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LITERATURE REVIEW ON EFFICACY OF DISINFECTION METHODS BY SPECIES 
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PERDZOCK, SABRINA SCULL, ERIN VENNIE-VOLLRATH 

The following appendix outlines the effectiveness of various disinfection methods on specific species and 

includes citations for determinations.  It is a working document that will be updated as new findings are 

made.  If you have any new citations to add, please send suggestions to Maureen Ferry at 

maureen.ferry@wisconsin.gov.  

 

Key:  

= Effective- Eliminates spp when applied at rates outlined in the manual code. 

=Not Effective- Requiring higher rates and/or longer time periods than outlined in code to eliminate spp. 

®= Research Needed- No/insufficient sources or references found.  

 

Supporting references are enumerated in superscript.  Symbols shown without references depict commonly 

shared knowledge wherein references or studies to validate may exist but have not yet been found.  

Table 1 Efficacy of treatment methods for macrophytes and algae. 

AIS 

Steam 

Cleaning 

(212°F) 

Hot Water 

(140°F) 

Drying  

(5 days) 

Chlorine 

(500 ppm, 

10 min) 

Virkon 

(2:100 

solution, 

20 min) 

Freezing 

(26°F†) 

Curly Leaf 

Pondweed 
 79 ®  3, 55 ® ®  52 

Curly Leaf 

Pondweed 

Turion 

 53  53  3 ® ® ® 

Eurasian 

Watermilfoil 
 15  15  3, 12, 55 ® ®  58* 

Eurasian 

Watermilfoil 

Seed 

® ®  56* ® ® ® 

Hydrilla ® ® 
 55*, 59, 

60*, 61 
® ® ® 

Yellow 

Floating Heart 
® ®  62* ® ® ® 

Starry 

Stonewort 


 84 ® 
 81*, 84 ® ®  81*, 82, 84 

Didymo  48  48  13, 48 
 13, 48, 49, 

50* 
®  48 
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*Additional details: 
50 Median lethal concentration at 11.5°C is 5.7 mg/L. Would need one more temperature trial. 
55 Hydrilla reported as “fasting drying plant” of 10 species tested; however, additional viability testing not done due 

to state transport laws  
56 EWM seeds are viable to excessive periods of desiccation. 
58 EWM seeds likely experience increased viability after freezing 
60Study only tested twigs for up to 24hrs 
62N. peltata seeds show high tolerance to desiccation  
81This study only looks at bulbil germination and not survivability of adult SSW. 

Table 2 Efficacy of treatment methods for invertebrates. 

AIS 

Steam 

Cleaning 

(212°F) 

Hot Water 

(140°F) 

Drying  

(5 days) 

Chlorine 

(500 ppm, 

10 min) 

Virkon 

(2:100 

solution, 20 

min) 

Freezing 

(26°F†) 

Faucet Snail  18* 
 18* 

 35 
 18 ® ® 

New Zealand 

mud snail 
 4, 65*  4, 65* 

 6*, 66*  76* 
 9, 10*, 74, 

76, 83 


 4, 6* 

Quagga Mussel 

(Adults) 
 7*,16*  7*,16* 

 14* ® 
 9 ® 

Quagga Mussel 

(Veligers) 
 4, 17, 80* 


 4, 17 

 69* ®  9 ® 

Zebra Mussel 

(Adult) 
 7*, 8*, 25  7*, 8*, 25 

 14*, 25*, 

27 


 22* ®  25, 27 

Zebra Mussel 

(Veligers) 
 4, 80* 

 4 ®  22*, 25 ® ® 

Asian Clam 
 4, 37, 78 


 4, 37  4  

 37*, 38* ® ® 

Spiny Water 

Flea (Adult) 

 7*, 47*, 

80* 
 7*, 47* ®  76, 83 

 76, 83 
 76, 83 

Spiny Water 

Flea  

(Resting Eggs) 

 2*, 80* 
 2* 

 2*, 4  2 ®  2* 

Bloody Red 

Shrimp 
®  83* 


 83* 

 83* 
 83* ® 

Rusty Crayfish  †  † ® ® ® ® 

 

*Additional details: 
†Based on the understanding that these organisms are regularly steamed and boiled for consumption 
2 Frozen in water, not just in air; Hot water: 50°C (122°F) for >5 min (or 1 min at >50°C); Drying: ≥ 6 hr @ 17°C 

(63°F) 
6Drying: Must ensure hot and dry environment (>84°F for 24hrs; ≥ 104°F (40°C) for >2 hours); Freezing: ≤ 27°F (- 

Brazilian Egeria  79 ®  55 ® ® ® 

Parrotfeather ® ®  55 ® ® ® 
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  3°C) for 1 to 2 hours 
7 >43°C (110°F) for 5-10 min 
8 ≥ 140°F (60°C) for 13 to 10 seconds 
10 2% solution (77 grams/1-gal water) for 15-20 min 
14Adult Dreissena may survive overland transport for 3-5 days 
16 ≥ 140°F (60°C) for 5 to 10 seconds 
18 50°C (122°F) for ≥ 1 min 
25Must ensure hot and dry environment (>25 C for at least 2 days, or 5 days when humidity is high) 
37Short exposure time (30 min) at low rates (0, 5, 7.5, & 10 mg/L), Morality at 35-43°C (95-110°F) 
38Long exposure time (14-28 days) to low rates (0.25-0.4 mg/L) 
47 >38°C (100°F) for 12 hrs 
65 >50°C (122°F) for 15 seconds  
66 Dry in full sunlight for ≥ 50 hrs 
69Veligers experienced 100% mortality after 5 days under summer temperature conditions, and after 

approximately 27 days under autumn temperature conditions 
80 Mentioned as effective in DiVittorio et al 2010, however no reference or study provided to validate 

claim 
83Only tested on Nylon Mesh and Canvas 

Table 3 Efficacy of treatment methods for viruses and diseases.  

AIS 

Steam 

Cleaning 

(212°F) 

Hot Water 

(140°F) 

Drying  

(5 days) 

Chlorine 

(500 ppm, 10 

min) 

Virkon 

(2:100 

solution, 20 

min) 

Freezing 

(26°F†) 

Spring Viremia 

of Carp virus 

(SVCv) 

 29*, 30, 

31*, 64 

 29*, 30, 

31*, 64 
 4* 

 28*, 29*, 30, 

31, 64 
® 

 29 

Largemouth 

Bass virus 

(LMBv) 

® ® ® 
 24* ®  32 

Viral 

Hemorrhagic 

Septicemia virus 

(VHSv) 

 4 
 4 

 4* ® ® 
 29, 63 

Lymphosarcoma ® ® ® ® ® ® 

Whirling 

Disease 
 33* 

 33* 
 5, 33*  20*, 33* ®  5* 

Heterosporis ® ®  34* 
 34* ®  34* 

 

*Additional details: 
4 Drying of >28 days at 70°F needed 
5 Bleach 500 mg/L for >15min; Freezing at either -20°C or -80°C for 7 days or 2 months 
20Heat @ 90°C for 10 min; Bleach at 1600 ppm for 24hrs, or 5000 ppm for 10 min 

2410% bleach/water solution 

28 For SVC: Bleach = 500mg/L for 10 min; Virkon = 0.5-1% for 10 min, or 0.1% for 30 min 

   For VHS: Bleach = 200-500mg/L for 5 min; Virkon=0.5-1% for 10 min 

   For Whirling Disease: Bleach = 500 mg/L for 10-15 min; Virkon = 0.5-1% for 5 min 
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   For Ranavirus (LMBv): Bleach = 500 mg/L for 15 min; Virkon = 0.5-1% for 1 min 
29Hot water = 56°C for 30 min; Bleach =520 mg/L for 20 min 
31Hot water 60°C (140°F) for 30 min = 99.9% mortality 
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Virkon® Aquatic, common household bleach or salt at a variety of concentrations for a range of immersion 
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Description of Ranavirus, also known as Largemouth Bass virus.  Includes its identification, life history and ecology, 

impacts, and management strategies.  
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29. World Organization for Animal Health. 2012. Manual of Diagnostic Tests for Aquatic Animals.  
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http://www.oie.int/international-standard-setting/aquatic-manual/access-online/
http://www.cfsph.iastate.edu/Factsheets/pdfs/spring_viremia_of_carp.pdf
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Various chemical and physical methods for destroying the triactinomyxon (TAM) stage of the myxozoan 

parasite Myxobolus cerebralis were tested at different exposure/doses.   Freezing or drying for 1 h, 

Chlorine concentrations of 130 ppm for 10 min, immersion in 75oC water bath for 5 min all produced 0% 

viability of parasite which causes whirling disease.  However at 58oC water bath for 5minutes, as much as 

10% remain possibly viable. 

 

34. DNR/ GLFC guidance. 2005.  

http://dnr.wi.gov/topic/fishing/documents/fishhealth/heterosporis_factsheet.pdf  
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“Immerse gear in a chlorine bleach solution for five minutes (3 cups of household bleach in 5 gallons of 

water).  Freezing at -4 °F for 24 hours (home freezer) will also kill the spores….completely dry for 

a minimum of 24 hours for dessication to effectively kill the spores.” 
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faucet snails. 

 

36. Ramsay, G. G., J. H. Tackett, and D. W. Morris. 1988. Effect of low-level continuous chlorination on 

Corbicula fluminea. Environmental Toxicology and Chemistry 7:855-856.  
 

The time required for continuous chlorination to produce 100% mortality in adult Corbicula fluminea was 

determined. The total residual chlorine concentrations maintained were lower than any previously tested: 
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chlorine for control of the Asiatic clam (Corbicula fluminea). Technical Report ORNL/TM-7808. Oak 

Ridge National Lab., TN (USA).  
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39. Doherty, F. G., J. L. Farris, D. S. Cherry, and J. Cairns Jr. 1986. Control of the freshwater fouling bivalve 
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40. Chandler, J. H. and L. L. Marking. 1979. Toxicity of fishery chemicals to the Asiatic clam, Corbicula 

manilensis. Progressive Fish-Culturist 41:148-51. 
 

Tested concentrations of various chemicals on Asiatic clam.  Clorine solutions derived from Calcium 

hypochlorite had a 96-hr LC50 of 1450mg/L.  

 

41. Habel, M. L. 1970. Oxygen consumption, temperature tolerance, filtration rate of introduced Asiatic clam 

http://dnr.wi.gov/topic/fishing/documents/fishhealth/heterosporis_factsheet.pdf
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Corbicula manilensis from the Tennessee River. MS Thesis, Auburn University, Auburn, Alabama, 66 pp.  

 

42. Coldiron, D. R. 1975. Some aspects of the biology of the exotic mollusk Corbicula (Bivalvia: Corhiculidae). 

MS Thesis, Texas Christian University, Fort Worth, Texas, 92 pp. 

 

43. Cherry, D. S., J. H. Rodgers Jr., R. L. Graney, and J. Cairns Jr. 1980. Dynamics and control of the Asiatic 

clam in the New River, Virginia. Bulletin 123, Virginia Water Resources Research Center, Virginia 

Polytechnic Institute & State University, 72 pp. 

 

44. McMahon, R. F. 1979. Tolerance of aerial exposure in the Asiatic freshwater clam Corbicula fluminea 

(Muller). In Proceedings, First International Corbicula Symposium, ed. by J. C. Britton, 22741, Texas 

Christian University Research Foundation. 

 

45. Dudgcon, D. 1982. Aspects of the dessication tolerance of four species of benthic Mollusca from Plover 

Cove Reservoir, Hong Kong. Veliger 24:267-271. 

 

46. Müller, O., and B. Baur. 2011. Survival of the invasive clam Corbicula fluminea (Müller) in response to 

winter water temperature. Malacologia 53(2):367-371.  
 

Studied the cold tolerance of C. fluminea in a laboratory setting, simulating winter water temperatures.  Found that 

clam cold tolerance is higher than previously understood, which may allow the species to increase its range as streams 

continue to warm.  

 

47. Garton, D. W., D. L. Berg, and R. J. Fletcher. 1990 Thermal tolerances of the predatory cladocerans 

Bythotrephes cederstroemi and Leptodora kindti: relationship to seasonal abundance in Western Lake Erie. 

Canadian Journal of Fisheries and Aquatic Sciences 47:731–738.  
 

Tested whether thermal tolerance is related to seasonal abundance (summer versus autumn) of introduced 

Bythotrephes cederstroemi (Spiny water flea) and the native Leptodora kindti.  Observed that B. cederstroemi has a 

lower ability to acclimate at warmer [summer] temperatures.   

 

48. Kilroy, C., A. Lagerstedt, A. Davey, and K. Robinson. 2007. Studies on the survivability of the invasive 

diatom Didymosphenia geminata under a range of environmental and chemical conditions. Biosecurity New 

Zealand NIWA Client Report: CHC2006-116. National Institute of Water and Atmospheric Research LTD. 

Christchurch, New Zealand. 
 

Studied the survivability of D.geminata to determine optimum growing conditions.  Then tested the use of 

disinfection methods on D geminata being grown in optimum conditions. 100% Cell mortality occurred 

after20min with 40ᵒC water, but 60ᵒC for at least one minute is recommended for rapid treatment. Freezing 

is stated to be effective at killing D. geminata, however, this study does not list treatment times.A 1% 

chlorine solution was effective after 1 minute, and a 0.5% solution took 100 minutes to kill ~90% of 

specimens.  

 

49. Jellyman, P. G, S. J. Clearwater, B. J. F. Biggs, N. Blair, D. C. Bremner, J. S. Clayton, A. Davey, M. R. 

Gretz, C. Hickey, and C. Kilroy. 2006. Didymosphenia geminata experimental control trials: Stage One 

(screening of biocides and stalk disruption agents) and Stage Two Phase One (biocide testing). 

Christchurch: National Institute of Water & Atmospheric Research Ltd.  
 

Tested various chemical treatments on viability of Didymosphenia geminata.  Observed effects of adding the biocide to 

bins of river water containing mats of D. geminata, pebbles and cobble substrate, with aeration to simulate turbulence.  

Samples were later examined for viability in the laboratory using staining techniques. 
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50. Beeby, J. 2012. Water quality and survivability of Didymosphenia geminata. Colorado State University, 

Master’s Thesis Dissertation. 
 

Colonized Didymo in the lab in an artifiicial stream, then exposed it to different water quality parameters to 

test survivability.  Tested the impact of chlorine solutions at various doses.  Chlorine had a significant effect 

on Didymo viability, but copper showed the greatest effect on Didymo. Tested the impact of chlorine 

solutions at the doses of 1.3, 2.5, 5.0, and 10 mg/L. 

 

51. Jellyman, P. G., S. J. Clearwater, J. S. Clayton, C. Kilroy, C. W. Hickey, N. Blair, and B. J. F. Biggs. 2010. 

Rapid screening of multiple compounds for control of the invasive diatom Didymosphenia geminata. 

Journal of Aquatic Plant Management 48:63-71.  
 

Applied 10 different biocides to Didymo in toxicity trials in artificial stream channels.  Determined biocides' 

efficacy through three replicate exposures.  Chlorine significantly reduced Didymo viability but was the 

least effective of the top five biocides, with Gemex being most effective. 

 

52. USDA-NRCS, 2009. Curly-leaf pondweed. The PLANTS Database Version 3.5. Baton Rouge, USA: 

National Plant Data Center. http://plants.usda.gov 
 

Minimum temp of -33°F; freezing unlikely to cause mortality. 

 

53. Barr, T.C. III. 2013. Integrative control of curly leaf pondweed propagules employing benthic bottom 

barriers: physical, chemical and thermal approaches. University of California – Davis. Ph.D Dissertation. 
 

Study tested the pumping of heated water under bottom barriers to inhibit turion sprouting.  Turions were 

exposed to treatments and then given recovery period.  Those that did not sprout were believed to be 

unviable. Water of temperatures between 60-80°C (140-176°F) for 30 seconds was sufficient to inhibit 

growth.  

 

54. Rajagopal, S., G. Van Der Velde, M. Van Der Gaag, and H. A. Jenner. 2005. Factors influencing the upper 

temperature tolerances of three mussel species in a brackish water canal: size, season and laboratory 

protocols.  
 

Biofouling 21:87-97. Led thermal tolerance experiments to determine if the following factors have any effect 

on mussel mortality: mussel size, season, nutritional status, acclimation temperature, acclimation salinity. 

 

55. Barnes, M. A., C. L. Jerde, D. Keller, W. L. Chadderton, J. G. Howeth, D. M. Lodge. 2013. Viability of 

aquatic plant fragments following desiccation. Invasive Plant Science and Management 6(2):320-325. 
 

Hydrilla reported as “fastest drying plant” of 10 species tested; however, additional viability testing not 

done due to state transport laws 

 

56. Standifer, N. E. and J. D. Madsen. 1997. The effect of drying period on the germination of Eurasian 

watermilfoil seeds. Journal of Aquatic Plant Management 35:35-36.  
 

EWM seeds are viable to excessive periods of desiccation  

 

57. Watkins, C. H., and R. S. Hammerschlag. 1984. The toxicity of chlorine to a common vascular aquatic 

plant. Water Research 18(8):1037-1043. 
 

http://plants.usda.gov/
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Studied impact of low chlorine concentrations (0.02, 0.05,0.1, 0.3,0.5, and 1.0mgL-1) on Eurasian 

watermilfoil growth over 96-hr period.  Rate reductions ranged from 16.2% for plants grown with chlorine 

concentrations of 0.05 mgL-1 to 88.2% reduction in growth in a chlorine concentration of 1.0 mgL-1. 

 

58. Patten, B.C. Jr. 1955. Germination of the seed of Myriophyllum spicatum L. Bulletin of the Torrey Botanical 

Club 82(1):50-56. 
 

EWM seeds likely experience increased viability after freezing 

 

59. Silveira, M. J., S. M. Thomaz, P. R. Mormul, and F. P. Camacho. 2009. Effects of desiccation and sediment 

type on early regeneration of plant fragments of three species of aquatic macrophytes. International Review 

of Hydrobiology 94(2):169-178  
 

Fragments of Hydrilla was left on trays of sand and clay for 1-4 days inside a greenhouse. Samples left in 

clay were still viable after 1-4 days of desiccation, however, not sprouts were produced in the sand 

treatment after one day of drying. 

 

60. Kar, R. K., and M. A. Choudhuri. 1982. Effect of desiccation on internal changes with respect to survival of 

Hydrilla verticillata. Hydrobiological Bulletin 16(2-3):213-221. 
 

Twigs of Hydrilla verticillata were dried for periods of up to 24hrs and then analyzed for signs of life.  

Respiration continued for at least 20hrs.  

 

61. Basiouny, F. M., W. T. Haller, and L. A. Garrard. 1978. Survival of Hydrilla (Hydrilla verticillata) plants 

and propagules after removal from the aquatic habitat. Weed Science 26:502–504. 
 

Hydrilla plants and propagules were dried for up to 7 days, and then replanted.  16hrs of drying resulted in 

no regeneration of plant fragments, while drying tubers 120 hrs and turions for 32 hrs resulted in new knew 

sprouting.  

 

62. Smits, A. J. M, R. Van Ruremonde, and G. Van der Velde. 1989. Seed dispersal of three nymphaeid 

macrophytes. Aquatic Botany 35:167-180  
 

N. peltata seeds show high tolerance to desiccation. 

 

63. Arkush, K. D., H. L. Mendonca, A. M. McBride, S. Yun, T. S. McDowell, and R. P. Hedrick. 2006. Effects 

of temperature on infectivity and of commercial freezing on survival of the North American strain of viral 

hemorrhagic septicemia virus (VHSV). Diseases of Aquatic Organisms 69(2-3):145-151. 
 

In 2006, Arkush et al. found that commercial freezing (held at -20ᵒC for 2 weeks after blastfreezing at-40ᵒC) 

of in vitro VHSv shown a significant 99.9% reduction of the active virus post thaw. 

 

64. Ahne, W., H. V. Bjorklund, S. Essbauer, N. Fijan, G. Kurath, J. R. Winton. 2002. Spring viremia of carp 

(SVC). Diseases of Aquatic Organisms 52:261-272.  
 

Review of the properties, histopathology, and epizootiology of Spring Viremia of Carp virus (SVCV).  The 

authors list various methods by which virus infectivity may be destroyed, including heat treatments and 

chlorine. 

 

65. Dwyer, W., B. Kerans, and M. Gangloff. 2003. Effects of acute exposure to chlorine, copper sulfate, 
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and heat on survival of New Zealand mudsnails. Intermountain Journal of Sciences 9:53-58.  
 

No description available. Details found in USFS outline of disinfection guidelines to avoid spread of AIS 

during fire management and suppression activities.  Recommends treatments for various species based on a 

literature review; references are outlined in this guidance.   

 

66. Alonso, A., and P. Castro-Diez. 2012. Tolerance to air exposure of the New Zealand mudsnail 

Potamopyrgus antipodarum (Hydrobiidae, Mollusca) as a prerequisite to survival in overland 

translocations. NeoBiota 14:67-74.  
 

Tested different time lengths of air exposure to P. antipodarum in vessels within a controlled climatic 

chamber.  The snails were then rehydrated, and mortality was measured at 24, 96, 168 and 264 hours, to 

assess lethal air exposure treatments. 

 

67. McMahon, R. F. 1996. The physiological ecology of the zebra mussel, Dreissena polymorpha, in North 

America and Europe. American Zoologist 36(3):339-363.  
 

Review of physiological responses of zebra mussels due to temperature, respiration and metabolism, 

hypoxia/anoxia, salinity, desiccation and freezing, starvation, and bioenergetics. 

 

68. Clarke, M. 1993. Freeze sensitivity of the zebra mussel (Dreissena polymorpha) with reference to 

dewatering during freezing conditions as a mitigation strategy. M.S. Thesis, The University of Texas at 

Arlington, Arlington, Texas. 

 

69. Choi, W. J., S. Gerstenberger, R. F. McMahon, and W. H. Wong. 2013. Estimating survival rates of quagga 

mussel (Dreissena rostriformis bugensis) veliger larvae under summer and autumn temperature regimes in 

residual water of trailered watercraft at Lake Mead, USA. Management of Biological Invasions 4(1):61-69.  
 

Measured quagga mussel veliger survival rates on boats outside of water bodies in summer and autumn 

weather conditions.  Recommended to reach 100% veliger mortality before transporting a boat out of 

quarantine and into another water body. 

 

70. Hoffman, G.L., and M. E. Marliw. 1977. Control of whirling disease (Myxosoma cerebralis): use of 

methylene blue staining as a possible indicator of effect of heat on spores. Journal of Fish Biology 10:181-

183.  

 

71. Bovo, G., B. Hill, A. Husby, T. Hästein, C. Michel, N. Olesen, A. Storset, and P. Midtlyng. 2005. Pathogen 

survival outside the host, and susceptibility to disinfection- Work Package 3, Report QLK2-Ct-2002-01546 

Fish Egg Trade, VESO, Oslo, Norway.  
 

Outline of disinfection guidelines to avoid spread of AIS during fire management and suppression activities.  

Recommends treatments for various species based on a literature review; references are outlined in this 

guidance.   

 

72. Jørgensen, P.1974. A study of viral diseases in Danish rainbow trout: their diagnosis and control. Thesis, 

Royal Veterinary and Agricultural University, Copenhagen. 101pp. 

 

73. Pietsch, J., D. Amend, and C. Miller.1977. Survival of infectious hematopoietic necrosis virus held 

under various conditions. Journal of Fisheries Research Board of Canada 34:1360-1364.  
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Outline of disinfection guidelines to avoid spread of AIS during fire management and suppression activities.  
Recommends treatments for various species based on a literature review; references are outlined in this guidance.   

 

74. Acy, C.N. 2015.  Tolerance of the Invasive New Zealand Mud Snail to Various Decontamination 

Procedures.  Thesis submitted in candidacy for Honors at Lawrence University.  
 

Virkon was found to be effective after trials of 1, 5, and 10-minute exposures to a 2% solution. Bleach and 

409 were also tested. Bleach was found to be effective at 5, 10, and 20-minute exposures to a 400ppm 

solution. 

 

75. Schreiner, L., K. Stepenuck, and L. Albright. 2016. 2% Virkon Aquatic Spray Applications to Wading Boots 

Infested with New Zealand Mudsnails [Poster Presentation]. National Water Quality Monitoring Council 

10th National Monitoring Conference. Tampa, FL.  
 

Spray applications of 2% Virkon Aquatic solutions were applied to New Zealand mudsnails placed on 

waders.  Waders where placed in plastic bags post spray application for exposure durations of 10 and 20 

minutes.  Mortality rates ranged from 87-93% for both exposure times. Study did not test the effectiveness of 

the spray and bag method when paired with pre-treatment cleaning methods required by the DNR’s manual 

code.   

 

76. De Stasio BT, Acy CN, Frankel KE, Fritz GM, Lawhun SD. Tests of disinfection methods for invasive 

snails and zooplankton: effects of treatment methods and contaminated material. Lake Reserv 

Manage. 35:156–166. 
 

Project summary and update for DNR surface water grant #AIRD-106-15 

Study analyzed the effectiveness of decontamination methods on spiny water flea (SWF) and New Zealand 

Mudsnail (NZMS).  Methods tested included Virkon Aquatic, bleach, and freezing, with solutions tested via 

both spray and immersion application methods.  Preliminary results show that immersion applications were 

more effective than spray applications for both disinfectants.  Bleach decontamination was not effective on 

NZMS when applied at a concentration on 400ppm and exposure time of 25 min.  100% Mortality was seen 

in SWF immersed in bleach solution for 10 minutes and Virkon Aquatic for 15 min, though live embryos 

were still observed in brood sacs after both spray and immersion bleach treatments. Freezing was effective 

at killing all SWF after 2hrs of application.  

 

77. Snider, J.P., J. D. Moore, M.C. Volkoff, and S.N. Byron. 2014. Assessment of quagga mussel (Dreissena 

bugensis) veliger survival under thermal, temporal and emersion conditions simulating overland transport. 

California Fish and Game 100(4):640-651  
 

Quagga mussel veligers were exposed to a gradient of water and air temperatures over a variation of time 

periods to determine tolerances.  No veligers survived immersion for an hour at a temperature of 37ᵒC, nor 

did any survive 20 hours of immersion at 35ᵒC or greater.  Overall, no veligers survived emersion or 

immersion and an air temperature of 35 or greater, however, veligers immersed in a small volume of water 

survived for at least 20 hours at 30ᵒC and seven days at 25ᵒC.  

 

78. Coughlan, N., Cuthbert, R., Dickey, J., Crane, K., Caffrey, J., Lucy, F. E., Dick, J. (2019). Better 

biosecurity: spread-prevention of the invasive Asian clam, Corbicula fluminea (Müller, 1774). Management 

of Biological Invasions. https://doi.org/10. 3391/mbi.2019.10.1.07.  
 

This article examines the efficacy of a range of biosecurity techniques, including recommended (aquatic 

disinfectants, bleach and salt solutions) and more novel (hot water and direct steam) approaches, to induce 

https://doi.org/10.%203391/mbi.2019.10.1.07
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adult C. fluminea mortality. 

 

79. Crane, K., Cuthbert, R.N., Dick, J.T.A. et al. Full steam ahead: direct steam exposure to inhibit spread of 

invasive aquatic macrophytes. Biol Invasions 21, 1311–1321 (2019). https://doi.org/10.1007/s10530-018-

1901-2.  
 

Examines the use of direct steam exposure to induce substantial fragment (i.e. propagule stage) degradation 

of seven invasive macrophytes: Ceratophyllum demersum, Crassula helmsii, Egeria densa, Elodea 

canadensis, Elodea nuttallii, Lagarosiphon major and Potamogeton crispus. 

 

80. DiVittorio, J., Grodowitz, M., Snow, J. (2010) Inspection and Cleaning Manual for Equipment and Vehicles 

to Prevent the Spread of Invasive Species. Technical Memorandum No. 86-68220-07-05, U.S. Department 

of the Interior, Bureau of Reclamation, Denver, Colorado.  
 

Procedures have been developed in this manual to address the transport of invasive species and pests 

through equipment movement. This manual provides guidance for inspecting and cleaning vehicles and 

equipment to help prevent the spread of noxious invasive species during Bureau of Reclamation activities. 

 

81. Gottschalk, Stephen D., and KENNETH G. Karol. "Survivability of starry stonewort bulbils using 

commonly available decontamination strategies." J. Aquat. Plant. Manage 58 (2020).  
 

This study tested the effects of freezing, desiccation, steam, and bleach on starry stonewort bulbils. Bulbils 

subjected to desiccation or freezing were tested by two measures of viability: the germination assay and the 

tetrazolium assay." 

 

82. Glisson, Wesley & Wagner, Carli & Verhoeven, Michael & Muthukrishnan, Ranjan & Contreras-Rangel, 

Rafael & Larkin, Daniel. (2020). Desiccation tolerance of the invasive alga starry stonewort (Nitellopsis 

obtusa) as an indicator of overland spread risk. Journal of Aquatic Plant Management. 58. 7-18.  
 

This study conducted laboratory and outdoor experiments to evaluate desiccation tolerance of starry 

stonewort propagules, including single stem fragments, small and large clumps of fragments, and bulbils 

(asexual reproductive structures). 

 

83. Wisconsin Department of Natural Resources. “Effectiveness of disinfection methods for reducing the spread 

of invasive snails and zooplankton.” Factsheet. Wisconsin Department of Natural Resources. Madison, WI. 

Oct. 2020. Web. 

 

84. Wisconsin Department of Natural Resources. “Efficacy of decontamination strategies on the survivability of 

starry stonewort bulbils.” Factsheet. Wisconsin Department of Natural Resources. Madison, WI. Oct. 2020. 

Web. 
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