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ABSTRACT: The acute (30 min) responses of heart and scaphognathite activities of Crangon 
crangon on exposure to concentrations of 1-20 mg Cd, Cu or Zn 1-1 are increased beat frequencies. 
The relative magnitude of response (A f) is linearly related to immediate pretreatment frequency (f) 
and standardised responses (Afs) are given for f values of 70 and 100 beats min -I for hearts and 
scaphognathites, respectively. Afs values for each organ are also linearly related to test concentra- 
tion for each metal. Qualitative changes to organ activities described include an increased 
incidence of scaphognathite reversals in concentrations of 5.0 mg Cu 1-1 and in 20.0 mg Zn 1-1. 
Chronic (13 days) exposure to incipient lethal levels of the test metals produced increases in 
scaphognathite rates of the Cd-treated animals and in heart and scaphognathite rates of the copper- 
treated animals. The general applicability of these methods to studies of pollution stress in 
decapods is discussed. 

INTRODUCTION 

Death  is an unequ ivoca l  endpoint ,  but  a crude index  of stress, in pol lut ion studies. 

Because  many  meta ls  are known to exert  their  toxic effects by act ing as non-specif ic  

enzyme  inhibitors (see Dixon & Webb,  1964) it is reasonable  to assume that  measure-  

ment  of a l te red  metabol ic  status would  be a more  sensi t ive index  of pol lutant  stress on an 

animal .  Commonly ,  oxygen-consumpt ion  changes  have  b e e n  used to this end. Brown & 

N e w e l l  (1972) and Scott & Major  (1972) found that  copper  depressed  oxygen  consump-  

t ion in Mytilus edulis but  Col l ier  et al. (1973) found no change  in oxygen  consumpt ion  of 

Eurypanopeus depressus on exposure  to h igh  levels  of cadmium.  Similar  results of the 

effects of cadmium on Palaemonetes pugio led Vernberg  et al. (1977) to conclude  that  

respirat ion rates (as 02 consumption) were  not "pred ic tab le  and re l i ab le"  indices  of 

cadmium pollution. 

Because  of their  in t imate  role in the satisfaction of oxygen  demands  in decapod  

crustaceans,  cardiac and vent i la tory  act ivi t ies  have  r ece ived  recent  a t tent ion as potent ia l  

indicators of metabol ic  rate variabil i ty.  The possibi l i ty also exists that  such organ 

act ivi t ies  may show variat ions from "normal"  pat terns w h e n  the animals  are exposed  to 

pollutants.  
Impedance  t echn iques  have  b e e n  used successfully to record hear t  and scaphog-  

nathi te  act ivi t ies in Carcinus maenas (Cumber l idge ,  1977; Cumber l idge  & Uglow, 

1977a, b, 1978) and Crangon crangon (Dyer & Uglow, 1977, 1978a, b). An  advan tage  of 

these  t echn iques  is that  they  al low organ activi t ies to be moni tored  us ing non- invas ive  

t echn iques  and with  min imal  restriction of the normal  reper toi re  of whole  an imal  

movements .  
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The a im of these studies was to carry out pre l iminary  invest igat ions  of the effects of 
cadmium, copper and zinc on the cardiac and  vent i la tory behaviour  of Crangon crangon 
(L.} and to assess the potent ia l  use of such activities as indicators of pol lut ion stress. 

MATERIALS AND METHODS 

Animals  in  moult  stages Cb, D o and  D 1 and  wi th in  the size range  55-60 mm body 
length  (tip of rostrum to tip of telson) were selected for these studies. The larger shrimps 
are easier, technically,  to wire up with electrodes and  h a v e  a relat ively longer  inter-  
moult  period than  smaller  animals.  The left scaphognathi te  only was moni tored as Dyer 
(unpubl ished)  demonst ra ted  an  almost constant  bi ia teral  synchrony of the scaphog- 
nathi tes  in  Crangon crangon. Details of electrodes and  their a t tachment  have b e e n  
descr ibed elsewhere (Dyer & Uglow, 1977). Animals  were left for four complete days to 
recover from electrode affixation, before recordings were made.  

Impedance  techniques  were used to record organ activities; the t ransduced  outputs 
were fed to an  automatic  t imer /counter  and  recorded as a digital  pr intout  of e lapsed 
beats wi th in  a preselected t ime period. Outputs  were, w h e n  necessary,  produced also as 
a pen  trace. 

The acute responses to cadmium, copper and  zinc were de te rmined  unde r  condi- 
tions of static seawater  (17 ~ 34 %0 S). The exper imenta l  tanks (39 • 17 • 19.5 cm) 
were subdiv ided  by perforated "Perspex" parti t ions and  conta ined  a 2-cm layer of sand 
and, init ially,  2 1 of aerated seawater. Test metals  were added  by syphoning  2 1 of test 
solution into the exper imenta l  t ank  so that required  concentrat ions were achieved in  a 
total of 4 1 of seawater. Metals (as sulphates) and  sodium sulphate  for controls were 
added  giving final  concentrat ions of 0.1, 1.0, 5.0 and 20 mg metal  1-1, S imul taneous  

recordings of heart  and  scaphognathi te  activity of each test an imal  were t aken  as 6 • 5 
min  of recording prior to, and  from 5 min  after, metal  addition. Subsequent ly ,  activities 
were recorded aga in  (10 min  for each organ) 48 h after addi t ion  of the metals. Animals  
were not fed dur ing  these experiments .  

The effects of chronic exposure to the test metals  were de te rmined  on batches 
(n = 6) of shrimps in  seawater  contamina ted  with 0.005 mg Cd 1-1 or 0.75 mg Cu 1-1 or 5,5 
mg Zn 1-1. These concentrat ions had been  found previously to correspond to the inc ipient  
lethal  levels of these metals  to Crangon (Price & Uglow, unpub l i shed  results}. 

After the contamina ted  seawater  had  b e e n  added, the water  in  the tanks  was 
syphoned off and replaced with more conta in ing  the same concentrat ion of the test 
metal.  This procedure was repeated  3-4 t imes to prevent  di lut ion with uncon tamina t ed  
water in  the sand of the tank. During the 13 days of the experiment ,  the exper imenta l  
and  control solutions were changed  in  the same m a n n e r  immedia te ly  after organ 
activities had b e e n  recorded on Days 4 and  9. Organ  activities were recorded as 10-min 
traces/printouts  at the same time of day at each recording session. All test concentrat ions 
were moni tored daily, us ing  a Perkin Elmer 103 atomic absorpt ion spectrophotometer  
(AAS) coupled to a Perkin Elmer 56 chart recorder. The meta l -con tamina ted  seawater  
samples were di lu ted or concentra ted so that final concentrat ions fell wi th in  the l inear  
working  range  of the AAS. Standards and  b lanks  were made  up in  artifical seawater  
(Analar grade reagents} and  operat ing parameters  and  ins t rument  sett ings used were as 
r ecommended  in  the Perkin  Elmer  handbook.  
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D a i l y  v a l u e s  of e a c h  m e t a l  w e r e  f o u n d  n o t  to v a r y  b y  m o r e  t h a n  5 % o v e r  t h e  

e x p e r i m e n t a l  p e r i o d .  

R E S U L T S  

T h e  c o n s i d e r a b l e  i n d i v i d u a l  v a r i a t i o n  of b e a t  f r e q u e n c y  of h e a r t s  a n d  s c a p h o g -  

n a t h i t e s  (ca. 20 fo ld  i n  e a c h  case)  of u n t r e a t e d  Cranffon crangon ra in•  t h e  v a l u e  of 

a b s o l u t e  r a t e  d a t a  i n  c o m p a r a t i v e  s t u d i e s  of a c u t e  r e s p o n s e s  to  h e a v y  m e t a l s .  H o w e v e r ,  

r e l a t i v e  v a l u e s  (A f), t a k e n  as  t h e  p e r c e n t a g e  c h a n g e  f r o m  p r e t r e a t m e n t  v a l u e s  (f) a f t e r  a 

s e l e c t e d  t i m e ,  a r e  m o r e  use fu l .  F i g u r e  1 i l l u s t r a t e s  a p lo t  of A I ( 3 0  ra in)  a g a i n s t  f f o r  e a c h  

o r g a n  t y p e  a t  a p a r t i c u l a r  c o n c e n t r a t i o n  of e a c h  of t h e  3 m e t a l s .  T h e  l i n e a r i t y  of t h e s e  

p lo t s  a l l o w s  a s t a n d a r d i s e d  r e s p o n s e  (Afs) to  b e  c a l c u l a t e d  for  a c h o s e n  f r e q u e n c y  of a n y  

o r g a n .  W e  h a v e  s e l e c t e d  70 a n d  100 b e a t s  r a i n  -1 for h e a r t s  a n d  s c a p h o g n a t h i t e s  r e s p e c -  

t i v e l y  - a p p r o x i m a t e l y  m e a n  v a l u e s  for  a r e a s o n a b l y  l a r g e  s a m p l e  of a n i m a l s  (n > 50) 

u n d e r  t h e s e  t e m p e r a t u r e / s a l i n i t y  c o n d i t i o n s .  

W h e n  A Is  v a l u e s  for  d i f f e r e n t  c o n c e n t r a t i o n s  a r e  p l o t t e d  a g a i n s t  t e s t  c o n c e n t r a t i o n s ,  

t h e y  p r o d u c e  r e s p o n s e  c u r v e s  as  s h o w n  in  F i g u r e  2. In  e a c h  c a s e  t h e r e  is a d i rec t ,  l i n e a r  

i n c r e a s e  of r e s p o n s e  w i t h i n  t h e  c o n c e n t r a t i o n  r a n g e  1 - 2 0  m g  m e t a l  1-1. W e  h a v e  no t  

f o u n d  t h a t  a s u f f i c i e n t l y  l a r g e  or c o n s i s t e n t  r e s p o n s e  occu r s  w i t h i n  30 r a i n  a t  c o n c e n t r a -  

t i o n s  of 0.1 m g  1-1 for  a n y  of t h e s e  m e t a l s  so, o n c e  t h e  t h r e s h o l d  of r e s p o n s e  is r e a c h e d ,  

t h e  a c u t e  r e s p o n s e  is a s u b s t a n t i a l  c h a n g e  i n  o r g a n  f r e q u e n c i e s .  

A t  t h e s e  c o n c e n t r a t i o n s ,  of course ,  m o r t a l i t i e s  r e d u c e  t h e  n u m b e r  of a n i m a l s  a v a i l -  

a b l e  for  a n a l y s i s  of A[48_ h r e s p o n s e s .  H o w e v e r ,  i t  is  p o s s i b l e  to c o m m e n t  o n  t h e  t r e n d s  

o b s e r v e d .  T a b l e  i g i v e s  t h e  m e a n  Af48_ h v a l u e  for  e a c h  o r g a n  i n  t e r m s  of t h e  c h a n g e  f r o m  

Table 1. Forty-eight-h A / v a l u e s  of hear t  and  scaphognathi te  rates calculated from the init ial  and  
the 30-rain post- t reatment  frequencies  for the various concentrat ions used. Values are presen ted  as 

means  • s tandard errors 

Metal  n 
Initial 

A f 4 8  h (beats min  -1 • S.E.) 
Hear t  Scaphognathi te  

30-min Initial 30-min 
post- t reatment  post- t reatment  

Cadmium (mg 1-1) 
0.1 9 + 27 • 8 
1.0 6 + 60 • 9 
5.0 4 + 127 _ 18 

20.0 2 + 161 • 20 
Copper  (mg 1-1) 

0.1- 10 + 4 • 4 
1.0 10 + 8 • 4 
5.0 7 + 14 • 4 

20.0 3 + 279 • 44 
Zinc (rag 1-1) 

0.1 4 + 2 •  7 
1.0 11 0 •  3 
5.0 i0  + 5 ... 5 

20.0 7 + 60 • 12 

+ 2 8 •  8 + 58 •  
+ 4 0  • 5 + 124 •  
+ 76 • 18 + 2 4 6  •  
+ 5 6  • 3 + 2 7 7  •  

- 2-.- 5 + 2 5 _ _ 1 3  
- 3 2 _ _  3 + 8-.- 6 
- - 26 - . -  5 + 8-.- 6 
+ 87 • 3 + 144 --_ 10 

+ 3-.- 5 0 •  8 
- - 22 - . -  3 4- 9-.- 6 
- -27 - . -  4 + 5 •  7 
+ 1 • 6 + 80 • 23 

+ 4 3 . . . 1 7  
+ 61 • 10 
+ 107 • 33 
+ 37 • 10 

+ 20 
- -  40 
- -  50 
+ 58 

- -  2 

- -  4 3  

- -  4 4  

- -  2 0  

• 14 
• 3 
• 3 
• 1 8  

_+ 2 
+ 3 
+ 5 
+ 5 
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(a) in i t ia l  f v a l u e s  and  (b) the  30-min  p o s t - t r e a t m e n t / v a l u e s .  In the  20 mg Cu 1 -I solut ion 
and in al l  the  c a d m i u m  solutions,  the rates  of both  organs  had  con t inued  to increase  
dur ing  the 48 -h  pe r iod  but, in 1.0 or 5.0 m g  Zn or Cu 1-1, ra tes  had  nea r ly  r e tu rned  to 
or ig ina l  values .  After  48 h in 0.1 m g  Cn 1-1, ra tes  were  subs tan t ia l ly  h ighe r  than  the 30- 
rain pos t - t r ea tmen t  va lues  whi ls t  in 20 mg Zn 1-1 the  hear t  ra tes  were  much  the same as 
the  30-min pos t - t r ea tmen t  va lues  bu t  the scaphogna th i t e  ra tes  were  about  20 % less than  
the 30-min pos t - t r ea tmen t  values .  

F igure  3a gives  typ ica l  t races  of hear t  and  scaphogna th i t e  act ivi ty  from un t r ea t ed  
an ima l s  and  shows that  this spec ies  has  a fa i r ly  r egu la r  hear t  bea t  and  scaphogna th i t e  
act ivi ty  which  inc ludes  f requent  apnoeas  (ca. 5 -6  rain-l).  On exposure  to 0.1-5.0 mg  1-1 of 
the  meta l s  or of Na2SO4, s caphogna th i t e  act ivi ty  e i ther  ceases  comple t e ly  for 20-25 sec 
a n d  then  re sumes  at an  i nc r ea sed  ra te  or it  d i sp lays  a l t e rna te  pe r iods  of a p n o e a  and  
bursts  (5-15 sec durat ion)  of h ighe r  (cf. p re -exposure)  f requency  be a t i ng  (Fig. 3b). These  
responses  last  just  a few minu tes  usua l ly  and  w e  in te rpre t  them as b e i n g  e v o k e d  by  the 
mechan i ca l  s t imulus  of add ing  the test  solutions.  

W h e n  the h igh  concentra t ions  (20 m g  1-1) of the  solut ions are added ,  the  major i ty  of 
an imals  e m e r g e  from the sand  and  spend  3-4 min  swimming  vigorously.  Arrhy thmic  
events  become  abo l i shed  and  bea t  ra tes  inc rease  to h igh  va lues  (200-450 bea t s  min  -1) for 
hear t s  and  scaphogna th i t e s  r espec t ive ly  - these  va lues  often pers i s t ing  for 10 min  (Fig. 
3d.). After  this in i t ia l  pe r iod  has  passed ,  the  copper-  and  z inc - t rea ted  an imals  showed  
scaphogna th i t e  act ivi ty  wh ich  i nc luded  bursts  of h igh  f requency  be a t i ng  reversa ls  (Dyer 
& Uglow, 1978b). These  occurred  at ca. 8-10 min  -1 (cf. < 1rain -1 in normal ,  u n d i s t u r b e d  
animals) ,  and  pers i s ted  unt i l  the  an imals  died.  Regular  reversa ls  occurred also after 
exposure  to 1.0 or 5.0 mg  Cu 1 -~ (Fig. 3e). An ima l s  t r ea ted  wi th  c a dmium solut ions al l  
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Fig. 2. Magnitude-of-response curves of hearts and scaphognathites of Crangon crangon after 
30 min exposure to various concentrations of cadmium, copper or zinc 
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Fig .  3. T y p i c a l  i m p e d a n c e  t r a c e s  of h e a r t  (H) a n d  s c a p h o g n a t h i t e  (S) b e a t i n g  of C r a n g o n  c r a n g o n :  

(a) u n d i s t u r b e d ,  c o n t r o l  a n i m a l ,  (b) t h e  t r a n s i e n t  (ca. 3 min . )  r e s p o n s e  f o l l o w i n g  t h e  a d d i t i o n  of l o w  
(5.0 m g  1-1) c o n c e n t r a t i o n s  of t e s t  m e t a l s  or  s e a w a t e r  s h a m ,  (c) t h e  r e s p o n s e  of a d d i t i o n  of h i g h  
(20 m g  1-1) c o n c e n t r a t i o n s  of t e s t  m e t a l s ,  (d) i n  h i g h  c o n c e n t r a t i o n s  of c o p p e r  or  z i n c  or  a f t e r  c h r o n i c  

e x p o s u r e  to i n c i p i e n t  l e t h a l  l e v e l s  of t h e s e  m e t a l s .  (A = a p n o e a ,  R = r e v e r s a l )  
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d e v e l o p e d  very arrhythmic patterns of heart and scaphognathite  beating.  Interestingly,  
only the animals  subjected to 0.1 m g  meta l  1-1 (1.0 m g  1-1 with  zinc} were  ever observed  
to rebury in the sand. 

The concentrations used  in the acute response  exper iments  are relat ively  h igh  and 
the effects of lower  concentrations (at the incipient  lethal  levels ,  ILL) were  observed in 
groups (n -- 8 each} of animals  during a 13-day period. Figure 4 il lustrates the data 
obtained.  The progress ive  drop in the m e a n  rates of control animals  was  highly  signific-  
ant (P < 0.001) in the case  of heart rates only but w e  have  observed such dec l ines  in 
several  other experiments;  poss ib ly  this drop, represents  accl imatisat ion of the animals  
to the holding  conditions.  At the end of the exper iment  the heart rates of the cadmium-  
treated group were  not s ignif icantly (P > 0.05) different from original  values  but 
scaphognathi te  rates had increased signif icantly (P > 0.001}. No  major qualitative 
changes  to organ-beat  behaviour were  observed (cf. the effects of higher concentrations,  
above}. In the copper-treated group, organ rates increased progress ive ly  so that final 
va lues  w e r e  s ignif icantly (P < 0.05} greater than original frequencies .  After Day 7, 
scaphognathi te  apnoeas  were  abol i shed and reversal  occurrence rose to 5 -10  min  -1 - 
s imilar to animals  exposed  to higher  concentrations.  

Thirteen days of exposure  to z inc  resulted in organ rates which  were  not signific-  
antly (P > 0.05) different from original values ,  although the numbers  of animals  in this 
group were  reduced because  of moul t ing  and e lectrode detachment .  
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Fig. 4. Heart and scaphognathite frequencies (beats min -1) of Crangon crangon obtained at intervals 
during 13 days of exposure to clean seawater, 0.005 mg Cd 1-1, 0.75 mg Cu 1 -~, 5.5 mg Zn 1-1. Values 

are given as means +_ standard errors 
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Interest ingly,  none  of the treated groups showed the typical  accl imatisat ion reduc- 
t ion of rates shown by  the control groups. 

DISCUSSION 

The results descr ibed suggest  that there is a threshold concentrat ion of these heavy 
metals  be low which C r a n g o n  c r a n g o n  does not display an  overt response to their  
presence.  Perhaps suprisingly,  this threshold appears  to lie b e t w e e n  0.I and  1.0 mg l -I 
for all three metals. All metals  at 1.0 mg I -I i nduced  a marked  increase in  heart  and  
scaphognathi te  f requency but  this was not accompanied  by any  apparen t  change  to 
locomotor activity - the animals  mostly r ema i n i ng  bur ied  in  the sand. At these concen- 
trations and  for the short t ime span  of the experiment ,  all  3 metals  would  be completely 
in  solution which suggests the responses are to chemical  rather than  mechanica l  stimuli.  
At the highest  concentra t ion of each meta l  used, however,  the animals  did show 
increased w a l k i n g / s w i m m i n g  activity and  this would  contr ibute  to the extent  of the 

f requency changes  observed. 
The hierarchy of magn i tude  for the 30-min response values  was Cu > Zn > Cd but  

this al tered subsequen t ly  to Cd > Cu > Zn after 48 h - thus corresponding to the 
hierarchy of toxicity of these metals  (unpubl i shed  data). 

Scaphognathi te  reversal  f requency increased  in  copper- and  zinc-treated animals.  
Where h igh concentrat ions were used, it is possible that they were evoked by part iculate  
meta l -complex  precipitates on the gills. This reasoning  would  expla in  also why 
increased reversals were not found in  the cadmium-Lreated groups, as cadmium would  
still be in  stable solut ion at the concentrat ions used. 

Whatever  the funct ional  s ignif icance of heart  and  scaphognathi te  behaviour  may be 
in  the context of satisfaction of oxygen or ionic demands,  the present  f indings  indicate  
that they offer supportive evidence  of changes  induced  by these heavy metals. Al though 
the responses were not  specific to these metals, the t echn ique  does show promise of 
be ing  a useful  and  sensi t ive means  of measur ing  the magn i tude  of pol lut ion stress, by 
part icular  toxicants, to decapod crustaceans. 
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