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| nt roducti on

The first confirmed Okl ahoma sightings of Zebra Miussels (ZM,
Drei ssena pol ynorpha, were nade on the Arkansas River, 20 - 22 Jan
1993, inside locks 14 (WD. Mayo), 15 (R S. Kerr), and 16 (Wbbers
Falls). They were found in the Verdigris River at |ock 17 (Chouteau)
on 10 June 1993 and at lock 18 (New G aham in md January 1994.
The first inland | ake confirmati on was not until 30 May 2003 at
ol ogah Lake. The first inland | ake in Kansas was at El Dorado Lake
i n August 2003. Veligers were washed down the Arkansas River from El
Dorado and were first discovered in Kaw Lake in July 2004, but
settled adults were not found until February 2005. Settlenment from
this continued downstream flow was found i n Keystone Lake on 31
Cct ober 2005 and Sooner Lake on 3 May 2006.

Zebra nmussels were accidentally transported from Europe to North
America in the 1980's and were first found in the United States in
St. Cair Lake, Mchigan in 1986. Researchers believe that the
mussel s were accidentally transported to North America by trans-
Atlantic ships. They are expected to spread across the majority of
the U S within a decade.

The Noni ndi genous Aquati ¢ Nui sance Prevention and Control Act of
1990 established a National Aquatic Nui sance Species Programto
control and reduce the risk of further introductions of aquatic
nui sance species. It specifically addressed the zebra nussel, which
is expected to inpact over two-thirds of the Nation's waterways. It
was renewed as the National Invasive Species Act of 1996 P.L. (101-
636) .

Bi ol ogy and Ecol ogy

Bi ol ogi cal characteristics of the ZM nust be consi dered when
devel oping control strategies for a facility. It is inportant to be
able to identify the nussel and to understand basic aspects of its
life history and ecol ogical requirenments. Two inportant aspects of
the life history of ZMare their strong byssal attachnment to any firm
substrate and the occurrence of ZM as m croscopic, planktonic veliger
|arvae in their early life history.

Spawni ng occurs between 12C (54F) and 27C (80F). The eggs
develop in 7 days and larval life is 7 - 30 days. The eggs and
| arvae are easily transported by water currents; therefore,
facilities upstreamof known popul ations are at |ess innmediate risk.
Vel igers may be abundant in water when tenperature exceeds 12C and
can settle at any water velocity less than 1.5 nps. They prefer
flows of 1.5 to 2.0 nps. (4.8 to 6.6 fps). If faster flows sl ow down
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they can attach and stay when velocity picks back up.

Most adults live two to three years. Adults are intol erant of
| ow di ssol ved oxygen (less than 50% air saturation), high water
tenperature (30C)(86F) is stressful, 32.5C (90F) will cause nortality
in 5 hours, 34C (93F) is lethal), acidic (pHless than 7), |ow
calciumconditions (less than 15 ng/L as dival ent cation), brackish
water (greater than 5 ppt), turbidity over 50 TDU, and salinity above
4.5.ppt. Biochem cal indicators show ZMto be their weakest in the
spring and fall.

Moni tori ng

Monitoring for presence/ absence of ZMis best acconplished by
periodically inspecting substrate surfaces. Tests show that
preference was given to upper over |ower surfaces, textures over
snoot h surfaces, horizontal over vertical surfaces and prefer to
settle near crevices and surface irregularities. There was no
preference to |light and dark substrates or anong various substrate
materials such as wood, steel, alum num plexiglas, glass, PVC,
fiberglass, concrete, and |inestone. Adults have substrate
preferences simlar to those of the juveniles. Adults can readily
detach froma substrate and nove .5 neter per hour, for over 24
hours. Light, in particular, appears to stimnulate novenent.

Artificial nonitoring stations may be set out in hard to observe
areas, natural waterways, or if you want data for inpact analysis and
ecol ogi cal studies. They should not be used for plankton studies.

Control Measures

ZM are hard to control because of their high reproduction rate,
rapid growth, mcroscopic |larval stage which can be rapidly dispersed
in noving water, and their ability to attach firmy to nost hard
substrates. Sonme of the nore prom sing control neasures are chlorine
application, thermal treatnent, surface coating, cathodic protection,
mechani cal filtration, and acoustics. The nost popul ar and proven to
date is chlorine application and thermal flushing, or a conbination
of the two.

Chlorination is popular method of ZM control. Mny factors can
i nfl uence the effectiveness of chlorine, such as tenperature, pH
chlorine concentration, exposure tinme, type and quantity of chlorine
conmpounds formed, and the size and physiol ogical state of the ZM
treated. For best results 0.5ppmtotal residual chlorine (TRC) is
desired, 2.5ppmw Il kill adults in 10 - 15 days. Treatnents can be
end of season, periodic, intermttent, continuous, or sem -
continuous. Managers nust be aware of potential effects of chlorine
to their facilities. Caution nust be taken to insure acceptable
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tenperature and chlorine levels in wastewater and effluent. Contro
measures may require an EA, EIS, or NPDES. Oher chem cals and

bi oci des are bei ng used, however, not all EPA regions have approved
uses other than chlorine for ZM control .

Thermal treatnent has proven successful in many situations.
Mortality can be near 100%if exposed to water tenperatures of 36C
(97F). Consideration should be given to the effects of therma
treatnent on lubricating oil, turbine oil, hydraulic tenperatures,
etc. In long pipe systens the water tenperature nmay be hard to
mai ntain. Once the ZM have been killed nost will fall off into the
pi pe system and nust be renoved. They may be found throughout the
pi ping system up to hydrants and nozzles. |If ZMare clustered very
thick on pipe walls the bottoml|ayer of ZM may not be exposed enough
to kill them Therefore another treatnent may be needed. Large
power pl ants, with heavy infestations, recomend conducting a thernmal
treatnment in the Fall, to kill that seasons ZM and another in the
Spring, to kill what was not killed in the Fall.

Where the opportunity exists, freezing ZM have proven to worKk.
They will die when exposed to -1.5C (23F) for long periods of tine.
At -3C (27F) nortality will be 100%in 12 hours. If the ZMare
clustered very thick in may take 3 tinmes as |ong.

Surface coatings are effective to sone extent and may be the
only alternative in sonme situations, such as on vessels or buoys. Any
toxic netal -based surface coating will deter Zebra Miussels, also
silicone based paints. The preferred coating by the U S. Coast CGuard
is a water-base inorganic Zinc paint. Zinc is toxic to ZM They
have had no reoccurring infestation after 12 nonths.

Cat hodi ¢ protection, nmechanical filtration, and acoustics have
shown sone prom se, but not enough research has been conducted to
make many recomrendations yet. An alternative to direct treatnents
is to use toxic netals such as copper, bronze, and gal vani zed steel.

ZM avoid the toxic netals and the Zinc from gal vani zed steel wll
kill them Many facilities are redesigning structures to be
removabl e for easier cleanup.

Summary

The infestation of Zebra Miussels in the Arkansas and Verdigris
Ri vers appears to have been froma commercial vessel in late 1992.
Some U.S. waterways report that once the adults have been introduced
into their area they began to see substantial populations in about
the third year. Oher areas have taken | onger to see significant
popul ations. The rate of spread and the extent of their inpact in
Ckl ahoma wat erways wil |l depend on many factors. |If conditions are
right for the Zebra Mussel, once they are introduced, we wll be
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forced to initiate control neasures and change our operational
pr ocedur es.



