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Abstract

Channelization can have far-reaching and long-term impacts on stream ecology. In this study, we demonstrate that channeliza-
tion is associated with lower stream quality as measured by macroinvertebrate bioindicators when compared to unchannelized
streams. Citizen scientists collected the data for this study between 1995 and 2014, performing 3021 sampling events during
the months of May and June across 567 Illinois streams. We found significantly lower taxa richness, EPT taxa richness, and
macroinvertebrate biotic index values in channelized sites. Our findings also show prevalent siltation in channelized sites that
is likely negatively affecting macroinvertebrates, along with a possible lower availability of quality habitat. We also measured
stream velocity and found that average velocity did not differ between our channelized and unchannelized sites. Our findings
suggest stream velocity was not a driving factor in determining the differences in macroinvertebrate assemblages, although we
cannot comment on the possible change in velocity from pre to post channelization at each site. This study allows for a large
dataset that covers diverse streams across the entire state of Illinois. Our work provides example and encouragement for other
researchers to take advantage of the power of citizen science, and the existing large datasets available from these projects.

Keywords Bioindicators - Citizen science - Channelization - Erosion - Water quality monitoring

Introduction

People have a long history of modifying waterways for
human benefit. In the Midwestern United States, alteration
of stream channels has been widespread since European col-
onization. Growing agricultural interests, and later urbaniza-
tion, created a need for flooding and erosion control, leading
to widespread alteration of stream channels across the region
(Urban 2005). Channelization is a prevalent management
practice used to control flooding, protect agricultural lands
from soil erosion, improve navigability, and eliminate wet-
lands for urban and agricultural development (Hupp 1992).
This is accomplished through a suite of engineering tech-
niques that may include intentional or subsequent deepening
and widening of the channel, removal of riparian vegetation,
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and sometimes the replacement or supplementation of natu-
ral banks with constructed materials (Brooker 1985; Urban
2005). The impacts of channelization can continue to affect
geomorphological and ecological processes for decades, par-
ticularly if the alteration spurs an increase in stream velocity
and sediment transport that can set off fluvial positive feed-
back loops (Urban and Rhoads 2003).

In addition to the extensive changes in the geomorphol-
ogy of rivers that can result from the direct and indirect
impacts of channelization, changes to the physical template
of freshwater habitats can have profound effects on biota and
ecosystem function (Faukner 2004; Poff et al. 2007). Chan-
nelization reduces habitat heterogeneity which can result in
the loss of sensitive fish species and an overall reduction in
fish diversity (Lau et al. 2006). In addition, macroinverte-
brate communities are strongly connected to the ecology
of surrounding terrestrial areas including changes to stream
banks structure, canopy cover, and land use (Harding and
Winterbourn 1995; Hrodey et al. 2009). Previous research
suggests that benthic macroinvertebrate richness and relative
abundance can be affected by several inter-related stream
morphology factors (Horsak et al. 2009; Hrodey et al. 2009;
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Kennedy and Turner 2011). For example, certain species
that feed on suspended particles depend on flowing water for
food delivery and cannot survive in low flow environments
in which their food source will settle out of the water column
(Wallace and Merritt 1980). Conversely, other species can-
not survive environments in which the suspended particle
load is too high (Dodds and Whiles 2010).

Although it is known that flow affects macroinvertebrate
species in many direct and indirect ways (Hart and Finelli
1999), many studies on the relationship between stream mor-
phology and stream biota have focused on a single river or
have had limited replication over a particular geographic
area or time period. For example, Lau et al. (2006) looked
at the impacts of channelization on fish in Indiana, but high
replication is not always feasible and this study allowed
for only 20 channelized sites spread over just a small por-
tion of the state, with sampling occurring during a single
summer. Some studies have shown channelization to have
negative impacts on macroinvertebrate assemblages (Schmal
and Sanders 1978; Kairo et al. 2017), but are also limited
in either geographic or temporal scope. The relationship
between macroinvertebrates and channelization has also
been explored when a management project presents the
chance to sample before and after a stream undergoes res-
toration (Laasonen et al. 1998; Lepori et al. 2005; Muotka
et al. 2002). While before-and-after studies provide support
for the idea that restoration of previously disturbed streams
can have marked positive effects on macroinvertebrates, con-
straints on the scale of these types of field experiments, such
as location, timing, and number of replicates, has under-
standably limited the scope of these studies, and long-term
monitoring of restoration success is not common.

Use of macroinvertebrate communities for assessing the
biological integrity of freshwater habitats is a well-estab-
lished approach for assessing overall ecosystem integrity
(Barbour et al. 1999; Wallace et al. 1996; Bo et al. 2017,
Buss et al. 2018). The variability in life cycle lengths and
sensitivities to environmental changes represented in mac-
roinvertebrate assemblages makes them ideal candidates for
biological assessments (Barbour et al. 1999; Wallace et al.
1996). By using biotic indicators, multiple stressors affect-
ing the animal over its lifetime are reflected in each sample
taken, whereas most standard measurements of the physical
habitat and water chemistry provide just a “snap-shot” of
environmental quality at the time of sampling (Barbour et al.
1999; Carter et al. 2006). These macroinvertebrate-based
biological assessments often include some form of an index
using the orders Ephemeroptera, Plecoptera, and Trichoptera
(EPT), as these species are generally sensitive to pollution
(Barbour et al. 1999; Doretto et al. 2018; Mebane 2001).

The present study utilizes a large dataset that provides
a rare opportunity to examine the relationship between
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macroinvertebrate bioindicators and channelization with
both plentiful temporal and geographic replication across
an entire state. These data were collected by our trained citi-
zen scientists as a part of the Illinois RiverWatch Network
and allow us to demonstrate the effects of channelization on
stream condition through long-term monitoring. In addition,
we examined how siltation coverage relates to channeliza-
tion, and how the type of available habitats varied between
channelized and unchannelized streams. The goal of this
study was to not only provide an analysis of channelization
effects, but also to demonstrate the utility and availability of
large datasets through citizen science and how these datasets
can be used to augment established experimental designs to
help answer unique or challenging scientific questions.

Methods
The Illinois RiverWatch Network

The Illinois RiverWatch Network originated in 1995 along
with a proliferation of volunteer monitoring programs in
many states across the U.S. (Baker 2002; Firehock and West
1995). Originally developed and administered by the Illinois
Department of Natural Resources, the National Great Rivers
Research and Education Center took over coordination of the
program in 2006. Since its inception, the Illinois RiverWatch
Network has collected data on habitat and biotic variables in
small order streams by employing trained citizen scientists,
resulting in a dataset containing over two decades of data.
Data for this study were collected between the years of 1995
and 2014 and includes 3,021 sampling events during the
months of May and June across 567 Illinois streams with
2515 samples from unchannelized sites and 506 samples
from channelized sites. The statistical power afforded by
a dataset of this size allows for the examination of broad
ecological patterns that can sometimes be lost amongst the
noise of many interacting variables when dealing with more
typical, smaller datasets that may have geographic and tem-
poral constraints. While some researchers may question the
accuracy of data collected by citizen scientists, there is now
ample precedent showing that citizen science can yield qual-
ity data that can allow for studies that would previously have
been impossible due to their impractical scale (Crall et al.
2011; Ellwood et al. 2018; Mayor et al. 2017; McShea et al.
2016; Datry et al. 2016; Edwards 2016). There is also previ-
ous research that specifically verifies the macroinvertebrate
identification of citizen scientists (Edwards 2016), and we
are confident our rigorous quality checks further add to the
credibility of this method.
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Training citizen scientists

To become a citizen scientist, each volunteer paid a registra-
tion fee to participate in a full day of training that included
both classroom instruction in macroinvertebrate identifica-
tion and outdoor instruction in stream monitoring methods.
In addition, all citizen scientists received a printed manual
(nearly 150 pages) of detailed instructions on collection and
identification methods (Illinois RiverWatch Stream Moni-
toring Manual 2015). Participants also have access to the
complete manual and online biotic index calculator through
our website. After collection, we offered open laboratory
sessions for citizen scientists to process their samples, where
the RiverWatch coordinator provided access to microscopes
and assistance in macroinvertebrate identification.

Site selection

We selected sites for the RiverWatch program with input
from citizen scientists based on their accessibility on foot
and their depth during the summer sampling period. Streams
needed to reliably have enough water to sample during the
sampling period May 1st through June 30th and be wade-
able during those months (generally less than 0.61 m in
depth). These criteria enabled the sites to be easily sam-
pled by citizen scientists using the same minimal equipment
for each site. Because citizen scientists come and go from
the program, not every site is monitored every year and
some sites may have been monitored by different observ-
ers in different years, but all sites were monitored at least
once by trained citizen scientists using the same protocol
(Fig. 1). Approximately 26% of the sampling sites were
only sampled once, but most sties were sampled multiple
times (channelized Mean + SE =3.02+0.33, unchannelized
Mean +SE=3.64 +0.12, with the maximum being a single
site sampled in 18 different years). In addition to record-
ing the GPS location of each site, citizen scientists drew a
detailed site sketch each year to ensure consistency of site
location and to provide supplemental data on changing habi-
tat conditions, and took site photos if possible.

Habitat sampling

Each site is 61 m in length, as measured following along
the wetted edge of the streambank. Sites were further
divided into four 15.25 m segments to assess habitat
parameters, which included substrate composition, silta-
tion coverage, and stream velocity, among a multitude
of other variables not relevant to the present study. To
describe substrate, citizen scientists followed a slightly
modified Wentworth grain size classification method
so that stream bottom material was categorized as bed-
rock, boulder (> 305 cm), cobble (76-305 cm), gravel

Number of years sampled
° 02
3-4

5-6

7-9
© 10-11
¢ 12-13
o 14-16
o 17-18

Fig. 1 Stream monitoring site locations with darker marks represent-
ing sites sampled more frequently during the study period, 1995-
2014

(2.75-75 cm), sand (0.76-2.74 cm), or silt (<0.75 cm)
(Wentworth 1922). Citizen scientists then recorded what
percentage of the substrate is made up of each material
based on visual estimation. The estimates were then aver-
aged for each 15.25 m section to obtain an overall esti-
mate of substrate composition for the site. In addition,
siltation coverage was recorded as a separate measure that
accounts for the amount of fine particulates blanketing the
stream bottom, which is similar to measures of embed-
dedness. Siltation coverage describes the portion of the
bottom substrate that is covered in a layer of silt, though
the substrate itself may be composed of other materials
(such as cobble), while percent silt substrate describes
the proportion of substrate that is composed of pure silt.
Therefore, siltation coverage could be substantially higher
than silt substrate for the same stretch of stream.

Stream velocity was calculated using the float method.
Although this method lacks the precision of digital meter
methods, the float method is relatively reliable in the types
of small streams included in this study (Dobriyal et al. 2017,
Hamilton and Moore 2012; Harrelson et al. 1994). Citizen
scientists marked off a 3.05 m run within the site that was
free from debris or other obstacles. The run was then divided
into three transects equally spaced across the width of the
stream and marked these sections with flags. To take the
velocity measurement, citizen scientists used a neutrally
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buoyant perforated golf ball which they allowed to float the
length of the flags. This procedure was repeated for each
of the three transects and recorded the amount of time in
seconds it took the float to pass 3.05 m downstream. Veloc-
ity was calculated in meters/second and averaged the three
measurements to obtain the stream velocity for the site.

Biological sampling

Macroinvertebrates were collected from two habitat types
at every site. Citizen scientists selected which habitats to
sample following an established hierarchy based on those
habitats that generally have the most diverse macroinverte-
brate communities, with riffles being the most diverse, fol-
lowed by leaf packs, woody snags or logs, undercut banks,
and finally sediments (Costa and Melo 2008; Heino et al.
2004). Thus, if there were riffles present, these were always
sampled, as well as the next most diverse habitat present at
the site. This procedure is used so that each sampling event
should detect the most diverse and most sensitive species
present at a given site at that sampling time. This protocol
is also well-suited for our study that focuses on long term
monitoring, as the microhabitats available at a particular site
could shift over the course of several years. Citizen scien-
tists conducted sampling in pairs so that one person could
hold the net downstream while the other disturbed the habi-
tat to release organisms into the net. Detailed methods for
sampling each habitat type are described in the Illinois Riv-
erWatch Stream Monitoring Manual (2015). While micro-
habitats were not counted directly, we were able to glean
information on habitat availability based on which habitats
were sampled for macroinvertebrates, as citizen scientists
always collected from the two most high-quality habitats
available and recorded which habitat types were sampled
on their data sheets. We preserved macroinvertebrates in
isopropyl alcohol for subsequent identification.

Following field collections, samples were marked as
accepted into the database only if they contained at least 25
individual organisms, but all submitted samples were still
recorded. A minimum count per sample is not uncommon
for citizen science stream monitoring programs (Edwards
2016), and acts as a quality control measure to ensure ade-
quate sampling efforts that are similar across all sites. This
minimum count led to only 377 samples being excluded
from the 3430 total samples that were actually collected dur-
ing this time period of this study. If the sample contained
more than 100 organisms, it was sub-sampled by placing
the original sample in a grid tray and collecting organisms
from enough randomly selected grid squares to reach 100
individuals or slightly more if this target was reached while
in the middle of a grid square, as per the EPA’s Rapid Bio-
assessment Protocol (RBP) (Barbour et al. 1999). In addition
to being adapted from the EPA’s RBP, the 100 individual
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target was chosen as a suitably high number that still allowed
the program to be accessible to trained citizen scientists. Not
only does sub-sampling make dealing with a large number
of individuals feasible for a citizen scientist, but it is con-
sidered to be an acceptable way to counter the prohibitive
costs and amount of time associated with identification of
large samples, especially when the objective is to determine
differences between sites rather than determining variance
at each site (Merritt et al. 2008). Further, previous research
has found that macroinvertebrate sub-sampling by citizen
scientists within the field produces sound data when com-
pared to sub-sampling done by experts in laboratory settings
(Edwards 2016).

Once all macroinvertebrates in the sample were identified,
or subsample when applicable, the counts were recorded
based on the groupings detailed in the Illinois Riverwatch
Stream Monitoring Manual (2015) that are outlined in
Table 1. These were then used to calculate the Macroin-
vertebrate Biotic Index (MBI). MBI is a metric developed
by the Illinois EPA, modified from methods of the US EPA
and the Hilsenhoff Biotic Index HBI, which uses the known
tolerance level of poor environmental conditions of differ-
ent taxa (Hilsenhoff 1987, 1998; USEPA 1990). Although
some of our categorizations include organisms of multiple
taxa, the index was designed with enough specificity to dis-
tinguish between groups with varying levels of sensitivity
to water quality (Table 1). Streams were catagorized along a
spectrum of poor to excellent based on their numeric values
for taxa richness, EPT taxa richness and MBI (Table 2).

Quality assurance

After the sampling period of May—June, citizen scientists
had until September 1st to send their samples to the River-
Watch Coordinator. Between June and September of each
year, the RiverWatch Coordinator hosted open-laboratory
sessions throughout the state, giving citizen scientists
access to microscopes and expert assistance for the mac-
roinvertebrate identification portion of the data sheets.
Only data sheets submitted with complete information
and accompanying preserved specimens are accepted into
the database. Additionally, a minimum of 25% of samples
are randomly selected and quality checked for accuracy
by an expert every year. Since 2005, we have contracted
with staff at the Illinois Natural History Survey (INHS)
to complete our quality checks. When quality assurance
officers checked citizen science data, samples were con-
sidered within an acceptable range of accuracy if the citi-
zen scientist counts had less than 20% absolute difference
from expert counts for richness and EPT index, and 10%
difference for MBI. For the 10 year period between 2005
and 2014, the mean percent of samples that fell within
the acceptable accuracy range was 74.1 + 3.9 for Taxa
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Table 1 Macroinvertebrate taxa groupings used in the Illinois RiverWatch protocol and their corresponding tolerance index values used to calcu-
late the macroinvertebrate biotic index (MBI)

Organism group Tolerance ~ Unchan- Channelized Mean + SE
index value nelized
Mean +SE
Flatworm (Order Turbellaria) 6 2.13+0.16 3.88+0.60
Aquatic Worm (Order Oligochaeta) 10 236+0.22  4.42+0.55
Leech (Order Hirudinea) 8 0.75+0.05 1.98+0.17
Sowbug (Family Asellidae) 6 15.52+0.73  21.06+2.27
Scud (Order Amphipoda) 4 10.89+0.76  9.42+0.98
Dragonfly (Suborder Anisoptera) 4.5 0.39+0.02 0.46+0.08
Broadwinged Damselfly (Family Calopterygidae) 35 0.47+0.03 0.48+0.08
Narrowwinged Damselfly (Families Coenagrionidae, Lestidae) 5.5 1.28+0.10 3.03+0.37
Dobsonfly (Family Corydalidae) 5.5 0.14+0.01 0.05+0.01
Alderfly (Family Sialidae) 7.5 0.04+0.01 0.02+0.01
Torpedo Mayfly (Families Isonychiidae, Oligoneuriidae) 3 1.05+0.11 0.31+0.11
Swimming Mayfly (Families Acanthametropodidae, Ameletidae, Baetidae, Metretopodi- 4 5.42+0.28 3.3+0.34
dae, Siphlonuridae)
Clinging Mayfly (Family Heptageniidae) 35 3.20+0.14 1.77+0.28
Crawling Mayfly (Families Tricorythidae, Caenidae) 5.5 2.21+0.15 3.50+0.58
Burrowing Mayfly (Families Ephemeridae, Palingeniidae, Polymitarcyidae, Potamanthi- 5 0.35+0.06 0.19+0.08
dae)

Armored Mayfly (Family Baetiscidae) 3 0.02+0.008 0.006 +0.004
Other Mayfly (Families Ephemerellidae, Leptophlebiidae) 3 0.32+0.04 2.20+0.14
Stonefly (Order Plecoptera) 1.5 0.14+0.04 1.47+0.31
Hydropsychid Caddisfly (Family Hydropsychidae) 55 1589+0.60  9.38+0.81
Snail Case Caddisfly (Family Glossosomatidae) 3 040+0.06  0.73+0.25
Saddle Case Caddisfly (Family Helicopsychidae) 0 0.17+0.03 0.20+0.07
Other Caddisfly (Families Brachycentridae, Hydroptilidae, Lepidostomatidae, Leptoceri- 3.5 1.59+0.18 1.11+0.23

dae, Limnephilidae, Molannidae, Philopotamidae, Phryganeidae, Polycentropodidae,
Psychomyiidae, Rhyacophilida, Sericostomatidae)

Riffle Beetle (Families Elmidae, Dryopidae) 5 6.68+0.23  4.33+0.49
Whirligig Beetle (Family Gyrinidae) 4 0.29+0.05  0.08+0.02
Water Penny Beetle (Family Psephenidae) 4 0.61+0.07 1.15+0.27
Crane Fly (Family Tipulidae) 4 0.45+0.3 0.25+0.04
Biting Midge (Family Ceratopogonidae) 5 0.55+0.09 0.46+0.11
Bloodworm Midge (Family Chironomidae, Genus Chironomus) 11 2.56+0.21 3.93+0.80
Midge (Family Chironomidae) 6 16.85+0.54 16.48+1.37
Black Fly (Family Simuliidae) 6 9.17+0.52  6.82+0.77
Snipe Fly (Family Athericidae) 4 0.04+0.007  0.02+0.005
Other Fly (Families Culicidae, Tabanidae, Stratiomyidae, Empididae, Syrphidae, Ephydri- 10 0.42+0.03 0.37+0.06
dae, Muscidae)
Left-Handed Snail (Family Physidae) 9 292+0.19  4.79+0.60
Right-Handed Snail (Family Lymnaeidae) 7 0.73+0.07 1.26+0.22
Planorbid Snail (Family Planorbidae) 6.5 0.17+0.02 0.42+0.07
Limpet (Family Ancylidae) 7 0.12+0.02  0.06+0.02
Operculate Snail (Families Bithyniidae, Hydrobiidae, Pleuroceridae, Viviparidae) 6 1.67+0.25 3.03+1.07

The righthand columns show results from our stream monitoring efforts with the mean values of these organisms collected in channelized and
unchannelized sites

Richness, 66.3 + 3.9 for EPT Taxa Richness, and 83.7+4.9 volunteers with significant inconsistencies in their identifi-
for MBI (Mean + SE). The RiverWatch coordinator cor-  cations or counts to supplement their training and improve
rected any samples revealed to have errors and contacted  their future accuracy.
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Table2 Stream quality rating categories used in the Illinois River-
Watch protocol

Taxa richness EPT taxa MBI
richness
Excellent >14 >5 <435
Good 12-13 4 >4.36 to <5.00
Fair 9-11 3 >5.01 to <5.70
Poor 7-8 2 >5.71to £6.25
Very poor <6 0-1 >6.26

Additionally, the RiverWatch coordinator examined
samples submitted by all first year citizen scientists whose
samples were not included in the randomly selected sam-
ples sent to INHS to ensure accurate identification by new
participants. After their first year, citizen scientists sub-
sequently had to pass a refresher quiz every two years to
demonstrate their continued capabilities in macroinverte-
brate collection methods and identification. Consequently,
the only samples not verified by either the RiverWatch
coordinator or the INHS Quality Assurance Officer are
those samples submitted by citizen scientists that have
passed their first year check by the RiverWatch coordinator
and have passed their bi-annual refresher quizzes with a
grade of 80% or better. Falling below this threshold on the
refresher quiz, or falling below the acceptable thresholds
for quality assurance by INHS if their sample is among
those randomly selected, will result in future samples
being again verified by the RiverWatch coordinator until
the participant can produce identifications above these
thresholds. Following these protocols resulted in 1075 of
the 3021 samples included in this study being check by
professional RiverWatch staff or external experts, with the
remainder being only samples submitted by experienced
and tested citizen scientists.

Statistical analyses

Using a goodness of fit test for a fitted normal distribution
we determined that our data were not normally distrib-
uted, therefore we used Wilcoxon (Mann—Whitney) tests
to assess differences in taxa richness, EPT taxa richness,
MBI, silt substrate, siltation coverage, and stream veloc-
ity between channelized sites and sites with un-altered
banks. We also ran logistic regression analysis to assess
the relationship of each of these factors to the probability
that the stream was channelized. For all our analyses we
chose to treat each sampling event as independent since a
full year or more had passed between each sample even if
they were taken at the same stream site, and the number
of samples per site did not vary greatly between groups
(channelized Mean + SE =3.02 + 0.33, unchannelized
Mean + SE=3.644+0.12). We performed statistical analy-
ses in JMP 14.01.

Results

The most numerous taxa collected for both channelized and
unchannelized streams was sowbugs (Family Asellidae),
which are moderately tolerant of poor conditions (Table 1).
There were significant differences in Taxa Richness
(P=0.026), EPT Richness (P <0.001), and MBI (P <0.001)
between channelized streams and unchannelized streams
(Table 3). Using the quality rating classification system
developed along with these bio-indices, channelized sites
had on average “Poor” quality ratings, while sites with un-
altered banks had on average “Fair” quality ratings (Table 2).

The percent of silt substrate was significantly different
between channelized and non-channelized sites (P <0.001),
with channelized sites having substrates composed of more
silt (Table 3). Siltation coverage was also significantly higher
in channelized sites than in streams with un-altered banks

Table 3 Difference between

. . Unchannelized Channelized (N =506) VA P

unchannelized and channelized (N=2515)

streams in several biological

measures of stream health Mean + SE Mean + SE

based on macroinvertebrate Taxa richness 9.01+0.07 8.73+0.14 -220 0.026

bioindicators, and several

measures of physical habitat EPT richness 2.73+0.04 2.06+0.08 —-7.85 <0.001

characteristics MBI 5.65+0.02 6.06+0.05 7.93 <0.001
Silt substrate 2.97+0.03 3.47+0.07 6.25 <0.001
Siltation coverage 3.54+0.03 3.78+0.07 2.79 0.005
Stream velocity 0.298 +0.01 0.283+0.01 0.273 0.785

A lower macroinvertebrate biotic index (MBI) signifies better water quality. Stream velocity is measured in
m/s. Statistics show the results of Wilcoxon sign rank test with significant results in bold
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Table 4 Results from logistic regression analysis showing the rela-
tionship of biological and physical stream factors to whether the
stream was channelized

B SE x? P
Taxa richness 0.087 0.023 13.43 <0.001
EPT richness -0.296 0.048 37.10 <0.0001
MBI 0.149 0.055 7.38 0.006
Silt substrate 0.152 0.044 1220  <0.001
Siltation coverage  —0.034 0.039 0.76 0.3844

Stream velocity 0.03061157 0.0715261 0.18 0.6687

Bold values indicate statistical significance

Proportion of total samples

Unchannelized Channelized

Fig.2 The proportion of samples that included each habitat type for
channelized and unchannelized stream sites

(P=0.005) (Table 3). In contrast, there was no significant
difference in stream velocity between the two stream types
(Table 3). The results of our regression analysis showed that
Taxa Richness, EPT Richness, MBI and siltation coverage
all had significant relationships to whether the stream was
channelized (Table 4).

For both channelized and un-altered sites, the most com-
mon habitat sampled was a riffle (Fig. 2). However, there
were differences in the habitats available for sampling
between channelized and unchannelized sites. Unchan-
nelized sites had more riffles and leaf packs, while chan-
nelized sites had fewer of these higher quality habitats avail-
able for sampling (Fig. 2).

Discussion

Our findings show differences not only in macroinverte-
brate bioindicators between channelized and unchannelized
sites, but also physical habitat characteristics that may help

explain the impacts on macroinvertebrates. Flow is consid-
ered to be the “master variable” in rivers, as it is the defining
characteristic of lotic environments and their associated hab-
itats (Power et al. 1995). Moving water shapes other aspects
of the physical template of streams by influencing channel
morphology, temperature, and habitat heterogeneity (Power
et al. 1995; Dewson et al. 2007). These dynamic physical
attributes of streams in turn act to shape biotic communities
by applying selective pressures on organisms in instances of
extremes (Hart and Finelli 1999; Poff and Allan 1995; Poff
et al. 1997; Poff and Ward 1989; Power et al. 1995; Resh
et al. 1988; Rempel et al. 2000; Lamouroux et al. 2013).
Channelization directly influences this “master variable”,
and our study found that overall stream quality as indicated
by macroinvertebrate assemblages was higher in streams
that had un-altered banks compared to those streams that
have been channelized. One likely source for the decreased
diversity of macroinvertebrates in channelized streams is
habitat loss. Even in streams that were channelized long
ago, habitats are often more homogenous than in un-altered
streams, with more low-quality habitats like runs of open
sediment (Giller 2005; Lepori et al. 2005; Shields et al.
1998). Although we did not directly measure mesohabitat
prevalence in this study, our data do show that channelized
sites had fewer high-quality habitats available to sample,
and we surmise that loss of habitat heterogeneity may have
affected habitat availability for macroinvertebrates.
Another factor contributing to poorer habitat quality and
thus less diverse macroinvertebrate communities could be
the result of siltation. The process of channelization can
often increase turbidity and siltation coverage (Ciszewski
and Czajka 2015; Graf et al. 2016). This effect is not con-
fined just to the construction process itself, but can continue
afterwards due to loss of riparian vegetation and changes in
stream geomorphology. Previous research has shown that
stream morphology and habitat characteristics are impor-
tant predictors of macroinvertebrate biotic indices, includ-
ing land-use, canopy cover, erosion power, percent fine
substrates, and degree of channelization (Graf et al. 2016;
Hrodey et al. 2009). Increased turbidity and siltation cover-
age create poor conditions for macroinvertebrates, especially
sensitive species (Bryce et al. 2010; Buendia et al. 2013).
Our results coincide with these previous studies as we saw a
significant difference in prevalence of silt substrate and silta-
tion coverage between channelized an unchannelized sites.
In addition to macroinvertebrate assemblages being a
proxy for water quality, a decrease in macroinvertebrate
diversity can have real impacts on stream ecosystem func-
tions and foodweb dynamics (Wallace and Webster 1996;
Warren et al. 1964; Bona et al. 2016; Doretto et al. 2016).
Further, changes in macroinvertebrate quantity and quality
can be far-reaching and can negatively affect the surrounding
terrestrial habitats. Macroinvertebrates that emerge from the
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water as adults (the insect groups) serve to link freshwater
and terrestrial ecosystems (Baxter et al. 2005; Gratton and
Vander Zanden 2009; Nakano and Murakami 2001). While
subsides to freshwaters from surrounding terrestrial systems
are typically driven by gravity and dominated by detritus
(e.g., leaf litter inputs from riparian forests), subsidies in
the opposite direction usually work against gravity, mak-
ing emerging insects a key connection (Baxter et al. 2005).
Thus, any negative impacts to the macroinvertebrate com-
munity we observed in channelized streams could translate
to negative consequences for surrounding terrestrial eco-
systems as well.

It is important to note that our findings cannot confirm a
direct causal relationship of channelization on macroinver-
tebrate communities. Our analysis was limited by working
with an already existing dataset that was not designed with
our specific research questions in mind. We cannot rule out
that a latent variable such as degree of urbanization could
be associated with both channelization and poor stream
quality. However, we did not find any evidence that aver-
age stream velocity is causing the observed differences in
macroinvertebrates between channelized and unchannelized
streams. Although previous research shows that channeli-
zation often increases stream velocity (Urban and Rhoads
2003), our study design did not actually measure changes in
stream velocity following the channelization process. We
also did not measure high flow events, but only the veloc-
ity at the single time the stream sampling was conducted.
Rather, what our data illustrate is that there was no overall
difference in average velocity of a site during the sampling
period between the channelized and unchannelized streams
in this study. It is likely that stream velocity did increase
from historic levels in the streams that were channelized, but
average stream velocity was not the driving factor in the dif-
ferences we observed in the macroinvertebrate communities.

In response to research illustrating the potential long-
term negative consequences of anthropogenic channeliza-
tion, several legal measures have increased the regulation
of channelization and changed the management strategy of
previously modified waterways to favor restoration (Clean
Water Act 1972; Water Resources Development Act 1990).
However, river management policy remains contentious in
areas where flooding of residential areas and/or destruction
of farmland are serious concerns (Chen et al. 2016). Our
study is unique in that it uses data collected by members
of the very communities that are stakeholders in the man-
agement of these waterways. Especially when controversial
management decisions must be made, buy-in from as many
people as possible can ease the implementation of manage-
ment policy and improve outcomes for the greatest number
of people (Barbour et al. 2008).

Citizen science can allow lay people to develop a sense of
ownership over scientific evidence that will be used to make
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decisions that directly affect them. Participatory scientific
studies also increase scientific literacy and the perceived
trustworthiness of scientific studies (Storey et al. 2016). Pre-
vious research has also shown that people are more likely
to be concerned about environmental issues and engage in
stewardship behaviors when their identity is connected to
their engagement with the environment (Landon et al. 2018).
Further, two-way interactions between scientists and the
community are much more meaningful than one-directional
science outreach efforts (Lee and VanDyke 2015). Citizen
science can be particularly powerful for engaging the public
with issues that may be controversial and can promote more
evidenced-based discussions (Colborn et al. 2011; Wylie
et al. 2016; Zilliox and Smith 2018). We hope that the cur-
rent study encourages other scientists to take advantage of
publicly available citizen science data, as there are valuable
insights to be discovered, especially from large long-term
monitoring datasets.

It is also true that some projects are too large to com-
plete without the efforts of citizen scientists, and part of the
strength of this study comes from our large samples sizes.
There were numerous differences present among the many
streams and sampling events in this study, yet our dataset
was large enough to overcome much of that noise and deter-
mine that channelization has enough impact on streams to
be discernable despite the many variables at play. In fact,
we argue that the high variability in some of these unmeas-
ured variables only emphasizes that channelization has a
significant impact across many contexts, and illustrates that
our findings are applicable beyond a single landscape type
within Illinois. Additionally, while we are confident that
our sample sizes are large enough to account for occasional
misidentification of channelization by our citizen scientists,
if misidentifications did occur, it is more likely that a chan-
nelized stream was misidentified as being unchannelized
rather than the other way around, as some channelization is
not obvious. Thus, if anything our results would be under-
estimating the effects of channelization. Also, the results of
the quality assurance tests show that citizen scientist assess-
ments of the macroinvertebrate community and classifica-
tion of stream health are overall reliable. In fact, the latest
data from 2018 sampling showed that 100% of the samples
check by INHS were with within the 10% margin of error
of the expert count for MBI (Detmer et al. 2018). While the
data for this study did not include this most recent sampling
campaign, it illustrates the quality of the data we received
from citizen scientists.

While our findings are not entirely unexpected, this is the
first study we know of to illustrate this broad pattern on such
a large scale with geographic and temporal replication across
an entire state and over several decades. The channelized
streams in this study varied in the amount of time since
their alteration, but in some cases it would have been many
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years since any active channelization activities had been per-
formed. This may indicate that the effects of channelization
could persist for a very long time after the alteration if no
restoration is enacted. The breadth of this study allows us
to conclude that regardless of additional factors that may
influence water quality and macroinvertebrate communi-
ties, past channelization alone is a significant predictor of
stream quality as measured by macroinvertebrate bioindica-
tors. These findings reinforce the importance of considering
the long-term impacts of channelization on stream ecology,
and suggest that active restoration efforts may be called for
even when many years have passed since the channeliza-
tion event. It is our hope that the comprehensive scale of
this study can serve as justification for more detailed studies
around the impacts of channelization on macroinvertebrate
communities, as well as motivation to employ the work of
citizen scientists to expand the possibilities of field studies
that would otherwise be restricted in geographic and tem-
poral scope or limited to computer modeling.
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