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Zebra and Quagga Mussels in North America

• Originally endemic to Europe
• Introduced to North America in ~ 1984-1985
• Zebra 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

Open GIS Webmapping Service





Predicted Zebra Mussel Distribution 
Based on Average Maximal and minimal 

Monthly Surface Water Temperatures

• 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

Zebra/Quagga Mussel Temperature Limits for Invasion



Endemic 

Range

Invasion Range

European Distribution of Dreissenid Mussels 

Relative to Peak Summer Temperature



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



28 29 30 31 32 33 34

Treatment Temperature (øC)

0

100

200

300

400

500

600

700

800

900

M
e

d
ia

n
 S

u
rv

iv
a

l 
T

im
e

 (
h

)

WCL Early

WCL Late

HL 2 006

HL 2 007

Comparison of Median Survivial Times Between
Winfield City Lake KS and Hedges Lake NY 

Shell Length = 15 mm
Acclimation Temp. = 20øC

N
ea

r 
10

0%
 S

u
rv

iv
al

 o
ve

r 
67

2 
h

N
ea

r 
10

0%
 S

u
rv

iv
al

 o
ve

r 
67

2 
h

N
ea

r 
10

0%
 S

u
rv

iv
al

 o
ve

r 
67

2 
h

WCL Incipient Upper Thermal Limit = 31.7°C

Morse 2009

Comparison of Median Survival Times Between Zebra Mussels 

from Winfield City Lake (KS) and Hedges Lake (NY)



2011 and 2012 qPCR Results
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2013 qPCR Results for 23 Texas Water Bodies

Te
xo

m
a

R
ay

 R
ob

er
ts

Jo
e 

P
oo

l

W
or

th

Fo
rk

Ta
w

ak
on

i

La
vo

n

Le
w

is
vi

ll
e

R
ay

 H
ub

ba
rd

A
th

en
s

P
al

es
ti

ne

B
ri

dg
ep

or
t

E
ag

le
 M

ou
nt

ai
n

M
ar

in
e 

C
re

ek

A
rl

in
gt

on

B
en

db
ro

ok

P
os

su
m

 K
in

gd
om

G
ra

nb
ur

y

G
ra

pe
vi

ne

R
ic

hl
an

d 
C

ha
m

be
rs

C
ed

ar
 C

re
ek

C
on

ro
e

Li
vi

ng
st

on

Water Body Name

0. 1

1

10

100

1000

10000

100000

1000000

1e+07

1e+08

1e+09

1e+10

1e+11
N

u
m

b
e

r 
o

f 
D

N
A

 F
ra

g
m

e
n

t 
C

o
p

ie
s

Re s ults  of 2 0 1 3  Spring-Ea rly  Sum m e r a nd Fa ll qPCR 
Te s ting of Pla nk ton Sa m ple s  for Ze bra  M us s e ls  

in 2 3  Te x a s  Wa te r Bodie s

Spring-Early Summer Sampl ing

F a l l  Sa m p l in g



Texas Water Bodies with Known or Suspected Zebra Mussel Infestations

Not Infested Unlikely Suspect Probable Infested
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Zebra Mussel Population Dynamics in a 

Warm Texas Water Body (Lake Texoma) 

Lake Texoma



• Hobo data loggers recorded 

surface water temperatures 

continuously at one hour 

intervals

• Daily mean surface water 

temperatures computed from 

hourly data

Settlement

Monitor

Data Logger

Brick Weight
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Zebra Mussel Distribution in Lake Texoma (TK/OK)
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Zebra Mussel Size Distributions in Lake Texoma
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Zebra Mussel Growth Rate & Life Spans in Lake Texoma
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Dreissenid Growth Rates – US and Europe
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Zebra Mussel Veliger Size Distributions in Lake Texoma
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Zebra Mussel Settlement 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

● Estimated DTW from 

regression equations for 

specific sized mussels

● SL = 5, 10, 15, 20, 25, and 30 

mm

● DTW declined at water 

temperatures >25°C 

● Most pronounced in larger 

mussels

● Suggests starvation above 

25°C

● Most pronounced in larger 

individuals

McMahon,  Leung and  Morse 
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Dry Tissue Weight for Standard Sized Individuals Annual Dry Tissue Weight Variation 

• 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 

water temperatures 
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Hydrological and Thermal Characteristics 
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Lake Ray Roberts

Lake Lewisville
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Lake Ray Roberts Plankton Sample 06/14/2014

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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