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-   Water purification (biofiltration) 
-   Nutrient recycling & storage 
- Structural habitat 
- Substrate modification 
- Food for other organisms 

FW Mussels are important and valuable 

“canaries of the rivers” 

 Long-lived (6 – 100 yrs) 
 Occur as dense, multispecies 

aggregations (mussel beds) 
 
 



“Goldilocks” of rivers 

• Sedentary and can’t move far 
• Depend on fish for dispersal 
• Different mussels use different fish 

• Long generation times 
• Mussel beds are restricted to areas of 

sufficient flow during low flows, low 
shear stresses during high flows, and a 
goldiloxian water temperature range 



Threats to FW mussels and their hosts 

Particularly dams! 



most rapidly declining group of freshwater organisms 

Nature Conservancy 



Kiamichi River 

86 fish species 
31 mussel species (56% of OK’s mussel fauna) 
3 federally-listed mussel species 

Master et al. (1998, Rivers of Life)  

4,650 km2  
1,800 mi2 24% 

of flow 



Kiamichi River 
water conflict 

- Water used by many for a range of 
purposes 

- Sardis Lake water co-managed by 
Oklahoma City (water supply), 
Choctaw Nation (recreation), and 
USACE (flood control) 

- Potential water source for N TX 



Atkinson & Vaughn, Freshwater Biology, 2015 

Mussel beds in the Kiamichi River have 
been mapped, monitored, and studied for 
over 25 y by Vaughn and her research team 
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Shifts in species dominance 

Galbraith, Spooner & Vaughn, 2010, Biological Conservation 

In the past 25 years, mussels 
have declined in Kiamichi 
River and species composition 
has changed 

Kiamichi River 



Galbraith, Spooner & Vaughn, 
2010, Biological Conservation.  

Higher mussel mortality in warmer,  
shallow water 
 
Some species more sensitive to 
temperature than others 

Mostly in Drought conditions during summer 



Mussel species vary in 
physiological traits 

Spooner & Vaughn 2008 Oecologia 

Species catabolic at warm temperatures 



Which affects system dynamics 



The region is gradually and episodically 
becoming warmer 

Warmest 20-y 
period in 
recorded 
history 



Hugo 
Dam 

Sardis 
Dam 

Droughts cyclical in Southern Plains 
- dams/water management new stress 
- No designated releases from Sardis 
 Dam 1982-2010 despite extreme 
 droughts in 2003 & 2005 



USGS gage @ Antlers is 
downstream extent 

In 2011 we established monitoring network 
for water temperature and flow 



Logger 
data 



R2 = 0.79 

TKiamichi = 0.59*Tair – 4.37*D + 14.36 

Mean daily values for 1 May – 30 Sep 

Kiamichi River @ Clayton 

Developed empirical models that quantify changes in water 
temperature with air temperature (Tair) & water depth (D)  
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Combine air temp – water temp model (A)  
with water depth – discharge information (B)  
to determine what river water temperature will be 
with different releases from Sardis Reservoir (C). 



Water releases from Sardis Dam can be used to  
Lower Kiamichi River water temperatures 



Kiamichi River during  
Summer 2011 Drought 



SITE 4: 2011 drought  



31 July 2011: Site 7 
Almost one third of bed dry Example from 2011 drought  



- 19 species of freshly dead mussels 
- 66 kg dry mussel soft tissue loss Average water depth 

10 cm  (4 inches) 
 
Water temp at midday 
   40 °C  (104 °F)  
 
   

SITE 7: 2011 drought  

Lethal temperatures for juveniles 
range from 25 – 35 C and for adults 
35 – 40 C, depending on species and 
acclimation temperature (Archambault et al., 2014,  
Galbraith et al. 2012, Ganser et al. 2013). 



Temperature-induced mussel die offs lead to algal blooms, 
low oxygen, and more death 



Kiamichi River @ 
Clayton 

21 cfs 
release 12 cfs 

release 

Logger is in pool 

Water releases from Sardis Dam are needed to lower 
Kiamichi River water temperatures during droughts 



Effect of Sardis releases on 
downstream water temperatures 



NO Release 21 cfs Release 

Water 
Temperature (°C) 

30.1 28.6 

Water Filtration 
Rate (L/hr/m2) 

7.3 8.1 

Potential Effect of Sardis Dam 
releases on summertime 
 (Jun – Sep) water filtration 
rates by mussels 

In addition to keeping mussels alive, environmental flows 
can also be used to maximize ecosystem services 



Only 2 designated 
Environmental 
flows since 1982 



Comparison of Kiamichi and Little Rivers during the same time period 
- More water released into Little River meant fewer low flow days 

More water is released  
From Pine Creek Lake  
than enters it 

Less water is released  
From Sardis Lake  
than enters it 

Little River below dam 
maintains 50 cfs 



Comparison of Kiamichi and Little Rivers during the same time period – 
Mussels did not decline in the Little River 

Little River 

Kiamichi River 



Mussel declines 
are related to low 
flows and 
high water 
temperatures 
during drought 



Lack of Summer dam 
releases has resulted in 
Kiamichi R becoming a 
losing stream between 
Clayton and Antlers during 
drought 

25 days for Sardis 
release to have 
an effect on 
Antlers Q 

Summer 
2011 

Summer 
2012 Clayton Q 

remains 
higher 
than 
Antlers Q 



Drought conditions are 
exacerbated by water 
management 



Hydrologic drought has increased 
dramatically, and has increased more in 
the lower river because of water 
management 

Vaughn et al., Ecology & Evolution, 2015  



Kiamichi River between 
Clayton and Antlers is 
critical mussel habitat – 
many large beds, 
3 federally listed species 

Sardis Lake 

Hugo Lake 

River cannot be recolonized – fish host 
movement blocked by Hugo Dam 



Sardis Lake 

Hugo Lake 

During drought, enough water 
needs to be released from Sardis 
Lake to flow all the way to Antlers 
and keep mussel beds in the lower 
river below damaging 
temperatures 





A
no

th
er

 D
am

 P
ro

bl
em

! 



No mussel-provided ecosystem  
services with no water! 



Heat waves & Drought expected to increase with ‘climate 
variability’ and increased human demand of water 
 



 



Funding  
(over 26 years of research and 

45 published papers) 

Hydrdology & Env Flows 
Jason.Julian@txstate.edu 
http://jasonjulian.wp.txstate.edu/ 
 

Questions? 

Mussels & Stream Ecology 
CVaughn@ou.edu 
http://carynvaughn.com/ 
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