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rectprocally transplanted among south central Ontario lakes. Can. 1. Zool, 6T: 855—863.
The relative contributions of genotype and environment to growth and metal uptake in freshwater unionid clams (Ellipiio

Pa. complanaia) were evaiuated using a reciprocal transplant experiment. In August 1985, comparable sites were selected in three
s i south central Ontaric lakes with alkalinities of ?.2, 153, and 238. pequiv. - L' Shell length, height, and width varied in 2
‘ taanner that could not be retated to lake alkalinities. There were differences amaong the clam populations in allelic frequencies
o {at the Pgm and L{;p—}} loci). Clams were marked, measured, and recipfc}caﬂy tran‘spbm_ed among the E_hrge 13};65: in Augx‘lst
< de ) 1986, marked indlviduals were recovered, remeasured, and _analysed for levels of Cu, Zn, Mn, and Cd in sofl Gisbics, ‘] he
& wansplant source had a strong influence on clam growth during the posi-transpiant year. This source effect may resuit from
s do g ge:netic differences among ﬁ}e populations. Tissue metal concentrations at Lhe.end of the post-transplant year were a funct}ou
ade of both source and destination. The use of freshwater clams as transplan‘g biomonitors must be reasscsseq since ?here‘ls‘a
e E strong source component to growth and metal uptake. In. transplant experiments a common source (a part;gular site within
] a patticular lake) should be used, and post-fransplant periods of more than 1 year may be necessary for the ipfluence of the

ro- % destination environment to dominate the influence of the source environment.
;i{i § HincH, §. 6., et Green, R, H. 1989, The sffects of sotree and destination on growth and metal uptake in freshwater clams

St reciprocaly transplanted among south central Ontario jakes. Can, 1. Zool. €7 : 855863,

Hica E La contribution relative du génotype et celie du milieu & la croissance ct a I’absorption des métaux ont été évaluées chez
el § la moule d'eau douce Elliptiv complanata au cours d'une expérience de trapsferts réciproques. En aolt 1985, des sites
| comparables ont &té choisis en trais lacs du centre sud Ge I'Ontario 4 afcalinités de 22, 153 et 238 péquiv. - Lo 'y avait
r die pas de corrélation entre les variations de longueur, de hauteur ou de iargeur de 1a coquiile et Ialcalinité des lacs. Les popula-
1 an tions différajent quant  la fréquence de leurs ailtles {aux locus Pgm et Lap-2}. Des individus ont ét8 marqués, mesurés et
transférés & 1'un des deux autres lacs. En act 1986, les individus margués ont ¢ réeupérés, mesurds de notveau et soumis
3L i une analyse des concentratiens du (i, de Zn, de Mn et de Cd dans leurs tissue mous. Le lac ¢ origine d°un individu avait

lewsed
DR

une forte iafluence sur sa croissance au cours de 'annde qui suivait le transfert. Cet effet de 'origine résulte peut-&tre des
différences génétiques entre les populations. Les concentrations des méaux A la fin de 'année dans un autre tac dépendaient
& a fois du tac ¢ origine et du lac d’emprunt. L'utilisation de moules d’eau douce comme bioindicateurs de mitieux d'emprunt
doit 8tre repensée, puisqu’il y a une forte influence du milieu d’origine sur ia croissance ¢t Pabsorption des métaux. Dans

les expériences de transfert, il faudrait utiliser des animaux

d’origine commune (an point particulier dans un lac donné) et

it se pent que des périodes post-transfert de plus de 1 an soient nécessaires pour que Uinfluence du milien d’emprunt surpasse

'influence de milieu d’origine.

Introduction

Biological monitoring of aquatic habitats is important for
evaluating ecosystem health. Bivalve molluscs can be useful
for monitoring patterns of natural and anthropogenically
induced environmental variation (Greea et al. 1985). Over the
past 15 years, tissues and shells from marine bivalves have
been used in trace contaminant monitoring (Hugget et al.
i973; Bryan and Uysal 1978; Romeril 1979; Strong and
Luoma 1981; Koide et al. 1982; Ritz et al. 1982; Roesijadi
et al. 1984 Johnson and Lack 1985; Cain and Luoma 1985,
1986), while size and growth patterns have been used o
evaluate environmental changes in salinity, total organic car-
bon, and suspended material (Essink and Bos 1985).

Tissues and shells of freshwater bivalves have also been
used in trace contaminant monitoring (Foster and Bates 1978,
Adams et al. 1981; Imlay 1982; Pugsley et al. 1983; Kauss
and Hamdy 1985; Dermott and Lum 1986; Creese et al.
1986). Variation in shell morphology has been used to monitor
variation in water chemistry and water wrbulence (McCuaig
and Green 1983; Mitchell and Collins 1984; Mitchell 1984,
Hinch et al. 1986; Hinch and Bailey 1988),

————
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“I'o assess the relative contribution of environment and geno-
type to bivalve response (e.g., physiology, contaminant
uptake, growth, survival), researchers have transplanted
bivalves from one habitat to another. Resuits from transplant
studies are often more convincing than in siu studies because
they are the product of an experimental rather than an observa-
tional approach. Studies using reciprocally transplanted My#i-
lus edulis have shown that certain physiological characters
(i.e., respiration and excretion rates, absorpticn efficiency)
are primarily determined by envirommental factors (Widdows
et al. 1984), although environment and genotype contribute
equally to changes in bjomass (Dickie et al. 1984). A similar
experiment with freshwater clams (Lampsilis radiata) revealed
that shell growth was related to the original source, while shell
shape was a function of environment (Hinch et al. 1986).
Howsver, the actual contribution of genotype to clam growth
has not been examined in such transplant experiments.

The most common reason to transplant bivaives is to assess
the distribution and quantity of biclogically available con-
taminants among sites (Adams et al. 1981; Roesijadi et ai.
1984: Cain and Luoma 1985; Johnson and Lack 1985; Kauss
and Hamdy 1985; Creese et al. 1986). These stadies usually
entail taking clams from a relatively nonpoliuted source and
transplanting them to destinations where contaminant levels
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are to be determined. 1t is assumed that contaminant levels in
the transplants will, after a certain amount of time, reflect
levels of biologically available coptaminants at the destination
site, However, in addition to the environmental contaminant
Jevels, there are several physiological factors that can
influence contaminant uptake tn bivalves, for example meta-
bolic changes associated with sexual maturity (Cossa et al.
1980), reproductive state, and seasonal growth rate patterns
(Strong and Luoma 1981; Popham and D’Auria 1983; Cain
and Luoma 1986) and size and age variation (Hinch and
Stephenson 1987, and references within), Even after con-
trolling for these factors, levels of certain contaminants in
transplanted bivalves are often more related to the source envi-
ronment than to the destination enviromment. Cain and Luoma
(1985) suggest that history of contaminant exposure may
medify the ability of transplanted clams to accumulate or lose
contaminanis. That is, the transplants may require more time
¢0 acclimatize than is provided in many studies. Alternatively,
contaminant uptake may be related to clam genotype. The
Jatter hypothesis has never been investigated in freshwater
bivalves.

Our purpose was to assess the relative contributions of geno-
type and environment o growth and metal uptake in fresh-
water clams. We reciprocally transplanted Elliptio complanata
among three south central Ontario lakes differing in aikalinity.
Elliptio complanata is a unionid bivalve that is widely dis-
tributed across northeastern North America (Clark 1973) and
can be very abundant in low alkalinity lakes (Mackie and
Flippance 19834}, Clams were transplanted across an alkalin-
ity gradient because both shell morphology (Green 1972,
1980; Singer 1981; Mackie and Flippance 1983b; Hinch et al.
1989) and concentrations of metals in clam tissue {Forester
1080; Hinch and Stephenson 1987) are known to vary with
differences in lake alkalinity.

Methods

Thirty lakes that were intermediate in size, relative to other lakes
in the area, were chosen from topographic maps of the Muskoka—
Haliburton region of south central Ontario. Morphometric simifarity
of the lakes was assessed using an average sum-of-squares cluster
analysis of three variables: surface area, maximum fetch, and
perimeter length (Hinch 1987). After preliminary sampling of most
of these lakes, Beech Lake (43°05°N, 78°42'W), Bark Lake
(44°56'M, 78°28"W), and Tock Lake (45°16'N, 78°33"W) were
selected as sites for the transplant experiment because they were simi-
lar in shape and size, and because they represented high, mediom,
and low positions on an atkalinity grasdicnt (see Table 1).

In August 1985, a low exposure (low water turbulence) siie was
selocted on the southwest shore in each jake, away from inflows and
ouiflows (Hinch and Bailey 1988). Fach site was similar in substrate
composition based on the percentage of a sediment sample that passed
through a 125-pm sieve (Beech Lake 25 3%, Bark Lake 26.9%, Tock
Lake 22.7%). See Allison and Harvey (1981) for a deseription of the
sediment coring devices. Therefoie, the effects of water turbulence
at the three sites are approximately the same.

Al clams that were visible were cellected from gach siie by hand
using scusa. Two hundred clams were randomiy selected from the
samples. Shell lengh, height, and widih {as defined in Hinch et al.

1986) wore meastred fo the nearest .01 mm for each clamn using
digital calipers. Clams ranged in length from 36.1 t0 75.4 mm, 49.9
te 7.6 o, and 48,3 o 84.9 mm for Beech, Bari, and Tock lakes,
respectively, An jdentifying code was seribed onto each shell, Fifty
randomly selected clams were transplanted 1o cach of (he other twWo
sites, white 50 were left at each source site as controfs, Clams were
slaced by hand in their aormal living position around underwater
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Taste 1. Selected physical and chemical characteristics of Tock,
Bark, and Beech lakes

Tock Bark Beech
Lake Lake Lake
pH 6.0 6.3 7.2
Alkalinity, wequiv. - L 22 153 238
Conductivity, pmho - cm™’ 26 22 58
Area, km? 1.2 1.7 1.4
Perimeter, km 7.2 9.0 6.6
Yolume, km® (X 1075 6.6 7.7 14.1
Mean depth, m 5.9 4.6 10.4
Maximurm fetch, km 2.5 2.0 2.2
Approx. max epitimnetic volume,
an? (% 107% 53 6.5 6.6

Nore: Lake morphometry dama were provided by the Ontario Ministry of Natural
Resources. Water chemistry values are averages of Ontario Ministry of the Environment
data collected berween 1978 and 1983 (Ontario Ministry of the Environment 1983),

buays. Water depth at all sites was approximately 1.5 m. The remain-
ing 50 clams were bronght back to the laboratory, and the shells were
aged using the thin section method (Hinch and Stephenson 1987).

In August 1986, 1 year later, marked clams were recovered from
the transplant sites. Length, height, and width of each clam were
redetermined. Clams were brought back Lo the laboratory and kept
alive for 1 week so that they could purge their digestive sysiems. The
foot tissue from each clam was removed and stored frozen {—40°C)
antil it was used in electrophoretic analyses. Remaining clam tissue
was frozen alive in the shells and kept frozen (—20°C) until it was
used in trace metal analyses.

Levels of Cu, €d, Zn, and Mn in the gitls and remaining visceral
mass (body) were determined fellowing the methods in Hinch and
Stephenson (1987). The giils were analysed separately because they
often contain large concentrations of metals (Hemelraad et al. 1986}
and becanse metals can diffuse out of gill tissue at a faster rate than
from most other organs (Smith et al. 1975).

Electrophoretic analyses were carried out on the supernatant of
macerated and centrifuged foot tissue of each clam using cellulose
acetate gels. We followed the methodology of Hebert and Payne
(1985). Thirteen loci, coding tor the following enzymes, known to be
polymorphic in aguatic invertebrates were investigated: aldchyde
dehydrogenase (AQ), fumarate hydratase (FUM), glucose-6-phos-
phate dehydrogenase (G-6-PDH]), isocitrate dehydrogenase (IDH),
hexokinase (HEX), lactate dehydrogenase (LDH), malate dehydro-
genase (MDH), phosphoglucomutase (PGM), 6-phosphogluconate
dehydrogenase (6-PGDH), phosphoglucoseisomerase (FGI), malate
dehydrogenase-NADP (ME), esterase (EST), and leucineaminopep-
tidase {LAP-2). Loci coding for LIOH and &-PGDH were not present,
Log coding for MDH, PGL ME, FUM, and HEX were mono-
morphic. Loci coding for G-6-PDH, A, EST, and IDH may have
been polymorphic, but they produced weak, fuzzy bands that we werc
unable fo read. The remaining Z loci were polymorphic { Pgm,
Lap-2) and their bands were clear.

To compare the pretrapspiant, tog-transformed shell morphology
measarements among the thiee populations, a multivariate analysis of
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variance (MaNova) was performed. This was followed by a canonical
variates amalysis that described the differences with respect to shell

dimensions.

“T'o determine the siatistical significance and the natare of the differ
ences in growth related to the transplant source and destination of e |
clams, a factorial multivariate analysis of covariance (MANCOVA) Was
carried out. This analysis compares growih ditferences after correct |
jng for among-population differences in initial shell morphology. .
{og-transformed final length, height, and width of the clams weid :
used as dependent variables and log-transformed  initial length, |
height, and width were the covariates. This is a multivariate factorial

analogue of the Walford
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TasLy 7. Standardized and structure coefficients for the first canoni-
cal axis from the caponical variates analysis of pretransplart izngth,
height, and width (the lake means along the canopical axis are

provided)
Standardized Structure Lake mean
Length ~{.430 {.347 1.051 (Tock)
Height 2.674 (0.574 0.539 (Beech)
—1.822 ~0.111 - 1.808 {Bark)

Widsh

Green 1987) using log-transformed data. Tt has been nsed on clam
transplant data of a similar natore {Hinch et al. 1986).

We wished to assess the effects of transplant source and destination
on finat metal concentrations in clam tissues. Of course we had 1o
measure of initial metal concentrations, which would have required
kilting the clams. We do have final concentrations for control clams.
Initial metal concentrations were, however, determined on repre-
centative individuals from Beech and Tock lakes that were not used
in the experiment. These results are presented in Hinch and Stephen-
son {1987).

Tissue meial concenirations are correlated with clam size, in a
metal- and tissue-specific manner (Hinch and Stephenson 1987). In
our statistical analysis we wished o remove any effects of variation
i both initial clam size and growth rate during that year. To eliminate
dependence on initial size, log-transformed final metal conceniration
was regressed on initial clam size (length) and the y-residuals were
calculated. Then, to eliminate dependence on growth rate, these
y-residuals were regressed om a mwasure of relative growth rate
(derived from & Waiford Plot), and the y-residuals from that regres-
sion were used as the dependent variable in a source-by -destination
factorial ANOVA. This analysis was done for each unique combiration
of metal (Cu, Cd, Zn, and Mn} and tissue type (gill and body tissues).

Resulis

Pretransplant morphology and age

Clams from the three sites differed in morphology (based on
Wilks criterion, MANOVA F(6,782) = 119.15, P < 0.0001).
The first canonical axis accounted for 77% of the sheli mor-
phology variation and described a gradient of increasing shelt
height relative to shell width (Table 7). Clams from Tock
Lake, the most acidic lake, were proportionately tatl and thin.
Clams from Bark Lake, intermediate in acidity, were propor-
tionately wide and short. Clams from Beech Lake, which is
circumneutral, were intermediate in morphology.

The age structure of the three populations is ilfustrated in
Fig. 1. Tock Lake had a relatively old age distribution and the
sreatest mean age (P < 0.05). Beech Lake had slightly more
individuals in younger age classes than the other sites. Young
individuals (less than 2 years old) were absent from the
samples.

Post-transplant shell morphology

Eighty-eight percent of all marked clams was recovered.
However, identification and (or) remeasurement of some indi-
viduals were hampered by shell etching that had occurred over
the year. Shell etching is the loss of periostracum and under-
lying shell layers (Hinch and Green 1988). Therefore, we
could only use 73% of the clams for the statistical analyses.
The pumber of individuals used in the analyses and the aver-
age amount of sheil growth in each dimension is Hsted by
source and destination in Table 3.

The faciorial MANCOVA on the transplant growth data
revealed that both clam source and destination had significant
effects (P < 0.0001) on shell growth (Table 4). A significant
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Fig. 1. Popuiation age structure in Beech, Bark, and Tock lake
clams, At each site # = 30. Arrows indicate the mean age of the
population.

interaction (P < 0.0003) also existed between these two fac-
tors. The source effect is very strong and quite clear. Regard-
less of transplant destination, clams from Bark Lake had more
growth in width relative to growth in length than did clams
from Beech or Tock lakes (Fig. 2A). The destination effect is
much more difficult to nterpret (Fig. 2B). Effects of destina-
tion are more evident, however, in the interaction between the
source and destination main effects (Fig. 2C). Clams that were
placed into Bark Lake and came fromn Bark and Tock lakes
grew larger in all dimensions and grew more streamlined
(length increasing relative to height, and width increasing rela-
tive to height) relative to clams from Bark and Tock lakes that
were placed into Beech and Tock lakes. Clams from Beech
iake did not show this pattern (a differing response when the
destination was Bark Lake).
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TapLE 3. Mean {SB) shell growth {cm) in each dimension based on
clams recovered from the reciprocal transplant experiment

T T e T

e
Source  Destination Length Height Width 7

Beech Beech 0.76 (0.42) 1.21 .42y 043 (0.25; 36
Bark 1.85 (1.4) L8O (3.12) 0.84 ©.39) 39

Tock 1.42 (0.88) 1.28 (©.53 0.57 (0.29) 41

Bark Beech 0.58 (0.31y 135 ©.53) 047 0.26y 39
Bark ¢.77 (0.3%)  0.96 .61y 0.67 041 36

Tock 0.64 (0.28) 1.23 0.52) 0.36 0.24) 39

Tock Beech 0.53 (0.26) 1.13 043 0.28 ©.22y 32
Bark (.79 (0.45) 1.03 0.56) 0.37 ©.2% 36

Tock 0.79 (0.28) 1.50 (0.55) 0.33 (0.22) 32

e

Post-transplant metal levels

Clam source accounted for a great deal of the variation in
gill metal concentrations (Table 5). Clams from Tock Lake
tended to have higher Cu concentrations than Bark and Beech
lake clams (Fig. 3A). Clams from Tock and Bark lakes had
higher Cd concentrations than Beech Lake clams (Fig. 3B).
Zinc and Mn concentrations tended to be highest in clams from
Tock Lake (Fig. 3C and D).

Clam destination accounted for some of the variation in gill
metal concentrations, Clams placed into Tock Lake tended 10
have greater Cu and Min concentrations than clams placed into
the other lakes (Fig. 3A and 3D

Clam source and destination were both important in explain-
ing variability i body metal concentrations. Clams from Tock
Lake had greater Cu concentrations than clams from the other
two lakes (Fig. 44). Clams placed into Tock Lake had greater
Cy concentrations than clams placed into the other two lakes.
Zine concentrafions were greatest in clams that were placed
into Beech Lake (Fig. 4C).

Body Cd and body Wn concentrations were infiuenced by an
interaction between clam SOUTce and destipation. Clams from
Beech Lake that were placed into Rark Lake had the lowest Cd
concentration (Fig. 4B). Clams from Tock Lake that were
placed into Tock and Bark lakes had the lowest Mn concen-
tration (Fig. 4D},

Allozyme variation

Allelic frequencies at the pgm locus, which is a four-allele
MOnomer, ségniﬁcantly differed among feech, Bark, and
Tock lake clams Ciean = 154 .82, P < 0.001). Allelic fre-
quencies at the Lap-2 locus, 2 three allele monomer, margin-

ally differed among the three sites (xwan = 532 P o= (.08},
Pajrwise comparisons 9 aletic froguencies {Table £) revealed
that clams from Besch and Tock lakes were similar in alletic
frequencies at the Lap-2 locus. A paper contaiping a more
extensive examination of within and among population geno-
typic differences among Beech, Bark, and Tock lake clams is

in preparation.

Diigcupssion

Shell morphology

The source populations differ in shell morpheiogy. Shell
growth patierns during the transplant gxperiment were also
strongly influenced by population source. If proximate water
chemistry inflpences clam growih, one would expect that clam
growth would be ordered along the destination axis according
i water chemistry. Clams thet were placed in the b ghest alka-
ity lake (Beech Lake) ghould have exhibited the most
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Fic. 2. First canonical sCOTe NGATS {SE) of the source (A), desting )
tion (B}, and interaction (C) effects. Means are labelled by ctam des |
tination. a, Beech; x, Rark; ¢, Tock; &, control clams at each site. |
COlbesity represents growth in widih relative s¢ growin in lengh
Streamlined represenis growth in length relative to growth i haight
and growth i widih relative to growth in height. €V, canonical
variaig.

growth, in length, height and width, while clams placed init
the lowest alkalinity lake {Tock Lake), should have exkibiied
the lepst. This patiers could also have manifested itself i ihe
{nteraction axis, FOT Mst2nCe, within one or two of the popult
tion sources, clara growth would be ordered according 1o fake

destination water chemistry. Nope of these scenan®
ooenrred. Clams fhat were placed into Besch and Tock laket:
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TapLE 4. Standardized and stracture coefficienis and probability jevels for factorial Mancova of length, height, and width
growth of the transplanted clams

Length Height Width
Standardized  Structure  Standardized  Structure Gtandardized  Structure o
Source —8.99 ~.45 —(.72 —-0.51 8.50 0.15 < 0,0001
Destination 5.32 0.93 —-0.70 (.82 609 0.96 <(.6001
Source ¥ destination 5.26 0.97 170 .90 4.40 $.92 < 0.00G3
TuBLE 5. Factorial ANovaA resuits on clam tissue meial concentrazions
Gill tissue Body tissue
Sum of Sum of
Metat  Source of vanation  sguarcs F E squares F P
Cd Source 3.59 12.52 <0.01 2.44 7.12 <{0.01
Destination 0.46 .61 0.20 9.26 27.00 <0.01
Source X destination 0.44 0.76 0.35 2.47 3.60 <001 .
Cu Source 3.57 583 <0.01 3.74 9.13 <0.01
Destination 6.08 993 «0.0} 6.17 15.06 <0.01
Seurce % destination 1.17 0.95 0.43 0.87 1.05 0.38
Za Source 2.68 797 <«<0.01 <00t <{.61 (.99
Destination 0.25 (.74 0.48 4.14 22.38 <0.01
Source X destination 0.55 (.81 0.52 0.59 1.60 0.17
Mn Source 1.43 594 <00t 8.70 17.87 <(.01
Destination 0.84 3.46 0.03 1.35 2.7 0.06
Source X destination .41 (.85 0.50 2.26 2.32 0.06

grew about the same amount in overall size, while clams
placed into Bark Lake grew the most in overall size. Since
Bark Lake is intermediate in alkalinity between the other two
Jakes, there is no relationship between clam growth patterns
and lake alkalinity,

Relationships between E. complanata shell merphology and
alkalinity have been observed in large scale observational
studies where differences in lake alkalinity were at least 10
times greater than those in the present study. Mackie and Flip-
pance (1983b) noted that shorter, heavier shells were asso-
ciated with decreasing calcium content of the water in relation
to alkalinity and pH in streams and lakes in south central
Ontario. Hinch et al. (1989) sampied 40 lakes in central
Ontario and were able to relate larger and thicker shelled
clams to higher alkalinity eavironments.

Differences in population age structure were probably not
responsible for growth differences in the experiment. Clams
from Reech Lake, the youngest population, grew the least i
overall size, while clams from Tock Lake, the oldest popuia-
tion, grew the most. If age structure were important, one
would expect more growth in the younger clams. This same
rationale would probably apply to the initial differences in
clam size. Beech Lake clams were the smallest, and they prob-
ably had the greatest potential for growth. In the experiment
they grew the least. In any event, our analysis should have cor-
rected for differences among populations in initial clam size.

Trace metals

Both clam source and destination were important predictors
of tissue metal concentrations. In nearly every instance (the
exceptions being body Mn and Za), clams from or placed into
Tock Lake had the highest tissue metal concentrations. Tock
Lake with its low pH is presumably the most contaminated by

aqueous trace metals. This presuraption is based on known
relationships between acidity and trace metal concentrations in
the water of south central Ontario lakes (Zimmerman et al.
1983: Stokes et al. 1985), Therefore, clams placed into Tock
may be reflecting environmental levels of biologically avail-
able trace metals. Forester (1980) speculated that relatively
high clam tissue metal concentrations in freshwater clams
from south central Ontario may be attributable to the region’s
susceptibility to acid precipitation and the concurrent effects of
metal mobilization in the lakes. On the other hand, Servos
et al, {1987) reported that E, complanata transplanted among
south central Ontario streams of differing pH and metal con-
centration did not differentially accumulate trace metals. Low
water temperatures and short-term exposure (about 2 months)
may have contributed to their failure 1o detect differences.

Water metal levels were determined once in the summer for
Beech and Tock lakes, the highest and lowest in pH, respec-
tively. At that time metal levels were either below detectable
limits or did not differ between lakes (Hinch and Stephenson
1987). Differences in water metal levels between lakes are
usually greatest during spring snowmelt (Haines 1981}, and
data are not available to examine seasonal differences in the
metal concentrations in these lakes.

In marine clams, the history of metal exposure cap deter-
mine body burdens of metals in transplants and may influence
physiological or behavioural response to metals (Ritz et al.
1G82; Worral and Widdows 1983; Widdows et al. 1984 Cain
and Luoma 1685). Cain and Luoma (1983) estimated that it
would take approximately the entire life of their transplanted
Macoma balthica (transplanted to a metal contaminated site in
San Francisco Bay) for their body burdens to equal those of
the resident clams. They suggest that in some contarminated
environments, transplanted clams may never reach body bur-
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dens of the resident clams. Assuming that Tock Lake is the
most contaminated of the three lakes, clams whose original
source was Tock Lake may be reflecting Tock Lake mesal
levels regardless of transplant destination. One year may be
insufficient time for body burdens 0 equilibrate with the new
proximate epvironroent.

Allozyme variation

The source effect that is evident in the shell morphology and
metal uptake data Ay represent genetic differences in growth
patterns and in metal uptake paiterns amontg the populations.
The allelic frequency data suggest that these populations are
genetically different. They are probably under different selec-
{ion pressures becavse of differences in lake water chemistry.
T is interesting to note that a halanced polymorphisem is mai-
tained in the Beech Lake population for the Pgm and Lap-2
loci, while the populations from the two more acidic lakes do
aot conform o Hardy —Weinberg equilibrinm because of an
excess in homozy gosity (panuscript in preparation). This sug-
gests that selection may be oocorring in Bark and Tock lake
popukaiions. Koshn (1978} has shown that the activity of
TAP-1 in marine mussels I8 correlated with environmental
salinity, and it is possible that a similar relationship betweet

TapLe 6. Probability levels from pairwise
COmMPpArisons of Beech, Bark, and Tock lake
allelic frequencies at the Pgm and Lap-2 loci

Bark Tock
Heech P o< 4.001% P o< Q.001F
P o= 0.0507 P o= 0.860%
Bark P o< 0.001%
P = (0387

#*Pam locus.
JLap-2 focus,

alkatinity (pH) and allozyme activity may exist i freshwatel

clams.

Applications 1o Biomonitoring

We detected a SITONg SOUICE COMPONENt 0 growth and metal
uptake.
acclimatization of the gransplant clams their new onviren
ment. Allowing the experiment to run over severat years (@
opposed 0 1 year) may have reduced or eliminated s
problem. Most researchers who transpiant froshwater clant

The source effect could be a resule of incomplets
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for contaminant monitoring conclude their experiments afier
only }—12 weeks (see Adams et al. 1981; Kauss et al. 1981;
Kauss and Hamdy 1985). Their inability to detect differences
in tissue metals {i.e., Kauss et al. 1981) between transplamnt
sites may be a result of the relatively short post-transplant
gxposure time.

Undeslying genetic differences among the source popula-
tions could also be responsible for the source effect. It is prob-
ably impractical to standardize transplanted clams by
genotype, but care should be taken to collect all clams from
the same site in the same lake and to randomly assign clams
to transplant destinations. Thus, genetic variation will not be
confounded with destination effects, though it may inflate the
error and make statistical tests more conservative.
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