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GENETIC DIVERSITY AMONG FOUR AMBLEMIN] SPECIES (BIVALV1A:
UNIONIDAE) IN THE CACHE AND WHITE RIVERS, ARKANSAS

Roxatn L Jornsox. Fane Qmne Liane, AND JERRY L. Farpes

Arkauses Siate Universiv. Desgriment of Biviogs, Saur Undversity, AR 72967

ALSTRACT—Alloremic analvsis of 18 joti was inilized 10 dercrmine the genetic diversite of four
speciss of mussels in the Tribe Ambieming (Ambirmn piicaa plivatg (Say), Picctomerus dombevanis
(Valenciennes), (uadrulz pustuiose (1. Lea) and . quadruls (Rafinesque)) in the Cache and White
rivers of Arkanges. Mussel populations of hoth rivers have been subjecied 1o frequent harvest, and

Whire River popuiziions have been =xposed 10 periodic habimi destruction due 1o dredging,
Ranges of pobmerphism wore from G572 [or A, phra 1w USAY Jor (. gundrule, heierazygoshy
values mnred from 0.029 for # domicvanus vo 044 for (. pustwlpse. With the excepuon of low
hewerorygosin for (J. ouadruln, herrorygosity and pobvmarphism walues were similar o previcis
studivs involvng Ambleming of other river dratnuges. Populatons were clamcerized by hetery-
zygote deficiencies w2l Joci, Severs! determinanis of heterozypole deficience were investigated,
with selection and inbrecding posed 2s viable hypotheses. Bottisnecking mav be occurring in {J.
guadrilg. Although no evidence of gensiic decline associzmed with bouienecking was idenrified
for the other 1brec Amblemini, musss! beds are on the decline in Arkansas, and loss of genetic
Giversiny is derrimenial 1o the wmporz: sizbility of populations.

RespaeN—Uin andiisis alozimatcn oe 16 loci se s para determinar la diversidad penéics de

1

cauire especiss de mejlliones de 2 Tribu Amblemini (Ambirme Micata plicate {Sav), Pleciomerus
dombranus (Valencienncs), Guudruin pustulose {1, Lea), v {J. ruadriic (Raﬁncsquc:}) en log rios
Cache v White de Arkansas, Las poblariones de mejiliones de jos dos rios sc han cosechado con

dererninada frecnencia, v s poblacioues del

ie River fmn sido expuesizs o una pericdica

destruccion del hdbha 2 causs ded dracur del rig. Los Haiges del polimorfismo fueron de 4.579
para A plicate 2 U360 pare ) quadreiz los wiores de heterozigosidad se registraron de (.044
pars 77 dembevenus st (1144 pars 0 sl Con a excohOon de u baju heterozigosidad de
(L guadruln, los wlores de heterozigositiud v polimortismo foeron similires o Jos estudios anier-
jores sobre Amblemini de tuences fidaies 6e owros rios. Las poblacionesse caracierizaron por
una deficienciz dr los hetzrozignios =2 1odos los loel. Sc Investgaron varios delerminanies de lu

deficiencin de los hesrogpoios. con L seieccion V Cruzanisnie consanguinec senulados como

Lipdirsis viables, To posible aur e omboielaniman seg el prabismi con (L quadrula. Aungue o

se ideniibed ninmumi: evidencis de tize Gisminucion geneies msuciady con dicho embolctiamienio

en las oras res Amblemin, co Aricosss se =sid disminuvendo lz cantidad de lechos de los me-

Jillones, vl pérdida de diversidad grudic es perjodicial pats b oestabilidud teruporal de lus

pobliciones.

Arkansas s one of fve mijor hesvesting
siates for mussel shells in the Unhed Stares,
Musse! shells are exporied and process=d 1o

produce seed nuclei for the pear] Indusiry in

Japan. As x result of the combined anthraoe-

genic effects of overharvesting, polinton, and
desirnction of hahim by impoundments,
rlrrdging, and brdee construciion, the size
and number of mussel beds fave stzadiiv de-
creesed nationwide (Wiliiams et al., 188y, Ap-
proximately one-third of the %00 Norbh Amer-
ican mussel species are classified as endan-

gered or possibly extnct (Williams et al,
3%y, Reszarchers have reported  drmatic,
lerm decreases in mussel species diversiry

Onr-
in various rtiver sysiems fur several siates
{Maneson ancd Dexter, 1986; Isom and Yokley,
1468, Starren, 1971 Suloway, 1481, Vaughn,
1897). Commercially harvesied mussel beds as
sociated with Arkansas rivers recently have
Lbeen described {Rust, 1993: Chrisiizn, 1495,
Davidson, 1497 Posey, 1097), Chrisiian, in a
comprehensive survey during 1995, identified
2 54% Joss of historically docurnenied mussel

Toluserm,

(R
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beds in the White River of A-kansas, Caich per

unit effort of shellers shaw=d similar declines

{Todd. 19%4). Sheliers have also indicaled dra-

matic declines in sizes of musse] beds (K C

Ward, E. Rohal._}. T. Easier. =75 comm. ). Re-

duction in numbers of mussels in the Whiie

River also has been annibuied paniizlly 10

dredging. and the indirect efecrs of waler reg-

ulaton (Todd, 10033,

Reductions in genetic arversity of popula-

uons have been associated with population bot-
tlenecks of species {Nei et 21, 18735; Avise et
al., 1888: Bernaichez et al.. 1880} High gener
ic diversiy provides species the ability 10 sur
vive and adapt 10 changing environmental con-
ditions {e.g- hypolimnelic rejease ofimpound-
ment waiers n the White River), and may also
provide a population the svolutionary flexibil-
It 1o respond 10 temporally variable selection
pressures (Hedrick et al, 1675 Gillespie and
Gurtirman, 1989). Loss of geneoc diversity may
weaken the evolutionary si2biline of a spedies
(Allendorf and Leary, 1986; Ehrlich, 1988).
Management of freshwater musseis Is 2 unigue
siniation becavse it relies por onlv on an un-
derstanding of the genetc stucture of these
species but also the hosi-paresitic interactions
of the glochidia! siage. The eFecrs of host fish
migration during the glochidial sages greatly
impacts gene flow. The addinozal considera-
ton of facuimtve hermaphrodism in some
mussel species provides another significant fife
history characieristic thar compiicates under-
sianding of genetic diversity.

This swdy wilized cellulose azeiate elecuro-
phoresis and histochemical sizining of alio-
Zymes to deiernmine the generc diversity of
four mussel species within the =ibe Amblemini
tommon 10 Arkansas walers. 4mblema Picato
picata (Sav), Plectomerys dombecnus (Valenci-
ennes}t, Guodruln pustulosa (1. Tez), and o
gucdruly (Ra.ﬁncsque} are Gominant commu-
nity members within the Cache zng White riv-
ers, which belong w0 the Mississippi River
drainage (Chrisgan, 1995). Zach is classified
currently 2¢ 2 swmble species (Wililams e al.,
1993). Three of the four soecies range
throughout the ezstern United Swzies reaching
ine Canada, aithough Plecimenes i resuricied
1 the southezsiern United Siape Zach is com-
mercialiv imporant with the =XIepton of F
domievamus, which possesses 2 commercialiy
undesirable, heaviy piginenied sh=ll,

T ettt o Bt

vol. €8, ng. 8

Both the Cache and Whire FIVers represent
significant sources of mussels 1o Arkansas shel]
akers. The White River has been the primary
source of Arkansas mussels for the years 1901
1984 and the Cache River has progressively de-
clined in imporiance from a second ranking in
188} (Farwick, 1009; Todd, 1998, 1usg, 1995,
The rivers chosen for study were also coing-
denty being charzcierized for musse] density
and diversity as part of 2 long term smudy fund-
ed by the Arkansas Game and Fish Commis
sion, the United Swtes Fish ang Wildlife Ser-
vice, and the Liwde Rock Dismict of the Corps
of Engineers. Maintenance dredging is per-
formed annually in the White River 10 accom-
modate barge wraffic, but only the upper reach-
es of the Cache River are channelized for fiood
control purposes (Tillman, United States Army
Corps of Engineers, pers. comm.). Commercial
gravel mining occurs in the White River.

There is an added urgency io gather infor-
manon regarding pepulation soructure and sys-
iematics for unienid species because the de-
cline in numbers of Arkansas mussels also pos-
sibly has reduced genetc diversity of existing
populations. Few genetic studies have been
performed on freshwater mussels, and none
have been performed in Arkansas river drain-
ages. The 1om] absence of designated mini-
mum viable population sizes for mussels sug.
gests that consemation genedcists can only ex-
tapolate such information from species pos
sessing more simplistic life historjes, A rninimal
hreshold population of individuals is not ud-
lized presendy by fisheries managers and the
zpplication of minimum shej) size to commer-
cial shellers is the only means for maintining
cusTent populations.

In addiion 10 characierizing the genetic dj-
versit' of several musse) species in Arkansas,
Our primary queston was whether mussel pop-
uladons subjected 10 frequent harvest and hal-
ual desvuction have low genetc diversine rel-
20ve 10 previously swudied musse] species. Our
second goal was 10 investigaie whether differ.
enual helerozyposities for intraspecific popu-
lations were related 1o environmental van-
abjes.

METHODS—Ceneric diversity was determined with-
In popuiations for the jower regions of the Cache
and White rivers. Twelve 1o 36 individuals of two spe-
cies were collecied from each of three sites frorm
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sl e, f'(‘pnmrm'm; aoaerral o 319 el Se-
oot downstioan missel eds were chosen for
el pivers mijes 37, 30, sl TS fxires AL B smd O
respechvelv) for ahe Cachie Raver, and miies G55,
ST and 4E5 don the While River fsies 130 E and
F. resprectivelv).

The Cache River busin drains southwarg along the
western extent af e Misissaippl Embavnen and
fiows o the White River near Clarendon, Arkan-
sas. Although the White River fiows through the
Crzark Highlands, the study region is hast chamcer
fzetd e alhinviad sodl deposis of tee Mississippi Delue.
Both streams are characienzed within the stody re-
mion as having low siream gradient and high wrbid-
iry and dissolved solida.

Hookah rig diving was used to obizin mussels in
the summer 100 Mussels were brought back 1o the
laborziory on ice and processed immedizely or fro-
zen ar —70°C. Voucher sprcimens have been depos
ited i the Unionacea collcctdon of the Arkansas
Sute Universiny Maseum of Zovlogr {ASURZ)L

Adductor muscles were homogenized in egual vol-
umes (weight/volume) of TricHC buffer (pH 7.0).
Fierirophoresis was performed at 200 volis for 15
rin o TO buffer (LOZ5M Tris; GI82M Gliveme) ar
raom iemperaiure {7 mA/plate). Ning enmine svie
rems represenung M loo were selcfied for analmis
bused on their expression in addunor muscie. En-
rvmatic ioct were zs foliows: fumurase (FUINMS) . FUM-
2 Enzvine (oamission (E.CH 4212 rhummate-
oxzloacewale ransierase (GOT-1. GOT2 EC
S.0.11) bocirair dehvdrogenase (IDH-). IDH-Z:
E.CO1LL1.4Y); lacune debvdrogenass {LDH-1, LDH-
o ECLLLV2T5H malme dehvdrogenuse [(MDH-1
MDH-S G0 A7) malic enznss (MI-1 ME-Z;
E.CL T4y munnose phosphare isomernse {MPI-
.CA 5.5.1.8); phosphogiucose isomerase (PG

1.9): phusphogiucomuuase (PGAM-L POM-2;
'7 5.1 TUBRC, 1484). The distance of migm-
tion for each specific enmvme was visualized hy his
198,

=

gt e
P- .ﬂ 1t

wichemical siining (Hebern and Brwon,

Eight of the mnre enrvme svsiems wsed inthe pres
et stody are integral within glveodysis or the ciric
acied ovele. All nine cuzvines are catsgorized 25 Croup
Penzvmes, which process inernalh renermied me-
wholites. The enzvmes have high subsimae specific-
iry, reducing the puiental for heteronvgosing group
Il enzrmes progess exernalhy derived  subsiances
which are more wnable, and thas fevor heeron-
sasiy {Gilizspie and Laogley, PO Vidues lor gre-
neue diversiny obiained Jor the present med previows
madiuscan siudiss are consemative g 1o rellance
on group I enrvmes (Davis and Fulizz, 1881 Davas
et al, 14981 Rar 1985&, 19834 Danvis. 1983 Siven
and Alderman, 190Uy,

Indivichm) genotwpes were aaed as orgzinad dan
with mean sample size per locus, mean number of
alicies per locus, poivmorphism, direci-count betero-

Jobason ot al—{leneuc diversity among Asnblemuny

aus

symesity, Pl dhveWeinhenyr equilibrion (1) susnes),
captingency chi-separe analvsis wond Wright's st
tes (P Frn P derermined asing e progrimn

BIOSYS-T (Swollord and Sclandern, 1URYY.

ResuiTs—Electrophoretic analvsis of the
nine enzvme svstems revealed varving numbers
of polvmorphic (a dominant allele frequency
less than 85 percent) loc Tor the four species
studied (Table 1), Amblema plicata had the
greatest number of polymaorphic loct (12 of
14}, followed by F. dombevanus (10 of 13). Quad-
rulz exhibied a lower degree of polvmorphism
than did the other nwo genera, with 7 and 10
of 16 loa polymorphic for (. guadruls and (2.
pustulosa, respecuvely. Sbhiy-six percent of all
log analyzed were polvmorphic for the 12 pop-
ulations stdied.

The greatest polymorphisim (P) for indnid-
ual populaiions occurred in A, plicatn {0.573)
and P dombrvanus (0.461) of the Cache River
(Tzble 1}. Cache River populations of A. plicata
and P dombevanus exhibited downstream de-
creases in P, althoush P values in Q. pustulosa
and (. guadrule of the White River did not
change (Fig. 1).

Average number of alleles per locus in the
four species studied varied from 1.7 for both
(Qeadrule species 10 2.2 for A, plicata (Table 1).
The GOT2 and PGM-2 log exhibited the
creaiest number of alleles, with five for A, pl-
cate and (. pustulosa, respectively. Downstream
reductions in nurmber of alleles per locus were
idendfied for populations of B dombryanus and
A. plicate from the Cache River, with no rends
idendfed for Quadruis populatens for either
species,

Genonpe frequencies of the polvmoerphic
jogi were anahzed 1w deiermine which lod
were in Hardy-Weinberg equilibrium  {Table
13, Most lodd {0.74) were not in equilibrium
with most deviavons ((.94) from expecied due
10 heterozvgole deficiencies. Heteroryvgote de-
ficiengies were found in all populations stud-
ied with the excepuon of a single P! dombryamus
populaton which possessed one polymorphic
locus out of 13 Jogl anahzed. All polymorphic

loci possessed heterorygote deficiencies in at
least one population with LDH-1 exhibitdng
the least deviance from that expecied.

Levels of direcicount heteroryzosity (H) for

the various populatons were deiermined (T.:—
ble 1). Quadrude pusiuloss exhibied the nighest

i+
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FIG. J~~Polymorphism of unionid mussel populations in the Cache {Sites A, B, and C) and White {Sites

I, E, and F) nivers, Arkansas,

mean heterozyvgosity (H = (.144), foliowed
successively by A plicata (H = 0.116), Q. quad-
rula (H = 0.058), and B dombevanus (H =
0.048). Quadruln pustuiose had significandy
greaser heterozygosity than did Q. gusdrula or
£ dombeyenus (P < 0.01).. Hewerorygosity for
each population of . guedruls and R dombey-
anus was similar within their speoies, while A
pleata and Q. pustuloso populations exhibited
signiificant decreases in M for downstream pop-
uladigns (3 = 6.752, P < 0.01; 3% = 8711, P
< 0.01, respectively), Mean heterozygosity for
the Amblemini studied was 0,087,

Wright's weighted Fsztisics were uilized 10
analyze the genetc structure of these popula-
ons (Table 2). The mean Fi for pooied lodi
wzs significant for each of the four species. For
values showed moderate 10 high differenta-
ton as defined by Hart (19803, who described
Fs7 values of 0.05 10 0.15 a5 representative of
moderately differentiated popuiztons and Fer
values of 0.15 10 0.25 for highly differentated
populations. Number of jori demonsratng
significant differendation ranged from five for
@ pustulose to nine for P dombevanus. The
greaier number of loci demonstatng signif-
cant difference for 2 dombevenus is due in part
10 2 single populaton (Site C) exhibitng a
high degree of monomorphism {12 of 13 loci),

D1sCussion—Genetic Diversiti—We predicted

that & and P values would be particularly jow
due 1o the dramartic reduction in numbers as
soclated with shell harvest {and habitzi modi-
fication for the White River). Genetic diversity
of mussels has been studied in other river
drainages (Hornbach et al., 1980; Davis and
Fuller, 1981; Davis et al., 1981; Ka:, 1983g,
19635; Davis, 1984; Stven and Alderman,
1982; Berg et al., pers. comim.), and these were
used for comparative parposes. Although shell
harvesting has been heavy throughout the Mis
sissippi  River drzinage, habitat modification
and water quality changes have been greatest
in the Jower region.

Davis (1984) determined polymorphism for
one populaton of (. guadrule in the upper
Mississippi River in Wisconsin 1o be 0.357, al-
most idenucal to the present study F value of
0.360. These P values are lower than those
identifi=d for seven pepulations of Q. quadruia
within the Ohio and lower Mississippi river
drainages (P = 0.514). Values obtained by oth-
er researchers are largely consistent within
tzxa, ranging from’ 0.142 for one species of
Margaritiferinae (Davis et al., 1981). 0.998 for
five species of Anodontnze (Davs er al., 1981
Kat, 1985a), 0.427 for seven species of Pleuro-
bemini, 10 §.480 for nine species of Lampsilini
{Davis, 1984; Kat, 19858 Stiven and Alderman,
1992). Mearn P values of the Amblemini of past
studies is 0.32 =+ 0.08 (Davis, 1984: Bergetal.,
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Tabrr 2—Summary of Wright's S for sach poivmorphic locus for populations of A, p. plicata, P domiey
anus, (. pustuless and () guadrule in the Cache and White rivers, Arkansas, Si gnificance of Fi given v the

Chi-Sguare vzlue,

A g plicale P dembevanus (2. trusiuiosy (2 guedrula
Chi-Square Chi-Square Chi-S5quare Chi-Square
Locus For {df Fer {df For {dfy Fer {afp)
FLIA-] 0.119 12655 (1= (.056 6.35¢ (4) — e e —
FLIM-2 {.095 (.388 (2) o.022 2.595 (5) 0.241 25517 (M~ 0.056 8.107 (3)*
GOTI 0.218 24008 19)= G082 22350 (3~ 0.031 7.033 (4} 0.536 116180 (6}
GOT2 6,075 10.892 ta)r 0.084 15.549 (2)= — — —_ o
IDH.] — — — —_ 0218 20.329 (= — e
I1DH-2 0.025 27251 0028 3555 (9) e e 0.016 4.350 (3}
LDRE-] — — o —_— 0.008 1.549 (2) 0.036 18,825 (6=
MDH-1 0.002 1.295 (%) 280 BLEB18 (4)* — — —_ —
MDH-2 0.025 7090 (9= 238 41482 (= 0.02) 0.825 (2) — —
ME-] 0.005 1,162 (3} 0.090 33 Q85 (5= 0.022 2.620 (4) 0.141 B5.014 (6)=
ME-2 0.000 0.031 (1) 0059 15.660 (4) 0.250  27.218 (4}~ —_ —_—
MPI-1 0187 19,390 {1)=* L4353 112668 (5 0.622 2156 (2) 0.484  150.703 (6)=
PGIA — — C{g 7.136 (2)= 0.183  1B.445 (9)= 0.217  154.936 (6)*

5188 (1) 6057
18540 (2)* — —

PGM-T 0.055
PGM-2 17
MEAN 0.0z

1B.052 (8)  0.057

B.635 (2)~ C.18] 28735 (B)* 0.108

67808 ()=
88.059 (9)=
6C.453 (5=

0.146 45679 (B~ 0.074
13.874 (3)* 0.160

* P < .05

pers. comun.}, which is insigenifcanty Jower
than the combined P value of (.46 = .90 for
the present stdy. Our P walues were a: the up-
per range of wibal and famiiial meane,
Direct-count heterozygosinr values were
fargely consistent with those Jor pohvmor-
phism. ¥ values of previous studies were greai-
est jor species of the mibe Pleurob=mini (mean
= (.113; range = (.081-0.1 46X 21 10855}, in-
termediate for Amblemini ané Anodontnae
{mean = 0.108, range = 0.029-0.240~Davis,
1884; Bery er al,, pers. comin,; mean = (.00,
range = 0.028-0.199—Far, 19852 Davis e al,
1881, respecavely), and jeast for one spenies of
Margaridferinae (0.030—Dawvis = ZE., 1981},
Similar 10 those stdies cited z2oov e, M values
for the present smudy were quite variable be-
oween species, ranging from 0.048 for P dom-
bmvanus to (L144 for Quzm!ru!a pustulosa, Heiero
rygosity for . guadruin in the oresent study
was 0.0538, half {0.119) tha: obained by Davis
(1884) and onedourth thar found by Berg et
al. (pers. comm.). In 2 comparison of Amble-
mini, the four species of the pr"s;n study had
a mean Hialue of 0.087 = (L.048, s} ightvlower,
but not swatistically different from resuls of
previous Invesigations {mean = ()08 =
0.033—Davis et al, 198]; Davis, 1G84; Bcrg &L

al., pers, comm.). Mean M was intermediate for
the mibes previously studied.

There was a low mean number of alleles
(mean = 1.7, range = 1.1-2.6) observed per
locus in the present study (Table 2). Means
were consistently higher than those found for
Anodonia (range = 1.1-1.4wFat, 19832), com-
parable 10 those of Lempsilis sp. {mean = 2.1)
and Leptoden (mean = 1.B), ver lower than
those obmined for Elliptio (mean = 5.5—Kay,
19838 Suven and Alderman, 1099).

Harr."_y—Whinbfrg Eeuilibrium—Hard vWeinberg
disequilibrium has been identfied for loci in
many bivalve populations {Milkman and Beary,
1670 Hombach et al, 1980; Adamkewicz et al.,
1984 Soven and Alderman, 1992), but not 1o
the degree found in the present study. Con-
versely. no Hardy-Weinberg disequilibrium was
identified for seven populations of (. guadrizia
studied by Berg et al. (pers. comm.). The rel-
avvelv high and mostly positve values of Fj
and Fr-for each species support high levels of
homozvgesity (F,, and Fy daitz available upon
request).

Many explanations have been offered for
heterozygoie deficiencies, including borte-
neck effects, Wahlund effect, presence of nuli
alleles, linkage disequilibrium, genetic imprin:-
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ing. inbreedinr, and selecton  (Singh and
Green. 1084). The combined =zffecws of har
vesting and habimt modificanon could be pro-
ducing a bouleneck effect, where genetic drift
is serving as & dominant force in gene frequen-
cy changes of these populavions {Nei et al.
1975). Botleneck effects have been demon-
surzted 1o reduce helerozygosic for hundreds
of thousands of vears following popwaton re-
covery (Nei et al., 1975). Histonic quantiauve
data are not available, but Christan (1295} re-
ported 2 dramatic reduction in nuwmbers of
mussel beds znd anecdowml repons by shellers
have described 2 precipitous decrease in nurn-
bers of mussels available for harvest (K.C
Ward, E. Kohzl, ].T. Easter, pers. comm.). I
bottienecking were indeed occumring. H values
shouid be reduced relatve 1o other smdies.
Mean H for . cuadruls wes low compared 1o
that obtained by Davis [1884), which lends sup-
port for bottenecking. This doss not appear
1o be the case for the other ihree spedes in
comparisons within the family Amnblemini.
Null alieles represent the Joss of enzyme ac-
tiviy for ruldmeric enzymes {c.g., dimers, wi
mers, wwtramers) in heierozvgates due 1o sue-
tura! instabiiiy (Millunan and Beaty, 1870
Eoehn znd Zanes, 1§78). Zouros and Folz
(1984} suceessfully argued agzinsl the pres
ence of null alleles zs delerminants of hetero-
zygote defidiency in bivaives. Mo relationship
was found in the present study between the
number of subunits in the funcrional enzvme
and the degree of Hardy-Weinberg disequiiib-
fum (P < 0.75). Zoures and Folm (1584) con-
sidered the exisience of independently repro-
ducing subgroups {Wahlund =Fect) as z viebie
explanaton for highly variabis brealve popu-
Jazions. Musssl bed sizes for the present study
ranged from 200 10 780 m® {Chnstan, 1985);
dispersal mechanisms shouid adrguately pre-
vent the formation of subpopuiatons wathin
these modesately sized musse] beds. Inbreed-
ing also has been proposed a2t an explanation
for heterozvgole deficiency {Hornbach €t al.
1980). Koehn e al. (1971) simted that i in-
breeding is indesd ococurning. helerazvgole de-
ficiency should be consisient for all pohmos-
phic loci. Inbreeding may be ozzurnag. paruc-
uiarly for B dembrvanus, 25 each locus exhibited
heterozygote deficiency. Very fow Joci were not
subject 1o hewerozygoie defdisnoy (eg. GOT-
¢ ang POM-1 for A. pleme MDH-2 MPRL

voi. 4% na. 3

PGM-2 in () pustulosa; IDH-2 for () quadrula).
Nej et 2l (1975) have previously identified sig-
nificant positive correlavons of population size
w0 heterozygosity values, with inbreeding en-
hanced in smaller populavons. No significant
correlation was observed between effecive
population size a5 determined by Christan
{1995) and heterozvgosity {r, = (.14, F < 0.623.
Geneic Diversily and Selection—-Low beierozy-
cosity has been associated with a reduction in
resistance to poliutanis (Nevo et al., 1886}, al-
though contradictory data exist as to the pres-
ence of a selective effect of toxicants on hei
erozygoles {Nevo et al., 1981; Lavie and Neve,
1986). Toxicants appear t0 eXert a grealer se-
Jecove effect on specific lod as compared 1o
overall heierozygosity (Diamond et al., 1991,
Schlewer er al, 1885). Downstream popula
tons of A plicaia and F. dembeyenus in the
Cache River exhibited a consistent decrease in
polymorphistm and mean number of alieles per
locus. This was partcularly nomble for 2 dom-
brvenus, 2 mean pumber of alieles per locus
declined from 2.5 at Site A 10 1.1 at Sie C.
There was a downsoeam reduction in hetero-
Zygusi:}' for sie B for A, flicaln, yet pol far P
dombeyanus, while ff, I’ and the number of al-
leles per locus were lower for () gquadrile at
Site C in the Cache River than for White River
sites. Site B on the Cache FRiver represents a
lowlyving caich basin for non-point agricultural
runofl, which includes fertilizers, herbicides,
pesticides, and defoliants. If 2 wide range of
10%icants introduced inio the Cache River were
exerting a selective influence on specific ge-
nowypes, then a lower variability of genotypes
would be predicted. Several aljeles of mussel
species at site B of the Cache River exhibited
significant differences from thosre of other sites
{e.g.. FUM-1 B allele—2X% = 4.85. P < 0.05 and
PGM-2 B aliele—32 = 6.583, P < (.05 in A
plicate and the MDH-2 B allele~3" = 21358,
P < 0.05 and PGM-1 C allele—X* = 13937, F
< (.05 in P dombryanus). Qther rescarchers
have documenied that some alleles are differ-
entially sensitive 10 specific 1oxicants in 2 lab-
oratory seropg {Lavie and Mevo, 1486: Lavie
and Nevo, 1988; Gillespie and Guuman 198%;
Diamond et al., 1891; Schieuter et al., 1283).
However, this differental sensitivin is not con-
sistent for all enzyme systems {Diamond et al.,
19911, Schieuter et al. (1985} propoesed that
different environmental stressors have differ-
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wal

ent effecis on specific Josi. Further study is
needed 10 determine the effects of introduced
ioxicants on heterorvaosin and aliele frequen.
v in dovwnsiream populations of mussels in the
Cache River
Davis (19843 and Nej (1887} previousis iden-
Ufied sitnificant correlations of sample size o
heterozygosit values. We observed no sigmifi-
tant correlaton between sample size and her
Lrozygosity {r, = —~0.57: P< 0.20).
Summmj—MEan ’nezcmzygosit}" and polw-
morphism values of the Amblemini of the
Cache and White Rivers were simnilar 10 those
of previouns studies. Populations were charac-
terized by heterozygole deficiencies at all ko
Several delerminants of thcrozygmc deficien-
¥ were investigaied, with selecton and in-
brccding posed a5 yiahle hypotheses. Borre-
necking may be oLcuring in @ guedrula. Al
though ne evidence of genetc decline associ-
ated with bomieneciing was identfied for the
other three Amblemini, musse] beds are on the
deciine in Arkanszs, and low genclc diversiny
is detrimental 1o the iemporal sability of pop-
ulations,

This work seas mage pussibic by s Facuin Research
Gram throngh Arienses Sue Universin. We are
thankdul for 1he collecton effors of A Christian ang
K. C. Ward. Helpful insight was provided by 5, Gune
man. I L. Herris, d2. . Musgs and RNONVINOUS Fevieyw.
ers, 10 whom we are mos rateful.
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