels, how ever, 
exh ib it large ind iv idual v a ria tio n s . S tudies o f  o th e r c ru staceans suggest th a t ex ternal 
an d  endogenous fac to rs  c o n trib u te  to  th is variab ility . In  the sh rim p  Crangon 
vulgaris th e  p ig m en t co n c en tra tio n  varies w ith  season  an d  locality , m o u ltin g  stage, 
an d  n u tritio n a l s ta te ; d u rin g  s ta rv a tio n  the  haem ocyan in  is ca tabo lized  to  fuel the 
m etabo lism , w hile  the  co p p e r level increases in th e  h ep a to p an creas in d ica tin g  th a t 
th is  o rgan  p lays a  rô le  in s to rin g  the  m etal (D jan g m ah , 1970; D jan g m ah  & G rove , 
1970). In  Carcinus m aenas  haem ocyan in  co n ten t increases in  response  to  hypo- 
osm otic  stress (B oone & Schoffeniels, 1979).

T h e  co p p e r co n c en tra tio n s  here rep o rted  in Palaem on adspersus h aem olym ph  
(97-236 mg/1) a re  sim ila r b u t m ore  variab le  th a n  those  (124-217 ^g /m l) fo und  
in P. squilla  in  co rresp o n d in g  m o u lt stages (C -D ,) , b u t sign ifican tly  h igher th a n  the 
value fo r P. serratus  (69.7 ±  9.2) in  stage C (cf. D jan g m ah  & G rove , 1970).

T he haem ocyan in  co n c en tra tio n s  perm it es tim ation  o f  the  significance o f  the 
h aem olym ph  as a n  oxygen sto re  d u ring  p eriods o f  oxygen lack. W ith  b lo o d  volum es 
in  sha llow -w ater decap o d s averag ing  35%  o f  b ody  w eight (P rosser et al., 1952) a 
2-g shrim p will co n ta in  0.7 g b lo o d  w hich , co n ta in in g  a 1.34 m illim o lar co n c en tra ­
tio n  o f  functional u n it will be ab le  to  b ind 0.210 m l 0 2. A t a  haem o ly m p h  P 0 2 o f  
75 m m  an d  1 5°C  th is h aem o cy an in -b o u n d  0 2 co m p o n en t will be au g m en ted  by 
0.02 m l o f physically  d isso lved  oxygen. A t a  M O , o f  0.25 m l O , - g _l - h " 1 (Fig. 1), 
a  2-g shrim p w ill th u s  consum e th e  to ta l haem olym ph  oxygen w ith in  28 m in , show ing 
th a t it w ill n o t c o n trib u te  sign ifican tly  du ring  diel oxygen shortages.
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