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Life history theory linked to flow
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Increasing variability, decreasing predictability of flows



Life history theory explains fish community
response to flow stabilization




Climate and land use prediction:

more extreme flows
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Climate and land use prediction:
more extreme flows




The Potomac River

« Relatively little

storage
* One of the most
Chasmpeata oy - natural flow
regimes of large
_ | rivers in the US
o ndli@ne
commacriver 7 » Important for
Boc understanding

changes in flow
via climate and
land use




The Potomac River: natural flow regime




The Potomac River: natural flow regime
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High flows can limit fish recruitment
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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

39°40'N

39°20'N

9N

N
Amm‘:m

| S me—

Pennsylvania

West Virginia

Virginia

"—|.|_‘“ =
e
"1
e
it -
_hz]

78°20'W

78°W 77°40'W

77°20'W




MD-DNR juvenile index surveys: 1975-2017
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Replicate seine hauls per survey




28 species, 7 families, > 250K fish
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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
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Life history diversity in the Potomac River
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Periodic

Opportunistic

MA = maturation age
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Taxonomic family structure
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Native status
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Temporal trends + life history strategies

Year-effect on
abundance




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




Increasing spring peak-flows in the Potomac River

a 50,000 I T | | | | | | | | | | ! |

(L_IS 01646500:Potomac River at Chain Bridge, Maryland BN ABOVE NORMAL

~  40000F EE \NORMAL _ e~
= | B BELOW NORMAL S
O g
S= 30,000 1 =
S B
o 2
= 20,000 |- S
- 2
= S
@ 10,000

=

©

2 0

@) 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

B 2B
: g £
5 g S
s 2 !
= ! 1
S A lEN ‘ Spring peak flows:
= ] w w ™
LTI ﬂ | ] ' 0
| | | i Increasing ~ 2% per decade
£, I".
P BSEDSZZEECEI¥SCUSELEBEELERLD
SESCPZS0BE5559555555553522E22  Rice and Hirsch (2012)



€sa ECOSPHERE

FRESHWATER ECOLOGY

Fish life history trends indicate increasing flow stochasticity in an
unregulated river
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Stabilising effects of karstic groundwater on stream fish

communities
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Abstract

Although groundwater exchange processes are known to modulate atmospheric in-
fluences on stream temperature and flow, the implications for ecological stability are
poorly understood. Here, we evaluated temporal change in stream fish communities
across a gradient of groundwater influence defined by karst terrain (carbonate parent
materials) within the Potomac River basin of eastern North America. We surveyed 12
sites in 2022 that had been sampled 29-30years previously with similar methods. We
also collected stream temperature data from each site and used the regression slope of
the air-water temperature relationship to index stream thermal sensitivity and ground-
water exchange processes. Sites in karst terrain exhibited strong groundwater controls
on stream temperature, and fish communities were more stable over time in these loca-
tions than elsewhere. However, stream thermal sensitivity was a stronger predictor of
species persistence than the spatial distribution of karst terrain in contributing areas,

Ecology of Freshwater Fish 2023
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Stable flows and temperature = stable fish communities
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Stable flows and temperature = stable fish communities

(c)

Thermal sensitivity
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29-30 year
time span

Stable flow and temp
(strong GW controls)

Variable flow and temp
(weak GW controls)



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
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