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Objectives
The study objectives for this project were (1) study affects of regional sediment loads 
on macroinvertebrate metrics of a Prairie Pothole lake, (2) generate a regional load-
response curve to facilitate development of total maximum daily loads for prairie 
pothole basins.

Oak Lake is located at 44° 31’ 00N latitude and 96° 32’ 00W longitude in the northeastern portion 
of Brookings County, South Dakota.  Oak Lake is a 163 ha hypereutrophic lake with an average 
depth of 1.1 m.  It is 3 km long and 1 km wide and drains an area of about 1600 ha.  Oak Lake is 
located in the Prairie Pothole region and is in the Northern Glaciated Plains ecoregion.  Thirty 
drainages contribute water to Oak Lake (Foley 1997).  South Dakota Department of Environment 
and Natural Resources(SD DENR) has assigned marginal warm water fishery, immersion 
recreation, wildlife propagation, and livestock watering as beneficial uses (SD DENR 1993). 

Ten sampling sites with five treatment plots each were located in littoral Typha-dominated 
macrophyte beds. Five treatment plots (1m x 4 m) were constructed: one control and four 
treatment.  Silt fence was used to construct the plots.  Treatments consisted of the following: 
control (0 kg), low (0.1 kg/4 m2 = 250 kg/ha), low-medium (1.0 kg/4 m2 = 2500 kg/ha), high-
medium (10 kg/4 m2 = 25000 kg/ha), and high (100 kg/4 m2 = 250000 kg/ha). These treatment 
levels bracket the range of sediment loads observed for small drainages within the Missouri River 
watershed (Dunne and Leopold 1978). A clay loam soil (39% sand, 35% clay, 26% silt) was 
used from a local source located in the Oak Lake watershed.

Invertebrate sampling occurred three times: once prior to treatment, one week following 
treatment, and two weeks following treatment for a total of 150 samples. Plot substrate was 
disturbed followed by a 30-second sampling period at each corner of the plot for a total of 2 
minutes.  Samples were collected with a 500 µm petite net and preserved in a 70% ethanol 
solution.  

A 300 count sub-sampling scheme was used to sort invertebrate samples.  Samples were placed 
in five vials: Insecta, Crustacea, Mollusca, Annelida, and Others.  An additional vial was used for 
large and rare organisms.  Organisms have been identified to the lowest possible taxonomic 
group.  

Chemical and physical data were also taken at each site.  Stem density, turbidity, and substrate 
particle size were taken at each site.  A YSI multi-parameter probe was used to collect water 
temperature, conductance, pH, and dissolved oxygen measurements.

Braskamp (2002) identified ten optimal metrics to be used for sedimentation in a prairie pothole 
lake (Table 1).  These included metrics for composition, tolerance, functional feeding guilds, 
richness, and habit characteristics and provided the focus for our effects study.
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Metric Group
Expected Result to 

Sedimentation
Diptera Richness Richness Decrease

Ephemeroptera Richness Richness Decrease
% Gliders Habit Decrease

% Swimmers Habit Increase
% Dominant Taxa Tolerance Increase
% Tolerant Taxa Tolerance Increase

% Insecta Composition Decrease
% Chironomidae Composition Increase

% Collector-Gatherers FFG Increase
% Predators FFG Increase

Regional sediment loads appeared to have minimal effects on the littoral macroinvertebrate 
community of this prairie pothole basin.  While differences in substrate particle size document a 
physical treatment effect, none of Braskamp’s (2002) optimal metrics demonstrated significant 
changes due to the sediment treatment.  In contrast, Martin and Neely (2001) observed significant 
declines in all functional feeding groups and late-season declines in insect densities resulting from 
experimental sediment treatments in Michigan.  Results of this study suggest that invertebrate 
communities of depositional littoral habitats are influenced little by regional loadings of sediment.  
Future research will focus on the affects of sediment to erosional macroinvertebrate communities of 
this same basin.  We hypothesize significant sediment treatment effects to these erosional 
communities.

Introduction Results

Table 1.  Optimal metric set generated for sedimentation 
in a prairie pothole lake (Braskamp 2002).

The percentage of fine substrate and water column turbidities within moderate to high treatment 
plots were significantly greater than those from low treatment and control plots, demonstrating a 
treatment effect.  Water temperatures, pH, dissolved oxygen, specific conductance and macrophyte 
stem densities remained similar among treatment plots. 

We expected to see increases of percent tolerant taxa, contribution of dominant taxa, percent 
swimmers, percent Chironomidae, percent collector-gatherers, and percent predators.  None of 
these metrics demonstrated significant differences due to regional sediment loads.  Percent 
collector-gatherers (ANOVA p<0.01) and percent Chironomidae (ANOVA p<0.01) decreased and 
percent predators (ANOVA p<0.01) increased throughout the three week experiment. 

We also expected a decrease in Diptera richness, Ephemeroptera richness, percent gliders, and 
percent Insecta.  These metrics also demonstrated no significant effects due to sediment loading or 
through time during the experiment.

Pre 1st Post 2nd Post

0.30

0.35

0.40

0.45

0.50

0.55

0.60

Percent Insecta

P
er

ce
nt

 In
se

ct
a

Treatment Date

Treatment

C 0.0 Kg

L 0.1 Kg

LM 1.0 Kg

HM 10 Kg

H 100 Kg

Pre 1st Post 2nd Post
0.00

0.05

0.10

0.15

Percent Predator

P
er

ce
nt

 P
re

da
to

r

Treatment Date

Treatment

C 0.0 Kg

L 0.1 Kg

LM 1.0 Kg

HM 10 Kg

H 100 Kg

Pre 1st Post 2nd Post

0.40

0.45

0.50

0.55

0.60

0.65

Percent Tolerant Taxa

P
er

ce
nt

 T
ol

er
an

t T
ax

a

Treatment Date

Treatment

C 0.0 Kg

L 0.1 Kg

LM 1.0 Kg

HM 10 Kg

H 100 Kg

Pre 1st Post 2nd Post

0.80

0.85

0.90

0.95

Percent Collector-Gatherer

P
er

ce
nt

 C
ol

le
ct

or
-G

at
he

re
r

Treatment Date

Treatment

C 0.0 Kg

L 0.1 Kg

LM 1.0 Kg

HM 10 Kg

H 100 Kg

Pre 1st Post 2nd Post

0.10

0.15

0.20

0.25

0.30

0.35

0.40

Percent Chironomidae

P
er

ce
nt

 C
hi

ro
no

m
id

ae

Treatment Date

Treatment

C 0.0 Kg

L 0.1 Kg

LM 1.0 Kg

HM 10 Kg

H 100 Kg

Pre 1st Post 2nd Post

20

30

40

50

60

70

80

90

Substrate Particle Size (silt)

P
er

ce
nt

 S
ilt

Treatment Date

Treatment

C 0.0 Kg

L 0.1 Kg

LM 1.0 Kg

HM 10 Kg

H 100 Kg

Excessive sedimentation is a major cause of water impairment in North America.  About 
30% of lakes in the United States are impaired by sedimentation (US EPA 2000). Over 80% 
of lakes in South Dakota are impaired, mostly from nutrients and sedimentation from runoff 
of agricultural practices and other non-point sources (SD DENR 2002). 

Aquatic macroinvertebrates have been used to monitor water quality and have been shown 
to be effected by sediment.  The effects of fine sediment to aquatic invertebrates are wide 
ranging and include reduced feeding ability, alteration of habitat, increased drift, and 
increased scouring and abrasion (Crowe and Hay 2004).  Siltation can affect aquatic 
organisms by clogging gills, smothering eggs and larvae, and by disrupting normal feeding 
by decreased visibility (Rabeni and Smale 1995).  
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