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Headwater streams 
• key areas for aquatic-terrestrial linkages
• Disproportionate amount of total stream length

http://water.usgs.gov/wsc/cat/02040102.html
http://water.usgs.gov/wsc/cat/02040102.html


60+ yr second-growth forest 400+ yr old-growth forest

Headwater streams 
• key areas for aquatic-terrestrial linkages
• disproportionate amount of total stream length



Stand development and aquatic-terrestrial linkages



Light quantification – HJ Andrews Experimental Forest:

We used the unique management history of HJ Andrews 
Experimental Forest to select reach pairs with old-growth versus 
second-growth riparian forests



Forest age class comparison
Stream 1: upper third-order McRae Creek 
• 6.6 m bankfull width



Forest age class comparison
Stream 1: upper third-order McRae Creek 
• 6.6 m bankfull width



Forest age class comparison
Stream 2: McRae Creek Tributary – West 
• 4.4 m bankfull width



Forests <100 yrs old dominate PNW landscapes

Pan et al. 2011

722 Y. Pan et al.: Age structure and disturbance legacy of North American forests 47 

 

 
Figure 4. The forest age distributions in different regions of Continental US (the histograms are placed in this figure as much as 

possible corresponding to their geographical positions) 

 
Fig. 4. The forest age distributions in different regions of Continental US (the histograms are placed in this figure as much as possible

corresponding to their geographical positions).

 48 

 

 

 

 

 

 
 

 

Figure 5. Forest age distributions of the Southern Alaska of the US and regions of Canada (the histograms are placed in this figure as 

much as possible corresponding to their geographical positions) 

 

 

Fig. 5. Forest age distributions of the Southern Alaska of the US and regions of Canada (the histograms are placed in this figure as much as

possible corresponding to their geographical positions).

only forest fragments, and periods of logging as the region

was settled. There is less forest area below 20 yr old com-

pared with the northern region, which is expected for the

southern forests with longer life-cycles and longer time taken

for massive canopy openings to have new regeneration.

Because of the less accessible geography and recent lack

of forest harvesting, a large component of intact old forests

has survived. In general, the forest age structure of the Rocky

Mountain regions reflects less human impacts compared with

natural disturbance and succession.

Biogeosciences, 8, 715–732, 2011 www.biogeosciences.net/8/715/2011/

Stand age



722 Y. Pan et al.: Age structure and disturbance legacy of North American forests 47 

 

 
Figure 4. The forest age distributions in different regions of Continental US (the histograms are placed in this figure as much as 

possible corresponding to their geographical positions) 

 
Fig. 4. The forest age distributions in different regions of Continental US (the histograms are placed in this figure as much as possible

corresponding to their geographical positions).

 48 

 

 

 

 

 

 
 

 

Figure 5. Forest age distributions of the Southern Alaska of the US and regions of Canada (the histograms are placed in this figure as 

much as possible corresponding to their geographical positions) 

 

 

Fig. 5. Forest age distributions of the Southern Alaska of the US and regions of Canada (the histograms are placed in this figure as much as

possible corresponding to their geographical positions).

only forest fragments, and periods of logging as the region

was settled. There is less forest area below 20 yr old com-

pared with the northern region, which is expected for the

southern forests with longer life-cycles and longer time taken

for massive canopy openings to have new regeneration.

Because of the less accessible geography and recent lack

of forest harvesting, a large component of intact old forests

has survived. In general, the forest age structure of the Rocky

Mountain regions reflects less human impacts compared with

natural disturbance and succession.

Biogeosciences, 8, 715–732, 2011 www.biogeosciences.net/8/715/2011/

Few stands with complex forest structure
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Donato et al. 2012
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Forest Structure CHANGES over time



Riparian forest structure, 

stream light, and bottom-up 
drivers of fish production in 
forested headwaters



Stand development (simplified)
Donato et al. 2012

Kaylor, Warren, & Kiffney In Press – Freshwater Science
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Stand development (simplified)
Donato et al. 2012
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Pan et al. 2011

Forests <100 yrs old dominate North American landscapes
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Complex canopy with 
patchy openings

Conceptual model for changing wood loads over 
time in a forested headwater stream
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Conceptual model for changing stream light over 
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Warren et al. 2016 - Ecosphere



Riparian forest structure, stream 

light, and bottom-up drivers 
of fish production in 
forested headwaters

Food web components
• Primary production (algal accrual)
• Invertebrate biomass
• Fish biomass



Primary production (algal accrual)

Do areas (patches) of elevated light along the 
stream have higher periphyton standing stocks?



Primary production (algal accrual)

Do areas (patches) of elevated light along the 
stream have higher periphyton standing stocks?

Mostly benthic algae, but also includes 
fungi and heterotrophic bacteria 
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Fluoroscein decay (Δppb) 
(more loss = more light)
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Yes!  
But. . .

How does light availability interact with nutrient availability?
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Primary production (algal accrual)

Do areas (patches) of elevated light along the 
stream have higher periphyton standing stocks?

Yes, - some of the time. . .
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Conceptual framework

Greater top consumer 
abundance, biomass      
and/or growth rates 

Forest structure influences stream predators via 
‘Bottom-up” drivers in the food web 



Why would a small change in periphyton matter to 
stream predators?

• 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

Cross et al. 2005 Freshwater Biology



Study Design: Study 1
Set up 9 pairs of reaches with old-growth and second-growth 
riparian forests and evaluate relationships among the following 
metrics compare across streams for each stand type. 

• Light/canopy cover
• Stream habitat
• Background nutrient concentrations
• Primary production (chlorophyll a)
• Macroinvertebrate biomass and community composition
• Fish abundance and biomass
• Salamander abundance and biomass

(Matt Kaylor)



Study Design

9 Total Pairs
18 Total reaches

H.J. Andrews Experimental 
Forest, OR

Old-growth
Previously Harvested

2014 Fish Data 
from Gregory et al. 
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Study Design

H.J. Andrews Experimental 
Forest, OR

Old-growth
Previously Harvested

Analyze differences between 
reaches WITHIN a pair.

PH - OG

PH

OG



Analysis of differences
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Consumer responses to changing forest structure

• 1970’s M. Murphy quantified effects of riparian forest 
harvest on stream food webs and stream habitat
- Fish
- Canopy cover
- Periphyton accrual (on tiles)
- Predatory macroinvertebrates
- Volume of large wood
- Pool area

“Stand regeneration experiment” Study 2
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Surveyed in Murphy 
and Hall 1981



Murphy and Hall 1981 - CJFAS



Murphy and Hall 1981 - CJFAS



Murphy and Hall 1981 - CJFAS



• 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

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

“Stand regeneration experiment”

Consumer responses to changing forest structure
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Kaylor and  Warren In Review - CJFAS
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Kaylor and  Warren In Review - CJFAS



Kaylor and  Warren In Review - CJFAS



Kaylor and  Warren In Review - CJFAS



Kaylor and  Warren In Review - CJFAS



Periphyton stocks

0 100 20050 150

Years since stand replacing event

Dense, closed canopy

Complex canopy with 
patchy openings

Conceptual model for changing wood loads over 
time in a forested headwater stream

Average light to 
stream benthos

Fish Biomass

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



Study 3

• Picked 3 of the reach pairs assessed by M. Kaylor in 2014 
and shaded one of the reaches in each pair for one 
summer

• Determine if partial shading impacts primary production, 
invertebrates, fish and salamanders

“Stream shading experiment”
(Emily Heaston)



Study Design

H.J. Andrews Experimental 
Forest, OR

Old-growth
Previously Harvested
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In-stream N processing
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Do we need to change our understanding of stream 
function and stream processes? 

In-stream N processing

0 100 20050 150

Years since stand replacing event

Average light to 
stream benthos

Periphyton stocks

Fish Biomass

Majority of stream 
ecology research Fisher and Likens 1973 - Bioscience

Forested headwater streams are >99% heterotrophic



NEXT STEPS

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

Stream gap experiment (Allison Swartz)



Fish and Wildlife Habitat in Managed Forests Research Program

Study Questions:

How do fish, salamanders, and other stream biota respond 
to forest management that creates a localized area of open 
canopy adjacent to and over the stream?

Do localized riparian gaps impact stream water 
temperature in summer?

Are riparian gaps beneficial such that they can be applied  
as a habitat enhancement tool in highly shaded systems?
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Loon Creek



McRae Tributary - East



Fish and Wildlife Habitat in Managed Forests Research Program

McKenzie River tributaries

3 USFS Pairs
3 Weyerhauser Co. Pairs

Study sites



Buffer not to scale

Gap Reach
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Reach

Study Design

Before-after Control-impact

(BACI)



Buffer not to scale

Gap Reach
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Study Design

Collected but not analyzed



Thank you

Acknowledgements
Funding: 
• HJ Andrews LTER
• NSF – Div. Env. Biol. (Ecosystems)
• Fish and Wildlife Habitat in 

Managed Forests Grant Program
• Bureau of Land Management 

(Eugene District)

• USFS Willamette National Forest 
(McKenzie Ranger District) 

Fieldwork and data collection:
• Grad students: Matt Kaylor, Emily 

Heaston, Allison Swartz
• Field Technicians: Brian VerWey, 

Kate Pospisil
• Undergraduate students: Claire 

Hacker, Lauren Still, Gavin Jones, 
Chris Frisell

Other intellectual contributions:
• Lina DiGrigorio
• Cheryl Friesen
• Stan Gregory
• William Keeton
• Julie Pett-Ridge
• Mark Shultz


