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MacNeill, David B.
New York Sea Grant

PHYSIOLOGICAL AND MORPHOLOGICAL COMPARISONS OF DREISSENA POLYMORPHA
AND MYTILOPSIS LEUCOPHAETA (BIVALVIA: DREISSENIDAE)

"The mtroduction of the zebra mussel, Dreissena polymorpha, into North America may have serious economic and ecological
ramifications. Within the next ten years, Dreissena is predicied 10 spread into several estuarine arcas along the easterm seaboard
of the LS., potentially resulting in a range overlap with the dark false mussel, Mytilopsis leucophaeta, a euryhaline dreissenid
native to North America. Like other dreissends, Myrilopsis leucophaeta has biofouling tendencies, although believed to be of
lesser consequence than Dreissena. Results of a literature review indicate partially overlapping salinity tolerances and habits
of Dreissena and Mytilopsis in Europe. Because of their related phylogenies, these two bivalve species display close
morphological similarities, particularly as juveniles, leading to probable ficld misidentificarion as their populaticns become
sympatric. This presentation reviews physiological and morphoiogical descriptions of Dreissena polymorpha and Mytilopsis
leucopharia and provides an abbreviated guideline for their definitive identification.

Garton, David W., and Ann M. Stoeckmann
Departnent of Zoology, The Ohio State University

GENOTYPE-DEPENDENT METABOLISM AT THE PHOSPHOGLUCOSE ISOMERASE LUCUS
AT AMBIENT AND ELEVATED TEMPERATURES

MWWMWMMDr:&eMWmmmmMWyM@ levels of genetic
variation atmany enzyme loci. The locus coding for the glycolytic enzyme phosphboglucose isomerase (PG EC 5.3.19) is the most
vatiahle.ﬂ&xm%mhﬁc&eﬂszmmﬂ%mwsuﬂysimhmmmm, Swadies on variable loci in
other invertebrate species have identified fluctuating environmental faciors as primary agents respausible for maintaining gesctic
m.mmaﬁmmmummmmmmmmmmmmmmmmmm
in PGI allefe frequencies. Accardingly, we performed a series of experiments during the summers of 1990 and 1991 to determine
if metabolic rate was genotype-dependent at ambient and elevaled temperature in Dreissena.

OxygmmnmﬁmammmemmmmmGimmmmmauummmh-‘ud
mussel at STP. Following oxygen consumption measwrements, PGI genotypes wese determined for each mussel using cellulose
aceuse electrophoresis. In lehﬂkmwmmumﬂwdmmumtmpmm.mmzmsmysroMgmfa
lo31.2°C{N=lZﬂl‘u‘mbiwtmdDayl.N=80mr[hy5J.lnl%l.cqnﬁmmwmpufamedfwﬁm(hﬁay.luly.hgmt
m%ba).mmmenmmmmmmmmmdu.&llandlS—lﬁdaysfolbwing transfer to 30°C
(Nnd{}t‘uradlmpledanc;ualN:@O).Achpuinmmmpafmdal(]ﬁoSmUnimﬁty'sF.T.S:m:Labomluy
in western Lake Erie. Analysis of the 1991 scries of experiments is currently in progress.

There were three common and four rare alleles at the PGI locus, numbened 1-7 in reverse order of electrophworetic mobility.,
Alﬁmghnhwmmdammcﬁxgmmufmwmmmmmnmoznwsgm 33, 44 and 55;
haumygwsgamypm34,35md45}mm;risad87.5%ofmcpopnaﬁm.nmmuysiswmmuiuedwmmugcnomm
order t0 maintain a balanced experimental design. Average oxygen consumption of heterozygotes was significantly less than
humzygotes@l.svsi!ﬁ.Ouihr‘.mpecﬁvely.ANCOVApc0.0QS).Hamygwsgmotypaymdﬁbadmudﬂowavme
muﬂ:o!icmesmmwomﬂgmmmu:mmMygmgwfﬁ}MﬂgﬁﬁmﬂymgMngem
e, Avuagemetabolicmesofgmypes33.44md45watinmrmodimebetwengmtype534md35,md55.Gmotypc-
@aﬂmﬁmhmﬂkmmeﬂﬁmwﬁhﬂgﬁfm&ﬁmmm”mm
hanozygomocanmmehvawdmwm&mSdayspnst-umsfmonr(:)andnmalamﬁmlakempuanmm.S“C).

Increasing watex icmperature has been bypothesized as a factor limiting southern expansion of Dreissena in North America
&ummemmmbummmmkmmmmmmapmmmm
mmemwmwmmaMMwummmmmmmmmmm
thermal toierance measured on “m&un"pupuhhnmymlmmdyuedhulﬁmueﬁamalhhmad“swﬂmn”




Eckroal, Larry R., and Louise M. Steed
The Pennsylvania State University at Erie, The Behrend Coliege

STRUCTURAL CHARACTERISTICS OF THE BYSSUS OF THE ZEBRA MUSSEL,
DREISSENA POLYMORPHA (PALLAS), WITH COMPARISONS TO THE BYSSUS
OF THE BLUE MUSSEL, MYTILUS EDULIS (LINNAEUS)

To bewer understand the morphology of the byssus of the zebra mussel (Dreissena polymorpha), the surface and interual
structures of the stem, threads, and plaques were examined with a scanning electron micrascope. The information provided
adds to the current understanding of the morphology of the byssus of D. polymorpha and shows that the byssuses of D.
polymorpha and Mytilus edulis are markedly dissimilar.

Micrographs indicated that the byssus of D. polymorpha was 8 continuous structural unit that was attached (o the inside
ofﬂmmussel'sshellbyremormuscles.Insanespednwns,mffswmpmsmlonthcslrmsﬂmemwmem
Becauscthesccuffsseemedwbclostbyqndmensﬁomwmd:mcbyssuswasmmuywlbd.memsbywmmc
mussels voluntarily detach from a substratum may not involve pulling forces. The thread-branching patiern suggested that the

tanning process. hadmﬁmnwmwvmmmewmwfmofmcmrudsmmmWMymdbme
hlcrmsinglyﬁdgeddismlly.Thislmmmpognphymymwnbwmscmcwmmhﬁsmomammcwaﬂsnfmcvmml
groove of the mussel’s foot. P‘Iaqu@s.wbid:amﬁkdymhcﬁuedwithmadhesivc.wmanchedwslﬂ:sminmws,wﬁdn
could mcrease the stability of the mussel's anchorage.

Ilhasbemmpawdthatlhebyssusofﬂ.pabmmkaissimiluwﬁ:ebyssalappwmfoundinuedndimndmherma-ine
bivalves. Although there arc many similarities between D. polymorpha and M. edulis, differences in their byssuses were
distinguished using the scanning electron microscope. For instance, in these two biofouling species, differences exist in the
anchorage of the stem, the patter in which the threads branch from the stem, the thread surface topograpby, and the
mm'phologyofthcregiunoftheun'eadthatcxtmdsinlomephqm.mmﬁmmbysmsmmphologymﬁk:lywbe
related to how the byssus is formed.

Because byssal attachment is fmdammtalm&wsuccemofmusselsmauﬂmﬁzehadsubsm morphological
differences between the byssuses of various biofouling musseis should be recognized as researchers develop and adapt control
mechanisms,

Nichols, Susan Jerrine, and B, Kollar
U.S. Fish and Wildlife Service, National Fisheries Research Center——Great Lakes

REPRODUCTIVE CYCLE OF ZEBRA MUSSELS (DREISSENA POLYMORPHA)
IN WESTERN LAKE ERIE AT MONROE, MICHIGAN

The reproductive cycle of zebra mussels was invesigaied to determine length of veliger production, length of ripe gamete
pmthnctiun,pwmntageoffanalcspresaxLandsizcofscxualmmurﬂy.'lhissmdywasmduaed weekly since May 1990 at
the Detroit Edison plant in Moaroc, Michigan. Basically, veligers are present in the water column for 6 months. I 1990,
veligers first appeared May 30 at deasities of 75/, peaked July 26 at 18711, and wexe last found October 3 a1 4/1.. In 1991,
veligers appeared on May lZmMmdbyJunelSmm179&..Almoughvcngcmwmprmtmlhcmmlm for
ouly 6 months of the year, zcbmmusselsmiedrimgmseverymmthoﬂbeyw.hMay.lnnc,md]uly 1990, over 85%
ofmcmusselswemnyingnpegamctes.nispemnmgcdmppede%byJanuay 1991, increased to 19% by February
= was at 92% by May 1. &Mmmmmvmmmmmmamm.m samples
collected from May 1990 1w May 1991, the proportion of females increased from 52% 10 74%. The mussels also showed 3
decrease in size at sexual maturity, from 13 mm shelf length in May 1990 1 5 mm by May 1991. These seasonal changes
Mmmmcrququdcofmmhmadﬂyaﬂwcdbykwdmvmmm&mm therefore may
vary considerably from site-to-site.




Conn, David Bruce, Soo-Jin Le¢, and Kimberly A. Shoen
Department of Biclogy, St. Lawrence University

ULTRASTRUCTURAL CHARACTERISTICS OF THE DEVELOPING AND
OVULATED QOCYTES OF THE ZEBRA MUSSEL, DREISSENA POLYMORPHA

Theexplosive population growth and widespread dissemination of the zebra mussel, Dreissena polymorpha, in the Laurentian
GreatLakes system is partly aresult of its very high reproductive potential. Despite the obvious importance of this reproductive
potential, virtually nothing is known about the celtular and suboeliular aspects of reproduction in D. polymorpha. The present
study was undertaken to elucidate the basic ulrastructural features of the oocyies in this species.

Adult female D. polymorpha were collected in July, 1991 from a well -established population in the St. Lawrence River
near Massena, New York. Within § minutes of collection, cach mussel was dissected and its visceral mass removed and
processed for light and transmission electron microscopy.

Oocytes concurrently occupying each gravid ovarian acinus were divisible into two basic groups: developing (pre-
ovulaed) cocytes which were closely anached to the acinar epithelium, and ovulated oocyles that were free in the acinar Jumen.
All cocytes contained numerous free ribosomes and mitochondria, heterogeneous membrane-limited vesicles, scant grapular
endoplasmic reticulum (GER}), and a few myelin figures. Each possessed a single nuclens with a prominent nucleolus, abundant
closely-spaced nuclear pores. and litde heierochromatin. The plasma membrane of each oocyte was folded into a dense brush
barder consisting of numerous cylindrical microvilli of uniform lengih and diameter supporting a promineat glycocalyx.
Homogeneous membrane-limited cortical granules occupied the conex of each oocyte. Ovulated oocyies differed from
developing oocytes in having cytoplasm of lower electron density, cortical granules of higher electron density, fewer free
ribosomes, more dilated GER cisternae, and a more spherical nucleus. Between the cocytes, each acinus was completely filled
by a somewhat granular, moderately electron-dense maietial.

The presence of a large nucleus with larpe nucleolus and abundant nuclear pores suggests a high level of maternal RNA
vanscription and ribosome production with export (o the cytoplasm. Protein syuthesis resulting in numerous ¢ytoplasmic
granules and vesicles may be associated with autosynthetic vitellogenesis and/or cortical granule production; the latter may
be a provision for polyspermy prevention. The close phiysical association between developing oocytes and ovarian acinar cells
may suggest a mechanism for beterosynthetic vitellogenesis as described previousty for other mollusc species. The well-
deveioped glycocalyx associated with oocyte microvilli may play an inportan{ role in gamede recognition and fentilization.

These data provide vital baseline information for understanding the process of oogenesis in D. polymorpha. This
information will be crucial to our understanding of many aspects of reproduction in this species, and might prove useful in the
developenent and evaluation of new technologies for coutrol based on interference with reproductive output.

This study was supposted by grants from the Pew Charitable Trusts and St. Lawrence University.




Otter, Tim
Depantment of Zoology, University of Vermont

BIOLOGY OF ZEBRA MUSSEL SPERM

1 bave sought (o establish some baseline information on the reproductive effort of male zebra musscls and the viability and
motility of zebramussel sperm. These data should be of interestintwo ways: 1) 1o comprehend the physiology of normal sperm:
and the process of exiemal fertilization in zebra mussels, and 2) (o identify potential targets for the control of zebra mussel
reproduction.

Spawning was induced by immersing each animal in Millipore-filtered tskewater (FLW) containing 0.11.0mM 5—
hydroxytryptamine (SHT) buffered at pH 8.4 (4-6mM Tris-HCl). Lower doses of SHT were ineffective, but all doses of SHT
20.1mM induced spawning in ca. 20% of the mussels. In some cases spawning could be seen directly as a cloudy plume being
discharged from the excurrent siphon, as soon as 4 min. after exposure to SHT. In other cases no plume was visible and the
water became noticeably cloudy with sperm some 30-60 min. after addition of SHT. Because females appear relatively
unresponsive o SHT (Ram & Nichols, "90) and the sex ratio is ~1:1 (Garton & Haag, *91), I conclude that the non-spawners
were immature mussels, females, or males that had recently spawned in nature. Shell kength varied from 13mm-—27mm, and
sperm count (hemocytometer) ranged from 7.3 million to 350 million, with larger mussels releasing proportionately more
sperm, assuming that a constant pescentage of body volume is gonad. Roughly half of the mussels in this population are 5-
15mm loog and capable of producing gametes, whereas less than 10% of mussels are larger than 15mm. Taken together, these
data suggest that during an episode of mass spawning, over half of the sperm in the water would have been released by small
(5-15mm, probably 1 yr.—old) mussels.

Sperm swimming paths and sperm morphology were recorded on videotape using darkfield or phase-contrast
microscopy and then analyzed by computer-assisted methods. The average sperm length is 54.7 +3.1 pm (50pum fagellum;
4.5um long buliet-shaped head). In some sperm, phase-dense regions were observed at the base of the tail (swollen
mitochondria?) and near the Gip of the head (acrosome 7). A more detailed analysis of swimminp path parameters is i progress,
but sperm movement can be grouped into five basic categories: immotile; erratic twitching; intermittent swimming; slow
smooth swimming in circular paths; fast smooth circular swimming. In the best preparations, the initial percent modility
gpproached 90%. Sperm became progressively less motile within minutes to bours after spawning, with the teame course of loss
of motility highly dependent on temperature (range 15°C-27°C). These results imply that at the peak sumimer temperatures
in Lake Erie, fenilization must occur within minuies after spawning while in cooles waters fertilization might be delayed
considerably. One major question that needs o be investigated is whether SHT has any direct {stimulatory) effects on sperm
motility, as it does in certain other bivalve molluscs.

Support: Lintilhac Foundation, Univ. of Vermont.
Location: F.T. Swoe Laboratory, Put-in-Bay, OH.




Ram, Jeffrey L., Gary W. Crawford, and James U. Walker
Department of Physiology, Wayne State University

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

Oae approach to coatrolling zebra mussels (ZMs) is to find weak points in their life cycle that can be exploited in developing
aspecies specific control method. We have boen focussing on reproductive mechanisms. Previously, this laboratory (Ram and
Nichols, 151 Int. Zeb. Muss. Res. Conf., 1990) reported that injection of serotonin (5-HT) induced ripe males (but not females)
to spawn. We now report that 5-HT can stimulate spawning in both males and females and can be applied either externaily
of by injection. ZMs, maintained in a closed system, responded 10 injection of 10* M 5-HT initialty (May, 1991) with only
male spawning, as previously reported. Howe ver, afier maintenance in our system for 2 weeks, identical experiments elicited
spawning from both males and femaies. Furthermore, S—HT could be applied either by injection or exiernal application {no
significant difference between injecting 0.1 mi 10-* M 5-HT or immersing animals in 10 ml of 10-* M 5-HT). Spawning
responses with 10° M 5—HT could be elicited from ZMs mainiained in this system for more than two months {and continuing),
with on average 43 +2% producing sperm and 28 +4% spawning cggs (n = § expis., total 440 animats, females are significantly
different from males, p<0.025). Of 120 controls, given identical ¢lection and handling, but no 5-HT, none spawned. The
shortest latency observed for spawaing in response to external S-HT application was 15 min for males and 1.5 hr for females
at ambient temperature (about 22°C}. In response to a range of [S-HT], the lowest concentration to produce spawning by
external application was 10 M, which elicited spawning al approximately halfihe frequency as 10 M (p<0.05). Upon resesting
previously spawned animals. 70% of both males and females responded again when tested one day latee. 5-HT can, thus, be
used 85 a non-invasive means for identifying ripe males and females. Furthermore, ZMs appear o give environmental
chemicals access to their reproductive system, a property that may be exploited for purposes of control, (We gratefully
ackmowledge the assistance of S. J. Nichols in obtaining animal and doing initial experiments, and }. J. Mojares in analyzing
spawn.}

Stoeckmann, Ann M., and David W, Garton
Deparunent of Zoology, The Ohio State University

METABOLIC RESPONSES TO INCREASED FOOD SUPPLY AND INDUCED SPAWNING.

Metabolic responses of Dreissena polymorpha 1o increased food supply and induced spawning were measured during July and
August, 1991, Zebra mussels were maintamed under ambicnt conditions of food and temperanure in umning lakewater aquaria
a F_ T. Stone Laboratory focated on South Bass Island in western Lake Erie. Mussel diet was supplemented from 20 May to
28 Angust by adding § X 10° cells of a preserved algal mixture twice a day to 4 401 aquarium. The supplemented dist consisted
of a concentrated mixture of cultured marine algae (Tetraselmis and Thalassiosira, Coast Oysier Co., Diet A). Ingestion of the
anificial diet was confirmed by histological analysis and increased fecal production. Receady collected mussels were induced
© spawn by adding serotonin {107 M S-hydroxytryptophan) to filtered lakewsier in the respirometer flasks. Spawning was
datected by visual inspection. Al mussels were preserved for histological analysis to determine: stage of gametic maturation
(“readiness™ for spawning). Oxygen consumption of mussels under increased food and induced spawning conditions, measured
using a Gilson Differential Respirometer and expressed as ul b sid mussel! at STP, were compared to 6XYRen CONSumption
of mussels mainwined under ambient conditions. All metabolic rates were standardized to & dry weight of 15.5mg,

Preliminary results show metabolic rate increased significantly following increased food and indaced spawning. Average
oxygen consmption of food supplemented mussels was 1.3 times that of ambient mussels (42.68 vs. 33.51ul O, b*, respectively).
Similarly, average adjusied dry weight of food supplemented mussels was nearly twice the average dry weight of mussels under
anbiend conditions {24 vs 14 mg, respectively). Averageoxygen consumption of mussels exposed to serototin, but no! spawning,
was significantly greater than for ambient mussels (43.20 vs 33.51 ul O, i, respectively). Afiexr comrecting for the effects of
serotonin, mussels indoced Lo spawn increased average oxygen consumption 1.7 times that of ambient mussels {56.45 vs 33 51
ol O, b respectively).

Significant increases in metsbolic rate and length-standardized dry weight of mussels i the food supplemented
experiment are evidence that Dreissena is food-limiied in western Lake Exie. This observation supports the conclusion that
growth a0d reproductive output of Dreissena will be proportional (o the availability of pbytoplankton. Elcvasked metabolic rate
indicates spawning is a physiologically stressful event. Reduced resistance to additional stressors during active spawning may
bave spplication for mitigation and control strategics for Dreissena. :
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Ackerman, Joseph Danicl’, and Renata Claudi’ ‘
'Department of Mechanicat Engineering, University of Torooto, *Omtario Hydro

THE EARLY LIFE HISTORY OF ZEBRA MUSSELS: OVERWINTERING JUVENILES
AND POST-SETTLEMENT MOVEMENTS

Currendly, there is no generally acceptad nomenclature for the larval and post-larval stages of Dreissena pof)morpm‘ This has
led 10 confusion ip the enumeration and reporting of zebra mussel occurence and abundance. Morphological and behavioral
Ut!_iu‘valions of Dreissena larval and post-larval stages are, bowever, similar to muarine bivalves. Based on these conserved
traits, we have chosen 10 extend standard life history descriptions (¢.g., Carriker, 1961) to Dreissena. _

The pediveliger and plantigrade are considered the most relevant planktonic post-larval stages from the perspective of
mussel settlernent. It is in the pediveliger stage that mussels are fond swimuming in plankion and crawling on hard substraics.
Movement can occur between these two modes of existence until byssal attachments (primary settlement) are achieved i the
plantigrade stage. Plantigrade post-larvac are not entirely sedentary and active movements occur ot hard surfaces and in the
water column following initial anachment (secondary setticment).

Post-larval zebra mussels can overwiner on hard surfaces and were collected during February and April of 1991 m Lake
Erie. Moreover, pediveligers and plantigrades were detected in the plankton and on freshly developed substrates in the spring
of 1991. There is reason o believe that these observations representod the movement of post-larvae from overwintesing
;fmlaﬁonsmham&e spawn of the 1991, This complexity in life history has implications for the understanding and control

zebra mussels.

Greenberg, Alan', Gerald Matisoff?, Gerald Gubanich', and Julius Ciaccia’
'City of Cleveland Division of Water
Department of Geological Sciences, Case Westem Reserve University

ZEBRA MUSSEL VELIGER DENSITIES AND WATER QUALITY PARAMETERS
IN LAKE ERIE AT THE CLEVELAND WATER INTAKES

Zebra mussel (Dreissena polymorpha) veliger densities were measured in the open waters of |ake Erie near the Kirtland water
intake in Cleveland in order to identify times and depihs of veliger settlmg to optimize chemical and mechamical control
procedures. A smatl number of veligers first appeared in the water in late May when the surface water temperature was about
22°C. A small density maximum (27/1.) was recorded on May 29, 1991. There was a sccond, larger deasity maximum (316/
1) which occurned on July 30, 1991. There has been more than an order of magnitnde increase in peak veliper densities in the
Cleveland srea since 1988, Maximum veliger densities increased each year from just a few per liter in 1988 10 well over 300/
L in 1991, Maximum veliger densities in the Cleveland area are lower than those reporied from the western basin of Lake Erie
in previous ycars. The highest veliger density is usually found in the epilimnion just above the thermoctine. Somewhat lower
densities are found at the surface and almost no veligers are found in the hypolimnion. The water intakes receive water from
adepth of about 35 feet, within the zone of high veliger densities. However, almosi no veligers survive iransport 1othe Kirtland
water plant at the other end of the intake pipe. Mechanical pumping was employed on August 13-14, 1991 o dislodpe zetea
mussels from the intake pipes. This resulted in 35 yd? of zebra musse! debris collected at the Kirkland shore shaft and well
screen. Moathly average summer Wrbidity data and Secchi disc measurements from 1985 10 present suppaort the premise that
zebra mussels are “cleaning up the lake™ and lowering urbidity in the central basin near Cleveland. In fact, the Clevelsad
Division of Water is npow investigaling coagulating agents other than alumn because of alum’s inefficiency in low trbidity
waer.
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Martel, Andre
Canadian Museum of Nature

OCCURRENCE OF POST-METAMORPHIC DRIFTING IN ZEBRA MUSSELS:
IMPLICATIONS ON DISPERSAL AND RECRUITMENT

Field experiments conducted along the north shore of the central basin of Lake Erie using off-bottom coliectors hawe revealed
that post-metamarphic drifting may play a sigaificant role in the life history of the zebra mussel, Dreissena polymorpha. These
collectors, made of rectanguiar pieces of fibrovs material (11.7 X 12.0 am, 0.8 am thick), were deployed for shoet time periods,
24-48 hours, thus preventing colonizing zebra mussels from growing significantly while on the coliectoss. For cach zebra
mussel recruiting (o the colleciors, the examination of the larval {prodissoconch 11} and juvenile shell (dissoconch), including
the distinct demarcation between these two regions of the shell, made it possibie 1o determine the stage at which each mdividual
colonized the collectors: (1) as a frec-swimming planktonic veliger (colonizers of 240-270 um shell length or less), or (2) as
adrifting juvenile, namely individuals that had already melamorphosed (310-330 um shell length and shove). The occurrence
of early juvenile stages drifting in the water column was also coafirmed by their common presence in horizontal nesr-shore
plankton semples taken near the coflectors (10100 m from the shore; water depib: 2-7 m). Moreover, much higher numbers
of juveniles were drifting and recryiting (o collectors during periods of high wave action (commonly over 30 juveniles/
collector/24 hours),

Mechanisms involved in the drifting of newly-metamorphosed zebra mussels that would enable early juveniles (mostly
300~-900 um shell length) to drift in the water column may include the secretion of drifting mucous threads or the adhesion of
individuals (0 detritus particles. Such mechanisms would make small juvenile zebra mussels virtually neutrally buoyant during
transport by water currents and are cumrently being investigated. The occurmence and the high numbers of drifting juveniles
recruiting to off-bottom collectors suggest that post-metamorphic drifting has significant implications on the dispersal and
recruiiment processes of zebra mussels,




Bailey, Jobin F., and R. Douglas Hunter
t of Biological Sciences, Oakiand University

FACTOR INFLUENCING DREISSENA RECRUITMENT AND
BIOMASS ACCUMULATION ON AN ARTIFICIAL SUBSTRATUM

Studies on Dreissena recruitment were done in 1990 at two locations in Lake St. Clair and one in northwesiern Lake Erie.
Artificial substrata consisting of 11 x 11 Cm ceramic tiles wese insialled on racks af each site and subsequently examined
according 0 one of two treatment protocols. One treatment “settlement rate tiles” (SETT), involved replacement of existing
ules every two weeks. The intent was to measure recruitment of larvae onto tile surfaces without the presence of settled adults.
A second treatment, “cumulative tikes” (CUM), involved biweekly removal, measurement, and return of the same tiles to their
site, providing an accumulating popuiation of juveniles and adulls over the entire summer. Each treatment had three replicates.

No settlement occurred on any of the tiles at the CR site (Clintoo River, Lake St. Clair, Michigan) aithough a few
dividuals were observed on nearby surfaces. Settiement at the PM site (Pt. Mouillee, Lake Erie, Michigan) was very light
with peak densities on CUM tiles reaching a maximum of only 337/m? and semlement averaging about Sim? day. In contrast,
scttiement at the TR site (Thames River, Lake St. Clair, Ontario) was heavy, with a maxmmum density of 354,035/m? and
settlement rates averaging 5,058/m’ day. The SETT results at TR indicated one major recruitment on about Juty 1024, and
& lesser one on  about September 4-[7. Light recruitment occurred al other times beginning June 26. The last recorded
recruitmens was on November 13, after which the experiment was terminated.

The CUM tiles a1 TR showed a similar recryitment patiem to the SETT tiles but had densities that were about four times
greater. This difference is likely due 1o the SETT tiles not baving been aged(i.c., they wereinitially devoid of periphyton) hence
they were less preferred substrata, A further differenoe was the growing peesence of larger-sized mussels on the CUM tiles,
which not only increases the surface arca but provides optimal setiling surfaces.

Evidence that tile removal, handling, and replacement is detrimental to growth was obtained from a subset of CUM tiles
(CUMSG) at TR which were left i sifu for wen weeks before sampling (i.¢., undistarbed from June 1210 Augusi2 1). These CUM6
tiles had Dreissena densities that were betwoen one and two orders of magnitude higher than those on the biweekly sampled
CUM tiles. For example, on Sepiemiber 4, the CUM tiles averaged 1,822/’ whereas the CUMS tiles averaged 242,265/m?.
Lack of disturbance had positive cousequences for recruitment as well,

Data from 1991 tiles indicate a major recruitment occurred around June 10-24, resulling in densities averaging 239,000/
o, and consisting mostly of spat less than 1 mm. Based on density distribution of these newly-settled spat. 8 variety of naral
surfaces (stone, bivalve shells, zebramussel shells, etc. ) are preferred surfaces compared (o tile. It appears not to matter whether
Dreissena shells on which the spat seutle are live or empty.
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Binterman, Angeia M.', Roben C. Haas?, and R. Douglas Hunter!
'Department of Biological Sciences, Oakland University
"Michigan Department of Nanral Resources

COMPARATIVE GROWTH AND MORTALITY RATES OF DREISSENA POLYMORPHA
FROM TWO SITES IN LAKE ST. CLAIR

We measured growth and mortality rales of zabra mussels, Dreissena polymorpha, 81 two sites in Lake St Clair duing June,
1990 to May, 1991, 10 look for factors which might influence their success in colonizing the Great Lakes, Mussels were held
in individual compartments in Plexiglass cages which were suspended one meter above the botiom. Growth measurements
were taken on half of the cages at biweekly intervals, whereas the other half were measured only at the beginning and end of
the 11 month period. Length, width, height, and weight were detzrmined for each musse! for each sampling period. Nutrient
conditions were assessed at cage sites by measurement of temperature, secchi depth, suspended organic carbon, and desity
of planktonic alpae.

There were not measurable growth rate differences initially at the twosites (t-test; P> 0.05). Howevex, the relatively smal)
comparument size (13 mm radius, 0 mm thick) restrictod growth after 10 weeks (mean length 12.8 mm). Lengths of individoals
of widely different size at the start converged by the 12th week. Growth in width, height, and weight were not as coastrained
by compartment size indicating thai these zebra mussels had compensated for limited growth in length. Afier being transferred
to larger-holed cages, the mussels at the Clintoa site responided faster to the change than the mussels at the Thames sise ((-tst;
P<0.05).

Zebra mussels were well established in the vicinity of the Thames River site; however, they were cssentially absent in
the vicinity of the Clinton River site. Thames River cages were continyally being invaded by post-veliper migration and veliger
settlement with as many as 10 additional mussels present in one comparment. Almost alf compariments had at least one
additional mussel. The cage size did mhibit the length of the zebra mussel. The mussel transferred © the larger-holed cages
grew significamly greater at both sites than the mussels kept in the smnall-holed cages (t-test; P< 0.001).

Monuality of caged zebra mussels was not related to site Jocation or growth conditions but was increased by greater
sampling frequency (Binomial Test; P < 0.014). Morality of musseis sampled only twice was 21% at the Clinton site snd 13%
at the Thames site. Monality for the frequendy sampled mussels was 45% at the Clinton site and 31% at the Thames site.

Physical, chemical, and nutrient sampling indicated that growth conditions differed between the two sites. Phytoplankion
sampies at the Thames site had an average of 99 cells/ml for greens and 586 cells/ml for diatoms. The Clinton site had 97 celis/
ml for greens and 337 cells/ml for distoms. The greens were not significandy different between the two sites but the diatoms
were. Temperature increased and decreased at the same time for both sites. Secchi depths were greater at the Clinton.

Marsden, J. Ellen', and Bemic May?
'Minois Natural History Survey
*Comeil Laboratory for Ecolopicat and Evolutionary Genetics, Department of Natral Resources, Corell University

GENETIC POLYMORPHISM AMONG DISTUNCT POPULATIONS
OF ZEBRA MUSSELS IN THE GREAT I.AKES

Infoumaﬁonabouuhcpopulaﬁonmwmufmmusscmsmucdramedcvdqmmmfeﬁeaivqkmgmmm
andcmtml.l-lighjuveuilemtaﬁtyinmbmmjmwimd:etlmddispu'saloflarvnecouldmmmasmaﬂgmupofzebm
mussels producing the majority of the subsequent year class in a given area. The patential therefore exists for penetic drifi 1o
separate zebra mussels into genetically distinet sub-populations with divergent life history characteristics, and possibly
d.iffuentrespmscstoconu'olmcthods.EmammmMMmmmymmmhbody
shape and color pattern. Zebra mussels also have very bigh levels of genctic variahility as detected by starch-gel protein
clectrophoresis. We examined the genctic structure of multiple populations of zebra mussels from peographically disjonct
mmwmgmuc&wlakwmdim“waysmgmwinebcmm.ﬁﬂymmmwm
examined; 21 potymorphic loci were detected which had bands that could be reliably interpreted. We have also initiated
mmmwamwmlogmmmmmm.mmmmmmnmm

mﬂtswillhcdiscnssedmmMmmeummmgwwmmmm-Mgmwmwmm
scale control sirategies are implemented. We will alsopmscntdauwhichsuggwthummisamspedesofmmm
in the Grean Lakes system.
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Rose, Jennifer L. and Larry Eckroat
The Pennsylvania Steie University at Erie, The Betirend Colicge

GENETIC COMPARISON AND CHARACTERIZATION
OF FIVE ZEBRA MUSSEL POPULATIONS IN THE GREAT LAKES

Dreissena potymorpha (Pallas), first observed in the Great Lakes in Lake St. Clair, is spreading rapidly throughout the Great
Lakes Basin. The original of the various Greal Lakes populations is stil! open 10 specuiation, as they may be colonists from
Lake St. Clair or stem from separate ship ballast water discharges. Analysis of the allozyme polymorpbisms present in several
Greal Lake populations provides information regarding the genctic relationship of these populations.

Approximately one bundred zebra mussels were sampled from each of five populations in Lakes Erie, St. Clair, and
Ontario and tieir shell length recorded. Individual mussels were then genetically characterized by examining allozyme
varialion of whole body extracts using starch gel elecrophoresis. Eight enzymes (G-6-PDH, EST, IDH, LAP, LDH, MDH,
ME and PGI) revealed thirtecn imerpretable loci.

The five populations sampied had variation similar w thai found in other organisms with respect to polymorphic loci
{100%), average beteropencity/locus (30.7-34.4%), and alleles/ocus (3.9-4.2). All populations demonsirated belerozygole
deficiency; three of the populations exhibited this deficiency at all 13 loci whereas the other two populations exhibited
heterozygote deficiency at 11 and 12 loci, respectively, as is characieristic of previously analyzed muyssel populations. This
beterozygoie deficiency is reflected by pon-conformity (0 Hardy Weinberg expectations; however, one locus (EST-6) was in
Hardy-Wemnberg equilibrium in all five populations. While there are numerous potential explanations for the widespread
occimrence of beterozypote deficiency in molluscs, the most plansible suggestion may be selection doe to reduced fitness. As
shell size is proportional to the age of the mussel, a correlation of shell size with heterozygosity provided infonmation regarding
the retationship of mussel fitness and genetic beterozygosity.

The use of F staistics to allocate penctic variability 1o the population, subpopulation, or individval demonstrated genetic
differentiation between subpopulations for some of the 13 loci analyzed. Tests for interpopulational belerogeneity indicated
asignificant difference at cae locus (PGI); the differences at the other loci were oot significant.

The genclic identity and penetic distance values between four of the five populations suggested uniformity and therefore
supparts the idea that colonization occured from one original population. This uniformity is presumably due o the pelagic
dispersal of zebra mussel larva. However, one population (Lampe Marina, Lake Enic} was significantly different from cach
of the other four, and may be & result of restricied larva dispersal in the shelterad marina environment
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Mackie, Gerry L., and Bruoe W. Kilgour
Mackic & Associates Waler Systems Analysts

EFFECTS OF SALINITY ON GROWTH AND SURVIVAL
OF ZEBRA MUSSELS (DREISSENA POLYMORPHA)

Previous studies that describe the tolerance of zebra mussels to saline waters indicate ranges it the LC, between 1 84and 12.3
ppt. The variability may be due to differences in salts used. There have been no studies conducted 1o describe the influence
of salinity on growth of zebra mussels. The objectives of this study were: (1) to describe the salinity tolerance of zebra mussels
wdifferent salis (Instant Ocean, road salt, potassium chloride); (2) 10 describe the growth of zebra mussels in different sakinities
(with Instant Ocean); and, (3} to explore the possible interactions between tempersture and salinity on survival and growth,
The growth experiments were conducied al three different temperatures (34, 10-12, and 19-22°C). The 96k bivassays were
conducted at 4 and 19°C. Experiments to determine the salinity tolerance 1o different salls are in progress.

The 96b LC,, for Instant Ocean at 19°C was 7.6 ppt. During the six week growth sest at 4 and 10°C, mortality in the
treatments with 8.0 ppt did not exceed 15%. Differences in morality between the 96k test and the six week growth experiment
may be due to differences in the acclimation time of the mussels. In the 96h test, mussels were not acclimated o the different
saliniﬁeswbetusinﬂ:esixweckgmwﬁﬂnmmsdswmmdimamdmmtmnnﬂms(ﬂb&ﬂppt)bym
salinities by 1.0 ppt per day. Zebra mussels appear to be able to adapt 10 slowly changing saline concentrations.

Duringlhesixwaekgrowmwsls.mmwmmsigniﬁmleffeusofsﬂmwmmimmnshcﬂlmgdmrashfmedry
weight (AFDW) of mussels at 4°C. There was a statistically significant, but not substantial, effect of salinity on sarvival at that
temperature. Mortality ranged between 0.8% at 0 ppt 10 4.1% at £.0 ppt. At 10°C there was no significant effect of salinity on
maximen shell length, but there was a significant effect on AFDW. A linear contrast showed that the change in AFDW was
linearly related 10 salt concentrations. The effect of salinity o mortality at 10°C was not as large as at 4°C. At 10°C, mortality
ranged between 0.6% at 0 pptw 1.4% at 8.0 ppt. Resulis are not available for sesis conducted at 19°C due to high mortalitics
observed in control treatments.

Results w0 date indicate that above 6.0 ppt there arc significant effects of salinity on zebra mussel growth and survival,

Survival was reduced at 8.0 ppt ai alf iemperatures, whereas growth (i.c., changes in AFDW) was also impaired at 8.0 ppt at
t0°C.

Ramcharan, Charles, Dianna K. Padilla, and Stanley T. Dodson
Department of Biology, Mount Allison University

MATHEMATICAL MODELS TO PREDICT THE DISTRIBUTION AND ABUNDANCE
OF DREISSENA POLYMORFPHA IN NORTH AMERICAN LAKES

Useful estimates of the ecological and economic impacts of Dreissena polymorpha rely on accurate peedictions of its potential
distribution (where it will or will not be present) and abundance (musse! density). We constructed mathematical models that
predict the distribution and abundance of Dreissena based on correlations between mussel abundance and limnological
characterisucs of the lakes they inhabit. Data ob Dreissena populations and kimnological variables were collected from
published studies of European lakes. Over the last 200 years, Dreissena has colonized many types of European lakes that are
fmmdhawidcmngcoflaumdes.pmvkﬁngthcbwdamc:hwhkhmm:hforwﬁonmtﬂcwmhmmmlm.
Om'analysesshowthmphysimlandnmphohgkdchnaaisﬁuofhkesdouﬂaﬁeathdrslﬂnﬁmyfwﬂremm.ﬂnmc
otber hand, Dreissena is ofien absent from lakes that have low levels of calcium and low pH. A model developed by
Discriminant Function Analysis is 90% successful at predicing presence or abseace of Dregssena based only ou calciem and
pH levelsin a lake. Dreissena reaches higher population densitics in takes that have low ieveis of the algal nutrients PO, snd
NO;. Our study indicaies that hard-water, mesotrophic lakes with rocky substrates are ideal habitats for Dreistena.
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KEYNOTE PRESENTATION: Dr. Norbert Walz
Zoologisches Institut der Universiuit Miachen

NEW INVASIONS, INCREASE, AND ECOLOGICAL EQUIRIBRIUM OF
DREISSENA POLYMORPHA POPULATIONS IN CENTRAL AND
SOUTHERN EUROPE LAKES AND RIVERS

Dreissena invaded Central Europe in two steps, first in the beginning of the I9th century, second after 1960, The River
Rhine, for instance, was invaded in the first period. Stocks declined with saprobic pollution between 1950-70 and
recovered by river sanitation measures after 1980. In the Nosthern Alps (c.g. Austria, Germany, Switzerland, France)
many prealpine and alpine Lakes were invaded in the middle of the 1960s, In the 1970s prealpine lakes in Southern Europe
followed. Spreading to other than prealpine lakes in Yugoslavia, Itsly and Spain was very rare. Stocks in the prealpine
Lake Constance increased up to >10000 macroscopic visible individuals m? afier about 5 years of colonization.
Dreissena populations decreased furtherafier 2 years because of predation by overwintering diving ducks (Aythya ferina
and A. fuligula) and coots (Fulica atra). Mcan consumption by waterfow] every winier is 97%. Young mussels (0*) are
protected by their small size until the next autumn, when they gain high biomasses again. Regular counts of Larvae show
fluctuations without a special trend on alow level, elucidating apredator controlled equilibrium. The same scenario takes
place also in other lakes.
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Dermont, Ronald', and Pavid Baron?
'Great Lakes Laboratory for Fisheries and Aquatic Sciences, Fisherics and Oceans Canada
*Department of Biology. University of Waterloo

BENTHIC COMMUNITY ASSOCIATED WITH ZEBRA MUSSEL COLONIES

The establishment of mussel colonies along the shores of the Great Lakes isexpected 1o increase the amount of alpal production
consumed by the benthic fauna. To examine any changes in the nearshove benthic community due 1o Dreissena, sampling was
conducted in 1990 and 1991 on the rocky northeast shore of Lake Erie, and in sandy subsirates in Lake Ontario off the Niagara
River. Due 10 the additional interstices, mussel colonization of rocky shoals increases the habitat available w0 epibenthic
invertebrates which normaily inhabit the atiached algae and crevasses among the rubble. Other than the detrimenial competition
for space and food that occurs between Dreisseng and native clams on sandy substrales, no direct exclusion was observed
between the invenicbrates on rocky shoals. Like the Unionidae in soft sediments, exposed Sphaerium can be colonized by small
mussels.

Although poorly studied, e composition of the major taxa along ihe north shore of Lake Eric has not chaniged in areas
colonized by mussels. Depending on the season, the caddis Hydropsyche. Helicopsyche, the midges Crictopus, Rheotanytarsus.
and naidid wortns remain common afier two years of colonization. However, (otal abundance of inveriebrates has increased
within the mussel colonies as well as an overal! increase since the Late 1970°s. Species that are benefiting most from the
msociation with Dreissena are the amphipod Gammarus {(to 41,000 m?), with increases also occurring for the leeches,
Erpobdetia, Dina and Heiobdeila (460 m?). Aburkdance of invertcbrates is greatest among the mussel beds, where biomass
excluding the Dreissena attained 2] g mv? (dry sbell-free).

Bunt, Christopher, Hugh ). Maclsaac, and W. Gary Sprules
Deparument of Zoology, University of Toronto

PUMPING RATE CAPACITIES OF JUVENILE GREAT LAKES DREISSENA POLYMORPHA (PALLAS)

Zebea mussel (Dreissena polymorpha) filiering activities may have a profound impact on water clarity, pbytoplankion density
and food availability 10 young, commercially important fish (e.g. perch and walleye). In ordes to predict these impacts. it is
maportant 1o know the amount of water that the mussel population is capable of processing, thus diverting the flow of energy
from pelagic w benthic food webs. While clearance rates are known for individuals 10 mm, these mussels only compose
between 5 and 21% of settled populations in western Lake Erie. Pumping rates of individuals between 2 and 11 mm were
daermined by injecting an inert dye into the inhalant flow of filtering mussels and measuring the velocity of the exhalant flow
with high resolution video. Exhalant sipbon dimensions were measured in conjonction with flow velocities w0 determine
pumping rates. Preliminary dala indicse that individuals between 2 and 11 mm are able to pomp between 0.06 and 19 mbh.
Atthese rates, the juvenile zebramusse! populations in western Lake Erie (mean depth = 7 m) are capable of processing between
5.2 m*m/d and 10.5 m*m*/d (i.c. the entire water column may be processed 1.5-3.6 times cach day by these individuals).
Comparisons with independently measured clearance raies using microspberes were used to estimate gill resention efficiency
of entrained particies.
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Malloy Desormeaux, Eileen, and Joseph C. Makarewicz
Deparmment of Biological Sciences, State University of New York College at Brockport

THE RELATIVE IMPORTANCE OF DREISSENA FILTRATION AND DAFHNIA
GRAZING ON PHYTOPLANKTON ABUNDANCE AND WATER CLARITY

Microcosm experiments evaluated the relative impact of Dreissena filtration and Daphnia grazing on pbytoplankion
shundance and water quality. Experimental vessels contained levels similer to abundance in Lake Erie:
Phywplankion only (80,000 organisms/mi)
Phywplankton and Daphnia (3),000/m*)
Phytoplankion and Dreissena (30,000/m")
Phytoplankion, Daphnria sand Dreissena
Duata from four experiments in which temperature was maintained at & uniform 20°C indicated a 30-50 percent reduction
in phytoplankton abundance over & 72 bour period for both Daphnia and Dreissena. Turbidity levels decreased in vessels containing
Dreissena snd incressed in vessels with Daphnia. SRP values increased significantly in Daphnia vessels but not in Dreissena
vesaels.
Although both Daphnia end Dreissena reduced phytoplankton sbundance, Daphaia released phosphorus thus providing a
continuous nutrient source for phytoplankion. SRP levels decreased tn vessels containing Dreissena consequenty reducing the
availability of a pecessary nutrient for phytoplankion growth and reproduction.

Maclsaac, Hugh ], and W. Gary Sprules
Department of Zoology, University of Toronto, Erindake College

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

Filtering rates of iarval and adult zebra mussels (Dreissena polymorpha) must be kmown in order 1o predict the impact of this
exotic species on Lake Erie phytoplankion stocks. We determined fitration raies of Dreissena veliger larvae using solutions
of fluorescent 2.87 m polystyrene beads, and compared them to rales derived from the literature (Kryger and Riisghed 1988)
for setbed mussels. Mean filtration rates of veligers ranged between 10.2 and 17.4 ul. individual" hour' between bead
concentrations of 10° and 1{° beads mL"'; at very high bead densities (> 2 x 107 beads mL. ') filtration mies were very low (<
2 pb individual' hour'). Earge veligers have higher filtration rates than snall individuals, snd some are capable of ingesting
particles as large as 11 ym. Filiration res of scttied mussels (2-29 mm) are between 10 and 13446 times greater than those
of veligers on an individual basis, and 440 times greater on & population basis for the Hen )sland reef population in wesiem
Lake Etie. Setilod sebra mussed filtering impacts also greatly exceed those of other zooplankton species in wesicrn Lake Erie.
Based on 1990 Hen Island reef population densities, secded mussels filter up 1o 132 m® m day! (i.e. they potentially filter the
water column > 19 dmes per day).
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Fizsimons, John D%, Joseph Leach?, §. Nepzy?, and V.W. Cairns’
'Fisheries and Oceans, Canada
Ontaric Ministry of Natural Resources

ZEBRA MUSSELS AND THEIR EFFECTS ON FISH SPAWNING IN LAKE ERIE

The rapid colonization by zebra mussels of shallow rocks substrates in Lake Erie has dramatically atiered their physical
appearance. This cokmization, along with associated chemical and biological changes, may reduce the potential for successful
reproduction on these substrates. We are examining the effects of mussels on spawning by three lithophils—walleye, white
bass and lake trout.

Both walleye and whitc bass conlinue to spawn on historic spawning shoals despite high numbers of mussels averaging
150,000/m’. Spawning by walleye appears (o be random, with no apparent selection for areas rendered devoid of mussels by
ice scour. Viability of walleye eggs and the dissolved oxygen levels under which they incubate were unaffected by the presence
of mussels.

Work underway a1 potential Lake trout spawning areas indicaies that mussels are primarily associated with the wp layer
of multilayered cobble substrates where they don’t appear i affect interstitial dissolved oxygen. Observations on lake trout
spawning this fall will be discussed.

Graham, DM.', W. Gary Sprules’, and SJ. Nepzy’
iDepartment of Zoology, University of Toronto, Erindale College
Ontario Ministry of Natral Resources

EFFECTS OF ZEBRA MUSSELS ON THE DIETS AND GROWTH
OF JUVENILE YELLOW (PERCA FLAVESCENS) AND
WHITE PERCH (MORONE AMERICANA) IN LAKE ERIE

Since theis appearance in 1987 in western Lake Erie, zebra mussels have depleied algal resources and likely aMered the
zooplankion community. Since young fish rely on certain specics and sizes of zooplankion, we bypothesize that these changes
in community structure will have a negative effect on their condition and growth. Our results indicate a reduction in growth
rate for young -of-the-year yellow perch. Weight increased by a factor of 1.04 per day for YOY yeliow perch in 1988, when
zebra musscl densities were low, and only by a factor of 1.013 per day in 1990 when zebra mussel densities wese bigh. No
difference in growth rate were evident for YOY white perch. The diet of 1990 yellow perch may explain this apparem reduction
m growth. Early in the season they consumed mostly Daphnia but a the summer continued Daphnia were 0o longer consumed
and diet diversified as the fish consumed a greater aumber of taxa. While perch have a broader diet and are therefort less likely
@ be adversely affected by the reduction of a single prey 1axon. Diet and growth rates of 1991 yellow and white perch will be
compared 1 that of 1988 and 1990 10 determine whether trends in growth reduction continue.
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Masieller, Edwin C.', and Donald W. Scholesser®
'"The Pennsylvania State University at Erie, The Behread College
HJ.S. Fish and Wildlife Service, National Fisheries Research Center—Great Lakes

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

In June, July, and Sepiember 1990 and July 1991 a capture-recapeure study of unionid mussels was initiated at four sites near
arecurved sandspit of eastern Lake Erie known as Presque Isle. This arca is a unique geological feature that bas substantial
numbers of unionids withover 21 species, including ¢ight species of endangercd Pennsylvaniz unionids. Based on the evidence
observed in western Lake Eric, it is belicved that the unionid populations of Presque Isle are in danger of increased mortality
or extinction duc to infestations by the exotic 2ebra mussel, Dreissena polymorpha. To date, over 1,000 unionid have been
ooliccted by SCUBA divers, marked, and returned 10 their collection sites. Zebra musscls were counted and measuored from
a representative sample of unionids. Dead shells of unionids were also collected. The most abundant unionid species were
Lampsilis siliguoidea, Potamilus alatus, Anodonta grandis, Leptodea fragilis and Amblema plicata. The capture-recapture
methodology of Lincoln-Peierson indicates that the Presque Isle population of unionids is composed of approximately 6,000
individuals. The infestation of unionids by zebra mussels at Presque Isle is occumming a1 a rapid rate and parallels that observed
in western Lake Eric with a time lag of about two years, [n early 1990, one-year-old zebra mussels were present at only one
of the sit=s ai Presque Isle. By the end of 1990, young-of-the-year zebra mussels were found on unionids at all four of the study
sites. In July 1991, zebra mussels were found on 484 of the 485 unionids collected. Inaddition, infestation rates increased fromn
121 2ebra mussels per unionid in 1990 10 234 per unionid in 1991. Similar data of infestation of the wnionids in western Lake
Erie occurred in 1989 just prior to exponential increases in numbers of 2ebra mussels throughout the basin. Formnately,
observataons indicate that as of late July, few young-of-the-year zebra mussels were settling in unionids near Presque Isle.
However, dramatic increases in densities of zebra mussels is occurving in the area and it is believed that it is only a matter of
time before the zebra mussels will begin W have a negative influence on the unionid populations near Presque Isle.
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Kreis, Russell G, Jr., Michael D. Mullin, Ronald Rosstmann, and Laurie 1. Wallace
L.S.E.PA., Larpe Lakes Rescarch Station, ERL—Duyluth

ORGANIC CONTAMINANT AND HEAVY METAL CONCENTRATIONS
IN ZEBRA MUSSEL TISSUE FROM WESTERN LAKE ERIE

Zebra mussels were collected from rock substraes in a nearshore zone of western Lake Erie at Sterling Swags Park, Mouroe
Michigan. Mussel soft tissues were removed from shells and four samples were snalyzed for OTpanic contaminants, huwy
metals, and other standard parameters.

Total lipids and moisture averaged 1.5% and 87%, respectively. Total PCB concenirations avenaged 52¢ ug/kg wet
weight, where the prevalent homolog groups were tetra-, penta-, and hexachlorobipbenyls. The disributions of PCR homologs
and congeners were similar in all tissue samples. PCB congener #52 was the dominant, comprisig 5.6% of the tta) PCB
concentration. Several congeners quantified in the analyses have MFO- and AHH-inducer potential. Hexachlorobenzene, the
sums of DDT analogs, and chlordane components averaged 0.83, 22, and 14 ug/kg wet weight, respectively .

Elemental analysis indicated that carbon, hydrogen, and nitrogen averaged 42%, 6%, and 6.5% respectively. Heavy metal
analyses were conducted using ICP-AES and AA; results indicated good agreement between the two methods, Cadmiym,
chromium, lead, and mercury concentrations were gither below 5.3 mg/kg dry weight or the it of detection. Copper, nickel,
and zinc averaged 15, 19, and 160 mg/kg, respectively.

A comparative examination nforgmiccommninamsandheavymemlomwnnﬁmsinm!nmusselsmdmemﬁu
unionid, Lampsilis radiata, was conducted for the Huron-Erie corridor. Based on limited data, tota! PCB oconcentrations in
zebra mussels varied byanmduofmagmmdemdmmcmwmmmwmﬁmwmmmmm
Lampsilis. Of particular interest was the observation that kipids were 3 w0 10 times greater in zebra mussel than in Lampsilis,
Generally, PCB concentrations increased in all bivalve samples in a southward direction through the corridor. Heavy metal
concentrations did not exhibit a spatial distribution or a difference between bivalve types. Lead and cadmium concentrations
were below 10 mg/kg dry weight in all bivalve samples and exhibited moderate variation.

Results of this study indicate that zebra mussels can accumulate ofganic contaminants and heavy metals. Limited data
suggest that PCH concentrations are considerably greater than concentrations in native unionids, exhibit a spatial distribution
in the Huron-Erie corridor, and have potential for contaminans ransfer to higher wrophic levels. Conversely, the very limited
heavy metal and other organic contaminant data do not suggest concentration differences in bivalves or spatial distributions.

Bruner, K.A, Susan W. Fisher, and P.F. Landrum
Deparmment of Zoology, The Ohio State University

BIOACCUMULATION OF HYDROPHOBIC CONTAMINANTS
BY THE ZEBRA MUSSEL, DREISSENA POLYMORPHA

The prodigious fillering capacity of the zebra mussels, its large population numbers and its preference for Littoral arcas and
outfalls which may have high toxicant loads, makes it likely that the mussels will be exposed to hydrophobic xenobiotics such
as PCBs and PAHS. In addition, the mussels have a relatively high Tipid content which facilitates partitioning of dissoived
contaminants and assimilation of sorbed materials into the zebra mussel. Storage of PCBs and PAHs in zebra mussel tissues
may be one significant way in which mussels can alter contaminant cycling iu the Great Lakes. In this study, the ability of z¢bra
messels to accumulate highly lipophilic compounds through several routes of exposure was assessed using toxicokinetic
models. In addition, the effect of mussel size and lipid content oo accumulation was measured. We found that adult zehra
mussels can accumulate significant amounts of PCBs and PAHs from contaminaied water and sesion, The accumnlation of
compounds from wates was rapid with sigaificant vpiake of the chemicals occuing during the uptake clearance phase of the
experiments. In contrast, elimination of these maierials was comparatively slow although the presence of an fganic sorent
m the guts of the animals did facilitate elimination. BAF values determined in this study indicate that zebra mussels can be
expected to accumulate significant levels of these contaminants. The implications of these findings for contmminants Cycog
in the Great Lakes will be discussed.
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: Brieger, Gotfried', and R. Douglas Hunter? L
Department of Chemistry and Department of Biological Sciences, Oakland University

UPTAKE AND DEPURATION OF HEXACHLORBENZENE, 33'4.4'-TETRACHLORO-
AND 3.3'4,4',5 5 _"HEXACHLOROBIPHENYL BY ZEBRA MUSSELS

Zebmmssds&ommowmmemgmmmummmmmﬁmwmmm for specific
contaminants. Initial levels of PCBs represenmative of Aroclor 1242 were foundat levelsof 121ng/g wettissue and Asoclor 1256
at 33np/g at the Monroe site and 157ng/g 1242 and 184ng/g 1254 at the Luna Pier site. The water conient of the test animals
averaged 86%; lipids averaged 1.1%. Analysis of material from other Great Lakes field sites is in progress.

Zobea musscls were exposed in the laboratory o Chiorella food separsécly containing S00 ppm of bexachiorobenzene,
3,3'4,4"tetrachloro-, and 3,3'4,4.5,5'hexachlorobiphenyl. Within 10-13 days, the conoentration of HCB rose from an initial
iovel of 1.3g/p wet tissue 10 7.54g/g, then leveled off to approximately 2ug/g. The bexachiorobiphenyl levels rose from
undetectable initial levels to Spug/g, then gradually leveled off 1o approximately 1pg/g. The tetrachlorobiphenyl concentration
rose from undetectable initial levels 1o approximately 3.512/g, then leveied off arovnd 241g/g. These studies will be repeated
& Jower feed levels. Levels of selected other chlorinated hydrocarbons were also determined.

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

SUBMERSED MACROPHYTES IN THE LITTORAL OF LAKE HURON'S SAGINAW BAY

Five locations in the sharezone of Saginaw Bay were used in 1991 1o establish baseline data on distribution and abundance of
submersed macrophytes. Our intention is 1o document changes tha may occur during the next few years if zebra mussels
become abundant and clarify water in the bay. Sites were selected to obtain arange for principal determinants of macrophyte
distribution; namely, light penewation and sediment type. Measurements of these parameters, turbidity, and macrophyie
sbundance were obtined on corridors (transects with 50 m widch) ateach location. Maximum depth boundaries for submersed
macropbytes varied among corridors. Boundaries were located at depth contours 0.5, 0.6, 0.9 and 2 8 m a sites near Au Gres,
Bay City State Park, Quanicassce and Pinconning respectively. No plants were observed along a comidor on Sand Point.
AhsmceofplmlxuSandPomLmdshﬂbwmimumdcpmmmicsmAqumdSmMappeumbeamdmd
with sediment type rather than turbidity of light penetration. Boundaries at Quanicassee and Pincoaning appeared 1o be relaicd
mmmmnmmmmm.mammmmmmwmfmmm
tnmmmmmmﬁmmdmamm(w“)mmmmmmmgammxs.
Macropbyte beds were poorly developed at Au Gres and State Park; %F,, was 32 and 12 at these sites respeciively. Plant
shundances at Quanicassce and Pinconning were higher, reaching 82 and 52 %F,, respectively. Specics abundance al sites was
taken fram %F; percent frequency of individual species in grab samples. Most commonly occurring species were the
charophyse, Nietle flexilis, the filamenwus algac, Cladophora glomerata, and Najas flexilis, Potamogeton pectinatus,
Potamogeton richardsonii, and Vailisneria americana. We expect in year-2 (o relate snnual production of common macrophyte
species (maximum seasonal standing crop). and sbundance of microfaunal food sesources developed from common plants via
detrital food webs, to poiential standing crops of larvac (egg-25 mm) of littoral spawning fish (e.g. yellow perch, common
arp). We intend w develop quantitative data regarding ihe hypothesis hat shifts in water clarity caused by zebra mussels will
increase macropbyte biomass and increase the capacity of the macropbyte-occupied littoeal to support early life stages of fish
that spawn there.
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Charlion, Muzray N.
National Water Research Instite, Environment Canada

DEPTH DISTRIBUTION OF COLONIZATION OF ARTIFICIAL SUBSTRATES
IN HAMI.TON HARBOUR AND LAKE ONTARIO

In stratified lakes, the vertical distribution of Dreissena should be related 1o deptb and temperature due to the requirement for
moderately warm water for spawning, If mussel colonization is strongly reduced in deep cold water, problems with water
intakes may be avoided. To test this hypothesis anificial substrates were placed in Hamilton Harbour and Lake Ontario. Clear
results have been obtained from Hamilton Harbour where there is a summer ox ygen depletion in the hypolimnion. Results from
both locations related to temperature, oxygen, and turbidity profiles will be presented.
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CASE STUDIES: ZEBRA MUSSEL CONTROL
IN PUBLIC DRINKING WATER FACILITIES

dddddddddd

McTigh, Thomas C.', Ford J. Ritz! and John R Amend?
'Monroe County Water Authority, *Malcom Pirnie, Inc.

RESPONDING TO THE ZEBRA MUSSEL THREAT: A CASE HISTORY

Dreissena polymorpha, the zebra mussel, is aspecies of freshwater clam native © the Black and Caspian Seas of nonheastern
Europe. Since its accidental introduction into the Great Lakes in 1986, this non-native mollusk has caused remendous problems
for water users and suppliers throughout the lower Great Lakes and adjacent waterbodies.

Inlight of the severe problems encountered by waier users in Lake Erie during 1939 and 1990, the Maonroe County Water
Autbority (MCWA) viewed the possibility of zebra mussel infestation of its sole water intake as a critical planning issve.
MCWA's concemns were heightened by peak summer water demands which routinely required production approaching the
Dbominal capacity of the intake. Knowing that it bad litde capacity 10 spare and cognizant of the speed a1 which these mollusks
were migrating, MCWA decided that the zebra musse] threas required a proactive and aggressive response.

San Giacomo, Richard, and Mona Cavalcoli
R & D Engineering

CASE STUDIES FOR THE ENGINEERING OF MUSSEL CONTROL
FACILITIES IN RAW WATER INTAKE SYSTEMS

The threat of potential capacity reduction, head loss, detcrioration of pipes, and tasic and odor problems caused by zebra
musscl infestation prompted municipalities and water suppliers in the United Staies and Canada, including the Niagaca County
Water Diistrict, Erie County Water Authority, Regional Municipality of Hamilton-Wentworih, Township of Kingston, Town
of Deseronto, and City of Buffalo, 1o seek assistance in implementing effective yet cosi-cfficient methods 1o eliminage existing
2ebra mussels and prohibit future infestution. Case studies were done (o evaluate, design, and instal] zebra mussed control
facilities for raw water intake systems. R&D Engincering, P.C. provided the DOCESSATY Enginecring Services.

asowhichtype of control syslemloimphmmlweﬂecﬁvclykﬂlubmmusselsbutnﬁuinlizzmsdy&d(ﬁumsmdloralla‘aﬁms
to the existing facilities. Design components indududlaymofthepmposedsoludmﬁncmddiﬂuscrambly.mcffecu‘vely
dose the chosen chemical. In addiGon, weighting systems were designed 1o aid installation of the application line.

The Niagara County Water District's zetwa mussel controt System is instalied and on-line. Other projects are currently
mdermuaiunaschedubdmhegincunsmmdmingﬂmsummaoﬂWL
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Lowther, DR.' and D. Barker®
{Ontario Hydro and *1J. Downs Industrial Plastics Inc.

DEVELOPMENT AND TESTING OF AN AUTOMATIC PLANKTON SAMPLER
FOR USE IN ZEBRA MUSSEL MONITORING

Ontario Hydro has sevenseen Eacilities on the Great Lakes and connecting waterways as well as sixty seven inland hydraulic
facilities. There is a need to accurately establish the seasonai presence of zebra mussel veligers al these diverse locations, 1o
optimize the individual zebra mussel control regimes. Hand sampling was coasidered (0 be 100 labour-intensive based on the
distance between facilities. As an aliemative, an automated plankion sampier was commissioned by Oatario Hydro froma local
supplier.

The sampler has the capability of collecting seven discrete samples at intervals determined by the researcher. Samples
are strained through a mesh size of choice and the final sample is preserved.

This paper outlines the physical feapres of the plankion sampler, method and flexibility of operation as well as some
practical considerations for installation and use.

Haag, Kim H., James H. Thortpe, and Fang Weij
University of Louisvifle, Water Resources Laboratocy

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

Monitoring the invasion and dispersal of zebra mussels in rfivers poses a unique set of problems for investigators. Current
velocity and the amount of suspended sediment are the most obvious parameters distinguishing Iakes from rivers, and they can
severely limit methods for sample collection of veligers, post-veligers, and adults. Commonly used devices will not close
properly, cannot withstand the stress exerted by even moderate currents, or clog rapidly. Even when heavily weighted gear is
cmployed, it is difficult to position at specified depths under high current conditions. In addition, fluctuating water levels due
o artificial regulmion and precipitation can strand or inundate samplers left 1ethered in place. Alicrative approaches to
sampling rivers for zebma mussels are proposed.

We initiated a zebra mussel monitoring study on the Ohio River in January 1991, The study encompasses 280 river miles
mcluding the Cannelton, McAlpine, and Markland Pools. We have devoted our efforts this first year tO moniioring the water
column for the presence of veligers. Monthly vertical plankton tows are stratified by river reach within each pool. One set of
sampies is taken at a site in the lower reach near the downstream dam. In the upper reach of each pool, a major tributary has
been selccted (Salt, Kentucky, and Miami Rivers, respectively), and one set of samples is collected in each tibutary two miles
upstream of its confloence with the Ohio. Additional sets of samples arc gathered at sites in the Ohio River two miles upstream
and two miles downstream of the mouth of the tributary. In addition to vertical tows, replicate quantitative plankton samples
are collected at the surface both in the channel and near the bank. Ten to 29 liters of water are filtered through a 63 wm mesh
net. preserved on our boat, and returned to the laboratory for later enumeration and identification of zooplankiwon and
phytoplankton. To date, no zebra mussel veligers have been found. Routine examination of channel buoys in the three pools
have also failed 10 reveal the presence of adult Dreissena in this portion of the Ohio River.




Dustin, Donna L., Edward L. Mills. Mindy M. Gardner, and Thomas Greig
Cornell Biological Ficid Station, Department of Natural Resources, Corell University

DEMOGRAPHY AND DISPERSAL OF THE ZEBRA MUSSEL (DREISSENA POLYMORPHA)
IN UPSTATE NEW YORK WATERS

Zebra mussel (Dreissena polymorpha) collections have been made June through October in the Erie-Barge Canal, the
Oswego River, and Oneida Lake in 1990 and 1991. At all sampling sites, secchi disc measurements and samples for zebra
mussels (both veligers and adulis) were taken as was water for chlorophyll, dissolved oxygen, and selected nucrient analyses.
In 1990 veliger densities were highest at the western end of the canal and declined steadily eastward. By early fall adult
deusities were obscrved as far cast as Palmyra. No mussels, including veligers, were observed in the Oswego River and
Oneidalake in 1990. Sites with abundant mussels showed a marked decrease in chlorophyll and an increase in water clarity
and soluble reactive PRosSphorus compared 1o sites with few or no mussels. In May 1991, adult zebra mussels were first
observed on native unionid clams in Oneida Lake. Rapid warming of canal waters i spring of 1991 allowed swift growth
and early reproduction of adults surviving over winter. Veliger densities of over 70,000/m’ occurred in mid-June at Patmyra,
with veligers detected ax all sites (including Oswego River and Oneida Lake) by mid-July. In contrast to 1990, carty summer
veliger densities in the castern waters of the Eri¢ Canal were higher than those in western portions. The Eric Canal system
15 a major vector through which zebra mussels will infest inland waters of New York State,

Marsden, J. Elien', Lidia Bardygula®, and Jan Savirz?

STATUS OF ZEBRA MUSSELS IN LAKE MICHIGAN—TEMPORAL
AND SPATIAL DISTRIBUTION OF VELIGERS AND ADULTS

Most of the information about zebra mussels in North America has come from Lakes Erie, Ontario, and St. Clair. Lake
Michigan, in contrast o these lakes, is geaerally colder and has a north-south orientation. This latier feature bas important
consequences for the disaribution of organisms which are affected by temperature or oiber latitnde-dependent variables. Two
simple hypotheses are proposed for zebra mussel populations in Lake Michigan: their density and growth rates shoutd
decline from south to north, and their reproduction and settling should be progressively delayed from south to north. The
testing of these hypotheses will provide useful information for utilities who need to know how soon they will face "critical™
densities of mussels in their intake systems. Wereport the resulis of veliger monitoring and adult sightings along the western
Lake Michigan shoreline, and SCUBA assessments of adult densities in the near-shore waters of Lake Michigan.
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Lange, Cameron L., and Roberta K. Cap
Acres [nierational Corporation

THE RANGE EXTENSION OF THE ZEBRA MUSSEL (DREISSENA POLYMORPHA)
IN THE INLAND WATERS OF NEW YORK STATE

Through 1990, the zebra mussel (Dreisseng polymorpha) extended its range into the inland waters of New York State via the
State Barge Canal System from the Niagara River near Buffalo, New York 10 Palmyra, New York, located about 120 miles
mland, This rapid rangeextension exceeded the expectations of many investigators. In 1991, the Empire State Eleciric Energy
Research Corporation (ESEERCO) spoasored a continuation and expansion of a monitoring program initiated in 199010 follow
the continued spread of the mussel through New York State. Monthly sampling commenced in March 1991 at eight locations
ou the Barge Canal, four on the Cayuga/Sencca Canal/Finger Lakes System, seven along the Hudson River and three in the
Susquehanna River drainage. A total of six other locations were sampled on the Genesee, Oswego, Schoharie and Delaware
Rivers.

In 1991, zebra mussel veligers were found for the first time in May. Veligers were present at the Palmyra and
Baldwinsville locations only. The Baldwinsville sighting increased the 2ebra mussel's known range by 65 canal miles. In May
1991, adult mussels were independently reported o be in Oncida Lake, 25 miles furtber inland from Baldwinsville. In June,
Zebra mussels had extended their range into the Oswe go River at Fulton. Zebra mussel veligers had infiltrated all of the Barge
Canal and associated river systems where water flows downstream from the Niagara River source waters. To further extend
its renge, they would need w be lifled to a bigher water clevation through the Jocks. Whether this would impede the mussel's
progress was not known.

In July, veligers were found on the Cayuga Lake side of Lock C-1 on the Cayuga/Seneca Canal. Zebra mussel veligers
were also identified in samples collected on the Susquehanna River near Binghamton, New York. Additional sampling in early
Augus! verified their presence. This was the firstrepart of zebea mussels in a drainage system not comected to the Great Lakes

system by a canal. Adult zebra mussels were also reported in discrete areas slong the Mohawk and Hudson Rivers, but through
luly no veligers were collected during this program. Results indicate that two methods of transport ane occurring i the inland
waters: veliger drift and active transport of mussels by boats or otber means.

Through July, the density of veligers ranged to 58.000/m* at Palmyra (June collections). The maximum deusity of serled
mussels during the same period was 8.400/m? also at Palmyra. Sampling continued through November.

Kraft, Clifford’, Mary Balcer®, Ant Brooks?, Jory Jonas’, Allen H. Miller!, and Hans Pearsor®
‘University of Wisconsin Sea Grant Institute, 2University of Wisconsin—~Superior: Center for Lake Superior Studies,
*University of Wisconsin—Milwaukee: Center for Great Lakes Studies, *Sibver Lake Cotlege

FROM THE FRONT LINE OF THE INVASION: EARLY.WARNING DETECTION OF ZEBRA MUSSELS

Since late l989ilhasbemobviousmmnebramussehwouldcvemuﬂlymmemsmwmofhkuMichiganand
Superior. Key questions were when this invasion would materiatize, and whetber a coovrdinated sampling effort could provide
more yseful infonmarion about the arrival orutnmussclsﬂnnunphmedobscrvwnns.htwommms{lmm 1991)
wemuuedasubsumandplanhmsamplingmmminhnrbmandwmamtakcs.lnmwimthismpﬁngcfrmwe
conducted an intensive educational effon for uﬁhtypmmeLdivmmdthegmunlpublicmmmgmcimpmdingxﬁm
of zebra mussels.

At most samplcsitcsmmnmofmbmmusschwasfmrepmedﬁmunplmmmﬁmsmnmnmpm
of our coordinated sampling effort. Howevet, it most instances such reports wene s00n followed by quantified abumdance
estimates from our sampling program, providing information on the rate of colonization. These results suggestthar: (1) at their
earliest stage of infestation, zebra mussels are noc likely W be detected by standard sampling protocols; (2) educated observers
can provide useful clues regarding poiential iﬂfmwmmk;m(ﬂumdmpﬁngmmmm
useful information once a local reproductive population of zebra mussels has become established.
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KEYNOTE PRESENTATION: Abraham Bijde Vaate
Institute for Intand Water Management and Waste Water Treamment, Rijkswaler-staal, The Netheriands
ZEBRA MUSSELS: ENEMIES OR FRIENDS?

The zebra mussel has been a commonly occusring inhabitant in The Netherlands since 1827, when the farst record was
made. From the view of industrial activity it should be noted that the extension of the zebra mussel into Wesiern Europe
started before the period of industrial development in the 19* century. When the usc of freshwaler becaoe more important
for different purposes, the designers of intake syswms already had to lake the presence of zebra mussels ino account,
and antifouling measures were developed. Therefore the presence of zebra mussels in Wesiern Europe did not have the
same impact on industrial activity as they have nowadays in Nonh America. Receotly, studies have been started (o use
zebramussels in water quality management: 10 reduce the amount of phytoplankion in eutrophic shallow lakes (a measure
to increase the density of submerged waterplanis), and o reduce the amount of polluted silt in the water supply of a
manmade lake. Filtration rate and pseudofacces production have been investigated for both employments respectively.
They have been related o some important abiotic parameters. In addition, possibilities for obtaining sufficient densitics
of zebra mussels in these types of water management have been investigated as well. Removal of polluted silt calls for
the whole water column 10 be filiered by the zebm mussels. Therefore an application of zebramussels in hanging cultures
(biclogical filicr) was studied. A summary of the results of all mentioned investigations is presented, and therole of zebra
mussels io river and lake ecosysiems is discussed.

Molloy, Daniel P.. and Barbara Griffin
New York State Museum Biological Survey, State Education Department

BIOLOGICAL CONTROL OF ZEBRA MUSSELS: SCREENING FOR LETHAL MICROORGANISMS

Initiated in Aprii 1991, this research project focuses on the development of a biojogical method for controlling zebra mussels.
Microorganisms are being tested in the laboratory w identify those which are lethal 1o attached zebra mussel ife stages. Over
260 different microorganisms are being screened over a two year period. These candidare control microorganisms will not be
"natural” parasites of zcbra mussels, but rather nanally occurriag soil and water microbes, which just by chance happen to
be lethal ko zebra mussels when the mussels are exposed o artificially high densities of the microbe. A microorganism which
at artificially high deasities is poisonous to zebra mussels undoubtedly exists in nature, and the proposed rescarch is designed
o identify it. This type of research approach has a track record of success, since it has abready produced a commercially
available, environmenally safe, microbial control agen! for another aquali, filtor-feeding, invertebraie pest—the black (ly.
Preliminary results of those microorganisms screencd 1o date will be presented.
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SESSION SEVEN:
PHYSICAL CONTROL/MITIGATION
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KEYNOTE PRESENTATION: Ludyanskiy, Michael,
John F. Garey, and Derek M. McDonald

Marine Biocontrot Corp.
SOVIET EXPERIENCE ON ZEBRA MUSSEL RESEARCH AND CONTROL

Recently, in the Great Lakes region in general, and poetions of Lake Ontario and Lake Erie in particular, populations of
the freshwater zebra mussel, Dreissena polymorpha, have increased dramatically. The economic impact of this mapid
change, and the resistance of D. polymorpha (o established conirol methods, have had a profound effect on the power
utilities.

D. pelymorpha originated in the North Kaspiy region of the Evropean USSR, and for over 2 decades has been
considered the main macrofouling organism throughout the Soviet Union. A considerable body of untransiased Russian
information conceming the biclogy, economic effeci(s), control and repulation of the zebra mussel remains unavaiiable
for study in North America——more than 60( scientific papers o0 these subjects have been published in the Soviet Union.
In an effort to mesb this information with cuerent studies in this country, the authors present a comprehensive review of
this litezature, focusing briefly on D. polymorpha biology, and primarily on Soviet methods for the (1) prevention of
settlement, (2) inbibition of growth, and (3) methods of removal from already infested areas.

Active investigation of D. polymarpha biology in the Soviet Union began during the 1950's. Initial studies focused
on structural and functional descriptions of ). polymorpha populations in differeat habitats—abundance, mass and size
strocture, and degree of setlement Since thal e, DUMEROUS rEPonts investigating the peculiarities of fertilization,
ontogenesis, phenology and growth of larval stages have been published. Of significance are investigations on the
developmental pastems of 1. polymarpha which are influsnced by water quality, emperature and velocity.

A sizeable amount of stndy has been devoied 10 the prevention and/or controf of zebra mussel populations. Studies
in collshoration with Soviet utilities report abuadances of 1. polymorpha m sections of industrial water piping up o 0.5
milfion individuals/meter?, fouling laycrs from 115 G in thickness, and biomass levels up to 30 kg/meter®. Buildup in
some reservoirs of the Ukraine have reacbed 2000 tons, and annual eslimates of zebra mussel soft tissue in the Volgograd
Reservoir exoced 1 million wns. In these industries, and cunenily in power generation utilitics in the northern Uniged
States, this fouling causes reduction in process waler, ieading 1o plant shutdowns, equipment failures, and reduced
operating efficiency. The Soviet experience with methods for control and regulation of D. polymaorpha demonstraics the
need for site-specific evaluation of fouling potential and underscores the need for preventative measures, rather than
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PHYSICAL CONTROL/MITIGATION
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Martin, Benjamin, and Samuel E. Landsberger
Cornell University Department of Mechanical and Acrospace Engineering

DESIGN OF PIPE-CRAWLING VEHICLES FOR ZEBRA MUSSEL CONTROL

We are designing vehicles for operation in water pipes 10 control the growth of zebramussel colonies. We address the problems
involved in optrating in the hostile environment present in water inlike pipes; (1) operation in a confined space at a great
distance from the control center, snd (2) navigation and propulsion in high currents with varying peametry and obstacles. We
then examine our designs for a pipe travelling vebicls in the light of the past history of autonomous and remotely controlled
vehicles. These systems have had 8 varied record of success in the industrial wortd., There are examples of commercial success,
such as the underwater use of Remotely Operated Vehicles (ROV's). On the other hand there are many cases of systems which
worked wonders in the laboratory but whose field performance fell short of expectation. We examine these past robotic systems
to determine what characterized the successiul and the unsuccessful systems, and examine our proposed design solutions in
this bight.
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Smythe, A Gary ', Cameron L. Lange’, T M. Short', and L. Ray Tuule?
!Acres Internarional Corporation, 2New York State Electric and Gas Corporation

APPLICATION OF CENTRIFUGAL SEPARATORS FOR CONTROL
OF ZEBRA MUSSELS IN RAW WATER SYSTEMS

Two centrifugal separators are being tested 10 determing their effectiveness in the contral of zebra musse] (Dreisseng
polymorpha). The objective of the study is 1o assess the feasibility of using these separaors to remove presettling and settling
stage larvae from raw waler supplies (Study Phase I), and (o determine the effectiveness of such devices i fillering these larvae
from the water (Phase IT). An experimental set-up, including a Krebs desander and a Lakos Super-Separator, was installed at
the New York State Electric and Gas Kintigh Station, Somerset, New York, adjacent to Lake Ontario. Testing utilizes Lake
Ontario raw water from NYSEG' s fire protection system. The Krebs desander (separator) is a hydrocyclone with a closed apex,
used primarily in high pressure applications. The Lakos Super-Separator relies upoa the same basic operating principle with
some modifications 10 hydrocyclone design. The Lakos design offers some operational advantages relative 10 wear potential
and equipment maintenance.

Both separators utilized centrifugal force 10 remove particles. The desander, duc 10 its inlct design, will acoelerate
particles 1o 2 higber angular velocity in comparison with Lakos separator. The desander, therefore, may have a slight “edge™
in separation efficiency.

Phase I sample collections began in July, 1991. The source waier was waicr obtained through connection to the fire
protection service water system in the circulating water pump house bay at the power station. Flows through the separators
varied from approximately .4 10 0.8 M*/min (100 to 220 gpm), system pressares varied from 2.8 109.8 kg/cm? (40 to 140 fbs/
in?} depending on valve settings for a given test.

Although the test apparatus and procedures are somewhat complex, the analytical approach is quite simple. The total
number of larvae (differentiating veliger from post-veliger) was determined for the supernatant samples. The number obtained
fmmeachoflhcsesampleswasaddedtogctberandthaldividcdinmlhenumbainmcﬁlm.mmvidedasepamﬁm
efficiency factor for the veliger (D-forms) and posi-veliger (umbonal forms).

Volumetric measurements have also been made using flow meiers and pressure gauges. Accurate voline measurement,
bowever, is quite difficult considering the high flows/volumes encountered for this study. As a result the direct measure and
comparison of the numbers of larvae in the superatant/filtrate are thersfore appropriate.

Thcmmsizcoftheumbona]fmmsmdamﬁmdfuasubmplcofmomofmcmnmﬁﬁ!msmpbs.mmgh
the last lab analysis, menmsimofmcumhonﬂfmmsmmcmmwasalwaysgrwummmhmcwmpu
for any sample pair (Krebs or Lakos). This would indicate chat centrifugal force is selectively separating umbonal form larvae
by size and/or specific gravity as was anticipated.

Thesepa’atorcﬁicicncyfotumbonalronnshasmgedﬁm&&pcmcmincuiysamplesto?&ﬁpmmmmlamsamplﬁ.
!lwouldamxanhalasthcumbmalpoptmﬁonages.mddwpopulaﬁonmcmsizem,memmcfﬁcimcywould
increase as was anticipated. It is possible, however, that the maximum separation efficiencies obtained to date are being
underestimated relative to setding stage Larvae, since we are nol differentiating the smaller ymbonal forms. Larger umbonal
forms are more susceptible (o separation and are of more concern since they are at or close (o settlement stage. It is anticipased
that separation efficiencics will increase later in the season. Details of Phase I data, s well as any data analyzed from the Phase
11 study effort, will be presented.
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Smythe, A. Gary', Cameron L. Lange!, J.F. Doyle!, and Paul M. Sawyko?
'Acres Imerational Corporation, ‘Rochester Gas and Eiectric Corporation

APPLICATION OF LOW VOLTAGE ELECTRIC FIELDS TO DETER ATTACHMENT
OF ZEBRA MUSSEL TO STRUCTURES

The objective of this study is to determine if electric fields could be yseful in reducing the attachment rate of zebra mussels
(Dreissena polymorpha) 10 submerged structures located within these fields. Conceptually we are assuming that i an electric
field is of sufficient intensity the settling stage veligers will not attach while under the influence of, and for a short time after,
exposure 10 a field. Any suitable flow of water will then carry the settler away from the “protected” structure.

The stody site is at the Rochester Gas and Electric Russell Station in Rochester, New York, adjacent to Lake Outario.
A sexies of test flumes were sei up and a continuous flow of power plant forebay water channeled through the flames to provide
a source of larvae. Bar rack arrays were placed in each of the test flumes. Flows in each flume were adjusted to about 0.5 fps
(0.15 m/sec), a flow which could be expected (o exist at some intakes. The bar rack arrays were constructed of steel plates 4
inch (or 6 inch) by 7 inch (5 plate/array) spaced to approximate that of a typical trashrack.

Low voltage electric fields of various intensities are being 1ested for SOHz Alternating Current {(AC), continuous Direct
Curreat (DC) and pulsed DC. Analytically we are comparing the densities of attached mussels on control arrays to atached
densities oo arrays subjected 10 test electric fields. Spacial distribution of anached mussels for each plaie is also being noted.

Laboratory analysis for several arrays has been completed. To date the data analysis has not been completed. However,
in general, we can state that there has been zebra mussel attachmeal at some Jevel on a1l arrays tested to August 28, indicating
we are bot attaining 100 percent success for the configurations tested so far.

Data analysis for tests already completed, for tests under way, and tests 10 be conducied over the next two weeks, will
be finalized prior 1o presentation at the November conference.
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CM]kcr—SOOIL Lmdﬂ. J.D Sc()l.l., C Dunnin N md K .
Buffalo State College = - SritH

EFFECT OF ULTRAVIOLET-B RADIATION (28032 NM} ON SURVIVORSHIP
OF ZEBRA MUSSEL LARVAE (DREISSENA POLYMORPHA). A POTENTIAL CONTROL STRATEGY

Concern over depletion of the earth’s ozone layer has resulted in a great dea) of information being gathered on the effects of
vluaviolet-B (UV-B, 280-320 um) upon planktonic organisms. There is increasing evidence that naturally occurring UV-B
is an important limiting ecological factor in zooplankton communities. In a namra) habitat, Dreissena potymorpha larvae and
other plankioaic organisms could escape harmful radiation by changing their position in the water column. n 8 water intake
pipe, however, the arca is much restricied and escape from artificially-supplied uitraviolet radiation would be unlikely.

The critical point in controlting zebra mussel infestation is the setiling of the planktonic larvae. When postveliger larvae
sctile, they secrete strong byssal threads which firmly attach the mussels w the subserage. Once setiled, mussels are difficult
and expensive to remove from intake pipes and other structures. Prevention of settting would be the easiest and most cost-
effective mechanism to remediste zebra oiussel fouling problems.

Ome possible control method, which apparently has not been tested, is exposure of the larvae to ultravioles-B radiation.
UV-B is a naturally occuming, m—umsnissableradiaﬁmmamhavcpmfomddfmmaqmﬂc ocganisms. The use of
ultraviolet-B radiation as & control for zebra mussel settlement would have several advantages over other methods. It is o0t a
potential water pollutant as are chemical treatments such as chlorine, it is not labor intensive as are most mechanical methods,
and it does not require costly cooling systezs as does heat treatment. Additionally, this method retools existing technology and
should therefore be much cheaper to mplement than would a method developed “from scratch.”

Veliger larvae of the zebramussel, Dreissena polymorpha, were collected from Lake Erie and maintained in lake water
under natural temperature (20°C) and day length (14 hr lighi/10 br dark) conditions. Following acclimation, larvae were
transferred to the experimental chamber and subjected to enhanced UV-B radiation. To control the wavelengths of exposure,
Mylar and cellulose acewate filizrs were empioyed for experimental and control organisms, respectively. Larvae were
maintained in lab and analyzed 24 bours post-cxposure for mortality. Surviving larvas were defined gs those whose velum was
still functioning (i.e., are capable of switnming).

Recent experiments indicate that zebra musset larvae are negatively affected by enhanced UFV-B radiation. There is am
increase in mortality above control levels after only 1 hour of exposure, which suggests that mid-range ultraviolet radiation
may be effective in reducing larval populations.
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Menezes, John
Sonalysts, Inc.

ZEBRA MUSSEL CONTROL USING ACOUSTIC ENERGY

The spread of the zebra mussel Dreissena polymorpha (Pallas) into the Great Lakes and adjoining waters is a greal concern
to utility, municipal, industrial, and environmental interests because of the propensity of the species 1o rapidly cover the area
it colonizes. A practical and economical device or method that reduces zebra mussel colonization without detrimental side
eftects is highly desirable.

The rescarch and technical programs in which Sonalysis has participated focused on affecting veliger and immediate
post-veliger developmental stages using acoustic energy. In 1990, small-scale sudies were performed under contract to Empire
State Electric Energy Research Corporation (ESEERCO) by Sonalysts to survey the effect of underwater sound on the viability
of larval, post-veliger, Juvenile, and adult zebra mussels.

The acoustic energy was generated by several devices designed for underwater and iaboratory applications using nasrow
frequency bands between 155 Hz and 1 MHz. The initial screening was conducted by evaluating gross morphological and
behavioral effects in very small-scale (<1 liter} sysiems using shori-lemn exposures at of near the maximum opeTating
amplitude of each device. When an initial survey test showed promising results {e.g., veligers destroyed, mussels gaping, shells
fractured or detached) the test was conducted on a larger scale with replicate and reference samples at different amplitudes,
ranges, or durations.

Based on the 1990 results, ESEERCO sponsored Sonalysts to conduct additional research during the summer of 1991
{currently ongoing) which provided an opportunity to extend this work towards the optimization of acoustic parameters and
&n increase in scale (range, volume). A pilot-scale system will be developed and deployed in 1992 based on the information
angd resulis collected during the summer of ‘91 1esting. The pilot-scale system is being designed to prevent the attachment of
viable juveniles to intake walls and induce monality as veligers pass through moving volumes of waier.

Frowm the surveys, we kearned that high intensity acoustic sources can lethally disintegrate veligers and shatter the shells
of juvenile zebramussels. The effect on juveniles is size and time dependent. I siru tests also indicated that juveniles and adults
longer than 10 mm could also be killed, even at lower amplitudes, with less than 18 howrs of meament. Sonalysts will discuss
this acoustic research on zebra mussel control and their plan o demonstrate a full-scale installation of acoustic control
devices at an operating intake.

Smithee, R.D., and William P. Kovalak
Technical and Engineering Services, Detroit Edison Company

CONTROL OF ZEBRA MUSSEL FOULING BY COATINGS

The effectiveness of 14 different coatings, most of which were applicd to steel plaics, in controlling zebra mussel fouling was
testndinthcimakecanalatDetmilEdiwn'stumaPhnl{westcmLakcF:ie)bchum—Ombcrl%l.Prehnﬁnaty
results based on visual inspections indicaied most of the coatings affected some redoction in fouling. The most effective
mmmmmwmsmmdmmwmmmwppaaomummmm.Alsopmmisingwmlhama]
plastic coatings, although these were not exposed o colonization for the entire study period. Plates will be quantitatively
slmpledinmid-()anbu.Thiswiualbwabeuaﬂaluaﬁmofmemcﬁecﬁmessormcmﬂnuspmdm.
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SESSION NINE:
CHEMICAL CONTROL/MITIGATION
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Fisher, Susan W., and H. Dabrowska
Department of Emomology, The Ohic State University

TESTING OF CANDIDATE MOLLUSCICIDES ON THE ZEBRA MUSSEL

Methods were developed for measuring the toxicity of molkuscicides W the zebra mussel, Dreissena polymorpha (PALLAS)
in conjunction with studies conducied at the U.S. National Fisheries Research Center, La Crosse, W1 Adalt zebwa mussels (20—
25 mm inlength) were randomly selecied from astock caliure 24 bours priof to initiation of toxicity tests. Groups of 13 mussels
were placed on the bottomn half of 9 mm glass petri dishes and were allowed to secrete new byssal threads over a 24— hour period.
Those mussels which did not reattach were discarded. An average of 10 mussels per dish did secrete new byssal threads and
were considered suitable for use in toxicity wesis.

Toxicity tests were mun in triplicate in hard standard reference water. Mortality was assessed at 24 2nd 48 bours after which
the test animals were placed in clean water for 96 howrs to screen for recovery and survival. Toxicity data were anatyzed by
probit analysis to give LC,, values and 95% confidence limits.

Using this protocol, the toxicity of a series of 12 molluscicides was determined in adult zebra mussels. These toxicity
data were then compared 1o the results of tests performed with the same chemicals on two bivalves related 1o the zebra mussel;
the lateer tests were performed at the National Fisheries Research Center at La Crosse. From these data, the reliability of the
standard method was assessed. In addition, a body of toxicity data was developed for molluscicides proposed for use on zebra
mussels from which it will be possible to assess the efficacy of these chemicals in zebra mussel control and the likelihood of
harard o closely related freshwater bivalves.

Matisoff, Gerald', Alan Greenberg?, Gerald Gubanich?, and Julius Ciaccis®
'Department of Geological Sciences, Case Western Reserve University, ‘Cleveland Division of Water

EFFECTS OF POTASSIUM, C1.ORAMINE, AND CHLORINE DIOXIDE
ON CONTROL OF ADULT ZEBRA MUSSELS

Chemical dose/response studies of zebra mussel adults in flow-through aquaria were conducted to evaluate the effectiveness
of potassium, chioramine, and chiorine dioxide oo adult morality for exposure periods of up 0 several days. Potassium
permanganate was effective at concentrations greater than about 2 ppun. Potassium hydroxide concentrations less than 1 ppm
did not induce mortality in the mussels, but complete monality was obscrved at concentrations greater than 10 ppm. Chilorine
dioxide treatment resulted in mortalities of abowt 10%-20% at the 0.2-0.3 ppm level with 100% mortality reached in 24 howrs
at concentrations greater than 0.5 ppm. This yiclds an LC,, of about 0.4 ppm. Chloramine treatment resalted in 100% manatity
in 24 bours &t total chlorine concentrations as low as 1.2 ppm. However, the chloramine concentrations in those expesiments
wereas low as (.1 ppm, indicating a chloramine production yield of oaly about 10%. Thus, it is unclearif the monality-inducing
agent is chloramine at 0.1 ppm or free chiorine at 1.1 ppm. The high cficctivencss of chlorine dioxide a indocing zzhea mussel
montality, coupled with the fact that the addition of chkarine dioxide forms less THM's than chlorine and chloraming, indicates
that it may be prefexred as an oxidizing agent for zebra mussel control ai wates treatment plant intakes even if slightly higher
concentrations arc nceded.

37



Fisber, Susan W.', K R. Polizot?, and Beth Schneider®
'Department of Entomology, The Obio State University, *PCS Sales,
*Enviroumental Sciences Program, The Ohio State University

THE TOXICITY OF POTASSIUM CHLORIDE TO ZEBRA MUSSEL VELIGERS
AND SELECT NONTARGET ORGANISMS

The toxicity of potassium chloride was measured in static tests (0 zebra mussel veligers. In addition, the toxici_l}' of continuous,
low-level {25-50 ppm) exposure to KC) was measured in flow-through tests. The latter was accomplished using a customized
testing apparatus consisting of a series of 9 pipes which were 4 inches in diameter and 1M in length. The pipes were suspended
above the water a1 Stone Laboratory, Put-in-Bay, Ohio and Lake Erie water was pumped continuously through each pipe at
arate of 0.5 M/sec. Inside each pipe, a second pipe with a slightdy smaller diameter was placed. Each of the inner pipes were
wansected by a series of 6 glass slides to serve as seuling plaies. The inner pipe and glass slides were removed daily for
cxamination of veliger setling and survival. Threc of the pipes received a continuous application of 50 ppm KCland three pipes
received 25 ppm KCL. The remaining three pipes served as untreated controis. The experimental application of KCl took place
for a period of two weeks from Avgust 1, 1991 to August 15, 1991,

In addition 10 assessing veliger sewling and survival in each pipe, the number and condition of the veligers being pumped
into the pipes were analyzed daily. The concentration of potassium in the effluem of each pipe was assessed daily using an ion
specific potassium electrode and verified weekly with atomic absorption specaophotometry, Veliger abundance in the lake
water was also monitored on a daily basis.

The toxicity of KC1 was tested in several benthic invenebrates. These included juvenile Anodonta imbecillus with and
without sediment, adult Corbicula fluminea and fourth instar larvae of the midge, Chironomus riparius.
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SESSION TEN:

MECHANISMS
AND RATE OF SPREAD
(CONTINUED)
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Cariton, James T.
Maritime Studies Program, Williams College

DISPERSAL MECHANISMS OF THE ZEBRA MUSSEL

More than 20 dispersal mechanisms can transport zcbra mussels overland, upstream, and downstream. Dispersal mechanisms
may be natural (planktonic dispersal on currents; adult dispersal on other animals or on driftwood) and human-mediated
(mgingt‘mmboatsandbailbuckesmampbibiousplamsmdpamms).NoqmﬁmﬁvedaamavﬂhbhinEunp:oer
America for any dispersal mechanism. Control programs are thus based entirely upon certain assunptions and empirical
enderstandings. The existence of these diverse mechanisms further readers difficul the estimation of the rate of dispersal based
only upon current speeds. Significant jumps are predictable. Our two-year research program secks to quantify selected dispersal
mMmmmmmmmammmmwmmmmmpmﬁwm
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Blodgeu, K. Douglas’, Pamella A. Thiel’, Andrew C. Miller®, and Richard E. Spa!ks_‘ _ _
'Iinois Natural Hisiory Survey and Long Tenn Resource Monitoring Program, *U.S. Fish and Wﬂ_dhfc Smm
Environmenta) Management Technical Cenler, *U.S. Army Corps of Engineers, Waterways Experiment Station

ZEBRA MUSSEL INVASION OF THE UPPER MISSISSIPPI RIVER SYSTEM

The rapidexpansion of the recently introduced zebra mussel { Dreissena polymorpha) forewarns of sigoificant negative impacts
on both the biology and economy of the Upper Mississippi River System (UMRS )—a resource the United States Congress has
declared to be nationally sigaificant both as an ecosysiem and @ commercial navigation corridor.

Zebra musse] populations developing in southern Lake Michigan provide a probable source for recent expansion of the
specics into the UMRS. Natural dispersal of larvae may occur with water diverted from Lake Michigan down the MMinois River
(via the Chicago River, the Chicago Sanitary and Ship Canal, and the Des Plaines River) and into the Mississippi River. Both
seitled larvae and adulls may be transported by recreational craft and commercial navigation vessels (barges) emanating from
infesied areas of soutbern Lake Michigan and taversing both the UMRS and the lower Mississippi River. Another possible
means of dispersal is trailered recreational boats that transport larvae and adults overiand to both Jotic and lentic habitats in
the Mississippi River Basin.

The first confimed collection of a zebra mussel from the UMRS occusred on 18 June 1991 in aside channe! of the Elinois
Rivernear Bath, ), approximately 217 river miles (350 km) downstream from Lake Michigan and 110 river miles (117 km)
upstream from the confluence of the IMinois and Mississippi rivers. The adult specimen was atached 10 a native threeridge
musse! (Amblema plicata) and was taken by a commercial sheller. Additional adult specimens have been collected from the
Ilinois River by shellers and others, and setiled larvae are reported as far as 118 river miles (190 km) downstream from 1 ake
Michigan. In September, adults were reparied from the Mississippi as far upsiream as Pool 8 near La Crosse, W1, and as far
downsyrean as the Melvin Price Locks and Dam at Alon, IL.

Negative biological impacts may result from the zebra mussel’s competition for resources, especially food and space.
These biological impacts may also manifest themselves economically by affecting commercial and recreational fishing and
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McMahon, Robent F.', and Barry S. Payne?
'Center for Biological Macrofouling Research, The University Texas at Arlingion,
fUS. Army Corps of Engincers, Waterways Experiment Station

EFFECTS OF TEMPERATURE AND RELATIVE HUMIDITY ON DESICCATION RESISTANCE
IN ZEBRA MUSSELS (DREISSENA POLYMORPHA):
IS AERIAL EXPOSURE A VIABLE CONTROL OPTION?

Wet weighed adult zcbra mussels (Dreissena polymorpha) were emersed a1 5°, 15° and 25°C in relative humnidities (RH) of
<3%, 33%, 53%, 75% and >95% (RH maintained in desiccators with silica gel, super-saturated solutions of Mg(L 61,0,
Mg(NO,), 6H,0. NaCl and water, respectively). Subsamples (n=6) were removed periodically (frequency dependent on
desiccation rate), wet weighed, tested for viability by 12 b reimmersion and dried at 90°C. Cumalative wtal water (TW =
corpocal + cx tracorporal water) loss was assamed to be the decrease in wel weight during emersion (initial wet weight - final
wet weight) and was expressed as a percentage of TW weight (initial wet weight - dry weight). Increasing temperatare and
decreasing RH decreased emersion tolerance. At 25°C, LT, ranged from 42.2 b (<5% RH) 10 70.2 b (>95% RH).
Coeresponding LT, range was 69.7-96.7 h. At 15°C, LT, ranged from 67.7 b (<5% RH) to 266.2 b (>95% RH).
Corresponding LT, range was 153.1-537.1 b. At 5°C, LT, ranged from 169.8 b (<5% RH) 10 346.1 b (75% RH) (data for
>95% RH was incomplete atabstract due date). Comresponding LT, range was 362.5-482 7h. Atall temperatures, individuals
continualty shut valves at <5% RH, but periodically gaped and displayed open inhalant siphons at higher RH. Water loss tates
generally increased with increased temperature and decreased RH. At 15° and 25°C over <5-75% RH, mean per cent TW loss
for living individuals in samples just preceding those with 100% motality was 59-71%, sugpesting that mortality was doe to
desiccation. In contrast, mean TW loss prior to death a1 >95% RH was 25% at 15°C and 43% at 25°C, snpgesting that death
was due 1o other causes (i €., acidosis, anaerobic end-product of anmonia 1oxicity, orencrgy siore depletion). A similar patern
occurred at 5°C. These data suggest that dewatering to kill zebra mussels would require 3-4 days & 225°C. A115°C, it would
require 7-9 days below 75% RH, but 23 days above 95% RH. At 5°C, minimal time for 100% kill would be >1 1 days and is
likely to excoed 30 days above 95% RH. Thus, the most appropriate tune for application of dewatering 10 control zebra massels
is Mid-summer when elcvated anbient sesperatures would induce rapid kills. At lower ambient temperatares, application of
dry and/or heated air (0 dewatened components may be required 1o produce accepiable kill rates.
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Waller, D.L, L 1. Marking, and ] J. Rach
National Fisheries Research Center, U.$. Fish and Wildlife Servioe

EVALUATION OF THE EFFECTS OF CANDIDATE MOLLUSCICIDES ON TWO NONTARGET BIVALVES.

A veriety of molluscicides bave been proposed for use in control of zebra mussels, but their effect on noatarget aquatic
Organisms has oot been evaluated. Standard methods were adapied for assessing the toxicity of candidate molluscicides to two
nontargetbivalves. Fingernsil clams, Musculium transver sum, and the fawnfoot mussel, Truncilla donaciformis, were selected
o represent the two families of native bivalves. Both are similar in size o the zebra mussel and are commonly found in the
Upper Mississippi River. Teswrgmismsmooﬂoctedﬁmpmlsﬁlo9ormeUpperMissis.ﬁppi River near La Crosse, W1,
Handling, holding, and acclimation procedures were adapted 1o mirimize the stress 10 both specics of bivalves. Tests were run

by a 96-bour monitoring period in untreated water 0 more fully assess survival and mortality. Toxicity data were analyzed by
probit analysis 1o give LC,, values and 95% confidence Limils, We evaluaied the same chemicals as those tested at Ohio State
University againsi zebra mussels. Results from our studies and those conducted st Ohio State University will be usedloevahuate
the effectiveness of chemicals in zebea musse! contro) and their poicatial bazard to noatarget organisms.

Lee, Harold H.', and Aklila L emmat
'Department of Biology, The University of Toledo, 4ntemational Child Development Centre

TOWARDS MITIGATION OF ZEBRA MUSSELS AND ASIATIC CLAMS:
THE USE OF ENDOD, PHYTOLACCA DODECANDRA

Experiments using a static bioassay Sysiem as a basis to develop a focal control method fot Dreissena and Corbicula ilustrate
the potential usefulness of plant molluscicides, Lemmatoxins, from Phytolacca dodecandra oc Endod. Endod at a dose higher
than 15 mg/L is lethal to adult zebra musselds and Asialic clams, while a1 Jower doses prevent adhesion and aggregation of the
mussels. In addition 1o being mﬁmmmmmmwuw:mm. Since Endod plants have been
soccessfully grown as monoculture, demands on la-geqmmiesnfﬁndndusagcinwwinukesshouldsthnulmﬂnthu
agricpltivation. Since mrmam:mmmamammkmg-mmmm vary in design

mmmmmMmmmlnmmhmmmmw t0 prevent aggregation in water intake
ptpes.(Fmdudbya[kAmRMAmdmcUﬁvuwyofTobdomdmOhioSnGtmt).




Van Benschoten, Jobn E., James N, Jensen, and Daniel DeGirolamo
Department of Civil Engincering, State University of New York at Buffalo

CONTROL OF ADULT ZEBRA MUSSELS BY CHLORINE:
COMPARISON OF LABORATORY AND FIFLD STUDIES

Chiorine has been shown effective for the control of aduli zebrs mussels. In previous laboralory studies, zebra musset mortalicy
hasbeenshownmbcafmcﬁmofdﬂaimdmgmnmmmmmpuamefaempk. in continuous flow laboratory
studies (DeGirolamo e7 al, presentation at the 1991 American Water Works Association Annual Mecting), 106% monality was
observed at 23, 27, and 36 days at chiorine doses of 3.0 mg/L. (0-5°C), 1.0 mgA. (9-15°C), and 1.0 mg/L (0-5°C). Chiorination
conditions on the field scale may differ from laboratory conditions. For exampie, field scale chlorinations may not be continuous
for several weeks without interruptions in chlorine dosing due 1o cquipment Eailure or a change in treatment goals.

The objectives of the present study are threefold. First, zebra mussel mortality was determined during full scale
prechlorination atanoperating drinking water treatment facility. Second, mussel mortality during full scale and laboratory scalke
chlorination was compared. Third, the results from iniermitient chlosination studies will be used to determine if noncoatinuous
chlorination can explain differences in musse? mortality between the laboratory and full scale,

A full scale chlorination study was conducted at the Erie County Water Authority's Van de Watcr Water Treament Plant
(Tonawanda, NY) between April 8 and May 28, 1991. The plant treats water from the Niagara River. The nominal chlorine
dose was 1.0 mp/L. and water temperatures during the study period ranged from 6 to 12°C. A portion of the chlorinaied raw
water was diverted o flow through reactors where zebea musse! morality was determined. Mussels were considered dead if
they did not show any activity or respond to genile probing aftera 24 bour recovery period in unchlorinated water, Inkeymittent
studies were conducted by pumping a chlorine stock solution into unchlosinated raw walker prior (0 introdsction into the
TCAciOrs.

Mussel mortality during full scale chlocination exhibited an "S” shape observed in previous laboratory studies. Fifty
percent mortality was observed after 30 days and 100% mortality afier 50 days. Laboratory experiments under similar
conditions (1.0 mg/L. chlorine residual, 9-15°C} showed 50% and 100% mortality at about 13 and 27 days, respectively.

Hourly chlorine readings during full scale chlotination revealed that chlorine addition was not continuous, To investigate
the effects of intermittent reacment, laboratory studies were conducted with three chlorine addition regines: 1.0mg/L chlorine
dosed continuously, 1.0mg/L chlorine dose with 0o chlorine added for four hours every 24 hours. and 1.0mg/]. chiorine does
with no chlorine added for eight hours every 24 hours. The time 10 50% monality was 4.5, § and i8 days for continuous, 20
bour/24 bour ané 16 bour/24 hour chlorinations.

Monality was slower during inlermittent chlorination e ven when the data were corrected for exposure time. This suggests
that mussels recover and can withstand chlorination ionger during intermittent treatment. Even infermitient treatment showed
muchfasmmomlitymmzhefullscalcchbtﬁmuon.lhus.mmnwnmceofamﬁnualchbﬁncdoesmsmbeuiﬁu! for
minimization of the time necessary for zebra mussel death.

43



Bidwell, Joseph R, L.A. Lyons?, D §. Cherry', I.C. Petille?, and M.W. Wemer?
'Department of Biology, Virginia Tech, ‘Betz Laboratories, Inc.

EFFECT OF INTERMITTENT CHLORINE AND BROMINE TREATMENTS
ON SETTLING, SURVIVAL, AND GROWTH OF THE ZEBRA MUSSEL, DREISSENA POLYMORPHA

The effect of daily 2-br ireatments with chlorine {0.5 mg/l. and 1.0 mg/L TRO) or bromine (0.5 mg/L. TRO) upon growth
and survival of two size classes (6-8 qun and 12-14 mm in length) of zebra mussels was assessed in a 30-day swdy which
o from carly July to Avgust 1991, The study was conducied in a field laboratory which had been fitted with 12 side stream
loops, each receiving a continuoys flow of Lake Erie water, Each loop contained a rack of glass slides and included g fouling
chambes fited with s cement panc] 1o examine the impact of these treatments on larval seuding and accumulation. Survival
of both size classes of mussels was greater than 85% in all treatments. Mussels in all treatments also cxhibited positive
growth over the 30 days. Larper mussels increased in length by an average of 4.4 mm, while smatler mussels increased by
6.8 mum in lenpth. Treatments of .5 mg/L chiorine and bromine did not have 5 significant effect upon weekly larval setiling
Tates as compared to controls, with all groups ranging between 50 and 70 larvae/slide/week. Daily 2-hr weatments with 1.0
m3/L chiorine significantly reduced larval settling to 10 w0 25 mussels/slide/week. Accumulations of larger possibly

Harlan, Fred L., and Roberi E. McCarthy
Nalco Chemical Company




Snyder, Fred L', Susan W, Fisher?, and Beth Schneider’ o
‘Obio Sea Grant College Program, Departnent of Entomology. The S)hno'Smc University,
"Environmental Sciences Program, The Obio State University.

EVALUATION OF POTASSIUM CHLORIDE FOR REMOVAL OF ZEBRA MUSSEL VELIGERS
FROM COMMERCIAL FISH SHIPMENTS

Shipments of live fish are potential vectors for the spread of zebra mussels (Dreissena polymorpha) inw watersheds outside
of the Great Lakes region, Currently, species such as emerald shiner (Notropis atheringides), while bass {Moronz chrysops)
and carp (Cyprinus carpio) are being shipped in water from the Lake Erie region to other waiersheds, allowing the possibvility
that zebra mussel veligers might also be transported. As the range of the mussel expands, shipments of species such s channel
catfish (lctalurus punciatus), golden shiner (Notemigonus crysoleucas) and fathead minnow (Pimephales promeias) could
represent additional pathways for invasion,

Amwchmlicalmmlforsebcﬁve]ymingzeMmm veligers fnom ﬂtemlcrh:ﬁshshipnmtsismdu
evaluation. Potassium chloride solutions of 0 ppm (control}, SO0 ppm and 1000 ppam are being used (o determine 24 br. mortality
rates for emerald shiner, fathead minnow, golden shiner, white bass and carp. Zebea mussel veligers are scheduled for testing
in potassium chloride solutions of & ppm (control), 25 ppm and 50 ppm to desesmnine 24 bour mortality rates.

Initial results from testing on these five commercial fish specics suggest that 24 br exposure to potassium chloride
concentrations as high as 1,000 ppm didnot cause mortality in excess of that expericnced by fishheld in the O ppm conrol tanks.

Extremicly low densities of zebra mussel veligers in western Lake Erie during the study period preciuded testing of the
lethality of potassium chloride to veligers. This portion of the investigation will be continued in 1992, Previous research bas
produced LC,, values for potassium chloride to adult zebra mussels as low as 138 ppm. Veligers are frequently seen to be more
sensitive (0 toxicants than are adult mussels.

Identification of potassium chloride Jevels lethal 1o veligers but harmiess o commercially shipped fish species could lead
0 recommendations for commercial fish hanlers on the prophylactic use of this chemical in rewarding the spread of zebra
mussels by their activilies,

45



Evans, David W., and Lisa M. Coughlin
Chemical Research Department, Ontario Hydro Research Division

EFFECT OF LITHUM/HYDRAZINE WATER CHEMISTRY
ON SHORT-TERM SURVIVAL OF ZEBRA MUSSEL

The emergency coolant injection (ECI) systems at Ontario Hydro's nuclear generating stations are part of the speciat safety
Systems used for cooling of the nuciear fuel in the event of aloss-of-coolant accident. The water reservoirs for the ECI systems
basically consist of Jarge volumes of demineralized water or lakewater, dosed with lithium hydroxide (pH 9 to 11) and
hydrazine (50 w0 200 mg/L) w control the corrosion rates of carbon steel componeats. Macrofouling by zebre mussels could
potentially impair the availability of this safety sysiem. A laboratory testing program was therefore undertaken to determine
the effect of typical lithium/Mydrazine Chemistry on the survival of young (ca. S mm) zebva mussels, in the short term,

Batch tests were run for 96 hours in well-sealed, 1L glass vessels. Tests were conducted in both demineralized water and
dechlorinated tap waser. Initial hydrazine concentrations were 0, 20, 50, 100 and 200 mg/L. Lithium bydroxide was added to
raise the initial pH w 10. All lithium/hydrazine dosed tests were maintained al 20°C, without aeration. Controls {no Lithium
or hydrazine) were run at 10°C and 20°C, both with and without acration. About 20 young mussels, naturally attached 1o PVC
substrates, were used in each treatment. Al tests were duplicated. Thcmusselswmnolfeddwmgthecourscorthewsthg.
Dissolved oxygen, pH, conductivity and lithium and hydrazine concentrations were measured at the beginning and end of the
test. Although an clectro-shock method was available, the live/dead determinations were done reatily by behaviourial
observation.

After 96 bours complete mortality was achieved in all kydrazine-dosed treatments. No mortality was observed in any
of the treatments in dechlorinated wp waler where bydrazine was absent (i.c. no montality in controls or in pH 10 Li-dosed,
0 mg/L. bydmzine weatment). Elevated control mortality was found in demineralized water at 20°C, but no mortality was seen
in comesponding 10°C controls. Observations made during the course of the experiment indicate that, at >20 mg/L hydrazine,
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Ackerman, 1.D., CR. Ethier, D.G. Allen, and J.K. Spelt

RECRUTTMENT AND ADHESION OF ZEBRA MUSSELS ON A VARIETY OF MATERIALS

Iniially, the mussels were dispersed over the entire coupon. However, with lime tie mussels clumped and tended towand
the edge of the coupons. In late July, the coupons were Overgrown by an algal mat. Alibough the alga was several mm thick,
it did not sppear 10 affect the muyssels.

Barber, Bruce J.
Virginia Instituie of Marine Science, College of William and Mary

PRELIMINARY INVESTIGATION OF THE SALINITY TOLERANCE
OF ZEBRA MUSSELS, DREISSENA POLYMORPHA: IMPLICATIONS FOR CHES APEAKE BAY

_The pmmtu.l for zebra mysscls. Dreisseng polymorpha, irvading subeswuaries of Chesapeake Bay was examined by exposing
m@gnduals 10 gradually increasing saliniry and recording growth rate and cumulative mortality. Both experimental (in which
salinity was gradualty mcmsedfmom.'fppumdcmuol (inwhichsalinitywasmaﬁnmmmmol:pt)aqumwae




Bidwell, Joseph R.', L. A. Lyons?, D S, Cherry', and J.C. Petrille?
'Department of Biology, Virginia Tech, *Betz Laboratories, Inc.

SURVEILLANCE OF ZEBRA MUSSEL (DREISSENA POLYMORPHA), LARVAL DENSITIES,
SETTLING. AND GROWTH AT A POWER PLANT ON WESTERN LAKE ERIE

Monitoring of zebra mussel densities, settling, and growth was initiated in June 1991 in the forebay of a power plant localed
on western Lake Erie. Densities of veligers were determined each week in water samples collected from depths of 2 and 4 m,
while settied larvae were counted weekly on glass microscope slides which were suspended near the plant intake. Cement
panels { 1(cm x 20 c1n) were also suspended in the forebay to furtber assess mussel accumulation and growth. Maximal veliger
densities were observed in July, reaching as high as 530/L. (530,000/m?) on one sampling date. Veliger densities appeared to
oscillae with temperature through July, with significant drops noted on two occasions when water temperaiures approached
30°C. Larval setting reached 277 mussels/slide/week (74,000/m?). When slides which were suspended on 6 July were
examined afier 30 days, the majority of those mussels greater than | mm in length fellinlo a 210 5 oum size range, with densities
of 188/slide (50,000/m?). Larger (> 10 mm), tansient mussels werealso occagionally found on these slides. Cement panels from
the forebay were completely covered withalayer of mussels by day4(. By day 60, the majority of thesemussels ranged between
5and 11 mm in length. A 24 cm’ subsample from these pancls contained 8.79 musselsiem? (87,900/n?) with a wet weight
biomass of | gm/am? (10kg/m?). Based on the datacollected to date, July appears (ohave been the peak period in terms of veliger
densities and rale of mussel accumulation on monitoring substrates at this Field site.

Conn, David Bruce, Kimberly A. Shoen, and Soo-Jin Lee
Deparment of Biology, St. Lawrence University

THE SPREAD OF THE ZEBRA MUSSEL, DREISSENA POLYMORPHA, IN THE ST. LAWRENCE RIVER,
AND ITS POTENTIAL INTERACTIONS WITH NATIVE BENTHIC BIOTA

Beginning in October, 1989, zebra mussels, Dreisseng bolymorpha, were discovered atached to various substrales in and
around the Snell Lock of the St. Lawrence Seaway at Massena, New York. Subscqueat stadies revealed no mussels on
substrates examined throughout the approximately 160-kilometer sireich of the St. Lawrence River upstream from the Jocks
at Massena, whilc substrates downstream from that site harbored many mussels. These results suggested that the zehr mussel
colony near the locks at Massena did not become established from natural dispersal downstream from Lake Ontario, but more
likely from ballast being dumped into the river by a ship going through the locks. The present study was designed 10 monitor
the movement of zebra mussels into the section of the St. Lawrence River upstream fram Massena, and to gather baseline data
on beathic macroinvertebrates thal might be affected by this invasion.

Between Sepiember, 1990 and Avgust, 1991, benthic macroinvenebrates were collecied from 60 sites along the upper
180 km of the St. Lawrence River. Collections were made by hand from both hard and soft bouoms and from aquatic
macrophytes, mosdy in shallow nearshore waters. Qther collections were made from navigational banys and their anchors in
the river's channel, and by SCUBA dives in deeper waters. Plankton samples wese taken from most of the sites using a 63mm
mésh plankton net.

A fewnewly settled zebramussclswuefmudauachedmmcbmasitemimmdy 1 mile upstream from Masseng.
Nonewly settled or adult zebra mussels were found af any site farther npstrearn, despite the fact that other researcheys reported
isolated colonies at Cape Vincent, New York (at the river's outflow from Lake Qntario) and Prescoit, Optario (halfway between
Lake Ountario and Massena). No veligers were found in plankion samples taken upstream from Massena,

Nwwwmmtmmmclm%smﬂspwim((hmwodm.mdnmmmmm
{Pelecypoda). Unionid clams near tie Massena site were frequently covered on their posterior (sipbonal) ends with zebra
mussels; many heavily covered unionids were dead. Insects collected represented 9 orders and 27 families. The number of
families of cach order were: 7 Trichopiera (caddisflies), 5 Coleopiera (beetles), 4 Hemiptera (true bugs), 4 Ephemeropiera
(mayflies), 3 Odonata (dragonflies & damselflies), | Megalopiera (dobsonflies), § Diptera (true fhies), 1 Hymenoptera (wasps),
and 1 Lepidoptera (moths). Amphipod crustaceans were abundant, but isopods, crayfishes, sponges, bryozoans, Hydra and
ﬂatwumsgmcmllyoecmmdhsnmhnmm.mmmtammknﬂsmmicsofmcfmmmmdx
&nd Hydropsychidae. These insects require clean flowing waier for feeding, and hard substrates for attachment. Becanse these
requirements closely parallel those of D. polymorpha, strong compelition may vesult as the later spreads through the river. The
results of such competition might have 2 negative impact on sport fishes that feed beavily on the insects.

This smdy was supportad by gramis from the Pew Charitabie Trusts and St. Lawrence University.
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Crawford, Gary W., Jon J. Mojares, James 1. Walker, and Jeffrey L. Ram
Department of Physiology, Wayne State University

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

As reported elsewhere (Ram ¢t al., this volume of abstracts) spaweing of both male and female zebra mussels can be induced
by external application of 10> M serotonin (5-HT). Video recording illustrates several features of the induced behavior and
resultant gametes. Within 15 min of 5-HT application to males, sperm began (0 appear in a narrow “jer” from the excurrent
siphon. This well-de fined strean extended atdeast 15 mm from the spawning animal (the limit of the small vials used). Animals
continued to expel sperm for an hour or more, in some cases producing enough sperm to obscure the spawning animal in the
10 ml ¢otal volume in which experiments were done, Similarty, eggs appeared in the excurreni stream of females within one
and & half hr of 5-HT application. In some females, eggs were expelled with lazger particulates, resembling gonadal fragments
of ovarian tissye. Although valve closures and openings were repeatedly observed in spawning animals, this behavior does not
appear o be directly invol ved in expulsion of gametes, since gametes were continuously ejected while valves were apart and
siphons open. In the smal vials in which experiments were done, a portion of the discharged eggs and sperm were drawn into
the incurrent siphon, a phenomenon which may account for con-specific offspring suppression by zebra mussels, as described
by Macisaac & Sprules (1st Int. Zeb. Mus. Res. Conf., 1990), Projection of gametes (o 2 distance from spawning animals in
the observed jet streams may be a way of countering this tendency to offspring ingestion.

Eggs and speran spawned in response © 5-HT were examined with videomicroscopy. Sperm swam actively. Within 2
brof adding sperm to released eggs, many of the ¢2gs began to show signs of fertilization: double nuclei, cleavage, and, in some

French, John R.P,, and Michae) T, Bur
U.S. Fish and Wildlife Service, National Fisheries Rescarch Center—Great Lakes

FRESHWATER DRUM (APLODINOTUS GRUNNIENS),
A PREDATOR OF THE ZEBRA MUSSEL IN LAKE ERIE

Freshwater drum (Aplodinotus grunniens) are considered mgjor mollusk predators because they possess molariform
pharyngeal weeth used (o crush shells. Howeva.mnﬂuskswmnotfoundmbemhnpormtfoodnﬂakc&icfmhwwdrm
in the 1960-1980pcriodwhmlbcymptisedhssthmT%onhcbmlhicummmiticsinmewcsm part of the lake. The

freshwater drum, We oollcctoddnmsfmn22slajmsinmcwcstanhasmofmehkeaMcxmﬁwdthcirgutomwnlsinMay,
July, and September 1990 Fmshwamrd:mndidnotfeedxigdﬁcmﬂymzetmmusscismuﬂthey were a1 least 250 mm long.
andaﬁmmwbnmus;selsincmedasdmmsiumcmsed.Medmm-sizeddnm (250 10 374 mm long) fed mainly on
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Nichols, Susan J.
U.S. Fish and Wildlife Service, National Fisheries Research Cemer—Great Lakes

DETERMINING THE SEX AND REPRODUCTIVE STATUS OF ZEBRA MUSSELS

Determining sex ratio and reproductive status of zebra mussels can provide useful information on when veliger production wili
begin and a gencral estimate of overall numbers. The reproductive status of amussel is determined by remnoving a portion of
the combined digestive-reproductive tract, and examining this material under a microscope. Zeba mussels fall into four
catzgories—male, female, hermaphrodite, or immature (unidentifiable). The ratio of male-to-female, as well as the degree of
hermaphrodism, varies considerably from colony to colony. Immature is a term used to describe mussels whose gametes are
not differentiated at this time, regardless of sbell size or previous spawning record. The peneral appearance and size of the
gametes found during dissection indicates when spawning will cccar. Mahoe feynzales contain eggs showing both nuclei and
germinal vesicles. However, allhough eges can show both nuclei and germinal vesicles af a size of 0.030 mm, these eggs must
reach over (0.060 mm before spawning occurs. Mature males coatain spenm that are triangular i shape, less than 0.01 mm in
siz¢, with multiple tails. Sperm are not released until they are triangular in shape as well as tailed. In general, it takes about 8
to 10 weeks at 20°C for an immatere mussel, with no distinguishable gameies, (o develop fully ripe gametes.

Thorp, James H., and Kim H. Haag
University of Louisville, Water Resources Labomtory

USE OF A RIVERINE MESOCOSM TO STUDY THE ENVIRONMENTAL TOLERANCES
OF ZEBRA MUSSELS IN LOTIC ECOSYSTEMS

There is a paucity of information on the biology and impact of zebra mussels in rivers. In Europe, where Direissena is well
established, the polluted condition of many lotic habitats has presumably limited riverine populations. In the Uniwsd Stases, the
zebra mussel has only recently spread from acustrine ecosystems Lo fivers draining into the Gulf of Mexico and Adantic Ocean,
Significant differences in environmental conditions existing in rivers versus lakes make it inadvisable torely solely on avaitsble
data from lakes when predicting impacts of zebra mussels in rivers.

To overcome this lack of applicable data we have designed an outdoor, flow-through riverine mesocosm to study the
environmental tolerances of zebra mussels in loticecosystems. The initial phase consists of forty PVC troughs with a maximum
depth of 4 inches and a length of 10 feet. Afier entering a head tank, vnireated water from the nearby Obio River is pumped
through the individual troughs & an “average™ comrent velocity of 0.1 m/sec. From 50 w0 75% of the water is recirculaied, 10
reduce the required pump capacity. Waste water from the system is pumped through a mixed-media filter, treated with high
concentrations of chiorine, and then sent to a holding lapoon. Channels are coloaized with adull 2etwa mipssels attached to
removable, tmglazed ceramic tiles at various densitics (4000/m? in an initial study).

We are conducting studies to determine ¢ffects of temperature on the biology of Dreissena and the effects of zebra
musseis onnativemussels. For the thevoual experimeats, ten replicates of 3 different ismperature regimes are being ran: ambicnt
{(comresponding to the average weekly wemperature at the intake pipe on the Ohio River); 25% Lywer than mmbient: and 25%
higher than ambicnt. Dependent variables in this 18-month emperature experiment are percent survival, growth rage, sd
patierns of reproduction.

We are alsobuilding an indoor, 100% recircuiating mesocosm which will use unireated water from the Ohio River. Inirial
studies will examine the effect of current velocity on settling of postveligers. A headtank will be colonized by adults and
emperatures will be maintained a1 18-20°C. Veligers will be circulated through the chanmels a current velocities of 1.0-2.0
m/sec. Glass slides and otber substrales will be placed in the channels and examined semiweekly (0 determine settling
frequency.

51



Yankcovich, Tamara Lynn and G, Haffner.
Deparment of Biological Sciences, Great Lakes Institute, University of Windsor

INFLUENCE OF POPULATION AGE STRUCTURE ON THE TOXICOKINETICS
OF THE ZEBRA MUSSEL. DREISSENA POLYMORPHA

Field and laboratory observations indicate that Dreissena polymorpha colonization strategics, both on natural substrates and
antificially-placed substrates, such as cement blocks, are dependent o population densities and age structure. Size frequency
distributions of populations illustrate that habitat selectivity declines with increasing population density. It is likely that
selective preferences are related 1o Dreissena’s filtering mechanism, where a “better’” position equales to more food. Filtration
Fepreseats a critical mechanism by which chemicals are bicaccumulated in organisms such as zebea mussels, Additional
investigations are currently underway in order to determine the filtering rase and calibrate the chemical dynamics of Dreisseng
palmmmmmchbmnmmdmlhcmld.mccmﬁmmmismmmaum will be used to index the wxicokinetics of
Dreissena polymorpha with reference to population age structure and mussel orientation on substrate.
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THERMAL BACKFLUSHING TO CONTROIL, ZEBRA MUSSELS AT STEAM STATION
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ABSTRACT

Other than thermal treatment, the use of various chemical
treatments to control zebra mussels (Drejssena polvymorpha) in
both the U.S. and Canada is well documented and appears to be
effective under a number of different protocols. However,
concerns over the potential impact of these treatments to
receiving water bodies has motivated industry to investigate
alternative or complementary control approaches. The control of
2ebra mussels by thermal treatment is an alternative approach to
chemical treatment which may be effective while producing minimal
harm to the environment.

To remove the zebra mussel infestation in the circulating wvater
system at Niagara Mohawk Power Corporation Dunkirk Steam Station,
it is proposed to increase the temperature of the intake water
used for steam condenser cooling from 55-65°F (13-18°C) to at
least 95*F (35°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 ils possible to redirect the main
condenser heated discharge water back to the intake structure and
to the screenhouses instead of discharging into the harbor. This
redirecting of the condenser discharge water to the intake
structure/screenhouse has resulted, during pravious treatments,
In an increase in circulating water 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 100°F (38°C).

Biological and temperature monitors were placed throughout the
circulating water system. These monitors were 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.

This Research and Development project to control zebra mussels by
thermal treatment at Niagara Mohawk Power Corporation's Dunkirk
Steam Station yields results which can be used in several ways.
The main goal of this project is to follow up on the experienca
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 power generating stations and the
potential usc for the design of new generating facilities.
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Niagara Mohawk Power Corporation, Syracuse, New York
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