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Ecology, the most complex system 
science has ever tried to understandé



Yesé



Not thisé



Restoration (Management) 
goal: nutrients stored high 
in the food web, and high 

in the watershed.



Food chain length and river ôhealthó

ÅZero trophic levels:  
òResidents of Phoenix are 
drinking their own automobile 
exhaustó (Nancy Grimm, 
Stuart Fisher)



ÅZero trophic levels:  òdrinking their 
own automobile exhaustó

ÅOne trophic level:  
nutrient assimilation 
and retention, but 
eutrophication



ÅZero trophic levels:  
òdrinking their own 
automobile exhaustó

ÅOne trophic level:  
nutrient assimilation and 
retention, but 
eutrophication

ÅTwo trophic 
levels:  
pestiferous 
insect 
emergence

Food chain length and river ôhealthó



Å Zero trophic levels:  òdrinking their own 
automobile exhaustó

Å One trophic levels:  nutrient assimilation 
and retention, but eutrophication

Å Two trophic levels:  vegetation grazed 
down, but pestiferous insects (esp. 
emergence)

ÅThree trophic levels:  
small fish

ÅFour trophic levels:  
bigger fish

ÅFive trophic levels:  
really big fish, anglers, 
and wildlifeé

Food chain length and river ôhealthó



Quasi-normal hydrologic

regimes, including

scouring winter floods

Geomorphic and vegetative

heterogeneity

(partial refuges)

woody debris

clean gravel beds

óhyporheic habitatô

connected floodplains

off channel water bodies

How do we sustain or 

restore long food chains 

in rivers?
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Eel R., N. Ca:  
Mediterranean 
(winter flood 
summer drought) 
hydrograph



Cladophora 
glomerata

March

June

July

August





Thanks, Jennifer Nielsen

Role of fish? 



Stocked enclosures: 
Cladophora collapsed 
after 5 weeks



Cladophora persisted, but was 
overgrown by epiphytes.

Fish-free exclosures:





More tuft -weaving midges in 
stocked enclosures.  

Small predators (odonate 
larvae and fish fry) were 
more abundant in exclosures.

midges

predatory

invertebrates

fish fry



4 level food chain:    
barren

3 level food chain:  
green, and 

nitrogen limited



1990, 1991 (4 treatments x 6 reps):  Roach, Steelhead, Both, Neither

No fish effect, 
Algae collapsed to
detritus in all
treatments !



Dicosmoecus 
gilvipes

(indiv / sq. m)
post -flood:       

0-1 
post -drought:  

40-90

1990, 1991 Drought: no scouring winter floods



Wootton, Parker and Power 1996, Science 

Experimental Treatments (N = 6):  Dicosmoecus (+, 0) x Steelhead (+, 0)



No Dicosmoecus
Dicosmoecus



1989 - flood (4 levels)
1990 - drought (2 levels)
1991 - drought (2 levels)
1993 - flood, spring spate (3 levels)
1997 - flood (4 levels)

Power et al. 2008 Ecol. Monogr.



Winter scour resets food webs to early 
stages that better support fish

Drought: 
Inedible grazers

Flood:
Edible grazers



Defended (armored or sessile)
grazers dominate after drought, 
and downstream from dams or 
diversions, where flow is 
artificially regulated (Power 1992, 
Wootton et al. Science 1996)



Flood scour cleanse beds of fine deposited sedimenté

Eel River 
heavily loaded 
1950s-1970s 
by timber 
harvest and 
natural 
processes



Effects of deposited fine sediments on juvenile 
steelhead and food webs that support them  

6 levels:  
0, 20, 40, 
60, 80 and 
100% 
embedded



Substratum Embeddedness (%)
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Growth in length and mass 
decreased linearly with 
proportion of fine sediment in 
the bed

Length gain ( R2 = 0.63, P < 0.0001).  
Mass gain  similar

(R2 = 0.59, P < 0.0001).  
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Vulnerable Prey

Burrowing Organisms

benthic invertebrate assemblages in more embedded 
treatments were less available
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éand fish were more active (and aggressive towards 
each other) on flat, featureless beds in embedded 
treatments

Mortality increased 
with embeddedness, and 
was associated with 
wounds from fighting.
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Upscaling to habitat with  òreverse engineering 
experimentsó    (Torres, Limm, Power)

Free swimming fish 
track ôfreestoneõ 
habitat even when 
rearranged in channel

Framework sediment 
size determines 
resilience of habitat 
to fine sediment 
deposition



Channel network position 
determines sediment sizeé



Map- based predictionélinking landscape to 
environmental conditions and ecologyéand 
efficacy of interventionsé.



Airborne Laser Swath 

Mapping (LiDar)

1978
2006



New sensing, mapping, and tracing technologies

To the 
Internet and 
beyondé



How do environments, species 
performances and interactions 
change down drainage 
networks? 

Where in the landscape do 
functionally significant 
ôecological regimeõ changes 
occur?

How should boundaries between 
regimes shift with 
environmental change?

Towards predictive mappingé



Camille McNeely



Tile grazer exclusion - early summer
accumulation of algae after 25 days

Watershed area (km
2
)
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* p < 0.03

+ p = 0.06

McNeely and Power Ecology 2007

Regime change, 

grazers start to 

control algae 



salamanders

invertebrate 

predators

invertebrate

herbivores

terrestrial

invertebrates

detritus

armored

caddisflies

algae

McNeely et al. 2007

DA = 1 km2:
Caddis eat algae 
but donõt limit it



Drainage area 2.8 km 2

salamanders,
steelhead

invertebrate

predators

invertebrate

herbivores

terrestrial

invertebrates

detritus

ARMORED

CADDISFLIES

ALGAE

Caddis 
suppress 
algae. 
Predators 
fueled by 
terrestrial 
carbon



Drainage area 17 km2

steelhead

invertebrate 

predators

invertebrate

herbivores

armored

caddisflies

ALGAE

terrestrial

predators

detritus

All channel consumers built 
of algal carbon at 10 km 2



(McNeely et al. Ecology 2007)

x



Effect of watershed position on river - to - forest 
exchange:  algal mats, insect emergence, and 

river to forest food web interactions



Drainage area (km2)
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Power et al. in press, Freshw. Biol.



Oedogonium Green Clad. Yellow Clad. Rusty Clad.





Map spatial thresholds for regime change

Test hypotheses for controls --
(e.g., experimentally rearrange controlling factors in the landscape)

Validate in new sites (directional predictions)

Predict how changes in climate, land use 
or biota might expand, contract, or 
relocate areas under given regimes

Forecast consequences for local 
ecosystem states and integrated 
basin-wide fluxes

ñFive stepó plan for map-based prediction



Land cover change in Glacier National Park


