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ABSTRACT : Transplants of the bivalve Scrobicularia plana  (Da Costa) w ere m ade betw een  the Lynher, 
East Looe and G annel estuaries (South West England) to ascertain the plasticity of the physiological 
responses recorded in the native populations. All transplants showed either a partial or almost 
complete acclim atization to conditions at the transplant site w hich indicated  that the physiological 
differences betw een populations were largely environm entally induced, i.e. phenotypic. Incom plete 
acclim atization could be attributed to either the relatively short transplant period of 3 mo or the tim ing 
of the transplant in relation to the reproductive cycle.

INTRODUCTION

In a  p reced in g  paper, W orrall e t al. (1983) reco rded  
s ign ifican t physio log ica l d ifferences b e tw e en  p o p u la 
tions of the b iva lve  Scrobicularia p lana  from  3 
es tuaries  in  S.W. E ng land  -  Lynher, E. Looe an d  G a n 
nel. T hese differ m arked ly  in  th e ir  sed im en t food 
levels (W orrall e t al., 1983) an d  th e ir  sed im en t heavy 
m etal concen tra tions (Bryan an d  H um m erstone, 1978; 
W orrall e t al., in  prep).

In th is paper, w e com pare the physio logical 
responses of tran sp lan te d  Scrobicularia p la n a  w ith  
those of native  in d iv id u als  from the  3 estuaries. R ecip
rocal transp lan ts  w ere  carried  out in  o rder to exam ine 
the p lastic ity  of th e  physio log ica l response an d  the 
ex ten t to w hich  m easu red  physio log ica l d iffe rences in 
the  native popu la tions m ay be env ironm en ta lly  
in d u ced  (i.e. phenotypic) ra th e r th a n  g en e tica lly  d e te r
m ined  characteristics of the  popu la tions (i.e. 
genotypic).

T ransp lan ta tion  tech n iq u es h av e  b e e n  u sed  in  sev
e ra l field  stud ies (Phelps et al., 1981; W iddow s et al., 
1981a, b, in  prep .). W iddow s et al. (1981b) m easu red  
th e  effects of a po llu tion  g rad ie n t in  N arrag an se tt Bay, 
Rhode Island (USA), on th e  physio log ica l cond ition  of 
tran sp lan ted  m ussels M ytilu s  edulis. W iddow s e t al., 
(in prep.) have carried  out rec ip rocal tran sp lan ts  
b e tw e en  2 physio log ica lly  d iffe ren t popu la tio n s of M. 
edulis. B ivalves have  also b ee n  tran sp lan te d  to d iffe

ren t env ironm en ts in  o rder to exam ine  u p ta k e  an d  
d ep u ra tio n  of heav y  m etals  by  body  tissues 
(Scrobicularia p la n a  -  B ryan an d  H um m erstone, 1978; 
M. ed u lis  -  S im pson, 1979; M ercenaria  m ercenaria  -  
B ehrens an d  D uedall, 1981).

MATERIAL AND METHODS

Scrobicularia p la n a  w ere  co llec ted  from  the in te r ti
dal zone at low  w ate r sp ring  tid es  from  3 es tu arie s  in  
C ornw all (S.W. E ngland), th e  Lynher, E. Looe an d  
G annel. Two sets of S. p lana  tran sp lan ts  w ere  carried  
out for a d u ra tion  of 3 mo b e tw e e n  L ynher an d  E. Looe 
(b eg inn ing  A pril 1978 an d  D ecem ber 1978), b e tw e en  
L ynher and  G an n e l (b eg in n in g  A ugust 1978 an d  A pril 
1979), an d  b e tw e e n  E. Looe an d  G an n e l (beg inn ing  
Ju n e  1978 an d  F eb ruary  1979). Ind iv idua l b ivalves 
(120) w ere  m a rk e d  on each  sh e ll valve  w ith  en am e l 
p a in t an d  w ere  in tro d u ced  to th e  se d im e n t of the  new  
en v ironm en t w ith o u t ca g ed  b o u n d a rie s  b u t w ith in  a 
m ark ed  a re a  ( lm 2) an d  en su rin g  th a t th e  n a tiv e  density  
(no. m -2 ) w as m a in ta in ed . A fter 3 mo at the  n ew  site, 
tran sp lan te d  b iv a lv es w ere  rem oved  from  the  sed im en t 
an d  re tu rn ed  to th e  labo ra to ry  for physio log ica l m e a 
su rem ents; a t th e  sam e tim e a sam p le  of surface se d i
m e n t w as ta k e n  for p a rticu la te  ana ly sis  (for d e ta ils  see 
W orrall e t al., 1983).

© Inter-Research/Printed in F. R. Germany 0171-8630/83/0012/0281/$ 02.00



282 Mar. Hcol. Prog. Ser. 12: 281-287, 1983

RESULTS AND DISCUSSION

Physio log ical m e asu rem en ts  w ere  carried  out on 3 
na tiv e  Scrobicularia p la n a  p o p u la tio n s an d  s ign ifican t 
d iffe rences w ere  reco rded  (W orrall e t al., 1983). Two 
sets of rec ip rocal tran sp lan ts  b e tw e e n  the  sites w ere 
ca rried  out for a d u ra tion  of 3 mo, to exam ine  the  
p la stic ity  of the  physio log ica l responses an d  th e  re la 
tive  im portance  of en v iro n m en ta l factors in  d e te rm i
n in g  the  observed  physio log ica l d ifferences.

T he tim e of tran sp lan ta tio n  to g e th e r  w ith  the 
b iv a lv e 's  cond ition  a t th e  sta rt of th e  tran sp la n t w ere  
im p o rtan t in  su b se q u en t recovery  an d  perform ance. 
Recovery of Scrobicularia p la n a  can  be d efined  as the 
n u m b e r of in d iv id u als  re c ap tu red  a live  an d  in  good 
physio log ica l condition . S evera l m a rk e d  she lls  of d ead  
b iv a lv es w ere  recovered  from  th e  3 sites b u t m orta lity  
es tim a tes  could  not be m ad e  b ec au se  d ea d  she lls  could  
b e  lost from  the  su b stra te  d u e  to tid a l ac tion  since  
b iv a lv es w ere  not c a g ed  w ith in  th e  sed im en t. Recovery 
w as g re a te r  if tran sp lan ts  w ere  m ad e  du rin g  w in te r 
w h en  g am eto g en esis  w as do rm an t b u t w as m uch low er 
w h e n  tran sp lan ts  w ere  m a d e  d u rin g  sum m er w h en

b iv a lv e s  c o n ta in e d  r ip e  g a m e te s  or w e re  in  a po o r 
co n d itio n  a f te r  s p a w n in g  (T ab le  1).

Table 1. Scrobicularia plana. Percentage recovery after a 3 
mo transplant betw een sites (n =  120). L =  Lynher, EL = E. 
Looe, G =  Gannel, L—>EL = Lynher individuals trans

planted  to the E. Looe site

Transplant Date
transplanted

Date %
recovered recovery

L —> EL 
E L —> L 
L —> EL
EL- 
EL- 
G - 
EL- 
G - 
G - 
L - 
G -

■ L
■ G
• EL 
•G
• EL
■ L
■ G
■ L

12 Dec 
12 Dec 
12 Apr 
12 Apr 
14 Jun 
14 Jun 

1 Feb 
1 Feb 

11 Aug 
11 Aug 
28 Mar 
28 Mar

1977
1977
1978 
1978 
1978
1978
1979 
1979 
1978
1978
1979 
1979

19 Mar
12 Mar 

7 Jul
17 Jul 
4 Sep

18 Sep 
14 May 
21 May
13 Nov 
27 Nov 
16 Jul
9 Jul

1978
1978
1978
1978
1978
1978
1979 
1979 
1978
1978
1979 
1979

27
23
13
32
27
10
61
36

9
9

43
43

M easu rem en ts  of oxygen consum ption, c learance 
rate , am m onia  excretion , oxygen: n itrogen  ratio, scope 
for grow th, convection  req u irem en t an d  le n g th /w e ig h t

Table 2. First transplant series. Summ ary of the physiological data of Scrobicularia plana  transplants. L =  Lynher, EL =  E. Looe, 
G =  G annel, N =  native individuals. L—>EL = Lynher individuals transplanted to the E, Looe population. All m easurem ents are 

corrected to a standard  individual of 100 mg dry weight. t0 =  start of transplant, t3m =  end of transplant 3 mo later

Physiological Lynher ?±E. Looe transplants E. Looe G annel transplants G annel iá  Lynher transplants
param eters April 1978 July 1978 June 1978 Septem ber 1978 August 1978 November 1978

(t0) (t3J  (t0) (t3J  (t0) (t3m)

Oxygen consum ption 
( p l 0 2 h - ‘)

C learance rate 
(ml h r1)

Ammonia excretion 
(pg NH, N h r1)

O : N ratio

Dry w eight of a 3 cm 
individual (mg)

Convection requirem ent 
C R /V 02 (litres ml O f 1)

LN = 1 1  LN =  31
ELN = 11 ELN =  25 

L —> EL =  35 
E L ^  L = 26

LN =  36 LN =  52
ELN =  27 ELN = 72 

L —► EL = 60 
EL —> L = 70

LN = 0.21 LN = 1.12 
ELN =  0.32 ELN =  1.25 

L —► EL = 1.84 
E L ^  L = 1.02

LN =  68.4 LN =  34.6 
ELN =  45.8 ELN =  25.1 

L —> EL = 23.8 
EL —► L =  32.0

LN = 160 LN =  200 
ELN = 150 ELN =  165 

L -» EL =  150 
EL —> L = 185

LN = 3.18 LN = 1.68 
ELN = 2.37 ELN =  2.88 

L —> EL = 1.70 
EL —» L = 2.69

ELN =  25 ELN =  25 
GN = 29 GN =  24

E L ^ G  =  21 
G —> EL = 29

ELN =  72 ELN =  45 
GN =  90 GN = 100

EL —» G =  47 
G -»EL = 75

ELN = 1.25 ELN = 1.20 
GN =  0.42 GN = 1.56 

EL—► G = 1.52 
G -> EL =  1.70

ELN =  25.1 ELN =  26.1 
GN =  86.3 GN = 19.3 

EL—» G = 17.6 
G —> EL =  21.4

ELN = 160 ELN =  175 
GN = 98 GN =  94

EL —» G =  162 
G —> EL = 125

ELN =  2.88 ELN =  1.80 
GN = 3.10 GN =  4.17 

EL—> G =  2.24 
G -»E L  =  2.59

LN = 25 LN =  19
GN =  24 GN =  17

L -» G  =  23 
G ^ L  =  18

LN = 54 LN =  70
GN =  100 GN =  102

L -> G =  56 
G —> L =  44

LN = 1.30 LN = 0.86
GN = 1.56 GN = 0.53

L ^  G = 1.98 
G —» L = 1.65

LN =  24.1 LN =  27.7
GN =  19.3 GN =  39.6

L —> G = 14.7 
G —» L =  13.8

LN =  180 LN =  192
GN =  94 GN =  115

L ^ G  =  127 
G ^ L  = 130

LN =  2.16 LN = 3.68
GN =  4.17 GN =  6.07

L ^  G =  2.42 
G —> L = 2.39
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Table 3. Second transplant series. Summary of the physiological data of Scrobicularia plana  transplants. See legend to Table 2 
for details. 'E , Looe native m easurem ents taken in late February, *H. Looe native m easurem ents taken  in April, °Lynher native

m easurem ents taken  in June

Physiological Lynher E. Looe transplants E. Looe G annel transplants G annel Lynher transplants
param eters D ecember March 1979 February May 1979 April 1979 July 1979

1978 (t0) (t3m) 1979 (t0) (t3m) (t0) (t3J

Oxygen consumption 
( p l 0 2 h->)

C learance rate 
(ml h-1)

Ammonia excretion 
(pg N H ,N h -‘)

O : N ratio

Dry w eight of a 3 cm 
individual (mg)

Convection requirem ent 
C R /V 02 (litres ml 0 2_1)

LN = 21 LN = 13
ELN -  19 ‘ELN = 11 

L —► EL =  6 
EL —► L =  9

LN =  45 LN =  25
ELN = 90 'ELN  = 35 

L —► EL = 23 
EL-^ L =  52

LN =  1.58 LN =  0.09 
ELN = 1 .0 1  'ELN  =  1.13 

L ^ E L  =  0.14 
EL —► L =  0.79

LN =  16.9 LN =  174.6 
ELN = 23.6 'ELN = 1 1 .7  

L=> EL =  51.8 
E L ^  L =  14.6

LN =  167 LN = 170 
ELN =  148 'ELN  =  155 

L -^E L  =  172 
EL —► L =  158

LN = 2.10 LN =  1.97 
ELN =  4.74 'ELN  =  3.25 

L ^ E L  =  3.97 
EL —> L =  5.65

ELN = 11 *ELN =  15 
GN =  11 GN = 16

EL —> G =  13 
G —> EL =  17

ELN =  35 *ELN =  44 
GN =  44 GN = 56

EL —> G = 67 
G ^ E L  =  81

ELN = 1 .1 3  *ELN =  0.52
GN =  0.64 GN =  0.52

EL—► G =  0.61 
G —» EL =  0.43

ELN = 1 1 .7  *ELN =  35.9 
GN =  21.9 GN =  38.5 

E L ^  G =  26.5 
G =► EL =  50.4

ELN = 155 *ELN =  165 
GN = 106 GN =  123 

EL—> G =  130 
G —» EL = 113

ELN =  3.25 *ELN =  2.97 
GN =  3.96 GN = 3.50 

E L ^  G =  5.23 
G => EL = 4.68

LN =  13 o LN =  19
GN = 1 6  GN = 17

L —> G =  15 
G ^ L  =  21

LN =  25 °LN =  56
GN =  56 GN =  76

L ^  G =  63 
G => L =  80

LN =  0.09 OLN =  1.21
GN =  0.52 GN =  0.57

L —> G =  0.53 
G —> L =  0.89

LN =  174.6 OLN =  20.2
GN = 38.5 GN =  38.3

L —> G =  36.2 
G —> L =  30.0

LN =  170 OLN =  163
GN =  123 GN =  108

L —> G =  147 
G -> L =  180

LN =  1.97 OLN =  2.88
GN =  3.50 GN =  4.37

L ^  G =  4.14 
G —» L =  3.77

re la tionsh ip  w ere  m ade  on the  2 na tive  Scrobicularia  
p lana  popu la tions at the  b e g in n in g  an d  en d  of the 
tran sp lan t period , an d  bo th  sets of tran sp lan ted  
b ivalves w ere  m easu red  afte r 3 mo. All m easu rem en ts  
lis ted  in  T ab les 2 an d  3 w ere  co rrected  to a s tandard  
in d iv id u a l size of 100 m g dry flesh  w eight.

T he re la tio n sh ip  b e tw e en  dry flesh  w eig h t an d  p h y 
sio log ical responses of n a tiv e  an d  tran sp lan te d  
Scrobicularia p lana  from the  3 sites (Tables 2 an d  3) 
w ere  ana ly sed  by reg ression  an d  covariance te c h 
n iq u es  fo llow ing lo g 10 transform ation . T he F-ratio  in 
the ana lysis  of v ariance  w as ca lcu la ted  to d e term in e  
w h e th e r th e re  w as a sign ifican t d ifference in  g ra 
d ien ts, an d  if not, w h e th e r th e re  w as a s ign ifican t 
d ifference b e tw e en  m eans. A ll physio log ica l m e asu re 
m ents lis ted  in  T ab les 4 an d  5 a re  th o se  w h ich  show  
sign ifican t d ifferences b e tw e en  m eans at P < 0 .0 5 .

Scrobicularia p lana  tran sp la n te d  from  L ynher to E. 
Looe (A p ril-Ju n e  1978) show ed  a reduc tion  in  dry flesh 
w eigh t, an  inc rease  in  am m onia  excretion  an d  a 
dec lin e  in  the  0 :N  ratio, in d ic a tin g  an  overall d ec lin e  
in  condition  (Table 2). In contrast, th e  b ivalves tra n s 
p la n ted  from E. Looe to L ynher show ed the reverse

w ith  an  overall im provem ent in  physio log ica l co n d i
tion. W hen L ynher an d  E. Looe b iva lves w ere  tra n s
p la n te d  to G an n e l th e re  w ere  som e m a rk e d  responses 
to the  ch an g e  in  env ironm ent. In bo th  tran sp lan ts  to 
th e  G annel th e re  w as a d ec lin e  in  dry  flesh  w e ig h t and  
0 :N  ratio, b u t no  in c rease  in  c lea ra n ce  ra te  tow ards the  
h ig h e r  ra te  of the  G anne l natives . S. p la n a  tra n s
p la n te d  from  G an n e l to L ynher an d  E. Looe, how ever, 
g en e ra lly  in c re ase d  in  tissue w e ig h t an d  red u ced  
c lea ran ce  ra te  tow ards th a t of the  n a tiv e  popu la tions.

In th e  second  se ries  of tran sp lan ts  (Table 3) b iva lves 
tran sfe rred  from  L ynher (A p ril-Ju ly  1979) an d  E. Looe 
(F eb ru a ry -M ay  1979) to the  G an n e l show ed  a dec lin e  
in  oxygen  consum ption , am m onia  ex cre tio n  an d  tissue 
w e ig h t b u t a n  in c re ase  in  c lea ra n ce  ra te  tow ards the  
G an n e l popu la tion . In contrast, G an n e l in d iv id u als  
tra n sp la n te d  to e ith e r  L ynher or E. Looe show ed  an  
in c rease  in  oxygen  u p ta k e  an d  a m a in ta in ed  or 
in c re ase d  c lea ra n ce  rate . T he G an n e l in d iv id u a ls  at 
th e  L ynher site  in c re ase d  tissu e  w e ig h t ev e n  re la tiv e  to 
th e  L ynher n a tiv es  w hich  show ed  a s lig h t d ec lin e  
possib ly  du e  to ea rly  spaw n ing . Scope for g row th  v a l
ues for n a tiv e  an d  tran sp lan te d  Scrobicularia  p la n a  a re
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Table 4. First transplant series. Com parison of native and transplanted  Scrobicularia plana  at Lynher (L), E. Looe (EL) and 
G annel (G) sites. Physiological m easurem ents were analysed by regression and covariance techniques following log10 transfor
mation. N =  native individuals, LN vs. ELN compares physiological m easurem ents of Lynher and E. Looe native individuals , 
L—»EL vs. LN com pares the physiological responses of Lynher individuals transplanted to E. Looe with the Lynher native's 
response. The physiological param eters m easured include oxygen consum ption (V 02), clearance rate (CR), ammonia excretion 
(NH4) and length-w eight analysis (LW). The listing refers to the num ber of physiological m easurem ents that are significant at 

P<0.05. t =  0 is tim e that the transplant started, and t =  3 m tim e that the transplant ended after 3 mo at the new  site

Com parison Date and tim e List of statistically G eneral assessm ent
significant population 

differences in 
physiological responses

LN vs. ELN 
LN vs. ELN

L^> EL vs. LN 
L —» EL vs. ELN 
EL —> L vs. ELN 
EL^» L vs. LN

ELN vs. GN 
ELN vs. GN

E L —> G vs. ELN 
EL —* G vs. GN 
G -> EL vs. GN 
G —» EL vs. ELN

GN vs. LN 
GN vs. LN

G —» L vs. GN 
G —» L vs. LN 
L -> G v s. LN 
L —> G vs. GN

Apr 1978, t =  o 
Jun  1978, t =  3m

Ju n  1978, t =  3m 
Jun  1978, t =  3m 
Ju n  1978, t =  3m 
Jun  1978, t =  3m

Ju n  1978, t =  o 
Sep 1978, t =  3m

Sep 1978, t =  3m 
Sep 1978, t =  3m 
Sep 1978, t = 3m 
Sep 1978, t =  3m

Aug 1978, t =  o 
Nov 1978, t =  3m

Nov 1978, t =  3m 
Nov 1978, t =  3m 
Nov 1978, t =  3m 
Nov 1978, t =  3m

3 (CR, NH4, LW)
2 (CR, LW)

2 (CR, LW)
2 (V 02, CR)
2 (NH4, LW)
1 (LW)

2 (NH„, LW)
3 (NH4, CR, LW)

4 (CR, V 0 2, NH4, LW)
2 (CR, LW)
1 (LW)
3 (CR, NH4, LW)

2 (CR, LW)
3 (V 02, NH4, LW)

4 (V 02, CR, NH4, LW) 
4 (V 02, CR, NH4, LW)
2 (NH4, LW)
3 (V 02, NH4, LW)

Population differences

Population differences partly m aintained 
Little environm ental adaptation to E. Looe 
A daptation to Lynher alm ost complete

Population differences

Environm ental adaptation to G annel

Population differences partly m aintained 
Little adaptation to E. Looe

Population differences

A daptation to Lynher but adaptation not 
complete
A daptation to new  environm ent not complete

Table 5. Second transp lan t series. Com parison of native and transp lan ted  Scrobicularia plana  at Lynher, E. Looe, and Gannel
sites. See legend to Table 4 for details

Com parison Date and tim e List of statistically G eneral assessm ent
significant population 

differences in 
physiological responses

LN vs. ELN 
LN vs. ELN

L —» EL vs. LN 
L ^  EL vs. ELN 
EL ^  L vs. ELN 
EL-» L vs. LN

ELN vs. GN 
ELN vs. GN

EL—> G vs. ELN 
EL ^  G vs. GN 
G —» EL vs. GN 
G —> EL vs. ELN

GN vs. LN 
GN vs. LN

G ^  L vs. GN 
G —> L vs. LN 
L ^  G vs. LN 
L ^  G vs. GN

Dec 1978, t  =  o 
Feb 1979, t  =  3m

M ar 1979, t  =  3m 
M ar 1979, t =  3m 
M ar 1979, t  =  3m 
Mar 1979, t =  3m

Dec 1978, t = o 
Apr 1979, t  =  3m

May 1979, t =  3m 
May 1979, t  =  3m 
May 1979, t  =  3m 
M ay 1979, t = 3m

Apr 1979, t  =  o 
Jun  1979, t  =  3m

Jul 1979, t  =  3m 
Jul 1979, t  =  3m 
Jul 1979, t  =  3m 
Jul 1979, t = 3m

4 (V 02, CR, NH4, LW) 
1 (CR)

1 (NH4)
2 (V 02, NH4)
2 (CR, NH4)
2 (CR, NH4)

4 (V 02, CR, NH4, LW) 
2 (V 02, NH4)

2 (CR, LW)
1 (CR)
1 (CR)
3 (CR, NH4, LW)

4 (V 02, CR, NH4, LW) 
3 (CR, NH4, LW)

3 (V 02, NH4, LW)
1 (NH4)
2 (NH4,LW)
1 (LW)

Population differences

Population differences partly m aintained 

Partial adaptation to Lynher

Population differences

Adaptation to G annel almost complete 
Population differences m aintained, little 
adaption to E. Looe

Population differences

Partial adaptation to Lynher 

A daptation to G annel almost complete
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p resen ted  in  T ab le  6. W hen G an n e l ind iv iduals  w ere  
tran sp lan te d  to Lynher an d  E. Looe the re  w as an 
inc rease  in  scope for grow th, w h ereas L ynher in d iv id u 
als tran sp lan te d  to G anne l show ed a d ecrease  in  scope 
for grow th. T hese d ifferences can  be ex p la in ed  in  
term s of site  d ifferences in  food concentra tion , p a rticu 
larly  ch lorophyll a, and  also d ifferences in  c learance 
ra tes associa ted  w ith  th e  d iffe ren t gili areas of the  3 
popu la tions. W hen S. p la n a  w ere  tran sp lan te d  from 
Lynher to G anne l (A ugust-N ovem ber 1978) an d  E. 
Looe to G anne l (Ju n e-S ep tem b er 1978) at a tim e of 
spaw n ing  and  d ec lin in g  food av a ilab ility , ind iv id u als  
w ere  u n a b le  to  ra ise  th e ir  c lea ran ce  ra tes sufficiently  
to com pensa te  for th e  low er food levels  at the  G annel; 
consequen tly , scope for g row th  d ec lin ed  sign ifican tly  
(Table 6).

Table 6. Scrobicularia plana. Comparison of the scope for 
growth of native and transplanted individuals from 3 sites. 
Lynher individuals =  L; E. Looe =  EL; G annel = G. Trans
plant symbols, e.g. G —> L =  G annel individuals transplanted 
to Lynher population. "Transplant individuals m easured in 
May 1979 were com pared w ith natives m easured in April 

1979

Population Date Scope for growth 
(J d“1)

G annel natives Nov 1978 -  1.5
Lynher natives Nov 1978 +  1.9
G —* L Nov 1978 +  0.9

G annel natives _ -
Lynher natives Jun 1979 +  13.0
G ^  L Jul 1979 + 14.4

G annel natives Sep 1978 -  0.7
E. Looe natives Sep 1978 +  0.2
G —> EL Sep 1978 +  1.3

Lynher natives Mar 1979 -  2.5
E. Looe natives Mar 1979 -  1.5
L —► EL Mar 1979 -  0.6

G annel natives Apr 1979 -  3.6
E. Looe natives Apr 1979 -  0.9
G —> EL May 1979 (+  7.2) *

Lynher natives Nov 1978 +  3.5
Gannel natives Nov 1978 +  1.0
L —> G Nov 1978 -  2.1

E. Looe natives Apr 1979 -  0.9
G annel natives Apr 1979 -  3.6
E L ^  G May 1979 (+  6.2)"

The re la tio n sh ip  b e tw e en  gili a re a  an d  tissue w eig h t 
for the  3 popu la tions of Scrobicularia p la n a  w ere  s ig 
n ifican tly  d ifferent (Fig. 1A; W orrall e t al., 1983) and 
w hen  b ivalves w ere  tran sp lan te d  b e tw e en  the  3 sites 
th is re la tionsh ip  show ed  no reversa l or sign ifican t a l
te ra tion  tow ards the na tive  pop u la tio n  (Fig. IB an d  C).
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Fig. 1. Scrobicularia plana. R elationship betw een square root 
of gili area and dry flesh w eight plotted on a logarithm ic 
(base 10) scale. (A) Native populations. Regression equations: 
Lynher, Y =  -0.357 + 0.456 (X), (n =  26, r =  0.98); E. Looe,
Y =  -0.509 +  0.371 (X), (n =  25, r =  0.96); Gannel,
Y = -0 .2 0 1  + 0.504 (X), (n =  30, r =  0.98). (B) Transplants 
betw een Lynher and G annel sites. Regression equations: 
L—> G, Y =  -0.115 +  0.394 (X), (n =  35, r = 0.88); G —> L,
Y =  -0.220 +  0.464 (X), (n =  31, r =  0.97). (C) Transplants 
betw een E. Looe and G annel sites. Regression equations: 
EL—> G, Y =  -0.149 +  0.408 (X), (n =  25, r =  0.93); G —> EL,
Y =  -0.187 + 0.473 (X), (n =  36, r =  0.96); w here Y =  log10 
square root gili area (mm2) and X =  log10 dry flesh w eight 
(mg). Lynher (— ), E. Looe (.-.-.-.), G annel (— ). Example of 
transplants, L —> G =  Lynher individuals transplanted  to G an

nel site

T h e  e ffec t of t r a n s p la n ta t io n  o n  th e  c o n v e c tio n  
re q u ire m e n t  v a r ie d  w ith  th e  tim e  of y e a r . Scrobicularia  
p lana  tr a n s p la n te d  from  th e  G a n n e l to  L y n h e r a n d  E. 
Looe in  th e  su m m e r (T ab le  2) sh o w e d  a m a rk e d  
d e c lin e  in  th e  c o n v e c tio n  r e q u ire m e n t  to w a rd s  th a t  of 
th e  n a tiv e  p o p u la t io n . D u r in g  th e  w in te r - s p r in g  
p e rio d , h o w e v e r, b iv a lv e s  t r a n s p la n te d  from  L y n h e r 
a n d  E. L ooe to  th e  G a n n e l sh o w e d  a sh a rp  in c re a s e  
(T ab le  3). T h e re  w a s  a  lo ss  of re la t iv e  b o d y  w e ig h t  
(m e a su re d  in  te rm s  of m g  t is su e  p e r  3 -cm  in d iv id u a l)  
a n d  a  c o n c o m ita n t d e c lin e  in  V 0 2 in  in d iv id u a ls  t r a n s 
p la n te d  to  G a n n e l. G ili a r e a  w a s  p re s u m a b ly  m a in 
ta in e d , th e re b y  r e s u l t in g  in  a n  in c re a s e  in  c le a ra n c e
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ra te  p e r  u n it w eight, an d  an  in c re ase d  convection  
req u irem en t. In the reverse  s ituation , w h en  th e re  w as 
an  in c re ase  in  re la tiv e  w eig h t an d  V 0 2 of G annel 
in d iv id u a ls  tran sp lan te d  to L ynher an d  E. Looe th e re  
w as a d ec lin e  in  c lea rance  ra te  p e r u n it w e ig h t an d  a 
d ec rease  in  convection  req u irem en t. L ynher in d iv id u 
als tra n sp la n te d  to E. Looe (July 1978) show ed  a 
d ec lin e  in  re la tiv e  body w e ig h t com pared  w ith  the  
Lynher an d  E. Looe natives, b u t th e re  w as an  inc rease  
in  V 0 2 w h ich  m ay have b e e n  asso c ia ted  w ith  g am ete  
m atu ra tion .

L ynher in d iv id u als  tra n sp la n te d  to G an n e l (A ugust- 
N ovem ber 1978) show ed  a loss in  re la tiv e  body  w eig h t 
a t a tim e of rep roductive  q u ie scen ce  w h en  food levels 
in  th e  sed im en t w ere  low. T here  w as a s lig h t d ec lin e  in 
V 0 2 re la tiv e  to na tives sam p led  a t th e  sta rt of the  
tran sp la n t (A ugust 1978) b u t th is  d ec lin e  w as no t s ig 
n ifican t. A t th e  en d  of the  tran sp lan t p e rio d  (N ovem ber 
1978), the  V 0 2 of the L-^-G w as sign ifican tly  h ig h e r 
th a n  of the  G an n e l natives, an d  th is  w as accom pan ied  
by an  e n h a n c e d  ra te  of am m onia  excretion  resu ltin g  in 
a m a rk e d  d ec lin e  in  the  0 :N  ratio . T his low  0 :N  v a lu e  
su g g ests  th a t p ro te in  rese rves w ere  b e in g  u tilize d  a t a 
tim e of d ec lin in g  body w eigh t.

T he s ig n ifican t d iffe rences b e tw e e n  na tive  and  
tra n sp la n te d  popu la tio n s a re  sum m arized  in  T ab les  4 
an d  5. T here  w as little  or only  p a rtia l a d a p ta tio n  of 
G an n e l an d  L ynher b iva lves on tran sp lan ta tio n  to th e  
E. Looe site  b u t th e re  w as g re a te r  a d a p ta tio n  fo llow ing 
tra n sp la n ta tio n  of L ynher an d  E. Looe in d iv id u a ls  to 
th e  G annel. Scrobicularia p la n a  tra n sp la n te d  from E. 
Looe to th e  L ynher show ed alm ost com ple te  a d a p ta tio n  
w h erea s  in d iv id u a ls  from G an n e l to L ynher show ed 
only  p a rtia l adap ta tio n .

P hysio log ical responses of tran sp la n te d  Scro
bicularia p la n a  therefo re  te n d e d  to ch a n g e  in  the 
d irec tio n  of the  na tive  p o p u la tio n  a t a p a rtic u la r  site, 
th u s in d ic a tin g  th a t the  reco rd ed  physio log ica l d iffer
en ces b e tw e en  native  p o p u la tio n s w ere  la rge ly  
e n v iro n m en ta lly  induced . T he lack  of com plete, or the  
slow  ra te  of, acclim atiza tion  to a n ew  en v ironm en t 
fo llow ing  tran sp lan tin g  is in  con trast to th e  ra p id  a d a p 
ta tio n  (<  6 wk) show n by M ytilu s  e d u lis  follow ing 
rec ip roca l tran sp lan ta tio n  b e tw e e n  2 physio log ica lly  
d iffe ren t m ussel popu la tio n s (W iddow s e t al., in  prep.). 
T he g e n e ra l conclusion  of th e se  2 s tu d ies  is th a t 
o bse rved  physio log ica l d iffe rences a re  la rge ly  
en v iro n m en ta lly  induced , b u t th e  resu lts  of the  S. 
p la n a  study  su g g e st th a t w hen  en v iro n m en ta l cond i
tions differ m ark ed ly  or th e  rep ro d u ctiv e  s ta te  of p o p u 
la tions differ, th e n  the acc lim atiza tio n  p erio d  m ay be 
p ro longed .

T he m ajo r en v ironm en ta l factor affec ting  the  p h y 
sio logy of Scrobicularia p la n a  a t the  3 sites is lik e ly  to 
be th e  p a rticu la te  food level. T he low est p a rticu la te

food levels occurred  in  the  G annel estuary  resu ltin g  in  
native  and  tran sp lan te d  S. p lana  at th is site hav ing  a 
low er body w eig h t an d  red u ced  grow th  ra te  com pared  
w ith  Lynher and  E. Looe ind iv iduals . R eproductive 
condition, an  im portan t endogenous factor in fluencing  
the  physio log ica l condition  of b ivalves, is d ep e n d en t 
on food and  tem pera tu re . At the G anne l the  d ev e lo p 
m en ta l period  w as sho rter than  at th e  L ynher or E. Looe 
sites, p robab ly  b ecau se  an  a d e q u a te  food supp ly  w as 
ava ilab le  for a m uch shorter p eriod  of tim e resu ltin g  in 
m ore rap id  gam ete  d ev e lopm en t an d  cu lm ina ting  in  
an  ea rlie r  spaw ning . E levated  levels  of certa in  heavy  
m etals in  th e  G anne l es tuary  (Pb, C d an d  Mn; Bryan 
an d  H um m erstone, 1978; Bryan et al., 1980; W orrall e t 
al., in  prep.) m ay also have co n tribu ted  to the  reduced  
grow th and  body size in  the G an n e l population . The 
possib le in fluence of h ig h  m eta l levels, in  the  sed im en t 
an d  body tissues, on the  physio logy  of S. p lana  w ill be 
in v estig a ted  fu rthe r in  a la te r p a p e r  (W orrall e t ah, in  
prep.).
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