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Life history theory
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Life history theory linked to flow
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USGS

Life history theory explains fish community 

response to flow stabilization



Climate and land use prediction: 

more extreme flows

Photo: NOAA
NOAA



Climate and land use prediction: 

more extreme flows

Photo: NOAANOAA



ICPRB

The Potomac River
• Relatively little 

storage

• One of the most 

natural flow 

regimes of large 

rivers in the US

• Important for 

understanding 

changes in flow 

via climate and 

land use



The Potomac River: natural flow regime



Photos: Irene Owsley

The Potomac River: natural flow regime



Kanno et al. (2015)

High flows can limit fish recruitment
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High flows can limit fish recruitment



Are fish communities changing over time in 

the Potomac River?
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Are fish communities changing over time in 

the Potomac River?

If so, are these changes random with 

respect to ecological flow requirements?

Or is there a non-random trend regarding 

flow stability and predictability?



Methods

• MD-DNR juvenile index surveys 

• Model temporal change in abundance

• Multivariate species traits analysis

• Temporal change ~ life history variation



MD-DNR juvenile index surveys: 1975-2017



• 10 sites

• 41 years

• 327 site-visits

• 2841 seine hauls

MD-DNR juvenile index surveys: 1975-2017



Replicate seine hauls per survey
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28 species, 7 families, > 250K fish 



Smallmouth Bass



Rainbow darter



Banded killifish



Central stoneroller





Banded killifish

Central stoneroller

Rainbow darter

Common shiner

Mosquitofish

Tessellated darter

Bluegill

River chub

Smallmouth bass

Creek chub



Life history diversity in the Potomac River

MA = maturation age

TL = total length

LO = longevity

FE = fecundity

SS = spawning season length
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Life history diversity in the Potomac River

MA = maturation age

TL = total length

LO = longevity

FE = fecundity

SS = spawning season length

Periodic
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Opportunistic
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Year-effect on 

abundance

Temporal trends + life history strategies
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Temporal trends + life history strategies

Increasing 

species

Decreasing 

species

Decreasing 

species
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Temporal trends + life history strategies



Q
u
a
rt

e
rl
y
 m

e
a
n
 f

lo
w

 (
C

F
S

)
Increasing spring peak-flows in the Potomac River
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Rice and Hirsch (2012)

Spring peak flows:

Increasing ~ 2% per decade



Ecosphere 2020



Ecology of Freshwater Fish 2023







Stable flows and temperature = stable fish communities

29-30 year 

time span



Stable flows and temperature = stable fish communities

29-30 year 

time span

Stable flow and temp 

(strong GW controls)

Variable flow and temp 

(weak GW controls)



Main ideas

• Fish communities are changing in the 

Potomac basin

• Several species that require stable or predictable 

flows are decreasing over time

• Several species that capitalize on unpredictable 

flows are increasing over time

• Fish community trends support predictions for 

flow de-stabilization under climate and land 

use change



Ecological evidence for climate and land use predictions

Washington DC

July 8, 2019
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