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Forests <100 yrs old dominate U.S. PNW landscapes

Pacific N nrthwast Region
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Few stands with complex forest structure

Pan et al. 2011
Donato et al. 2012
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Forest Structure CHANGES over time

Pacific Northwest Region Wesars
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2. Patterns of light in streams - SPATIAL

Aquat Sci (2013) 75:547-558
DOI 10.1007/s00027-013-0299-2

Aquatic Sciences

RESEARCH ARTICLE

Comparing streambed light availability and canopy cover
in streams with old-growth versus early-mature riparian

forests in western Oregon

Dana R. Warren - William S. Keeton +
Heather A. Bechtold - Emma J. Rosi-Marshall
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Forest age class comparison

Stream 1: upper third-order McRae Creek
* 6.6 m bankfull width
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Stand development (simplified)

Pacific Northwest Region
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Stand development (simplified)

Donato et al. 2012
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Take home messages (1)

1. Light is spatially variable in streams — and far more
variable in late-succession forests

2. Late succession forests have more light on average than
mid-succession forests in PNW forests

3. The greater light in late-succession forests is a result of
periodi€ canopy gaps




A focus on [UIERT

Why light?
Stream biota (fish) are affected by more than just habitat

Stream light can be a key control on primary production
(and therefore the rest of the food web)

Stream light influences stream temperature
High quality food resources that respond to increasing

stream light (algae) that shows up disproportionately in
higher trophic levels



Conceptual framework

Forest structure influences stream predators via

‘Bottom-up” drivers in the food web

Increased
Solar
Radiation

—

Increased
Primary
Production

—

Greater edible
Invertebrate
Biomass

—

Greater top consumer
abundance, biomass
and/or growth rates




Csd ECOSPHERE

Linking riparian shade and the legacies of forest management to
fish and vertebrate biomass in forested streams

MATTHEW J. K AvLor "t aND Dana B. Warsen'™

wckenzie RVEC N

Citatior E:a}r]-::rr, M. _[._. ard D B Warnen. 2017 L:i:n]-::ing 1'.i]:a1'.iar| shade and the Lﬂaﬂﬂ i Forresct magurnuﬂ: o fgh and
vertebrate biomass in forested streams. Boosphere 8(6):e0 1845, 1001002 /ecs2 1845




Relationships with and among algae and stream biota
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Relationships with and among algae and stream biota
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Relationships with and among algae and stream biota
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Take home messages (2)

1. In streams with closed canopy mid-succession riparian
forests algal production is often largely light limited

1. Stream reaches with complex OG riparian forests or
systems where riparian regeneration by smaller trees
have more light - on average,

 More algae
 More macroinvertebreates
* More fish



NEXT STEPS

1. Correlation does not equal Causation

2. We need an experiment. . .

3. People have clear-cut next to the stream but that is not consistent
(broadly) with historic riparian conditions
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1. Increases in light in older forests are due to more gaps

Does creating canopy gap yield a measurable
increase in fish biomass in streams?



NEXT STEPS

Stream gap experiment

e Cut gaps into a riparian zone with close-canopy
second-growth forest

Study Question

How do Coastal Cutthroat trout, and other

stream biota respond to the creation of a

localized area of open canopy adjacent to
and over the stream?












Light results at W100
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Light results at W100
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Light results at W100 W mean 2017
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Light results at W100 W mean 2017
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Age 1 trout results at W100

CT biomass (g m~)
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Study sites

McKenzie River tributaries s

3 USFS Pairs
3 Weyerhauser Co. Pairs
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YOY change in biomass/m? differences
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Take home messages (3)

1. Creating canopy gaps can lead to increases in CT biomass
(likely due to immigration into the reach

2. YOY responses are variable

3. Not all sites respond positively. .. (so extrapolation
should be done with caution)
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Consumer responses to changing forest structure =,
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Consumer responses to changing forest structure

“Stand regeneration experiment”

 1970’s M. Murphy quantified effects of riparian forest
harvest on stream food webs and stream habitat

 2014’s M. Kaylor returned to these exact (or nearly exact)
locations and re-assessed conditions in old-grown and
regenerating forests after 38 yrs. of stand regeneration



Canopy Openness (%)  Trout Biomass (g/m?)

Chlorophyll a (mg/cm?)

1976

(A)

10.0 1

5.0

2.5

0.0-

COOK MR404 MACK LO701 LO703

(B)

100 1

75 1

50

25 1

COOK MR404 MACK LO701 LO702

COOK MR404 MACK LO701 LO703

Stream

2014

10.0 1

5.0 1

2.5

00-
COOK MR404 MACK LO70

COOK MR404 MACK LO70j LO702

COOK MR404 MACK LO701 LO703

Stream

Harvested B Old-Growth

Kaylor and Warren 2017- CJFAS



Canopy Openness (%)  Trout Biomass (g/m?)

Chlorophyll a (mg/cm?)

1976

5.0

2.5

0.0-
COOK MR404 MACK LO701 LO703

(B)

100 1

COOK MR404 MACK LO701 LO702

1l !

COOK MR404 MACK LO701 LO703

Stream

2014

5.0 1

2.5

00-
COOK MR404 MACK LO701 LO703

COOK MR404 MACK LO701 LO702

COOK MR404 MACK LO701 LO703

Stream

Harvested B Old-Growth

Reach Differences

6—
al i p=0.01
.
i %
° $
2- P
-4 T T
1977 2014
75
&
= & p=0.01
= % &
.  §
#
&
25 T T
1977 2014
2-
&
1 ® p=0.10
®
° |
b @
<14 T T
1977 2014

Year

Kaylor and Warren 2017- CJFAS



Predatory Invertebrate
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Study Design
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Conceptual model for changing Stream Ecosystem
Function over time in forested headwaters

In-stream N processing

Periphyton stocks

Fish Biomass

Average light to
stream benthos
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Years since stand replacing event



Do we need to change our understanding of stream
function and stream processes?

Fisher and Likens 1973 - Bioscience
Forested headwater streams are >99% heterotrophic

In-stream N processing

Periphyton stocks

Fish Biomass

Average light to
stream benthos

0 50 100 150 200

Years since stand replacing event



Conceptual model for changing periphytion over
time in a forested headwater stream

Periphyton stocks

Average light to
stream benthos

0 50 100 150 200

Years since stand replacing event

Warren et al. 2016 - Ecosphere



Conceptual model for changing invertebrates over
time in a forested headwater stream

Benthic inverts (edible)
Periphyton stocks

Average light to
stream benthos
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Years since stand replacing event

Warren et al. 2016 - Ecosphere



Conceptual model for changing predator biomass
over time in a forested headwater stream

Benthic inverts (edible)
Periphyton stocks

Vert. Predator biomass
(i.e. Trout and Sal.)
Average light to
stream benthos

0 50 100 150 200
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Warren et al. 2016 - Ecosphere



Conceptual model for changing ||~/ over time in a
forested headwater stream

Average light to
stream benthos

0 50 100 150 200

Years since stand replacing event

Warren et al. 2016 - Ecosphere



1. Study Questions and Conceptual Framework

e Algal material is “higher quality” food that most allochthonous

material that enters streams (i.e. leaves)

* Therefore relatively small increases in primary production have
the potential to disproportionately impact secondary production

(c) 10*
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