INTRODUCTION

The dwaf wedge mussd (Alasmidonta heterodon) is a smdl freswater mussH that was Federdly ligted as
Endangeredin 1990 (50 CFR 944)7), dueto aseverededinein documented occurrences: AlthoughtheRecovery
Fanfor thisgpedesisinthe processof baing deve oped, successul restorationwill undoulotably requireagrester
underdanding of the goedes liferequistes and the reesonsfor itsdedine

Thedwarf wedgemus isamember of the Family Unionidee. Itisamdl inSze, rardy excesting 1.5inchesin
length, andliveson muddy sand and gravd battomsin sreemsand riversof dow to modarate current, with little
glt depogtion. A hodt fishisreguired for thedevd opment of thelarvag, or gdochidia of mogt freswater musseHs
Thehod fishfor thedwarf wedge mussd hasnat yet beenidentified. Thedwarf wedgemussd isusudly found
in assoddion with the common dliptio (Elliptio conplanata), alarger fresh water mussd, throughout itsrange
(Clake1981). InNew England, thetrianglefloater (A undulata), the dewifefloater (Anodonta undulata), and
theesgtern lamp mussH (Lampsilisradiata) aredso often found with the dwarf wedge muss.

Acocording to Mader (1986), the dwarf wedge muss was discovered in the 1800's and has dways been
conddaed rare The spedies wias found soldy in Atlantic dope draneges from North Cardlina to New
Brunswick. Origindly themussd wasknowntoexig in 70locditiesin 1I5Smgor draneges. Inrecent yeas ithes
only beenfound a 14 stes. Only two viagdle populaions are presantly known to exig in New Engand; onein
the Adwudat River in Keeng New Hampshire, and onein the Connedticut River through an goproximatdy 16
mile dretch thet runsfrom North Harland (Sumners Flls), Vamont to just south of Weatherdidd, Vamornt.
The Adwudat River populaion gopears to be dedining. The qatus of the Connedticut River populdion is
presantly under gudy (S. von Oettingen, USPWS, pers commun.).

Few rivers in New Engand have nat been dramaticdlly dtered by human adtivities induding damming,
channdization, indudtrid and municipa discharges, aswd| asnorHpoint runoff. Freshwater mussdshavebean
reported to beadversdy impected by poor water qudity. Spedficfactorsthat havebeanimplicated indude low
dissolved oxygen, low pH, sltation, low dkdinity and hardness, and pallutants induding potassum, copper,
chlorine cadmium, and arsenic (Fuller 1974). Mader (1986) disousses evidence that the dwarf wedge mussd
isintdlerant of poor water queity. Dwarf wedge mussds may o have been digplaced from somelocationsby
condruction adtivities uch as bridges and riprgp for bank datilization.

TheAdhudat Riverisasmdl tributary to the Connecticut River thet traversesarurd areaof southwestern New
Hampshire However, the Ashudat River hasbeen dramdicaly dtered by the condruction of an Army Carps
of Enginearsflood contral dam, the Surry Mountain Dam, just upstream of the dwarf wedge mussd populaion.
Also, dong the banks of the Ashuddt, in the vianity of the dwarf wedge mussd populaion, agolf courseand
agriculturd land potertidly provide opportunitiesfor pesiddeand fertilizer runoff intotheriver. TheConmnecticut
River has been sevardy dtered by numerous hydrodedtric dams, which have aregted a series of unnaturd
impoundments which have highly fluduating water levds Thewater qudity of the Connecticut River hesdso
higoricdly recaived indudrid and sewege effluents, and has experienced Sitation and shordine devegetation.

The purpose of this Sudy waas to provide acursory Screening for heavy metds, pedicides, and orgenochlarine
compounds in the locations of the Connedticut and Ashudlat populdions as a means of explaring potentid
pressures that may be dfeding the mussds A third locaion, in the Mill River just bdow Northampton,
Massachusatts wasinvedigated becauseapopulation of dwarf wedge mussdsexised thereasrecantly as 1973,
and isnow bdieved to be extirpated (Magter 1986). This location could be conddered as a candidate for
population reestablishment should this srategy be deamed feeable and necessary for recovery of the pedies

STUDY AREA

The Connedticut River isthe largest and longest river in New England, draining awatershed of 11,265 square
milesfrom the Connecticut Lakesin northern New Hampshireto Long Idand Sound in Saybrook, Connecticut
(Meriman and Thorpe 1976). The Connecticut River wias the naturd route for commerce for interior New
Engand beforethedevd opment of rallroads(McNary e d. 191.3). Through the condrudtion of dams, locks and
cands the Conneticut River became the fird river in North Americato be developed for navigation (Matin
1951). Laer, theriver provided power for indudry. At presant, fivedamsprovidefor hydrodedtricfadlitiesdong
themaingem of the Connedticut River.




Thesadtion of the Connedticut River wherethemussdsareknown to exidt traverses primarily rurd countryside,
thebanksof theriver aredther vepetated by naivetressand Srubs or by fam agps. Theriver ismostly desp
and dow moving, with the dwarf wedge musssinhabiting gravdly hdlowsin locationsdong theedgeof the
river. It should be nated that the Connecticut River exigswithin the Siate of New Hampshireto the high water
mak onthewest bank. However, dwarf wedgemussd oocurrencesd ongthewest benk of the Connedtiaut River
areusLidly destribed asbaing located in the Sae of Vemont.

TheAdudat River dansanareadf 71.1 sguaremiles(USGS1972), and flowsinto the Connecticut River neer
the southwest comer of the State of New Hamypshire (Fg. 1). North of the City of Keang, the Adudat River
travasssamodly rurd aeawhich has higoricdly been famed. Much of the arealis now forested, with some
home devdlopment.  The dwarf wedge mussd isknown to exigt primarily throughout an goproximatdy three
mile dretch of the river bdow the Sury Mountain Dam and above the City of Keene  The Bretwood Galf
Course exigs dong the eadt bank and a partion of the west bark in this dretch, and farmland planted to com
comprisssmuch of therest of thewest bank. Presantly, thereare plansto convart thefarmland to additiond golf
oourse (City of Keene Consarv. Comm, pars commun,).

The Mill River flows from the northwest into the Connedticut River a Northampton, Massachusdtts, after
draninganareadf 528 quaremiles(USGS1972) (FHg. 1). Theriverismodly quidk-flowingand shdlow with
asandy gravd subdrate. Exognt for passing through Northampton, the river isrurd, with forest and farmland
bordering itsberks

METHODS

In the Conneticut River, two sampling dations were chosan; one in each of the two dwarf wedge muss
ooccurrences known in 1990, During the summer of 1991, mussals were found Scattered throughout the reech.
FHaure 1 shows the two locations CT1 in North Hartland, Vermont, and CT2 in Weathadidd, Vemont.
Conmnedticut River ssmpleswerecollected in July of 1990. Onessdiment samplewas collected fromeach gation.
Sadimentsfrom an areanear dwarf wedge mussas were collected with againless sed gpoon, and placed ina
addinsed, solvent-finssd gassjar. Sedimentsweare sored by freezing before shipping. Twenty of thelargest
Bliptio complanata were cdllected from around dwarf wedge musssa eech gation. Hllipiowas sHedted asa
surrogate for A heterodon because of its usud co-occurrence. The ten mussHs collected for organochlorine
andyssswerewrgopad induminum fail, placedin plagtic begs, and frozen. Theten mussdscollected for metd
andyseswereplacedinaddHinsad, solvent-insed jarsand frozen beforeshipping. Water ssampleswerecollected
from each dation by emarsng acubitaing. Waer ssmpleswere d <o frozen before shipping.

Sx locations were chosan for sampling in the Adhwudat River (Fg. 2). ASH5 wes located aove the Surry
Moaountain Dam Resarvoir. ASH6 waslocated just bdow thedam, ASH 4, 3, and 2 werelocated dong the gal f
courss and ASH 1 waslocated bdow the galf course Sedimentswere cdllected from the dationsin Juneand
Septembe, (high and low water eveants), in a smilar manner as for the Connedticut River. In June, Blliptio
conmplanata and water sampleswere d o cdllected from each dationin asmilar manner asfor the Connecticut
River. MusHswere nat cdlleted from ASHS as none were located.

Only one sample was cdlleted from the Mill River. MIL1 was located just bdow the Route 10 bridge in
Northampton (Fg. 1). Sediments, weter, and Blliptio conplanata were collected in Augugt of 1990. Snceno
dwaf wedge musH are presantly known to exist in the Mill River, Hlliptio were colleted from an aea
congdered to be suitable habitat for Alagmidonta heterodon.

Organophosphateand carbamate pestid de andyseswiere conducted by the Patuxent Andyticd Control Fedility.
Organochlarine andyses were conducted by the Environmenta Trace Subgtance Leboratary. Mussds were
andyzed, by Ste, asacompogteof soft body parts. Sedimentswereandyzed for gaingze. MussH tissuesand
sediments were andyzed for organochlaring organaphosphate, and carbamiate pestiddes, and heavy metds
Water ssampleswere andyzed for heavy metdsonly. Sedimentswere andyzed for twenty-onemetds Tissue
andwate samplesweareandyzed for 12 metds. Mercury was detected using cold vgpor atomic absorption. The
other metd swerequantified by ICP (inductively coupled plaama) andyses. All metasreported by thelaboratory
a5"not detected” are reparted here as hdlf the detection limit.

RESULTS



Sadiments

Thessdiment charadteridicsa each of thesampledationsareprovided intable 1, induding percant sand, Silt, day,
and maisure and thetotd waight of thesamples Al of the samplesweere over 90% sand excgpt ASHS, CT1,
and CT2, which ranged from 57% sand (ASH5 in September) to 76.5% sand (ASHS in ung)(Hg. 3). The
peroat St in the ssdiment collected from the Adwid ot River was generdly higher in September ssmplesthen
inthe Junesamples (Hg. 4).

Organochlarine compounds weere nat detected in any of the sediment samples with the exception of atrace
amount of chlardenea ASH1 and p,p-DDE & ASHS5 (Appendix 1). Organophogphates and carbamaes dso
werenot detected at any of the gations (Appendix 2).

Table2dgdaysthemetdsfoundinthessdiment samples. Levdsaof arsanic, dhromium, cadmium, copper, leed,
mercury, nickd, and zinc were compared to ariteriadeve oped by Bahnick e al. (1981) for Great Lekesharbars
ssdments Arsenicexceaded the Bahnick e al.'scariterion for unpolluted sediment (<3 ppm) at dl of thedations
Levds ranged from 35 to 50 ppm. Chromium and nickd levds excesded the unpalluted levd reported by
Bahnick et al. of <25 and <20 ppm, regpedtivey, a aionsASHS5 and CTL. CT2 dso exoesded the unpalluted
levd for nickd. ASHS5 excesded the unpalluted leve of copper (<25 ppm) and zinc (<90 ppm). Mercury, leed,
and cadmiumweredetected indl of thessdiment samplesbd ow concentrations cond dered polluted by Bahnick
et al., <10, <400, and <6.0, rexpectivdy. Hgures5, 6, and 7 illudrate thelevd s of copper, leed, and zincinthe
sdiments

Long and Morgan (1990) provide aliterature review for Slver and conduded thet effectsto aquatic biota have
gengdly been aobsarved when sediment levds are greater then 1.7 ppm. - Sediments from dl of the sample
dationsinthe Ashud ot River exceeded thislevd. The concentrations of Slver in sedimentsfrom thegationsin
the Connecticut and Mill Rivers were found to be bdow the 2.0 ppm detection limit for thisstudy. Fgure 8
illudratesthelevdsof slver intheriver ssdiments

Littleliterature exigs regarding toxiaty or ssdiment qudity criteriafor the other metds However, inreviening
thedatait gopearsthat metd concentraionsin thesedimentsin genard, werehigher at dationsASHS, and CT1
and CT2 then & the ather dations Also, levelstended to be higher in the samples collected in September from
theAdwdat River thenin June Thesetrendsmay beexplained by thehigher St content inthesesamples (Fig.
3.

Water

Reaultsfor themetd concentraionsin water aediglayed intable 3.

Accordingto EPA'sQudity Criteriafor Water (1986), frehwater bictashould not be affected unacoeptably if the
4-day concentration of mercury does nat excead 0.012 ug/L. morethan onceevary threeyearson average, and if
the 1-hour average does not excead 24 ug/lL mare then once evary threeyearson average. Thisstudy did not
Oetect mercury in the water, however, the detetion limit was 0.3 ug/L, which is aove the 4-day limit
recommended by EPA.

Hardness has bean demondtrated to have an antagonitic effect on the acute toxidity of cadmium and copper on
agudic organiams (USEPA 1986). Thadore aiteriafor thesemedsis dependant, in part, on water hardness
Water inthe Connecticut, Ashudat, and Mill Riversisrdaivey soft (< 50 mg/L asCaCO?)(USGS1972). The
4A-day average ariteriafor cadmium for ahardness of 50 mg/L is0.66 ug/L, and the 1-hour averageis 1.8 ug/L
(USEPA 1986). Cadmium conoantrations in this gudy ranged from O to 099 uglL, with the highest
concantrationsfoundinthe Ashud ot River ssmples. For copper, the4-day average ariterion for ahardnessof 50
mglL,is65ug/L, andthe 1-hour averageis9.2 ug/L (USEPA 1986). Inthisstudy, copper levdsremaned bdow
therecommended levds and ranged from Oto 36 ug/L, with the highest concentration found in the Mill River.



Dueto thenumber of chemicd formsaf nickd and duminum, and therdativeladk of information regarding the
toxiaty of these meds, no dear ddfinitive guidance has been provided for the protection of agudic biota
(USEPA 1986band 1988). However, thelitletoxiaty information thet doesexist can srvefor compearisonswith
our dudy. For nickd, it has been predicted thet 5 ug/lL would affect the productivity of Daphnia megna
(Lezareva1985). Inthissudy, concantrationsof nickd ranged from 05to20ug/L. For duminum, thelowest
acutevduesfor invatdorates arefor cariodgphnidsand rangefrom 1,900 ug/L (McCauley et al. 1986) to 3690
ug/L (USEPA 1988). The concentrations of duminum in this study arewel beow these vdues, ranging from
13to 250 ug/L.

Thewater qudity ariteria recommended for iron by the EPA (1986) for the protection of aguetic biota, is 1.0
mg/L. Thiswasexcested & onesampledationinour gudy, ASH5, withalevd of 1.4 mg/L. Theconcentrations
a theother gaionsranged from 81 to 753 ug/L.. Concentrations of beryllium, chromium, leed, thdlium, and zinc
foundinthissudy weredl wel b ow therecommended ariteriafor theprotection of aqueticlife(USEPA 1986).
Manganeseis congdered by EPA (1986) to bean essantid nutrient thet isrardy found in concentrations above
1 mglL, therefore itisnot conadared aproblemin freshwaters  Inthissudy, manganeelevdswearefound to
rangefrom 1.7 to 138.0 ug/L, with the highest concentration at ASHS.

MusH Tisue

Metd concentrationsin mussH tisue arediglayed intable4. No dear trendswere evidant inthe deta

Table 5 compares concentrations of metals found in mussH tissue in this Sudy to concentrations found in the
literature  Levds found in our udy were gengrdly dther amiler to, or lower then, levds published in the
literature. No literature was found thet provided concentrations of beryllium or thalium inmussd tissue

Organochlarines, organaphogphates, and carbamates weere not detected in any of the mussH tissue samples
(Appendix Land 2).

DISCUSS ON

Feshwaer musdsaerdativedy longHived, are sedentary, and comeinto contact with both sediment and water
during feeding and respiraion. They have d<o been found to accumulae trace metds and ather peragtent
pollutants and have, therefore, been Sudied extensivdly aspotentid biologicd indicatorsof pallution. Havlik and
Making (1987) provide an extensve literature review on thistopic. However, rddively little information is
avalableon thetoxidty of the various pallutants on freswater musss

Freshwater mussds have bean found to be vulnerable to some pestiddes induding Thimet and Satox (Sdanki
and Varanka 1978), and somefish toxicants such asantimyan (Antonioni 1974), TREM lampridde (Meki e al.
1975), and rotenone (Heard 1970). It hasdso been reported thet inssctid des arereedily taken up and diminated
by freswater mussds (Godsl and Johnson 1968). In this Sudyy, little or no evidence of organochlarines or
pesticides were found in any of the samples cdllected. This suggests thet these compounds have not made a
contribution to the populaion dedines of musHs in these aress However, the ssdiments odllected were
predominantly large graned sand, ance this is the subdrate prefared by the dwarf wedge musd. Since
contaminants are known to bind mod eeslly to fine graned ssdiments and organic matter, the ssdiments
collected may serveas good examples of the sedimentsingested by themussds but perhgpsnat of the peragtent
pollutants absorbed by therivers over time: Further, most of the pestiddesin common useare " nonHparsgent”,
and are, therdfore, unlikdy to be detected in Sgnificant amountsin theriver ssdimentsafter afew daysor wesks
atea goplicaion. Thewaer samples amilarly, only represent onemomantintime. Itisplausbletha pesiddes
could beweashed into the river in apulse soon after goplication. Severd wesks later therewould belittle or no
resdue of the pestiddein thewater, and any biotakilled would have dreedy decomposad, leaving no evidence
inssdiments

Theliteraturereview by Havlik and Marking (1987) reparted thet zinc, manganese, copper, cadmium, and leed



arethemedsin mussdsthat havebeen sudied themod. They reported thet cadmium hasbeen found to bethe
maost toxic of themetds, with toxidty reported at aconcentration of 2 mg/L (no hardnessreported), and anacute
exposurect AsO; at 16 mglL (12 ppmasAs) wasdso found to betoxic to mussds Imlay (1973) reported thet
11 mg/L of potassumwaslethd to mussdswithin two months of exposure, and 7 mg/L waslethd withinaght
months of exposure. Imlay (1980) d<o reported that dhronic expoaures of freswater musss to a copper
concentration of 0.025 mg/L. waslethd. Zinc has nat been found to be highly toxic, but effectsin mussdshave
been reported with concentrations of 20 mg/L and greater (Millington and Walker 1983).

In thisstudy, the highest concantration of cadmiumin water wasfound to be 0.99 ug/L & gation ASH4, which
iswdl bdow the reported lethd levd. Zinc was dso wel bdow the reported effect levd a dl sations and
potassum, and asnicwarenat tested inthewater inthissudy. Arsanicwasfoundto bedightly devated a dl
gdionsinthe ssdimentsrdaiveto aiteiadesgned for the Great Lakes However, asudy conducted jointly by
NH Divison of Public Hedth Savices and the US Fish and Wildife Savicein 1989 tested soilsat 129 public
sthod yards acrossthe Satefor sdected metds. Themean arsanic levd wias 5.5 ppm, which isdightly higher
then the leves found in the river ssdiments of thissudy. This suggests thet these levds of arsenic represant
bedkground levesfor the region rather then evidence of contamination.

Some sudies havefound thet the concentration of metasin thebodies of fredwater mussals corrdae with the
concantrationsin the sediments(Mathisand Cummings 1973; Anderson 1977). However, Tesser et al. (1984)
found thet themeta concentrationsin Blliptio complanatawererdaed totheeesly extracted fraction of themetd
inthesadiment. Inthisstudy, thelevdsof metdsinthemussd tissuewere much lower then in the sediments
which suggestsather alow avallability, or sHedtive exaretion of themetdsby themussds Thefad tha dl the
metd concentraionsfound in mussin thissudy aresmilar to or lower then thosefound in

other sudies suggeststhat the metas examined are probably not dressing the presant mussd population.

Siver wasthe only metd thet differed notably in concentration between the rivers with devated levds only in
the Ashudot Rive. We did not andyze the musH tissue or water samples for this metd, therefore, no
condusonsshould bedravnfrom our dataasto whether it may beaffecting themussd population. It shouldbe
noted thet siver isone of themogt toxic metdsto aguetic biota, and thet it ismaretoxic in soft water then hard
(USEPA 1980). The ECR0 for Siver reported for Daphniamegnais 1.5 ug/L (USEPA 1978).

Although no contaminantswere found to be devated in the tissues of the common dliptio, it should bekept in
mind that the common dliptio isavery common muss that frequents even aress of dightly degraded water
qudlity. Thus we can perhgps presume that the common dliptio isardaivey tolerant mussd as compered to
therare dwarf wedge mussd. Condusionsregarding affectsto the dwarf wedge mussel bassd on the common
dliptio should be dravn with caution.

CONCLUS ONSAND RECOMMENDATIONS

This gudy did nat provide any condusive evidence thet any of the locations sampled have been impacted by
pallution. However, thesampling schemecould nat acoount for nonperggtent taxins, or brief but dameging pulsss
of toxins Further, nat dl metds sampled in the sediments, such as siver, were sampled in thewater or mussd
tissue It dso can nat be presumed thet our surrogate spedies; the common dliptio, accuratdy represanted the
dwarf wedge muss.

Although one sudy attributes the dedine of mussdsto eutraphication rether then to contaminants (Bauer € al.
1980), many authors have suggested that mussd populations are most often damaged by cumulative presaures
rather then one spedfic factor (Havlik and Marking 1987). Future sudies should focus on some dhronic
documentation of the more besc water quiity parametars, (dissolved oxygen content, pH, hardness and
temperaure), whichinthemsdvesocould afect aquaichiota, or affect theavalaality and toxiaty of contaminents
suchasmetds Future work should dsoindudean invedtigation of whether pesticidesand fertilizersare getting
into theriversin concentrationsthat could affect mussds: Thismay reguire conducting bioessayson mussdsto
Oeterminethar tolerances for contaminents, and perhgpsin Stu bicessaysin the rivers near potentid sources of
petiadesand fetilizersduring thetimes of year thet they areusudly goplied. Lagly, the Ashudot River should
recaivefurther testing for slver and potassum.
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