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The flow of water is known to influence benthic macroinvertebrate communities by 

altering substrate arrangement, habitat availability and the delivery of food particles 

and nutrients (Dewson et al. 2007). Stream current may also effect the direction and 

rate of macroinvertebrate movement (Hoffman et al. 2006), and many organisms show 

different functional attributes across ranges of streambed current (Malmqvist and 

Sackmann 1996, Poff et al. 2003). More generally, reductions in stream flow often lead 

to declines in biological and functional diversity of benthic communities (Dewson et al. 

2007). However, the manner in which this decline occurs is only partially understood. 

Objective: Examine how reduced stream flow and the subsequent decrease in 

current velocity near the streambed, structures benthic communities. 

Hypothesis: We propose that the current velocity–diversity relationship will show 

one of two patterns when flow across a velocity gradient is reduced by 50%:

Hypothesis 1 – A graded response in which change is gradual 
across the gradient of current. 

Hypothesis 2 – A threshold response in which change is abrupt.
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Figure 2. Chironomid abundance in control and current reduction treatments across the 
range of stream current. Control site velocities were left undisturbed, while impact site 

velocities were decreased by 50%. An ANOVA repeated measures test showed that treatment 
(control vs. impact) and current range both had significant effects on chironomid abundance 
(p = 0.004;  p = 0.03). 

Figure 1. EPT (Ephemeroptera, Plecoptera, Trichoptera) before and after application of 
current treatments (control and velocity reduction). Eight velocity measurements were taken 

per site and averaged for each sampling period. An ANOVA repeated measures test 
determined that current and time both affected EPT abundance (p = 0.01; p < 0.001).

Figure 3. Ash-free dry mass (AFDM) of Didymosphenia “rock snot” before and after 
application of current treatments (control and impact).  Didymosphenia was collected from 

three rocks near each site by scraping the area within a 3 cm diameter PVC ring held to 
the rock surface and combined into one sample. An ANOVA repeated measures test 
determined that treatment, current and time all had significant effects on Didymosphenia

AFDM (p = 0.02; p = <0.0001; p = 0.04).

Literature Cited:

Dewson ZS, James ABW and Death RG. (2007) A review of the consequences of  decreased flow for 

instream habitat and macroinvertebrates. Journal of the North American Benthological Society
26: 401-415.

Hoffman AL, Olden JD, Monroe JB, Poff NL, Wellnitz TA and Wiens JA. (2006) Current velocity and 

habitat patchiness shape stream herbivore movement. Oikos 115:358-368.

Kilroy C, Larned ST, and Biggs BJF. (2009) The non-indigenous diatom Didymosphenia geminata
alters benthic communities in New Zealand rivers. Freshwater Biology 54: 1990-2002.

Malmqvist B and Sackmann G. (1996) Changing risk of predation for a filter-feeding insect along a 

current velocity gradient. Oecologia 108:450-458.

Poff NL, Wellnitz T and Monroe JB. (2003) Redundancy among three herbivorous insects across an 
experimental current velocity gradient. Oecologia 134:262-269.

Methods

Control-Impact

The East River is a 

Rocky Mountain 
stream that runs from 

its source at Emerald 
Lake 61-km to its 

confluence with the 
Gunnison River.

Our study section was 
located 1-km NW of the 

Rocky Mountain 
Biological Laboratory 

(Gothic, CO) and 
contained five, 15-m 

study reaches. Each 
reach contained six 
sampling sites, which 

were paired into control 
and impact sites based 

on ranges of current 
velocity. 
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� Although there was no effect of current on overall macroinvertebrate 
richness and diversity, there was an effect on the combined orders of 

Ephemeroptera, Plecoptera and Trichoptera (EPT) and the Chironomidae. 
EPT orders showed a positive, graded response to current whereas the 

Chironomidae showed a negative, threshold response to increasing 
current.

� Periphyton biomass -- mostly Didymosphenia “rock snot” -- was inversely 
related to current and was correlated with high Chironomidae abundance. 

These findings corroborate those of Kilroy et al. (2009), who studied New 
Zealand streams showing extensive blooms of Didymosphenia geminata.

� Didymosphenia showed a threshold response to current velocity, but was 

more abundant in impact sites, suggesting that this diatom has faster 
growth and/or colonization rates at reduced velocities.

� The gradual and threshold responses of the benthic community to reduced 
current has implications for stream community structure.  Future work might 

investigate the consequences of these changes for stream ecosystem 
functioning as well as stream resource management.
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1. Each reach contained six sampling sites,

which were paired into control and impact

sites based on their ranges of current

velocity. 

Slow: 0–20 cm/s

Medium: 20–40 cm/s

Fast: 40–60 cm/s

BACI (Before-After, Control-Impact) experimental design 

2. Macroinvertebrates

and periphyton were 

collected for all sites 

within each reach. Periphyton, the film of 

microscopic organisms attached to rock 

surfaces, was comprised largely of “rock 

snot”, which is mucilage produced by the 

diatom, Didymosphenia geminata.

3. Rock dams were constructed upstream

of impact sites to decrease stream flow.

After

4. Ten days after dam installation, all

sites were sample again (i.e. “after”).

Didymosphenia

geminata


