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Abstract: Outdoor education (OE) stream classes provide students with an opportunity to gain
hands-on experience with sampling methods for evaluating stream water quality. Trampling by
students as a result of stream classes may disrupt the substrate and negatively impact aquatic
macroinvertebrates. The impact of student-induced trampling in headwaters as a result of stream
classes on aquatic macroinvertebrates has not been evaluated. Our aim was to document the
short-term macroinvertebrate responses to an experimental disturbance that simulated the impacts of
trampling by students in riffles within small headwater streams. We measured hydrologic variables,
visually estimated substrate composition and sampled aquatic macroinvertebrates within control
and experimental riffles in three agricultural headwater streams in central Ohio one day prior to
experimental disturbance, immediately after disturbance and one day after disturbance. Hydrologic
variables and substrate type did not differ daily or between riffle types. Macroinvertebrate abundance,
percentage of Ephemeroptera Plecoptera Trichoptera and percentage of Leuctridae increased
after experimental disturbance, while diversity, evenness, percentage of clingers and non-metric
multidimensional scaling (NMS) axis 1 site scores declined after disturbance. Macroinvertebrate
diversity, percent clingers and NMS axis 1 site scores were lower in experimental riffles than control
riffles. None of the macroinvertebrate response variables exhibited a significant interaction effect of
day × riffle type that is indicative of an effect of the experimental disturbance. Our results suggest
the one-time use of an undisturbed riffle within an agricultural headwater stream for an OE stream
class is not likely to impact aquatic macroinvertebrates.

Keywords: before-after-control-impact design; field experiment; community structure; hydrologic
responses; riffles; disturbance; outdoor education

1. Introduction

Natural disturbances, such as floods and droughts, play a prominent role in structuring stream
communities and have been the focus of much research [1,2]. A lesser researched disturbance type is
instream trampling due to the movements and feeding activity of animals and recreational activity
of humans. As with floods, trampling disturbance functions as a pulse disturbance in that the event
moves through a stream system quickly but it can cause long-term impact. For instance, trampling
and associated grazing by wild herbivores such as hippopotamuses (Hippopotamus amphibious),
elk (Cervus canadensis) and moose (Alces alces) and agricultural herbivores such as cattle (Bos taurus)

Water 2018, 10, 77; doi:10.3390/w10010077 www.mdpi.com/journal/water

http://www.mdpi.com/journal/water
http://www.mdpi.com
https://orcid.org/0000-0001-7693-6348
http://dx.doi.org/10.3390/w10010077
http://www.mdpi.com/journal/water


Water 2018, 10, 77 2 of 15

have been shown to negatively impact riparian trees, shrubs and forbs [3–7]. Trampling by animals has
also resulted in deleterious effects on soil and stream channel structure including soil compaction [3,4],
erosion [7,8], streambank sloughing [5], channel widening [9] and increased sedimentation [9,10].

Streams are also frequently subjected to anthropogenic disturbances that alter physical habitat,
water chemistry and stream macroinvertebrates such as stream channelization, land use changes and
chemical pollution [11,12]. Trampling due to human recreational use of natural areas is a distinct
form of anthropogenic disturbance and one that has become the focus of research in recent years.
For instance, experimental simulations of trampling on stream macroinvertebrates in Australia and
Brazil indicated that changes in macroinvertebrate taxa composition and declines in taxa richness
and abundance occurred immediately after trampling [13,14]. These experimental simulations also
indicated that it would take more than five days for macroinvertebrate community structure to
recover from trampling [13,14]. Field studies evaluating the impacts of instream hiking (i.e., trampling
throughout the stream, typically upstream and downstream) and stream crossings (i.e., cross-channel
trampling) by hikers, horseback riders and other recreationists in the United States have documented
mixed macroinvertebrate responses. Instream hiking and other outdoor recreational activities
led to reductions of macroinvertebrate abundance, diversity and Trichoptera population densities
within streams in Oregon and Nebraska [15,16]. Localized trampling at stream crossings by hikers,
horseback riders and other recreationists reduced macroinvertebrate-based biotic indices, decreased
the abundance of sensitive taxa and increased the proportion of tolerant taxa below stream crossings
compared to upstream locations in California and Virginia streams [17,18]. However, others [19,20]
observed that instream hiking and localized instream wading did not negatively impact stream
macroinvertebrate communities in Utah and Missouri.

Streams are commonly located within or flow through parks and other natural areas designated for
human use. These managed natural areas are often designated for outdoor recreation use but many of
these areas also serve as the locations for outdoor education (OE) programs that teach participants about
terrestrial and aquatic ecosystems. OE programs offering classes focused on aquatic ecosystems have
become popular at nature centers, camps, parks and schools in the United States [21–24]. Participants
in stream classes learn about the ecology of aquatic organisms and how they serve as water quality
indicators. The potential impacts of stream classes on aquatic macroinvertebrates likely depends on
the frequency and size of the classes, whether the same stream site or multiple sites are used and the
sampling methods employed by the students. Educational programs associated with schools adopting
a local stream are likely to have small class sizes and to make infrequent visits (<4 times a year) to one
or more stream sites and are subsequently not likely to negatively impact aquatic macroinvertebrates.
In contrast, day-use nature centers, parks and camps that host multi-day OE programs often serve large
numbers of students each year and may conduct stream classes regularly throughout the year within
the same site. Such high use programs conducted at the same site have been shown to negatively
impact macroinvertebrate abundance, taxa richness, EPT (Ephemeroptera, Plecoptera, Trichoptera)
abundance and clinger abundance and cause greater movement of streambed substrate in a fourth
order stream in central Ohio [25,26]. During conditions of elevated discharge OE stream classes
may be cancelled or relocated to small headwater streams to avoid unsafe conditions [26]. However,
no previous studies have examined the impact of student-induced trampling resulting from stream
classes on aquatic macroinvertebrate communities in small headwater streams.

Our aim was to document the short-term responses of macroinvertebrates to an experimental
simulation of trampling by students that results from conducting OE stream classes within small
headwater streams. This study was one of four studies conducted at multiple spatial and
temporal scales from 2013 to 2015 to quantify the influence of OE stream classes on aquatic
macroinvertebrates [25–27]. We hypothesized that within headwater streams in central Ohio a pulse
disturbance simulating the impacts of student-induced trampling will cause an immediate negative
impact on the macroinvertebrate community in experimentally disturbed riffles followed by a rapid
recovery trend, while no disturbance-related changes in community structure will occur in control
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riffles. We concluded that one-time use of small, agricultural headwater streams does not negatively
impact the macroinvertebrate community and that the impacts of prolonged or repeated use by OE
stream classes needs to be evaluated further.

2. Methods

Three tributaries located along a 2 km stretch of Alum Creek in central Ohio (latitudes
40◦22′31′′–40◦23′56′′ N, longitudes 82◦50′40′′–longitudes 82◦52′56′′ E) were selected as study streams.
All tributaries were first or second order streams that were located on or near the property owned
by Heartland Outdoor School (Heartland), which granted permission to access these streams.
The tributaries were selected because none were used as part of Heartland’s stream education
classes and subsequently had not been subjected to substrate disruption caused by students and
instructors (i.e., trampling and macroinvertebrate collection with use of dipnets and turning over
rocks). Examination of historical aerial photography from 1995 to 2015 available in Google Earth also
confirmed that none of the tributaries experienced large scale riparian or channel disturbance in the
past two decades. Watershed size and stream length varied among tributaries but all were similar
in gradient and having watersheds consisting mostly of agricultural land use, especially within the
upper reaches (Table 1). Predicted annual mean discharge and June mean discharge were lowest in
the smallest tributary and greatest in the largest tributary (Table 1). Additionally, we have observed
that streams of similar watershed size in this region of Ohio dry up during periods of low flow in the
summer and fall.

Table 1. Watershed and predicted hydrologic characteristics of three agricultural headwater streams of
Alum Creek, OH, USA. All watershed and predicted hydrologic variables except percent agriculture
were obtained for each tributary from StreamStats 4.0 [28]. Percent agriculture calculated as the
difference between 100 and the sum of percent forest, wetlands/open water and urban areas reported
by StreamStats 4.0 [28]. This calculation method for percent agriculture resulted in values from IR
that were similar to those obtained from the Great Lakes Long-Term Hydrologic Impact Assessment
Model [29].

Variable WR HR IR

Watershed size (km2) 1.0 2.4 3.2
Stream length (km) 2.5 3.2 4.1

Stream order HR value (LR value) 1 2 2
Gradient (m/km) 7.3 8.2 8.1

Percent forest 45 20 27
Percent wetlands and open water 0 0 0.2

Percent urban 3 1 3
Percent agriculture 51 79 70

Annual mean discharge (m3/s) 0.010 0.027 0.035
25th percentile discharge (m3/s) 0.001 0.004 0.005
50th percentile discharge (m3/s) 0.004 0.011 0.014
75th percentile discharge (m3/s) 0.010 0.027 0.035

June mean discharge (m3/s) 0.007 0.018 0.024

We selected riffles located in the downstream reach of each tributary within 400 m of the
tributaries’ confluence with Alum Creek as sampling sites. Riparian zones immediately adjacent
to these downstream reaches were wide (mean widths ranging from 171 to 340 m) and composed
primarily of mature hardwood trees, which resulted in heavy canopy cover (>85%) over the selected
riffles. Stream substrate consisted mostly of gravel and cobble within the three tributaries but minor
differences in rock type occurred among the streams. Two tributaries (WR, IR) contained gravel and
cobble consisting of mostly rounded sandstone and granite, while the third tributary (HR) contained
gravel and cobble consisting of flat or block-shaped shale particles.
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To address our hypothesis we measured hydrologic variables, estimated substrate composition
and sampled aquatic macroinvertebrates within control and experimental riffles within three
agricultural headwater streams one day prior to experimental disturbance, immediately after
experimental disturbance and one day after experimental disturbance. Our study was conducted
from 5 to 14 June 2015. Our experimental design was a combination of a randomized block and a
before-after-control-impact design. Each tributary was a block containing one control riffle and one
experimental riffle. The control and experimental riffles were each 3 m long and were separated by a
minimum of 45 m and with at least one stream bend and another riffle between them. The experimental
riffle was located downstream of the control riffle in each tributary to avoid potential confounding
influences of disturbance-induced macroinvertebrate drift from the experimental riffle. The control
riffles were not subjected to experimental disturbance during the study. Experimental riffles were
subjected to substrate disruption by kick-shuffling the substrate in a way that would mimic disturbance
caused by repeated use of the site by stream classes. Heartland repeatedly conducts stream classes
within a riffle in the adjacent Alum Creek at an average of 4 stream classes per day in May and June.
Each stream class contains at least 20 students, who along with their instructors, wade through the riffle,
turn over rocks and disrupt the substrate in the process of searching for aquatic macroinvertebrates.
Thus, we assume that complete substrate disruption would occur if Heartland were to conduct stream
classes within these small tributaries.

We disturbed the substrate within each experimental riffle by walking in shoulder-width
horizontal rows (~0.5 m wide) across the riffle while plowing into the sediment to ankle depth
(~10 cm deep). The kick-shuffling process began at the downstream boundary of each experimental
riffle, progressed to the upstream boundary and then continued back to the downstream boundary.
Overlap occurred between rows such that each row was disturbed at least four times during the process
resulting in disturbance of 100% of the riffle bed. The entire process took approximately five minutes
and modeled experimental substrate disturbances used by other field experiments [30–33] evaluating
the impacts of disturbance on stream macroinvertebrates.

The order in which each tributary was sampled and subjected to substrate disturbance
was randomly selected. The order of sampling and disturbance were: (1) 5–7 June 2015—WR;
(2) 9–11 June 2015—HR; and (3) 12–14 June 2015—IR. We sampled the control and experimental
riffles in each tributary (block) over a three day period. The first day of sampling represented the
pre-disturbance sampling period and on this day the control and experimental riffle did not receive
any substrate disturbance. On the second day, the experimental riffle was first disturbed by the
kick-shuffling process described above and sampling occurred in the experimental riffle immediately
following the disturbance. On the second day, the control riffle was not disturbed and sampling was
conducted after sampling in the experimental riffle was completed. The third day represented 24 h
post-disturbance and the experimental riffle was sampled first and then the control riffle. Additionally,
no substrate disturbance occurred in either riffle on the third day.

Within each riffle we established three permanent cross-channel transects 1 m apart for hydrologic
measurements. From each riffle on each day we obtained one measurement of wetted width,
three measurements of water depth located equidistantly apart along each transect and three
measurements of surface water velocity from each transect. Wetted width was measured with a
tape measure and water depths were measured with a ruler. Water velocity was measured at each
transect by releasing a ping pong ball in the center of the fixed plots and timing how long it took
to travel 1 m. Three velocity measurements were obtained from each transect and then averaged to
represent the surface water velocity at each transect. One (JPB) of us visually estimated substrate
composition within each riffle on each sampling day to assess the dominant substrate type (i.e., clay,
silt, sand, gravel, cobble, boulders).

Aquatic macroinvertebrates were collected with a Surber sampler (500 µm mesh size,
30.48 cm × 30.48 cm frame) with the substrate disturbed by hand to a depth of 10 cm or to an
impenetrable hard layer, whichever was encountered first. In each cross-channel transect used for
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hydrologic measurements we established a fixed location for Surber sampling. The fixed plots were
located in the center of active flow of each transect, which was usually near the center of the wet width.
One Surber sample was taken from each fixed location on each day beginning at the downstream
transect and working upstream. Aquatic macroinvertebrates from each Surber sample were transferred
to a picking pan and identified in the field with a dissecting microscope having up to 20×magnification.
All macroinvertebrates captured except Hydracarina, Oligochaeta and Planaria were identified to
family level. The level of taxonomic resolution used was due to the necessity of identifying animals
in the field as part of our catch and release protocol. Our research in an adjacent fourth order
stream [27] and others indicate that family level identifications are adequate for evaluating the impacts
of student-induced trampling [7,14]. After identification and enumeration all macroinvertebrates
were returned to the plot from which they were captured. This capture and release protocol provided
the live individuals with an opportunity to recolonize the plot from which they were captured and
reduced potential human impact on the macroinvertebrate community [13]. This protocol also enabled
us to reduce sampling bias that could result from repeatedly sampling fixed plots with permanent
removal of individuals [34].

For each riffle on each sampling day we calculated eight community response variables consisting
of: (1) macroinvertebrate abundance (number of macroinvertebrates captured); (2) taxa richness
(number of taxa); (3) Shannon diversity [35]; (4) evenness (calculated as 1/D) [36]; (5) clinger
abundance (number of macroinvertebrates in the clinger mobility guild defined as families Elmidae,
Heptageniidae, Baetidae, Helicopsychidae, Glossosomatidae, Hydropsychidae, Philopotamidae,
Polycentropodidae, Psephenidae, Simuliidae) [37,38]; (6) percent clingers (percent composition of
clinger macroinvertebrates calculated as clinger abundance divided by macroinvertebrate abundance);
(7) percent EPT (percentage of macroinvertebrates in orders Ephemeroptera, Plecoptera, Trichoptera
calculated as EPT abundance divided by macroinvertebrate abundance); (8) percent Leuctridae
(calculated as Leuctridae abundance divided by macroinvertebrate abundance). We also conducted
non-metric multidimensional scaling (NMS) with the percentages of the eight most commonly captured
taxa to obtain the site scores from the first two NMS axes that describe the changes in taxa composition
that occurs among each riffle on each sampling day (one day before, immediately after disturbance and
one day after). NMS was conducted with PC-ORD (version 6.17) [39] using the Sorensen (Bray Curtis)
distance matrix and 500 iterations. Differences in NMS site scores among days and riffle types were then
quantified with linear mixed effect model analyses. This two-step analytical approach is an indirect
gradient analysis where ordination is conducted only with community data and the relationships
of taxa composition with habitat variables or different habitat categories are then determined with
additional statistical tests [40–42]. Additionally, we calculated three hydrologic variables (mean wetted
width, mean water depth, mean water velocity) from each riffle on each sampling day. Composited
values of community response variables and mean values of hydrologic variables were calculated for
each riffle on each day to reduce the amount of pseudoreplication that would occur if we used each
individual Surber sample as the replicate in the statistical analyses. As a result, the total sample size in
all statistical analyses is 18.

We conducted a linear mixed effect model analysis with site and day as the fixed factors and
tributary as the random factor (i.e., block) using the lmer function within the lme4 package [43].
The primary focus of the linear mixed effect model analysis was the detection of significant interaction
effects of site and day because the detection of effects of before-after-control-impact designs is
dependent on observing that the trend in response variables between riffle types changes after the
disturbance [44]. A significant single factor effect of site (riffle type) simply indicates that the response
variable differed between riffle types in the same way across all sampling days. Additionally, a single
factor effect of day indicates that the response variable differed among days the same way in both
control and experimental riffles. For linear mixed effect model analyses we used the ANOVA function
in the car package [45] to obtain the Type III analysis of variance tables. Prior to linear mixed effect
model analyses we examined normal q-q plots created with the qqPlot function in the car package [45],
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conducted the Shapiro-Wilk normality test using the shapiro.test function [46] and conducted the
Levene’s test for homogeneity of variance with the leveneTest function in the car package [45] to
determine if the response variables met the assumptions of normality and equal variance. Those seven
response variables that did not meet the assumptions were either log(x + 1) transformed (wetted width,
mean depth, mean velocity, clinger abundance, evenness, NMS axis 1 site scores) or arcsine square
root transformed (percent clingers) prior to linear mixed effect model analyses. Tukey Test (lsmeans
function, lsmeans package) [47] was used to determine differences among means if the linear mixed
effect model analyses indicated that a significant effect occurred. Linear mixed effect model analyses,
Tukey Tests, normal q-q plots, Shapiro-Wilk normality tests and Levene’s tests for homogeneity of
variances were conducted with R [46] and a significance level of 0.05.

3. Results

Mean wetted width, water depth and water velocity did not differ among days, between riffle
types, or exhibit a significant day × riffle type interaction effect (Table 2). Visual estimates of substrate
composition indicated that substrate composition did not differ daily, between riffle types, or in
response to substrate disturbance. Riffles within WR and IR were composed primarily of gravel with
some cobble and boulders. Riffles within HR were composed primarily of a mixture of gravel and
cobble. Although substrate composition did not change, our experimental disturbance within the
experimental riffles resulted in movement of individual substrate particles because rows from where
the kick-shuffling took place were still visible on the last day of sampling within the experimental
riffles of two tributaries (WR, HR). We also observed that the experimental disturbance resulted in a
temporary increase (i.e., 2 to 8 min) in turbidity in the experimental riffles.

Table 2. p-values from linear mixed effect model analysis of the effect of sampling day, site and the
interaction effect of day and site on hydrologic and aquatic macroinvertebrate community response
variables within three agricultural headwater streams of the upper Alum Creek, OH, USA from
5 to 14 June 2015. Bolded p-values are those that were significant (p < 0.05). Abbreviations are
EPT—Ephemeroptera, Plecoptera, Trichoptera; NMS—non-metric multidimensional scaling.

Response Variable Day Site Day × Site

Wetted width 0.162 0.416 0.989
Water depth 0.164 0.416 0.989

Water velocity 0.118 0.791 0.779
Abundance 0.004 0.465 0.477

Taxa richness 0.277 0.799 0.549
Shannon diversity index 0.003 0.016 0.759

Evenness 0.011 0.125 0.257
Clinger abundance 0.045 0.074 0.423

Percent clingers 0.004 0.014 0.518
Percent EPT 0.003 0.081 0.634

Percent Leuctridae 0.001 0.042 0.570
NMS axis 1 site scores 0.001 0.024 0.555
NMS axis 2 site scores 0.033 0.156 0.833

We documented 25 taxa from 2873 captures during our study. The eight most abundant taxa
(i.e., Leuctridae, Hydracarina, Chironomidae, Hydropsychidae, Tipulidae, Baetidae, Philopotamidae
and Elmidae) comprised 97% of all captures and were captured in each riffle type on each sampling
day (Table 3). Notably, Leuctridae, Hydracarina and Chironomidae were the three most abundant
taxa captured within each riffle type on each sampling day (Table 3). Additionally, these three taxa
constituted between 79% and 91% of all captures within each riffle type on each sampling day (Table 3).
The stress of the final two-dimensional solution of NMS ordination of the eight most common taxa
was 0.001, which indicates it is an excellent representation of the taxa composition trends [48]. The first
NMS axis represents a gradient of Chironomidae, Hydropsychidae, Hydracarina, Leuctridae and
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Philopotamidae (Figure 1B). Increasing site scores along the first NMS axis indicate increasing relative
abundances of Hydropsychidae and Chironomidae and decreasing relative abundances of Hydracarina,
Leuctridae and Philopotamidae (Figure 1B). Conversely, decreasing site scores along the first NMS
axis indicate increasing relative abundances of Hydracarina, Leuctridae and Philopotamidae and
decreasing relative abundances of Hydropsychidae and Chironomidae (Figure 1B). The second NMS
axis represents a gradient of Hydracarina, Baetidae, Hydropsychidae, Chironomidae, Tipulidae and
Leuctridae (Figure 1B). Increasing site scores along the second NMS axis represent increasing relative
abundances of Hydracarina and Baetidae and decreasing relative abundances of Hydropsychidae,
Chironomidae, Tipulidae and Leuctridae (Figure 1B). Decreasing site scores along the second NMS axis
represent increasing relative abundances of Hydropsychidae, Chironomidae, Tipulidae and Leuctridae
and decreasing relative abundances of Hydracarina and Baetidae (Figure 1B).
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Figure 1. Site scores (A) and taxa scores (B) from the non-metric multidimensional scaling
of the eight most common macroinvertebrate taxa captured one day before, immediately after
and one day after experimental substrate disturbance in control and experimental riffles within
three agricultural headwater streams of upper Alum Creek, 5–14 June 2015. The two letter and
number abbreviations for sites (collections) consist of codes for tributary (h—HR; i—IR; w—WR),
riffle type (c—control riffle; d—experimental riffle) and day (1—one day before disturbance;
2—immediately after disturbance; 3—one day after disturbance. Abbreviations for taxa are:
Hydra—Hydracarina; Baet—Baetidae; Philo—Philopotamidae; Elmi—Elmidae; Leuc—Leuctridae;
Tipu—Tipulidae; Chiro—Chironomidae; Hydro—Hydropsychidae.



Water 2018, 10, 77 8 of 15

Table 3. Total number of captures (%) and number of captures of macroinvertebrate taxa on each
day (one day before, immediately after, one day after experimental disturbance) within each site
type (control, experimental) within three agricultural headwater streams of upper Alum Creek,
5–14 June 2015.

Taxa Total
Day Before Immediately After Day After

Control Experimental Control Experimental Control Experimental

Leuctridae 1858 (64.7) 116 161 279 467 413 422
Hydracarina 463 (16.1) 70 68 111 114 58 42

Chironomidae 164 (5.7) 25 29 32 22 35 21
Hydropsychidae 102 (3.6) 21 15 20 26 14 6

Tipulidae 74 (2.6) 5 9 6 9 27 18
Baetidae 50 (1.7) 11 10 11 4 11 3

Philopotamidae 33 (1.2) 5 5 3 10 4 6
Elmidae 32 (1.1) 1 3 12 9 4 3

Leptophlebiidae 22 (0.8) 0 3 4 7 6 2
Simuliidae 22 (0.8) 6 5 3 2 5 1

Oligochaeta 15 (0.5) 4 0 2 3 3 3
Planaria 8 (0.3) 1 0 1 4 1 1

Corydalidae 6 (0.2) 1 0 3 1 0 1
Cambaridae 4 (0.1) 0 0 3 0 0 1

Ceratopogonidae 3 (0.1) 0 2 0 1 0 0
Pleuroceridae 3 (0.1) 0 0 0 1 2 0

Veliidae 3 (0.1) 0 0 3 0 0 0
Heptageniidae 2 (<0.1) 0 0 0 1 0 1

Polycentropodidae 2 (<0.1) 0 0 0 0 1 1
Gomphidae 1 (<0.1) 0 0 0 1 0 0
Nemouridae 1 (<0.1) 0 0 0 0 1 0

Perlidae 1 (<0.1) 1 0 0 0 0 0
Physidae 1 (<0.1) 0 0 0 1 0 0

Psephenidae 1 (<0.1) 0 0 1 0 0 0
Tabanidae 1 (<0.1) 0 0 0 0 0 1
Unknown 1 (<0.1) 0 0 0 0 1 0

Abundance, Shannon diversity index, evenness, clinger abundance, percent clingers, percent
EPT, percent Leuctridae and the site scores of NMS axes 1 and 2 differed daily (Table 2). Shannon
diversity index, percent clingers, percent Leuctridae and the site scores of NMS axis 1 differed between
riffle types (Table 2). None of the ten macroinvertebrate community response variables exhibited a
significant day × site interaction effect (Table 2, Table A3 in the Appendix A). Mean abundance was
lowest one day before substrate disturbance and greatest immediately after (Figure 2A). Mean percent
EPT and percent Leuctridae were lowest one day before substrate disturbance and greatest one day
after (Figure 2E,F). Mean Shannon diversity index, mean evenness and mean percent clingers were
greatest prior to disturbance and lowest one day after (Figure 2B–D). The site scores of NMS axis 1 were
also greatest prior to disturbance and lowest one day after (Figure 2G). These daily differences in the
site scores of NMS axis 1 indicated that before disturbance the riffles had greater relative abundances
of Hydropyschidae and Chironomidae (Figure 1A,B) and one day after disturbance the sampled riffles
exhibited greater relative abundances of Hydracarina, Leuctridae and Philopotamidae (Figure 1A,B).
Although the linear mixed effect model analysis indicated clinger abundance and the site scores of
NMS axis 2 differed daily, no differences among means were found with the Tukey post hoc test.
Shannon diversity index, percent clingers, percent Leuctridae and site scores of NMS axis 1 differed
between riffle types (Table 2). Mean Shannon diversity index, percent clingers and the site scores of
NMS axis 1 were greater in the control riffles than the experimental riffles (Figure 3). Differences in
site scores of NMS axis 1 between riffle types indicated that control riffles contained greater relative
abundances of Hydropyschidae and Chironomidae (Figure 1A,B) and experimental riffles contained
greater relative abundances of Hydracarina, Leuctridae and Philopotamidae (Figure 1A,B). Although
the linear mixed effect model analysis indicated percent Leuctridae differed between riffle types,
no differences between means were found with the Tukey post hoc test.



Water 2018, 10, 77 9 of 15
Water 2018, 10, 77 9 of 16 

 

 

Figure 2. Mean macroinvertebrate abundance (A); Shannon diversity index (B); evenness (C); percent 
clingers (D); percent EPT (Ephemeroptera, Plecoptera, Trichoptera) (E); percent Family Leuctridae 
(F); and NMS A1 (non-metric multidimensional scaling axis 1) site scores (G) one day before (day 
before), immediately after (imm. after) and one day after (day after) experimental substrate 
disturbance in riffles within three agricultural headwater streams of upper Alum Creek, 5–14 June 
2015. Bars with different letters are those with means that differ significantly (p < 0.05) from other 
sampling days. 

Figure 2. Mean macroinvertebrate abundance (A); Shannon diversity index (B); evenness (C); percent
clingers (D); percent EPT (Ephemeroptera, Plecoptera, Trichoptera) (E); percent Family Leuctridae (F);
and NMS A1 (non-metric multidimensional scaling axis 1) site scores (G) one day before (day before),
immediately after (imm. after) and one day after (day after) experimental substrate disturbance in
riffles within three agricultural headwater streams of upper Alum Creek, 5–14 June 2015. Bars with
different letters are those with means that differ significantly (p < 0.05) from other sampling days.
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(non-metric multidimensional scaling axis 1) site scores (C) between control and experimental riffles
within three agricultural headwater streams of upper Alum Creek, 5–14 June 2015. Bars with different
letters are those with means that differ significantly (p < 0.05) between riffle types.

4. Discussion

Our results did not support our hypothesis that a pulse disturbance simulating the effect
of trampling resulting from OE stream classes would cause immediate and short-term impacts
on macroinvertebrate community structure within headwater streams in central Ohio. Although
we observed differences in macroinvertebrate community structure daily and between riffle types,
these were not indicative of the community response variables between control and experimental
riffles before and after our simulated pulse disturbance [44].

We anticipated the undisturbed nature of our study sites would increase the likelihood of
observing an effect of our experimental disturbance. We also expected that our experimental
disturbance would impact aquatic macroinvertebrates because it was conducted similarly to
experimental disturbances used by other field experiments [31–33] that documented post-disturbance
reductions of taxa richness and abundance. Our study has limited replication (n = 3 tributaries)
because we only had permission to access these three streams that were located on private property.
We acknowledge that we may have needed additional headwater streams (i.e., blocks) to detect an
effect of trampling. However, we assume our sampling design was adequate to document obvious
changes in physical habitat characteristics and macroinvertebrate community structure. Our physical
habitat assessments documented that our simulated disturbance was effective in disrupting the
substrate but it did not change the dominant substrate type or hydrologic characteristics. Additionally,
hydrologic measurements confirmed that the streams were at baseflow conditions. In contrast,
floods that are commonly observed to impact macroinvertebrates result in changes to hydrologic (i.e.,
increased discharge) and substrate characteristics (i.e., movement and type) [49]. We also observed
that the majority of the taxa captured in all riffle types on each sampling day were small-bodied
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macroinvertebrates that may have resided below the sediment surface and been less prone to
catastrophic drift or being crushed by moving substrate. Six (Leuctridae, Hydracarina, Chironomidae,
Tipulidae, Baetidae, Elmidae) of the eight most common taxa we found have been documented in
the hyporheic zone [50–53] and these taxa are all characterized by a flexible, elongate body shape
and/or small body size suspected to confer mobility advantages in navigating the interstices [50].
Furthermore, substrate disturbances are known to knock loose and remove fine particles of sediment
and organic matter, thus opening more interstitial space for hyporheic dwellers [54]. The increased
turbidity in our experimental riffles immediately after experimental disturbance suggests that our
substrate disruption throughout the upper 10 cm of hyporheic zone removed fine particles and may
have increased interstitial space that could be colonized from above by dislodged individuals as
well as from below by individuals deeper within the hyporheic zone. Thus, we conjecture that our
experimental disturbance did not impact the aquatic macroinvertebrate community because: (1) it
was a short-term substrate disruption that did not alter the dominant substrate type or hydrologic
characteristics; (2) our study sites contained primarily small-bodied hyporheic macroinvertebrates
less prone to drift and death from substrate movement; (3) our experimental disturbance opened pore
spaces in the surface sediments that were colonized by hyporheic dwellers; or (4) a combination of the
previous three factors.

The effects of disturbance on macroinvertebrates and other stream organisms are dependent on
the magnitude of the disturbance [49]. Our experimental disturbance was a one-time disturbance
conducted at a small spatial scale (i.e., 3 m of stream), which would not have impacted potential
colonizers from upstream and downstream of our experimental riffles or below our 10 cm disturbance
depth. Perhaps increasing the frequency and spatial scale of experimental disturbance would have
impacted the aquatic macroinvertebrates within the experimental riffles. However, others have
successfully reduced macroinvertebrate abundance and richness with a one-time disturbance of
small patches (<2 m2 in size) within riffles [13,31,32]. Therefore, the frequency and spatial scale of
our experimental disturbance does not adequately explain our observed results that occurred after
disturbance of an entire riffle.

It is also possible that repeated sampling of fixed plots within the riffles may have caused
sampling related bias, which resulted in our observation of spatial and temporal differences in
macroinvertebrate communities but not an effect of the experimental disturbance. We chose to sample
the same plots repeatedly because our previous experience with sampling macroinvertebrates within
riffles of streams in central Ohio indicated considerable within riffle variability in macroinvertebrate
community structure [25]. Thus, we believed repeatedly sampling the same plots within the riffles
would help account for the anticipated within riffle variability and increase the likelihood of observing
an effect of our experimental disturbance. Our capture and release protocol also aided in reducing
sampling bias. We observed during the field identifications that macroinvertebrates would immediately
attach to the nearest substrate when placed in the sorting pan. Given that the flow within the streams
was low and similar to the still water in the sorting pans, we assumed that macroinvertebrates released
into the stream after identification would also attach to the nearest substrate. Additionally, based on
our previous findings [25] we anticipated that if our repeated sampling of the same plots biased our
results, then we would have observed consistent daily reductions in all macroinvertebrate community
response variables except evenness. This was not the case as some macroinvertebrate response
variables increased as the experiment progressed, other response variables decreased and some did
not change. We also believed that we controlled for the potential effects of sampling by sampling both
control and experimental riffles in the same way. Thus, we conjecture that repeated sampling of the
same plots is not likely the underlying cause for our lack of an effect of experimental disturbance.

Our results are consistent with others [19,20] who found that trampling as a result of outdoor
recreational use did not impact aquatic macroinvertebrates in streams in Utah and Missouri. Our results
contradict the results of experimental simulations and field studies that have documented declines
in taxa richness, abundance and the abundances of selected populations and guilds within streams
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in the United States, Brazil and Australia [13–18]. Studies that did not document trampling impacts
were conducted in the United States and those documenting trampling impacts were conducted in
the United States [15–18] and internationally [13,14]. Studies in both categories were conducted in
a range of stream sizes from small streams (i.e., first or second order) (our study, [17,18]) to larger
wadeable streams [13–16,19,20]. Studies in both categories spanned a range of methods including those
consisting of simulated experimental trampling (our study, [13,14]) and field studies that sampled sites
with different levels of trampling or sampled above and below stream crossings [15–20]. Additionally,
studies in both categories evaluated the impacts of human trampling (ours, [13–16,19]) and impacts of
human and animal trampling [17,18,20]. Studies that did not document trampling impacts consisted
entirely of short term studies less than six months in duration. Studies documenting trampling impacts
consisted mostly of short term studies [13,14,16,18] with only two studies being conducted for a
two-year period [15,17]. Thus, a clear pattern explaining differences between studies that documented
no impact of trampling on macroinvertebrates (our results, [19,20]) and studies that documented
a distinct impact of trampling on macroinvertebrates [13–18] is not readily apparent. However,
Wright and Li [15] found that Trichopteran densities were reduced by recreational activities the year
before but not the year after a major flood. Discharge records from the USGS gauge located on Alum
Creek 6 km downstream of our tributaries indicate the occurrence of three peaks in discharge that
exceeded baseflow values, which in turn suggests the probability of flooding within our tributaries
three weeks prior to beginning our experiment that may have influenced our results. Based on the
findings of Wright and Li [15], perhaps our results and others [19,20] that did not document the effects
of trampling were obscured by prior flooding events, stream drying, or other natural disturbances.
Additionally, our results and those of Heth et al. [20] indicated that aquatic macroinvertebrates were
more strongly influenced by differences among sampling sites and time periods than by trampling.
Future research evaluating the role of natural disturbances in mediating the effect of trampling
on aquatic macroinvertebrates and future research further exploring the relative effects of location,
time periods and trampling on aquatic macroinvertebrates in streams is needed to gain a better
understanding of the impacts of trampling as a result of OE and recreational activities.

In conclusion, our results suggest that the one-time use of undisturbed riffles within
agricultural headwater streams for OE stream classes will not negatively impact the resident aquatic
macroinvertebrates. However, many OE organizations often hold numerous stream classes repeatedly
in the same sites. The effect of repeatedly using riffles within agricultural headwater streams for stream
classes has not been evaluated and needs to be addressed in future research studies. The majority of the
research evaluating the effects of repeated trampling on stream macroinvertebrates in larger streams
indicates that trampling can negatively impact aquatic macroinvertebrates but post-trampling recovery
can occur quickly [13–18,25,26]. In light of these findings we recommend that educational organizations
that repeatedly use agricultural headwater streams for stream classes adopt precautionary measures
such as rotating their usage of class sites to enable the macroinvertebrates to recover from trampling
by students.

Acknowledgments: We thank S. Fisher, R. Moore, K. Lekies and D. Denlinger for helpful comments on an earlier
draft of this manuscript. We also thank program manager A. Buzbee of Heartland Outdoor School for his support
of the project and permission to access sites on the Heartland Outdoor School property for sampling. We are
grateful for H. Nguyen’s guidance on statistical analyses. Finally, we thank the National Science Foundation for
their support of the research conducted by J.P.B through a fellowship provided by the grant Linking Watershed
Education with GK-12 Education in a Watershed Context.

Author Contributions: Jon P. Bossley and Peter C. Smiley, Jr. conceived and designed the field experiment;
Jon P. Bossley performed the field experiment and conducted macroinvertebrate and instream habitat sampling;
Peter C. Smiley, Jr. analyzed the data; Jon P. Bossley and Peter C. Smiley, Jr. wrote the paper.

Conflicts of Interest: The authors declare no conflict of interest.



Water 2018, 10, 77 13 of 15

Appendix A

Table A1. Means (SD) of hydrologic and macroinvertebrate community response variables that did
not differ among days (one day before, immediately after, one day after experimental disturbance) in
riffles within three agricultural headwater streams of upper Alum Creek, 5–14 June 2015.

Response Variable Day Before Immediately After Day After

Wetted width (m) 2.4 (0.5) 2.4 (0.6) 3.6 (2.3)
Water depth (m) 0.03 (0.01) 0.03 (0.01) 0.05 (0.03)

Water velocity (m/s) 0.26 (0.06) 0.27 (0.05) 0.38 (0.16)
Taxa richness 8.5 (1.4) 10.2 (2.5) 9.7 (2.9)

Table A2. Means (SD) of hydrologic and macroinvertebrate community response variables that did not
differ between control and experimental riffles within three agricultural headwater streams of upper
Alum Creek, 5–14 June 2015.

Response Variable Control Experimental

Wetted width (m) 3.0 (1.7) 2.6 (1.2)
Water depth (m) 0.04 (0.02) 0.04 (0.02)

Water velocity (m/s) 0.28 (0.13) 0.33 (0.09)
Abundance 149.7 (93.7) 169.6 (104.9)

Taxa Richness 9.6 (2.0) 9.3 (2.7)
Evenness 0.4 (0.2) 0.3 (0.2)

Clinger abundance 14.8 (5.0) 11.4 (6.2)
Percent EPT 64.3 (10.4) 72.4 (13.9)

NMS axis 2 site scores 0.17 (0.50) −0.17 (0.61)

Table A3. Means (SD) of hydrologic and macroinvertebrate community response variables that did
not exhibit a significant interaction effect of day (one day before, immediately after, one day after
experimental disturbance) and riffle types (Control, Experimental) in riffles within three agricultural
headwater streams of upper Alum Creek, 5–4 June 2015.

Response Variable
Day Before Immediately After Day After

Control Experimental Control Experimental Control Experimental

Wetted width (m) 2.6 (0.6) 2.2 (0.2) 2.6 (0.8) 2.2 (0.2) 3.8 (2.9) 3.3 (2.1)
Water depth (m) 0.03 (0.00) 0.03 (0.00) 0.03 (0.01) 0.04 (0.01) 0.05 (0.03) 0.05 (0.03)

Water velocity (m/s) 0.23 (0.06) 0.29 (0.04) 0.24 (0.03) 0.31 (0.04) 0.37 (0.21) 0.40 (0.15)
Abundance 89.0 (41.6) 103.3 (51.5) 164.7 (105.8) 227.7 (86.3) 195.3 (115.1) 177.7 (149.0)

Taxa richness 8.7 (1.5) 8.3 (1.5) 9.7 (2.3 10.7 (3.1) 10.3 (2.5) 9.0 (3.6)
Shannon diversity index 1.6 (0.2) 1.3 (0.2) 1.4 (0.3) 1.0 (0.0) 1.1 (0.3) 0.9 (0.4)

Evenness 0.5 (0.2) 0.4 (0.2) 0.4 (0.2) 0.2 (0.1) 0.2 (0.1) 0.3 (0.2)
Clinger abundance 14.7 (1.5) 10.7 (3.5) 16.7 (7.6) 16.7 (8.3) 13.0 (5.3) 7.0 (1.0)

Percent clingers 20.3 (12.3) 15.1 (14.5) 16.4 (14.7) 8.8 (7.4) 11.3 (12.0) 10.1 (12.2)
Percent EPT 55.1 (8.4) 61.1 (16.4) 62.1 (4.9) 76.4 (10.1) 75.6 (4.5) 79.8 (9.9)

Percent Leuctridae 38.5 (15.9) 47.2 (20.6) 49.4 (16.5) 68.4 (3.8) 65.2(13.8) 70.7 (16.1)
NMS axis 1 site scores 0.49 (1.13) 0.35 (1.2) 0.21 (1.02) −0.49 (0.31) −0.21 (0.78) −0.35 (0.71)
NMS axis 2 site scores 0.56 (0.27) 0.15 (0.80) 0.26 (0.15) −0.19 (0.54) −0.32 (0.56) −0.45 (0.53)
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