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Response of Oxbow Lake Biota 
to Hydrologic Exchanges 

with the Brazos River Channel



Oxbow lakes are extremely productive &  
periodically build up dense fish stocks



flooding results in lateral connectivity 
& faunal exchange

pugnose minnow – out Red shiner – in



During extended periods of low flows, 
there is isolation & greater environmental variation 

among oxbow lakes



During drought periods, 
some oxbows dry completely



older oxbow
(Moehlman Slough)

newly formed oxbow
(Hog Island)



control point
within natural

levee





Oxbow lakes connect with channel with 
different frequencies & durations

Oxbow No. connections
(1984-2004)

Flow (cfs)
to connect

Hog Island 129 3,625

Korthauer Bottom 82 20,500

Big Bend 73 20,000

Moehlman Slough 26 45,000

Cutoff Lake 5 76,000

Horseshoe Lake 1 99,000



flow that connects Big Bend oxbow

flow that connects Moehlman Slough

Brazos River near Bryan, TX



During floods, there is exchange of fishes between river & oxbow lakes

CA using seine CPUE data for fishes 

flood periods

oxbow samples

river samples



Some species are more abundant in the river channel following floods

Correlation between monthly peak discharge and fish abundance in 
the river channel with a time lag of 1 month: 

 • White crappie, Pomoxis annularis  +0.67

 • Threadfin shad, Dorosoma petenense  +0.58
 

 

Flood connections result in export of fish to the river channel
[source-sink metapopulation dynamics]



Flood connections also result in entry of fish that are 
abundant in the river channel into oxbow lakes 

where they generally perish within a few months

Red shiner, Cyprinella lutrensis

Bullhead minnow, Pimephales vigilax

[food for bass, crappie, gar & other predators]



Texas Senate Bill 3 Process 



The goal is to protect essential components of timing, magnitude & 
duration of flow required to maintain “a sound ecological environment”





Recommended  Flow Pulses for the Brazos River at Richmond

Pu
lse

/y
r (

ac
re

 fe
et

 x
 1

05 )

5

1

4

3

2

0

617,000 1,019,000

pulse required to connect a young oxbow in the region

for dry year



Recommended  Flow Pulses for the Brazos River at Richmond

Pu
lse

/y
r (

ac
re

 fe
et

 x
 1

05 )

5

1

4

3

2

0

617,000 1,019,000

pulse required to connect a young oxbow in the region

for average year



Recommended  Flow Pulses for the Brazos River at Richmond

Pu
lse

/y
r (

ac
re

 fe
et

 x
 1

05 )

5

1

4

3

2

0

617,000
1,019,000

pulse required to connect a young oxbow in the region

for wet year



High-flow pulses seem to be the issue.

• Nobody advocates for flow tiers that cause destructive flooding
    (although they do have ecological functions, e.g. channel geomorphology, sediment transport)

• High flow pulses fill reservoirs

• Base flows allow the river to appear “normal”

• Nobody wants flows to fall below “subsistence” levels – that 
would cause the river to be dry or obviously degraded and surely 
to lose some of the aquatic biota



We need methods to predict (forecast) ecological 
outcomes for flow pulses of various tiers

• Which ecological outcomes matter the most?

• those essential to sustain populations of aquatic and
riparian species      recruitment!

• Which species are suitable indicators?

• they must have flow-sensitive recruitment

• some require frequent small flow pulses vs. others 
require infrequent larger flow pulses



Retrospective analysis (back-calculation) of 
indicator response to shorter-term variation 

in flow components

Trend analysis (long-term tracking) of 
biological and ecosystem indicators
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Estimating recruitment success in relation to flow variation



Brazos River – Shoal chub recruitment model estimates





Smallmouth buffalo recruitment model estimates







Brazos River – Amblema plicata
Recruitment index values in relation to 
indices of hydrologic alteration parameters 



Boxelder 
germination 

estimates







2-per season high-flow pulse standard (spring)







… the intensity of water as a 
public policy issue in the 

developed world is not to be 
underestimated.



… the intensity of water as a 
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