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Streams – the most open of ecosystems

Allan and Castillo 2007, Stream Ecology Ch 12
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Photo by A. Marcarelli
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Organic Matter breakdown

Allan and Castillo 2007, Stream Ecology Ch 7
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Photos by C. Baxter 8



Presque Isle River
Aug 2013

Photos by A. MarcarelliPhotos by A. Marcarelli 
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Terrestrial organic matter subsidies drive aquatic ecosystem processes 
because they are delivered in large QUANTITIES

Marcarelli, et al. In Prep

Organic Matter Budget for Horonai Stream, 
Hokkaido, Japan
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1975 – “The stream and its valley” H. B. N. Hynes

“One recent appreciation – we 
must not call it a discovery as it 
has been known since the early 
days of this Society… – is that 
streams are basically 
heterotrophic. The derive most, 
often nearly all, of their energy 
from uphill.”
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Marcarelli et al. 2011 Ecology

Terrestrial organic matter subsidies drive aquatic ecosystem processes 
because they are delivered in large QUANTITIES
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Sand accumulations change biofilm and organic 
matter standing crops

15Marcarelli et al. 2015 Journal of Great Lakes Res.
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Sand accumulations change metabolism rates
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Sand accumulations change metabolism rates
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Stream habitat changes

• Riffle/pool frequency altered

• Velocity distribution simplified

• Substrate heterogeneity reduced

• Surface area increased, but permeability 

reduced

Resource availability changes

• Primary producers reduced

• Organic matter processing reduced

• Change in use of terrestrial vs. aquatic 

resources

Sand input

Photo credits: C. Huckins
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Photos by C. Baxter and S. Collins 22



Reciprocal linkages between stream and 
terrestrial ecosystems

Baxter et al. 2005 Freshwater Biology, Illustration by Jeremy Monroe
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Reciprocal linkages between stream and 
terrestrial ecosystems

Baxter et al. 2005 Freshwater Biology, Illustration by Jeremy Monroe
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Horonai Stream: iconic studies of terrestrial 
subsidies
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Horonai Stream: iconic studies of terrestrial 
subsidies
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Terrestrial and aquatic prey cross boundaries
between streams and forests
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Riparian Zone Stream

Nakano and Murakami 2001 PNAS



Fish and birds
eat a lot of 

prey from the 
other 

ecosystem…
when they’re 

available

Nakano and Murakami 2001 PNAS

28



When fish eat terrestrial 
invertebrates…they grow more!

Kawaguchi et al. 2003. Ecology

Baxter et al. 2007 Oecologia

Cutting off terrestrial invertebrate 
subsidy reduces fish growth by 
25% and induces emmigration
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BUT, relative to terrestrial organic matter, there aren’t many 
terrestrial invertebrates that fall into the stream…

Marcarelli et al. In Prep

Organic Matter Budget for Horonai Stream, Hokkaido, 
Japan
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Primary, secondary & fish 
biomass & production

Food web linkages

OBJECTIVE: Construct a combined food web and 
ecosystem perspective of terrestrial subsidies

Subsidy fluxes

31Marcarelli et al. In Prep
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Terrestrial invertebrates contribute 10-
60% of annual energy budget to fish

Nakano and Murakami 2001 PNAS33Marcarelli et al. In Prep
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Reciprocal linkages between stream and 
terrestrial ecosystems

Baxter et al. 2005 Freshwater Biology, Illustration by Jeremy Monroe
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Aquatic Ecosystem Ecology at Michigan Tech
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Terrestrial-stream-lake interactions

Small fluxes of C and N in streams and 
rivers

Ecosystem insights on stream restoration

Macrophyte management and detection 
in lake littoral zones

J. Ortiz S. Bird

http://marcarelli-lab.bio.mtu.edu/

Questions?
Email ammarcar@mtu.edu, Twitter @AmyMarcarelli



1980 – “The River 
Continuum 
Concept”
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Measuring Ecosystem 
Production

Light-dark bottles 
or chambers

Change in light chamber: Net Primary Production  
(GPP – R = NPP) 

Change in dark bottle: Respiration (R)

Change in light bottle + change in dark bottle : 
Gross Primary Production (NPP + R = GPP) 
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