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MACKIE, G. L.:

Some effects of lake acidification on Pisidiidae umss
in Southern Ontario, Canada - Tavi acidifikécié6 BUDAPEST
hatdsa a Pisidiumokra Dél-Ontariéban, Kanada

ABSTRACT: The size, welght and calcium content of 14 Pisidiidae speciea collected along a naturally
occurring caleium gradient in Ontaric were measured. The analysis revealed both intraspecific and
interspecific variationa in relation to pH, alkalinity, and total and calcium hardness of woter.

INTRODUCTION AND OVERVIEW

Acidification of lakes and rivers is a major international envi-
ronmental concern. Oxidation and hydrolysis of atmospherically borne
sulfur dioxide 30 and nitrous oxide NO produces atmospheric sul-
furic acid H280 and nitric acid HHNO which reach lakes and rivers
as "Acid Preclpi%ation". Atmosphericall% induced acidification is a
major problem, particularly in dilute waters with limited acid-buffer-
ing capabilities. In the Canadian Shield, effects of lake acidifica-
tion have been documented at various trophic levels including fish

BEAMISH, 1974 , zoobenthos CONROY, HAWLEY, KELLER LAFRANCE, 1976 ,
phytoplanlkkton KWIATKOWSKI ROFT?, 1976 CONROY al., 1976 , and zoo-
plankton SPRULES, 1975 as well aa on general water quality O0.M.E.,
1978 . BStudies on the impact of acid precipitation on freshwater eco-
systems in Norway are particularly well documented aee WRIGHT, 1976
for a review of the literature .

The pH in fresh water is governed Ilargely by the buffering reac-
tions of carbonic acid and the amount of bicarbonate and carbonate de-

rived from the weathering of rocka and from nnnual eyeling of carbon-
ates at all trophic levels. The most important carbonate of watersheds
is CacCoO which occurs in natural watera principally as calcite and

|

aragonige. In Canadian fresh waters alkalinity is contributed mainly
by bicarbonates, The amount of Ca HCO, ., in solution depends on the
amount of free (O, dissolved in the watér. A definite amount of CO,

known as equilibrium CO, will remain free in solution after equilib=
rium is reached batween “calcium, bicarbonate, carbonate, and undismo-
ciated carbonate., If the amount of free €O, dia incremsed above that
required to maintain a given =mount of CaCOBLin solution at equilibri-
um as Ca HCO , this agpressive €O, will“dissolve more (aCO,. If a
solution of E&ZHCO in eqilibrium &ith GO -H 00 and €0~ 1Haan
a portion of the Caq'roquirﬂd to maintain eqﬁjliﬁri%m, CaCo., will pre-
cipitate until the fquilibrium is reestablished by the formation of
CO0.. In lake acidification, carbonates are converted to bicarbonates

ang biecarbonates to €0.; this process continues until Lthe carbonate
" reservoir is deplated gnd all bicarbonates are converted to CO, at

which point the acid-neutralizing capability of the Ilake is Toat,”
*
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The carbonates involved in the equilibrium process are the bicar-
bonates in solution and the carbonates in the carbonate reservoir
which periodically restores or adds to bicarbonate levels when pH is
lowered or CO. is added to the system., In this study the carbonate re-
gservoir is conhsidered to include 1 the CaCO and MgCO that pre-
cipitates to the bottom of the lake known hgre ag the 3equilibrium
carbonate pool , for example, during photosynthesis, 2 carbonates in
gsurface runoff and in the inflow influent carbonate pool , and 3
carbonates in organisms biotic carbonate pool , especially molluscs,
Tn hard-water lakes, the most significant carbonate reservoirs are
probably the equilibrium and influent carbonate pools, But in soft-wa-
ter lakes, the biotic carbonate pool is probably the most significant,
although this has never been shown. Since acidified lakes are general-
ly soft-water lakes, this study pays particular attention to the blo=-

‘4ic carbonate pool, of which the molluscs are hypothesized to be a
significant component.

Enormous amounts of (aCO. are cycled annually by molluscs NEGUS,
1966; STARRETT, 1971 GREEN,-;980 and this must surely have an impact
on the acid-neutralizing capability of lakes. Conversely, the avail-
ability of CaCO, in the equilibrium processes of lakes must surely af-
fect production”of molluscs., However, the cause and effect relation-
ships are poorly understood. Nevertheless, the rate of lake acidifilca-
tion is probably inversely related to the amount of CaCo, in the bio-
tic carbonate pool and the greater this amount, the slower the rate of
acidification., Implicit in this relationship is that molluscs cannot
prevent lake acidification but they may slow the rate of acidificati=-
on., Indeed, the inability to accurately estimate the time needed to
exhaust the watershed’s neutralizing capacity LUCAS, 1978 is not on-
1y due to lack of detailed information about the buffering capacity of
the overburden in a lake’s watershed McFEE, KELLY BECK, 1977; DIL—
ION al., 1978 , but probably as well to the lack of consideration of
carbonates in the biotic carbonate pool,which may be very significant,

The aims of the studies reported here are 1 to determine the
effects of lake acidification as measured by declining alkalinity and
pH on calcium carbonate content and morphometrics of pisidiids, a ma-
jor molluscan group in acidifying lakes in Canada, 2 to determine
the source of calcium for pisidiids in lakes with. low calcium levels
and 3 to determine if the low pH and assoclated increases in alumi-
num levels in acidifying lakes are toxic enough to explain the disap=-
pearance of some species of pisidiids from the acidifying lakes in
southern Ontario., The third objective was established because 1little
or nothing is known about aluminum toxicity in pisidiids, indeed, even
in any molluscs. levels of aluminum in some acidifying lakes in Ontar-
io are considered to be toxic to fish see HARVEY al., 1981 for a
review .

The first two studies are part of general molluscan studies re-
ported by MACKIE FLIPPANCE 1938a,b,c » Only brief descriptions of
these studies are included here, and only the pisidiid data are de-
scribed and discussed. Reported for the first time are the signifi-
cance of the results from these three gtudies for survival of some pi-
gidiids in acidifying lakes. Also reported for the first time are the
total calcium values needed to calculate the potential acid-neutral-
izing capacity of pisidiids, the carbon values in shells of pisidiids,
and the effects of low pH and associated changes in aluminum levels on
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the survival of sensitive and tolerant specles of pilsidiids in acidi-
fying lakes of southern Ontario,

Fige 1» Locations from which 53 plsidiid samples were collected in southern Ontarioce The calcium gradient
is ind{cated by the zcnes of water herdness /mg cacna 5'1. in boxes with dotied 1ines/ according to Fishe=—
ries and Environment Canada /1978/« The inset shows the location of the study area in North America.

STUDY AREA

Por the first study, 5] freshwater habitats were sampled within an arca bounded by Post Lake of the
Vermillion River to the north /81°12°W leng., 47°02°N lat./, Britannia Bay of the Ottawa River to the east
/757" longee 45%22'N, lat./, Waubuno Creek to the mouth /81%06'W longe, 43°02'W late/, and the North

 Thames River to the west /81°14°W longes 43°14'H late/ in Ontario /Fige 1/« The study includes the limes—
tone formations 3in southern Omtario and the granite basement rock in the Sudbury District of Ontsrioe
fhirty-two of the habitats sampled were lentic systems, the remainder were lotice The pH, alkalinity,
total bhardness, and calcium hardness of each habitat are depicted in Figse 2a and 2be The study area
presents a gradient of total alkslinity ranging from 0 to 280 mg CaCO3 l."l. and total hardness, celcius
hardness and pH ranging from 5 to 332 mg 01003 !.'1, 2 to 260 ng CaCo4 L"l. and 5650 to 8,64, respactivelye
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MATERIALS AND METHODS

Relationships Betwesn Pisidiid and Environmental Calcium Contents

Water samples from the 53 habitats were collected in 200 ml glass bottles just before the pisidiid
sampless Theso ware sampled in the laboratory for pH, total alkalinity, total hardness, and calclum harde
ness wthin 24 h of sampling, as described in MACKIE and FLIPFARCE /1983a, b/e

Pisidiids wers sampled from 1lesa than 1 m water depths using a sieve with 1 @ handle and mesh
openings of 0632 mme Sampling continued until at least 10 specimens /usually 25/ of a wide range of size
classes of each species were taken. The specimens were measured for lenght and then they were dry-weighed

and analyzed for calclum using atomic absorption spectrophotometry as described by MACKIE and FLIPPANGE
/1983a, b/e

Relaticnships between lenght and weight, lenght and calcium content, and weight and calecium content
were detormined using the power equation,

T= oy
‘for each species from sach population, were A is the y intercept and b is the slopae

Correlations /rzj between mean calcium content /g Ca g~ aninal/ of plaidiids and caleium content
of the water were determined for each species using a CMS computer program for calculating ra according
to the methods of STEEL and TORRIE /1580/e

For each of 25 specimens of five the most common species of pisidiids in the 53 habitats, shell
CaC03 was determined by acld digesting preweighed, oven=dried whole animals in hydrochloriec acide The ani-
pals were oven—dried again at 100° and the dry weight differences betwean the whole clam and tissue prowie
ded the weight of cwoj dissolved from the shell. The weight of shell Cal03 for sach spscies was expressed
as a percentage of the whole enimal’s dry weighte The remaining percentage was the propoertion of dry welght
of tissuo of the whole animale !

For analises of shell carbon, the shells of ten specimens of sach of three species of pisidiids with
bodies removed, wers dried to constant weight and analyzed for shell carbon using the wet oxidetion method
of RUSSEL-MUFTER et ale /1967/e Att three species /Table 4/ were collected from waters with alkalinities
less than 45 mg CaCO3 11, The carbon values for each species Wers expressed per pilligram of total shell
welght. ;

For the rolationships between total dry weight and calcium content /Table 2, last thres columns/, slo~
pes greater than 1.0 indicate that larger individuals contain more calcium per unit weight than do smaller
{ndividuals of the same species; slopes = 1.0 indicate that {ndividuala of all weight classes have the same
proportion of calcium to dry veight; slopes less than 1.0 indicate smaller individuals have more calclum per
unit weight than do larger individuals. Because of these differences in slopes, the potentlal contributios
of ca:o3 by each species /Table 3/ was calculated on the basis of the mean dry weight of the animals used to.
derive the regression in Table 2 /last three colums/e Since the regressions are based on cslcium content,
and not on CaC05 content, the calcium content calculation from the mean dry weights wes multiplied by 2¢5
/ie8s for every part of calcium, there are 2.5 parts of caleiun carbonate/e This value was then divided by
the mean dry Weight value and multiplied by 100 to express the results as g Cacoa for 100 g of snimals fdry
weight/ in sach speciess The species are arranged in order of decreasing CaCOj contribution in Table 3.

A canonicol correlation analysis /PIMENTAL 1979/ was also performed on all specimens for the three
marphological variables, size, weight, and calcium content for each species, and the four envircnmantal
variables /herein termed buffer variables/, pH, total alkalinity, total hardness, and calcium hardnesss
The values for all morphological were log=transformed so that all allometric relationships would be 1i=
neare A canonical corrslation is the maximum correlation between linear functions of the two sets, with
the linear functions chosen so as to maximize the correlaticn with the restriction that they sre indepen=
dent of previously derived linear combinationse Details of the interpretation of cancnical correlations
are given in MACKIE and FLIPPARCE /1963b/s
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In ordner to determine the gource of calcium /in the water/ for the growth of Ms secw {8, newborn
clams were grown in ten different treatments, each with a different source of calcium and foole The then
treatmenta were: A, water + algae; B, water + leaves} Cy water + sediment} D, water + autoclaved 1leavea
By water + autoclaved sedimenty F, water + algae + leavesj G, water + algae + leaves + sedimenti H, water
+ algae + autoclaved sedimenti I, water + algas + autoclaved leaveaj J, water only.The rationale for each
treatment and the procedures used are given in MACKIE and FLIPPANCE /19830/s

Clams were sacrificed at two week intervals and measured for lemgth, dry weight and caleium content
using flame spactrophotometrye Food, water, leaves and sediment were also analyzed for calcium content
wsing flame spectrophotometrye A two~way anslysis of variance, followad by DUNCAN's test /SIEEL and TORRIE
1980/, was used to detect differences in length weight and calclum content of clams among treatmentse

A preliminary 96-h atatic blossay was also carried out in the laboratory to detormine the joint and
independant toxicity of hidrogen ion concentration and inorganic monomeric aluminum contente Five species
of clans /Pisidiun casertanun, Pisidium nitidum, Sphaerium rhomboideus, Sphaerium occidentals and Muacu-
liunm securis/ were teated at four pH's /860y 4a5, 140, 507/ and four levels of inorganic monomeric alumi-
num /50, 100, 200, 400 g Al L%/, In order to keep inorganic monomeric aluminum in solution,%00 sl 171
could be tested jointly only at pH 4.0, 200 ug AL I™l, at pH 4.0 and 4e5, 100 45 AL L™l at pH 440, 45
and 540, and 50 ug Al L"l could be tested jointed at all four pH'se Samples of the test solutions were
taken to verify the concentrations of inorganic monomeric aluminum, but the samples are still awaiting
analyses. Hence, until the samples have been analyzed, the aluminum content will be referred to as total
aluninume

Resgent grade hydrochleric acid was used to make the pH solutions and to dissclve pure aluminum wire
for the stock solution of inorganic monomeric aluminume The stock solution was kept at pH 240 in a pla=-
stic container. Appropriate aliquost of the stock sulution were taken to make the four final test con~
gentrationse 4

Ten clams of each species were kept in plastic containers, wich in turn were placed in plasticdinhes
containing one liter of the appropriate test solutione All plastic~ware containers were preconditioned to
its tect solution for 24 he Those soluticns were discared and replaced with fresh solution.The clams were
then placed in the plastic containerse 500 m}l of sach test solution was chenged dailys Death of clams was
deternined as cessation of heart beat /seen through the semitransparent shells/ and lack of response to

proddings

RESULTS

Fourteen species of pisidiids were found in the 53 habitats sampleds The most common piaidiids in
the study area are Pisidiua compressum, Pisidium casertanum, Sphaerium striatinum, Sphaeriun pimils, Mug~
culium securis and Pisidium variabiles Most of the common species occur over a wide of alkalinitics and
total and calcium hardnesses /Table 1/s The only exceptions are Mo Becuris, which ocours in waters with
alkalinities less than about 170 mg CaBOB I."l. and 8. 8inilis, which occurs in waters with alkalinities
greater than about 100 ng CatO, 1, :

Some habitats had very low acid-neutralizing capacities and showed a high degree of acidification.
The lowest pH of water sanpled was 5.50. Only Pisidium casertanum was found at this pH value /Table 1/s
The mean lenght-weight, lenght-calcium content and weighi=~calcium content relationships of each gy ecies
are given in Table 2

Of the 13 species of pisidilds examined, Se simile has the greatest potential contribution of CaC0q
to the water /Table 3/ A comparison of data in fables 3 and 4 indicates that some specles /e.gs e sinmi-
1e/ contain large amounts of free calcium in tissue since the calcium carbonate values from whole animals
/teble 3/ exceeds /P< 0405/ the valuss from shell only /fable 4/s However, the data are not directly com—
parable since the data in Table 3 are based on populations collected from several localities with differ—
ent acld-nputralizing capacities and data in Table 4 ars based on single populations from waters with low
acid-neutralizing capabilities. Table 4 also indicates that the shells of some species, especially Pe ca-
sertanum, contribute significantly greater /P<0.05/ amounts of carbon than other species.

For some spacies the variation in calcium content of whole individuals correlates well with the
cajcium content of their environment /Table 5/ Three spscies /P casertanum, Pe compressum, and e stri-
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atinun/ show & dirsct correlation and two species /8e 8inile and '_g_. rhomboideun/ show an inverse correla=
tion between cnlcium content of whole individuals and calciunm hardness of the environment /Table 5/«

At least four populations were collacted for each of six of the thirteen specles in the study area
to permit canonical correlation analysess The resulis of the canonical correlation analyses are shovn in
fabls 6¢ The first canonical variate /CV/ is significant at the 0.000L level for all six species. The e~
cond CV is significant at P<0s002 for the six species and the third CV s significant at P< 0405 for mly
two speciea /Table 6/e -

The empirical interpretation of a canonical variate ig bassd on the signs /+ and =/ and magnitudes
of the scoress The main trend of CV-I on morphological variables appears to be toward a shortening of the
shell with an incresse in total weight snd calcium contents Since ths shell accounts for most of the weight
and the calclum is concentrated mainly in ths shell, the main trend in CV-I is toward a shorter, heaiver
shells This appears to be related to decressing alkalinity and pH in relation to calcium and total hard-
neas for Pe cagertanum and Pe varisbile, and decrsasing slkalinity in relation to total hardness for §.
sinile and Se striatume

: A second but less common trend of CV=I on morphological variablea 18 toward an incresse in ahell
8iza and calcium content in relation to total weighte Since the shell accounts for most of the welght,
“¢he increase in calcium content relative to weight implies that the caleium might be free calcium /is ee
not monocarbonates/ in tissuese Otherwise an incrssse In total weight would alao be expscteds If this is
trus /end thers may be some variation due to dry-weight of fats/, then species with larger shells snd
lighter tissue calcium appear to bs found in waters with high alkalinities, particulariy in relation to
calciun hardness /e ge Me gacuris, Table 6/, and tutal hardness /8 go Be compressum, Table 6/, MACKIE
and FLIPPANCE /1983b/ describe trends of CV-II and CV~III on the morphological variables and the signifi-
cance of theas in relation to CV=I are discussed laters

The sediment, espaclally when autoclaved, contributed the greates amounts of calcium to the watere
Willow leaves also contributed a significant amount of calcium but algae provided very little /table 7/e

A large increase in lenght /Fige 3/ and weight /2ig &/ of clams occurred afier the first two weeks
in dishes with algae, leaves and sediment /treatment /e Howaver, by the sixth week, clams in dishes with
algae and leaves /treatment F/ had attained similar /P> 005/ oizes as thoss in algas, leaves and godi=
ment. By the tenth week clams in algae and autoclaved leaves [treatment 1/ wers the game sizs and weight
/P> 0,05/ as clams in treatment F /Figoe 3 and &/. The signifieant losa in average weight and caleiud cone
tant of clams that occurred in the sight and tenth wseks in dishes with algas, leaves and sediment /Figse
3 snd 4/ was due to the release of newborms The only other clams that produced nevborn wers those in
dishes with algae snd leaves and algae and autoclaved leaves in the tanth weeke

The 96 h static toxlcity hioasaays indicate that the five apecies of pisidlids tasted are able to
tolerate pH down to at lenat 4.0 and aluminum contents up to at least 400 ag Al L"l- The only species that
showed any mortality after 96 h was Pe nitidumi thore was 10 % mart,alitir at pH 4.0, O pg AL 1, 20% mor—
tality at pH 440, 100 ng Al L1, 40 % mortality at pH 40y 200 pg AL 1™ and 20 ¥ mortality at pE %e0y
400 mig AL 11, Because of the low mortalities, 1t was mot pessible to calculate LG50 values for pH and/or
aluminune :

DISCUSSION

Responses of Plsidiidee fo Low pH and High Aluminum Contente

Aoid precipitation is affecting /or already has effected/ many habitats in the Canadian Shield
JRARVEY et ale 1981/« Although we did not examine lakes with pHC 45 /ie8s scidified lakes/,¥a did saspls
pisidiids in lakes with pH 5.5 and no apparent acideneutralizing capacity /les. alkalinity 0/<These lakes
atill had plaidiids /eege Ps cagertanum, Fe ferruzineum, Table 5/e These resulis compars favourably with
those in other studiese Most plsidiids were absent in Norweglian waters with pH less than 5.0 /K. OKLAHD,
19793 Je OKLAND and Ke OKLAND, 1980} Ko OKLAND and KUIPER 1980/« ROFF and KWIATKDWSKI /1577/ found ihat
in the relationship between diversity index for zochenthos and pH in six lakes gouthwest of Sudbury, On=
tario, the inflection point /ieee the point at which diversity changed/ occurred at pH 4487 Pisidium was
the only mollusc to be found below pH 5.0 but no molluscs were found below pH 4eBs

If spring pH values are considered, many pisidiids can bs found in acidifying lakes with pH as low
a8 L4eh /iees spring depression value/, such as in Chub Lake /No. 10/ and Heensy lake /Noe 8/ /Fige 1/e
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Pisidilds found in these lakes include P. casertanum and Pe ferruginsum.

Shells of pisidiids from waters with low acid-peutralfzing ocapacities appesr to contain large am-
ounts of carbon /Table 4/e The data for M. gecuris and S. gtriatinug are comparable to those of BURKY at
als /1979/ who found that trophic considerations gave the beat correlations with shell type at the generic
lavels There are insufficient data to indicate relationships betwesn shell corbonats cantent and osrbon content
but BURKY et als /1979/ found an inverse rolationship in pisidiids. Of the species examined, P. Egartﬁ—
nus had the highest amount of carbon present in relation to shell carbonate contents MACKIE /1978/ fownd
that P casertanum had one of the thickest periostracums of all the pisidiida he examined.The largs amount
of organic material in the shell supports his observationse. These data suggest that the apecies is able
to survive more adverze conditions /e.gs acidifying lakes/ thean most other pisidiids because the heavy
organic covering and organic matrix would resist shell erosion better than highly carbonaceous shella.

According to Table 5, the calcium content of individuals in five species of pisidiids are alsc re-
1ated to pH and/or alkalinity, implying that acid deposition may affect shell formation in these species.
However, of the five species, thres /Ps compressum, Se. rhomboidsum and 3s sinile/ have negative corrsla-
tions indicating that as pH and/or alkalinity is lowersd, calcium content of these pisidiids increases.
Therefors, these species mesm to respond to lake acidification by forming more highly calcified shells,
at least down to pH 6+0 and an alkalinity of 20 mg CaC03 1~l, The toxicity biosssay studies indicate that
survival of these mpecies probably is not affected by pH down to 4.0 and/or aluminum up to 400 pg A 8

The remaining two specles /3. striatinum and P. casertanun/ show positive correlations with pH and
alkalinity, implying that acid deposition could directly affect shell formation in these species. However,
8. striatinum is found only in well-buffered /i.e. phY 6400, alkalinity 20 mg CaC0y L-1/ water and hence
are not llkely to be affected by acid deposition. Pisidium casertanum is found in acidifyng water /pH <
5,50/ and seems to be able to concentrate calcium from waters that have 1ittle or no acid-neutralizing
capacity. Morsover, both species appear able to resist the corrosive effects of hydrogen ions by changes
in the morphology of the shell /as well as by forming thick periostracums/e For example, Table 6 indi-
cates that during lake acidification /i.e. decreasing alkalinity/ the calcium contents of both species
decrease, but they maintain a high density of CaC03 in the shell by forming shorter, heavy shells. Henca,
the protection offered by the shell in maintainede The canonical correlation mnalyses aiso indicate taai
long, thin shells which presumably offer less protection in acidifying waters than ghort, thick shells,are
formed only in waters with increasing alkalinity relative to calcium hardneas, ss in M. gscuris /Table 6/

MACKIE snd FLIPPANCE /1983b/ showed that the only piaidiids that are liable to be affected by acldie
deposition ars those in waters with poor and decreasing acid-neutralizing capacities. The species to be
affected first would probably be those which exhibit decreasing calcium content since calcium is fmportant
in shell formation.

The species most 1ikely to be removed by acld deposition is Pe compressum /cv=11, Table 6/« However,
this species shows at least one other significant canonical variate. Theae other variates suggest that
acidic deposition would not be a factor in the disappearance of any spscles from waters with pH> 5:50e In=
deed, some species show increases in weight and calcium content relative to lenght in waters with low acid-
neutralizing capacity relative to hardneas /®ege Po casertanum and Ps variabile/ and apparently are not
affected by acidic depositions Of these species, Pe casertanun is found in waters with little or no acid=
neutralizing capability. The other species is found in waters with alkalinities greater then 20ng CaC03 I."1
and acid deposition has 1ittls effect on pH in such well-buffered waters.

Caloium Sources in Musculium gecuris

Clearly, algae alone, with its small amounts of calcium /Table 7/ i8 not sufficient to sustain the
growth of Mo gecuris /Figs. 3 and 4/s The greates growth of clams occurs when both food and ocalcium are
provideds Hence, treatments F and I supported the greatest growth of clams /Figs. 3 and &/e MACKIE and

- FLIPPANCE /1983c/ and MACKIE and QADRI /1978/ have discussed the significance of sediment,leaves and algse
for the growth and reproduction of pisidiidse The nost significant result here is that calclum in ths leaves
appears to be more available to He gecuris than ecalciuvm from the sediment.

The apparent ability of clams to grow well om algas and leaves together indicates that at least aome
species of molluscs, such as M. securis, ere not dependent upon the calclum from the sediment or bedrock
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ZABLE 3. Potential contribution of CeC03 for
thirteen species of Pisidiidass Values
are expreassed per 100 g of whole animal
/8hell + tissusa/ end are based on reg-

JABLE 4 Calcium carbonate and carbon content of
shells in common species of Pisidiidae
in the stady area.The speciss are arran—
ged in order of decreasing calcium car=

reseion datas {n fable 2 using the me= bonate content.
an waights belowe Jee text for details.
Shell CeCO4
Species Nesn Dry Weight g CaCOy/ Species as § of 1e C ng™t
/eg/ 100 g Anisal total dry wte shell

Sphaerius siaile 83460 9.5 * 958 c.'x.l o
Sphaerium striatinum 3000 9346 Sphaeriun stristinua 92,2 % 1469  5.33 % 0,68
Pisidiva compressus 5490 9249 Sphaeriun sisile 9047 £ 2453 m?2
Sphaerius fabale 57430 B85 Pisidium compressum 9043 £ 0.89 WD
Pisidium variabils b7 842 Nusculium securis 80s0 £ 3221 8432 % 1,57
Musculium socuris 3400 816 Pilsidium casertanum 6568 £ 1,66 1018 £ 2,77
Pisidium edamsi 3270 7845 ,
Musculium transversums 2070 6541 1 04 Is = Confidence Interval
Pisidiuwm ferrugineua 5670 6342 2 ¥D = Mot deterained for species in waters with M
Pisidium casertanum 1.80 61.8 45 ug CaC0, 1~1 total alkalinitye
Sphaerium rhomboideum 2750 6146
Husculiun lacustre 2460 6106
Pisidium nitidus 0e5% 5846

TABLE 5. Correlation coefficients /ra/ and the significance level of l-2 /in parentheses/ for the rela-
tionships between calciua content of the whole animals of Pisidiidas end pH, total alkalinity,
total hardness and calcium hardness of the waters The asterisks accentuate the significent

gcerralations.
Speciez pE Alkalinity fotal Hardneas Ca Hardness
Musculiua securis 0,002 /0,983/ 04074 06366/ 0.087 /0.284/ 0.099 /0.226/
Pisidiun casertanus 0.113 f0.046/% 04251 /0.001/* 04310 /04,001/* 0.271 f0.001/*
Pisidium comprassum =04160 /0,001/* 0s222 0,000/ 06218 f0.001/* 04240 f0,001/*
Plaidium variabile 04073 /0.608/ 06192 f06173/ 06196 /f0e164/ 0.231 /0.099/
Sphaerius rhomboideus =0s328 f0.005/*  =0.345 f0.003/+  =04336 /0.004/* 0345 /04003/*
- Sphaerium simile 0ek32 [0s001/t  «04123 [06129/ «04209 f0.005/* 04226 /0.005/*
Sphaerium striatinua 06150 f04012/* 04166 /040057 06125 f0,035/* 0ol X2 f0s026/*
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LENGTH mm
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Fige 3o Mean growth in shell langht /ma/
of Musculium pecuris in then different
treatments /see also Table 7/. Of the ten
treatments, growth of clama wes signifi~
cantly different /p<0405/ in four treat-
pents /after 10 weeks/.Growth of clams in
only these four treatments are plotted ut
treatments for which growth of clams was
similar /p> 0.05/ within sach of the four
are given on the growth curves.

Fige 4 Moan growth in dry welght /mg/f
and calcium content /mg/ of Musculium se=
curis in ten different treatments faee al-
so0 Table 7/.0f the ten treatmenis, growth
of clams was significantly different ¢
0,05/ in four treatments Jatter 10 weekffe
Growth of clams in only these four treat~
ments are plotted but treatments for which
growth of clams was similar /p > 005/
within each of the four are given on the

growth curvess



of lakes and streans for shell growth. Instead, they are able to utilize ths calcium from allochthonous me
terial /such as leaf litter/ that enters lakes and streamsz during the springe The results of Ke OKLAND and
KUIPER /1980/ and our studies indicate that the most common molluscs in acidifying lekes /ie e« lakes with
poor bufforing capability/ are pisidiidse The results from the present atudy suggest that some plsidiids
are sble to grow and reproduce in streams and lakes with poar acid-neutralizing capacity bacause they are
able to utilize ths calcium from allochthonus material and are not as dependant upon the dissolved calcium
_from surrounding bedrock as perbaps other molluscs ares

U3SZEFOCLALAS

A tanulvény 14 Pisidiidae-faj méretét silyit &s Ca~tartalmit vizsgélja egy természetes Cs = grédiens
mentén gyljtstt mintékban /Ontario, Kanade/s A viz pi-jére, llgossAgéra, toljes és Ca~keménynégére vonatko—
aban fajok kisbtti és fajon bellli killBnbségek jelentkeznake
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