
1

On the Sand
Au Sable Institute Boardman River Recovery Research

Summer 2014



2



3

Macroinvertebrate rates of recovery after dam removal on the Boardman River
DAVIS A. GUEBERT AND DAVE C. MAHAN

Au Sable Institute of Environmental Studies, 7526 Sunset Trial NE, Mancelona, MI 49659, USA

ABSTRACT
The damming of rivers has been known to have detrimental effects on river quality (Baxter 1977, Ligon et al 
1995, Cantwell et al 2014). The removal of dams may also have negative impacts on streams, however, this is not 
as well studied (Chessman 1995, Muotka et al 2002, Rehn et al 2007). This study seeks to document the impacts 
on the macroinvertebrate community from a dam removal in 2012 and determine macroinvertebrate recovery 
over the next two years on the Boardman River in Grand Traverse County, Michigan, USA. Macroinvertebrate 
communities at four sites were evaluated: two sites upstream and two sites downstream from where the 
impoundment was located. The site farthest upstream was the only location not impacted by the reservoir and 
served as a control site from which to estimate stream recovery. Our study in 2014 found that all sites became 
more similar in macroinvertebrate abundance after their initial decrease in abundance downstream and diversity 
after dam removal.  Macroinvertebrate abundance, diversity and percentage of sensitive organisms all increased in 
2014, indicating community recovery.

KEY WORDS: hydroelectric dam, macroinvertebrates, tolerance, water quality, Michigan

INTRODUCTION

Throughout history, humans have had a close 
relationship with running waters, especially for meeting 
their needs for water supply, irrigation and power 
generation (Baxter 1977).  From early water wheels to 
hydroelectric dams, the many attempts to harness the 
natural power of water have resulted in obstructions of 
the natural paths of rivers (Baxter 1977). And in most 
cases, only the perceived economic benefits to these 
obstructions have been considered, not their ecological 
impacts (Whitelaw and Macmullan 2002). However, as 
these detrimental impacts on stream biota from these 
structures have been documented (Lake 2000, Whitelaw 
and Macmullan 2002),  dam remediation or removal has 
been emerging as an area of interest in stream ecology 
(Doyle et al. 2003). When dams have been demonstrated 
to be inefficiently providing energy relative to the 
amount of damage inflicted on the stream ecosystem, 
removal may be warranted (Baxter 1977). As more dams 
are candidates for removal, it is important to understand 
the effects of removing dams in order to balance human 
and ecological interests (Hart et al 2002, Rehn 2005). 
Understanding river recovery following dam removal 
is becoming increasingly important, as many variables 
determine the path to stream restoration (Poff and Hart 
2002).  
 
The negative environmental consequences of large 
dams have been demonstrated by many studies 
(Baxter 1977, Ligon et al 1995, Cantwell et al 2014). 
Dams usually produce a very different discharge and 

water temperature regime and cause a significant 
sediment accumulation upstream in the reservoir 
while decreasing sediment on the downstream side of 
the dam (Baxter 1977, Orr 2008). These changes in 
water temperature, discharge and sediment transport 
impact all levels of the ecosystem: from blocking 
fish migratory pathways (Stanley et al. 2007) to the 
inability of macroinvertebrates to successfully tolerate 
the change in nutrient levels and riffle composition 
in the water (Lake 2000, Tiemann et al 2004, Walsh 
2006). Overall, damming causes a decrease in refugia 
available for the biota typically found in rivers (Lake 
2000). Due to different environmental tolerance levels 
of riverine macroinvertabrates, the presence/absence 
and relative abundance of certain macroinvertebrate 
taxa may serve as good short term indicators of water 
quality, especially when comparing the presence and 
abundance of these taxa before and after a dam removal 
(Chessman 1995, Muotka et al 2002, Rehn et al 2007). 
Following initial dam removal, increases in downstream 
turbidity and sediment deposition may have negative 
effects on macroinvertebrate communities (Jones et 
al 2012), and such communities may be expected to 
take a significant amount of time to recover (Warrick 
et al 2012). Macroinvertebrate recovery following 
dam removal takes time, with one study showing that 
macroinvertebrate communities can begin to recover 
over a period as short as 7 years (Hansen and Hayes 
2012). However, since a significant downstream influx 
of sediment typically follows dam removal, total riverine 
community recovery often takes a significant amount of 
time due to channel changes from this sediment load 
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(Bushaw-Newton et al 2002, Burroughs et al 2009). 

This study seeks to understand whether the Boardman 
River has experienced recovery after dam removal by 
examining the presence, abundance and tolerance levels 
of stream macroinvertebrates (Rehn et al 2007). We 
hypothesized that changes in these macroinvertebrate 
indices found in this years’ collection would indicate 
an increase in the quality of these macroinvertebrate 
communities relative to last year’s results.

MATERIALS AND METHODS 
Study samples were obtained from four different sites 
along the Boardman River in Northwestern Lower 
Michigan, United States in June 2014: Grasshopper 
Upper (site A), Grasshopper Lower (site B), Brown 
Bridge Road (site C) and Fourteen Ponds (site D; Figure 
1). Site A was our reference site, because it was not 
impacted by the removal of the Brown Bridge Dam, 
being well upstream of reservoir impacts (Largent, 
pers. com.).  Site B was also upstream of the dam, but it 
continues to show evidence that it has been impacted by 
the impoundment removal (Largent, pers. com.). Both 
sites C and D are below the removal site.
 

At each site, a transect through a representative riffle 
habitat was sampled with a Surber sampler at six points 
across the river to catch macroinvertebrates dislodged 
from the riverbed. Samples were collected after 45 
seconds of vigorous scraping with a single-pronged 
agitator followed by 15 seconds of additional hand 

agitation. Each sample was then removed from the net, 
poured into a jar and preserved in ethanol. 
 
Macroinvertebrates were first sorted by order and then 
identified to the generic level whenever possible (Merrit 
et al. 2008). Each taxon was placed into individual vials 
and stored. 

Data Analysis
Using the macroinvertebrate data, we calculated a 
series of stream quality and macroinvertebrate tolerance 
indices.  Percent similarity was calculated using 
Sørensen’s Quotient of Similarity to compare taxonomic 
composition between two sites (Sørensen 1948), and the 
multi-site similarity measure for comparisons of more 
than two sites (Diserud and Ødegaard 2007). Shannon’s 
Index of diversity was calculated for each site to 
depict the relative diversity (H) and evenness (EH) 
of genera between different locations, and Effective 
Number of Species (ENS) values were calculated at the 
family level based on Shannon’s H—for quantitative 
diversity comparisons (Diserud and Ødegaard 2007).  
The ratio of macroinvertebrates from the orders of 
Ephemeroptera, Plecoptera, and Trichoptera (EPT) to 
all other macroinvertebrates was calculated for each site 
and each year.  This ratio indicates stream ecosystem 
quality, as Ephemeroptera, Plecoptera, and Trichoptera 
are generally more sensitive to disturbed habitat and 
pollution compared to other macroinvertebrates.  
Higher EPT ratios indicate a higher quality stream.  The 
proportion of individuals in EPT to all other organisms 
was analyzed between sites using Pearson’s Chi-
squared contingency test (with α ≤ 0.05). This ratio was 
shown in figures as percent EPT. To account for more 
discrete disturbance, family level tolerance analysis 
was used.  All specimens were assigned a tolerance 
value (on a scale of 0-10) based on their family 
characteristics, according to Bouchard’s guide (2004).  
Sensitive individuals are those with a tolerance value 
≤3, mid-tolerant between 4-6, and tolerant ≥7. Percent 
of sensitive, mid-tolerant, and tolerant organisms 
was compared between locations, and proportions of 
organisms within these categories were analyzed using 
Pearson’s Chi-squared contingency test (with α ≤ 0.05).  
Microsoft Excel was used to organize and analyze data.  
Quantpsy.org’s calculation for the chi-square test was 
used to carry out these tests.

RESULTS
In 2014, the upstream reference site A, contained 206 
total macroinvertebrates (17 families) with %EPT of 
54.85% (Table 1). Sites B and C exhibited decreasing 

Figure 1. Map of sites used in this study. Sites A and B being 
upstream of impoundment and sites C and D being below 
impoundment. All site samples 3 June 2014, Grand Traverse 
County, Michigan, USA.
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Table 1. Number of macroinvertebrates, number of families, 
%EPT, % Sensitive, and % Tolerant found at sites A-D, 3 
June 2014, Grand Traverse County, Michigan, USA*

Site A B C D
# Macroin-
vertebrates

206 140 119 228

# Families 17 10 10 15
%EPT 54.85% 40.7% 60.50% 60.96%

% Sensitive 41.75% 7.86% 41.18% 38.60%

% Tolerant 16.50% 53.57% 13.45% 0.88%
*6 Surber samples of .09m2  = .558m2

numbers of macroinvertebrates, with 140 organisms (10 
families) and 119 organisms (10 families), and %EPT 
of 40.7% and 60.50%, respectively (Table 1). Site D 
had the greatest number of macroinvertebrates, with 
228 organisms (15 families) and the highest %EPT at 
60.96% (Table 1). Site A contained 41.75% sensitive 
and 16.50% tolerant, site B contained 7.86% sensitive 
and 53.57% tolerant, site C contained 41.18% sensitive 
and 13.45% tolerant, while site D contained 38.60% 
sensitive and 0.88% tolerant (Table 1). A comparison 
of sites A and B showed no statistical difference in the 
EPT ratio (P = 0.13), but a significant difference in the 
tolerance to sensitive ratio (P < 0.001). Between site 
A to C, neither the EPT nor tolerant to sensitive ratios 
were found to be statistically different (P= 0.61 and 
P= 0.59, respectively). In comparing A to D, there was 
no difference in EPT ratio (P = 0.51), but there was 
a difference in tolerant to sensitive ratio (P < 0.001; 
Table 2). Sørenson’s 2-site analysis revealed a percent 
similarity of 51.85% between A and B, 51.85% between 
A and C, and 50.00% between A and D (Fig. 2).

Table 2. Chi-square (χ2) results comparing ratio of %EPT 
to total number of insects at each site and the ratio of 
tolerant to sensitive insects at each site (%Tolerance), 3 June 
2014. Statistical differences were observed at p ≤ 0.05. All 
locations sampled in Grand Traverse County, Michigan, 
USA.

% EPT %Tolerance

χ2 P χ2 P
A-B 2.31 0.13 69.69 <0.001
A-C 0.27 0.61 0.230 0.59
A-D 0.44 0.51 24.69 <0.001

 

Figure 2. Sørenson’s two site analysis of similarity between 
reference site (A) and test sites (B-D) of 3 June 2014, sampled 
in Grand Traverse County, Michigan, USA.

A comparison of 2013 and 2014 showed higher Shannon-
Weiner diversity indices in 2014 than 2013, except 
for site B. Similarly, ENS values for all sites showed 
increases in total diversity of all sites (Table 3).

Table 3. Shannon’s diversity index (H) and the effective 
number of species for each site A-D, June 2013 and 2014, 
Grand Traverse County, Michigan, USA.

2013 2014
Site A B C D A B C D
H 2.31 0.97 2.64 2.14 1.24 1.69 1.92 1.84
ENS 1.53 1.20 1.86 1.54 3.47 5.40 6.84 6.32

 
Sørensen’s quotient of similarity, using a multisite index, 
showed site similarity to be 72% for 2013 and 80% for 
2014 (Fig. 4). The %EPT between 2013 and 2014 for 
1reference site A showed no statistical difference (P = 
0.55). B, C, and D, however, all were statistically higher 
in 2014 when compared to 2013 (P < 0.001, Table 4). 
Similarly, the sensitive to tolerant ratio for site A between 
2013 and 2014 was not significantly different (P = 0.54), 
while B, C, and D were all found to be statistically higher 
between years (P < 0.001 for each (Table 4).

Table 4. The percent Ephemeroptera, Plecoptera and 
Trichoptera (%EPT) out of all macroinvertebrates sampled 
at sites A- D in 2013 and 2014. Compared between years, 
using the ratio of EPT to total insects, using chi-square (χ2), 
to evaluate the statistical different at p ≤ 0.05 on Boardman 
River, Grand Traverse County, Michigan, USA.

%EPT
Site 2013 2014 χ2 P
A 60.4% 54.85% 0.36   0.55
B 5.0% 40.71% 46.49 >0.001
C 14.1% 60.50% 17.36 >0.001
D 17.1% 60.96% 28.78 >0.001
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Samples were also contrasted over the entire study 
period, 2011 to 2014.  In respect to total number of 
insects collected, the control site (A) was quite similar 
each year.  At the other three locations, however, insect 
numbers showed considerable change between years, 
with a pronounced decline in 2013 followed by a large 
increase in 2014 (Table 5).  

Table 5.  Total Insects Collected above and below Brown 
Bridge Pond*, Boardman River, Grand Traverse County, 
Michigan, 2011-2104.

A B C D

Year N m2 N m2 N m2 N m2

2011 301 539 45 81 974 1746 - -
2012 245 439 19 34 252 452 298 534
2013 178 319 28 50 57 102 119 213
2014 206 369 140 251 119 213 228 409
Mean 417 104 628 385

*6 Surber samples of .09m2 = .558m2; m2= N/m2

Samples over this time period were also evaluated for 
diversity using the Shannon-Weiner index and ENS 
adjustments (Fig. 6). All sites but B showed decreasing 
diversity during 2011 to 2012 before a slow increase 
from 2012 to 2014 (Fig. 6). Site D has no data for 
comparison for 2011 (Fig. 6). Sørensen’s multisite index 
of similarity (Diserud and Ødegaard 2007) indicated 
that 2014 communities were more similar with an index 
of 80% when compared to the indices of 72%, 72%, 
and 71% of the previous years (2011, 2012, and 2013, 
respectively; Fig. 7). 

Figure 6. Evaluation of diversity (ENS) in families 
present for site A (A), site B (B), site C (C), and site D 
(D), 2011- 2014. No data collected for site D in 2011. 
All sampled June of respective year, Grand Traverse 
County, Michigan, USA.

Figure 7. A four-year comparison of multisite similarity 
along the sampled stretch of the Boardman River. All 
samples taken in the early June 2011-2014 in Grand 
Traverse County, Michigan, USA.

When examining % EPT and sensitive to tolerant ratio, 
the three downstream sites all demonstrated a significant 
decline in values in 2013 followed by a positive rebound 
in 2014. . In contrast, our control site A showed no 
significant changes in these parameters over this period 
(Tables 6 and 7)
 
Table 6. The percent Ephemeroptera, Plecoptera and 
Trichoptera (%EPT) compared between all years 
(2011-2014) at each site (A-D). Analyzed through a 
chi-square (χ2) test to evaluate the statistical different 
using ratio of EPT to total insects (p ≤ 0.05). All loca-
tions sampled in June of each respective year in Grand 
Traverse County, Michigan, USA.

%EPT
Site 2011 2012 2013 2014 χ2 P
A 44.0% 56.6% 60.4% 54.9% 5.2 0.16
B 56.3% 44.4% 5.0% 40.7% 58.7 <0.001

C 6.5% 49.8% 14.1% 60.5% 386.7 <0.001

D n/a 63.9% 17.1% 61.0% 35.0 <0.001

Table 7. Ratio of sensitive to tolerant found at each site 
A-D, 2011-2014 sampled June of respective year in Grand 
Traverse County, Michigan, USA.

Sensitive/Tolerant

Site 2011 2012 2013 2014 χ2 P
A 2.27 4.87 2.21 2.53 12.354 <0.01

B 2.45 3.66 0.04 2.53 147.502 <0.001
C 0.05 1.67 0.10 3.06 617.49 <0.001
D n/a 12.41 0.37 44 171.179 <0.001
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DISCUSSION
Our general discussion will focus largely on sites A, C 
and D.  Results from site B, and its physical observation, 
indicate that it is still in the process of downcutting 
following reservoir removal.  With its reasonably 
consistent number of organisms and community indices 
(% EPT, H, ENS and similarity), site A has served as an 
effective upstream control over the study period.

A comparison of the four sites in 2014 offers strong 
support for macroinvertebrate community recovery 
after dam removal, especially considering the similarity 
in number of organisms and % EPT at sites A and D 
(Tables 5 and 6, Fig. 8).  And while sites B and C’s total 
organisms are still low in comparison to A and D, % 
EPT and organism tolerance rations at site C are similar 
to A and D.

In comparing the data from 2013 to 2014, many positive 
changes in the macroinvertebrate communities were 
found. The index of similarity between all sites increased 
from 72% to 80% over the course of one year. Also, 
diversity and ENS values in 2014 more than doubled 
at sites C and D. Between years 2013 and 2014, B, C 
and D all increased in %EPT (Table 4). Additionally, 
all downstream sites increased in the % sensitive and 
decreased in % tolerant (Fig. 5), also supporting the 
community recovery hypothesis. 

Additional support of stream biotic recovery is also 
demonstrated by %EPT of each site (Tab. 6). A four-year 
comparison of, sites B, C and D followed a similar trend 
in %EPT decrease from 2012 to 2013 with an increase in 
%EPT from 2013 to 2014.  It is likely that the decrease 
observed is the result of the dam removal while the 
subsequent increase in %EPT is the result of recovery 
(Chessman 1995, Muotka et al 2002, Rehn et al 2007). 
The same trend of decrease from 2012 to 2013 and 
subsequent increase in 2013 to 2014 was also observed 
for the percent sensitive macroinvertebrates (Table 7).  
Finally, %EPT and S/T ratios at sites B, C and D in 
2014 were very similar to 2012 pre-disturbance levels.  
Thus, these values and trends add further credence to 
our contention that macroinvertebrate communities 
downstream are recovering after dam removal due to 
their increasing similarity to the upstream control. 
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Recovery of the new stream channel above Brown Bridge Dam on the Boardman 
River, Northern Michigan

JOEL T. BETTS AND DAVE C. MAHAN
Au Sable Institute of Environmental Studies, 7526 Sunset Trail NE, Mancelona, MI 49659, USA

ABSTRACT Dams negatively impact running water systems through altering sediment, flow, and temperature 
regimes and isolating populations of organisms.  For ecological, economic, and public safety reasons, dam removal 
rather than dam replacement has recently become a more attractive alternative. Although dam removal may have 
initial negative ecological impacts, removing dams can begin a restorative process for the stream ecosystem.  
One example of this restoration can be the physical construction and restoration of a new stream channel. The 
Brown Bridge Dam on the Boardman River, Grand Traverse County, Michigan, USA was removed in fall 2012. 
To monitor recovery in the new channel, analyses of riffle benthic macroinvertebrate community health at three 
sites in the old reservoir zone and a stable upstream control were carried out in June 2013 and June 2014. While 
the newly constructed channel exhibited poorer health than the control in both years (lower presence of sensitive 
macroinvertebrates and lower macroinvertebrate diversity), sampled versus control differences were less in 2014.
These results indicate continued macroinvertebrate community recovery during this period.  In order to assess the 
continuation of this stream recovery, it will be important to continue monitoring this and other affected stretches 
of the Boardman. This study serves as a case study to advise future dam removals and river restoration projects, 
proving invaluable for the broader Boardman River project and dam removal projects elsewhere.

KEY WORDS: benthic macroinvertebrates, Boardman River, dam removal, disturbance, diversity, similarity, 
EPT/C, tolerance, Michigan
INTRODUCTION

Dams serve a variety of beneficial functions for society, including electricity generation, reservoir creation, flood 
control, and transportation.  As of 1992, there were approximately 2.5 million dams in the United States alone (Dodds 

2002). Despite these societal benefits, dams have had 
negative ecological consequences, particularly to stream 
and riparian health. Dams retain sediment from its natural 
flow through a stream, resulting in erosion of river deltas 
and build up of sediment in dam reservoirs (Poff and Hart 
2002). Additionally, dams change water temperature 
regimes, reducing stream biological diversity (Lessard 
and Hayes 2013). Furthermore, dams interrupt nutrient 
flows, alter riparian habitat by eliminating flooding, and 
fragment upstream/downstream riparian and aquatic 
ecological communities (Jansson et al. 2000, Dodds 
2002, Poff and Hart 2002, Ligon et al. 1995).  Isolation 
of biotic populations above and below dams can also 
reduce genetic diversity, causing populations of stream 
organisms to become more vulnerable to disturbance 
and disease (Kitanishi et. al. 2012).

Many dams in the US were built around the turn of the 
20th century and are no longer economically profitable.  
These older dams are often public safety hazards as 
well (Johnson and Graber 2002), and restoration and 
relicensing is often not cost-effective. Estimates show 
that ≥80 percent of U.S. dams will need to be relicensed 
by 2020 (Hansen and Hayes 2012). Given these realities 
and the ecological impacts of dams, dam removal has 

become an attractive alternative.  As of 2007, >700 
dams have been removed throughout the U.S (Dodds 
2002). In Michigan alone there have been more than 
forty-eight dam removals, twenty-nine of these since 
1998 (Hanshue 2010).

Dam removal has been documented to have a range 
of impacts on ecosystems, depending on time allowed 
for ecosystem recovery (Hansen and Hayes 2012).  
Dam removal can result in downstream disturbance 
when sediment buildup up behind dams is released and 
deposited downstream, suffocating fish and invertebrates 
(Bednarek 2001).  In some cases, chemical build up in 
this released sediment can cause a release of pollutants 
during dam removal that is detrimental to the stream 
ecosystem (Cantwell et al. 2014).  In addition, as a new 
channel forms in the previous reservoir zone, the stream 
bottom is often unstable, resulting in a non-equilibrium 
process called down-cutting where rocks and sediment 
are flushed downstream at higher than normal rates.  This 
limits the amount of stable structural habitat for benthic 
species as well as the growth of algae on which these 
species depend for food, thereby lowering ecosystem 
health and diversity (Dodds 2002). Redevelopment and 
stabilization of stream bottom habitat can take many 
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years (Pizzuto 2002).  In general, a longer post-removal 
recovery time is correlated with better stream ecosystem 
health (Hansen and Hayes 2012).  The negative effects 
of dam removal can be reversed when accompanied by 
restoration work (Bushaw-Newton et al. 2002, Doyle et 
al. 2005, Orr and Stanley 2006, Burroughs et al. 2010, 
and Hansen and Hayes 2012).  However, there is limited 
knowledge of the upstream and downstream ecological 
impacts of dam removal. Consequently research is 
needed in order for dam removal projects to have the 
best possible effects on communities and ecosystems 
(Babbit 2002 and Doyle et al. 2003).

A recent dam removal initiative on the Boardman River 
in Grand Traverse County, Michigan is the largest stream 
and wetland restoration project in the Great Lakes basin. 
The Boardman River is a 5th order stream containing 
258 km of river and tributary streams that run into Lake 
Michigan at Grand Traverse West Bay.  As a blue ribbon 
trout stream, it attracts recreationalists from around 
the Midwest.  The watershed is largely forested and 
minimally impacted by residential and agricultural land 
use  In its last 18.5 miles, the river has been impacted 
by three hydroelectric dams (Brown Bridge, Boardman, 
and Sabin dams), and one large non-hydroelectric dam 
just before it enters Lake Michigan (Union Street Dam) 
(Figure 1).  Because the three hydroelectric dams are 
old and no longer producing electricity it was more cost 
effective to remove rather than restore the dams.  With 
the exception of the Union Street dam in downtown 
Traverse City (which will be restored and retained), 
the dams have all been scheduled to be removed 
over the course of the next decade.  This project will 
eventually restore 5.5 kilometers of coldwater stream 
habitat and over 120 hectares of wetland and upland 
habitat, reconnect 258 kilometers of river, and increase 
recreational opportunities and associated revenue, 
among other benefits (The Boardman River Dams 
Project 2014).

Created in 1921, the Brown Bridge Dam is the 
largest and furthest upstream of the Boardman River 
dams (Figure 1). During the summer and fall of 2012 the 
reservoir was drawn down and the dam was removed.  
The stream was guided into a reconstructed relic river 
channel as the water was drawn down.  Post-removal 
restoration is now taking place according to the recovery 
plan (S Largent, personal communication, August 18, 
2014). Ecosystem recovery monitoring is an important 
and often undervalued part of the removal process 
(Babbit 2002).  Monitoring can help concerned parties 
discern whether restoration is occurring to its maximum 
potential, and provides unique opportunity for learning 

about the ecology of dam removal recovery in general.

The development of stream health indices based on 
benthic macroinvertebrate assemblages is a commonly 
practiced means of analyzing stream habitat quality 
and ecosystem health in response to disturbance 
(Bouchard 2004, Polard and Reed 2004, Thompson 
et al. 2005, Orr and Stanley 2008, Hansen and Hayes 
2012, Ming-Chi Chiu et al. 2013). As main components 
of stream ecosystems, benthic macroinvertebrates are 
indicators of stream bottom habitat quality and water 
pollution and therefore will respond to down-cutting 
and sedimentation—common effects of dam removal. 
Macroinvertebrate populations play a crucial role in 
stream ecosystems as they are the base of the trophic 
chain on which most other stream organisms depend 
(Merritt et al. 2008).  Therefore, such macroinvertebrate 
analyses are an important element of the monitoring 
efforts post dam removal.

Over the last 7 years, the Au Sable Institute of 
Environmental Studies has monitored macroinvertebrate 
assemblages at several locations on the Boardman River 
anticipating dam removal and reservoir drawdown (M 
LaForge et. Al 2011, D Petry and D Mahan 2012).  
This present study adds to this data by monitoring the 
newstream channel formed after removal of the Brown 
Bridge Dam in 2012.

The objectives of this study were:
1. To develop and analyze macroinvertebrate 

assemblage data within the recently formed stream 
channel in the Brown Bridge reservoir area and 
compare this data to an upstream reference site.

2. To use this macroinvertebrate data to monitor and 
evaluate the restoration of the new stream channel 
from 2013 to 2014.

3. To contribute to broader conversation on the 
ecological effects of dam removal, and the process 
of stream restoration, specifically as indicated by the 
benthic macroinvertebrate community.

We hypothesized that because of channel down-
cutting, unstable benthic habitat, and sedimentation, the 
macroinvertebrate community assemblage in the Brown 
Bridge reservoir area would indicate higher stream 
quality in 2014 than in 2013, but lower stream quality 
than indicated by the macroinvertebrate community at 
the upstream control site, according to multiple indices.
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METHODS

Study Sites
For macroinvertebrate sampling we designated three 
riffles in the Brown Bridge reservoir area (BBUpper, 
BBMiddle, and BBLower), and an upstream reference 
site near the confluence of Grasshopper Creek (Fig. 1 
and Appendix 1).

Figure 1. GIS Map of the locations of riffle sampling transects: 
Grasshopper Creek Upper (GHUpper), Brown Bridge Upper 
(BBUpper), Brown Bridge Middle (BBMiddle), and Brown 
Bridge Lower (BBLower). River flows from east to west. 
Sites of the Brown Bridge Dam removal and the new stream 
channel in the previous reservoir area are noted.  Boardman 
River, Grand Traverse County, Michigan. Map created by Joel 
Betts, August 2014.

Sampling Method
We chose these locations based on similarity of riffle 
conditions in order to sample comparable habitats.  
Macrophytes and fine sediment areas were also avoided 
(Heino et al. 2004).  Sampling was carried out 3 - 5 June 
2013 and 3 - 4 June 2014 using a 500-μm mesh Surber 
Sampler with a 0.093 m2 (1 square foot) sampling 
area.  At each location, six Surber samples were taken 
as replicates across a transect (Fig. 2). A three-pronged 

Figure 2. Transect sampling method carried out at each site. 
Six replicates were taken at each location. 

(2013) or one pronged (2014) agitator was used to 
disturb each sample area of stream bottom for a minute 
(Merritt et al. 2008).  Sample contents were preserved 
in an ethanol solution in the field.  Macroinvertebrates 
were then sorted and identified to the lowest practical 
taxonomic level (no further than genus) using keys in 
Merritt et al. (2008) and Pennak (1978), along with 
Bright (2013) for geographic range of genera and the 
University of Michigan Museum of Zoology “Animal 
Diversity Web” (2012) for clarification of taxonomic 
level above family.  Specimens were only considered 
valid if they had heads.  All specimens are preserved 
in labeled vials in Au Sable Institute’s aquatic biology 
collection.

We also measured stream characteristics at each site.  We 
took measurements of stream depth and stream velocity 
at one meter increments across the river.  Velocity was 
measured by measuring the time it took to float a 30-ml 
vial 10 meters.  Stream width was also measured.  We 
calculated discharge from these parameters (Appendix 
1).  We also recorded general notes about each site 
(weather, abnormal sedimentation, etc.), which can be 
found in Au Sable Institute’s aquatic biology lab.

Data Analysis
Using the macroinvertebrate data, we calculated a 
series of stream quality and macroinvertebrate tolerance 
indices.  Percent similarity was calculated using 
Sørensen’s Quotient of Similarity to compare taxonomic 
composition between two sites (Sørensen 1948), and the 
multi-site similarity measure for comparisons of more 
than two sites (Diserud and Ødegaard 2007). Shannon’s 
Index of diversity was calculated for each site to depict 
the relative diversity (H) and evenness (EH) of genera 
between different locations, and Effective Number of 
Species (ENS) values were calculated at the family 
level based on Shannon’s H—for quantitative diversity 
comparisons.  The ratio of macroinvertebrates from the 
orders of Ephemeroptera, Plecoptera, and Trichoptera  
to all other macroinvertebrates was calculated for each 
site and each year.  This ratio indicates stream ecosystem 
quality, as Ephemeroptera, Plecoptera, and Trichoptera 
are generally more sensitive to disturbed habitat and 
pollution compared to other macroinvertebrates.  Higher 
EPT ratios indicate a higher quality stream.  The 
proportion of individuals in EPT to all other organisms 
was analyzed between sites using Pearson’s Chi-squared 
contingency test (with α ≤ 0.05). This ratio was shown 
in figures as percent EPT.  To account for more discrete 
disturbance, family level tolerance analysis was used.  
All specimens were assigned a tolerance value (on a scale 
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of 0-10) based on their family characteristics, according 
to Bouchard’s guide (2004).  Sensitive individuals are 
those with a tolerance value ≤3, mid-tolerant between 
4-6, and tolerant ≥7. Percent of sensitive, mid-tolerant, 
and tolerant organisms was compared between locations, 
and proportions of organisms within these categories 
were analyzed using Pearson’s Chi-squared contingency 
test (with α ≤ 0.05).  Microsoft Excel was used to 
organize and analyze data.  Quantpsy.org’s calculation 
for the chi-square test was used to carry out all tests.

RESULTS

General Summary
In both 2013 and 2014, the reference site Grasshopper 
Creek Upper hosted a healthier macroinvertebrate 
community assemblage than each site in the new stream 
channel, according to multiple indices. In general, the 
new stream channel hosted a healthier macroinvertebrate 
community assemblage in 2014 than in 2013 (Tables 1 
and 2).

Table 2. For each location in 2013 and 2014: percent of 
organisms in the orders Ephemeroptera, Plecoptera, and 
Trichoptera (EPT) out of total organisms, number of fami-
lies (F) and genera (G) from the orders EPT, and percent 
of sensitive (%S) (tolerance value ≤3), mid-tolerant (%M) 
(tolerance value 4-6), and tolerant organisms (%T) (toler-
ance value ≥7) (Bouchard 2004).  Values and indices based 
on organisms sampled on 3 - 5 June 2013 and 3 - 4 June 
2014, Boardman River, Grand Traverse County, Michigan.

Year Location Rich Percent Tolerance

% EPT F G %S %M %T

2013

GHUpper 60.4 6 12 57.4 17.0 25.6

BBUpper 44.7 7 11 28.1 24.0 47.9

BBMiddle 24.3 8 13 17.0 11.3 71.7

BBLower 37.6 5 7 17.3 25.9 56.8

2014

GHUpper 54.9 5 7 41.8 41.8 16.5

BBUpper 34.6 8 11 15.5 31.7 52.8

BBMiddle 32.0 7 10 13.9 38.7 47.5

BBLower 43.8 8 11 16.1 48.6 35.3

average of 433 organisms per square meter were found 
in the three sites in the new channel at Brown Bridge in 
2013, and in 2014 this average increased to 577 (Table 
1).  The four study sites (three in the reservoir area and 
the reference) showed 75.3% similarity in 2013, and 
increased to 89.5% similarity in 2014, according to the 
multi-site similarity measure (Appendix 1 and Figure 3).  
The same trends are elucidated by Sørensen’s two site 

Figure 3. Multi-site similarity comparison of macroinvertebrate 
community composition between all sites (GHUpper, 
BBUpper, BBMiddle, and BBLower) in 2013 and 2014 
(Diserud et al. 2007). In 2013, sites were 75.3% similar, and in 
2014 sites were 89.5% similar. Based on organisms sampled 
on 3 - 5 June 2013 and 3 - 4 June 2014, Boardman River, 
Grand Traverse County, Michigan.

Table 1. For each location in 2013 and 2014: Total number of 
organisms per meter square, the number of families (F) and 
genera (G) represented, and Shannon’s index of diversity (H), 
evenness (EH), and effective number of species. Number of 
genera does not include Chironomidae, as organisms in this 
family were not identified past the family level. Values and 
indices based on organisms sampled on 3 - 5 June 2013 and 
3 - 4 June 2014, Boardman River, Grand Traverse County, 
Michigan.

Year Location N/
Rich-
ness

Shannon’s 
Diversity

m² F G H EH ENS

2013

GHUpper 407 14 20 1.77 0.67 5.85

BBUpper 221 16 19 2.14 0.77 8.51

BBMiddle 782 19 22 1.44 0.49 4.20

BBLower 296 13 14 1.73 0.67 5.63

2014

GHUpper 370 17 18 1.96 0.69 7.07

BBUpper 612 18 22 2.13 0.74 8.38

BBMiddle 673 19 22 2.38 0.81 10.82

BBLower 447 19 20 2.41 0.82 11.14

Detailed Results
From 14 to 22 genera were present at each site in 2013, 
and from 18 to 22 present at each site in 2014. An average 
of 18.3 genera were found in the three sites in the new 
channel at Brown Bridge in 2013, whereas an average of 
21.3 genera were found in these sites in 2014. The same 
trends were seen at the family level (Table 1). An 
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comparisons from 2013 to 2014—each of the four sites 
showed an increase in Sørensen’s similarity to every 
other site from 2013 to 2014 (Appendix 1 and Figure 4).  
According to the Effective Number of Species (ENS) 
(from Shannon’s H), family level diversity increased 
at all sites besides BBUpper from 2013 to 2014, with 
notable increases at BBMiddle and BBLower (Table 
1 and Figure 5). Between 2013 and 2014, GHUpper 
increased in diversity by about 20%, BBMiddle by over 
150%, and BBLower by nearly 100%, and BBUpper 
remained consistent (<2% change). 

Percent EPT increased at all sites from 2013 to 2014, with 
exception to the reference site, which decreased by 5.5% 
(Table 1 and Figure 6).  None of the changes in %EPT 
from 2013 to 2014 were significant when analyzed by a 
Chi-Squared test1, although the change at BBMiddle was 
the most notable out of all the sites (p=.068) (Appendix 
1 and Figure 6.a.).  In both 2013 and 2014, % EPT was 
higher at the reference site than at the three new channel 
sites respectively. This difference was significant in all 
comparisons (p<.05) besides GHUpper to BBLower in 
2014 (p=.169) (Appendix 1 and Figure 6.b.).

The ratio of tolerant to mid-tolerant to sensitive 
organisms for each site was significantly different 
between 2013 and 2014 (p<.001) (Appendix 1 and Figure 
7). Within each year, the ratio of tolerant to mid-tolerant 
to sensitive organisms was significantly different in all 
comparisons (p<.05) except for BBUpper to BBLower 
in 2013 (p=.089) and BBUpper to BBMiddle in 2014 
(p=.148). In particular, there were notable increases 
in the percent of mid-tolerant organisms at each site 

Figure 4. Sørensen’s quotient of similarity as shown by a per-
centage, demonstrating two site comparisons of macroinver-
tebrate community composition.  The slash between the sites 
on the x-axis label indicates a comparison between sites (for 
example, GHU/BBU compares % similarity at GHUpper and 
BBUpper). Indicates changes between each site comparison 
from 2013 to 2014. Boardman River, Grand Traverse County, 
Michigan.

Figure 5. Shannon’s index of diversity (H) represented by the 
effective number of species (ENS) calculated for each site in 
2013 and 2014 (Reference). Shows quantitative differences in 
the family level diversity of the macroinvertebrate commu-
nity at each site. Takes into account dominance and richness. 
Boardman River, Grand Traverse County, Michigan.

Figure 6a-b. Percent of organisms from Ephemeroptera, Ple-
coptera, and Trichoptera out of the total organisms found at 
each site.  Note the strong trend of increase at BBMiddle be-
tween 2013 and 2014 (p=.068 according to a chi-square test 
of the EPT ratio) (Figure 6a), and the much higher percent at 
the reference site in both 2013 and 2014 (significantly differ-
ent according to Chi-Square tests, p<.05) (Figure 6b).Board-
man River, Grand Traverse County, Michigan.
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from 2013 to 2014 (Figure 7.a.), which accounts for 
the significant difference in Chi-square outcomes for 
the tolerant to mid-tolerant to sensitive ratio analysis.  
There were notable decreases in the percent of tolerant 
organisms at BBMiddle and BBLower between years 
(Figure 7.a.).  The ratio of sensitive to tolerant organisms 
was not significantly different between 2013 and 2014 at 
all sites (P>.05) besides BBUpper (p=.009) (Appendix 1 
and Figure  7).  There was a notable decrease in percent 
of sensitive organisms and increase in percent tolerant 
at BBUpper, which accounts for the difference in Chi-
square outcome for the tolerant to sensitive ratio analysis 
at that site.  In both years, the ratio of sensitive to tolerant 
organisms at the reference site was significantly different 
than this ratio at BBUpper, BBMiddle, and BBLower 
(Appendix 1 and Figure 7.b.).

DISCUSSION

Comparison to the reference for each year
Concurrent with the removal of the Brown Bridge Dam 
was the creation of a new, but unstable streambed in 
the reservoir area.  As anticipated, this new channel 
did not support as healthy of a macroinvertebrate 
community assemblage as the more stable reference 
site immediately upstream, in either year.  This was 
indicated by multiple indices. In both years the new 
channel sites were less similar to the reference than they 
were to each other (Figure 4), and %EPT and sensitive 
to tolerant ratios were higher at the reference than at 
each of the new channel sites—all comparisons showing 
significant differences, besides %EPT from GHUpper to 
BBLower in 2014 (p=.169) (Tables 2 and 3, and Figures 
6 and 7).  Although ENS values did not show these same 
trends in comparison to the reference for BBUpper in 
2013 or for any new stream channel site in 2014, these 
results are not contradictory (Table 1 and Figure 5). In 
these cases, the new channel sites had more diversity of 
families present than the reference, yet lower abundance 
of organisms in families sensitive to pollution and 
disturbance, suggesting that the reference site supports 
a healthier macroinvertebrate community, and higher 
stream ecosystem quality than the new channel sites.
Comparison between 2013 and 2014

However, the higher diversity in the new 
channel at all sites in 2014 does imply an increase 
in macroinvertebrate community health and stream 
ecosystem quality from 2013 to 2014. Several other 
parameters also support this conclusion: the presence of 
an average of three more genera within the new stream 
channel in 2014 than in 2013; multi-site similarity shows 
that all sites became 14.2% more similar in community 
composition to each other from 2013 to 2014 (Figure 3); 
and Sørensen’s two site comparisons showed increases 
in similarity of the new channel sites to the reference 
and to each other from 2013 to 2014 (Figure 4).  These 
similarity measures indicate that the stream has become 
more uniform in community composition from 2013 to 
2014, which implies restoration is occurring within the 
new channel.

Although ratios of sensitive to tolerant were 
significantly lower at BBUpper, and not significantly 
different at BBMiddle and BBLower from 2013 to 
2014, this does not contradict the trends toward stream 
restoration as indicated by similarity and diversity 
indices.  When year to year changes in mid-tolerant 
species are taken into account, BBMiddle and BBLower 
were significantly different between 2013 and 2014 in 
community composition (Figure 7.a.). At these sites, 

 Figure 7a-b.  Percent of organisms in sensitive (tolerance 
value ≤3), mid-tolerant (tolerance value 4-6), and tolerant 
(tolerance value ≥7) categories (Bouchard 2004) compared 
between sites in 2013 and 2014.  In figure 7.a., arrows indi-
cate changes of percent mid-tolerant and percent tolerant at 
BBMiddle and BBLower from 2013 to 2014. In figure 7.b., ar-
rows indicate that GHUpper had the highest proportion of 
sensitive to tolerant individuals. Boardman River, Grand Tra-
verse County, Michigan.
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the combined increase in percent mid-tolerant, the lack 
of change in percent sensitive, and the slight decrease 
of percent tolerant, together implies an increase in 
the health of the macroinvertebrate community at 
BBMiddle and BBLower.  While BBUpper had a less 
healthy macroinvertebrate community in 2014 than it 
had in 2013 according sensitive to tolerant ratios and 
each other index, it had a healthier macroinvertebrate 
community than BBMiddle and BBLower in 2013 
according to multiple indices (Tables 1, 2 and 3).  Based 
on these trends we would suggest that macroinvertebrate 
community restoration and associated stream ecosystem 
restoration is occurring at all sites, and that BBMiddle 
and BBLower have caught up to BBUpper in stream 
ecosystem quality in 2014 compared to 2013.
Conclusions
This study demonstrated that the new channel in the 
reservoir area above the removed Brown Bridge dam 
has improved in stream ecosystem quality from 2013 
to 2014.  Such ecosystem improvements could be 
attributed to increased stabilization of the stream channel 
and stability of stream bottom habitat (Dodds 2002 and 
Pizzuto 2002) andincreased colonization by a variety 
of macroinvertebrate populations and development 
of a more complex ecosystem of macroinvertebrate 
interactions (Merrit 2008).  While restoration is 
occurring, results also indicate that the new channel sites 
have lower stream ecosystem quality in comparison to 
the healthy upstream reference site near the confluence 
of Grasshopper Creek.  While the stream ecosystem 
in the new channel has not been fully restored, this is 
not surprising in light of the limited time (20 months) 
after dam removal.  Streams typically take many years 
to stabilize after disturbance and new channel formation 
(Dodds 2002), in particular after the major changes in 
stream flow and new channel formation in the context 
of dam removal (Pizzuto 2002 and Hansen and Hayes 
2012).  In light of this, it will be important to continue 
the study of the recovery of the stream ecosystem via 
macroinvertebrate analysis in the new channel in the 
Brown Bridge reservoir area. Not only would future 
monitoring promote the proper recovery and stewardship 
of the Brown Bridge reservoir area, but it could also serve 
as a case study to advise future dam removals and river 
restoration projects along the Boardman (Boardman 
and Sabin Dams) and other rivers.  As dam removal is 
becoming more common for environmental, social, and 
economic reasons (Dodds 2002, Johnson and Graber 
2002, and Hansen and Hayes 2012), the monitoring and 
evaluation of the ecological effects of the Brown Bridge 
Dam removal site provides an important case study of 
such dam removals.
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Appendix 2. Coordinates and Discharge (Q) for each site). Discharge recorded in Meters³/second. 
Discharge taken at time of macroinvertebrate sampling, 3 - 5 June 2013 and 3 - 4 June 2014, Boardman 
River, Grand Traverse County, Michigan.

Location  GHUpper BBUpper BBMiddle BBLower

Coordinates
Latitude 44⁰39’07.3” 44⁰38’57.7” 44⁰38’58.0” 44⁰38’49.2”
Longi-
tude 85⁰28’13.2” 85⁰29’14.5” 85⁰29’25.0” 85⁰30’17.5”

Discharge 
(Q)

2013 7.489 6.907 6.166 5.740
2014 7.959 7.546 7.210 8.027
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Recovery of downstream macroinvertebrate populations following removal of a 
hydroelectric dam

JONATHAN C. SHOAFF AND DAVID MAHAN
Au Sable Institute of Environmental Studies, 7526 Sunset Trail Rd NE, Mancelona, MI 49659, USA

ABSTRACT
Dam removal as a river restoration technique is becoming more common as most of the Country’s 20,000 
dams are aging.  The Brown Bridge Dam, Grand Traverse County, Michigan, USA was removed October 
2012 due to issues of safety and economic viability.  Macroinvertebrate sampling downstream from this 
dam was done prior to removal, six months after removal, and one and a half years after removal in order 
to assess the effect of the dam on downstream benthic macroinvertebrate life and to monitor the recovery 
time of downstream sites to match unaffected upstream reference sites.  Using both statistical analyses and 
comparative analyses we determined, that with time after dam removal, populations of macroinvertebrates 
are beginning to resemble an unaffected upstream reference site.
 
KEY WORDS: dam removal, EPT/C, macroinvertebrates

INTRODUCTION 

Dams have been a common human solution 
to perceived needs for hydroelectricity, flood 
control, recreation and water storage (Whitelaw 
and Macmullan 2002; Doyle et al. 2003; DNR 
2014).  Within the last ten years many dams 
have been inspected to determine their economic 
feasibility if their construction was brought up to 
code (Whitelaw and Macmullan 2002; Doyle et 
al. 2003).  Because many of these dams do not 
produce enough electricity to cover the cost of 
needed repairs they are being decommissioned and 
in some cases removed from the river, allowing the 
river to reconnect to the original channel (Doyle et 
al. 2003).
Dam removal has been shown to produce many 
ecological benefits. For example, dam removal 
connects upstream and downstream channels 
allowing threatened anadromous fish to travel 
further upstream and replenish their populations 
(Loomis 1996; Kareiva 2000).  Dam removal 
can also restore the normal thermal regime in a 
river, producing higher water quality (Laasonen, 
Muotka, and Kivijärvi 1998).  Dam removal has 
also been shown to positively benefit riverine 
macroinvertebrate communities (Orr et al. 2008; 
Hansen and Hayes 2012).

The subject of this study, the Boardman River, flows 

through Kalkaska and Grand Traverse counties 
(Michigan, USA) and empties in to the West Arm 
of Grand Traverse Bay.  It is a fifth order stream 
with four large dams on the main channel, three of 
these are used for hydroelectricity and the fourth is 
used for flood control (DNR 2014).  The furthest 
hydroelectric dam upstream, Brown Bridge Dam, 
was completely removed in the fall of 2012 due to 
safety concerns and its lack of economic feasibility 
(DNR 2013).  During the removal process the 
dewatering structure failed, allowing the entire 
reservoir to empty within several hours instead of 
the intended 20 days (DNR 2014).  Consequently 
sediment buildup in the reservoir was released 
downstream and deposited on the stream bottom and 
banks.  Maloney et al. (2008) have suggested that as 
time passes after removal, the river may restore itself 
back to a free flowing natural state by removing the 
deposited sediment from the channel. However, 
in the interim that sediment may affect the ability 
of the stream recovery.  The purpose of this study 
was to continue assessment of a section of stream 
below the removal site to monitor changes using 
macroinvertebrate assemblages to assess stream 
quality (Hauer and Lamberti 2006).  This study is in 
its second year of data collection at these two sites 
after dam removal.  We hypothesize that one and a 
half years after dam breach and removal, the two 
downstream sites will display macroinvertebrate 
populations similar to the upstream reference site.
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METHODS

Site Selection 
Two similar riffle habitats were chosen and named 
after their cooperating property owners, Wyrwas and 
Summers. The Wyrwas site is 6.0 km downstream 
of the removal site and Summers site is 8.27 km 
downstream.  These two sites were then compared 
to one another, and to the unaffected reference 
site, Grasshopper Upper, 4.0 km upstream from 
the dam removal site (Fig 1.).  All three sites are 
characterized by a cobble bottom substrate and an 
absence of macrophytes.

Riffle Sampling and Identification
At each site six samples were randomly collected 
along a transect, ensuring representative sampling 
for each riffle.  Samples were taken by using a 0.5mm 
mesh net Surber sampler with a 0.09m2 sampling 
area.  We then agitated the substrate for one minute 
using a pronged rod and hands. Agitation suspends 
macroinvertebrates and allows them to be washed 
into the net.  After collecting, we transferred the 
contents of the net into jars and preserved in ethanol 
(Hauer and Lamberti 2006).  In the lab, we removed 
all macroinvertebrates, sorting first by order and 
then to family and genus, if possible.  Identification 
was conducted using a dichotomous identification 
key by Merritt and Cummins (2008).

Data Analysis 
Comparative analyses between sites using tolerance 
values (ranging from 0-10 and classified as tolerant 
(≥ 7) or intolerant (≤ 3)); ratios of Ephemeroptera, 
Plecoptera, and Tricoptera (EPT) to Chironomidae 
(C) and EPT percentages (%EPT); EPT richness, 
using present Genera in each sample.  Samples 
were also compared from year to year.  We also used 
Sorensen’s quotient of similarity (QS) to determine 
intersite and multiple site similarity (Diserud and 
Odegaard 2007), Simpson’s diversity index (D) 
indicating number of species and abundance of 
each species, Shannon-Weiner diversity index (H) 
accounting for abundance and evenness. We also 
conducted chi-squared analysis to investigate the 
relationship between two sites to investigate the 
relationship between two sites related to tolerance 
and EPT/C numbers to dertermine if they were 
independent from each other. 

RESULTS

In June 2014, a year and a half after removal 
Wyrwas site contained 206 individuals, Summers 
434 and Grasshopper Upper 206.  Of these, there 
were 84 EPT and 21 C at Wyrwas, 228 EPT and 27 
C at Summers, and 113 EPT and 1 C at Grasshopper 
Upper.  The %EPT was 40.78% at Wyrwas, 52.53% 
at Summers and 55.0% at Grasshopper Upper.  
Tolerance values for 2014 showed Wyrwas with 
10.6%  and 29.6% sensitive, Summers had 19.4% 
tolerant and 51.4% intolerant, and Grasshopper 
Upper had 5.8% tolerant and 41.7% intolerant.  
Comparisons of the current year to previous years 
are shown in Table 1.

Using Shannon-Weiner Index we calculated an 
H value of 2.07 for the Wyrwas’ site, 2.00 for the 
Summers site, and 1.24 for Grasshopper Upper.  We 
then used our H values to calculate EH for our sites 
and found that Wyrwas had a value of 0.72, Summers 
with 0.64, and Grasshopper Upper with a value of 
0.23.  Wyrwas had an ENS value of 7.95, Summers 
had an ENS value of 7.36 and Grasshopper Upper 
was 3.47 (Fig 2.).  

Using Sorensen’s Quotient of Similarity (QS) we 

Figure 1.  Map of Brown Bridge Dam evaluation sites on the 
Boardman River, Grand Traverse County, Michigan, USA.
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compared the genera similarity between Wyrwas 
and Summers sites from 2012-2014.  In 2012 the 
QS was 71.4%, 2013 it was 57.1%, and in 2014 
it was 68.3%.  When looking at the comparison 
between Wyrwas and the upstream reference site 
Grasshopper Upper from 2012-2014 the QS was 
59.5%, 58.1% and 66.6% respectively.  Similarly 
we compared Summers to the reference site in 
2012-2014 and calculated QS of 60.6%, 50.0%, and 
58.5% respectively.  Using a multi-site comparison 
we evaluated similarity between Wyrwas’, 
Summers, and Grasshopper Upper from 2012-2014.  
Similarity varied from 67.4% in 2012 to 53.6% to 
its current similarity of 71.2% (Fig. 3).

A Chi-square analysis of EPT/C ratios (Table 
2) between Wyrwas and Summers showed a 
significant difference between the sites (c2= 5.7, 
P = 0.016), this is a departure from the similarity 
the two sites in previous years (Table 2).  Similarly, 
when comparing Wyrwas to Grasshopper Upper 

in 2014 we found significant differences between 
the sites (c2= 20.11, P < 0.001) this is similar to 
findings from previous years (Table 2).  Finally a 
comparison of Summers to Grasshopper Upper 
showed significant differences between the sites 
(c2= 9.52, P = 0.002), consistent with previous year 
analyses (Table 2 and Fig. 4).

DISCUSSION

Based on EPT/C ratio results from the past three 
years, we can see a trend in data(Fig.1,Fig.2).  In 
2012, the number of EPT were greater than the 

Figure 2. Numbers of ENS between sites on the Boardman 
River, Grand Traverse County, Michigan, USA compared 
between years.

Table 1. Analysis based on location and year on the Board-
man River, Grand Traverse County, Michigan, USA.

Site Year N EPT/C %EPT Rich
Wyrwas 2012 88 4.57 36.36. 7

2013 90 0.25 11.11 4
2014 206 4.00 40.78 8

Summers 2012 173 2.33 16.8 4
2013 178 0.39 8.99 4
2014 434 8.44 52.53 10

Grasshopper 2012 271 12.1 56.82 10
Upper 2013 227 14.6 64.32 14

2014 206 113 55.00 7

Figure 3. Sorensen’s percent similarity and multi-site similar-
ity between sites on the Boardman River, Grand Traverse 
County, Michigan, USA to corresponding years.

Figure 4. Percent tolerant and percent intolerant individu-
als out of the total number of individuals at each site on the 
Boardman River, Grand Traverse County, Michigan, USA.

Table 2. Chi-squared analysis between sites to determine 
significance of EPT/C ratios for years indicated on the 
Boardman River, Grand Traverse County, Michigan, USA.

Wyrwas:
Summers

Wyrwas:
GHUpper

Summers:
GHUpper

Year c2 P c2 P c2 P

2014 5.70 0.017 20.11 0.001 9.52 0.002
2013 0.94 0.332 111.56 <0.001 98.41 <0.001
2012 1.57 0.210 4.43 0.035 18.52 0.001
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number of Chironomidae giving a ratio above 
1 in both Wyrwas and Summers.  After dam 
removal, 2013, we see a dramatic decrease in EPT 
numbers and an increase in Chironomids.  Thus 
suggesting that with dam removal a pollutant, such 
as sediment or some other held variable, initially 
decreased water quality enough so that sensitive 
species such as EPT could not live as abundantly 
and Chironomids could thrive (Pearson, Snyder, 
and Collins 2011; Jones et al. 2012). With one and 
a half years to recover, in 2014, we observed that 
numbers and percent EPT were much greater in all 
sites sampled and Chironomidae Family numbers 
were lower so that EPT/C ratio is above 1 in all 
sites indicating recovery in the stream channel and 
supporting our hypothesis that there is stabilization 
of macroinvertebrate populations which resemble 
a healthier stream.  Additional support for this 
assumption is that there are greater numbers of 
individuals as well as more individuals of EPT 
from different Genera, suggesting greater diversity 
(Table 1).  Percent EPT was higher for all sites even 
with higher total individuals at sites (Table 1).

Tolerant versus sensitive individuals is a very crucial 
indicator of stream quality.  The increased presence 
of intolerant individuals and the lack of tolerant 
in both Wyrwas and Summers locations over the 
previous year indicate that the stream is returning 
to what it was prior to dam removal.  However, both 
sites have not reached a point where their health in 
this indices is comparable to the reference site at 
Grasshopper Upper.

A reflection on diversity between sites and the 
progression of restoration below the removal site 
is shown when we use effective number of species 
(ENS) (Figure 2).  In 2012 there was an ENS of 
8.1 at Wyrwas that number dropped in 2013 to 4.87 
which was almost half of Wyrwas’ from 2012.  After 
a year and a half of recovery, in 2014, Wyrwas site 
had an ENS of 7.95 which was equivalent to 2012, 
which is a great indicator of continuing recovery 
below the removal site.  Summers has the same 
trend, but not to such a huge degree potentially 
because of the further distance from removal site.  
In 2012, Summers site had an ENS of 4.99 and then 

slightly dropped to 4.14 in 2013 after removal.  In 
2014 there was a drastic increase in ENS to 7.36 
which is an indication that there was something 
holding the site to fully diversify with the dam in 
place.  The initial diversity at Wyrwas’ site was H 
= 2.09 and then drops after removal (H = 1.58), 
but slowly recovers to similar diversity (H = 2.07) 
after recovery time.  Summers follows this drop 
in diversity after removal as well (H = 1.6 – H = 
1.42), but after the recovery time there is a greater 
diversity than before (H = 1.99).  These two indices 
can suggest that the removal of a dam did have an 
effect on the diversity within the stream channel, 
decreasing life after removal, and then with time 
and restoration effort now exceeding the initial 
diversity potential held in check by a dam.   Results 
found here suggest that a river continues to recover 
to pre-dam removal conditions only after a year 
and a half as well as macroinvertebrates being 
resilient to pollution and disturbances(Scrimgeour, 
Davidson, and Davidson 1988; Wallace 1990; 
Chessman 1995).

Results indicate that all three sites; Wyrwas, 
Summers, and Grasshopper Upper continue to show 
an evolving similarity.  Before removal the three 
sites were 67.4% similar in 2012, after removal the 
similarity dropped to only 53.6% similarity in 2013 
and has recovered to a current 71.2%.  This is another 
indication that as the river restoration continues the 
similarity to the upstream reference site increases.  
If the two downstream sites effected by removal 
become more like the upstream reference site the 
more likely the stream is to become like the river in 
pre dam conditions (Doyle et al. 2005).

Overall, data suggests that recovery is happening 
within the stream channel below removal site.  The 
two downstream sites are becoming more similar 
to the reference site upstream in terms of overall 
similarity and in higher quality bioindicators.  
Results gathered help support our hypothesis that 
only one and a half years after removal we can 
see stabilizing macroinvertebrate populations at 
downstream sample sites that resemble the upstream 
reference site.  
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Effects of reservoir drawdown on benthic riffle macroinvertebrate communities
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ABSTRACT 
In 2007, the Keystone Reservoir was drawn down 5.8 m in preparation for removal of the Boardman Dam. This 
reservoir is located in the Boardman River, Grand Traverse County, Michigan, USA. The objective of this eight-year 
study was to understand how downstream benthic macroinvertebrate riffle communities stabilized following the 
drawdown event and to understand their similarity to an unimpacted upstream location . To examine these reponses  
to the drawdown, we compared a site in the newly formed stream channel to an upstream reference site. Data were 
analyzed using Shannon Index of Diversity, Sørensen’s Quotient of Similarity, and Chi-Square goodness of fit tests. 
We found that macroinvertebrate communities at the upstream and downstream sites exhibit similar taxonomic 
composition but significantly dissimilar diversity levels. These results indicate that while the macroinvertebrate 
communities at the two sites are becoming more similar, the newly formed channel has not yet fully recovered.

KEY WORDS: drawdown, dam removal, Keystone Reservoir, macroinvertebrate diversity

INTRODUCTION

Small-scale dam removal is a contentious issue that has 
been generating both public and scientific debate in recent 
years. Many small-scale dams were constructed in the 
late nineteenth and early twentieth centuries; however, 
societal values and economic needs have evolved 
dramatically since that time, highlighting the need to 
rethink whether the potential benefits of dams outweigh 
their environmental costs. Dams change a stream’s 
natural “fluvial processes” and move streams away from 
their equilibrium state because they interfere with water 
and sediment transport; they also increase downstream 
sediment retention, serve as physical boundaries that 
fragment populations, increase water temperature, 
and alter the natural flood regime (Drawdown Report 
2007). Furthermore, many Dams are also considered 
structurally unsound and economically unviable, and it 
is predicted that 85% of dams in the US will end their 
operational lives by 2020 (Doyle 2003b). In recent years, 
dam removal has become an increasingly common 
phenomenon, with more than 700 dams removed from 
various US rivers (Hansen and Hayes 2012). 

There are four dams along the lower Boardman River, 
all of which are owned by Grand Traverse County and 
have been operated by Traverse City Light and Power; 
they are listed as follows: Union Street Dam, Sabin 
Dam, Boardman Dam, and Brown Bridge Dam (CRA 
2013). An engineering and economic feasibility study 
was conducted to determine whether these dams should 
be restored or removed. Ultimately, the study showed 
that restoring these dams would cost about $16,800,000, 
whereas they would only generate $8,600,000 in total 
revenue; thus, dam removal was determined to be more 

economical than dam repair (CRA 2013). The Brown 
Bridge Dam was removed in Fall 2012, and the Sabin 
and Boardman Dams are scheduled for removal within 
the next few years. 

However, dam removal is not without potential 
environmental impacts. When the Brown Bridge Dam 
was removed, the electronic de-watering system failed 
and caused the water level to drop at a highly elevated rate 
(CRA 2013). This rapid release of water and sediment 
disrupted the stable stream bottom at downstream 
sites and washed away the macroinvertebrate 
communities (cite source). Dam removal can increase 
downstream sediment deposition, initially decrease 
macroinvertebrate density and diversity, and exacerbate 
stream erosion (Bushaw-Newton et al. 2002, Hansen 
and Hayes 2012). In particular, reservoir drawdown, 
which is a key component of dam removal, can alter 
the water table and cause increased sediment deposition 
downstream, as well as increased bank erosion. Yet 
the ecological benefits of dam removal outweigh the 
potential hazards: fragmented populations are connected, 
macroinvertebrate communities exhibit greater diversity, 
and new stream habitat is formed (Pollard and Reed 
2004, Lake et al. 2007). 

This study focuses specifically on the Boardman Dam, 
which is the next dam scheduled for removal. Michigan 
Department of Environmental Quality rated this dam 
as “a high-hazard potential structure” because of its 
potential to flood and recommended that the Keystone 
Reservoir be lowered to decrease this flooding hazard 
and to prepare for eventual removal of the Boardman 
Dam (Drawdown Report 2007). The purpose of a 
drawdown is to eliminate the effects of the dam for a 
portion of the impoundment and river valley (Drawdown 
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Report 2007). Accordingly, the 5.8-meter drawdown 
was complete by August 2007 (CRA 2013). Drawdown 
of the Keystone Reservoir initiated downcutting, the 
process of cutting through and eroding sediment to form 
a new stream channel (Doyle 2003a). The new channel 
could take decades to stabilize and will eventually be 
structurally similar to the Boardman River upstream of 
the reservoir. 

Until the channel stream bottom stabilizes, the benthic 
macroinvertebrate communities will remain dissimilar 
at the two sites. Macroinvertebrates are widely used 
bioindicators for stream health because they are highly 
sensitive to changes in water quality (Meritt and Cummins 
2008). This study investigated macroinvertebrate 
community stabilization following a disturbance event 
such as reservoir drawdown. We hypothesized that as 
the effects of the Keystone Reservoir drawdown are 
realized and the new channel continues to stabilize, the 
macroinvertebrate communities at the upstream and 
downstream sites will become increasingly similar in 
composition and diversity. This hypothesis hinges on 
two key assumptions: 1) As the new channel continues to 
recover and stabilize, the downstream macroinvertebrate 
communities will become more similar to communities 
at an upstream reference site (Stanley et. al 2002) and 2) 
that the repopulation of macroinvertebrate communities 
at Lone Pine occurs through downstream drift, the most 
commonly cited repopulation mechanism (Wallace 
2008). 

However, until the new stream channel stabilizes and 
can support healthy macroinvertebrate communities, 
Shumsky, the upstream reference site, will exhibit higher 
levels of sensitive macroinvertebrate families and higher 
EPT/C ratios, while Lone Pine, the downstream study site, 
will exhibit higher levels of tolerant macroinvertebrate 
families and lower EPT/C ratios. Changes in the 
macroinvertebrate communities are driven by continued 
channel evolution at the test site; aside from natural year-
to-year fluctuations, the macroinvertebrate communities 
at Shumsky have maintained consistent levels of 
diversity and composition.

MATERIAL AND METHODS

Study Area
The Boardman River, a 5th order stream, originates in 
Mahan Swamp, Kalkaska, Michigan and empties into 
Grand Traverse Bay of Lake Michigan. The Boardman 
Watershed encompasses 743 km2 and has 258 km of 
river and tributary streams. The Boardman River has 

excellent water quality that is conducive to producing an 
excellent trout fishery; consequently, it has been deemed 
a Blue Ribbon trout stream (CRA 2013). 

The Keystone Reservoir is located immediately before 
the Boardman Dam. We sampled at two sites to evaluate 
residual impacts of the Keystone Reservoir drawdown: 
Shumsky (N44° 39’ 02.3”, W 85° 35’ 27.0”) and Lone 
Pine (N44° 41’ 07.5”, W 85° 37’ 35.4”). Lone Pine, the 
experimental site, is located 2.10 km upstream of the 
Boardman Dam in the new stream channel, and Shumsky, 
the reference site, is located 11.12 km upstream of the 
Boardman Dam (Fig. 1).

Sampling and Identification Methods
At each site we ran two transects across the river, 
gathering six samples from Shumsky and six samples 
from Lone Pine. We only gathered samples from riffle 
habitats to ensure continuity between sites. To collect 
each sample we disturbed the bottom ineach replicate 
using a one-pronged agitator and a 500 μm Surber 
Sampler. Each sample was then preserved in ethanol and 
brought to the lab at Au Sable Institute of Environmental 
Studies for identification to the lowest possible taxa 
(usually genera). ( Merritt et al. (2008). We also assigned 
each specimen a pollution tolerance value from 1-10, 
as described by Bouchard (2004). Specimens lacking 
a head were not identified or counted in the study. 
Additionally, we recorded abiotic features at each site, 
such as transect width, average transect depth, stream 
discharge, water temperature, air temperature, and a 
stream bottom sediment profile. 

Figure 1. Map of the Boardman River, Grand Traverse and 
Kalkaska Counties, Michigan, USA. Macroinvertebrates 
collected from Shumsky and Lone Pine sites June 2008-2014.
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macroinvertebrate community diversity and evenness at 
each site (Shannon 1948).  

RESULTS

On June 4, 2014, we recorded various abiotic metrics to 
describe both Shumsky and Lone Pine. At both Shumsky
and Lone Pine, the Boardman River was 20 m wide. 
However, velocity and stream discharge varied between 
sites: Shumsky had measurements of 0.87 m/s and 10.17 
m3/s, whereas Lone Pine had measurements of 0.98 m/s 
and 13.34 m3/s (Table 1). 

On the same day, we collected 150 specimens at Shumsky 
and 136 specimens at Lone Pine (Table 2). At Shumsky, 
36.00% (N=69) were Ephemeroptera, Plecoptera, and 
Trichoptera (EPT) and 10.00% were Chironomidae; at 
Lone Pine, 51.47% (N=116) were EPT and 33.82% were 
Chironomidae (Table 3). Baetidae (23.3%) and Elimdae 
(20.0%) were the most abundant families at Shumsky, 
and Baetidae (42.6%) and Chironomidae (33.8%) were 
the most abundant families at Lone Pine (Table 4). 

Statistical Analysis
The set of statistical tests used for data analysis has 
varied over the past seven years. However, several key 
tests were used each year because of their prevalence 
and importance in macoinvertebrate literature. EPT/C is 
a concise indicator of stream quality that compares the 
number of pollution sensitive macroinvertebrate families 
to the number of pollution tolerant families; to calculate 
this ratio, the number of Ephemeroptera (mayflies), 
Plecoptera (stoneflies), and Trichoptera (caddisflies) 
are divided by the number of Chironomidae (midges). 
A high ratio indicates higher stream quality, whereas 
a low ratio predicts poor stream quality, because the 
Ephemeroptera, Plecoptera, and Trichoptera families are 
more sensitive to pollution than the Chironmidae family 
(Klemm et al. 2003). In addition to EPT/C, %EPT 
was also calculated as another important comparative 
metric. Because the EPT/C and % EPT metrics do not 
account for all the families observed at each site, ratios 
of sensitive to tolerant macroinvertebrate families were 
also calculated. This more inclusive metric relies on 
a pollution tolerance index that ranges from 1-10, 1-3 
being sensitive and 7-10 being tolerant (Merritt and 
Cummins 2008; Bouchard 2004).

We ran Chi-Square goodness of fit tests (α = 0.05) on 
Sensitive/Tolerant and EPT/C ratios comparing 2014 
Shumsky and Lone Pine data, as well as comparing 
each site to past years. We calculated Sørensen’s 
Quotient of Similarity to evaluate percent similarity of 
macroinvertebrate genera between Shumsky and Lone 
Pine (Sørensen 1948). We also calculated Shannon 
Effective Number of Species (ENS) to quantify 

Table 1. Abiotic stream measurements taken on 4 June 2014 
at Shumsky (SH) and Lone Pine (LP) sites, Boardman River, 
Grand Traverse County, MI USA.

SH LP
Mean Depth (m) 0.41 0.37
Transect Width (m) 20.9 16.2
Water Temperature (˚C) 15.9 14.8
Mean Surface Velocity (m/sec) 1.1 1.3
Discharge (m3/sec) 9.3 7.7

Table 2. EPT/C ratio and %EPT for 2008-2014 macroinvertebrate communities at Shumsky (SH) and Lone Pine (LP) sites, 
Boardman River, Grand Traverse County, Michigan, USA. N represents the total number of organisms found for a particular 
year and site. 

2008 2009 2010 2011 2012 2013 2014

SH LP SH LP SH LP SH LP SH LP SH LP SH LP
N 401 16 32 40 110 368 99 90 121 22 87 29 69 116
EPT/C 4.08 0.33 3.57 2.33 1.34 0.90 8.80 0.88 7.64 3.40 1.56 1.07 3.60 1.52
%EPT 58.44 20.00 29.76 62.22 23.60 42.03 34.63 41.18 31.47 62.96 29.12 31.25 36.00 51.74

Table 3. Sensitive (S)/Tolerant (T) ratio and %Sensitive (%S) for 2008-2014 macroinvertebrate communities at Shumsky 
(SH) and Lone Pine (LP) sites, Boardman River, Grand Traverse County, Michigan, USA. N represents the total number of 
organisms found for a particular year and site. 

2008 2009 2010 2011 2012 2013 2014

SH LP SH LP SH LP SH LP SH LP SH LP SH LP
N 452 17 24 34 105 255 96 77 167 21 104 24 65 62
S/T 2.56 0.31 1.40 1.27 1.10 0.29 7.00 0.60 3.51 3.20 1.08 0.60 0.76 0.27
%S 58.98 20.00 16.67 42.22 20.60 14.01 32.68 28.43 38.24 59.26 30.22 22.92 18.67 9.56
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This study has been ongoing for an eight year period, 
but our results and discussion will largely focus on data 
collected over the last two years. Fewer insects were 
collected at Shumsky over the past two years than the 
previous six years, while numbers from Lone Pine 
substantially increased in 2014 (Table 3).  In respect 
to diversity, both sites showed a decline over the last 
two years (Fig. 2). Between the two sites, diversity 
at Shumsky (ENS=9.36) was twice as high as the 
diversity at Lone Pine (ENS=4.82) (Fig. 3). In 2014, the 
macroinvertebrate communities at Shumsky and Lone 
Pine exhibited 60% similarity in genera composition, 
as indicated by Sørensen’s Quotient of Similarity 
(Fig. 4). These sites shared a higher percentage of 
macroinvertebrate genera than in 2012-2013 (Table 4). 

For Lone Pine in 2014, the percentage of sensitive 
macroinvertebrate families was slightly lower than 
in past years, whereas the percentage of tolerant 

macroinvertebrate families increased. At Shumsky in 
2014, the observed percentages of both sensitive and 
tolerant macroinvertebrate families decreased (Table 2). 

The %EPT and EPT/C ratios increased at both Shumsky 
and Lone Pine from 2013-2014, although the increase 
was not statistically significant. In 2014, the EPT/C 
ratios at Shumsky and Lone Pine differed significantly 
from each other (χ2

1 = 6.284, P=0.012).

DISCUSSION

Eight years have passed since the Keystone Reservoir 
drawdown; as such, based on results from 2008-2012, 
we expected the macroinvertebrate communities at the 
Shumsky and Lone Pine sites to continue exhibiting 
similarity in diversity, genera composition, and 
percentages of sensitive and tolerant families (Figures 
2, 3, 4). These expectations were based on the fact that 
community diversity at our control site (Shumsky) was 
relatively stable and diversity at Lone Pine increased 
over this period (Fig. 2).  

The drawdown of Brown Bridge Pond in Septmber 2012 
has resulted in different trends over the last two years.  
At Shumsky, total numbers of organisms significantly 
declined while diversity remained constant (Table 
4, Fig. 2).  At Lone Pine, total number of organisms 
went up substantially while diversity declined.  The 
macroinvertebrate communities at Lone Pine exhibited 
a very uneven spread of families, as Chironomidae and 
Baetidae collectively accounted for 76.4% of the observed 
families (Table 4). In contrast, Shumsky exhibited a more 
even spread of macroinvertebrate families, resulting in a 
higher ENS value.  Lower macroinvertebrate diversity 
at Lone Pine would suggest that the stream channel has 

Table 4. Total Insects Collected at the Shumsky and Lone Pine 
sites, Boardman River, Grand Traverse County, Michigan, 
USA*

Shumsky Lone Pine
Year N N/m2 N N/m2

2008 502 900 18 32
2009 81 145 42 75
2010 264 473 410 735
2011 256 459 102 183
2012 310 556 27 43
2013 155 278 47 84
2014 150 269 136 244
Mean 440 199

*6 Surber samples of .09m2 = .558m2

Figure 2. Effective Number of Species for 2008-2014 
macroinvertebrate communities at Shumsky and Lone Pine 
sites, Boardman River, Grand Traverse County, Michigan, 
USA.

Figure 3. Sørensen’s Quotient of Similarity for 2008-2014 
macroinvertebrate communities at Shumsky and Lone Pine 
sites, Boardman River, Grand Traverse County, Michigan, 
USA. 

Figure 4. Sensitive and tolerant percentages for 2008-2014 
macroinvertebrate communities at Shumsky and Lone Pine 
sites, Boardman River, Grand Traverse County, Michigan, 
USA. 
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not yet fully recovered because it cannot support a wide 
variety of macroinvertebrate habitat niches. 

In 2014, Shumsky had significantly more sensitive 
macroinvertebrate families, whereas Lone Pine has 
significantly more tolerant macroinvertebrate families 
(Fig. 4). These metrics suggest that the macroinvertebrate 
communities at Lone Pine are still less healthy than 
their counterparts at Shumsky and suggest that the new 
stream channel has not yet stabilized. Conversely, the 
EPT/C ratios at Shumsky and Lone Pine increased from 
2013-2014, most likely due to the dominant percentage 
of Baetidae at Lone Pine (Table 4). 

Even though the 2014 results do not necessarily suggest 
that Lone Pine is becoming more similar to Shumsky, 
they must be evaluated in a broader context. At this 
point, we can remain confident that the Boardman is 
recovering from the Keystone Reservoir drawdown 
because our long-term results still support our 
alternative hypothesis. The lowest ENS value occurred 
in 2008, suggesting that stream recovery is ongoing 
(Fig. 2). Similarly, the lowest Sørensen’s Quotient of 
Similarity occurred in 2008, with Shumsky and Lone 
Pine sharing only 20% of the macroinvertebrate genera 
(Fig. 3). Both community composition and diversity 
have improved since the drawdown in 2007, which 
suggests that the stream is slowly recovering.  Finally, 
in the last two years there has been a significant increase 
in total number of organisms at the recovering (Lone 
Pine) site.  This increase in organisms is confirmation of 
our non-quantitative observations of the stream bottom, 
which has taken on a more normal ‘aufwuchs covered’ 
appearance characteristic of stable stream bottoms 
(Hynes, 1970) over the last two years.

Overall, macroinvertebrate numbers and genera 
composition are becoming more similar at Shumsky and 
Lone Pine, even though the community diversity at both 
sites remains significantly different. This suggests that 
although the new stream channel is stabilizing, it has not 
yet fully recovered from both the drawdown (2008) and 
disturbance (2012) events. 
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Appendix  1. Macroinvertebrates in class Insecta collected June 4 2014 from Shumsky (SH) and Lone Pine (LP) sites, Board-
man River, Grand Traverse County, Michigan, USA. All organisms were assigned a tolerance (T) value 1-10, with 1-3 being 
sensitive, 2-7 being mid-tolerant, and 8-10 being tolerant. Total number of individuals: 261 

Order Family T SH LP 
Coleoptera Elimidae 5 30 6

Curculionoidea 4 0 1
Diptera Athericidae 2 14 1

Ceratopogonidae 6 2 2

Chironomidae 8 15 46

Empididae 6 0 2

Simuliidae 6 13 3

Tipulidae 3 0 2
Ephemeroptera Baetidae 4 35 58

Ephemerellidae 1 11 9

Heptageniidae 4 3 2
Trichoptera Brachycentridae 1 3 1

Appendix 2. Macroinvertebrates not in Class Insecta collected June 7 2013 from Shumsky (SH) 
and Lone Pine (LP) Sites, Boardman River, Grand Traverse County, Michigan, USA. All organisms 
were assigned a tolerance value 1-10, with 1-3 being sensitive, 2-7 being mid-tolerant, and 8-10 
being tolerant. Total number of individuals: 25

Phylum Class (Subclass) Order Family T SH LP
Annelida Clitellata (Oligochaeta) Unknown Unknown 8 5 3
Mollusca Gastropoda Lymnaeidae Unknown 7 8 0
Nematomorpha Gordioidea Gordiidae Gordius 9 9 0
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