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Abstract

Culverts are used as road crossings to connect the upstream and downstream reaches of a
stream, but they can severely alter habitat characteristics and species assemblages. Many culvert
features impede fish biodiversity, movement, and survival therefore restorations of these
crossings can be completed to help address these ecological concerns. Paired
upstream-downstream assessments determine the effects of restoration of old/to be replaced
culverts and predict the future success of newly replaced culverts. We sampled stream crossing in
stream orders 1% — 3 in the French Creek watershed in northwestern Pennsylvania to evaluate
the influence of different road crossing types. Three sites contain old, to be replaced culverts
scheduled to be replaced in 2023, four sites contain newly recently replaced culverts, and the last
four sites were bridges. We collected fish, abiotic, and stream crossing data at each sample site.
We determined NAACC passability scores for each stream crossing. Findings from passability
tests show that to be replaced crossings had the lowest passability scores from 0.03 - 0.597 on a
scale of zero to one, whereas all bridges and newly replaced culverts had scores > 0.85. These to
be replaced culverts were not allowing fish species to move effectively upstream and
downstream. Specific species such as suckers and darters were not able to move upstream in
these streams of the to be replaced culverts. The Crawford County Conservation District (CCCD)
is replacing two of the three to be replaced culverts this year. Our research will set the baseline to
see the effects of restoration.



Introduction

Stream connectivity is essential to maintain biotic integrity and the completeness of fish
assemblages. Movement of fish is needed for many migratory species that spawn in different
habitats. Biotic integrity is the ability to support and preserve organisms living within the
ecosystem (Karr, 1987). Fragmentation, which is the separation of habitat, can negatively impact
biotic integrity by altering the connectivity within a stream (Wood et al., 2018; Norman et al.,
2009; Nathan et al., 2018; Maitland et al., 2016; MacPherson et al., 2012; Favaro et al., 2014;
Evans et al., 2015; Benton et al., 2008). Humans impact streams by creating barriers, such as
culverts that unintentionally can decrease stream connectivity (Cote et al., 2009). These passage
barriers can reduce the productivity of fish populations when habitats are disrupted

(Poplar-Jefters et al., 2009; Fausch et al., 2002).

Fish Communities
Certain migratory species that spawn in different habitats require stream connectivity to

thrive. Pennsylvania’s native trout species, the Brook trout (Salvelinus fontinalis), are species
that are representative of the condition and state of the stream, which makes them an ideal
indicator species given that they can only survive in relatively undisturbed conditions (Kirk et
al., 2017). As a cold-water species, brook trout also need to be able to migrate upstream to spawn
for reproduction when water temperatures in downstream areas exceed 20 degrees Celsius (Fitch,
1995). Specific species that frequently move between habitats mostly for reproduction purposes,
such as brook trout, will not flourish where fragmentation affects reproduction. In the French
Creek watershed, darter species are also indicative of ideal, high quality stream conditions
(Beggs & VanRy, 2017). Fish-based metrics can thus be used to show how the fish communities

compare across different stream crossing types.

Crossing Structures
Human modifications such as stream crossings are most of the time necessary but can

disrupt aquatic ecosystems. Stream crossings, such as bridges and culverts are permanent
structures that are built to connect the upstream and downstream reaches which allows the stream
to maintain longitudinal connectivity. Notable reach and crossing effects can be a result of
barriers in the stream. A reach effect is a characteristic that only affects the upstream or

downstream reach of the stream. A crossing effect is when the crossing structure has an effect on



the stream. Culverts can have detrimental impacts on fish abundance and richness, and more so
than bridges, can be potential barriers to fish passage (Katopodis & Williams 2012; Warren &
Pardew, 1998; Gautam & Bhattarai, 2018; Evans et al., 2015) because they can cause habitat
fragmentation (Poplar-Jeffers et al., 2009). Culverts are the preferred stream crossing structure
due to the higher cost of installing bridges (Gibson et al., 2005; Clay, 1995). Common types of
culverts are box or circular, which can be made of metal, concrete, or plastic (Baker & Votapka,
1990). When culverts are improperly designed or installed they become barriers to passage and
consequently greatly impede the normal movements of fish (Bates et al., 2003; Benton et al.,
2008; MacPherson et al., 2012; Norman et al., 2009; Price et al., 2010; Schaefer et al., 2003). In
this study, old/to be replaced culverts are defined as culverts that are deteriorating, limiting
passage, or hazardous. Culverts become an unnatural disruption that causes many negative
effects, but when replaced with a better design, stream connectivity and passability can be

restored to improve the biotic integrity of the stream (Ogren & Huckins, 2015).

Culvert Characteristics & Concerns
The specific physical characteristics of culverts that can negatively affect fish populations

are outlet drop, slope, and lengths of the culverts (Briggs & Galarowicz, 2013). All of these
factors can create greater problems such as increased current velocities (Feurich et al., 2012),
increased turbulence, increased temperature, decreased dissolved oxygen (DO), higher
sedimentation rates, flow alterations, and increased debris blockages (Maitland et al., 2016).
When the flow is increased, increased current velocities and turbulence can make it difficult for
movements upstream (Feurich et al., 2012). However, if there is not enough water to flow
through the culvert, this can cause difficulties in movement as well as decreased water quality
due to possible sediment buildup.

At times, culverts do not allow fish species to travel pass and become stranded on one
side of the culvert. This greatly limits the amount of habitat that a species can occupy in a
watershed and decreases genetic diversity over a period of time (Wood et al., 2018). Each fish
species has a different niche where they best survive and reproduce, and when habitats are
altered, the chance of survival becomes reduced (Poplar-Jefters et al., 2009). As a result, there
can be a decrease in migration or movement of species (Strayer, 2006), a decrease in

biodiversity, and a decrease in genetic diversity among fish (Wood et al., 2018). While some



species are able to exert more energy and travel further upstream during high flows, allowing
them to pass through the culvert, others are not(Adams et al., 2000; Toepfer et al., 1999). This
will affect each species differently, which directly influences the facilitation of gene flow through
reproduction. Over time, this will decrease the genetic diversity of the fish populations as a result

of reproductive isolation.

Stream Crossing Restorations
As stream crossings are replaced with more environmentally friendly designs, streams

can be partially restored (Gautam & Bhattarai, 2018). The effects of replacement can begin
instantly, such as reestablishing stream connectivity, but some effects take longer. In Evans et al.
(2015), the authors describe the increase in Blacknose Dace (Rhinichthys atratulus) and Creek
Chub (Semotilus atromaculatus) average mass after the replacement of culverts to bridges.
Another example of this can be an increase in genetic diversity among species. Poor installation
of culverts can result in the creation of deep poles due to the height of the outlet drop. This
decreases connectivity by preventing the species from moving upstream or downstream through
the culvert (Wood et al., 2018). Post-restoration, species should be able to move upstream and
downstream to restore population connectivity, therefore increasing genetic diversity.

In order to facilitate the identification of which structures need restoration, surveys such
as the North Atlantic Aquatic Connectivity Collaborative (NAACC) have been developed. The
NAACC is made up of a group of researchers that have a shared goal of improving aquatic
connectivity across 13 states, including Pennsylvania. NAACC assessments were conducted in
the stream, which was then entered into the NAACC database to get a calculated passability
score depending on the features of the stream crossing (North Atlantic Aquatic Connectivity
Collaborative [NAACC]).

Stream crossing restorations are essential for limiting long-term negative impacts due to
faulty installations or poorly aging culverts. This senior comprehensive project occurred in
collaboration with the Watershed Conservation Research Center (WCRC) and the Crawford
County Conservation District (CCCD), which are overseeing numerous watershed restoration
activities. In collaboration with multiple partners, our goal was to monitor streams that have been
recently replaced with new culverts and to evaluate old, ineffective culverts in need of

replacements in the future. The findings of this project will directly impact the future restoration



of these to be replaced culverts. Long-term monitoring of the impacts of stream crossing
restorations will follow the completion of this project where no current research exists on the
effects of culverts within the French Creek watershed, a system of high fish diversity (Kirk &
Wissinger, 2020).

Objectives
In this study, I determined the effects of different stream crossings on fish communities

and stream ecosystems. The objective of this senior project is to (1) determine passability scores
for three different stream crossing classifications (new crossings, to be replaced crossings,
reference bridges); (2) determine if restoration actions for newly replaced culverts increases the
similarity between upstream and downstream fish assemblages by comparing the three different
stream crossings, and (3) determine whether old/to be replaced crossings have reduced biotic
integrity for fish assemblages relative to bridges and newly replaced crossings. These results can

act as a model for assessing the success of restored stream crossings.

Methods

Sample Sites
This study focused on small streams (1st - 3rd order) located in the French Creek

watershed in northwestern Pennsylvania. A total of 11 sample sites were analyzed; three sites
that have old, to be replaced culverts, four sites that have newly replaced culverts, and four sites
are bridges, which serve as reference streams (Figure 1). The reference sites portray normal
stream conditions with a less invasive type of stream crossing. This is a non-random selection of
streams because the old culverts are scheduled to be replaced by the CCCD in the summer of
2023, whereas newly replaced culverts have occurred only in the past five years. All data
collection was conducted from mid-September through the end of November when baseflow
conditions occurred. Each stream was sampled from 50 meters to 120 meters upstream and
downstream of the road crossing, with the majority sampling reaches equaling 100 meters in
length. Sampling distance was determined by the stream characteristics (e.g., watershed area and
stream width), but was sufficient enough for accurately capturing community representation

based on prior studies (e.g., Kirk et al., 2017).
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Landscape-level Data Collection
Geographic information systems (GIS) were used to map the sample sites and collect

landscape-level data. The GPS chips in smartphones were used to collect exact coordinates at
each sample site (Figure 2) (Environmental Systems Research Institute [ESRI], 2022). Each set
of coordinates was uploaded into ArcGIS Pro Version 2.5 (ESRI, 2022). Landscape data was
collected for all streams, which included watershed area (km2), stream slope (m/km elevation
change), and watershed-level land cover associated with forest cover and agricultural cover (e.g.,
row crops and pasture/hay) (National Land Cover Dataset, 2019). Landscape data was collected
from prior studies (Kirk & Wissinger, 2020).

NAACC Assessments
At each stream crossing, a NAACC assessment was completed. NAACC assessments

were used to find a passability score by quantifying the parameter of each stream-crossing
structure. Passability ratings are used as a scoring system to determine if fish are able to pass
through certain stream crossings. The passability score was calculated by a weighted system of
13 variables which produced a score on a scale from 0 to 1; 0 being poor and 1 being excellent.
A low passability score indicates an impassable culvert and a higher passability score indicates a
passable culvert in terms of Aquatic Organism Passage (AOP) (Scoring Road - Stream Crossings,

2015).
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Parameter Weight

Outlet drop 0.161
Physical barriers 0.135
Constriction 0.09

Inlet grade 0.088
Water depth 0.082
Water velocity 0.08

Scour pool 0.071
Substrate matches stream  0.07

Substrate coverage 0.057
Openness 0.052
Height 0.045
Outlet armoring 0.037
Internal structures 0.032

Table 1. The thirteen parameters used to calculate the NAACC passability score and the weighting criteria that was
given to the scores.

Passability Scores

NAACC Aquatic Passability Scores (APS) are calculated in three steps for us within the
NAACC database. The first step is to calculate component scores by scoring each part of the
culvert or bridge, this was completed in the field. Next, the scores get weighted with each of the
13 parameters weighting 0.161 to 0.032 to produce a composite score (Table 1). The final step is
to calculate APS using the formula Min[Composite score, Outlet Drop score]. The calculated
APS is the lower of either the composite score or the outlet drop component score since the
outlet drop is the biggest determining factor of passability (Scoring Road-Stream Crossings,
2015). Once completed, the data was entered into the NAACC database and a passability score

was given.
Hydrology Data Collection

Hydrology data was collected at transects along the stream. The upstream and

downstream reaches of each site had five transects to get a representation of the whole stream.
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Each transect was taken at approximately 20 m intervals, depending on the total meters surveyed
(see Figure 1). If the stream was not deep enough to get depth and velocity readings, a zero was
marked in the data. Depths (cm), velocity (m/sec), and stream widths (m) were measured at all 5
transects. Additionally, depths and velocities were taken at the left bank, center, and right bank of
each transect, when the stream had enough representative flow for bank measurements. Depths
(cm) and velocity (m/s) were measured using a Marsh McBirney meter (Hach FH950) and

discharge (feet’/sec)was calculated for each transect.

Chemical Data Collection

Data was collected on the chemical properties of each stream. Water chemistry for
hardness (mg/L) and alkalinity (mg/L) was completed once upstream and downstream in one
selected transect. All other data were collected at all five transects per reach. An ecotestr ph2
(EcoTestr pH 2) was used to find pH and a YSI probe (Pro20 Dissolved Oxygen Meter) was used
for dissolved oxygen (DO; mg/L). A LaMotte Tracer Pocketester 1749
(Salt/TDS/conductivity/ TEMP TRACER pocketester™) was used to collect information on total
dissolved solids (TDS; ppm and ps) and temperature (°C).

Biotic Data Collection

To collect data on fish assemblages, electrofishing was completed using a Smith Root
LR-24 under base-flow conditions on downstream to upstream reaches using previously
established sampling methods (Kirk et al., 2017). Electrofishing was conducted in the upstream
direction. We did a single pass sample with two to three people netting in a zig-zig motion to
ensure fish were captured. In the stream, all different habitat areas were sampled to ensure full
species representation was captured. Each fish caught was identified, tallied, and then put back
into the stream. Lengths (mm) were also documented for a subset of certain fish species. The fish
selected are blacknose dace and creek chub because they were the only species consistently
caught in high abundance across all streams. We only collected this data for newly replaced

culverts and poor culverts.

Data Analysis

12



Microsoft Excel was used to analyze the data. We used ANOVA; an analysis of variance
framework for determining the differences between the three crossing types (old/to be replaced,
newly replaced, bridges) and the two reach types downstream vs. upstream (Vasavada, 2016).
F-values were calculated as the effect size of our ANOVA and treatment-wide p-values of the
three types of stream crossings were calculated for statistical significance. The statistical

significance was determined when p < 0.05.

Results

Passability Scores

We observed a significant crossing effect with respect to the passability score (F = 19.8, p
=< 0.001; Figure 3). All bridges and newly replaced culverts had passability scores in the 0.80 -
0.99 range which qualifies them as insignificant barriers. In contrast, the old culverts were
considered to be much greater barriers; one in the range of 0.40 - 0.59 (moderate barrier) and two

in the range of 0.00 - 0.19 (severe barrier).

Passability Score for Stream Crossings

1 0.98 0.99
0.95
0.91 0.92 0.93

09 0.87 0.88
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0.2

0.067
01 0.03
i e
Bridges Newly Replaced Culverts  To be Replaced Culverts

Stream Crossing Type

Figure 3: NAACC Passability Scores for all three stream crossing types.

Hydrology Data
Hydrology data was quantified based on stream width, stream depth, stream velocity, and
discharge. We observed a significant crossing effect with respect to stream widths (F =13.7,p =

<0.001), depth (F =9.17, p <0.001), and velocity (F = 14.4, p <0.001), in which bridges were
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on larger, deeper, and faster streams compared with newly replaced and old culverts (Figure 4).
There was an insignificant crossing effect with respect to discharge (F = 1.7093, p = 0.1896). In

contrast, we observed no significant reach effects for hydrology data.
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Figure 4: Hydrology data collection for average stream widths, depths, velocities, and discharge across the three
different stream crossing types.
Chemical Data

We observed a significant crossing effect with respect to temperature (F = 8.08, p <
0.001) and with respect to dissolved oxygen (F = 7.97, p < 0.001), in which newly replaced
culverts tended to have warmer temperatures and lower DO than bridges and old culverts (Figure
5). No significant differences were observed for crossings and reaches with respect to TDS (F =

2.44,p=0.039), pH (F =1.74, p = 0.1316), Alkalinity (F = 4.5, p = 0.0118), and hardness (F =
0.9467, p = 0.4815).
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Figure 5: Chemical data collection of average dissolved oxygen and average temperature across the three different
stream crossing types.

Stream Fish Communities

There were no significant differences between the crossing types for fish density. The
average number of fish across the 11 sites ranged greatly, but was similar for the different
crossing types (F = 1.729, p = .1851). There was a significant difference for crossing type with
respect to the average number of species though (F = 3.778, p = .0189) because the old culverts
had the lowest species richness. Importantly though, there appeared to be a reach effect for the to
be replaced culverts, with richness and density much lower upstream compared with downstream
(Figure 6). Values were more similar for upstream and downstream reaches in the other two

crossing types.

Average Number of Fish Average Number of Species
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Figure 6: Fish data collection for the average number of fish and the average number of species across the three
different stream crossing types.

We observed a significant crossing effect with respect to the average number of darter
species (p < 0.001) and near significance with respect to suckers abundance (F =2.6589, p =

0.0453), in which to be replaced culverts had lower sucker and darter abundances. Furthermore,

15



we observed a reach effect for the to be replaced culverts, which tended to have zero darters and
zero suckers upstream of these crossings (Figure 7). No significant differences were observed for
darter species abundance (F = 1.1641, p = 0.3441), Brown trout abundance (F = 1.6309, p =
.2563), and the average number of minnow species (F = 0.1429, p = 0.9752), although minnow

species richness was much lower above the to be replaced culverts.
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Figure 7: Specific fish assemblage metrics across the different stream crossing types. In particular, note the
decreased values of fish assemblage metrics in upstream reaches of the to be replaced culverts.
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No significant differences were observed for the average length of creek chub (F = 0.42;

P =0.746) or blacknose dace (F = 0.73; P = 0.565) for crossings and reach types. Standard error

bars are not overlapping for blacknose dace (Figure 8) or creek chub, although creek chub length

was much smaller in upstream reaches (mean length = 80.98 mm) compared to downstream

reaches (mean length = 93.87 mm) of to be replaced stream crossings (Figure 9). For creek chub

abundance, standard error bars are not overlapping, but again we observed fewer individuals in
upstream reaches (mean length = 24.33) compared with downstream reaches (mean length =
59.67) of to be replaced crossings (Figure 10). Hence, downstream reaches have a ~2.45 times

greater abundance of creek chub than upstream reaches for the to be replaced culverts.

Average Length of Blacknose Dace

Upstream Downstream
Stream Reach

BND Average Length (mm)
= [ (78] - [a) [=)] =~
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(=]

ENEW mOLD

Figure 8: Average length of blacknose dace (BND) for the subset of new stream crossings and old/to be replaced

stream crossings based on upstream and downstream reaches. No significant differences were observed (F = 0.73; P

= 0.565).
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Figure 9: Average length of creek chub (CKC) for the subset of newly replaced stream crossings and to be replaced
stream crossings based on upstream and downstream reaches.
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Figure 10: Average abundance of creek chub (CKC) for reference bridges, newly replaced stream crossings, and to
be replaced stream crossings based on upstream and downstream reaches. No significant differences were observed
(F=2.40; P=0.083).

Discussion

Interpretation of results

This work builds on prior knowledge regarding the impacts of road crossings on stream
ecosystems and how culverts specifically influence the upstream and downstream movement of
fish. We identified the passability scores of 11 stream crossings and discovered that the three to
be replaced culverts are disturbances to their respective stream ecosystems. The results of our
data suggest that to be replaced culverts do not allow for total stream connectivity by limiting

upstream passage. We found that most crossing effects of the physical and chemical data are
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directly associated with the stream size differences rather than the reach effects associated with
different crossings. Though our study does not solely focus on the replacement of culverts with
bridges, the newly replaced culverts did represent similar qualities as the bridges in terms of
connectivity. Our results also provide valuable insights into past and future restorations that will

happen in streams in the French Creek watershed.

Passability Analysis

There was a significant crossing effect for the passability scores. Our findings show that
the to be replaced culverts had the lowest passability scores. Due to increased outlet drop to
water surface (0.64 and 0.49 meters, respectively) for the sample sites Galford Creek and Stoltz
Run B, these two sites had the lowest passability scores. Stoltz Run A had a 0.09-meter outlet
drop to stream bottom resulting in a 0.597 passability score, which can be seen as a partial
barrier similar to observations in Nathan et al. (2018). The tailwater scours pools in the
downstream reach also have an effect on the passability score as these pools can be indicative of
increased velocity (Bates et al., 2003; Briggs & Galarowicz, 2013; Scoring Road-Stream
Crossings; Warren & Pardew, 1998). This could also be another barrier to certain species trying
to pass upstream. Energetic stress can be increased for fish due to higher velocities, so their
passage through the culverts is less likely (Adams et al., 2000; Toepfer et al., 1999). Galford
Creek (old culvert), Gravel Run (bridge), and Stoltz Run A & B (old culverts) all had large
tailwater scour pools, while the other stream crossings all had none or small pools. McCune Run
had a small tailwater scour pool, which did not affect the passability score since it is a bridge.
Since Gravel Run has a bridge for the stream crossing, the large tailwater scour pool had little
effect on fish passage as its passability score was 0.91. Also, bridges and newly replaced culverts
had similar scores of “insignificant barriers”, which indicated that restoration of old culverts can

be effective for fish passage.

Chemical & Physical Analysis

There was a significant crossing effect with respect to stream widths, depth, and velocity
in which bridges had increased values. This is likely due to the stream size difference. The total
average width of all bridges was 5.5 meters while it was 2.8 meters for the average culvert width.

Further landscape-level data indicated that watershed areas were also larger for the bridged
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streams in our study (average = 16.1 km?) compared with streams with the culvert crossing types
(average = 5.3 km?). The crossing effect is associated with widths, depths, and velocity because
bridges tend to be found on larger streams while culverts are found on much smaller streams. As
streams get bigger, it can be more difficult to install culverts that are long enough and wide
enough to fit the whole stream. As a result for wider streams, if a culvert is placed, it creates a
bigger crossing effect which could cause increased constriction and passability could be
decreased.

It was not expected to have a significant crossing effect with respect to temperature and
DO for newly replaced culverts. These culverts had higher temperatures and lower DO when
compared with bridges and to be replaced culverts. One possible explanation for this could be
that newly replaced culverts had recent construction that affected stream ecosystem conditions.
When machinery has to remove old culverts and supporting structures (ex: concrete, dirt, etc), to
install new culverts into the stream, the riparian zone will be stripped away and can cause further
damage to the stream (Cholewa et al., 2018). Therefore, trees, shrubs, grasses, and rocks will all
be removed from the area which results in increased penetration from solar radiation (Naiman et
al., 2010). As there is less coverage from the riparian zone, the temperatures will be increased
which can also affect the fish if they are thermally sensitive (Kirk et al., 2017). Additionally, DO
will be decreased (Warren et al., 2022) which can force the fish to adapt to low oxygen
conditions (Kirk et al., 2017). Also, it is estimated that as time passes and more of the riparian
zone grows back, the change in DO and temperatures will go back to normal, but that restoration
timeline can be on the scale of years to decades depending upon other environmental variables

(Reich et al., 2023).

Stream Fish Communities Analysis

Fish communities were the only response variable to provide any evidence of a reach
effect for to be replaced culverts that were in agreement with the initial hypothesis. Darters had a
significant crossing effect for the average number of darter species, which could be explained by
darter richness increasing with bridges due to larger stream size (Kirk et al., 2017). However, to
be replaced culverts had zero darter species in the upstream reach which was indicative of a
crossing and reach effect for this taxonomic group. The richness of minnow species (Family
Cyprinidae) and the abundance of sucker species (Catostomus spp.) was also lowest in the

upstream reaches of to be replaced culverts. Notably, White Suckers (Catostomus commersonii),
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which are a common species for all streams in our study region, were not found upstream, above
the to be replaced culverts, but there were 83 white suckers found downstream of Galford Creek
and five downstream of Stoltz Run B.

A possible explanation for this could be that the outlet drop made the culverts impassable
for these different species. The higher the outlet drop, the harder it is for species to swim
upstream unless they are able to jump or swim upstream during higher flows. Only certain
migratory species are able to exhibit leaping behaviors, such as trout and salmon species
(Kondratieff & Myrick, 2006). There seems to be limited research available on the leaping
abilities of specific smaller fish species (Prenosil et al., 2016). As discussed in the passability
analysis, energetic stress can be increased for fish due to higher velocities at high flows, so they
might not be able to swim upstream through the culvert (Adams et al., 2000; Toepfer et al.,
1999). This was likely the case regarding the abundance of suckers, which are known as a
strong-swimming and highly migratory taxonomic group. Another possible explanation could be
due to decreased widths of the to be replaced culvert streams, which are too small for larger
sucker species. It is also important to note that stream widths averaged out to be the same for all
culverts, therefore having an average of three species for newly replaced culverts shows that this
might not be the case.

Another species, the creek chub, had no significant differences observed for the average
length of creek chub (F = 0.42; P =0.746) across crossings and reach types. Although creek
chub had different mean lengths for both the upstream and downstream values of to be replaced
crossings, there was no significant difference. This could change if all creek chub were measured
instead of the small subset that was measured. For the to be replaced culverts, 63% of creek chub
were measured. For newly replaced culverts, 51% of creek chub were measured. This result was
not predicted from our results. We assumed that since there were fewer fish species upstream of
the to be replaced culverts, there would be fewer species and also only smaller and
medium-length fish due to low passability culverts (Evans et al., 2015). These insignificant
results may be significant in the future based on the recommendations made for the study below.

In Figure 10, the average abundance of creek chub shows no significance, but
downstream reaches have a ~2.45 times greater abundance of creek chub than upstream reaches
for to be replaced culverts. The reason for this could be the outlet drop at the end of the to be

replaced culverts. These fish are not able to travel upstream unless high flows allow for increased
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passage. More research should be completed in the future to better understand how creek chub

are affected by different stream crossings.

Limitations & Recommendations

One limitation of this study is the small sample size. Due to the distance of sample sites,
we were only able to have a small sample size of 11 stream crossings, which was also an
unbalanced sample size (i.e., only n = 3 for to be replaced culverts). We were also denied
permission by land owners to sample another to be replaced culvert scheduled for installation in
2023. We would also sample bridges and culverts across a larger range of stream sizes for each
category to better account for stream size differences across the different crossing types. With
more sample sites spanning a similar range of widths, depths, and velocities, we would ideally be
able to detect more reach effects rather than only crossing effects due to the caveat of bigger
bridges and smaller culverts.

A recommendation for future studies is to get all creek chub and blacknose dace lengths
measured for all sample sites. For this study, we collected a random amount of fish lengths only
for the culverts and not the bridges. If all fish collected were measured, there could be a
relationship between fish lengths for old versus new culverts. Also, if the bridge crossings had
lengths for all creek chub and blacknose dace collected, there could be significance in regard to
fish lengths for crossing effects by exploring another reference category. Further research is
needed to find the relationship between fish lengths and different types of stream crossings.

The passability scores for to be replaced culverts versus the newly replaced culverts
showed us that the restoration of culverts impacts passability. Having passability scores of under
0.5, which is partially impassible, will negatively affect all aquatic organisms within the stream.
To be replaced culverts, Galford Creek and Stoltz Run should be replaced within the next few
years, as this is the goal of the CCCD. This study has shown that replacing these culverts as soon
as possible will benefit the fish communities and restore the biotic integrity of the stream.

With increasing precipitation, higher flows will increase the passability of some of these
‘impassable’ culverts. MacPherson et al. (2012) discusses that not all outlet drops will be as
drastic during higher flows. It is also important to note that once snowmelt begins in northeastern
PA, flows will naturally increase. This would be particularly important for migratory species

during the spring seasons when high flows may improve passage. In the future, a culvert
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assessment by taking measurements of outlet drops through high and low flows could determine
long term the passability for these need to be replaced culverts.

Three out of four of the newly replaced culverts (Castile Run, Federal Run, and German
Run) had baffles. A baffle is a structure inside a culvert, typically a panel, that creates various
flows to help fish pass through (Favaro et al., 2014). Restoration projects tend to favor the
addition of baffles due to their lower cost than building alternate pathways, but it takes more time
to see this change within the fish communities (Favaro et al., 2014). Other studies such as Bates
et al. (2003) and Love and Taylor (2003) state that baffles have a tendency to catch woody debris
over time which can create another barrier. This divide in the research shows that further
research is needed and would be a great recommendation for future research on baffles in the

French Creek watershed.

Related Literature

Similarly to MacPherson et al (2012), outlet drop is one very important culvert
characteristic that acts like a barrier. In that study that was completed in the Alberta foothills in
Canada, when culverts were hanging, there were no Burbot (Lota lota) upstream, which is a
benthic dwelling species. Their data suggested that for upstream movements of fish, 47% of
culvert crossings were complete barriers to burbot and were a partial barrier to spoonhead
sculpin, sucker, and minnow passage (MacPherson et al., 2012). Though the location of our
study and this study are far away from each other, similar species and findings were found. That
concludes that outlet drop has a major impact on fish passage.

Another study similar looked at culvert replacement in Michigan. Their results were
similar regarding species richness when looking at upstream versus downstream reaches. In three
study streams, prior to their culvert removal, richness was greater downstream than upstream as
it was in our to be replaced culverts (Evans et al., 2015). But, all of these culverts in this study
were replaced with bridges, not new culverts. This study complements our research on culvert

replacement by highlighting the value of restored connectivity.
Future Directions & Conclusions

Future analysis will be needed on streams that are currently being restored. Galford Creek

and German Run are two tributary streams that feed into a tributary not too far downstream and
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they both cross under Fisher Road within about 100 meters from each other. Allegheny College
personnel had previously sampled German Run for fish communities in the downstream and
upstream reaches in 2008 and 2018, respectively. Currently, Galford Creek and German Run are
going through restoration activities. In 2021, a culvert was replaced on Fisher Road near the
headwaters. Galford Creek, the tributary to German Run will be replaced in 2023. Our data will
help future researchers study the effects of restoration on the biotic integrity and the fish in the
stream.

Currently, there are multiple restoration projects developing in the French Creek
watershed. The WCRC is performing a stream bank restoration on the Telliho property in the
downstream reaches of German Run. The WCRC staff sampled all three locations; the Telliho
property, and the two Fisher Road crossings for fish and macroinvertebrate communities in the
fall of 2022 and will do so again later in the spring of 2023. This will provide baseline
information on the watershed-scale effects of these restoration projects.

There is great importance in monitoring fish passage to ensure connectivity and the
ability to maintain gene flow and avoid reproductive isolation in a stream (Roscoe & Hinch,
2010). If monitoring is completed on all crossings in a specific area, we can see the effect of poor
crossing, evaluate this, and hopefully replace them with better stream crossings. Also, the past
and future restorations that are happening in the French Creek watershed allow for a more
comprehensive understanding of stream restoration and how it affects aquatic organism passage
and longitudinal connectivity. Our work in the small tributaries can have a great impact on fish

population connectivity at the larger watershed scale.
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