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INTRODUCTION 
Dug Run, a tributary of the Ottawa River in 

Allen County in northwestern Ohio, flows east to 
west along the southern border of The University 
of Northwestern Ohio. The university has been 
building around Dug Run, but changes in stormwater 
management regulations—and a desire for more 
green space—has resulted in visual differences along 
the stream. Over 80% of the surface on the east end 
of the campus is impervious due to roads, parking 
lots, and buildings, with stormwater directed to 
the stream. Additionally, an approximately 128 
m long culvert influences stream flow. The west 
end of campus, by contrast, was designed to carry 
stormwater into a series of retention basins. Once 
in the basins, the stormwater would be filtered by 
soil before reaching the stream (Patrick J. Beam, 
Beam Designs, personal communication). This 
difference in landscape design has provided an 
opportunity to observe the impact each design is 
having on Dug Run. 

Changes in the land surface during urbanization 
have altered the type and magnitude of runoff 
processes (Booth and Bledsoe 2009). These 
hydrological changes can have dramatic impacts on 
the organisms living in the streams due to changes 
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in pool-riffle sequences, changes in in-stream 
velocity, and alterations to in-stream habitat (Paul 
and Meyer 2001). Urban areas have been found to 
increase levels of nitrates, conductivity, turbidity, and 
temperature—while decreasing oxygen levels—in 
streams: all of these factors can contribute to poorer 
macroinvertebrate assemblages (Shilla and Shilla 
2011). Several studies have shown that increasing the 
area of impervious surfaces and urban stormwater 
drainage can have negative impacts on stream biota 
(Walsh et al. 2005; Wang et al. 2012; Walsh and 
Webb 2016). Urbanization negatively affects both 
the diversity and abundance of macroinvertebrates 
and fish (Wheeler et al. 2005). Darter species have 
been negatively affected by urbanization (Onorato 
et al. 2000; Stranko et al. 2010). Kemp and 
Spotila (1997) captured more Tessellated Darters 
(Etheostoma olmstedi) in nonurbanized sites in the 
Valley Creek watershed while sampling during 1993 
to 1994. Sampling in the Valley Creek watershed 
in 2001 to 2002 found no Shield Darters (Percina 
peltata) and reductions in Tessellated Darters, likely 
from urbanization (Steffy and Kilham 2006). The 
Johnny Darter (Etheostoma nigrum), Greenside 
Darter (Etheostoma blennioides), and Orangethroat 
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Darter (Etheostoma spectabile) have been captured in 
Dug Run (Ohio EPA 2013). While the Orangethroat 
Darter is more tolerant of turbid water and silted 
bottoms than other darter species, the Orangethroat 
Darter populations have been reduced in areas with 
heavy silting or where other pollutants become 
excessive (Trautman 1981). 

Not only have changes in runoff negatively 
impacted stream health by increasing impervious 
surfaces along the stream, but the addition of 
culverts in urban areas change stream flow. Culverts 
tend to channelize streams, increase erosion and 
sedimentation, and influence water temperature 
(Vaughan 2002). These changes have negative impacts 
on stream biota (Khan and Colbo 2008; Favaro et al. 
2014), the movement of fish (Benton et al. 2008), 
the number of fish, and alteration of stream habitat 
(Wheeler et al. 2005). Changes in stream flow, due 
to culverts, both impedes movement of indigenous 
species (Foster and Keller 2011) and lowers light 
levels that influence the movement of both fish and 
macroinvertebrates (Jones et al. 2017). Because the 
culvert in the current study—located on the east end 
of campus—is approximately 128 m in length and 
2.5 m in width, it would affect stream flow, habitat, 
and light through a long stretch of the stream. 

The goal of this project was to determine if 
macroinvertebrate and fish assemblages in Dug Run 
differed on 3 sections of the stream due to differences 
in stormwater management and the presence of an 
extended culvert. It was hypothesized that (1) Stream 
Quality Monitoring (SQM) index scores would 
be higher on the section managed for stormwater 
runoff, (2) fish diversity scores would differ between 
the 3 sections, (3) Orangethroat Darter abundance 
would differ between the 3 sections, and (4) SQM 
index scores would not change over the course of 
the study on the west end where stormwater is 
filtered by soil. 

METHODS AND MATERIALS 
The data for this study was collected in Dug Run 

from the fall of 2015 to the fall of 2018. Samples 
were collected 4 times a year during the months of 
September, January, April, and July. For this study, 
the stream was divided into 3 sections for analysis 
(Fig. 1). Section A is about 170 m long on the west 
end of campus. This area is surrounded by grass, 
athletic fields, and some buildings. In about one-third 
of this section, the stream was straightened and the 
banks were sloped back to reduce erosion. Upstream 
of this section is a narrow woodlot bordering both 
sides. This end of campus was designed so stormwater 
does not reach the stream as surface runoff, but rather 
is absorbed by the ground. Section B is 240 m long 
and is highly urbanized downstream of a culvert. 
Buildings and parking lots were built near the stream. 
Erosion control measures, including netting and rip 
rap, were installed near the footbridges crossing the 
stream. Pipes from the parking lots divert stormwater 
directly to the stream. Section C is 170 m long and is 
upstream of the culvert. There is a woodlot upstream 
of the primary section sampled. There are some dry 
retention basins to prevent stormwater from directly 
entering the stream, but some stormwater does run 
into the stream. 

To sample macroinvertebrates a kick-seine was 
placed on the downstream end of the riffle, then 
one person would use their boots to stir up the 
streambed in the riffle upstream of the net. After 
the sediment settled out, the net was lifted, rolled 
up, and taken to a cloth sheet where it was unrolled. 
Nets were checked for organisms; for identification, 
organisms collected were placed in plastic trays filled 
with water. Once macroinvertebrates were collected 
and identified, the nets were lifted and the sheets 
were checked for organisms that moved through the 
net. Most species were individually counted, but the 
numbers of highly abundant species such as midge 

FIGURE 1. Graphic showing the 3 sections (A, B, and C) that were studied in Dug Run, at the University of Northwestern Ohio, 
from fall 2015 to fall 2018. A culvert (approximately 128 m long) extends from the eastern border of section B to the western 
border of section C. Dug Run flows through this culvert, below a building, parking lot, and road.  
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larvae, aquatic worms, and planaria were estimated 
by counting the number found in a smaller area and 
multiplying that count based on total area. It was 
assumed that these estimates were consistent, but 
abundance was not used in the statistical analyses. 
Instead, macroinvertebrate SQM index scores 
were calculated using the Ohio EPA stream quality 
assessment form (Kopec and Lewis 1983). 

Fish were collected in each section using a 
minnow seine, measuring 1.2 m high × 1.8 m wide 
with a 5 mm mesh, during 0.5-hour blocks as part 
of a classroom project. Each 0.5-hour block was 
considered 1 sample. All fish collected during the 
sampling period were placed in a bucket. After the 
sampling period the fish were identified, counted, 
and released back into the same reach of the stream. 
Each class was given a different portion of the stream 
to sample to try to minimize impacts of disturbance 
and prevent collecting the same fish in subsequent 
samples. Fish diversity was calculated using the 
Shannon index (Shannon 1948).

Habitat was only evaluated in the spring of 2017. 
The qualitative habitat evaluation index (QHEI) 
was used to assess habitat quality (Rankin 1989), 
and the Wolman pebble count (Wolman 1954) was 
used to assess differences in riffle habitat between 
the 3 sections of the stream. The Kruskal-Wallis H 
test was used to analyze differences between the 3 
sections of stream sampled. Spearman’s ρ was used 
to analyze any trend in the SQM index scores on 
the west end of campus over the course of the study.

RESULTS 
A difference in the accumulated total value of 

macroinvertebrate assemblages was found—from 
the fall of 2015 to the fall of 2018—between 
the 3 locations, with a total of 17 groups of 
macroinvertebrates on the west end of campus 
(section A), 11 groups downstream of the culvert 
on the east end of campus (section B), and 9 groups 
upstream of the culvert on the east end of campus 
(section C) (Table). There were habitat differences 
between the 3 sites with substrate and riffle quality 
having the greatest influence on scores. A thin layer 
of silt was covering much of the sediment below 
the culvert. 

Sensitive species were only found on the west 
end of campus (section A). There was a significant 
difference in macroinvertebrate SQM index scores 
between each of the 3 sections of the campus (Fig. 
2)(H = 23.01; p < 0.001). A significant decline 
in SQM index scores was also observed over 
the course of the study on the west side of the 
campus (ρ = −0.44; p = 0.007), although the recent 
increase in SQM index scores suggests this trend 
may not be linear (Fig. 3). There was a significant 
difference in fish diversity between the 3 sections, 
although the difference was due to (1) lack of fish 
diversity upstream of the culvert (Fig. 4)(H = 16.30; 
p < 0.010), and (2) a significant difference in 
Orangethroat Darter abundance between each 
section—with lower abundances in the urbanized 
sections (Fig. 5)(H = 27.25; p < 0.001). 

FIGURE 2. A comparison of Stream Quality Monitoring (SQM) index scores for macroinvertebrates at 3 sections of Dug Run 
on the University of Northwestern Ohio campus, fall 2015 to fall 2018. Samples were collected during the months of January, 
April, July, and September.  
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Table
List of organisms and habitat characteristics collected in 3 sections of Dug Run, 2015 to 2018  

Location

  
Category

West

(section A)

East
(downstream of
culvert - section B)

East
(upstream of 
culvert - section C)

Habitat Habitat evaluation

Qualitative habitat evaluation index 58 58 41
Wolman pebble count

Pebble size range <0.06 to 2,048 mm 2 to 512 mm <0.06 to 8 mm
Primary size category Coarse gravel Coarse gravel Very coarse sand

Macroinvertebrates Specimen capture per sample

Mayfly nymph (Ephemeroptera) a     3.36   0.00     0.00
Caddisfly larvae (Trichoptera) a     4.58   0.00     0.00
Riffle beetle (Elmidae) a     0.17   0.00     0.00
Other snails (Prosobranchia) a     0.06   0.00     0.00
Damselfly nymph (Zygoptera) b     3.92   0.52     1.00
Dragonfly nymph (Anisoptera) b     0.06   0.36     0.18
Crane fly larvae (Tipulidae) b     2.64   0.24     0.27
Beetle larvae (Berosus) b     0.67   0.00     0.00
Crayfish (Decapoda) b     0.43   0.16     0.00
Scuds (Amphipoda) b     2.08   8.20     3.27
Clams (Ferrissia) b     2.78   0.00     0.00
Blackfly larvae (Simuliidae) c     1.33   0.68     0.27
Aquatic worms (Clitellata) c, d   76.17 61.36   77.09
Midge larvae (Diptera) c 193.89 63.08   61.64
Pouch snails (Archaeopulmonata) c     0.14   0.04     0.00
Leeches (Hirudinea) c     1.11   0.96     0.09
Planaria (Xenacoelomorpha) c 125.14 95.24 104.36

a Sensitive to pollutants.
b Somewhat sensitive to pollutants.
c Very tolerant to pollutants.
d Also reported as Oligochaeta.
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Table (continued)
 List of organisms and habitat characteristics collected in 3 sections of Dug Run, 2015 to 2018  

Location

  
Category

West

(section A)

East
(downstream of
culvert - section B)

East
(upstream of 
culvert - section C)

Fish Specimen capture per sample

Black Bullhead (Ameiurus melas) 0.30   0.00   0.00
Blackstripe Topminnow 
(Fundulus notatus)

2.56   0.38   0.09

Bluegill (Lepomis macrochirus) 0.22   0.59   0.09
Bluntnose Minnow 
(Pimephales notatus)

9.91   4.86   1.55

Central Stoneroller 
(Campostoma anomalum)

2.88   5.90   6.36

Creek Chub 
(Semotilus atromaculatus)

7.28 11.14 10.36

Emerald Shiner 
(Notropis atherinoides)

0.06   0.00   0.00

Gizzard Shad 
(Dorosoma cepedianum)

0.00   0.05   0.00

Green Sunfish
(Lepomis cyanellus)

0.16   1.05   0.09

Largemouth Bass 
(Micropterus salmoides)

0.22   0.76   0.00

Orangethroat Darter 
(Etheostoma spectabile)

6.50   2.10   0.91

Redfin Shiner 
(Lythrurus umbratilis)

0.91   0.05   0.36

Sand Shiner (Notropis stramineus) 0.06   0.14   0.00
Silverjaw Minnow 
(Notropis buccatus)

1.22   0.33   0.55

Spotfin Shiner
(Cyprinella spiloptera)

7.53   4.00   5.45

White Sucker 
(Catostomus commersonii)

3.50   3.29   6.18
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FIGURE 3. Changes in Stream Quality Monitoring (SQM) index scores of macroinvertebrates in Dug Run on the western end 
(section A) of the University of Northwestern Ohio campus, fall 2015 to fall 2018. Sample quarter 1 occurred in September 2015 
with subsequent quarters occurring in the months of January, April, and July continuing to sample quarter 13 in September 2018.  

FIGURE 4. Comparison of fish diversity from 3 sections of Dug Run on the University of Northwestern Ohio campus, fall 2015 to 
fall 2018. Samples were collected during the months of January, April, July, and September.

FIGURE 5. Comparison of Orangethroat Darter (E. spectabile) abundance on 3 sections of Dug Run on the University of Northwestern 
Ohio campus, fall 2015 to fall 2018. Samples were collected during the months of January, April, July, and September.  
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DISCUSSION 
The design of the west end of campus appears 

to have had a positive impact on the quality of the 
water in the stream. Although scores still remain low 
compared to natural areas, possibly due to channel 
modification throughout the study area, the presence 
of sensitive species on the west end is an indication 
of good water quality. Hydrological responses to 
urbanization have been found to contribute to lower 
Index of Biotic Integrity (IBI) scores (DeGasperi et 
al. 2009). Stahley and Kodani (2011) found lower 
macroinvertebrate scores near parking lots (possibly 
due to silt, oils, and automotive chemicals), while 
suburban areas also had depressed macroinvertebrate 
populations (possibly due to mowing or a lack of 
natural vegetation). Roy et al. (2014) found that 
stormwater management approaches that included 
biofiltration wales, pervious pavement, green roofs, 
and rain gardens did not translate into changes in 
biotic health. These results could be due to the length 
of their study, previous damage to the system, or 
outside stressors that were not impacted by managing 
stormwater runoff. This current study indicates that 
managing for stormwater runoff (on the west end 
of campus) resulted in the stream attaining higher 
SQM index scores than a section directly impacted 
by stormwater runoff (on the east end of campus). 
However, the lack of natural vegetation, combined 
with intensive mowing, may have contributed to 
lower scores than would be present in an undisturbed 
area of the stream.

Not only were differences observed in 
macroinvertebrates between the 3 sections of 
campus, but changes in SQM index scores also 
occurred over time on the western portion of the 
campus. Possible causes of decline in SQM index 
scores include removal of trees during the summer 
of 2016, natural cycles in insect populations, or 
disturbances due to quarterly sampling. Rios and 
Bailey (2006) found forest shade and coverage 
increased macroinvertebrate richness and diversity. 
Despite the presumption that aquatic insects do 
not have outbreaks, Lancaster and Downes (2018) 
found examples of cyclical patterns in aquatic insects. 
Increases in SQM index scores at the western portion 
of campus (section A), observed toward the end of 
the reporting period, may indicate that at least some 
of the decline may be due to cyclical patterns in 
yearly insect populations. Small changes in canopy 
cover and annual insect cycles could have stronger 

impacts on SQM index scores at sites without a large 
number of sensitive species. 

Fish diversity did not appear to be affected in the 
section surrounded by buildings and parking lots; 
however, the presence of the culvert did appear to 
reduce diversity by affecting habitat upstream of the 
culvert. Sediment is being trapped above the culvert; 
below the culvert the water has scoured the stream 
down to the bedrock in some places. While research 
has shown that urbanization affects fish diversity 
(Tabit and Johnson 2002), the presence of several 
more tolerant species in the section of Dug Run 
that was studied, and/or passive sampling, likely 
contributed to the lack of differences that were found. 
Similar to the present study, Wellman et al. (2000) 
found that culverts caused sediment accumulation—
although they did not find this impacted fish diversity. 
The lack of fish diversity upstream of the culvert on 
the UNOH site could be due to the length of the 
culvert. The Orangethroat Darter (one of the more 
sensitive species found in the current study) was rare 
in the urbanized sections, suggesting this fish had 
been negatively affected by pollution from the paved 
surfaces. A large amount of silt can be seen in the 
stream, west of the culvert (section B), likely coming 
from the surrounding parking lots. Other studies 
have also found urbanization to negatively impact 
darter species (Tabit and Johnson 2002; Wheeler et 
al. 2005; Horwitz et al. 2008), and Orangethroat 
Darters have been negatively impacted in areas with 
excessive siltation and pollution (Trautman 1981). 
The Johnny Darter and Greenside Darter have been 
collected further downstream in Dug Run (Ohio EPA 
2013) but were not collected in the current study, 
possibly due to impacts related to urbanization. 

Conclusion
This study provides evidence that stormwater 

management practices can have positive effects 
on macroinvertebrates and some fish, although 
mitigating stormwater alone is insufficient to 
maintain a highly diverse and healthy population. 
Booth (2005) suggested restorative land use planning 
actions required to attain a sustainable ecological 
goal: creating reserves, minimizing the footprint of 
road and utility crossings, preforming hydrologic 
rehabilitation such as stormwater infiltration or on-
site retention and erosion control, re-establishing age 
structure of riparian vegetation, and reconnecting 
floodplains with their associated channels. 
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Riparian vegetation influences macroinvertebrate 
assemblages (Rios and Bailey 2006), with natural 
riverbanks providing the most suitable habitat for 
macroinvertebrates as compared to rip rap, fascine, 
and other bank stabilization efforts (Cavaillé et al. 
2018). Vegetation cover can influence temperatures 
and provide food for macroinvertebrates and fish, 
help stabilize banks, and reduce erosion that could 
damage habitat important to aquatic organisms. 
Maintaining as many natural stream characteristics 
as possible can help minimize damage to in-stream 
communities. 
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