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Zebra and Quagga Mussels in North America

® Originally endemic to Europe
® |ntroduced to North America in ~ 1984-1985
® 7ebra mussels found in Lake Erie in 1986

® Rapidly spread throughout major eastern US drainage systems

® Zebra Mussels: Great Lakes, Mississippi River and eastern tributaries,
lower Missouri River, Arkansas River, isolated water bodies

® Quagga Mussels: Great Lakes, upper Mississippi and lower Ohio Rivers,
lower Colorado River, reservoirs in Colorado, Arizona, southern California

® Rapid dispersal through navigable waterways on commercial vessels and
through canals and water conduits between water bodies

® Dispersed more slowly to isolated water bodies (i.e., overland transport)

® Zebra Mussels recently found in San Justo Reservoir Central California
(2008), in Texas, Lake Texoma, (2009), Lake Ray Roberts (2012) and Lake
Belton (2013), and Lake Bridgeport (2014)



Thermal Aspects of the Present
Distribution of Zebra Mussels In
North America and Europe
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Zebra/Quagga Mussel Temperature Limits for Invasion

Generally agreed long-term incipient upper thermal limit of zebra mussels was 30°C and
28°C for quagga mussels based on European and Northeastern US studies

Generally agreed temperature for initiation of spawning was 16-18°C

These temperature limits were used predict potential zebra mussel distribution in North
America based on maximum summer surface water temperatures — similar for quagga
mussels

Recent successful establishment of zebra mussels in warm waters of Texas and quagga
mussels in the warm waters of the Lower Colorado, southern California and Arizona
requires a re-examination of these assumptions



European Distribution of Dreissenid Mussels
Relative to Peak Summer Temperature

© KUCORPI, 2008
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1°C Mean Maximum Air Temperature Isotherms (1961-1990)
Source: Spatial Climate Analysis Service, Oregon State University
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Zebra Mussel Thermal Adaptation In
Southwestern Water Bodies

Todd Robinson of TPWD with
zebra mussel infested rock
from Lake Texoma.

From State Impact: Energy
and Environment reporting for
Texas 03/19/2014




Comparison of Median Survival Times Between Zebra Mussels
from Winfield City Lake (KS) and Hedges Lake (NY)
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2013 qPCR Results for 23 Texas Water Bodies

letll

Results of 2013 Spring-Early Summer and Fall gPCR
Testing of Plankton Samples for Zebra Mussels
in 23 Texas Water Bodies
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Texas Water Bodies with Known or Suspected Zebra Mussel Infestations
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Zebra Mussel Population Dynamics in a
Warm Texas Water Body (Lake Texoma)




) AT T—

ol
’ !
..Aﬂﬂr; T g -

® Hobo dataloggers recorded
surface water temperatures
continuously at one hour
Intervals

s o se_ttlerﬁ'éﬁt
 Monitor ® Daily mean surface water
temperatures computed from
hourly data

=
" Pz

g

e

i }ric’_:g;w-eightf?‘ / 7 .

”~




31

August Mean Daily

w
(@]

N
©

N N N
()} ~ (0]

N
(&)

Mean August Surface Water Temperature

In Texas Water Bodies

Ganbuy

PoanmKngdom
BobSand

Fok
Tawako

Cadd
OhePhnes
Pakhe
Apwhea/(
Tenrnn
Ahen
Conpée
WghPatan
Lavo
Ralubbaro
Lewsk
Ahgbn
Bdgepo
Gapevn
EagkMount
dePoo
ManeCeek
Wo h
CedacfCee
Lvingen
RchhndChanbé¢

RaRobes

Texas Water Body

estern

t—U(ﬁyress

rop e
U

Drainage B asin

Brazos
Us

Neches

Red

Sabine
San Jacint
Suphur

Trinity- Ea:
Trinity-ElInm

Tr inWteys-t F

- Tr inMtayin

St




Zebra Mussel Distribution in Lake Texoma (TK/OK)
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Shdl Length (mm)

Zebra Mussel Size Distributions in Lake Texoma
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Zebra Mussel Growth Rate & Life Spans in Lake Texoma
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Zebra Mussel Veliger Size Distributions in Lake Texoma
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Zebra Mussel Starvation at Elevated
Summer Water Temperatures
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Zebra Mussel Dry Tissue
Weight Variation in
Winfield City Lake, KS

o Estimated DTW from
regression equations for
specific sized mussels

e« SL =5, 10, 15, 20, 25, and 30
mm

« DTW declined at water
temperatures >25°C

» Most pronounced in larger
mussels

e Suggests starvation above
AN ®

» Most pronounced in larger
individuals

McMahon, Leung and Morse
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Comparison of Mussel DTW of Lake Oologah and Winfield City Lake
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Dry Tissue Weight for Standard Sized Individuals
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® In all examined standard sized mussels a
tendency to loss DTW occurred when water
temperatures rose above 25°C

® More pronounced in larger individuals
® Indicative of summer starvation
® Maintenance energy demands > energy
assimilation
® Negative scope for growth
® Larger individuals gain tissue mass when
water temperatures are <18°C
® Maintenance energy demands < energy
assimilation
® Positive scope for growth
® Not spawning
® Reduced maintenance energy due to low
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Hydrological and Thermal Characteristics
of Texas Water Bodies Relative to
Resistance to Zebra Mussel Invasion

Adult Zebra Mussels on
Settlement Monitor in Lake Ray
Roberts, August 4, 2014
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Texas Water Body Thermal Characteristics Relative to Mussel Invasion
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Correlation of Texas Water Body Hydrological and Thermal Characteristics
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Lake Ray Roberts Plankton Sample06/14/2014

Lake Ray Roberts

Maximum depth = 32.3 m
Average depth =8.39 m
Mean August Temperature = 29.9°C
Number of days >25°C = 121
Sum °days >25°C = 399.5
Lake Lewisville
*  Maximum depth =14.33 m
Average depth =6.32 m
Mean August Temperature = 30.4°C
Number of days >25°C = 137
Sum °days >25°C = 473.178
Lake Lewisville may be thermally resistant
to zebra mussel invasion




Conclusions

® Zebra mussels appear to have evolved increased thermal resistance in warm southwestern

water bodies

® Increased thermal tolerance (31°C)

® Continue to spawn up to 30°C (>25°C upper limit in European and Northeastern US)

® Veliger larvae tolerate temperatures up to 30°C (<25°C in Europe and Northeastern US)

® Impacts of elevated water temperatures on zebra mussel biology and ecology
® Increased growth rates and shorter life spans in Texas water bodies
® Elevated summer water temperatures (>25°C) lead to starvation and loss of tissue mass
® Nutrient removal — reduction in phyto-bacterioplankton food availability
® Most prominent in adult mussels
® May result in life spans being reduced to 1-1.5 years
®* May eventually lead to population density reduction or extirpation

® Some southwestern water bodies may be thermally resistant to zebra mussel invasion
¢ Surface water temperatures tend to increase with decreased water body depth
® Increases the number of days when water temperature is >25°C
® Increases the number of °days >25°C experienced by mussels during summer months
® Increased heat stress in shallow water bodies may lead to mussel starvation and extirpation
¢ Highest at-risk water bodies may be characterized by:
¢ Elevated maximum and mean depths
® Reduced surface water temperatures (<31°C) during summer months
May be a potential parameter for zebra mussel invasion risk assessment for southwestern water bodies
® May be the basis for lack of successful zebra mussel invasion of Lake Lewisville even though it is
receiving mussel larvae from the highly mussel infested Lake Ray Roberts 13.5 km upstream
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