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How do we think about damage?

* Aim: Broaden the discussion about natural resource
injuries and restoration in linked freshwater-
terrestrial ecosystems from a food web perspective.



Freshwater-Terrestrial Linkages
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Consequences of aquatic stressors
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1.

Take Homes

Indirect impact of contaminants on fish mitigated
by terrestrial invertebrate subsidies.

Cascading or “ripple” effects of aquatic
contaminants on terrestrial consumers (spiders,
birds, bats etc.)

Predicting when you might have a food loss
problem, an exposure problem, both or neither.



1.

Take Homes

Indirect impact of contaminants on fish mitigated
by terrestrial invertebrate subsidies.



How do stream metals affect use of
terrestrial resources by fish?
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Stream Trout Diet

Metal:
Low

10% of insect
biomass in diet
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Stream Trout Diet

Metal:
Moderate

54% of insect
biomass in diet

More metals = more terrestrial subsidies
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Kraus et al. 2016, JAE
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Stream Trout Density and Condition

]
. L T
<
*® [ * C
O
.0 LR o —
||||||||||||| . T .||||||||||||||.||. — ..nm
=
. .
e® . . m
. . [ d * . S @
. . . » =
o i N
[ I I I I I I I I [ I I I I I I I
WOONOO®OOoOWOo W O o0 MmO O LW
TOHOONNT - OO wWANOROL FMOA —
(o ww B) (,-usy b)
uolpuod Apog SSE JoM
. I » '
. » L . . » 'Y
-» ae -
» » .
. i . .
™ b . b . .
] . . B ] ¢ . . b ]
. » . . . e
< m (&)
T T 17T T 17T T T T1 [ T T T T T T I I T T T T I
N OTHNODOTNO 0 O Mo uWmooo-s QO — O O M O W
ST OOo0o0 Lo AN~ +~OCO X W w o © T N
[efef=f=fck=tek=F=k=) - - Mo N - -
(,.w ou) (,.w ysiy B) (,.usl} bw)
Ausuaq ysi4 Asusaq ssei Japep o1ueblio

Compensatory?

10

1.0

0.1

Stream Metal (CCAR)

USGS

<

d
A\

Kraus et al. 2016, JAE



Basis of Production

Aquatic Terrestrial
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e Agquatic and riparian
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1.

Take Homes

Indirect impact of contaminants on fish mitigated
by terrestrial invertebrate subsidies.



Take Homes

2. Cascading or “ripple” effects of aquatic stressors
on terrestrial consumers (spiders, birds, bats etc.)
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Emergence Production
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Web-building spiders

Trace metals

(@)

NA
'E 10 1 P=0.04
R*=0.29 °
g Block*
~— 1 ° o
o e © L o
©
o
5
(b) P =0.02
—~~ 1 o ®
o R?=0.20
é Block* o
2> 03 o0 4 ° .
&
o 0.1 °
A o ®

o 2 4 6 8 10 12
Aquatic diptera flux
-1 -1
=USGS (mgmd’)

\

)




Metal Accumulation and Flux
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Web-building spiders: PCBs
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Adult aquatic insects: Pesticides

Current-use Pesticides
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Take Homes

2. Cascading or “ripple” effects of aquatic stressors
on terrestrial consumers (spiders, birds, bats etc.)



Take Homes

3. Predicting when you might have a food loss
problem, an exposure problem, both or neither.



Framework for Predicting Effects
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Framework for Predicting Effects
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Framework for Predicting Effects
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Framework for Predicting Effects

Stream Order Overlap [ | Subbasin
1 2 Stream Signature

—

141.26m stream
signature

Overlapping

0 1 2 Kilometers _ - stream signatures
I | [ at confluence

Colin Talbert, USGS Kopp and Allen, U Oklahoma

a2 USGS

y

)



Take Homes

Indirect impact of contaminants on fish mitigated
by terrestrial invertebrate subsidies.

Cascading or “ripple” effects of aquatic stressors
on terrestrial consumers (spiders, birds, bats etc.)

Predicting when you might have a food loss
problem, an exposure problem, both or neither.



How do we think about damage?

* Aim: Broaden the discussion about natural resource
injuries and restoration in linked freshwater-
terrestrial ecosystems from a food web perspective.
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