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ABSTRACT: Transplants of the bivalve Scrobicularia plana (Da Costa) were made between the Lynher,
East Looe and Gannel 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 acclimatization to conditions at the transplant site which indicated that the physiological
differences between populations were largely environmentally induced, i.e. phenotypic. Incomplete
acclimatization could be attributed to either the relatively short transplant period of 3 mo or the timing
of the transplant in relation to the reproductive cycle.

INTRODUCTION

In a preceding paper, Worrall et al. (1983) recorded
significant physiological differences between popula-
tions of the bivalve Scrobicularia plana from 3
estuaries in S.W. England — Lynher, E. Looe and Gan-
nel. These differ markedly in their sediment food
levels (Worrall et al., 1983) and their sediment heavy
metal concentrations (Bryan and Hummerstone, 1978;
Worrall et al., in prep).

In this paper, we compare the physiological
responses of transplanted Scrobicularia plana with
those of native individuals from the 3 estuaries. Recip-
rocal transplants were carried out in order to examine
the plasticity of the physiological response and the
extent to which measured physiological differences in
the native populations may be environmentally
induced (i.e. phenotypic) rather than genetically deter-
mined characteristics of the populations (i.e.
genotypic).

Transplantation techniques have been used in sev-
eral field studies (Phelps et al., 1981; Widdows et al.,
1981a, b, in prep.). Widdows et al. (1981b) measured
the effects of a pollution gradient in Narragansett Bay,
Rhode Island (USA), on the physiological condition of
transplanted mussels Mytilus edulis. Widdows et al.,
(in prep.) have carried out reciprocal transplants
between 2 physiologically different populations of M.
edulis. Bivalves have also been transplanted to diffe-
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rent environments in order to examine uptake and
depuration of heavy metals by body tissues
(Scrobicularia plana — Bryan and Hummerstone, 1978;
M. edulis — Simpson, 1979; Mercenaria mercenaria —
Behrens and Duedall, 1981).

MATERIAL AND METHODS

Scrobicularia plana were collected from the interti-
dal zone at low water spring tides from 3 estuaries in
Comwall (S.W. England), the Lynher, E. Looe and
Gannel. Two sets of S. plana transplants were carried
out for a duration of 3 mo between Lynher and E. Looe
(peginning April 1978 and December 1978), between
Lynher and Gannel (beginning August 1978 and April
1979), and between E. Looe and Gannel (beginning
June 1978 and February 1979). Individual bivalves
(120) were marked on each shell valve with enamel
paint and were introduced to the sediment of the new
environment without caged boundaries but within a
marked area (1m?) and ensuring that the native density
(no. m~?) was maintained. After 3 mo at the new site,
transplanted bivalves were removed from the sediment
and returned to the laboratory for physiological mea-
surements; at the same time a sample of surface sedi-
ment was taken for particulate analysis (for details see
Worrall et al., 1983).

0171-8630/83/0012/0281/% 02.00



282

Mar. Ecol. Prog. Ser. 12: 281-287, 1983

RESULTS AND DISCUSSION

Physiological measurements were carried out on 3
native Scrobicularia plana populations and significant
differences were recorded (Worrall et al., 1983). Two
sets of reciprocal transplants between the sites were
carried out for a duration of 3 mo, to examine the
plasticity of the physiological responses and the rela-
tive importance of environmental factors in determi-
ning the observed physiological differences.

The time of transplantation together with the
bivalve's condition at the start of the transplant were
important in subsequent recovery and performance.
Recovery of Scrobicularia plana can be defined as the
number of individuals recaptured alive and in good
physiological condition. Several marked shells of dead
bivalves were recovered from the 3 sites but mortality
estimates could not be made because dead shells could
be lost from the substrate due to tidal action since
bivalves were not caged within the sediment. Recovery
was greater if transplants were made during winter
when gametogenesis was dormant but was much lower
when transplants were made during summer when

bivalves contained ripe gametes or were in a poor
condition after spawning (Table 1).

Table 1. Scrobicularia plana. Percentage recovery after a 3
mo transplant between sites (n = 120). L = Lynher, EL = E.

Looe, G = Gannel, L—EL = Lynher individuals trans-
planted to the E. Looe site
Transplant Date Date %o
transplanted recovered recovery
L —EL 12 Dec 1977 19 Mar 1978 27
EL->L 12 Dec 1977 12 Mar 1978 23
L —EL 12 Apr 1978 7Jul 1978 13
EL->L 12 Apr 1978 17 Jul 1978 32
EL—> G 14 Jun 1978 4 Sep 1978 27
G — EL 14 Jun 1978 18 Sep 1978 10
EL->G 1 Feb 1979 14 May 1979 61
G —EL 1 Feb 1979 21 May 1979 36
G —-»L 11 Aug 1978 13 Nov 1978 9
L -G 11 Aug 1978 27 Nov 1978 9
G —>L 28 Mar 1979 16 Jul 1979 43
L -G 28 Mar 1979 9Jul 1979 43

Measurements of oxygen consumption, clearance
rate, ammonia excretion, oxygen: nitrogen ratio, scope
for growth, convection requirement and length/weight

Table 2. First transplant series. Summary of the physiological data of Scrobicularia plana transplants. L = Lynher, EL = E. Looe,
G = Gannel, N = native individuals. L— EL = Lynher individuals transplanted to the E. Looe population. All measurements are
corrected to a standard individual of 100 mg dry weight. t, = start of transplant, t;,, = end of transplant 3 mo later

Physiological Lynher 2 E. Looe transplants E. Looe 2 Gannel transplants Gannel & Lynher transplants
parameters April 1978 July 1978 June 1978 September 1978  August 1978 November 1978
(t) (tsm) (o) (tsm) (to) {tse)
Oxygen consumption LN =11 LN =31 ELN = 25 ELN = 25 LN =25 LN =19
(Wl O,h™) ELN = 11 ELN = 25 GN = 29 GN = 24 GN = 24 GN = 17
L—-EL =235 EL—-G =21 L-G=23
EL—-L =26 G—EL =29 G—-L=18
Clearance rate LN = 36 LN = 52 ELN = 72 ELN = 45 LN = 54 LN =70
(ml h7Y} ELN = 27 ELN = 72 GN =90 GN = 100 GN = 100 GN = 102
L— EL = 60 EL— G = 47 L>G=256
EL—-L =70 G—-EL=75 G—->L=44
Ammonia excretion LN =0.21 LN =1.12 ELN = 1.25 ELN = 1.20 LN =130 LN = 0.86
{ng NH,; Nh™) ELN = 0.32 ELN = 1.25 GN = 0.42 GN = 1.56 GN = 1.56 GN = 0.53
L—EL=1.84 EL— G =1.52 L-G=1.98
EL—L =1.02 G—>EL=17%0 G—-L=165
O:Nratio LN = 68.4 LN =346 ELN = 25.1 ELN = 26.1 LN =24.1 LN = 27.7
ELN = 45.8 ELN = 25.1 GN = 86.3 GN = 19.3 GN =193 GN = 39.6
L—-EL =238 EL—->G =176 L-G=147
EL—L =320 G—EL =214 G—L=138
Dry weightof a 3 an LN = 160 LN = 200 ELN = 160 ELN = 175 LN = 180 LN =192
individual (mg) ELN = 150 ELN = 165 GN = 98 GN = 94 GN = 94 GN =115
L—EL =150 EL—> G =162 L—-G=127
EL—-L =185 G— EL =125 G—-L =130
Convection requirement LN =3.18 LN = 1.68 ELN = 2.88 ELN = 1.80 LN = 2.16 LN = 3.68
CR/VO, (litres m1 O, ELN = 2.37 ELN = 2.88 GN = 3.10 GN = 4.17 GN = 4.17 GN = 6.07
L—-EL=17%0 EL->G =224 L->G =242
EL-—-» L = 2.69 G- EL =259 G—-»L =239
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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 measurements taken in late February, *E. Looe native measurements taken in April, ®Lynher native
measurements taken in June

Physiological Lynher 2 E. Looe transplants E.Looe & Gannel transplants Gannel &2 Lynher transplants
parameters December March 1979 February May 1979 April 1979 July 1979
1978 (t,) (tam) 1979 (t,) (tam) (to) (t3m)
Oxygen consumption LN = 21 LN =13 ELN = 11 *ELN = 15 LN =13 OLN =19
(ulO,h ELN = 19 *ELN = 11 GN = 11 GN = 16 GN = 16 GN = 17
L—-EL=6 EL->G =13 L-G=15
EL—-L=9 G—EL =17 G-L=21
Clearance rate LN = 45 LN = 25 ELN = 35 *ELN = 44 LN =25 OLN = 56
(mlh™) ELN = 90 *ELN = 35 GN = 44 GN = 56 GN = 56 GN = 76
L—-EL=23 EL— G = 67 L->G=63
EL->L =152 G- EL =281 G—»L=80
Ammonia excretion LN = 1.58 LN = 0.09 ELN =1.13 °*ELN = 0.52 LN = 0.09 OLN = 1.21
(ng NH, Nh™) ELN =101 ‘*ELN=1.13 GN = 0.64 GN = 0.52 GN = 0.52 GN = 0.57
L—-EL=0.14 EL—- G = 0.61 L—-G=0.53
EL—>L=0.79 G—->EL =043 G—-L=0.89
O:Nratio LN =169 LN = 174.6 ELN =117 *ELN = 359 LN = 174.6 OLN = 20.2
ELN =23.6 “ELN =117 GN =219 GN = 38.5 GN = 38.5 GN = 38.3
L->EL=518 EL—> G = 26.5 L->G=362
EL—>L =146 G — EL = 50.4 G—L =300
Dry weight of a 3 cm LN = 167 LN = 170 ELN = 155 *ELN = 165 LN = 170 OLN = 163
individual (mg) ELN = 148 *ELN = 155 GN = 106 GN = 123 GN = 123 GN = 108
L—>EL=172 EL— G =130 Lo G =147
EL—L =158 G—EL =113 G—-L =180
Convection requirement LN =210 LN = 1.97 ELN = 3.25 °*ELN = 2.97 LN = 1.97 OLN = 2.88
CR/VO, (litres ml O, ™) EILN =474 °“ELN = 3.25 GN = 3.96 GN = 3.50 GN = 3.50 GN = 4.37
L—EL = 3.97 EL— G = 5.23 L-G=4.14
EL—-L=2565 G—EL = 4.68 G—-L =377

relationship were made on the 2 native Scrobicularia
plana populations at the beginning and end of the
transplant period, and both sets of transplanted
bivalves were measured after 3 mo. All measurements
listed in Tables 2 and 3 were corrected to a standard
individual size of 100 mg dry flesh weight.

The relationship between dry flesh weight and phy-
siological responses of native and transplanted
Scrobicularia plana from the 3 sites (Tables 2 and 3)
were analysed by regression and covariance tech-
niques following log,, transformation. The F-ratio in
the analysis of variance was calculated to determine
whether there was a significant difference in gra-
dients, and if not, whether there was a significant
difference between means. All physiological measure-
ments listed in Tables 4 and 5 are those which show
significant differences between means at P <0.05.

Scrobicularia plana transplanted from Lynher to E.
Looe (April-June 1978) showed a reduction in dry flesh
weight, an increase in ammonia excretion and a
decline in the O:N ratio, indicating an overall decline
in condition (Table 2). In contrast, the bivalves trans-
planted from E. Looe to Lynher showed the reverse

with an overall improvement in physiological condi-
tion. When Lynher and E. Looe bivalves were trans-
planted to Gannel there were some marked responses
to the change in environment. In both transplants to
the Gannel there was a decline in dry flesh weight and
O:Nratio, but no increase in clearance rate towards the
higher rate of the Gannel natives. S. plana trans-
planted from Gannel to Lynher and E. Looe, however,
generally increased in tissue weight and reduced
clearance rate towards that of the native populations.

In the second series of transplants (Table 3) bivalves
transferred from Lynher (April-July 1979) and E. Looe
(February—May 1979) to the Gannel showed a decline
in oxygen consumption, ammonia excretion and tissue
weight but an increase in clearance rate towards the
Gannel population. In contrast, Gannel individuals
transplanted to either Lynher or E. Looe showed an
increase in oxygen uptake and a maintained or
increased clearance rate. The Gannel individuals at
the Lynher site increased tissue weight even relative to
the Lymher natives which showed a slight decline
possibly due to early spawning. Scope for growth val-
ues for native and transplanted Scrobicularia plana are
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Table 4. First transplant series. Comparison of native and transplanted Scrobicularia plana at Lynher (L), E. Looe (EL} and
Gannel (G) sites. Physiological measurements were analysed by regression and covariance techniques following log,, transfor-
mation. N = native individuals, LN vs. ELN compares physiological measurements of Lynher and E. Looe native individuals ,
L—EL vs. LN compares the physiological responses of Lynher individuals transplanted to E. Looe with the Lynher native's
response. The physiological parameters measured include oxygen consumption (VO,), clearance rate (CR}, ammonia excretion
(NH,) and length-weight analysis (LW). The listing refers to the number of physiological measurements that are significant at

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

Comparison Date and time List of statistically General assessment
significant population
differences in
physiological responses

LN vs. ELN Apr1978,t =o 3 (CR, NH,, LW) Population differences
LN vs. ELN Jun 1978, t = 3m 2 (CR,LW)
L— ELvs. LN Jun 1978, t = 3m 2 (CR,LW) Population differences partly maintained
L — ELvs. ELN Jun 1978, t = 3m 2 (VO, CR) Little environmental adaptation to E. Looe
EL— Lvs. ELN Jun 1978, t = 3m 2 (NH,, Lw) Adaptation to Lynher almost complete
EL— Lvs. LN Jun 1978, t = 3m 1 (LW)
ELNvs. GN Jun 1978,t = o 2 (NH,, LW) Population differences
ELIN vs. GN Sep 1978, t = 3m 3 (NH,, CR,LW)
EL— Gvs. ELN Sep 1978,t = 3m 4 (CR, VO,, NH,, LW} Environmental adaptation to Gannel
EL —» Gvs. GN Sep 1978, t = 3m 2 (CR,LW)
G — ELvs. GN Sep 1978,t = 3m 1 (Lw) Population differences partly maintained
G — ELvs. ELN Sep 1978,t = 3m 3 (CR,NH,, Lw) Little adaptation to E. Looe
GNvs. LN Aug 1978, t = o 2 (CR,LW) Population differences
GNvs. LN Nov 1978, t = 3m 3 (VO,, NH,, LW)
G- Lvs.GN Nov 1978, t = 3m 4 (VO,, CR, NH,, LWw) Adaptation to Lynher but adaptation not
G—>Lvs. LN Nov 1978, t = 3m 4 (VO,, CR, NH,, LW) complete
L—>Gvs. LN Nov 1978, t = 3m 2 (NH,, LW) Adaptation to new environment not complete
L— Gvs.GN Nov 1978, t = 3m 3 (VO, NH,, LWwW)

Table 5. Second transplant series. Comparison of native and transplanted Scrobicularia plana at Lynher, E. Looe, and Gannel

sites. See legend to Table 4 for details

Comparison Date and time List of statistically General assessment
significant population
differences in
physiological responses
LNvs. ELN Dec1978,t = o 4 (VO,, CR, NH,, LW) Population differences
LN vs. ELN Feb 1979, t = 3m 1 (CR)
L— ELvs. LN Mar 1979, t = 3m 1 (NH,) Population differences partly maintained
L— EL vs. ELN Mar 1979, t = 3m 2 (VO,, NH,)
EL — Lvs. ELN Mar 1979, t = 3m 2 (CR, NHy} Partial adaptation to Lynher
EL-»Lvs. LN Mar 1979,t = 3m 2 (CR, NH,)
ELN vs. GN Dec 1978, t = o 4 (VO,, CR, NH,, LW) Population differences
ELN vs. GN Apr1979,t = 3m 2 (VO,, NH,)
EL— Gvs. ELN May 1979, t = 3m 2 (CR,LW) Adaptation to Gannel almost complete
EL —- Gvs. GN May 1979, t = 3m 1 (CR) Population differences maintained, little
G — ELvs. GN May 1979,t = 3m 1 (CR) adaption to E. Looe
G — ELvs. ELN May 1979, t = 3m 3 (CR, NH,, LW)
GNvs. LN Apri1979,t =o 4 (VO,, CR, NH,, LW) Population differences
GN vs. LN Jun 1979, t = 3m 3 (CR,NH,, Lw)
G —Lvs.GN Jul 1979,t = 3m 3 (VO, NH,, Lw) Partial adaptation to Lynher
G—>Lvs. LN Jul 1979,t = 3m 1 (NH,)
L—-Gvs. LN Jul 1979t = 3m 2 (NH,, Lw) Adaptation to Gannel almost complete
L— Gvs.GN Jul 1979, t = 3m 1 (LW)
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presented in Table 6. When Gannel individuals were
transplanted to Lynher and E. Looe there was an
increase in scope for growth, whereas Lynher individu-
als transplanted to Gannel showed a decrease in scope
for growth. These differences can be explained in
terms of site differences in food concentration, particu-
larly chlorophyll a, and also differences in clearance
rates associated with the different gill areas of the 3
populations. When S. plana were transplanted from
Lynher to Gannel (August-November 1978) and E.
Looe to Gannel (June-September 1978) at a time of
spawning and declining food availability, individuals
were unable to raise their clearance rates sufficiently
to compensate for the lower food levels at the Gannel;
consequently, scope for growth declined significantly
(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; Gannel = G. Trans-
plant symbols, e.g. G —> L = Gannel individuals transplanted
to Lynher population. ‘Transplant individuals measured in
May 1979 were compared with natives measured in April

1979
Population Date Scope for growth

g dh
Gannel natives Nov 1978 - 15
Lynher natives Nov 1978 + 19
G—-L Nov 1978 + 09
Gannel natives - -
Lynher natives Jun 1979 +13.0
G- L Jul 1979 +14.4
Gannel natives Sep 1978 — 0.7
E.Looe natives Sep 1978 + 0.2
G — EL Sep 1978 + 1.3
Lynher natives Mar 1979 - 25
E. Looe natives Mar 1979 - 1.5
L— EL Mar 1979 — 0.6
Gannel natives Apr 1979 — 36
E.Looe natives Apr 1979 - 09
G —» EL May 1979 (+ 72.2)°
Lynher natives Nov 1978 + 3.5
Gannel natives Nov 1978 + 1.0
L->G Nov 1978 - 21
E. Looe natives Apr 1979 — 09
Gannel natives Apr 1979 — 36
EL - G May 1979 (+ 6.2)°

The relationship between gill area and tissue weight
for the 3 populations of Scrobicularia plana were sig-
nificantly different (Fig. 1A; Worrall et al., 1983) and
when bivalves were transplanted between the 3 sites
this relationship showed no reversal or significant al-
teration towards the native population (Fig. 1B and C).
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Fig. 1. Scrobicularia plana. Relationship between square root
of gill area and dry flesh weight plotted on a logarithmic
(base 10) scale. (A) Native populations. Regression equations:
Lynher, ¥ =-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 =-0.201 +0.504 (X), (n=30, r=0.98). (B) Transplants
between Lynher and Gannel sites. Regression equations:
L-G, Y=-0.115+0.394 (X), (n=35 1=0.88); G-L,
Y =-0.220 + 0.464 (X), (n=31, r=0.97). (C) Transplants
between E. Looe and Gannel sites. Regression equations:
EL—>G, Y =-0.149 + 0.408 (X), (n =25, 1=10.93); G—-EL,

=-0.187 + 0.473 (X), (n =236, r = 0.96); where Y =logy,
square root gill area (mm?) and X =log,, dry flesh weight

{mg). Lynher (—), E. Looe (.-.-.-.}, Gannel (---). Example of
transplants, L - G = Lynher individuals transplanted to Gan-
nel site

The effect of transplantation on the convection
requirement varied with the time of year. Scrobicularia
plana transplanted from the Gannel to Lynher and E.
Looe in the summer (Table 2) showed a marked
decline in the convection requirement towards that of
the native population. During the winter-spring
period, however, bivalves transplanted from Lynher
and E. Looe to the Gannel showed a sharp increase
(Table 3). There was a loss of relative body weight
(measured in terms of mg tissue per 3-cm individual)
and a concomitant decline in VO, in individuals trans-
planted to Gannel. Gill area was presumably main-
tained, thereby resulting in an increase in clearance
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rate per unit weight, and an increased convection
requirement. In the reverse situation, when there was
an increase in relative weight and VO, of Gannel
individuals transplanted to Lynher and E. Looe there
was a decline in clearance rate per unit weight and a
decrease in convection requirement. Lynher individu-
als transplanted to E. Looe (July 1978) showed a
decline in relative body weight compared with the
Lynher and E. Looe natives, but there was an increase
in VO, which may have been associated with gamete
maturation.

Lynher individuals transplanted to Gannel (August—
November 1978) showed a loss in relative body weight
at a time of reproductive quiescence when food levels
in the sediment were low. There was a slight decline in
VO, relative to natives sampled at the start of the
transplant (August 1978) but this decline was not sig-
nificant. At the end of the transplant period (November
1978), the VO, of the L— G was significantly higher
than of the Gannel natives, and this was accompanied
by an enhanced rate of ammonia excretion resulting in
a marked decline in the O:N ratio. This low O:N value
suggests that protein reserves were being utilized at a
time of declining body weight.

The significant differences between native and
transplanted populations are summarized in Tables 4
and 5. There was little or only partial adaptation of
Gannel and Lynher bivalves on transplantation to the
E. Looe site but there was greater adaptation following
transplantation of Lynher and E. Looe individuals to
the Gannel. Scrobicularia plana transplanted from E.
Looe to the Lynher showed almost complete adaptation
whereas individuals from Gannel to Lynher showed
only partial adaptation.

Physiological responses of transplanted Scro-
bicularia plana therefore tended to change in the
direction of the native population at a particular site,
thus indicating that the recorded physiological differ-
ences between native populations were largely
environmentally induced. The lack of complete, or the
slow rate of, acclimatization to a new environment
following transplanting is in contrast to the rapid adap-
tation (<6 wk) shown by Mytilus edulis following
reciprocal transplantation between 2 physiologically
different mussel populations (Widdows et al., in prep.).
The general conclusion of these 2 studies is that
observed physiological differences are largely
environmentally induced, but the results of the S.
plana study suggest that when environmental condi-
tions differ markedly or the reproductive state of popu-
lations differ, then the acclimatization period may be
prolonged.

The major environmental factor affecting the phy-
siology of Scrobicularia plana at the 3 sites is likely to
be the particulate food level. The lowest particulate

food levels occurred in the Gannel estuary resulting in
native and transplanted S. plana at this site having a
lower body weight and reduced growth rate compared
with Lynher and E. Looe individuals. Reproductive
condition, an important endogenous factor influencing
the physiological condition of bivalves, is dependent
on food and temperature. At the Gannel the develop-
mental period was shorter than at the Lynher or E. Looe
sites, probably because an adequate food supply was
available for a much shorter period of time resulting in
more rapid gamete development and culminating in
an earlier spawning. Elevated levels of certain heavy
metals in the Gannel estuary (Pb, Cd and Mn; Bryan
and Hummerstone, 1978; Bryan et al., 1980; Worrall et
al., in prep.) may also have contributed to the reduced
growth and body size in the Gannel population. The
possible influence of high metal levels, in the sediment
and body tissues, on the physiology of S. plana will be
investigated further in a later paper {Worrall et al., in

prep.).
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