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MacNeili, David B.
Ne» York Sea Grant

PHYSIOLOGICAI. AND MORPHOLOGICAL COMPARISONS OF MKISSKVA POI.yMORPHA
AND MYTILOPSIS 1EUCOPHAETh  BIVALVIA: DREISSENIDAE!

The mtroducnon of thc zebra mussel,Dreisserta poIymorpha, inta North America may have serious economic and ecological
ramifications, Within the next ten years. Dreisscau is predicted to spread into several estuarine areas along the eastern seaboard
of thc U.S., potentially resulting in a range overlap with the dark false musseL kfyriIopsis Icucapftoaa, a euryhaline drcissenid
native to North Amertca. Like other dreissends,hfyrilopsis kucophuera has biofouling tendencies, although believed to be of
lesser consequence than Dreissena, Results of a literature review indicate partially overlapping salinity tolcrnmm and habits
of Drcissena and Myrilopsis in Europe. Because of their ~ phylagenies, these tv' bivalve species display dose
nuxgkolagical simihtrities. partially as juveniles, Ieathng to probable fieM misidentification as their Iszpulatioas become
sympaaric. This presentauon reviews physiological and morphological descriptious of Dreisseao po faro rpha and Mytilopsis
IeucopIroeru and provides an abbreviated guideline flax their defmitive ideotification.

Ganon, David W,, and Ann M. Staedanann
Department of Zoology, The Ohio State University

GENOTYPE-DEPENDENT MEI'ABOLISM AT THE PHOSFHOGLUCOSE ISOMERASE LUCUS
AT AMBIENT AND ELEVATED TEMPERATURES

Recetu eicctrophoretic studies have sho»m that Drsirseaa populations in North Amer' possess remarkably high levels of genetic
variatam at many enzyme loci. Thc locus coding far the glycolytic enzyme phasphoglucose isornerasc  FGI, EC 5.3.1.9! is the mast
variable, with seven aMcs present in the Dreisscau pcpdNi~ar at our study site in western Lake Erie, Studies on variable Iaci m
other iniertebtate species have identified fluctu;sting eaviromnctttal factors as ~ agents respantsible forraalntaining genetic
vtuiatam. In several marine and terrettruti ~ cnvittaurenhl gradients of tempentture result in maesponding dhul variation
in PGI allde frequencies. Accruing}y, wc pcrfasmed a series of experitnents during the suumers of 1990 and 1991 to deterndne
if metalrolic ntte was genoeypc4cpendent at ambient and elevated tentperature in Drcisscna.

Oxygen p ' af individual ussels was dete ned ' Gilson differential spir and i«essed uI h' std
mussel' at STP, Fello»ing oxygen caustnttptiart mcasuremcnts, FGI genotypes were dctennmed far each musseI using cellulose
axmeelcctrophoresis, In1990,metabcdicratewasdettstnued atambient tcsnperature |23.tVC! and2and5 days foIIovring~
to 312 C Q ~ l20 for ambient and Day 2, N ~ 80 for Dsy S!. In 1991, experunents were pcrfarmed four titnes  Mny, July, August
and Ocsobn!, with menthe rate measuredat ambicmlaketemlerature, and 3-4, 8-1 I aad 15-16days faOovring transfer to%PC
 N ~ 40 for each samyk dase; total N ~ 480!. AII experimctns»tete perfcancd at Ohio State Univtcrsity's F.T. Stone Labmhxy
in western Lake Foie. Analysis of the 199 l series of exgerunents is currency in progrcrn.

There were three cratunan and fora'rare aUeles at the PGI Incus, numbered 1-7 m reverse order of clcctrofkeretic ~
Althaugh nine genotypes were de«rcted, the six gencsypes of three carnnton aMes  homoaygous geant'~ 33, 44 and 55;
hnertxrygous gentiles 34, 35 and 45! comprised 87.5% of the populatimt. Data analysis was rustre~ lo canmon gemxyTxn in
order to main«un a halaruxd exgermeatal design. Avtsage oxygen consumption af hetesozygotes was significandy less than
homozygotes�1.8 vs 25.Oui br', respectively, ANCOVA p < 0.025!. Heterozygaus gcnotltpes 34and 35 hadmuch lovver avenge
metaboQc rates than all other gesotypes, whaem thc uaesthornozygrarsg~ �5! had significantly higher average metabolic
rate, Average metabolic mles of genotypes 33, 44 and 45 were intermediate bet»men gcnotypcs 34 and 3S, and 55. Genot tpe-
dependent differences in metalaM rate were tempenttute sensitive, with significant differences bet»ecn heterozygotes atd
~gatesoocumngat elevated «mpcratue Qand Sdayspost~er to 3 I~ and notatambietttlaketempcrtnnre Q3.8'C!.

htcressing water temperature has been hypothesized as a factor limiting southern ex~ of Dreisseuo in North Aurerica
Our results provide evidence that Dreisseaa pmmes considcmble genetic mrriatam, and that vmittticat at PGI can respond to
selection via e~ temperature. This implies that zebra ~ have the aMity to adapt to loll temperature rug'anes, and that
~ aoicrancc nteasure8 on northern" papuhttions may not accurarely predict ~ tbemud tolerances af "Mutl«nn"
p~ations of Drcisscr«r,



Eckroat, Larry R. ~ and Louise M. Steel
Tbe Pennsylvania State University at Eric, The Bcbrend College

STRUCIUKQ. CHARACTERISTICS OF THE BYSSUS OF THE ZEBRA MUSSEI
DREISSEiVA POLYMORPHA  PALLAS!, WITH COMPARISONS TO THE BYSSUS

OF THE BLUE MUSSEL, kfYTJLUS EDULlS  LINNAEUS!

To better understand the ~logy of tbc byssus of the zebra mussel  Dreizscna potyntorpha>, tbe stufacc and intenutl
structures of tbe stem, ~ and plaques were examined with a scanning electron micrti: ape. The informahrui provided
adds to tbe current unders~ of the morplelogy of the byssus of D PoIJvnorpha aad shows that the bysauses of D.
polyruorpka and Mytilus edulis are markedly dissimiha

Micrographs indicated that the byssus of D. Potyntoglha was a con tiauom structural unit that was attat9md to the inside
of the mussel's shell by retractor muscles. In same specimens, cuffs were present on the stems at the bases of the tbretub
Because these cuffs seemed to be lost by slicciniens from which tbe byssus was ~y puoed, the process by which tbc
mussels voluntarily detach Som a substratum may not involve pulling forces. Tbc thread4nmching pattcn strggested that Ihe
stem remains tbe same length when new threads are formed. Infortnatian oaacerning the intcria'of tbe deca& was obtaittad
using the heczc-fracture method. Although tbe appetutanccs of the cross-Mctirutal fracture faces were variable and provided
little deltul, kingitudirud fracture faces btdicated that the thread had two parts: ml mteriorcortex contamuig lQug~ ftbefa
mibcddcd in a matri «nd an exterior ~ which wasascguuate layer that is likely tofam as ammft of mi cnzyme~yzed
tanning process. In addition, it was observed that the outer surfer of the threats were sznooth ptziziutaily and heave
ntcrclislngly ridged distally. This thread topoIgsphy nmy tcsult bocage tbc thread material is molded to the walls of the vcntml
groove of thc tnusael's foot. Plaques, which are likely to be QIIcd with an adhesive, wcze attat9ed to substrata in rows, whidi
couM iru~se tbc stabibty of tbc mussel's andtcuttge.

It bus been teported that tbe byssusof D. potyutorJiha ls siunilar to tbc byssal apparatus found in M, edulir and other ttuniue
bivalves. Although there «c many similarities between D, polymoiJiha attd M. ahlir, di6'erencen in their byssusm wtzc
distittguisbed using the scanning electron microscope. For in~ m these two biofouling ~ differences exist in the
anchorage of tbe stem, the pattern in which thc threads branch from tbe stem, tbe thread surface topography, and the
tnorphology of the region of the thread that extends into tbe plaque, These differences in byssus morphology tue likely to bc
related to bow tbe byssus is famed.

Because byaaal attaChment iS fundaunental tO tbe SuCOm Of musselS that COIOnize hard subaarata, nwrphologieal
differences between the byssuses of various biofouling mussels shou@ be recognized as researchers develop and adapt cattiol
uumhatnmm.

Nicbols, Susan Jerrinc, and B. Kollar
U5. Fish and Wihllifc Service, National Fisheries Research Ccnta � 6'ucat Lakes

REPRODU~ CYCLE OF ZEBRA MUSSELS  DRHSSGVA POLI'MORPR4!
IN WESTERN LAKE ERIE AT MONROE, MICHIGAN

The teproductive cycle of zebra musscls was investigated to determine length of vebger production. length of ripe gamete
productice, percentage of females present. and size of sexual maturity. This study was rxaductcd weekly since May 1990 at
thc Dctmit Edison pbmt in Monroe, Michigan. Basically, veligm are presem m tbc water column for 6 months. In I990,
veligers 6rst appeared May 30 at densities of 7M peaked July 26 at I87/L, and were last found Ocuziicr 3 at 4L. In I991,
veligers appaued on May 12 at 30/I and by June 18 were at 179lL. Although vebgen were present in thc water column for
only 6 months of tbe year, zebra mussels carried ripe gtnnetcs every month of the year. ht May, June, aud July 1990, over 85%
of the muascls were attiring ripe gatnetet. This percenntge dropped to 8% by Jantuny 199I, increased to 19% by Febru;ny
mid was ttt 92% by May l. Zebra musseis showed seasonal variation in aex ratios and size at sezmd maturity, In samples
tx@e~ from May I990 to May I99I, the proportuzn of females increitsed Imtn 52% to 74%. The mussels also showed a
dn~ in size at sexual maturity, Itom I3 mm shell length in May I990 to 5 mm by May 199I. Thcsc scttsonal changes

that tbc reproductive cyde of zebra tnusseh is readily affected by local environmental conditions, and therefore may
vary considerably Iiorn site-to-site.



Coun, David Bruce, Soo-Jin Lee, and Kimberly A. Sboen
Deparnnent of Biology, St. Lawrence University

ULTRASTRUCIURAL CHARACTERISTICS OF THE DEVEL!PING AND
OVULATED OOCYTES OF THE ZEBRA MUSSH DRE1SSKIVh POLVMORPR4

'Iheexplosive population growth and widespread dissemination of tbe zebra mussel Dreisseaa Polymorpha, in tbe Laurentian
Gr»atLakes system is partly a result of its very high reproductive pote nlial, Despite the obvious unportanceof this reproductive
potential, virtually nothing is known about the cellular aud subc»Bular aspects of reproduction in D. po Jymorpha. 1he present
study was tmthutaken to elucidate the basic ultrtuttructural features of the oocyte in this species,

Adult fanak D. Polyesorpha were collected in July, l99l from a well~lished population ia the St. Lawl»nce River
near Massetut, New York. Within 5 minutes of collection, each mussel was di~ and its visceral mass removed and
prciceased for hght and tamstmssiou electron microscopy.

Oocjites concurnmtiy occupying each gravid ovarian acinus were divisible into two basic groups: developmg  pre-
OVnhtted! OOCyteS wbiCh were Cloaely anaehed lO the aCiuar epithelium, and Ovulated OOCylea that were fine iu the aCinar lumen.
All oocytes contained numerous free ribosomes and mitochondria. heterogeneous membrane-loni ted vesicles, scant granular
endophismic reticulum  GER!, and a few myelin figures. Eacb possessed a single nucleus with aprorrnnent nucleolus, abundant
doseiy-spaced nuclear pores. and little heterochromatin, The plasma numibrane of each oocyte was folded into a dense brush
border consisting of numerous cylindrical microvilh of uniform lenglh and diameter supporting a promirteut glycocalyx.
Homogeneous mcmlanne-limited cortical granules occupied tbe cortex of each oocyte. Ovulated oocytes differed from
developing oocyte in having cytoplasm of lower electron density, cortical granules of higher electron density, fewer free
ribosomes, more dilated GER cistemae, and a more spherical nucleus. Between the oocytes, each ncinus was completely Med
by a sot~4at granular. melerately electron-dense aetaid.

The presence of a large nucleus with large nucleolus aud abundant nuclear pores suggests a high leve] of uutternal RNA
tnursaiptitnt and libGscmm production with export to the cyn3ylasm. Protem synthesis r»sulbng in numerous cytoplasnuc
gnmules and vesides may be asstxnttted with autosyutbetic viteliogenesis and/or cordcaI granule productiost; lhe bttter may
ben psovision for polyspermy prevention. lie dose pbysiad aasociation between developmg oocytes and ovarian nciaar cells
may suggest a mechanism for heterosyuthetic viteliogenesis as described previously for other mollusc species. The weII-
developed glycocalyx asrmiaoxl with oocyte microvilli may play an importitut role in gatnete t»cognition nnd fertilization.

These data provide vital baseline information for understanding the process of oogenesis in D, Polyatoqrha. This
infCumaaion will be Crucial tOOur uiaJerstanding Of many atpeCts of replnduCtlnn in thiS SpeCieS, and might prOve uaeful in the
devekyment and evaluation of new technologies far control based on interference with refloductive output.

This study was supporters by grants from tbe Pew Charitable Trusts and St, Lawrence University



Otter, Tiin
Deparuncnt of Zoology. University of Vermizit

BIOLOGY OF ZEBRA MUSSEL SPERM

1 have sougtit to establish some baseline information on the reproductive effort of male zelan mussels and the viability and
motihty of zebn mussel spcrtn. These data sboukl be of interest ia two ways: I! to comprehend the physiology of normal sperm
and tbe process of external fertilization in zebra musscls, and 2! to identify potential targets for tbe control of zebra mussel
ieproductlon

Spawning was induced by immersing each aninud in MiHipcxe-filtered Iakcwatcr  FLW! containmg 0,%,0mM 5�
bydroxyuyptamine �HT! buffere at pH 8.4 �-6mM Tris-HCl!, Lower doses of 5HT were ineffcctive, but nll doses of SHT
&.hnM induced spawning in ca. 20% of the musscls, In some cases spawning could be scen directly as a cloedy plume being
dischrgcd from tbe excurrent siphon, as soon as 4 min after exposure to 5''. In other cases no plume was visible and the
wmcr ~ notably doudy with sperm some 30-60 min. after addition of 5!fT. Bectntse fctnales appear relatively
unretpceaive to 5HT  Rnm 4 Nicbols, '90! and thc sex ratio is -1: I  Garton 4 Haag, '91!, I conclude that tbc non-spawaers
were hrtnztturc musscls, f~ or males that had recently spawned in nature. Shell length vnizcd from 13mtn � 27mm, and
sperm count  bemocytometer! nmged from 7,3 mNitzi to 350 tnilhon, with hrger mtissels releasing pn~rtiacua9y mine
sperm, assuming that a constant percent tgc of body volume is gonad. Roughly half of the mtautels in this population are 5-
15mm long and capable of paodtamg g~ ~ less than l0% of musscls are larger than 15mm. Taken together, these
data suggest that dining an cpisodc of mass spawtung, over balf of the sperm in tbc water wouM have been zehntsed by stnan
� � I 5mm, probably I yr.-old! niusscls.

Sperm swhnming paths and sperm morphology were r~ on videotape using darkficid tn phase-contrast
nncrostxipy and then analyzed by computes-~ methods. The average sperm length is 54,7+&, I ltm �0@m 6agellum;
45!tm long bullet-shaped head!. In some spam, phaseWnsc regions wete observed at the base of the lail  swoilm
mitochondria?! and near thc tip of tbc head  acrosonic?!, A mtze detailed analysis nf swimming path parmnctcrs is in progress~
but sperm movetnent can be grouped into five basic categories: iaunotile: enatic twitchnig; intermittent swimming; slow
smooth swimnung in circular paths; fast smooth circular swinuning. In the best prcpiuations, the mitial percent motihty
apgmxehcd 90%. Sperm became progressively less motile within minutes to hours afler spawnmg, with the time ooursc of loss
of motility high! y dependent on temperature  range I 5'C � 27'C!. These results imply that nt the peak summer tempenstutes
in Lake Erie, fertilization must occur within minutes after spawning while in ctxilcr waters fertihzation might be delayed
considerably, One major question that needs to bc investigated is whether 5HT has any direct  stimulatory! effects on sperm
motlhty, as it does in certain other bivalve molluscan,

i
Support: Lintilbac Foundation, Univ. of Vertnon ,
Limttion: F.T. Stone Laboratory, Pnt-in-Bay, OH,



Ram, Jeffrey L�Gary W. Crawford, and James U. Walker
Departnrent of physiology, Wayne State University

ZEBRA MUSSEL SPAWNING: RELEASE OF EGGS AND SPERM
IN RESPONSE TO EKKRNAL APPLICATION OF SEROTONIN

One approach to controlling zebra mussels  ZMs! is to find weak points in their hfc cycle that can be exploited iu developing
aspecirn specific control method. We have been focussing on reproductive nredutrutans. Previously, this laboraaory  Rln and
Nichols, 1st Int. Zeb. Muss, Res. Crxrf,. 1990! reported that injection of ~n �-HT! induced ripe males  but oot females!
to spawn. We now report that 5-HT can stimulate spawning in both males and females and can be applied either externally
or by injection. ZMs, mainttnncd in a closed system, responded to injection of HV M 5-HT mitially  May, 1991! with only
male spnwnmg, as previously reporled. However, after maintenance iu our system for 2 weeks, identical experiments elicited
spawrring ftusn both males and feanales. Furtherntrore, 5-HT could be applied either by injection or external application  uo
siginficant diffcxente between injecting 0.1 ml 10' M 5 � HT or mnnerxing, animA m 10 mi of 10' M 5-HT!. Spawnmg
responses with IO'M 5 � HT could be elicited frotn ZMs maintained in this system fix more than two months  and continuing!,

on average 43 &%producing sperm and 28%4% spawning eggs  a 8 expts.. total440anirruds; fanaln are significantly
different fmn maks, pc0.025!. Of 120 controls, given idenucal elccuon and handling, but no 5 � HT, nore spawned. The
shortest latency observed for spawning in response to external 5-HT applicatim was 15 min for males and 1.5 hr frn females
at enbmt temperature  about 22'C!, In response to a range of [5-HTI, the lowest concentration to produce spawning by
cxterrud application was 10' M, which elicited spawning at approximately half the frequency as IO'M  pc005!. Upon rctesting
previously spawned animals. 70% of both males and females responded again when testol one day later. 5-HT can. thus, be
used as a non-invasive sneans for identifying ripe males and females. Furthermore, ZMs appetit to give environmental
chemi~ access to their reproductive system, a property that may be exploited for purposes of control,  We gratefully
acknowkdge thc assistance of S, J, Nichols in obtaining ~ and doing initial experiments, and J. J. Mojares in analyzing
spawn,!

StooMntum, Ann M�and David W. Garton
Dcpttrtment of Zoology, The Ohio State University

METABOUC RESPONSES TO INCREASED FOOD SUPPLY AND INDUCED SPAWNING,

Metabolic sesporxtcs of Drcisscarr prrlyrrtorpha to isa~ised food supply and induced ~g were measured' durmg July and
August, 1991, Zebra musacla were maintained under ambient conditions of food and tenapeistture in running Iakewatcr aquaria

F T. Stone Lnbonnra y located ou South Bass lshmd in western Lake Eric. Mussel diet was suppletncnted from 26 May to
28 Augnst by adding 5 X 1 J'cells of a preserved algalmixture twice aday to a401aysAtm. The supgdementcd dict consisted
ofacrmcentrnted mixture of cultured mature algae  Tcrrasctririsand Thatassiosi ra, ConstOystcr Co., Diet A!, Ingestion of the
ratiflcutI dict was crxrfinned by histological analysis and itxnetsed fecal pnxhrction, Recendy txrliectedmusaeia were induced
au spawn by adding seruaonin  HP M ~ydroxytr!rptophan! to filtered lakewatcr in the rcapirtnnetcr flasks. S~g was
dered by visual inspection. All mussels werc presrxved for histological analysis to detcrmiire stage of gametic maturation
 "madincsa" for apara~g!.Oxygenoesumlrtionof ~nnderincreannf foodand~ spttwningconditinns, measured
using a Giison Diffcree& Retyirumeter and expressed as ul h' sul mussel' at STP, were cuanlnaed to oxygen consrmtption
of musaeht maintained under ambient conditions. AII metabolic rates werc sttuxfattBzed to a dry weight of 15.5 mg,

pkehrninary resnhx show metabolic rate increased significrmtly folloaung incrrxrscd food and izhaccd spawnmg. Average
oxygen crarsuanptirm of food suliplcnteraed~ wm 1.3 times that of ambicrrt rnuaaeis �2M vs. 33.51 ul 0, h', respecnvely!.
S~, avenge adjusted dry weight of food sirppknicnted musads was nearly twice the avcxngc dry weight of musseh under
atnbiensconrhtions�4 vs 14mg, respectively!. Avcragcoxygenconsumgsionofmnssehexposcd toserototnn, butnot spawning,
was sigrriflcantly greater than for ambient mussels �3,20 vs 33.51 ul 0, h; respecnveiy!. AQcr rxrrrecthrg for thc effects of

xnussels brduced to spawn inrxeaaed average oxygen consumptirxr 1.7 times thaiof ambient ~ �6 45 vs 33.5 l
nl O, h' respecnvelyl

Significant nx~tsex in metabolic rate and length-standardized dry weight of ~ in the food supplemented
experiment rne evidence that Drcisscnrr is food-limned in western Lake Erie. 'Ibis ubtetvatitnt snlyorts thc cxxrduaion that
giowthaod reproductive rxrtpot of DrctsscrM wiII be prolaartitatal to theavaihtbility of phytophtnkton. Hevnted metabolic rate
iuhcates spnming is aphysiatrgitxrlly stressful event. Rogirtnd resintanoe to additlorntl streasrnx during active spawning may
have aplrhcation for mitigation and control stnlegies for Drcirscnrr.



Ackcrmnn, Joseph Darnel, and Rennta Chnjdt
Dcpulment of Mecbanjcat Engineering, University of Toronto 'Ontario Hydro

THE EARLY LIFE HISTORY QP ZEBRA MUSSELS: OVERWINTERING JUVENILES
AND POST-SEITLEKIENT MOVEMEYIS

~dy ~ isno gcnerallyaocepledn~ncl ggre for thehrvaland post-larvalstagesoforcisscaaf Jyeorpi, Thisbas
lcd to coufusitut in the «numeration and reporting of zebra mussel occturencc and aknuxbmcc Mccphological and behavioral

ous of Drcisscaa larval and post larval stages are. however, similar to mariue bivalves. Based on these coascned
~ ~ have chosen to extend sumdard life history descriptions  e.g�Carriker, 1961! to Drzisscnu.

The pedi veliger and plantigradc arc considered thc most relevant planktonic post-larval stages from the pcrt@uzive of
mussel settlement. It is in tbc pediveliger stage that mussels are found swuntrung iu plankton and crawlmg on bard subreNes.

e t ctm occur between these two modes 0 f cxiriletum until hyssal attachments  priuurry settler aent! tun ad~ed m the
phnttgrnde stre. Planugradc post4trvtn rue not entirely sedentary and active movcmcnta occur on hald sulfslXs and ln Ihe
wmcr columrt following initial atttn1uncnt  secondary scttlemeut!.

post-htrvnl zebra mussels can overwinter tm bard surfaces and werc collected during Febrtutry and April of 1991 in ~
Eric"oruover, pcdiveligcrs and plantigradcs were detected in the phtnkunt aad ou freshly developed substratum in tbc sprmg

s rather thm the spawn of thc 1991, This cmnplcxity in hfc history has imphtions for Ibe undcrstauding and coauol
of zebra musseis.

Greenberg. Alan', GeraM MatisofP, Gers!d Gubanich', and Julius Ciaccin'
'City of Clcvchtnd Division of Water

'Department of Geological Sciences, Case Western Ibmxve University

ZEBRA MUSSEL VELIGER DENSITIES AND WATER QUALflY PPB V~EKI
IN LAKE ERIE AT THE CLEVELAND WATER INl'AKES

Zebra mussel  Drcisscca polymorpha! vcligcr den si0es werc meLnuof in tbe open waters of Evoke Eric near the Kirtlaad water
intake in Cleveland io order to identify times «nd depths of veliger settling to ofemize chemical aad mechanical coauol
procedures. A small number of vcligers f rst appeared in the water in hte May when the surface water tctnpcntture was about
22'C. A stnall denity maximum �7JL! wns m~dcd on Mny 29, 1991. There was a secaa4 larger density maxunum �1$'
L! which occttrrtA on July 30, 1991. There has been morc than an order of tnagnitude utcrmtse in peak vehger denruties m tbe
C!cvehmd arett since 1988. Maximum ve ligcr densities increased each year from just a fear per lier in 1988 to wcJl over 30 V
L m 1991. Maximum vciigcr densitics in the Cleveland area are lowm than those repented from the western basin of 4ke Erie

s Years. Tbe highest vehgcr density is usually found m thc cpi4maioo just above tbe tltermochne. Sari'wlutt knver
ure foeud at thc surftux snd ahnom no veligers are fouod in the bypolimnion. Tbe water intakes receive water from

a depth of about 35 feet, withm the zone of high vcliger dcnsitics, However, almost no vcligerr survive trtmsfert to the Kirthnd
water plattt at tbe other end of tbc intake pipe. Mechanical pumping was employed ou August 13 � 14, 1991 to dislodge zebra
mussels from ate intake pipes. This resulted m 35 yd' of zebra mussel debris coIlccted at the lMcbmd share shLR aad well
screen, Ivfouthly average summer turbidity data and Seccbi disc measurements from 1985 m present support tbc prcuuse that
zebra musscls are "clctuung up thc htkc" and lowering nubidity in thc central basin near CIe~ In fact, thc ~rg]and
Division of Wttter is oow mvcsugatmg coagulating agents other than attun ~ of stum's megjjcieucy in low turhidi
water.





Martel, Audie
Canadian Museutu of Nature

OCClJRRENCX OF POST-METAMORPHIC DRIFIING IN ZEBRA MUSSELS:
MPLICATIONS ON DISPERSAL AND RECRM'I7i ENT

Field experiments conducted along the north shore of the central basin of Lake Erie using off4ouxxa eoUectors have revealed
that post-metamorphic drifting may playa significant roie in the life history of thc zebra mussel, Drr NeIio pof!vuorpfia. These
col~ made of rectangular pietz:s of fibrous material �1.7 X l2.0 an, 0.8 cm thick!, were deployed for short time
2448 hOulS. thuS preventing coloniziag zebra muSSelS frvm gruwing SignifiCantly while On thC CuHeetnrS, Fnr eaCh zebra
mussel recruiting to the coUectors, the cxatninatiou of the htrval  prodlssoixinch II! aud juvenile shell  dimzz~S!, including
the distinct detntwmtion between these tworegiousof the sheU, tnsdeit possible to determine the stageat which each individual
colonized the coHcctors:  I! as a free-switnnung planktonic veliger  colonizers of 240-270 um sheH length m icss!, or �! as
a drifting juvenile, namely individuals that hsd aheady metauiorphosed�10-330 um shell length and above!. %he occurrei~
of early juvenile stages drifting in the water column was also coafumed by their ctannMm pretence in horizontal near-shore
plankton samples taken near thc collectors  l0-100m Uom the shore; water depth: 2-7 m!. IvIareover, much higher numbers
of juvenile were drifting and recruiting to coHectors during penods of high wave action  ccunnwmly over 30 juvenHesk
collector/24 hours!,

300-900 um sheU length! to drift in thc water column may incl nde the seaetitui of dnfUng mucous fhteeh or the tugiesitai of
individuals to detritus particles. Such mechanisms would make sntaH juvenile zebra musscls virtually ncutraHy buoytsttdtuing
trtmspcirt hy ~ater eunents and are onrcntfy being investigated. Thc occurresice aud the high numbers of driAing juvenUes
recruiting to off 4iottom ooHectofs suggest that post-mcttunnfphic drifting has significant tmpIKRRxR on the thspcrQH and
recruitment processes of zebra mussels,



Bailey, John F., and R. Douglas Hunter
>Vartsuent of Biologica! Sciences, Oakbtnd University

FACIOR INFLUENCING IJJIEJSSeV~ RECRIJITI~ AND
BIOMASS ACCUMULATION ON AN ARTIHCIAL SUB STRATU

Studies on Drcisscltn fecfuitmcnt were done in 199Q at two ioctugsn iu Lake St. Clair and onc m nord «estc
Artificial substrata consisting of 11 x I I un cerstnic tiles were installed on racks at each sttc and subsntlucntly c
accortlmg to tate of two ~nt protocols One treatment settletncnt tate tdes  SHY! mvol~ p~
tiles every two wccks. The intent was to measure recruinneut of larva onto tile ~ without the presence of ~
A second trettmcnt. Cumulative h!cs  CUM!. irrvolvcdbi«cekty removal, mcasutemeuL and reunu of tbc ~ ~ +
site, providing an accumulating popubnion of juveniles and adu} ts over the entire summa. Each neatmcnt bad three ~~'

No settlement or@orred on any of tlute tiles at thc CR stre  Clinton River, Lake St. Chir. Michigan! aithougb a few
ntdivi4uals were observed on nearby surfaces. Setticmcut ai tbc PM site  Pt. Mouillcc. Lake Etta bhctug"! «~
«iih peak dcnsibcs on CUM tiles reachmg a maxnnum of only 337/m' and settlement averaging about 5/tn' dsy > ~~
scttlcsnent at tbe TR site  Thames River, Lake St, Clair, Ontario> wss hcavy. with a nuutbnum density
settlement rates averaging 5,05S/m' day, TIsc SETT results at TR i~ ~ major rccruitmcnt on about July IQ � 24 tmd
a lesser ouc on about September W17. Light rccruitmcnt occurred at other limes beginning Junc 26. Tlx htst recon~
tecruitmcnt was on November 13, after which the experiment was tcruunatcd.

The CUM dies at IR showed a situilar recruiuncn pattern to tbc SETT tiles but bsd densities that were about four times
greater. 'Ibis difference is likely due to the SETI'tiies not having been aged  i.c., they were iniually devoid of peripbyton! bcucc
they were less preferred substrata, A further different@: «ss tbc growing presence of larger-sized musaeh on tbe CUM tiles,
«hicb aot only rncnutses thc surface area but proves optimal sctthng surf~.

Evidence that tile removaL handling. and replacement is detrimental to growth wss obtained firom a subset of CUM Ncs
 CUM6! at TR which were icftin sifs far tcn weeks before sampling  i e .. undisturbed froru Jete 12 to August 21!. Ibcse CUM6
tiles had Drcisscnc densi ties that were between one and two orders of magtutudc higher than those ou thc biweekly sampled
CUM ti!es. For examp!e, on Scptcntber 4, the CUM tiles averaged 1422/m' whereas tbc CUM6 ti!cs averaged 24~5/m'.
Lack of disturbrmcc had positive consequences for rccnitmcnt as wcIL

Data ftem 1991 ti!es indicate a major recruitment occurred around Junc 10-24, resulting in densities averaging 239, OQ/
m', and consisting mostly of spat less than I mm. Based m density distribution of lese newly-settled spnL s vaicty of natant
surf aces  stone, bivalve shells, zebra mussel shells. ctc.! are preferred surfaocs compared to tile. It apped nw to matter wletber
Drcisscna sheils on which the spat scstle are live or empty.



Bincxxnao, Angcla M.'. Robert C. Haas'. and R. Douglas Hunter'
'Dcfuutxncnt of Biological Sciences, Oakland IJnivexsity

'Michigan Department of Natural Resources

COMPARATlVE GROWTH AND MORTALS RATES OF DREISSENA POLYMORPHY
FROM TWO SITES IN LAKE ST, CLAIR

Wc mcasuicd growth and mortality rates of zelei mussels, Drcixxeaa polymorplxu. at two sites in eke St. Clair dmmg June,
1990 to May, 199l, to look for factors which might influence their succem in cototuzing thc Great Lakes, Mussels were beld
in individual comfutxtments in Plexigbtss cages which were suspended one meter above tbe hattotn. Growth measuxexncnts
werc taken on half of tbe cages at biweekly intervals, whereas thc other half were xnetsuxed only at the beginning and end of
the l l month period. Length, width, height, and weight were determined for each mussel for each sampling pexiotL Nutrient
conditions wexe assessed at cage sites by measurement of temperature, seccbi depth, suslendnl organic carbon. and density
of phuhaanic algae.

There werc not measurable growth rate differences initbly at tbe two sites  t-teaL'P >005!. However, thc xchttivciy amaH
comparttncnt size�3mm radius, l0 mm thick! restricted growth after l0 weeks mean length 12 8 mm!. ~gtbs ofindhrithials
of widely different size at tbc start converged by the I2tb week. Growh in width, height. and weight werc not as constrained
by ccanpartmcn t size indicanng that these zebra musscls bad compensated for lixnited growth in length. After being txtaisfcixed
to btrger-holed tages, the xnusseis at the Clinton site responded faster to tbe change than tbc mussels at tbc That's site  t-fest;
Pc0.05!.

Zebra mussels were weH established in tbc vicimty of tbe Thames River site; however. they were essentially absent in
the vicimty of the Clinton River site. Thames River cages wcxecatitutuaily being invadedbypost-vehger tnigxittion aad veliger
scttlemcnt with as many as l0 additional musscis present in one cotutuuttnenL Ahnost ail oom~ta had at least ane
additional mussel. The cttge size did mhibit thc length of the zebra mussel. Tbe mussel txaatsfcxxed to tbe htrger-baled cages
gxew signdlcantly greater at both sites than the mussels kept in the smalWmled cages  t-test, P< 0.001!.

Maxiabty of caged zebra musscls was not xcbttcd to site location or growth conditions but was increa!asd by greater
sampling fxcqucncy  Binonual Test; P < 0.014!, Moxtabty of musxcls sampled only twice was 2 I% at the Clinton site aad 13%
at thc Thames site. Moxtabty for thc fxequently smt pled mussels was 4S% at tbe Chnton site and 3l% at tbc ~ site.

Physical, chemicaL and nuuicnt sampling indicated that gxnwth conditions differed betweenthe two sites. Plnjtcyhuiktai
xaxnplcs at the Tham' site had an average of 99 cells/m!  or greens and 58fi ceHsIml for diatoms. The Qinton site had 97 cellat'
ml for greens and 337 cells/ml for diatoms. Tbe greens were not significantly diffexent between ihe xwo sites but tbc duttotM
were. Temperatuxe in~ and decreased at the same tixnc for both sites. Secdxi depths wein greater at the Chnton.

Mme, J. Ellen', and Bernie May'
'18inois Natural History Survey

'Cmncll Labcencay for Ecological and Evolutionary Genetics, Department of Natural Resounds, CtlneH University
GENEITC POLYMORPHISM AMONG DISJUN~ K!PULxtTIONS

OF ZEBRA MUSSELS IN THE GREAT I~~

hfcamahoa about tbe population stxucnnn of zebra musscls is critical far the devclapsnent of effective, hag tcxxnmaxugesmst
and control, High juvenile mortahty in continuation with the broad dispel& of larvae could xesuh in a smaH group of zebra
mussels Iuohscing the majority of tbe subsexpent year class in a given area. The potctttial therefore exists for genetic drift to
seger zebra mussels into genetically distmct sub-Iiopubttions with divergent hfe biaiory chrxacterattics, aud possibly
different xespaxctcs mconuol methods. Even acursory examination of zebra mussel xnotpbology reveals wide qunhtthm inbody
shape and xx>ior pattcxn. Zebra mussds also have very high levels of genetic variabihty as detected by ~gel protein
elcctxophmsis. Wc examined tbc genetic stxiictuxc of multiple popaxbt0ons of zebra musscls ftntn geographically disjunct
kxmians throughout the Great Lakes and inbmd waterways using protein electxuphaxesis. Fifty enzyme aystetns were
exitmiiicd; 21 pol pnotghic loci werc detected which bad bands that could be ~ intexpretNL We have tdso imtiatcd
mcasuxenteN of a set nf ~logkxtl chaxiictexs in each popubtuon- These data pcxxnit determination of  I! wlictber zebra
mussels within the Gxeat Lakes represent a smgie gencncally utufiam popuhttion ormultiple discrem subpopahtions. aad
�! whether disjunct populations ol'zebra mussels widun tbe Great Lakes xcpacsent separate intxoxbictiotts Sam Europe. The
results wiH be di~ m xcbttion to Ihc need for basic biological infoinuttion on nou-indigenous pest specie before htrgc-
sage control strategies are itnphnnentcd. We wdl also present data which suggest that there is a accand speciea of Drmseaa
m the Gixeat Mu» system.



Rose. !conifer I, and Larry Eckroat
The PennSylvania State UniverSity at Eric. 'Ibc Bebtend COllege

GENETIC COMPARISON AhfD CHARACTERIir~TION
OF FlVE ZEBRA MUSSEL POPULATIONS IN THE GREAT LAKES

Drciss can polyntorpha  Pallas!, first observed in the Great 4dr es in Lake St. Clair, is spieathng rapidly Quougbout tbc Great
Lakes Baxin. 'Ae Original Of tbe VariOuS Great Lakez pepuhuionS is Still Open IO Speeubtdtw, aS they may be colonists from
Lake St. Clair or stem hum ~ ship ballast water disdutrges, Anal ysis of the allozyme polymorpbistns present iu several
Great Lake populations provides infcuauaice regarding die genetic ielatamsbip of Ibcse popuht0ces.

Approximately one ~ zebra mussels were satnplcd from each of five populations m 44es Erie, St. Clair, and
Ontariu tntd Ibeir Shell length teeOrded, Individual musSCIs were then gcnetiCal!y Charatzerised by Cxatniaing aliuzyme
variation of whole body extracts using starch gel eiecuophoresls. Eight enzymes  GX-PDH, EST, IDH, LAP, LDH, MDH,
ME and PGI! rcveabtd thirtccn intcipicntblc loci.

'Ibe five papuhuions sampled had variation similar to that found in other organisms with respect to polymorphic loci
�00%!. average heterogeneity/locus �0.7-34.4%}, aod allcicstk3cus �.9-4,2!. AII popuhtrions demtasuated bcterozygotc
deficiency; three of tbe popuhmous exhibited this deficiency at all l 3 loci whereas the other two popuhttioos exhibited
bescrozygote deficiency at 11 and l2 loci, respcaivcly. as is cbaracterisuc of previously analyzed mussel popuiations, 'Ibis
beterozygotc deficiency is reflected by noo~formity to Hardy Wcinberg expectatims; however. one locus  EST%! was in
Hardy-Wcntberg equilibrium in all five poputauons. Whi!e there are numerous potentiaI cxplarotions for tbe witbxpread
ocetatcnce of bctetozygotc deftacncy in molluscs, tbe most plausih!e suggestion may be selection duc to reduced fitness. As
shell size is proportional to Ihe age of thc mussel, a corelation of shell size with bcterozygosity provided information tegtudiug
tbc rchttiousbip of tnusscl fttncss and genetic betetozygosity.

1!tc use of F statistics to allocate genetic variability to tbe popubttion. subpcyulation, tr individual detncntstrated genetic
differentiation between subpopulatioas for some of lbc 13 loci analyzed. Tests for intcipopulatiotud heterogeneity mdicatcd
a sigmficant difference at one locus  PGI!; tbe differences at Ibe other hei werc not significant.

Tbc genetic identity and genetic disoeKe values bctwcm four of tbc five populations suggested uniformity nnd therefore
suppccts thc idea that colonization oceeured from one origina} population. This unifmnity is presumably due to the pcbtgic
dispersal of zcbm mussel larva. However, cnie poputa0ou  Lampc Marina, IAcc Eric! was significantly different from each
of tbe other four. and may be a reek of rcseicsed larva diapered in tbc sheltered marina euviroontcut



Mactoe, Gharry L., aud Bruce W. Kilgour
Mackie  k Associates Water Systems Analysts

EFFE:IS OF SALINITY ON GROWTH AND SURVIVAL
OF ZEBRA MUSSELS  DRUSSENh POLYMORPHh!

Previous studies that describe the tolerance of zebra mussela to saline waters indicate ranges in the LC beoateen 1.84 and 123
ppt, %be variability may be due tO di ferencea in Sells used, Ibere have been nO Studies conducted tO deasxibe the mfluenee
of salinity on growth of zebra mussel s. Tbe objectives of this study were:   I ! to describe the salinity tolentnc» of zebra masse!a
m dilfereat salts  Instant Ocean, road sa! t. potamurn chloride!; �! to describe the growth of xebratnnssels in diiferetu saliaities
 with Instant Ocean!; and, �! to explore the possible inteoictiues between tempeiiuure «xl salinity on survive and growth,
We growth experiments were conducted at three dilferent tempermui»s �-4, IO-I 2, and 19-22'C!, The 96b bioaamys were
conducted at 4 and 19'C. Experiments to deternuue the salinity tolertux» to different sahs «e in prolmss.

lbe 96b LC for Instant Ocean at 19 C was 7,6 ppt, During tbe six week growth test at 4 and 1 PC, nubility in tbe
tream»nts with 8 0 ppt did not exceed 15%. Differences in mortality between the 96b testand tbe six we»kgrowtb experhnent
may he due to differences in tbe acclimation time of tbe mussels, ln the 96h test, mussels were not acdimated to the different
Salinitiea wherem in d» siX week growth teat, muaaelS Were acdunated tO teSt COneentrntknS � tO 8.0 ppt! by mrxeasing
salinities by 1.0 ppt per day, Zebra masse!a appear to be able to adapt to slowty changing saBne ancentintions,

During tbe six week growth tests, there were no signillcant effects of sahnity on maximum shell length or ash free dry
weight  AFDW! of mussels at 4'C. There was a statistically significant, but not substantial, effect of salinity ou survive at that
temperntiue. Mortality ranged between 0 J% at 0 ppt to 4.1% at $.0 ppt. At 1&C there was no significant effect of salinity c»
maximum shell leng tb, but there was a significant e feet on AFDW. A linear contrtnt ~ that tbe change in AFDW wns
linearly related to salt concentrations. 'n» effect of sahnity on muitidity at IPC was not as large ns at 4 C. At I PC, mortality
raiiged between 0.6% at 0 ppt IO 1.4% at 8.0 ppt. Resuhs are not available far teata ConduCIed at 19'C di» tO high mnrtalitieS
observed in control treatttantls.

Results to date indices that above 6,0 ppt there are s gniftcant effects of saliaity oa zebra mussel growth and survival,
Survival was reduced at 8.0 ppt at aII temperiutues, whereas growth  i.e., changes in AFDW! was also impaired at 8.0 ppt at
I PC.

Ramcharan, Charles, Diauna K. Padilla, and S tanley T. Dodson
Department of Biology. Mount Allison University

MATHEMATICAL MODELS TO PREDICT THE DISTRIBUTION AND ABUNDANCE
OF DREISSENh POLYMORPHh IN NORTH AMKKCAN LAKES

Useful estimates of the ecological and econouuc impacts of Drcisseaa potymorpha rely on accurate predictions of its potetttiaI
distribution  where it will or will not be present! aud abundance  mussel density!. We constrticted mathematical models that
predict the distribution and abiaidance of Dreissenn based on correlauous between mussel ahura@tarn and limnological
~teriatiCS of tbe lakeS  hey inhabit, Data on Dreisseaa pupulatiOnS and timnOIOgieal varlabieS Were COBeeted frnm
published studies of European lakes. Over the Inst 200 years. Drcisseeo has cokutized many types of European lakes that are
found in a wide range of latitudes, providing the best datastx m which to search for environmenud cotuttraintsonmusselgrowth.
Our analyses shaw that physical aud morphological chaittcteristics of lakes do nota feet their suitability fmDreixr ear. On the
other hand, Drrisreno is often absent hem lakes that have low levels of cakium and Iow pH. A model de»lapis' by
Discruninant Function Analysis is 90% sva»ssful at piedicung preset' or abseam of Dreisreur based only t» cakium and
pH levels in a lake, Dreisseaa reaches higher population densities m hikes that have low levels of tbe algal ntuilents P0, and
NOr Our study indicates that hard-water. mesotropkuc lakes with rocky substrates are ideal habitss for Dre sserut
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Dermott, Ronald', and David Barton'
'Great Lakes Labmuory for Fisheries and Aquatic Sciences, Fisherics and Oceans Canape@

'Department of Biology, University of Waterloo

BENTHIC COMMUNTIY ASSOCIATED WITH ZEBRA MUSSEL COLONIES

'Ibe establishment of mussel colonies along the sbcses of the Great Lakes is expected to increase thc amount of algal pioducuon
txmsunxedby the benthic fauna To examine any changes in the nearshore benthic cxxnmunity due to Dreissrna, nampling was
condix~ in 1990 and l99 I on the rocky tuxttliemt shore of Lake Eri». and in amdy substraies in Lake Ontario off the Niagara
River. Due to the additional interstices, mussel colonization of rocky shoah increases tbe habitat available io epibenthic
invertebrates whichnortaaUy inhabit tbeattached algae andcrevassessmong the rubble, Other than the detritnental competition
for space «ud food that occurs between Drcissena and native clams on sandy substrates, no direct exclusion waa observed
betureea the invertebrates on rocky shoals, Like tbe Uuionidac in soft sediments,exposed Spitoeriuui can be colottizcdby small
mussels.

Akhongb poorly studied. the composition of tbe major iaxa akxig tbe north shore of Lake Erie has not changed iu areas
coktuzed by musseis, Depending txi tbe season. tbe caddis Hydropsyc/ir. Hcgcopryc/ie; the midges Cricropus, Rhcorrxayrarrus;
and uaidid wtxms remain ctxnnion after two years of colonization. However, total abundance of invertebrates bas incieiised
within the mussel cokmies as weU as an overall inaease since the tale l970's, Species that are benefiting moat lrotu the
nisodatiou with Drcisseaa «e tbe amphipod Gaemarus  to 4l,000 m~!, with increases also occurrmg far the leeches,
EgxkdeNa, Dirin and Hrlobde Uo <460 m'!. Aburidaax of invertebrates is greatest among thc mussel beds, where birxaass
exduding the Dreirscxu attained 2! g m'  dry sheU-free!,

Bunt, Christopher, Hugh 3. Maclsaac, and W. Gary Spruies
Deptiittnent of Zoology. University of Toromo

PUhCHNG RATE CAPACH1ES OF JVirEXILE GREAT IAKES DkEISSKVA POLYMORPkM  PALLAS!

Zebra mussel  Dreisscrta pofymorpha! filtering activities may have a profound impact on water clarity, phytapiaakson density
aud food avaihtMity to yotmg, cxeuntuciaily important fish  e.g. perch and waUeye!, In order to predict these impacts, it is
anpartant m know the amount of water that the mussel population is capable of processing, thus diverting the flow of energy
fitxn pelagic to benthic food webs. While clearance rates are known for individuals > 10 mm, these mussels aaly ctnnpcue
between 5 and 2I% of setded populations in western Lake Erie. Pumping rates of mdividuals betnuen 2 and l I mm were
dttermined by injecting an inert dye inso the inhalant flow of filtering mussels and measuring the velocity of the exhahmt flow

high resolution video. Exhahnt siphon dntiensions were memuml in conjunction with flow velocities so detetmme
pumping rates, Preliminary data ~ that individuals between 2 aud I l mm are able to pump between 0,06 and 19 ml/b.
At these rates, the juvenile zebra mussel populations in western ~ Erie incan depth ~ 7m! Ie capable of prccessing between
52 m'/'m'/d and I0.$ m'Aa'/d  i,e. the entire water txilumu may be predicated I.5-3.6 times each day by tbese individuals!.
Comparisons with independently measured c~ rates using uucrospheres were used to estimate giII retention efficiency
of entrained partides.
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MaUoy Desormeaiur, EUeen, and Joseph C. Makarcwicx
~neat of Biological Sciemxa. State Univcrr,iiy of New York College at Brockport

THE RELATIVE IMPORTANCE OF DREISSENA FILIATION AND DAP/f//f/t
GRAZING ON PHYTOPLANKTON ABUNDANCE AND WA'Hat CLARITY

Micnmmn cspximents evaluated thc rc!ative impact of Dreisrrna filtration and Dap/min grazing on phytoplankton
abundarnm and waser quality. ExpemnentaI vessels contained levels similar to ahundIaee in Lake Erie:

Phytoplankiou only  S0,000 organistns/mI!
Phytopiankton and Drip/uria �0,000/rn'!
Pbytopbrnkton and Dreisreira �0,000/rn'!
Pbittop~ Dap/ieiu and Drrirsrnu

Data  roin four espeitnunits in which tempeninae was riusintairssd at a uniform 204C ~d a 30-50 pert+at reduction
in phytopdankton abuiidance overs 72 hour period frr both Dap/irria and Dreirreao. Turbidity levels decressedin vessels cznitaiuing
Drnsrertu and increased in vessels with Dap/rrua, SRP vai~ in~ sigruficantiy in Dap/rniu vessels but aot in DrcisMnu
vessels.

Alttiougb both Dap/reia and Drcirsnur reduced pbytuplanktou abundance, Duphnia rehascd phoqihoius thus providing a
oxkhmars nutrient acxircc for pbytoplankton. SRP levels decieasad in vessels containing Drrisrena consequently reduicing the
availability of a neixaiaiy nutrient for phytophuikton gmwtb and reproduction.

Maclsaac. Hugh I .. and W. Gary Spru!es
Department of Zoology, Uaivcrsiry of Toronto. Emidalc College

FILTKIUNG IMPACTS OF LARVAL AND ADULT ZEBRA MUSSELS IN WESTERN LAKE ERIE

Filtering rates of larval aad adult zebra mnssels  Dreisseer pofyntorpba! must hc known in order so predict thc impact of this
csodc species on Lake Erie phytoplanktnn stocks, We determined filtration rates of Drcissertrr vcliger larvae using soluions
of ftuoresxet 2.87 Itm poiystyvimc beads, and coral~ diem to rates derived been the Utcrattne  Krygcr tmdlUlaggrd 1988!
fur settled mussels, Mean filtration rmcs of veligers ranged between 102 and I /,4 ItL inrUvidual i hoor' hetvveen bead
oratcentrations of I P and 10' heads mL '; at very high bead densities  o 2 x I P beads mL '! fIItratioa intra werc very Iow  <
2 ItL individuaI' hoer'!. Large vciigers have bighsr fUtration rates than smail lrtdividimis, and srzne ae cspaMe of iagesting
particles as large as 11 Itm. Filtration rates of settled ~ Q-29 mm! are between 10 aad 13446 titncs greater than those
of vcIigers rm an iadividntI basis. and 440 times greater oa a pope ' basis for tbe Hcn Ishrnd reef pulnristioo in western
Lake Erie. Settled zebra mussel Scrip impacts also grcatly excccd those of other xoophtnlaan specie in wcaterst Lake Eric.
Based on 1990 Hen Island reef population dcnsities, settled mussels filter up to 132 m'm~ day'  i e. they Isxeithtliy ft!ter the
«atsr cohram >19 times per day!.



Fitzsimons, John D.', Joseph Leach', S. Nepzy', and V.W. Cairns'
'Fisbcrics and Oceans, ~

'Ontario Ministry of Natural Rcscxrrces

ZEBRA MUSSELS AND THHR EFFECTS ON FISH SPAWNING IN LAKE EME

'Ihc rapid colonization by zebra mussels of shallow rocks substratcs in Lake Erie has drauumcsll y altered their physical
appcarimce. This coknuzatiofl, along with associaled chemical aad biological changes, may reduce the potential for sucrÃtaful
reproduction on these substrates. We are cxatnining the effects ol' mussels on spawtung by three litbophils � walleye, white
bass and hike trout.

Both walleye and white bass con 0nue to spawn on historic spawning shoals despite high numbctx of musscls averaging
150,000hn'. Spawnmg by walleye apped to he reeked, with no apparent sanction for areas rendtred devoid of mussch by
ice scour. Viability of walleye eggs and tbe dissolved oxygen levels under which they incubate were utud5ccted by 0» presctu»
of mussels.

Wed'. underway at potential take trout spawning areas indicates that mussels arc priatarQy asasciated with the sop layer
of multihtyered cobble suhsuates wbcrc they don't appear to afect interstitial dissolved oxygen. Obremttiosts on lake trout
spawning this hll will be diseussak

Graham, DM.'. W. Gary Slrrulcs'. and S3. Nepzy'
'Dcpttrtmcnt of Zoology, University of Toronto, Ermdale College

'Ontario Ministry of %em4 Rcsrourcea

EFFECI'S OF ZEBRA MUSSELS ON THE DIETS AND GROWTH
OF JUVENILE YELLOW  PLICA FLAVESCSVS! AND

WHITE PERCH  hfORONE AMBUCANA! IN LAKE ERIE

Since their apprnuance in 1987 in western Lake Erie, zebra mussets have depleted algal resoun»s «nd hke}y ahcred dse
zooplankton crxnmunity. Smce young fish rely on certain species and sizes of zooplankton, we hypothesize that these chaagcs
ia canmunity structure will have a negative effect on their condition and growth. Our results utdica» a reduction in growth
mte For young'-the-year yeBow perch. Weight increased by a fa:tor of l,04 per day for YOY yelhw perch in 1988, when
zebra mussel dcnsiues were low, and only by a factor of 1.013 per day in 1990 when zebra mussel densitics were high, No
diffacnce in growth rate were evident for YOY white perch, Tee dict of l 990 yellow perch may explain this appaitua redrawn
in growth. Early in the season they teasumed mostly Daphnia but a the summer craitinued Daphriia were ao longer consumed
tatd diet diversified as tl» fish consumed a greater number of taxs. White perch have a ~ 4ct and are therefore less hkely
ro be adversely affected by tbc rcducdon of a single prey taxon. Diet and growth rates of 1991 yell oIr and white perch will be
zzmpaied to that of 1988 and l 990 to determine whether trends iu growth reduction continue,



Mastcllcr, Edwin C.', arid Donald W. Scholesscr'
'Thc Pennsylvania State University at Erie, Thc Bchreud College

'U S, Fish and Wildlife Service. National Fisheries Research Cenler � Great ~es

INFESTATION AND MPACT OF ZEBRA MUSSELS ON THE NATIVE UNIONID POPULATION
AT PRESQUE ISLE STATE PARKE ERIE. PA

h Jmlc, July, and September 1990 and July 1991 a capture-recapture study of unionid mussels was uutiatcd at four sites near
a rmuved ~t of eastern Lake Erie known as Presquc Isle, This area is a unique geologit31 feature that has substaatial
numbers of unionids withovcr 21 species, includiugeight species of endangered Perutsylvania unionids. Based on tbecvideoce
obsmM in western Lake Erie, it is believed that thc unionid populauons of Presquc hie are in danger of increased mortality
or extinctice due to mfcstations by the exotic zebra mussel. Dreissrna polymorpha. To date, over 1,000 unioaid have been
collected by SCUBA divers, trunked. and returned to their coHectiou sires. Zebra musscls were counted and ueasured from
a repretentative sample of uniouids. Dead she gs of unionids were also coflectcd. The most abundant unionid spcdes were
Mrnfrsilfs siViquoidea, PoiorruIus alatas, Anodonta grandis, Leprodca fragdis and Amblema plicata. TTie capture-recapture
tnethodoiogy of Lincoln-Peteram indicates that thc Presq ue Isle population of unionids is composed of nppmximatdy 6,000
mdividuals. The infestatioo of unionids by zebra mussels at Fresque Isle is occurring at a rapid rate and paraflels that observed
in western Lake Eric with a time lag of about two years, In early 1990. ouc-yearold zebra mussels were present at only one
of the sites nt Prusquc Isle. By the end of 1990, youngcf-the-year zebra mussels were found on uuionids at aH four of the study
sites. In July 1991, zebra mussels were found on 484 of the 485 unionids coHected. In addition, infestation rates iixzeased from
121 zebra mussels per uaionid io 1990 to 234 pcr uuionid in 1991. Similar data of infestation of the uuionids m western Lake
Erie occurred m 1989 just prior to exponential increases in numbers of zebra mussels throughout the basin. Fortunately,
observations indicate that as of late July, few young'-the-year zebra mussels were settling in uniouids near Presquc hie.
However, diamauc increases in densities of zebra taussels is ocanriug in the area and it is believed that it is only a matter of
tune bcfruc thc zebra muSSelS wll begin tO have a negalive influent On the uniunid pOpxrlatitaiS near PreSque ISIe.



Kreis, Russell G., Ir., Michael D. Multin. Ronald Rosstnann, and Laurie L. Wallace
U.S.E.PA., hu'ge Lakes Research Station, EP~!uth

ORGANIC CONTAMINANT AND HEAVY METAL CONCENIK4TIONS
IN ZEBRA MUSSH TISSUE FROM WESTERN LAKE ERIE

Zebra mussels were collected frrxn mck substraies in a nearshore zone of western Lake Erie «t Sterling State ~ <
Megan Mm~s~um~~m~m~f a I mdfo~~plm~~y~fm~~c mu ~4,b
metals. aad other standtud parameters.

TOtal lipidS and moiSture averaged I 5% and 87%, respectively. Total PCB mncentratiOnS averaged 520 ~
weight, where the prevalent homolog groups were tetra-, penta; and hexacblorobiphenyls. Tbe disnibuhons of PCB ~
~~ge~~ms~md}t ~p} s PCB~g~¹52wmd dms.m~%56%~th hmdpCB

sums of DDT anidogs. and chlordane coInponents a~ 0.83, 22, and 14 ug/kg wet weight, ~vely.
Elemental analysis indicated that carbon, hydrogen,and nitrogenaveraged42%,6%, and 6.5% reapersively. Heav�~

anabpes were conducted ming ICP-AES and AA; results indicated good agreement between tbe tvvo ntetbtada Cadm,-~
chromium, lead. and mercury concentrations were either below 5 3 mg/kg dry weightor tbe hmit of th~tioa. t~, ~
and zinc averaged 15, l9, and 160 mg/kg, respectively.

A comparative exatnination of orgtlic contaminants and heavy meed coocetttiittitms in zebra mussels arid tbe native
unionid, Laarpsitis radiara, was conducted for the Huron-Erie corridor, Based on limited dattL total PCB cortcentrntions in
zebra rnusseh varied by an order of magnitude and in stane cases, were an order uf magnitude greater than cxmcentintions in
LaaipsNs. Of particular interest was the observation that lipids were 3 ro 10 times greater m zebra mussel than in ~nlpsi'Irs,
Generally, PCB concentrations increased ia all bivalve stanples in a southward diectian through the corridor'. Heavy meta}
concentrations did not exhibit a spatial distribution or a differetaz between bivalve types. Lead and cadmium corwentraticats
were below I 0 mg/kg dry weight m aII bivalve samples and extubited moderate varianon.

Results of this study indicate that zebra mussels am accuiaulaie organic contamiamts and heavy metals. Limited data
suggest that PCB concentrations are considerably greater than concentration m native unionids, exhibit a spatial distribution
in the Huron-Erie corridor, and have potential for conuuninant transfer to higher trophic levels. Conversely, the very hnuted
heavy metal and other organic amtaminant data do not suggest conceo nation differences in bivalves or spaM ditnrihutions,

Bruner. K.A., Susan W. Fisher, and P.F. 4tra9nan
L'upartnumt of Zoology, Tbe Ohio State University

BIOACCI3MI JLATION OF HYDROPHOBIC CONTAMINANTS
BY THE ZEBRA MUSSEI DRE/SANA POLYhfORPHA

The prodigious Qtering capacity of the zebra tnussels, its large populantm numbers and its preference for Iittornl areas a
outfalls which may have high toxicant loads, makes it likely that the mussels will be exposed to hydrtqbohic xettobioti
as PCBs aad PAHs. In addition, tbe mussels have a relatively high lipid content which facihtates pintiticeing of d ~
contaninants and assimilation of sorbed trunerials into tbe zehn mussel. Storage of PCBs and PAHs in zebra srntsse ~
maybe one significant way in which mussels can alter contaminant cyding in the Great Lakes. In this study, Ibenhil y
muSSels to ambulate highly hpOphiliC Cumpaueh Ihlnugh severed lnuteS of expOSure waa aareaaed uaing SOx~
models. In addition, the effect of mussel size and lipid content oa accumulation was measured. We found that nth"
mussels ctat imcumulate significant amounts of FCBs aud pAHs hom contanunated wtuez and sexton, The nccxsm Qf

compounds from wata was rapid with significant uptake of the cheniicals otxumng during the uptake cl~ ~ of the

experiments. In contrast, elimin nam of these materials was comparatively slow although the preset ice of im ~~ rtic aorbran

in tbe guts of the ~ did facilitate eliminanoa. BAF values determiiied in this study inthtxtte that zebra tnusaecan he

expected to accumulate significant levels of these oontamitamts. The imphcntions of these 6adings for contatxtltsm
in the Greal Lakes will be discussed.



Bricgcr, Gottfried', and R. Doughs Hunter
and 'Dryartmcni of Biological S~

~~ ~ DEPURATION OF HEXACHLORBENZENE 3 3' 4,4' � TET1VLCHLORO-
AND 3,3',4,4;5+ HEXACHLOROBIPHENyL By ZEBRA 54USSELS

Zebm musscIs frotn two western 4ggg Erie sites one near Moiuoc and one near Lima Pleura were analyzed for speci6c
contattutnmts. hututl ieveh of PCBs relrr»ricntanveof Aroc}or 1242 were found at levels of 121ng/g wet tissue and Aroclor 1256
at 33ng/g at the, Monroe site and 157ttg/g 1242 turd 1 g4ng/g 1254 at the Luna Pier site T2te water content of thc test animals
averaged 86%; lipids averaged 1.1%. Analysis ol material frran other Great Lakes Beld sites is in progress.

Zebm mussels were ex.posed iu th» iaborsitory to Clrfprri/rr food sepaiirtely containing 500 ppm of bcxachIOKltlcnzene,
33 «4' ~'bkrro and 3i3 .4 4'i5.5'Ate~chlorobiphenyl. Witbhr I0-13 days, tbl eeoc»sttration
Ic"el of I- !tg/g wet tissue to 7 5!tg/g. then leveled off io approxhnately kg/g. Tbe bexacblorobipbcnyl »els rose from
"ndcter52Lblc rmttal level to !tg/g their gradually leveled off mappiuxunately I!tg/g, Th» tetrachlcrobtphenyl cclrcentfatlon
rose frotn undetectable mitial levels to approximately 3.5!tg/g, then leveled off around 2'/g These studies will bc repeated
at lnaer feed levels. Levels of selected other ch~d hydrocarbons werc also deternrined-

McNabb, Cal D., T.G, Coon, and T.R, Batterson
Depsrtntcrtt of Fisheries and Wildlife, Michigan Stale University

SUBMERSED MACROPHYTES IN THE LTITOR Q. OF LAKE HURON'S SAGINAW BAY

Rve locations in the sharenxm of Sag inaw Bay were used in 1991 to establish baseliM, data on distribution and abundance of
srrbnrerscd t~ytea. Our intention is to docxrment changm thai may occur during the next few years if zebra mussels
bccrnnc abundtmt and cbtrify water in the bay. Sites were selected to obtain a rmge for principal determinants of rntumphyte
distributice; ashy, light gcrawratiost and sediment type. Measuremenis of these paratttetr~ turbidity, and macrophyte
aburidattce were obtained on ccrrridcrra  trrtstsccts with 50 m width! at each Iocatirm. Maxhnttm depth boundaries for submersed
ntaciepbytes varied among comdorx. 33orntdaries were keats at depth contnors 0.5,0,6 G,9 and 2 8 m at sites near Au Gres,
Bay City Stare Park, Qeeicassee and Ptncraaamg respecnvely. No plants were olxtcrvcd along a corridor on Sand Pmnt
Ahscstce of pbrnts at Sand Point, and shallow maximum depth boundaries at Au Grcs and State park, apped to be associated
with sediment type rather than turbidity cn'light peur%ration. BaNdMes at Qearicassc» and Pincanning appeared so bc related
to turbidity tatd light penetratinrt rath»a' tbttn a ~tent type. Abrmdaram of submersed pbtnts shoreward of maximum depth
bomtdarics was ca!culatcd frum frcqucacy of occurrence ufnutcrnPbytta %Fat! in randorstgtabsamPIcs taken ahng corra5ars.
Macsnphyte beds were poorly dcvclogr»d at Au Gras aad State Pttrk; %Fst was 32 and I2 at these sites respectiveIy. Plant
abtmdtatcns atgtuanicruucc and Pbrcortrring were higher ieadung g2aad 52% Fat respcctiv»ly. Species abundmrcc at sites was
taken fiimt %Fs', Percent freciucncy crf ittrbviduai sPecies m grab satnPIca Most cortuuwnly occumng sPecim were the
CharnphySC. /i/item jfezilif, the fhattaernttnua algae   larfnp/rum giorrrerrrrrr, and h'ejrtS jkdlir, POrrurrng<r0n perrinatar,
Porrrrrrogcrort ric/rrrrdroaii, and Vallisnc~rlrrerrcurrrc We expect in year-2torehtte annualgrroduction ofcotrunonmar~hyle
species  mrudmum scascatal startling crcrP! and abundance of inicrofsunal food ieraarronr rgeveloped from cornmcas phmts via
dctrittd food wcbs, to poarntial stand!rig crops of larvae «gg-25 mm! of Iittcrai spawning 6sb  e.g. yellow perch, common
tarp!. %'e intend to develop quantitativ» rhrta regarrhng the hypotlrcsis thtu sbihs in water ebtrity caused by zebra mnsscls wiII
increase macngihytc biorrutm and inr~rae the capacity of the macrophytooo-upied httoral to support carly life stages of fish
that spawn there.



Charlton, Murray N.
National Water Research Institute, Eai~

DEPTH DIS'IRIBUTION OF COLONIZATION OF ARTIFICIAL SUB STRATES
IN HAMILTON HARBOUR AND LAKE OMI ARIO

In suntified lakes, the vertical distribution of Drrisseaa should be related to depth and tetnlnnnture due to tbe ret}Uitetnent for
moderately warm water fta spawning, If mussel colonixaaou h strongly reduce in deep cohl water, problems with water
intatea may be avoided. To test this hypottteais artificial substnttes were placed in Hamilton Hstritour and Mce Ontario. Gear
results have been obtained from Hamilton Harbour where there isa sututtÃr oxygen depleQott in the hypolhrmion. Results frown
both locations rehtted to temperature, oxygen, and turbidity profiles mill be presented.
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Lowther, D JI.' and D. Barker'
'Ontario Hydro and 'J J. Downs Industrial Plastics Inc.

DEtirEIDPMENT AND '%STING OF AN AUTOMATIC PLANKTON SAMPLER
FOR USE IN ZEBRA MUSSEL MONITORING

Ontario Hydro bas seventeen facilities on the Great Lakes and connecting watetways as well as sixty seven inland hydraulic
facilities, There is a need to accurately establish the seasonal presence of zebra mussel veligers at these diverse locations, to
optitnize the individual zebra tnussel cxrntrol regimes. Hand sampling was considered to be too labour-intensive based on tbe
distance between facilities, As an alternative, an au~plankton samp!er was commissioned by Ontario Hydro horn a local
supplier,

The sampler has the capability of collecting seven disci' samples at intervals determined by the researcher, Samples
are ~ thrtiugh a mesh size of choice and the final sample is preserved.

This paper outlines the physical features of the plankton sampler, method and fiexibility of operation as well as some
practical considerations for ins allatitm and use.

Haag, Kim H., James H. Thorpe. and Fang Wei
University of Louisville, Water Resources Laboratory

MONITOIUNG THE INTRODUCTION AND SPREAD OF ZEBRA MUSSELS IN THE
OHIO RIVER: PROTOCOLS AND PROBLEMS

Moninxing the invasion and dispersal of zebra mussels in rivers poses a tmique set of problems for investigators. Current
vekcity and the amount of suspended sediment rue the mostobvious parameters distinguishing lakes from rivets. and they can
severely hmit methods for sample collection of vehgers, post-veligers, and adults, Ctnnmcely used devices will not dose
property, amnot «~tnd the stress exerted by even moderate currents, or dog rapidly, Even when heavily weighted gear is
employed, it is diKcult to position at specified depths under high current conditions, ln addition, fluctuating water levels due
to artifscutl reguhnion and propre can strattd tx inundate samplers left tethered in phtce. Alternative approaches to
~g rivers for zebra mussels are prtrposed.

We initiated a zebra mussel monitoring study on the Ohio River in January 1991. TIte study enootttpssses 280river miles
mcluding the Cannelton, McAlpine, and hlarltiand Pools. We have devoted our efforts this first year to ntoniroring the water
column for the presence af veligets, Monthly vcsticaI plankton tows ate stratified by river reach within each pool. One set of
~ is taken at a site in the lower teach near the downstream dam. In the upper reach of each pool, a tnajor tributary has
been selected  Salt, Kentucky, and Miami Rivers, respecnvely!, tmd one set of samples is collected in each tributary two ~iles
upstretun of its conQueuee with the Ohio. Ahlitioaai sets of samples are gitthered at sites in Ihe Ohio River two tniles upstream
tntd two miles dowrsstretun of the mouth of the tributary. Iu addition to vertical rows, replicate quantitative plankton samples
are collected at the surface both in the ~ and near the bank. Ten to 20 liters of water are filtered through a 63 um mesh
net. preserved on our boat, and returned to the Iaboramry for later enttmetneon and identification of zooplankron and
phytoplltkton. To date, no zetua mussel veligeis have been found, Routine examination of channel buoys iri the three pools
have also failed to reveal the precem of adult Dreirserta in this portion of the Ohio River.



Dustin. Donna L.. &/ward L Mitts. Mindy M- Gardne ~ ~~u ~'g
Corneu Biological Field Station, Department of Natural Rescances CorteH University

DEMOG~HY AND DISPERSAL PF THE ZEBRA MUSSEL  DREISSFHA POLYkfORPHA!
IN UPSTATE NEW YORK WATERS

euo polymorpita! collections have been tnade Jtme through Octobtn m the Erte-Barge CansL the
Oswego River, and Oneida Lake in l990 aud 1991. At all sajnp! ittg sites, secchi disc measurements and samples fm zebra
mussels  both veligers and adults! were taken as was water for chiorophyII dissolved oxygen, and selected ntttriettt analyses-

I~ mhgm densities were highest at the western ead of tbe canal and declined s4eacBy euttwttrd, By early faII adult
densities were obser«ed as far east as Paimyra. No mussels, iac!uding veligers were obuerved in the Oswego River and
Oneidalake in 1990 S itea with abundantmussets showed a ~ decrease in chlorophyll and au mense m water durit
~ ~ubl ~ve ph~pb s ~~ m n~ wid few' no mussels. In May 1991, see cobra mussels w~ re
observed ou native utuouid clams in Oneida Lake, Rapid wattnlng of canal waters in spriag of 1991 allowed swift yowtb
aud early reproductton of aduhs surviving over winter. Veiigerdensities of over 7Gy00%6 otxttttedm mid June st RktRlyrn,
with «ehgers detected at au sites  including Oswego River and Otteidn Lake! by mid-July. In couhnst to 1990, early summer
veliger den sitics m the eastern waters of tbe Etje Omni were higher than those in >~tern portions The Erie Canal system
ts a ttu9or vector tbtoQgh which zebra mussels will infest inland waters of New York State.

Mttrsdcn, J. Euen', Lidia Bardygula', and Jan Savitz'

STATUS OF ZEBRA MUSSELS IN LAKE MICHIGAN � THAPORAL
AND SPATIAL DISTRIBUIION OF VELIGERS AND ADULTS

Most of tbe informat4m about zebra mussels ia North America has come from Lakes Erie, Ontari, and St. Qair. Lake
Michigan, in contrast to these lakes, is general!y colder and bas a north-south orientatiou. This latter feature has important
Consequences for the distribution of tuganisms wbich are affected by temperature or other latitude~dent variable. Two
simple hypotheses are proposed for zebra mussel populations in Lake Micblgno: their density and yuwtb nttes should
dedine from south to north, and their reproductiou and settling should be progressively delayed from south to north, The
testutg o f these hypotheses will ptovide useful information for utilities who need to know how soon they will face "critical
densities of musseis in their intake systems. We report tberesu!ts of veliger moztitoring and adult sightiags ahmg the western
Lake Michigan shoreline. and SCUBA assessmcnts of adult densities in the near-shore waters of Lake Michigan.



Lange, Guncron L., and Robcrta K. Cap
ACieS International Corporatiun

SION OF THE ZEBRA MUSSEL  DlIEJSSFNA Pof-YhfORPHh!
IN THE INLVKl WATERS OF NEW YORK STATE

Through l990, the zebra mussel  DI hizscna po tyeOrpha> extended itS range into Ibe inland Watera Of New York State via IhC
Suite Barge Canal Syatein frtan Ibh Niagara River near BuffaIO, New York IO pahnyra, New Yark, ~ abOut I20mileS
m4%I Thla rapid rangeeztenxion exceeded ihh C xpectanuna Of many hiveangianrS. Ia I 99 I, the Empire S tate EJeetriC Energy
ReaezuchCorporation {ESEERCO! sponsoreda continuanon and expansion of anioniioringpn~uninitiatedin l990tofollow
the Contmuhd SPfead Of the uiusscl through New York State, MOnthly samP}ing AXBSCnCed m MaiCh 1991 ateight IOCatitmS
on Ihe BargC Canal, fOur On IhC Cayuga/Seneca ~inger Lakea S yatem, Seven alung Ibc HudSOn River and three in the
Suaquehimna River drainage. A IOtaI Of six Other IOCaiiuils were sampled on Ibe Geneaee, OSWego, SChohINC and Delkwiae
Rivers,

In 1991, zebra muSSCl veligers were found for tbe firat time in May, Veligerz weie present at Ihe Palmyra and
Baldwinsville kCanonx Only, The Bald» insviIIC Sighong inCzeashd the zebra musSel'S known range by 65 canal milea. In May
1991. adult mussels were indhpeiidhntly reported io be ia Oneida Lake, 25 miles further miand from Baldwiasvillh. In Jere,
zCbra musaela bad extended their range into Ihh OSwego River at Ful ton. Zebra muaael veligera hnd mfihrated all of the Barge
Canal and aaaOCiaied river systems wherC water flows downaneam frOm Ihe Niagara River sourCC waterS, To further cxtcnd

range, they would neCd to be Iified to a higher water elevation through the IOCkS, Whether thia would impede the mussel's
progress was not known,

ln July, vhligeiz wCie fOund iai Ihe Cayuga Lake siCh of LoCk C � I On the CayugatSeneca Canal. Zebra mussel veligcrs
werc aLso identified in samples collected on the Susquehaniia River near Binghamton, New Ycak. Additional samplmg ia early
Auguat verified their presence. Tbia was the first reinat of zebra muSSCIS in a drainage Syatem nOt Ctamected tn IbC GrCat Lakes
Syatem by a Canal, Adult zCbra muasels were alSO reported in disCrete areaa aluug Ibe MOhawk and Hudaon Rivers, but Ihinugh
July nO veligerS were COBeeled during this prolpam. Reauhs ~ that two methndS Of tnmsport are Oamrring m tbe mland
waterS: veligCr drift and aCtive transpurt of muSSch by bOatS Or Other meanS,

Through July, the density ol've1igera ranged to 58.0Nlhn'at palm yra { June collections!. The maaimian dcniity of settled
muaseh durmg the same period was 8.40Q/m' also at palm Yra Sampling ccetinued through November.

KrafL Clifford', Mary Bnlcet, Art Brooks', Jory Jonas', Allen H, MiBer', aud Hans Pearsan'
'Umveraity Of WiSCOnam SCa Grant Ins0tute. 'Univerzity of Wiaenn~upaiar. Center fur Lake SuperlIM'Stndiea,

'University of Wisconsin � Milwaukee: Center for Great Lakes Studies, 'Silver Lake College

FROM THE FRONT UNE OF THF INVASION: EARLY-WARNIING DEKCHON OF ZEBRA hCUSSELS

Since late l989 it has been obvious that zebra mussels would eventually azkinize wisconsm wasers of Iztkhs Michigan and
Superinr. Key questiOns were When Ibis nivaSion would nuneriahZC. and wbCthCr a COunfiaated Sampling CffOit could prOvide
nuae useful mformanon about the arrival of zebra mussel s ttum unphnned abse~~ns. For two sutnmera {1990 and 199 I!
we mtanned a substrate «nd planks Sampling prugram m harbOIS and water mtakes. In a»Cert with thia Sampling effOrt, we
Conducted an ultcnsivh edueanunai effnit for unliiy PeiauniieL diveiS and Ibe general PubliC Cnnei~Alling the imPending arriVal
of zebra ~.

At most sample silCS tbe preshnCe Of zebra muaaeLS waS fust repnrted from Implanned ObaiXvatinna that were nOt part
Of Our COortlmated sampling effort. However. ii moat msnun~ Such Iepcrta wee soon fOIOwed by qnmltified abundance
esthmttes fram Our Sampling prOgram, prOviding mfuruuaicnon tbe Ale Of colnniaatim, These ieauha Suggeat that: {I! ai Ihcir
earbest Stage of infeaialiOn, zebra muSSCIS nre not hkeiy tO be ~ bY Standard ~g pratOCOlS; {2! CduCated Obiiervers
can provide useful clues regarding potennal infestanon by zebra mussels; and �! a snualard saBlg4ng pnzgram can provide
aaefuI mfmnation once a loCal reproductive popubinon of zcbta maascls bas become ettablis}sod.
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Institute for lnlaad Water Management and Waste Water Treatment, Itijkswnter-staat, lie Netberhmds

ZEBRA MUSSELS; ENEMIES OR FRIES?

'nic zebra mussel has been a cornnionly occtnring inhabitant in Tbc Netherlands since I827, when the first record was
made. From the view of industriaI activity it should be noted that tbc extension of the zebra mussel into Western Europe
started before the period of industrial development m tbc I&century. When the use of freshwater bccaae more imporuuit
for different purposes, thc dcsigncrs of intake systems already bad to take the presence of zebra tnusscls into account.
and antifouling measures werc developed. 'Ihercfore tbe prcserl~ of zebra mussels in Western Europe tM aot have the
same impxt on industrial activity as they have nowadays in North America. Recently, studies have been started to use
zebra musscls in water quality managemcnL mrcducc thc amount of phytoplankton in eutrophic shallow hikes  a met tnire
to increase thc density of submerged waterplants!, and to reduce tbe amount of polluted sBt in tbe water supply of a
mannuide hike. Fil nation rale and pscudofaeces production have been investigated for both employments respectively.
'Ibey have bccn rclatcd to some important abiotic parameters. ln «ddbion, possibilities for obtaining sufficient densities
of zebra musscls in these types of water management have been investigated as weil. Removal of polluted silt calls for
the whole water column io be fiitered by thc zebra musscls. Therefore an application of zebra tnussels in hanging cultures
 biological filter! was studied. A summary of the resu its of aU meationed investigatirais is presented, and the role of zebra
mussels in river and bike ccosystems is discussed.

Molkry, Daniel P.. and Barbam Griffin
New York State Museum Biological Survey, State Education Department

BIOLOGICAL CONIROL OF ZEBRA MUSSELS: SCREENING H!R LETHAL MICROORGANISMS

initiated in April l991, this rcsouch prxject focuses on thc development of a biological method for controllmg zebra mussels.
Microtnganisms are heing tested in the Iaboriuory to identify those which are IetlQl to attached zebra mussel hfc stages. Over
250diffcicnt microorganisms are heing screened over a two year period.'niese candidate onnttol micttzxgansms will not be
"natural" parasites of zebra musscls, bul rather naturally occturlng soll and water lnicmbcs. which just by chance happen to
be lethal to zebra mussels when the mussels are. exposed to artificially high densitiea of the microbe. A microorganism which
at attilieially high densitics is fxan~ous to zebra inussels uruktwbtedly exists in nature. and thc proposcd rcseaidi is dcsigncd
to idcatify it. This type of research approach has a track record of success. since it has already produced a commercial}y
available, envtroruncntally safe, nuciobiaI control agent for another aquatic, filter-feeding, invertebrate pest~ black fly.
ptclintmary results of those microorganisms scronied to date wiII be presented,





SESSION EIGHT:

PHYSICAL CONTROLfMITIGATION

 CONTINUED!

Benjamin, nnd Samuel E. Landsberger
Cornell University Depsutment of Mechanical and Aerospace Engineering

DESIGN OF PIPE-tMWWLJNG VEHICLES FOR ZEBRA MUSSEL CONTROL

We are designiug vehides for operation in water pipes to couuol tlat growth of zebra mussel colonies. We address the probIems
mvolved in operating m the hostile environment present in water intake pipes; �! operation in a confined space at u great
dittuttce horn the contml center, and �! navigation and propulsion in high currents with varying geometry and obstacles. We
then examine our designs for a pipe travelling vehicle in the light of the past history of autonomous and rtnnotely conuul!ed
vehides. fheue systeuls have buda varied recorrl of success in tbe industrial wcrld, There are examples of contntercial success,
such as Ihe underwater use of Remotety Operated Vehicles  ROV's!, On the other band there are many cases of systems which
worbed wonders in the labararory but whose field perftxtnance fell short of e~on. We examine these past robotic systems
to determine what chanscterized tbe successfuI and the unsuccessful systems, and examine our proposed design solutions in
this light.
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Smythe, A. Gary ', Cameron L. Laagc', T.M. Short', arxt L, Ray Tuttle'
'Acres International Corlxxxtion, 'New York State Hcctric and Gas Corporstion

APPLICATION OF CENTIUFUGAL SEPARATORS FOR CONTROL
OF ZEBRA MUSSELS IN RAW %'ATER SYS'IEMS

Two Centrifugal separators are being tested to determine their effec«veacss in the control of zebn mussel  Dretszrrtu
polymorplsz!. The objective of the study is to assess tbe feasibility of using these separators to remove gausettlmg and sealing
stage larvae fmm raw water supphes  Study Phase I!, and todetermine the effcctivettess of such demain hring these larvae
from the water  Phase H! An experimental set-up, mcluding a Krebs detutnder and a 4dms Super-Sepanuor, was installed at
tbe New York State Electric ard Gas Kiatigh Station, Sorrzaset, New York, adjacent to Mre Omario, Testing utihzes Lke
Ontario raw eater from NYSEG's fue proromzasystem, TheKrebsdesander  selxuasor! isahydrocycloae withadoacd apex,
used pritrutrily in high pressure applications, The Lakos Super-Separator relies upoa the same basic ofuxnting priiciple with
some modiflcatiom to hydiocycione design. The Lzikos design offers some opetssiorutl advantages eshaivc to wear gereruial
and equipmmt main~

Both sefanurus utilized centnfugal fame to remove particles. The deeda; duc to its inst design, wiII accelentte
lxtrtides to a higher angular velocity in cotnparistut with Lakos scpanttor, The denmder, therefme, may have a slight "edge"
m sepanttice efficiency.

phase I sampk tollections began ia July, 199 l. %be source water was water obtained through connection to the fan
pe@ection service water system m thc cirtzilating water pump bouse bay at the power station. Flows through the separatrus
varied frntn approximately 0.4 lo 0.8 M'hain �00 to 220 gpm!, system pressures varied heta 2.8 to 98 kglcmz �0 to 140 Ia/
in'! depending on valve settings for a given test.

Although the test apparatus and procedures are somewhat complex, the analytical sppicach is quite simple, The tota1
number of larvae  differentiating veligCr frum posl-veliger! waS determined far the Supeitsttant sample. The number Obntined
frOm eaCh Of these ssenples was addCd tOgether and then divided into the number in the filtrate, Thix provided a Sefuuntina
efficiency factor for thc veliger  D-ftxms! and post-veiiger  umbonal forms!.

VOlumetriC meazuremeritS have alSO been mzde uSing, flOw melerS and preSSiue gaugeS, Amirate vulume meaetaetnCnt,
however, is quite difficult caasidcting the high flowsjvolumes etmuntered for this study. As a result the direct measure aud
aanpariace Of thC numbers Of Iarvte ia the SulxnnatanNillrate are therefore appmpriate.

Tlremean size of the umbonal farms was determiied fora subsampleof most of the supaturtaa{/filtrate samples, Through
the last Iab analyziS, the incan Size of the umbteai fnemS in the filliale was always grace than that in the Suliernatant ~
for aay sample pair  Kiebs or Lakos!. This wouM indicate that centntugsl force is selectively separating mnbonal foan larvae
by size and/or specific gravity as «as anticipated,

The separator efficienc for umbonaI forms has nmged hzls 4 8 percent in carly samples to 784 percent m hser sample.
It wouM appear that as the umbonal pcyulation ages, and thc population metal size increiises, the selaram efficieiicy wouM
incmise as was anticipated. It is possible, however, that the msxiinum sepanmon eiliciencies obtamed to date are being
undereuimated relative to set tling stage larvae, since we are not differentiating «ie smaller umlxmd forms. Larger uinbxxtl
fcums are more susceptible tO Separate and are of more Cars' SinCe they are at Or duce tO Set«ement Stage. It iS aaticipaled
that separauon efficiencies will increae later in thc seasoa. Details of Phase I data, as weII as any data analyzed Sam the Phase
II study effort. wiU be presented.
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Smythe, A. Gary', Cameron L. Lunge', J.F. Doyle', and Paul M, Sawyko'
'Acres international Corporation, 'Rochester Gas and Electric Corporaticai

APPLlCATlON OF LOW VOLTAGE ELECTRlC FiELDS TO DETER ATTACl9AENT
OF ZEBRA MUSSEL TO STRUCTURES

Ihe objective of this study is to determine if electric fields could be useful in reducing the attachment rate of zebra inusseis
 Dreissena polymorphal to sobmaged structures located wuhin these fields. Conceptually we are assuming that if an electric
field is of sufficient laterality the seuling stage veligers will not attach while under tbe influence of. and for a short time after,
expostrre to a field. Any suitable flow of water will then carry tbe settler away fram the "protected" structure.

The study site is at Ihe Rochester Gas and Electric Russell Station in Rochester, New York adjaoent to Lake Ontario,
A series of test flumes were set up and a oontinuous flow of power phmt forebay water channeled through the flumes to provide
a source of htrvae. Bar rack arrays were placed in eacb of the test flumes. Rows m each flume were adjusted to about 0.5 fps
 O. l 5 rn/sec!, a flow which couhf be expected to exist at some intakes. The bar rack arrays were constructed of steel plates 4
inch  or 6 inch! by 7 inch � pbuefarray! spaced to approximate that of a typical trastunck,

Law voltage electric fields of various intensities are being tested for 60Hz Alternating Current  AC!. continuous Direct
Current  DC! and pulsed DC. Analytically we are comparing tbe densities of attached musseis on control arrays to ag@M$
densities on arrays subjected m test electric fields. Spacial distribution of attached mussels for each pbue is also being noted.

Lalxirauxy analysis for several arrays bas been completed. To date the data analysts has not been txnnpleted. However,
m general. we can state that there has been zebra masse> attachment at some level on all turays tested to August 28, indicating
we me not attaining 100 percent success for the configurations tested so far.

Data analysis for tests aheady complete4 for tests under way, and tests to be conducted over the next two weeks, will
be finalized prior to presentation at the November conference.



Chalker-Scott Linda, J.D. Scott, C. Dunning and K
Buffalo State College

EFFECT OF ULTRAVIOLET-9 RADIATIPN �g0 320 ~
OF ZEBRA MUSSEL LARVAE  DREISSEWA POLYhfORPHA!: A PO~ ~TEGY

Concern over depletion of the earth's ozone layer bas resulted in a great deal of ffccts of
e -  UV-, 280-320 mn! upon phmktonic organisms. There is increasmg evid ce d m~y occitrring UV-B

is an important limiting ecological factor in zoophmkton communities. In a natonal tud�hst Iarv aid
other planktonic organisms cauld escape harmful radiation by changing their pos<tam m tb wm !,Iutnn In a watcx intake
pipe, however, tbe area iS muCb reatriCted and eSCape hn artificially-Supplied ultraviolet itaBtttaSn would be ~

Ibe critical point in controlling zebra mussel infestatioa is the setthng of tbe phatktmuc larvae. When postvehgcr hu
settle, they secrete strong byssal threads which fnmly attach tbe musseh to the substrate. Otcace settled. tnnssels tN >~t
and cxpenaive tO temnve frOm intake pipes and Other Struetuiet- prevenbcn Of Setihing wnuM be tbe easiest nnd mt' ~
effective mechmism tO retnediate zebra muSSel fOuling pinbletnS.

One pOSSible CantrOI metbOtL which ~tly haa nct bren tested, is expenure Of tbe IaiVae tO tSItrnviOIet-B tttdiaticai
UV-B IS a naturally Oecuning, water-tmnaiNSLClC radiaticn that Can have profnund effeeta on aituatie Orlygli8Dls, The uae <f
uhaviolet B india&an as a coatrol for zebra mussel settlettunst wouM have several advantages over other methods. Is is not a
pctential water pcllutant nS afe Cbettueal treatments Such aS ChkBEC, It iS nnt labnr nnensive aS are tnnsc tnnCISnslienl ltaetbnda,
audit does not requite costly cooling systems as does beat treatmeal Additionally, ibis method rntools existing terminology azhd
Sbnuld tbeiefere be muCh ~ tO implement than WOuld a method develuped "bum Serateh,"

Veliger larvae af the zebra musseL Drrissras polymorphn, were collected ftom Lake Erie and nutintained m lake waser
under natu' temperanne �0'C! and day hngtb  l4 hr ligbNO hr dad<.! conditions. Following acchtttatlim. larvae wurst
transferred to tbe cxperinumtal chamber and subjected to c~ UV-B radiation. To control the waveienyhs of exprnnire,
Mylar and cellulose acetate filters were employed for cxperunental and control organisms, respecnvely
maintained in lab and analyzed 24 hours postwx posure for mortality. Surviving larvae were defined as those whose velum wns
stiII functioning  i.e., are capable of swimniing!.

Rccrsit experiments indicate that zebra mussel larvae are negatively affected by enhanced UV-B rai&stiots. 'Iberia is nsi
increase in mortality above coatrol levels after only I hour of exposure�which suggests that niid-nnge nltrnvbalet rndinticisi
may be effective in reducing larval populations.
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Menezcs, John
Soaa!ysts, inc.

ZEBRA MUSSEL CONTROL USING ACOUSTIC ENERGY

The spread of thc zebra mussc! Drcisscna prpfymarpha  pa!!as! into the Great Lakes aad adjoining waters is a great comm
to ut!!ity, manic!pa!, industria!, and envirranaeata! interests because of tbe propcasity of the species to rapidly cover tbc area
it co!on!zes. A practical and cconomica! device or method that reduces zebra mussc! oo!anization without detrimcnta! side
c!Fects is higldy desnab!c.

The navarch and techaical programs in which Sonalysts has panic!pated focused oa affectin ve!iger and ~iatc
post-veligcr deve!oprncnta! stages using acoustic energy. la 1990, small-scale stud!es were performed under contract to Empire
State ~ Energy Raemrh Corporantm  ESEERCO! by Sons! ysts to survey the effect of underwater sound on tbc viability
of !arva!, post-ve!igcr, juvcni!e, aad adult zebra masse!s.

Tbc acoustic energy was generated by several devices designed for underwater and laboratory appOcations using narrow
frcstucncy bands betwccn 155 Hz aad 1 MHz. Tbe initial screening was conducted by eva!uatiag gross morpho!ogica! and
behavioral effect in very small-sca!c  <! !itcr! systems using short-tcrm exposures at or near the maximum operating
amphtude of each device. When an int tin! survey test showed promising results  eg., veligers destroyed, tnussc!s gaping, shells
fracnarcd or dctactux0 the test was conducted on a !arger sca!c with rephcate and reference samples at different amplitudes,
rtmgcs, or durations.

Based on tbc 1990 resu! ts, ESEERCO sponsored Sana! ysts to conduct additional research during the summer of 1991
 cuncat!y ongoing! which provided an opportunity to extead this work towards the optimization of acousiic pannneters and
aa increase in sade  range, volume!, A pi!ot-sca!c system will be developed and deployed in 1992 based an tbe ntformation
and results ca!!ected durmg the sununx of '91 testing. The pilot-scale system is beiag designed to prevent the attta~t of
viab!e juveai!ca to intake walls and induce mona!lty as veligers pass through moving volumes of water.

From the surveys, wc !earned that high inteasity acoustic sources can !ettudly disintegrate veligcrs and ~ the sbe!!s
ofjuveaile zebra mussels. The effect onjuveniles is size and time depemhnt. In siru tests also mdicatcd thatjuveniles aad adults
!ongcr than 10 aalu could also be killed, even at lower amplitudes, with less than 18 hours of neatmeat. Sonalysts w!B discuss
this acottt6c rcatstrch oa zc!wa mussel control and their plan to demonstrate a full-scale instaBation of acoustic con!to!
devices at an operatmg intake.

Smithcc, R33. ~ and Wilham P. Kova!ak
Tedmical and Engineering Services, Detroit Edisoa Compaay

CONTROL OF ZEBRA MUSSEL FOUUNG BY COATINGS

Thc effectiveness of 14 different coatings, most of which were applied to stce! p!ates, in contro!!ing zebra mussel fouling was
tested in thc mtake canal at Detroit Edison's Monroe Power Plant  western Lake Erie! betwccn June-Oaober!991. Prelimiaary
results based on visual inspections ~d raost of thc coatings affected some mducuoa in fouling, The most effectiv
products werc those that werc si!!cone based and those thatcontaincd copper or other toxicmeta!a. A!soprortusing werc tbernud
p!astic coatings, although these were not exposed to coLonization fear thc Cadre smdy period P!ates wiU be quent!tativc!y
satnp!cd m mid&ctobcr. This win a!krw a bcner cv a!uatirm of the cost-effectivenes of thc various products.



SESSION NINE:

CHEj.vlICAL CONTROLJABTIGATION

Fisher, Susan W., and FL L'utbrouuka

Dcparttucnt of Entomology, The Ohio State University

TES'ITNG OF CANDIDATE MOLLUSCICIDES ON 11K ZEBRA MUSSEL

Methods were developed for mcnnuing tbe toxicity of molhrscicidcs to thc zebra mussel, Drcisscaa pofyusor!saba g ALIAS!
iu txwtjunctitm with studies conducted at the U.S. Natioeal Rshcrics Research Center, LaCmssc. Wl. Athdtzebra messeh QO�
25 mm ia]ength! were nttukmdy selected from a stock culnue 24 bours prior to initiation of toxicity tests. Groups of 13 rnmsels
were pLtcedon tbe bottom half of 9 mm glass peui dishes and were allowed to secrete new byssal tbresds over nil-hm'pcriorL
Those mnssels which did not reattach were discarded. An average of lO mussels per dish did secrete new byssnl threads and
werc considered suitable for use in toxicity tests.

Toxicity tests were rnu in triplicate in hard standard reference water. Mortality wasassessedat24and48 hours afler which
tbc test animA were placed in clean water for 96 hours to screen for recovery and survivaL Toxicity data were analyzed by
probit analysis to give LC�values and 95% confidence limits.

Using this protocol, the toxicity of a series of l2 moiluscicides was determined in adult zebra nutssels. These toxicity
data werc then ccsnpared to the results of tests pcrfonncd with the same chemicals on two bivalves related to the zebra mussel..
tbc latter tests were performed at thc National Fisheries Rc.rank Center at La Crosse. From these data, the reliability of tbc
starward method was assessed. In addition, a body of toxicity data was developed for molluscicidcs pre@cued for use mt zebra
mussels from which it wiII be possible to assess tbe efftcacy of these cbemicals in zebra mussel conuol md tbc hkclihood of
bazanl to closely related freshwater bivalves.

Matisolf, Gerald', Abtn Greeuberg', Gerald Gubanich', and Julius Ciaocia'
'Defxtrtment of Geological S~ Case Western Reserve University, 'Clcvehmd Division of Water

EFFECTS OF POTASSIUM, CLOK'M4NF AND CHLORP& DIOXIDE
ON CONTROL OF ADULT ZEBRA MUSSELS

Chemical ah~response studies of zebra mussel adults in flow-through aquaria were ccanincted to evaluate tbe effcctivcmss
of potassium, chhariunine, and chlorine dioxide txt adult mortality for exINnsure periods of up to seveml days. FOQtssium
permaaganate was effective atconcentrtttious grester than about 2 plnu. Potassium hydroxide crnrcetuxuthms less tbsn l ppm
did not induce morttdity iu the mussels, but complete mortality was obscrved at comaumtions greater than IOppsn, Qdcsittc
dioxide treatment resulted iu mortalities of about l0%-20% at tbc 02-0.3 ppm level with IO0% mortality rendmd ia 24 hers
at concentrations grcatm than 0.5 ppm. This yiektsan LC~ of about 0 4 ppm. Cbkraaunc tretatnent resubedin l00% mortality
in 24 bouts at total chlasine concentratnnns as low as 12 ppm. However, the chkratmne conrxmtrtaiuns in those expcrinmts
weteas low as O. l ppm. mdicating achhunmhtc production yield of only about10%. Thus, itis mujearif thenMntaiity@ducing
agera is chlonunine at O. I ppm or bee dtlcuine at l.l ppm. The high effectivcncssof dtkrine dioxide at itubrcing zebra mussel
mortality, coupled with tbc fact that tbe additaun ofchhainedioxidc forms less THM's than chlorincaad chkmmtmc, itdicates
that it may be Ineferred as an oxidizing agent for zebra tttussel contml at ~ tretltnent pbmt intakes even if slightly higher
cocKxntrahons are nccdctL
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Fia, Sme W.~, K,R pol t~ ~, ~d Beth Sd nei~
'Department of Entomology, Tbc Ohio Sere University, 'PCS Sales

Environmental Sciences Prognan, Tbe Ohio State University

THE TOXICITY PF POTASSLUh4 CHLORIDE TO ZEBRA hAJSSEL VEUGERS
AND SH ECJ' NONTARGH' ORGAN LSh4S

ty of potL$&um chloride was mcarurcd in static tests m zebra mttssel veligers. ln addition, the toxicity of contmuons,
Low-Level �>50 ppm! exposure to KCL was measured in flow-through tests. The latter was accomplished using a customized
testmg apparatus consisting of a series of 9 pipes which were 4 inches in diamcax and 1M m Length. TTtc pipes werc suspended
above the water at Stone Laboratory, Put-in-Bay, Ohio and 44m Eric water was pumped continuously through each pipe at
a rate of 0,5 MIsec. Lnside each pipe, a second pipe with a sligbdy smaller diameter was pbtocd. Each of thc inner pipes were
transected by a series of 6 glass slides to serve as sctding plates. The inner pipe and glass slides werc rctnoved daily for
examination of veliger seuhng and s urvival. Three of the pipes received aconunuous application of 50ppm KCl and three pipes
received 25 ppm KCl. The remaining three pipes served as untreated controls. Thc expmrrental apphcation of KCL took place
for a period of two weeks from August 1, l99 l to August 15, 1991.

ln addiuon to assessing vcligcr settling and surviva} in each pipe, tbc number and condition of the veligers being pumped
into tbc pipes were analyzed daily. Tbc concentration of potassiutn in thc effluem of each pipe was assessed daily using an ion

water was also monitored on a daily basis,
TTre toxicity of KCl was tested m several benthic invertebrates. These mcludcd juvernle Ac0do« ~'as'«tT«r with aud

without sediment, adult Corbi crda jbmiaca and fourth instar larvae of tbe midge, Chi ronornus riparious,





Blodgett, K. Douglas', Pamel Ia A. TbieP Andrew C. Miller', and Richard E. Sparks'
'Illinois Natural History Survey and Long Tenn Resource Monitoring program, 'U.S. Fish and Wildlife Service,
Enviromnental Management Technical Center, iU.S. Army Corps of Engineers, Waterways Experuncat Station

ZEBRA MUSSEL PPfASION OF THE UPPER MISSISSIPPI RIVER SYSTEM

Ibc rapid expansion of tbc recently iatioduced zebra mussel  Drcisseaa poly rrrorpha! forewarns of significant negative impacts
rm both tbe biology and economy of thc Upper Mississippi River System  UMRS! � a resource the United States Congress bas
dcchucd to bc nationally significant both as an ecosystem and z commercial navigation corridor.

Zebra mussel populations developing in southern Lake Michigan provide a probable source ftn'recent expansion of thc
species into tbc UMRS, Natural dispersal of larvae may occur with water diverted 6nm Lake Michigan down tbe IIImois River
 via tbe Chicago River, the Chicago Sammy arid Ship CanaL aud the Des Plaines River! and into tbe Mississippi River. Both
settledhtrvae and adults may be transported by rci~tuonsl craft and commercial navigation vessels  barges! ettunuttlng frtza
infested areas of southern Lac Michigan and traversing both tbc UMRS and tbe lower Mississippi River. Another possible
means of dispersal is trnilercd recreational boats that transport larvae and adu]ts overland to both lotic and lentic habitats ia
tbe ~ppi River Basin.

The first confirmed collccuon of a zebra mussel from the UMRS occurred on Ig June ]991 in a side, channel of tbe Hlinois
River near Bath, 0 approximately 217 river miles �50 km! downstream from Lake Michigan and 110 river miles  I I 7 km!
upiuieam from tbe ooaflucacc of the Illinois and Mississippi rivers. Ibe adult slxximen was attached to a native tbreeridge
mussel I Amblrerrr pficrira! and was taken by a commercial sheller. Additional adult specimens have been collected from tbe
Illinois River by sbetlcrs and others, aad setdcd larvae are reported as far as I I 8 river miies �90 km! dowitstteun ficsn Lake
Michigan. In September. adults were reported from the Mississippi as far upstream as Pool 8 near La Czosse, WI, and as far
downstream as tbc Melvin Price Locks and Dam at Alton, IL.

Negative biological impacts may result from tbc zebra mussel's compebtion for resotuces, especialy food aad space.
tbc t of
These biological impacts may also manifest themselves economically by affecting commercial aad recreational fisbiri and

harvest native mussel shells for use ia the cultured pearl mdustry. Other negative economic impacts may indudei g

eechmcal interference at locks and dams. dogging af municipal imd industrial water intakes and s aad ~~ � ~
g' g ystems of recreational and coauiirN~ vessels as well as decreased fuel e%cicncies due to mc ised ~eg.

In merci auag.

bmeliac iaoni ' cff
conjunctioa with six Long Term Ibctource Monitoring Program field stations on tbe UMRS ha ' 'tiated, we veini aiaonitoring effort for zebra musscls, Our major monitoring and research objectives are to I! docum tbe p al

spaM 'butions of zebra mussels in tbc UMRS; 2! understand their life history in mid~ floodphun rivers; and3! aaxrenn aad interpret any sbiAs in community structure of aativc biota plankton,macroinverttkettcs, nnd 6shes! resultingfram thc. physical and biological alterations the invader may cause. A thorough undersamding of zebra musscls and their
wiII provide infornuuioa io facilitate tbe development of environmentally sound control stralegics.



SESSION ELEVEN:

PHYSICS COrm<OmurIGATIOx
<cormavmo>

Mdvtahon, Robert F.', and Barry S. pa~
'Center for Biological Macrofouling Resctach, The University Texas at Arhngton,

'U.S. Army Cotps of Engineers, Watcrways Experitlnt Statton

EFFF~ OF TEMPERATURE AND RELATIVE HUMIDITY ON DESICCATION RESISTANCE
IN ZEBRA MUSSELS  DREISSENA POLYNORPHA!:

1$ AERIAL EXPOSURE A VIABLE CONTROL OPTIONS

Wet weighed adult zebra mussels {Drcisscea po/ymorpha! were emerscd at 5'. 15' and 25 C in re!atlve humiditics  RH! of
c5%, 33%, 53%, 75% and >95%  RH tnaintaincd in desiccntors with silica geL super-saturated solutions of MgCI, 6H,G,
Mg NOpr6H,O, NaCI and water, respectively!. Subsamples  ~! were removed periodically  hequency depcta9ent on
dcsiccatitat rate!, wet weighed, tested ftn viabihty by 12 h reitnmersion and dried at %PC, Cunndative total water  TW ~
corporal + cx tracoqKc31 water! loss was assumed to he fhc decrease in wet weight during emersion {initial wct weight - 6oal
wet weight! «nd was expressed as a percentage of 1W weight  initial wet weight - dry weight!. htcteasbtg tetnpcnttnre and
decretaing RH decnmed emersion tolerance At 25 C. LT�ranged fiorn 422 h  <5% RH! to 702 h  >95% RH!,
Correspondittg LT, range was 69.7-96'7 h, At 15'C. LT�ranged from 67.7 h  c5% RH! to 266.2 h  >95% RH!.
Gzresgending LT, range was 153.1-537,1 h. At 5 G LT~ ranged from l69.8 h  <5% RH! to 346.1 h �5% RH! {data for
>95% QH was incttnplete at abstract duc date!, Corresponding LT, range was 362.5-482.7 b. At an tcsnpcratures. lndividuah
continually shut valves at c5% RH, but periodKahy gaped and displayed open ~ sipbons athigbct'RH. Water losstates
generally increased whh incretnnd tempenttnre aad dccneasa9 RH. At 15'and 25'C over c5 75% RH,mean percent TW loss
lor hving individuals in samples just preceding those wtth 100% mortality was 59 � '71%, suggesting that n~ was dnc to
dcsiccatitat. In contrast. mean TW loss prior to death at >95% RH was 25% at I5 C and 43% at 25~ su@gageg that death
was due to other  j N acidosis, annenA c d-~ or ammonia toxtcny, or energy store dcph tiNl!. A snndar
occttrred at 5 C. These data suggest that dc wattumg to htII xcbra mussels wouM require 3-4 days at?29 C. At ~ it would
ttquhe 7R days Mow '75% RH hut 23 days above 5% RH At 5'C. nununal tbne for 100% kill would be >I I days and is

y to exceed 30days above 95% RH. Thus thcmeaappropnste time 1 or apphtxttim of dewaserittg toconttok zebramnsscls
is tnid-stntuner when e!evated ambient setnperatures would mduoc rapid ltiils. At lower ambient tempaatnres, applientioa of
dry md/tx heated air to dcwatercd cotnpossettts tnay be retimred to produce acceptale kill rases.
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SESSION;PARI VE:

CHjEMCAL CO>ITROLMITIGATION
 COYHMJED!

Wailer. D,L., L j.. Marking, and I J. Rach
National Fisheries Rcscaxh Center, U.S, Fish and WHdHfc Service

EVALUATION OF THE EFFEr D OF CANDIDATE MOLLUSClCIDES ON TWO NONFARGET BIVALVES.

A variety of moHuscicides have been proposal for use in control of zebra musseia, but their effect an nontarget nriuatic
Oqnuuarna haa nnt been evaluated. S~ methuda were adapt' far aaseaaing the tuxiCity Of Candidate moH~a tO tWO
nraiOrga bivalvca. Fingernail clama, Nut Cidiae rtanSV erst. nnd the fawnfoatmuSSel, Truncilla doerlqfOrmis, were SeleCted
to represent the two families of native bivalves. Both are sinuhrr in size to thc zebra mussel and are comtramly found in the
Upper Mississippi River. Test organisms ware coHected from pools 6 to 9of tbe Upper Miasissipin River nearer Crosar' WI.
HaruHing, holding. and acclimation procedures were adapted to miniinize tbe sue sa io both apecica of bivalves. Testa were run
in tripHcnre with groups of l0 organisms m each rest vesseL Static acute toxicity tests were conducted for 48 bours foHowed
by a 9Meur monitoring period in untreated water io more hlly assess survival imd mortality. Toxicity data were analyzed by
probit nnalyais to give LC�values and 95% confidence limni. We evaluated the same chemicals as tbose rested nt Ohio State
Uriiveraity against zebrnmussch. Results from our studies and those conducted at Ohio Suue University will be used toevahrnrc
the cffcctivcncas of chemicals in zebra mussel couuol and tbcir potential hazard to nautarget orgmiatas,

Lee, Hartdd H.', and Aklilu Lamed
'Deparuncnt of Biology, Tbe University of Toledo. 'Intcrnnticnnd Child Development Ccrttre

'IOWARDS MITIGATION OF ZEBRA MUSSELS AND ASIATIC CLAMS:
THE USE OF ENI:XX!. PHYTOL4CCh DODEGLNDRA

Experiments using a static bioaasay system as a basis to ~ a focal couuol~ for Drcirscrur nnd Corbi crt/a iHustratcdiC pnteutial usefulneaa Of plant mOHuaeieidea. hmrrnaloxiaa. from PhyrOiacra 4Odaorrndra cr EndOd EndOdnt a dose higher
dum 15 mg/L ia lethal to nduh zcbm musarda and Asittic chana, whHe m lower doses prevent adhesion and nggregation of rhe
musaeia In addition to being notscarcirrogenic and nornnutageruc. Endod is biodegradable. Since Endod phmts have heear
succeaafuHy grown ns monoculture. demands on hrrge qeurtitics of Endod usage ia water intahm ahoakl stimulate fun'agiicultivation. Since infcstatiorrs of aebrn mussels mrd Asiatic darns Ne hag-term Irirkdcrna and nqdenvarks vary m dcaigzt
and cuvirotuncur, acomqxurd mcthorhdogy for mitigadon is suggcatcdusing Endod as tbc primary agent in rxnnbinatiort with

and chemical ineans fo remove ndull tnuascla aad Asiatic darna &om nnd to prevent nglpcgatiou in water intake
pipes.  Frnidcd by n DeArce Retcarch Award of the University of Toledo nnd na Ohio Sca Grrmt!.



>an Bcnscbotcn, John E. ~ James N. Jensen, and Daniel DcOiso
Dclxu"cnt of Civil Engineering, State University of New York at BufMo

CONTROL OF ADULT ZEBRA MUSSELS BY CHLORINE:
COMPARlSON OF LABORATORY AND HELD STUDIES

Cbiorim haS been SbOwn effectrvc fcr tbc COntrni Of aduit Zebra muxsels, In previOus iabOralory ~ Zebra mussel twrmiity
has been shown to bc a function of chlorine dose, contatx time and water tern~, For exmnple. in continuous f!ow labmaaxy
studies  DeGimlamo et al, precaution at tbc 1991 puncrican ~atcr Works Asacgiatim Annual Mccoy!. 100% mmtabty was
nb~ed at 23, 27, and �6 days at ~ doses of 3.0 mg/L �-5~!, l,p mg/L  9-1 5'C!, and 1.0 mg/L �-5'C!. Chlorinate

on tbc field scak msy differ from iahorImay conditions For exmnpk, Md sade ddcuinations may not be txuaiauous
fm' severs! wc@a without intcrrupaunls jn ~ dosing duc to equi!anent Mure or a change m

The objectives of the present study are threefold. First. zebra mussel morttthty
prcchlormationatanoperating drinking water treatment facility. SecmxL mussel daisy durmg ftdl sca!eandhsbcxtmWscak
chlorination was compared. Tbi4, tbe tesuits from intermittent cblorinatitnt studies wil! bc uand todetcunmc
chlorination can expbtin differences in mussel mortality hescm tbc laborataey and full acak.

A full scak chkuitxltion study was cmuhaxcdI tbc Eric Cousuy Water Authority's Van dc Water Water Tsemmcm Plant
 Tonawanda. NY! between April 8 and May 28, 1991 Thc phut treats water frmn tbe Niagara River, Thc nmninal chlorine
dose was 1,0 mg/L and water tcmpemturcs during the study period nmgcd koan 6 to I~. A portion of tbc cblminatcd raw
water was dl vctted to flow through rcactms wbcrc zebra mussel tnortahty waa detcrnsined, Mured were masidsred dead if
they didnot show anyactivity or rcspond to geek probing after a 24hour rec»very pcsiodin undldainated wsacr, Iatenaittcnt
studies were conducted by pmnping a cMorine stock solutioa into unchhnirmtcd raw water prior to inttndtueon imo tbe

Mussel monality during full scale chlorinatio exhibited an "S" shape obsened in previous labtxatnry studies. Fifty
percent mortality wss observed after 30 days and l00% mortahty ahcr 50 days. Lttbottttory expcNtncnts under sunilar
conditions �,0 mg/L chhuinc residual, 9-15'C! showed 50% and 1N% mortnhty at about 13 and 27 days. tespccnvcly.

Hourly chlorine readingsduring full scale chkeimtiourevcalcd that cblaine addition was notcontmuous. To mvcstignte
the effects of intermittent trcanacnt, laboratory studies were conducted with tbnsc chlorine addition regimes: 1.0 mg/L cblmitm
dosed contmuously, LO mg/L*loriac dose with no cblminc added for four hours every 24 hours. aad LOsng/L chkrine does
with uo cMorinc added for eight bours every 24 hours. The time to 50% mortality was 4.5, 8 and 18 days for ccuninuous, 20
hour/24 hour and 16 hour/24 boor chlorinadans.

Mortality was slower during intermittent chlocimtion cves when thc data werc corrected for cxposme time. This suggests
that mussel s recover and can withstand eh@A'nation longer dtumg intcrsnit tent truatnmnt. Fvcn intcrcuittcnt trcattnent showed
much faster ~ ty than thc full scale chlorination, Thus, mamtcnancc of a continual chkuinc docs appears to bc critical for
minimization of tbe time necessary for zebra mussel death.



Bidweit, joseph R,', L,A. Lyons', D,S, Chevy', J.C. Petrillc', aud M.W, Weroer'
'&qmepeut of Biology, Virginia Tech. 'Betz Laboratories. Iuc.

EFFECT OF lÃIHMfFIEÃT CHLORINE AND BROMINE TREA'IMENTS
ON SEITLING, SURVIVAL, AND GROWTH OF THE ZEBRA MUSSEL, DRE/SSBVA POLYhfORPHh

The effect of daily 2-br treaunents with chlorine �.5 mg/L and 1.0 mg/L TRO! or bromine �.5 mg/L TRO! upon growth
and survival of two size classes �-8 mm and 12-l4 mm in length! ol'zebra mussels was assessed itt a 30-day study which
tan from Carly july to August 1991. The study was conducted in a field laboratory which had been fitted with 12 side streamloops, each tecmviog a continuous flow of Lake Erie water, Each loop contained a raclr. of glass slides and included a fouling
chamber fttted with a cetnent panel to examine tbe impact of these treatments on larval settling aud accumulation. Survivalof both size dasses of mussels was greater than 85% in all treatments. Mutsels in aII treatments also exhibited positivegrowth over tbe 30 days. Larger mussels increased in length by an average of 4.4 mrn. while smaller mussels increased by6.$ mm in Ieagtb, Treatments of 0.5 mg/L chlorine and bromine did uot have a significant effect upon weekly larval setthng
rates «s compared to controls, with all groups ranging between 50 aud 70 btrvae/slide/week. Daily 2-hr treatments with I A!mg/L chlorine significantly reduced larval settling to 10 to 25 mussels/slide/week. Accurnulatious of larger possiblytransient mussels were also observed in all treaunent loops. A second study which repeats the daily 2-hr 0,5 mg/L and 1.0mg/L TRO chlorine treatments, and also includes a 2-hr 0.5 mg/L and 1.0 mg/L bromine aud 4-br 0,5 mg/L chlorine wasinitiated in August to further examine tbe eff cacy of these treatments iu controlling zebra mussel fouling.

Harbtu, Fred L.. and Robert E. McCartby
Nalco Chemical Company

USE OF AN OXIDIZING CHEMICAL PROGRAM FOR ERADICATION/PRV~GTON OF ZEBRA MUSSELS
Cbentical ctmtrol ftn.zebra mussel eradicationhas centered ou oxidizing artduonoxidizing biocides Tbe purpose of this paperwill be to highhght the differences between these two ~bes, and to show tbe efficacy of tbe former in actual opertttittgconditions.

Tbe program of aa oxidizing biocide and biodispersant to cxut troI zebra mussels under operating couditioas will beditu~ed. The use of both contmuous snd iutenninent app ications will be covered, as well as their effect tm the plant
operatltms.

Tbe use at a customer location i~ that the continuous application can be used as a kill  remediative! Inode whilethe httertnittent method can be used in the prevemative mode,
Levels of free bromine tu 0,~.5 ppm FRO are necessary to obtain complete kiII, Time. ttsnpernturr and systemparatneters me impcetant variables to be txmsidered when tbe type of beatnmt is to be chosen.



»Ydcr, Fred L.', Susan W, Fish&, aud Beth Schrreidcr
Ohio Sea Grant Col!egc Program, rDepaitincut of Eats�alogy Tbc Ohio Staic University,

Enviiomnerital Sciences Program, Tbe Ohio Stare Urn "eisrty.

EVALUATION OF POTASSIUM CHLORIDE FOR REMOVAL ~F ZEBRA MUSSEL VELIGERS
FROM COMMERCIAL FISH SHIF%~ S

Shipments of bve t tab are potential vectors for the spread of zchru mussels  L>rcisseisu polyearpha! into watersheds outside
a f the Great Lakes region, Currently, species such as emerald shiner  N0rrnpis rrrhcrzrronf<>! whne bass Nororle chrysaps!
and carp  Cyprihur cnlpro! afc hcilig shipped jn vruter from thc ~ Eric regioss to tither wnnnsticds, uHowmg the possibility
thai zebra mussel veligers might aho be transpcsted. As the range of tbc mussel expuD. ~
catfish  Jrrahrus puucirrrur!, golden shiner  garrmigonrtr c'rysolrircas! and gashcud animus  Puaephnics prmrrelas! could
rcpreieat additional pathways for invasion.

A potential cbctnical tretttment for seleaivcly removing zebra mussel veligcru fNoan the one in ftsb sh'~ is ~
evaluation. Potassium chloride solutions of Oppm  cantm0,500ypmand IN9ppursisre being
rates for emerald shiller, tuthcrui rninrow, golden shmer, white bms and carp. behest ~ velgcrs are scheduled fof tesnng
m potassium ~ solutions af 0 ppm  control!. 25 ppm and 50 ppm to desemtirtc 24 hour rnartahty rates,

htitial results fram testing on these five crxnnierciiil fish species suggesa that 24 hr «zp>nun to potussium chlaride
concentiadons as high as l,000 pprn diduotciutsc tuortalityincacess of that experiezrcedhy lishheld is thc0ppmcaeunA tanks.

Extremely kNv densities of zebra mussel veligcrs in western Lake Erie durirrg thc study period precluded testing
Iethabty of potasQLKn chkmde to vchgefs, 'Ibis portion of thc Illvcsiigatioil wiII hc ccxltinucd in 1992. Previous resealKb bus
produced LC~ values for potassiuru chloride m adult zebru musscls as low as 138 ppm. Vehgers are frequently scen tobe tuare
sensitive to toxicants than are adult lnussels.

Identification of potassium chlrmdc levels lethal io veligcrs but harmhm to carr triterciitlly shipped fish spccieu could lead
to recorntnendstioas for catntrtercial fish bauJcrs on tbc praphyhaic usc of this ctumxi& in retnnhng tbe spread of zebra
ruusscls by their activities,
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Evans, David W., and Lisa M. Coughlin
Chemical Research Departmcmt, Ontario Hydro Research Division

EFFECT OF LITHIUM/HYDRAZINE WAAR CHEMlSTRY
ON SHORT-TERM SURVIVAL OF ZEBRA MUSSEL

Tbe etncrgency coolant injecticn  ECI! systems at Ontario Hytbu's nuclear generating statiw are part of the special safety
systctns used for cooling of tbe nuclear fuel in the event of a Ioss~f coolantacc4knt. The water rcservoua fa the ECI systems
basically coasist of large volumes of demineralized water or iakewater, dosed with lithium hydroxide  pH 9 to I I! and
hydrazine  % to 200 mg/L! to control thc cartesian rates of carbon steel components, Macrufouling by zebra mussels couhl
potenually unpaid the availability of this safety system. A laboratory testing program was therefore uaderutken to deterrtune
the effect of typical iithiuru/hydrazine chemistry on the survival of young  ca. 5 mm! zebra mussels, in tbe short term.

Batch tests were run fur 96 bours in weil-sealed, I L glass vessels. Tests were conducted in both demineralized water and
dcchlorbutted tap water. Initial hydrazine cuncentmtions wet 0, 20, 50, I00 and 200 mg/L. Lithium hydroxide was added to
raise the initial pH to 10. All Sthium/hydrazine dosed tests were maintained at 2KC, without aeration. Controls  no lithium
or hydaehe! were ruu at 10'C and 20'C. both with and without aeration, About 20 young tnussels, naturally attached to PVC
subatrntcs, were used in each treatment. AS regs were duplicatetL Thc musseis were not fed durmg the course of the testing.
Dissolved oxygen, pH, conducuvhy «nd lithium and hydrazine concentrations were measured at the beginning and end of the
test. Although an electro-shock method was avtulable, Ihe bve/dead determmations were done readily by behaviourial
observation.

After 96 bours complete mortabty was achieved in all hydrazine~ treatments, No mortality was observed in «ny
of tbe trcauncn ts in dccblorinatcd tap water where hy4razm was abgnt  i.c. no mortt6ity in controls or in pH 10 Li~
0 mg/L hydrazine ueatment!. Be vated control mortality was found in demineralized water at 20 C, but no mortaS ty was scen
ia corresponding I PC conuols, Observations made during tbe emse of the experiment indicate that. at &0 mg/L hydrazme,
I00% mortality could be achieved withm I hour in demuteralized water and within 24 hours in decbkrinated tap water.

The results indicate that hydrazine levels of 20 mg/L or greater should be rapidly toxic to zebra mussels m either
dechlorinated tap water  which is similar to tbe lakewater used iu tbe station ECI systems> or denuuernlizcd water. The prese
mode ofbydrazine toxicity is unknown, but the rapid uKnaliry suggests that death is uot causedby dcoxygeuation of tbe buIk
water, Toxicity may result from some localized reductive mechanism affccling oxygen uptake at the respiratory surfaces, Not
surprisingly, demineralized water alone alsoincraned mussel nMrtality. Under tbe test conditions, pH. in the range 73 to IO,
did not influence survival nues. The present ECI system chemistry regime, established to minimize materials coriitxt, should
prevent macrufouling by zebra mussels.
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AckcrnuLn, J.D., C.R Ether, D.G. AHen, and J,K. SPell

RECRUTI!IDENT AND ADHESION OF ZEBRA MUSSELS ON A VARIETY OJ. MATERIALS

Th,~entof~m~ls wL.mme~ m bd F  NmH~~O t 0! d~g th ~r ofl99I. W~yphoto rapbic and visual surveys werc conducted of g X l6em coupons madefrorn copp <opp
mild steel. aluminum, tct!on, plexiglass, poiyvinylcbtortde, marine plywood or concrete. Mensurerucnts of adam m g

g Ic vt

thof tbe Zebra muSSCIS adbemg tO lhexe COupons were tmderutken uaing a wall jet deviCe.
Thc rtrst mussel recruitment txxurred at tbe end of June and by the middle of July there was up to one mussel per square

an rm some of the matcmds, At that time, three classes of tnateriNs based on leve is of recruitment! wcte identified:  I! materialswith linle or no mussel recruitmcnt  copper and copper tuckei aUoys!.  II! uutterials with some recruitment  <0.$ mnssels pcr
square aa: aluminum and conrxete!, and  III! uaterials with numerate levels of recruitmcnt  >0.5 musscis pc@ square ctn;
polyvinylcbloride. stainless steel, pkxigims, and plywood!, An incream inmussel densities was noted on most materials with
time. includutg those fran Category  I!. Rx come materials, large incrcIues were observed  e.g,. concre< mild steeLptcxightss!. Generally, there woe mote musscls on roughened surfaces than smooth ones, although there were exceptions to
ibis getuxaHzation.

IuiliaU y, the muzselS were diagerScd ovCr tbe entire coupon. However, wilb time the muSSels Clumped and tended tuwardthe edge of tbe coupons, In bue July, tbc ouupom were overgrown by an algal mat. Although the alga was several mm thick.
it did not appear to affect tbe mussels,

The WaU jel deviCC pruduees a jet Of water with weH-defined fluid dynamic Charneteriaties. Tbe jet is axed tO detaChmusscls such that tbe adhesion force i s related to the shear stress generated by the j tu. Prelin~y results indicate that it requiresbetwccn 60and 70Pa ol notuinat wali shear stress toremovc mussels from stainless steeland potyviaylchloride coupons Theseresults confirm our previous adhesion strength obscrvatiorumade with arouuing disk, Additional measuretnentsare currentlyunder way,

Barber, Bruce J.
Virginia lnatttute of Marine Science. CoHegc of WiHiam and Mary

PRELIMINARY INVESTIGATTON OF THE SALINITY TOLERANCEOF ZEBRA MUSSELS, DRE/SSENh Pof YhfORPHh; IMPLICATIONS RM CHESAPEAKE BAY
Tbe potential for zebra mussels, Drcirsrnapc/yeo~!tu, invading subcstuaries of Chesapadm Bay was cxnmmcd by exposmgintH vidual s to graduaH y incrcaSing salinity and recording growth rate and Cumulative mOrtabty, BOtb exp~ural  ln Whichsahnity was gradually hereascd from 0 lo 2,7 ppt! and control  m which salinity was maiatained at 0 ppt! aquaria wereconstantly aerated at l5'C. Onc third of the water vohune of each aquarium was changed every other day. Mussels were feda daily ration of algal paste resuspended in deionized water. Cumulative mortality of both medium �-l6 mtn! and large  l9-22 mm! mussels m tbe experimental aquarium was 100% withm 52 days while cumulative mortality of both mediutn and btrgemusscls m tbc conuol aquarium was about 30%. Growth ol' taedium mussels in both expcrinusttal and control aquaria was notobacned in tbe Am 38 days ol the expcrunent Cumuhuivc mortality of D, p0fymorpha increased ~caHy mcxtunimentat aquarium after day 30 vvhen salmity exceeded l.5 ppt. Although many questions rctnain to be mtswered. Iypotyrrrorpha could potenuaUy bcconm resident in the upper reaches of Cbcsalxmkc Bay.



B idwell, Joseph R.', L-A. Lyons' D.S, Cherry', and J C Petrille
'L'department of Biology, Virginia Tech, '-Betz Mxrratones, lnc.

SURVEILLANCE OF ZEBRA MUSSEL  DREISSEiV4 POI.VMORPH4!, LARVAL DENSITIES,
SET1I ING, AND GROWfH AT A POWER ~ ON WESTERN LAKE ERIE

Monitoring of zebra mussel densiues, settling, aud growth was initiated in June 1991 in tbe forebay of a power plant kxaied
un western Lake Erie. Densities of veligers were deteinnned eacb week in water samples collected from depths of 2 and 4 m,
while setthd larvae were counted weekly ou glass microsccqc slides which were suspended near ibe plaat intake. Cemrat
panels  IOcm x 20 cm! were also suspended in tbe forehay to further assess mussel accumulatioa aad growth. Maximal veliger
densities were observed iu July, reaching as high as 53NL �30.000/m'! oa one snmpfmg date. Veliger densities appeared to
oscilhite with teinperature through July, with significant drop noted on two occasioas whea water teailxaatures apprurtchaf
30 C. Larval settling, reached 277 mussels/slide/week �4.000/m'!. When slides which were suspetxkcd on 6 July woe
examuuA after 30days, ihe majority of those mussels greater tbaa l mm in length feII into a 2 so 5 mm size range, with densities
of 1gg/slide �0,000/m*!, Larger >10mm!, transient musseis werealsocccssicuuiIIy found on these sfides. Cameat punch fmm
the foiebay were completely covered with a layer of tnussels byday40, By day 60, the majority of these masses ranged between
5 and l 1 aun in length, A 24 cm' su~e from these panels contained g.79 saussels/cmz  87.900hn'! with a wet weight
biomm of l gm/cm'�0kg/m'! Based ixi the data collected to date, July appears to have been tbe peak periodia terms of vebger
densities aud rate of mussel accumulation on motatoring substrates at this lleM site.

Conn, David Bruce. Kimberly A, Shoen, and Soo-Jin Lee
Depttrtmcnt of'Biology. St. lawrence University

THE SPREAD OF THE ZEBRA MUSSEL DREISSENA POLYkfORPHA, IN THE ST. LAWRENCE MVER,
AND IIS POMÃTLQ. INTERACTIONS WITH NATIVE BENTHIC BIOTA

Beginniug in October, 1989, zebra mussels, Dreisseea pofymorplt4 were discovered attadaxl to vaiaas substrates in and
around tbe Snefl Lock of the Si. Lawrence Seaway at Massena, New Yark. Subsequent studies revealed ao mussels ua
substrams exlnnied tlnuughout the approximately 160-kiltxneter stretch of the St, Lawrence River ul'atream from tbe Jocks
at Masseaa, while substratm dowiistream from that site Iuirbxed many mussels. These results suggested that the zebra mussel
coloay near tbe locks at Massena did not become established from natural dispersal dovrnstnmn from Lake Ontario, but more
likely from ballast being dumped into the river by a ship going through the locks. Bx present study was desigtasd to moan
the movement of zebra mussels mto the section of the St Lawrence River upstream fnxn Mamma, and togatber basebne data
oa benthic macroinvertebrntes thai might be affected by this invasion.

Between September, 1990 aud August, 199 1, benihic macminveriebratea were collected frum 60 sites akag tbe upper
IN hn of the Si. Lawrence River. Collectioas were made by hand from boih hard and soft bottoms and fitan ~
macropbytes, mostly in shallow ae @hem waters. Other collectious were made fram navi~ bialys aud their nacho+ in
the river's channel, and by SCUBA dives in deeper waters, Plaakion samples were taken from mast of the sites using a 63mm
mesh plankton net.

A few newly settled zebra mussels were found attached to rocks ai a site appemhnately 1 aule apstreran from Masama
No newly settled or aduh zebra mussels were fouad at any site farther upstream, despite the fact that other resatrdiers ~
isolated colonies at Cape Vincent, Ncw York  at tbe river's outAow fmm Lake Ontario! and Prana Ontario 0ialfway between
Lake Ontario aad Massena!. No vcllgefs were fouild m p~ saalples taken uptarzam fmrn ML!iseaa.

Native mofluscs collected included 26 snail species  Gastropoda!. aad num~is ~ and spbaeriid dams
 pelecypoda!. Uaioaid dams near the Masseaa site were frequeady covered ai their posterior  siphonal! ends with zebra
mussels; many heavily covered uaionids were dead, Insech collected repiestmsed 9 orders atsd 27 fauuhm. Tbe number of
famille of each order were: 7 Tricteptern  cagdisflies!, 5 Coleoptem tbeetles!, 4 Hemiptera  true bugs!, 4 Epbemen~
 mayfhea!, 3Odomua  dragonQies 4 dmnselflim!, I Megakgnera dobsonflies!, 1Diptera  tine fhes!, I Hymerroptera  wasps!,
aad 1 Lepackytera  moths! Amphipod crustaceam were abinahmt, but isopods. crayfishes, sponges, bryozoatu Hydro and
fiatworms geaeadly occinted m smalkr numbers. lhe most abundaia anima were cackhdlies of tbe families Brachyantridse
and Hydropsycbidae, These msects require clean flowing water for feeding, aad basil substrates for attachment. Becmise these
retluixements dosely ~l those of D. pofymorpha, stroag competition may result as the latter spreads thmugb tbe river The
results of such competition might have a negative impact on sport Gsbes that feed heavily oa the inseas.

This study was supported by grants from the Pew Charitable Trusts aad St, Lawrence University.



Crawford, Gary W., Jon J. Mojares, Lames U, Walker. and Jeffrey L. Ram
Deparuncni of Physiology, Wayne State University

ZEBRA MUSSEL SPAWNING INDUCED BY SEROTONIN: VIDEO RECORDING
OF SPERM AND EGG EJECTION AND SUBSEQUENT FERTILIZATION AND DEVELOPMENT

As n~ elsewhere  Ram et al., this volume of abstracts! spawning of both male aud female zebra musscis can be induced
by external applicatian of 10' M sciceain �-HT!. Video recording illustrates several features of the induced behavior and
resultant gameres. Within 15 min of 5-HT application to males, sperm began to appear in a narrow "jet" fram tbe cxcurrent

ibis wcllWfinedstream extendcd at hast15 mm from the spawning rmimaI  tbe limit of tbe small vials used!, Animals
continued to expel spam for an hour or more, in same cases producing enough sperm lo obscure tbc spawning anhnt6 in tbe
10 ml sataI volume in Mich experiments were dane, Snniiarly, eggs appeared iu the cxcurient stream of females within ane
mid a balf br Of 5-HT apphcatiOn. In SOme females, eggs were expelled with btrger partiCulalcs, re Sembling gonads fragmentS
of ovarian tissue. Although valve closures and openings werc reperitcdly observed in spawning rmimals. this behavior does not
appear ta bc directly in vol ved in expulsion of gametes, since gametes were continuously ejected while valves werc apart and
siphons open. In tbe small vials in which experiments were done. a portion of tbe discharged eggs and sperm were drawn into
Ihe incurrent siphon, a phenomenon which may account far con-specific offspriag suppression by zebra mussels, as described
by MacIsanc gr Sprules �st Inc Zeb. Mus. Res. Conf., 1990!, Projection of gamctcs to a distance from spawning ~ in
the Observed jet Strcamx may be a way Of Countering this tcndCnCy lO OffSpring ingestian,

Eggs and spmn spawned in response to 5-HT werc examined with vidcomicrmcopy. Sperm swam actively. Within 2
hi of adding sperm toreleurcd eggs, many of the eggs began to show sigus of fcNIizanan: double nudei, cleavage, and, in some
instnnces, four divisions canraming sepanue nuclei, etc. These observations india lbat viable gametes can be produced by
5-HT-~ spawning.

French, John R.P�and Michael T. Bw
U.S. Fish and WiNife Service, Natiaiurl Fisheries Research Center � Great Lakes

FRESHWA'IER DRUM  APLODJA OTUS GRUNNIEÃ$!,
A PREDATOR OF THE ZEBRA MUSSEL IN LAKE ERIE

Fieahweter drum  AplodirrorLr grnericus! are can!ddetnd major mollusk predrttars because they possess mohriform
phar!mgeaI teeth used to crush shelh. However, mollusks were not found tobe aa important food af Lake Erie freshwater dnnn
in the 1960-19$0 period wben they arnnprised ass thrm 7% ol tbe benthic cmmimties m the western part af thc lake. The
E'ztctrpean zebra mess@  f!rcisseea pofymorfr Jrrr! established a Ieptd ation in the late 1980s and became anc of mast abundant
macroinveitebrazes in western Lake Eric. Wc conducted a study ta determine if these mallusks bad bccomc a major food of
freshwater drum. We collected drum fram 22 statirms in tbc western basin of tbe hke aad examined their gut contents in May,
July, und Seprtember 1 990. Freshwater dean did not feed sigirificantI y rxi zebra mussels until they werc ut hast 250 mn long.
Prcdatian on zebra mussels incrcrrsed as drum size increased. Medium-sized drum �50 to 374 mm kaig! fed mainly on
difazuans m May nnd shifted their diets to zebra musscls in July and small fish m September. Large dnnn  over 375 mm long!
fcd ahnost exctutuvely on zebra mussels throughout the collection seasan. Smce freshwater drutn over 375 min keg feed
heavily cxl zebtn lnusaeg they shordd he cr3$~ridcrcd as ane component of a zebra Inlisscl control stmtcgy. We IIXRBmcnd that
matiagemait ageades txmsiWregubttary and public cdua>tian options for incteasmg tbe population of large freshwater'drum
in ~ Erie to improve tbe likelihood af greater predation pressure on zebra ~.
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DETERMINING THE SEX AND REPRODUCTIVE STATUS OF ZEBRA MUSSELS

Deunxxtiuing sex ratio and reproductive status of zebn musscls ciai provide useful inf~n un when veliger prodixctioa wHI
begin «ada general estitnate of overall numbers. The iepmduciivc status of a mussel is determined by removing a partian of
the combined digestive-repmductivc tract, and emanating this material under a microsrxipc. Zebra mussy faH into four
categorie~c, female, bmeybxoditc, or immature  unidentifiable!. Thc xatioof xnalmo-feuutk. as well as the degree of
beinuQxnxfism, varies considerably fmm cokey to colony. Ixmnatuxe is a term used to describe mussch whose gamem are
uot diNexcntiatcd at this mme, reganSess of sbeH size or previuus spawning record. The general appeirimxce and ize of the
gamete found during, disseaion huhcates when spawnmg will coeur, Mature femaks contain eggs sbowhxg both nudci and
germinal vesiclcs. However, although eggs can show both nuclei and germinal vesicle. at a size of 0.030 xnm, these eggs must
reach over 00% mm before spawning occtrs. Mature males contain spcxmt tbnt are txiangubtr m shape. kss thtn OOI mm m
size, with multiple tails. Sperm are not released untH they are triangular ia shape as weH as taHed. h gencrnI, it takes about 8
to l0 weeks at 20'C for an bxuxutmre mussel, with no distixiguisbable gamescs, to develop fnHy ripe ganteSes.

TTxorp, James H., and Kim H, Haag
Uaivenuty of LouisviHe, Water Rescerces Labonttory

USE OF A RIVERIIW MESOCOSM TO STUDY THE ENVIRONhKNTAL TOLERANCE'I
OF ZEBRA MUSSELS IN LOTIC ECOSYSIEMS

Thee is a paucity of mforauxtion on the biology and impact of zebra mussels in rivers. In Europe, where Drcixscxta is wc92I
established, the poHuted condition of many lotic hahitats has presumably limited rivcrme pogebttions. In the Uxnted Stases, the
zebra xnussci has only recently spread bxxm hxcustrine ecosystcms to rivers draining into tbeGolf of Mcxitu and ~OCcsn,
Sigmficant difference in envircemcntal conditions existing inrivers versus lakes make it inxidvisabk to rely solely xnxavttHs de
data fxxxm lakes when predicting impact of zebra mussels in rivets,

To oemxme this hck of applicable data wc have designed an outdoor, flow-through xiverine xnesucotun to study the
cnvboxxmcntal toknxxumof zebmmussels in laticecosystexns. Tbe initial phase consistsof forty PVCuxxugbs with amaximtnn
depth of 4 inches and a kngih of 10 fcct. AAer entering a bead tank, untreated water from thc nearby Ohio River is pumped
through tbc individual troughs at an "avcragc" current velocity of O. I m/scc. From 50 to 75% of thc watxz ia xecixcalatcd, to
reduce the xeriuired pump capacity. Waste water fxrxn tbe systexu is pumped thxough a mixed-media filter, txeated with high
concentrations of chlorine, and then sent to a bohfing lagoon. Channels are colonized with adult zebra mnssels attadn9 to
removabk, ungIazed ceranuc txks at vanous dcnntxcs �000Ixn' m an nuonl study!

We are conducting studies to detexmiae effect of teaqexature on tbc biology of Drc'isxcna and the cflects of zebra
musseisonnativcmussels. For the tbernud experiments. ten rcphcaics of 3diffexcnt tempcxxitxnexegixnesarebelngxurc ambient
 coxxrnyoxiding to the average weekly texnpcrxauic at tbe intake pipe on tbe Ohio River!; 25% lower than ~t; and 25%
bighcr than ambknt. Dependent variaMm in this I8-month temperature expcxixncut are pexccnt sxuvivaL growth rate, xzid
~ of relnoductxon.

Wc are also buikling an indoor, l00% xecircilkating mcriocauxt which will use untreated water &am the Ohio River. Initial
studies wiH examine the effect of current velocity on settling of postveligers. A bcadtank wN bc uoknized by atbxlts aud
tcarlgratiaes wiH be mainttuned at 18-XPC. Veligers wiH be circulated ~ the channels at current vekxti5es of 1.0-2.0
m/sec, Glass slides, and other substrates wiH bc phced m the channels and exaxained semiweekly to deterxnixL scsthng
frcqucxxcy,
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INFLUENCE OF POPULATION AGE S11tUCIURE ON THE TOXICOFJNEI1CS
OF THE ZEBRA MUSSEL DREISSENA POLYQORPHA

Field and laboratory obe~tions indicate that Drersseaa polyraaryha colonizatioa straegiet, both on ~ sabstratea aad
artificially-placed substratet. such as cement blocks, are dependeat nn population densities and age stra~. Size frequency
dNxibutions of popiiladans illustrate that habitat selectivity declines with iacreLang population deasity. It is fikely thai
Selective prefereneeS are related in DreirSear'S filtering meChanitm. where a better" pOSitiOa equatea to more faod. FiltratiOn
represents a critical mechanism by whidt cbetaacals are hicrtonimulated in organisms such as zebu mussels. Additional
investigations are currently underway in order to deterniine the filtering rate aad calibrate the cbcmic4 dynamics of Dreissearr
pafymogzha in tbe htbaranxy and in the field. Once ciilibutzd, this information will be used to index the toxicokhetics of
Draisr ma polyraorpha with refereno. 'to population age structure nad mussel orientation oa substrate.
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ABSTRACT

Other than thermal treatment, the use of various chemical
treatments to control zebra mussels   ! in
both the U.S. and Canada is veil documented and appears to be
effective under a number of different protocols. However,
concerns over the potential impact of these treatments to

i i w t r bodies has motivated industry to investigate
alternative or complementary control approaches. The con ro o
zebra mussels by thermal treatment is an alternative approach to
chemical treatment vhich may be effective vhile producing minimal
harm to the environment.

This Research and Development project to control zebra mussels by
thermal treatment at Niagara Nohavk power Corporation's Dunkirk
Steam Station yields results which can be used in several vays.
The main goal of this project is to follov up on the experience
gained during previous thermal treatments and to establish a
controlled study base using sound experimental technologies. The
main benefits from the project are the applicability of the
results to similarly designed pover generating stations and the
potential usa for the design of near generating facilities.

To remove the zebra mussel infestation in the circulating vater
t t Niagara Hohavk Power Corporation Dunkirk Steam Station,system a agara

it is proposed to increase the temperature of' the intak e water
used for steam condenser cooling fr'om 55-65 P  L3-18 C! to at
least 95 P �5'C!. The construction of the circulating water
system at the Dunkirk Station is such, that by adjusting some of
the gates in the system, it is possible to redirect the ma n
co ndenser heated discharge water back to the intake structure and
to the screenhouses instead of discharging into the harbor. This
redirecting of the condenser discharge vater to the intake
structure/screenhouse has resulted, during previous treatments,
in an increase in circulating vater intake temperatures to at
least the anticipated temperatures required to kill zebra
mussels. To prevent equipment damage, the maximum intake
temperature will be limited to approximately LOO ~ P �8 C!.

Biological and temperature monitors vere placed throughout the
circulating vater system. These monitors vere used to first
establish a control base of mussels present at Dunkirk Station
prior to thermal treatment implementation and then to monitor
mussel activity associated with temperature changes-
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