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NZMS NZMS 
General BiologyGeneral Biology

Gastropod order prosobranchia (lungless snails)Gastropod order prosobranchia (lungless snails)
Parthenogenetic (clonal) livebearer Parthenogenetic (clonal) livebearer 
Length 5Length 5--6 mm 6 mm 
Calcified operculum Calcified operculum –– tight sealtight seal

50% survival 25 d in damp media50% survival 25 d in damp media
Survive w/o water > several hoursSurvive w/o water > several hours

High reproductive potential High reproductive potential 
120 embryos/brood pouch120 embryos/brood pouch
230 juveniles/snail/year 230 juveniles/snail/year 
50k individuals/m50k individuals/m22

NZ pop male/female NZ pop male/female –– generally female in North Americagenerally female in North America



NZMS NZMS 
Environmental ControlsEnvironmental Controls

Cosmopolitan habitat requirements Cosmopolitan habitat requirements 
Spread by ballast water & damp fishing gearSpread by ballast water & damp fishing gear
England (1830) England (1830) –– Germany (1899) Germany (1899) –– France (1923) France (1923) –– Norway (1957) Norway (1957) ––
Switzerland (1980) Switzerland (1980) –– Ukraine (1976)Ukraine (1976)
Snake Rv, ID (1987) Snake Rv, ID (1987) –– Lk Ontario, NY (1991) Lk Ontario, NY (1991) –– Madison Rv, MT/WY Madison Rv, MT/WY 
(1995) (1995) –– Columbia Rv, OR (1997) Columbia Rv, OR (1997) –– Owens Rv, CA (2000)Owens Rv, CA (2000)
Completion w/ native gastropods (T&E)Completion w/ native gastropods (T&E)
Current (impractical in field) control methodsCurrent (impractical in field) control methods

FreezingFreezing
Desiccation Desiccation 
Hot waterHot water



Current NZMS DistributionCurrent NZMS Distribution
CaliforniaCalifornia

Distribution of NZMS in California

•Owens River 1999

•Hot Creek 2003

•Putah Creek 2003

•Mokelumne River 2003

•Calaveras River 2004

•Napa River 2004



NZMSNZMS

6 mm

Cone-shaped shell
w/ 5-6 whorls



Preventing the Spread of NZMSPreventing the Spread of NZMS
San Francisco BaySan Francisco Bay--Delta EstuaryDelta Estuary

ABAG funded study (CALFED)ABAG funded study (CALFED)
44--Phase StudyPhase Study

Compound efficacy in 5 minCompound efficacy in 5 min
Compound corrosiveness on gearCompound corrosiveness on gear
Field practicality & easeField practicality & ease
Outreach/education for BMPsOutreach/education for BMPs

Cooperative studyCooperative study
CDFG researchersCDFG researchers
USFWS, NCCFFF, CalTrout & TU collaboratorsUSFWS, NCCFFF, CalTrout & TU collaborators
Gear from manufacturersGear from manufacturers
Ken Davis and Bob Ford invaluable Ken Davis and Bob Ford invaluable 



Phase 1Laboratory TestsPhase 1Laboratory Tests



Efficacy TestsEfficacy Tests

5 & 15 5 & 15 °°C temperatureC temperature
Opercula open & closedOpercula open & closed
55--min exposure & 48min exposure & 48--h recoveryh recovery
Compounds (various concentrations)Compounds (various concentrations)

Grapefruit extract (GSE)Grapefruit extract (GSE)
Isopropyl alcohol Isopropyl alcohol 
Bleach (chlorine)Bleach (chlorine)
Benzethonium chloride (BZCl)Benzethonium chloride (BZCl)
Formula 409Formula 409®®

Potassium permanganate (KMnOPotassium permanganate (KMnO44))
PinesolPinesol®®

AmmoniaAmmonia
Copper sulfate (CuSOCopper sulfate (CuSO44))



Results 5 Results 5 °°CC
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Results 15 Results 15 °°CC
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Results 15 Results 15 °°CC
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Phase 1Phase 1
ConclusionsConclusions

Higher survival w/ operculum closed Higher survival w/ operculum closed 
Higher survival @ higher temp Higher survival @ higher temp 
Operculum is keyOperculum is key
Efficacious solutions:Efficacious solutions:

1,000 ppm CuSO1,000 ppm CuSO4 4 (252 ppm Cu)(252 ppm Cu)
1,940 ppm BZCl1,940 ppm BZCl
50% Formula 40950% Formula 409®®

50% Pinesol50% Pinesol®®

100% bleach (60,000  NaHOCl)100% bleach (60,000  NaHOCl)



Phase 2Phase 2
Compound CorrosivenessCompound Corrosiveness

Orvis, Simms & Patagonia waders & bootsOrvis, Simms & Patagonia waders & boots
Decontaminant procedureDecontaminant procedure

Random assignmentRandom assignment
One mate was control (water)One mate was control (water)
Other mate immersed in solution for ½ hOther mate immersed in solution for ½ h
Rinsed & placed in sunlight for 1 hRinsed & placed in sunlight for 1 h

Repeated every other day for 2 wk (7 exposures)Repeated every other day for 2 wk (7 exposures)
Pictures & inspection before & afterPictures & inspection before & after



BleachBleach



PinsolPinsol®® & Formula 409& Formula 409®®



BNCL & CuSOBNCL & CuSO44



Phase 2 ConclusionsPhase 2 Conclusions
Efficacious & NoncorrosiveEfficacious & Noncorrosive

CuSOCuSO44 (252 ppm CU)(252 ppm CU)
BNCl (1,954 ppm)BNCl (1,954 ppm)
Formula 409Formula 409®® (50 %)(50 %)



Phase 3 Field TestingPhase 3 Field Testing
Putah CreekPutah Creek

Photos by Ken DavisPhotos by Ken Davis



Phase 3Phase 3
Field TestsField Tests

55--min exposure @ Putah Creekmin exposure @ Putah Creek
Tub immersionTub immersion
Dry sack Dry sack 
Spray (CuSOSpray (CuSO44 only)only)
Water rinseWater rinse
Water rinse & scrub (if substrate remained)Water rinse & scrub (if substrate remained)
Filter solution & rinse waterFilter solution & rinse water
Inspect snails @ laboratoryInspect snails @ laboratory



Phase 3 Field Studies Phase 3 Field Studies 
Putah CreekPutah Creek



Phase 3 Field TestingPhase 3 Field Testing

Photo by Ken DavisPhoto by Ken Davis

Photo by Joe FerreiraPhoto by Joe Ferreira



ConclusionsConclusions

55--min exposures efficacious min exposures efficacious 
CuSOCuSO44 (252 ppm CU)(252 ppm CU)
BNCL (1,954ppm)BNCL (1,954ppm)
Formula 409Formula 409®® (50 %)*(50 %)*

Submerged in tubSubmerged in tub
Dry sacDry sac
CuSOCuSO44 (252 ppm Cu) spray(252 ppm Cu) spray



Outreach/Education for BMPsOutreach/Education for BMPs



Norwegian Decontamination StationNorwegian Decontamination Station
Gyrodactylus salarisGyrodactylus salaris



Future WorkFuture Work

Collaborating w/ USGS, USDA & MFW&PCollaborating w/ USGS, USDA & MFW&P
ManMan--made water delivery systemsmade water delivery systems

SCWA SCWA –– Putah South CanalPutah South Canal
Copper sulfateCopper sulfate
Bayluscide (EC formulation)Bayluscide (EC formulation)
Potassium permanganatePotassium permanganate
Potassium chloride (synergist)Potassium chloride (synergist)
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