











Comparing Site Dynamics

Each array site experienced passages in both directions. USSR, the metal corrugated-
pipe culvert, accounted for 83.8% of all upstream passages that occurred during the study, with
an average of 0.6 passages per day. 20.9% of the tagged trout downstream of USSR contributed
to these passages. PR, the reference stream, had an average of 0.09 passages per day, followed
by LSSR and RR with respective averages of 0.07 and 0.006 passages per day (Table 6). 16.9%,
13.4% and 1.8% of the tagged trout contributed to the passages at PR, LSSR and RR,
respectively. Most of the upstream passages at USSR and PR occurred during the fall season and
more often during daylight hours than evening hours (Figure 8; Figure 9). The magnitude of
upstream and downstream passages was nearly equal at every monitoring site (Table 6). There
was no difference in total body length (mm) of brook trout that successfully passed upstream
through an antenna array site (n = 41; range = 97-214; mean = 130.5, SD = +-34.1) and total
body length of brook trout that did not experience upstream movements (n = 404; range = 97-
300; mean = 129.9, SD = +-31.5) throughout the study duration (Welch’s t-test: t = 0.11, df =
41.19, P = 0.91; Figure 10). Additionally, there was no difference in mass (g) of trout that
experienced upstream passages (n = 41; range of mass = 8-117.2; mean = 27.44, SD = +-26.68)
and trout that did not make any movements (n = 404; range of mass = 4.6-277; mean = 25.9, SD

= +- 31.7) throughout the study duration (t = -0.32, df = 44.81, p-value = 0.74).
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Figure 9. Frequency of daily upstream movements from brook trout (left y-axis) with maximum
water level and minimum water level (right y-axis) at four passage monitoring sites in Little Bear
Creek watershed from September 2015 through December 2016 (x-axis). Gaps in line visuals for
daily upstream movements indicate loss of source power or field access limitations due to
inclement weather conditions.
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Size Distribution Comparison
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Figure 10. Size distribution comparison between the wild brook trout that passed upstream
through four passage monitoring sites in the watershed (n = 41; range = 97-214) and wild brook
trout within Little Bear Creek watershed (n = 404; range = 97 - 300) (Welch’s t-test: t = 0.108, df
=41.19, P =0.91). Data were collected from September 2015 through December 2016.
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Stocked Trout Influence

No evidence was found that stocked trout influenced wild trout movement, or move
themselves, in the mainstem of Little Bear Creek. PFBC stocked 2,310 brook trout and 990
brown trout into Little Bear Creek during three separate events in April-May 2016. In total, 306
brook trout (189-419 mm TL; mean: 274 mm TL) and 108 brown trout (169-453 mm TL; mean:
278 mm TL) received PIT tags and adipose clips. Tag drop boxes and informative signs
remained in the watershed until the conclusion of the field study, allowing anglers to submit PIT
tags from April 16", 2016 to December 16", 2016. Of the 414 tags, 76 tags (18.4%) were
returned by anglers. While surveying the stocking points in September 2016, we captured 23
stocked trout, 7 of which were tagged. All stocked fish were captured within large pools. No
stocked trout were detected at the stationary PIT tag readers in the tributaries, indicating they did
not move long distances upstream after stocking.

Discussion

Culvert Dynamics

Results reveal significant differences in upstream movements between study sites,
indicating substantial variability in fish passage among the three culverts. For example, RR and
USSR were both scored as “significant barriers,” which is the second highest barrier ranking of
the NAACC numeric scoring system, but demonstrated major differences in upstream passages
(Table 6). Specifically, upstream passages were nearly 100-fold higher in USSR than in RR, and
the proportion of the tagged population passing at least once through the culvert was 11 times
higher in USSR than in RR. These findings reveal substantial inconsistencies between NAACC

score and actual fish passage. LSSR was ranked as a “severe barrier,” which is the highest
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ranking of the numeric scoring system and experienced 8 times fewer upstream passages overall
than USSR, but shared the same magnitude of passages with PR, the reference stream.

The amount of upstream activity exhibited at USSR supports that round metal-corrugated
culverts are more passible to smaller trout. Past evaluation of trout passage through different
culvert types at various velocities revealed that trout 85-240 mm in fork length (similar to current
study) had a higher probability of successfully passing through corrugated culverts (Goerig et al.,
2016). Juvenile coho salmon (Oncorhynchus kisutch) also use the reduced-velocity zone created
by corrugations within rough, round culverts to move more easily upstream (Bates & Powers
1998; Johnson et al. 2012). These findings lead me to believe that barrier severity in small,
metal-corrugated culverts could be overestimated in small headwaters like Upper Sand Spring
Run, where the average total length of age-1+ brook trout is 124 mm.

LSSR, despite having similar a number of passages as the reference stream (PR), is a box
culvert by design and may not have allowed brook trout to successfully pass upstream during
important life history periods (Figure 4). Most instances of passage at LSSR occurred during
high flow events, and nearly no passages were detected during the critical fall spawning period.
By comparison, upstream movements at PR occurred throughout the fall and not just during high
flow events, suggesting the LSSR culvert is blocking migration upstream during low flow
periods. The structure of the LSSR culvert may explain the observed selected period of
movement. For example, in contrast to RR and USSR, LSSR has a cascading outlet and a
shallow plunge pool that is likely preventing brook trout from passing upstream when water
levels are low. However, due to its age, this structure was not originally designed for aquatic
organism passage like new culvert similar to RR. Additionally, the structure is failing at the

outlet with bricks from the interior collapsing into the plunge pool, creating a rough cascade with
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an unnatural stream bed. These passage-inhibiting features of the LSSR culvert apparently
diminish to some extent during high flow events, allowing brook trout access upstream only
during short periods.

RR was a barrier for most the year, and therefore it can be speculated that there is a
negative impact on brook trout populations upstream of this culvert. The few passages detected
through this culvert all occurred during high flow events, similar to those passage events at
LSSR. Thus, the RR and LSSR culverts appear to be preventing free passage during the
spawning season and during low-flow periods in mid-summer when temperatures are rising,
which is a vital period for individuals to seek out cold-water refugia upstream (Burford et al.,
2009; Petty et al., 2012). The lack of passage at RR is surprising given its newer box-culvert
design (built in 2013) with internal baffles; even the failing box culvert at LSSR allowed for
more fish passage over the course of our study. It is clear from these findings culvert type
decisions are critical for ensuring successful post-replacement connectivity, and our results
support new recommendations to avoid box-culvert designs and instead focus on the more
effective arch-design (O’Shaughnessy et al., 2016). These recommended replacements are
considered the most cost-effective and coined the term “ecological design culvert” because they
more successfully preserve streambed simulation throughout the length of the culvert
(O’Shaughnessy et al., 2016). However, surrounding stream reaches of new ecological design
culvert and new box-culvert installments have shown to be similar in ecosystem function,
according to a recent culvert evaluation study (Olson et al., 2017). Additional studies support the
choice of replacing barrier culverts with bankfull-width box-culverts similar to those of RR, but

in low-gradient stream settings (Briggs & Galarowicz, 2013). Thus, while box culverts may be
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an effective design for low gradient streams, our findings illustrate that box culverts can severely
restrict trout passage in streams with steep, rocky gradients.
Passage Prediction and Motivation

Passage through the LSSR and RR culverts correlated highly with increased water level,
a finding consistent with some studies but contradicting others. For example, Georig et al. (2016)
showed that upstream passage through culverts is less likely during high flow events, but Gowan
& Fausch (1996) observed more frequent upstream movements during periods of increasing
water level in a non-barrier study (Figure 11). In RR, the subsurface water at the outlet of the
culvert, unnatural culvert bed, and low stream flow during 2016 likely contributed to the lack of
passage; each of these factors is likely alleviated by high flows, permitting some brook trout
passage upstream. Late summer surveys revealed that there were still trout present in the stream
reaches just below the antenna arrays and on the mainstem of Little Bear Creek, which supports
the idea that motivation, along with environmental conditions, plays a large role in predicting
upstream passage (Adams et al., 2000; Georig & Castro-Santos, 2017).

The upstream passages that occurred at USSR and PR correlate highly with a
combination of high water level and season (Table 7; Figure 11). In fact, during the spawning
season when trout are motivated to find suitable sites for redds, upstream movements occurred
only at USSR and PR. This result supports the findings of multiple movement and passage
studies where upstream migration increased markedly during the fall (Josephson & Youngs,
1995; Petty et al., 2005; Janetski et al., 2011; Petty et al., 2014; Georig & Castro-Santos, 2017).
However, the correlation between passage and high flows once again contrasts studies where
high water level events prevented trout from moving more freely in habitat containing obstacles

(Georig et al., 2016). The positive correlation between water level and passage could be
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explained by the extremely low flow season that this region was experiencing over the duration
of the study period.

Diel movement patterns were observed at all locations except RR (Figure 8), with brook
trout moving through culverts primarily during daylight hours. This contrasts the results of a
similar passage study, where wild brook trout were motivated to pass upstream through culverts
at dusk or night hours (Georig & Castro-Santos, 2017). We can speculate that trout may be using
the USSR culvert as a source of artificial cover during these hours, but a similar pattern was seen
in PR, the reference stream. Another explanation could be a lack of predators and high
abundance of non-native species that could typically shift diel periods in salmonids (Janetski et
al, 2011).

Another notable finding was the high rate of passage through the USSR culvert, where
average number of moves per day was eight times higher than the barrier-free site (PR). One
possible explanation for this result is that USSR is located higher toward the headwaters than PR.
Trout in smaller headwaters may move more often due to smaller stream widths and more
varying stream habitat in order to find optimal feeding areas and thermal refugia from low flows
compared to sites closer to the confluences of Little Bear Creek (Petty et al., 2012). In addition,
the stream habitat in USSR is extremely sandy both upstream and downstream of the culvert and
could limit the amount of available spawning habitat, thus leading to increased movement driven
by competition at this site from trout seeking appropriate spawning habitat.

Stocked trout did not appear to influence wild trout movement throughout the watershed.
If an increase in wild trout movement was detected during the spring stocking events, it would
have been most concentrated in Painter Run, where the trout were directly stocked within the

vicinity of the confluence where Painter Run connects to Little Bear Creek. The stocked fish that
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were detected during late summer surveys were in the deepest pools of the mainstem, and |
speculate that these trout were facing stress from low flows that discouraged travel far from their
original stocking locations. Further investigations are needed for a better understanding of
native-invasions (i.e. stocking events) on conspecific populations and their movements
throughout local watersheds (Buoro, 2016).
NAACC Protocol Considerations

Our study identifies a potentially significant area for improvement in the NAACC
protocol. The lack of upstream movement at RR during the spawning season suggests that the
box culvert is a major barrier to upstream trout passage, impedes upstream migration to
spawning grounds, and was correctly ranked as “No AOP” structures during the NAACC coarse
AORP screening. However, the lack of correlation between the NAACC coarse AOP screening
score and passage at LSSR and USSR suggests that the assessment protocol is in need of further
adjustment. The current NAACC protocol combines all stream types and evaluates specific
culvert measurements for both coarse and numeric AOP screenings (NAACC, 2016). The coarse
AOP screenings for the culverts in Little Bear Creek were only fairly accurate for RR, the large
box culvert, but strongly underestimated the level of passibility for USSR, the round metal-
corrugated culvert, and underestimated passage for LSSR, the small box culvert that had
comparatively similar movements to the reference stream. This inaccurate categorization of
USSR and LSSR illustrates that the NAACC coarse screening protocol may in some cases
misidentify culverts as “No AOP” when in fact they do allow passage. Such misidentification
could lead to misallocation of resources; i.e., replacing a culvert that in reality is not a severe
barrier to fish passage. However, it is worth noting that the NAACC protocols were designed to

represent passage for all aquatic organisms. Although the current protocol appears to
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overestimate the number of culvert barriers for brook trout, it still has the potential for accuracy
with other fish species with poorer swimming abilities.

Although additional ground-truthing will be needed to determine whether other culverts
have similarly been misidentified, we suggest that splitting the protocols by culvert type, target
management species, and adjusting the metrics of the coarse screening may be the next step in
strengthening the prioritization protocols for the Northeast United States region and beyond.
Currently, both the coarse screening and numeric system do not account for culvert type in their
calculations. The coarse screening for “Full AOP” currently requires that all of the metrics in its
calculations are simultaneously true or else the culvert is automatically ranked as “Reduced
AOP.” This overestimates the number of “Reduced AOP” culverts when they may actually be
considered “Full AOP” culverts. The same concept applies to categorizing “No AOP” culverts
where any metric falling within a specific boundary automatically makes it a complete barrier.
LSSR is a good example of a culvert that was inaccurately categorized as “No AOP” because of
its outlet cascade, outlet drop height to water surface, and outlet drop height to the stream
bottom. The automatic categorization metrics could be fitted to better represent the swimming
abilities of brook trout, which are often underestimated despite their overall sizes. The numeric
scoring system also misidentified LSSR and USSR, likely due to the weight of the culvert
metrics involved. The NAACC agrees that the scoring systems are currently arbitrary and
therefore ground-truthing from example studies like this one will aid in the refining the scoring
models (NAACC, 2016).

This current study not only demonstrates the need for recategorizing barriers by culvert
type and altered barrier metrics, but also illustrates the negative relationship between a low flow

year and upstream passages. Current climate change projections suggest that cold-water
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headwater streams will act as strongholds for resident salmonid species as streams continue to
warm, thus reiterating the need for linkages to cold-water refugia (Petty et al., 2012; Isaak et al.,
2016). These projections show an increase in regional stream temperatures and a significant
reduction in cold water stream habitat and increased fragmentation that could further exacerbate
the negative impacts of culverts on fish passage (Eaton & Scheller, 1996; Rice & Jastram, 2015;
Snyder et al., 2015). Therefore, stream reaches above barrier culverts are partially isolated and
could be more vulnerable to extirpation than sites with more available passage opportunities
(Whiteley et al., 2013). Although brook trout have the potential ability to adapt quickly to
changes in their environment, the overwhelming number of stressors in Pennsylvania headwater
streams (i.e. chemical and physical fragmentation, non-native wild and stocked salmonids,
warming stream temperatures) create an intricate puzzle for local researchers and
conservationists during a time of rapid climate change (Crozier & Hutchings, 2013; Synder et al.,
2015; Buoro et al., 2016). Thus, the recommendations drawn from this study can help
researchers, protocol developers, and resource management agencies implement policy that will

minimize the negative impacts of climate change on local brook trout populations.
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CHAPTER Il
SURVIVAL AND GROWTH OF WILD AND STOCKED TROUT IN A PENNSYLVANIA
HEADWATER STREAM
Introduction

Brook trout (Salvelinus fontinalis) experience a variety of negative direct and indirect
stressors within their native ranges, including competition from non-native salmonids (Fausch &
White, 1981; Waters, 1983). For example, non-native brown trout (Salmo trutta) compete with
brook trout in Minnesota and Michigan headwater streams for territory and food resources
(Fausch & White, 1981; Waters, 1983; Hoxmeier & Dieterman, 2013). These studies infer that
this competition negatively impacts survival and growth for the native species. Additionally, in
laboratory settings, brown trout displace brook trout and prevent them from seeking optimal
resting habitat and foraging opportunities, thus negatively impacting their overall fitness
(Dewald & Wilzbach, 1992; Fausch & White 1986; Hitt et al., 2017). Interspecific competition
of wild brook trout and wild brown trout has been shown to reduce growth rates and survival of
resident brook trout (Carlson & Letcher, 2003; Carlson et al., 2007).

In addition to competition with non-native species, stocked conspecifics also compete for
resources with wild trout (Buoro et al., 2016). When observed for trial periods in a laboratory
setting, intraspecific competition was observed between trout in close proximity to one another
(Fausch & White, 1986). In high densities, growth rates of all individuals were overall lower
than for individuals in low densities settings (Fausch & White, 1986). In Pennsylvania, the
Pennsylvania Fish and Boat Commission (PFBC) stocks approximately 2.5 million trout into
stream waters. Although 16% of those trout are brook trout, it can be speculated that stocking

large hatchery-raised trout (with total lengths >178 mm, the legal harvest limit) in high densities
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over wild trout will create increased stress in the currently present wild brook trout populations
(PFBC 2017).

The apparent survival and growth rates of brook trout and brown trout (in addition to
both wild and stocked “types”) have been shown to differ among streams in a Wisconsin study
(Edlin, 1995). In sympatry with non-native salmonids, wild brook trout have lower growth rates,
but there is a knowledge gap as to whether this lower growth rate corresponds with reduced
survival in native salmonids (Carlson et al., 2007). The growth and survival of wild native and
non-native salmonids, in addition to their response to heavily stocked salmonids, have not yet
been observed in a natural headwater stream setting in Pennsylvania’s Appalachian region.

The current study investigated apparent survival and growth rates of wild brook trout
(native) and wild brown trout (non-native) in various circumstances. The objectives were to 1)
compare brook trout survival and growth rates between stream reaches with and without brown
trout; 2) compare survival and growth rates between wild brook trout and wild brown trout
residing in the same stream reaches; and 3) compute the growth rates of stocked brook and
brown trout during different time periods in Little Bear Creek. | predicted that 1) wild brook
trout survival and growth rates would be lower in stream reaches with brown trout; 2) wild
brown trout survival and growth rates would be higher than brook trout where both species
reside; and 3) stocked fish experience little to no growth over the course of a summer season.
The apparent survival of age-1+ brook trout in Little Bear Creek watershed (Lycoming, PA) can
add to growing evidence that addresses concern about the negative effects of non-native wild

trout and hatchery trout stocking on headwater brook trout populations.
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Methods

Study Site

The two comparison sites for this study were in the Little Bear Creek watershed of
Lycoming County, Pennsylvania. The mainstem of Little Bear Creek is nine kilometers in length,
and the downstream portion of the watershed is stocked annually with hatchery-raised trout of
legal-harvest size (>178mm TL). This stream has also sustained populations of wild brook trout
and brown trout. The downstream site (called “lower Little Bear”) consists of mainstem survey
locations and first order tributary survey locations along Painter Run. The upstream portion of
the watershed (called “upper Little Bear”) includes several first order tributaries and consists of
wild brook trout and very few incidental encounters with adult wild brown trout (Figure 11).
Mark-Recapture Procedure

Wild brook trout and wild brown trout were captured, marked and released throughout
Little Bear Creek watershed in summer 2015. All trout >95mm were surgically implanted with a
23mm Passive Integrated Transponder (PIT) tag, measured in total length to the nearest
millimeter and weighed to the nearest gram (Table 8). In spring of 2016, the stream reaches
directly within the vicinity of tributaries’ confluences and stream-road crossings were surveyed
with 3-pass electrofishing methods (Van Deventer & Platts, 1983). Each trout >95mm was
scanned for a PIT tag and implanted if it did not have one. Recaptured trout were measured to
the nearest millimeter, weighed to the nearest gram, then released at their location of capture.
Following these early spring surveys, stocked hatchery brook trout and brown trout were
released throughout state-designated stocking reaches within the mainstem of Little Bear Creek
during three separate stocking events. The stocked trout experienced the same measuring and

implantation procedures as the wild trout in addition receiving a clipped adipose fin for quick
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identification by fishermen and researchers during recapture events. Anglers were encouraged to
return PIT tags from harvested trout over the course of the study so we could obtain a minimum
harvest estimate throughout the season. In late summer 2016, all stream reaches were surveyed
once more for total length (nearest millimeter) and weight (nearest gram). Body condition (K)

was derived using the Fulton Condition Factor, or K= (W/L%) X 100,000 (Fulton, 1904; Reimers,

1963).
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Figure 11. Map showing the stream reaches containing wild brook trout and wild brown trout in
sympatry and stream reaches where brook trout were living primarily in allopatry in Little Bear
Creek watershed of Lycoming County, Pennsylvania. Sampling occurred from September 2015

through December 2016.
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Table 8

Wild Brook Trout and Wild Brown Trout Sample Sizes and Size Ranges Sampled from September 2016 Through December 2016

Wild Brook Trout Wild Brown Trout*
Lower Little Bear Upper Little Bear Lower Little Bear
Main Sites All Sites Main Sites All Sites Main Sites
Number of Individuals 73 124 253 362 53
Mean Length (mm) 140.1 143.8 124.7 125.4 163.9
Range of Lengths (mm) 98-266 98-300 99-200 97-220 100-359
Mean Body Condition 0.984 0.974 0.958 0.957 0.996
Range of Body Condition 0.744-1.555 0.744-1.555 0.403-1.242 0.403-1.389 0.854-1.301

Note. “Main Sites” samples represent the tagged populations in stream reaches with 3 total capture histories used in the Cormack-
Jolly-Seber (CJS) models to determine survival rates. “All Sites” samples represent the total tagged populations, which include
samples from “Main Sites” and additional extensions that only consisted of 2 total capture histories. Individuals from “All Sites” were
used in an analysis of growth rates.

*Brown trout were only captured at “Main Sites” within “Lower Little Bear.”
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Modelling Trout Survival in Little Bear Creek

| estimated the survival (Phi) of 1) wild brook trout from upper and lower Little Bear
Creek and 2) wild brook trout and wild brown trout in sympatric streams over the span of one
year using Cormack-Jolly-Seber (CJS) models (Lebreton et al., 1992; Olsen & Vgllestad, 2001;
Carlson & Letcher, 2003; Horton & Letcher, 2008; Kazyak et al., 2016). These datasets include
one summer capture-tag-release event and two recapture events the following spring and
summer. In both analyses, total length, stream order and a constant detection probability were
used for modelling and ranking detection probability while keeping survival constant. Total
length, body condition, stream order (tributary and mainstem, respectively), and location (upper
and lower Little Bear Creek) were included as explanatory variables of survival rates when
paired with the best-ranked detection probability models in the analysis regarding solely wild
brook trout survival. Trout species, total length, body condition and stream order were included
as explanatory variables of survival rates when analyzing sympatric stream reaches. Age was not
included as a variable in the analysis because all trout were >95 mm and assumed to be >1-year-
old. Detection probability for the total analysis was expected to be low based on the unevenly
distributed surveys in spring of 2016. A goodness-of-fit “RELEASE” test was used to determine
if the CJS model fit each site’s survival data (Olsen & Vellestad, 2001; Lund et al., 2002). C-hat
was adjusted to meet the needs of sparse data and overdispersion using Fletcher’s c-hat value.
Models were ranked using Akaike information criterion corrected (AlCc) scores and considered
to represent the models if they were <2 AICc units (Lund et al 2002). In addition to modelling

survival, Welch’s t-tests were used to compare condition factors for each study group.
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Analysis of Growth Rates

Growth rates of weight (GrowthWT) in recaptured trout were calculated using a standard
growth formula: GrowthWT = (WT2 — WT1)/t, where WT1 represents the weight at initial
capture, WT2 represents the weight at a later moment of capture, and t represents the number of
days between capture events (Tatara et al., 2009; Carlson et al., 2007). Time intervals were
separated into three categories: overwinter (summer 2015 to spring 2016), summer (spring 2016
to summer 2016) and one-year (summer 2015 to summer 2016). Growth rates for wild trout and
hatchery trout tagged in spring 2016 were calculated only for the summer growth period. Wild
brook trout growth rates were compared using Welch’s t-test between streams with the presence
and absence of brown trout. Stream order and stream width were also taken into consideration
when explaining growth rates.

Results

Wild Brook Trout Sympatric and Allopatric Survival Comparison

Wild brook trout survival was not dependent on whether they resided in sympatry with
wild brown trout. The highest ranked models of detection probability assumed constant detection
and accounted for differences in stream order (Table 9; constant p = 0.32, 95% CI = 0.18-0.518,
SE =0.089; mainstem p = 0.19, 95% CI = 0.089-0.384, SE = 0.075, tributary p = 0.37, 95% CI =
0.203-0.587, SE = 0.102). Body condition was the main driver of survival in this data set, with
high body condition corresponding with higher survival (Table 10). Confidence intervals and
survival estimates for wild brook trout survival were nearly identical for body condition
modelled with constant detection probability (Phi = 0.38; 95% CI = 0.239-0.558) and body

condition modelled with detection probability based on stream order (Phi = 0.38; 95% CI =
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0.247-0.57). Due to sparseness of recapture events the data set, all models were adjusted for a
Fletcher’s c-hat value of 2.46.
Wild Brook Trout and Wild Brown Trout Survival in Sympatric Stream Reaches

Species identity best explained survival for the top two competing models, with brown
trout having higher rates of survival than brook trout. However, confidence intervals for survival
overlapped in both models. The top model (Phi.Species.p.constant) describes brook trout as
having a low annual survival rate (Phi = 0.33, 95% CI = 0.168-0.552, SE = 0.102) in comparison
to wild brown trout (Phi = 0.84, 95% CI = 0.289-0.985, SE = 0.174). Constant detection
probability was the top-ranked models for detection probability (Table 10; p = 0.36, 95% CI =
0.179-0.603, SE = 0.114). All models were adjusted with a Fletcher’s c-hat value of 2.13 from

the top model due to overdispersion in the data set.
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Table 9

Wild Brook Trout CJS Survival Models in Little Bear Creek Watershed, Where Phi = Survival
Probability and p = Detection Probability. Stream Order, Total Length and a Constant (Null)
were Used to Calculate Detection Probability. Body Condition, Stream Order, Total Length,
Location (Sympatric or Allopatric), and a Constant (Null) were Used to Rank the Best Model for
Survival. Survival Data were Collected During Summer 2015, Spring 2016 and Summer 2016

Detection Probability (p)

Model Npar QAIC, AQAIC, QAIC. weight QDeviance
Phi.constant.p.StreamOrder 3 155.901 0 0.434 12.726
Phi.constant.p.constant 2 156.007 0.106 0.412 14.867
Phi.constant.p.TotalLength 3 157.997 2.096 0.152 151.928
Survival ($)

Model Npar QAIC, AQAIC, QAIC. weight QDeviance
Phi.Condition.p.constant 3 153.402 0 0.309 147.333
Phi.Condition.p.StreamOrder 4 153.620 0.218 0.277 145.505
Phi.constant.p.StreamOrder 3 155.901 2.499 0.088 12.726
Phi.constant.p.constant 2 156.007 2.605 0.084 14.867
Phi.StreamOrder.p.constant 3 156.189 2.787 0.076 13.014
Phi.Location.p.constant 3 157.779 4.377 0.034 14.605
Phi.TotalLength.p.StreamOrder 4 157.892 4.489 0.032 149.776
Phi.Location.p.StreamOrder 4 157.920 4518 0.032 12.700
Phi.StreamOrder.p.StreamOrder 4 157.943 4.541 0.031 12.722
Phi.TotalLength.p.constant 3 158.041 4.639 0.030 151.972

Note. The number of parameters in each model is listed under Npar. Quasi-likelihood corrected
AIC scores are ranked under QAIC. and account for small samples and over-dispersed capture
histories. AQAIC: is the difference between a model’s QAIC. score and the QAIC. score of the
top model in the ranking. The weight describes the overall support of a model in comparison to
the entire analysis. QDeviance is the difference between the log-likelihood of the saturated
model and the proposed model, multiplied by 2. This deviance describes how close the fitted
model is to the raw data.
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Table 10

Model Results for Wild Brook Trout and Wild Brown Trout Survival in Sympatric Stream
Reaches of The Little Bear Creek Watershed. Stream Order, Total Length and a Constant (Null)
were Used to Calculate Detection Probability. Body Condition, Stream Order, Total Length,
Species (Brook Trout or Brown Trout), and a Constant (Null) were Used to Rank the Best Model
for Survival. Survival Data were Collected During Summer 2015, Spring 2016 and Summer 2016

Detection Probability (p)

Model Npar QAIC, AQAIC, QAIC.weight  QDeviance
Phi.constant.p.constant 2 97.092 0 0.445 23.444
Phi.constant.p.TotalLength 3 97.326 0.233 0.395 91.145
Phi.constant.p.StreamOrder 3 99.151 2.059 0.158 23.412
Survival ($)

Model Npar QAIC, AQAIC, QAIC.weight  QDeviance
Phi.Species.p.constant 3 91.337 0 0.559 15.598
Phi.Species.p.TotalLength 4 92.757 1.419 0.275 84.454
Phi.constant.p.constant 2 97.092 5.754 0.031 23.444
Phi.constant.p.TotalLength 3 97.326 5.988 0.028 91.145
Phi.Condition.p.constant 3 97.445 6.107 0.026 91.264
Phi.TotalLength.p.TotalLength 4 97.622 6.284 0.024 89.319
Phi.TotalLength.p.constant 3 97.827 6.489 0.021 91.647
Phi.StreamOrder.p.TotalLength 4 99.150 7.812 0.011 90.847
Phi.StreamOrder.p.constant 3 99.166 7.828 0.011 23.427
Phi.Condition.p.TotalLength 4 99.225 7.887 0.010 90.922

Note. The number of parameters in each model is listed under Npar. Quasi-likelihood corrected
AIC scores are ranked under QAIC. and account for small samples and over-dispersed capture
histories. AQAIC: is the difference between a model’s QAIC. score and the QAIC. score of the
top model in the ranking. The weight describes the overall support of a model in comparison to
the entire analysis. QDeviance is the difference between the log-likelihood of the saturated
model and the proposed model, multiplied by 2. This deviance describes how close the fitted
model is to the raw data.
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Growth Rates

Contrary to our predictions, wild brook trout growth rates within and outside of sympatry
with wild brown trout did not differ during any of the three study periods (Figure 12: Welch’s t-
test; Summer 2015-Spring 2016: t = 0.057, df = 2.31, P = 0.96; Spring 2016-Summer 2016: t = -
1.05, df = 7.65, P = 0.32, Summer 2015-Summer 2016: t =-1.75, df = 7.29, P = 0.12).
Comparison of wild brook trout growth to wild brown trout growth from Summer 2015 to Spring
2016 showed marginal significance (Welch’s t-test; t = -2.28, df = 8.14, P = 0.051) and the
growth period from Spring to Summer 2016 showed no differences in growth (Welch’s t-test; t =
-1.91, df = 11.48, P = 0.08), but the year to year growth observations showed significant
differences (Figure 13: Welch’s t-test; t = -5.54, df = 17.78, P < 0.001). Wild brown trout
experienced more than double the annual growth that wild brook trout experienced, with a
growth rate difference of 0.034 g/day. Stocked trout growth was substantially lower than wild
trout over the course of the study, and in fact was negative, indicating a summer average weight
loss of 24.5% from original body mass (Figure 14: Welch’s t-test; t = -5.28, df = 7.09, P =

0.001).
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Figure 12. Growth rate comparisons (g/day) of brook trout within allopatry and sympatry with
brown trout in Little Bear Creek Watershed during three time periods; Summer 2015-Spring
2016 (Welch’s t-test; t = 0.057, df = 2.31, P = 0.96), Spring 2016-Summer 2016 (Welch’s t-test;
t=-1.05, df = 7.65, P = 0.32), and Summer 2015-Summer2016 (Welch’s t-test; t = -1.75, df =

7.29, P =0.12).
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Figure 13. Growth rate comparisons (g/day) of brook trout and brown trout throughout all
surveyed reaches of Little Bear Creek Watershed during three time periods; Summer 2015-
Spring 2015 (Welch’s t-test; t = -2.28, df = 8.14, P = 0.051), Spring 2016-Summer 2016
(Welch’s t-test; t =-1.91, df = 11.48, P = 0.08), and Summer 2015-Summer 2016 (Welch’s t-

test; t = -5.54, df = 17.78, P < 0.0001).
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Figure 14. Summer growth rate comparisons (g/day) of all wild brook and brown trout in Little
Bear Creek watershed compared to all stocked brook and brown trout (Welch’s t-test; t = -5.28,
df =7.09, P =0.001). Growth was calculated from Spring 2016 and Summer 2016 sampling
events.
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Discussion

Brook Trout and Brown Trout Comparisons

The prediction that wild brook trout survival and growth would be lower in sympatry
with brown trout was not supported by the analysis. Instead, body condition in the top model was
shown to have a positive relationship with survival in wild brook trout throughout the entire
watershed. Although it is difficult to infer competition with survival alone, the similarities in
growth between site locations in our study could indicate the absence of competition with wild
brown trout in this watershed (Dewald & Wilzbach, 1992; Hitt et al., 2017). In the analysis of
wild brook trout and wild brown trout residing in sympatric stream reaches, | found that brown
trout experience higher rates of survival and growth rates than brook trout. Rather than
concluding that competition is to account for these differences, we could infer that the species fill
different niches within the stream reaches that they co-occupy (Lund et al., 2002; cf. Carlson et
al., 2007). Previous studies have shown that regardless of residing in sympatry, brown trout have
higher overall growth rates than brook trout (Hitt et al., 2017).
Stocked Trout

Only eight individuals were recaptured in late summer following the spring stocking
events in 2016, which only allowed us to observe the growth rates of very few hatchery-raised
trout. However, results for these individuals were fairly consistent, and thus offer insight about
what introduced trout may be experiencing in the watershed after stocking. Hatchery-raised trout
lost a significant amount of body mass, with individual trout losing anywhere from 7%-48% of
their original weight, which differed starkly from their wild counterparts, which typically gained
weight (up to an average of 24%) during the summer season. Reasons for loss in mass could be

related to inconsistent feeding, reduction in food availability, and environmental stressors. Edlin
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(1995), who looked at body condition and growth rates, observed a significant loss in the overall
condition in hatchery-raised trout, but noted that instantaneous growth rates were similar to those
of wild trout.
Study Implications

Differences in survival and growth within brook trout can sometimes be caused by direct
or indirect forms of competition with non-native species. In the Little Bear Creek watershed, it
appears that there are differences in survival between species of trout, but competition cannot be
inferred. However, it was found that body condition of brook trout influenced survival, which
can illustrate the overall health of the watershed. Condition of wild brook trout can be an
indicator of overall stream health, whether it be the presence of a non-native species, availability
of prey species or stream conditions (Utz & Hartman, 2007). For example, winter growth rates
were relatively low or negative, and condition was low overall during this period. This is typical
of cold-water streams that have low air temperature and ice cover during the winter months.
Wild brook trout rely mostly on terrestrial organisms, which are relatively sparse during this
season (Utz & Hartman, 2007). This high dependence on seasonally-sparse food resources and
our results of similar growth rates in sympatric and allopatric streams indicate a lack of
competition during winter months. Year-to-year observations in condition appeared to be stable,
thus telling us that food is steadily available from year-to-year, and competition throughout this
watershed, if present, is not increasing over time.

It is important to recognize that the northeast region of the United States experienced an
extremely low summer stream flow season in 2016, which could have also had an impact on the
condition and survival of both species and types in Little Bear Creek. Wild brook trout

experience higher mortality rates during low flow conditions compared to wild brook trout
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during regular stream flow conditions (Letcher et al., 2015). Robust survival models applied to
long duration data sets have shown strong negative relationships between stream temperature,
flow, and survival in small tributary streams (Xu et al., 2010; Letcher et al., 2015). Additionally,
it has been previously noted that environmental factors can also play a large role in determining
model results for survival, which is why studies often use case studies including both growth,
survival and detailed environmental monitoring throughout a study to infer interspecific
competition (Carlson, 2007; Hoxmeir & Douglas, 2013). Our study results indicate that
condition plays a role in the survival of wild brook trout, but what is driving the conditions of
individuals in this watershed is still unknown. Therefore, further investigation of the survival and
growth relationship between brook trout, brown trout and their stocked counterparts over a long-

term study period could strengthen the findings of this study.
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Appendix A
Zero-Inflated Poisson R Analysis and Produced Results

install.packages(*gimmADMB",
repos="http://glmmadmb.r-forge.r-project.org/repos”,
type="source")
library("glImmADMB", lib.loc="~/R/win-library/3.2")
library(readr)
dailymovements <- read_csv("C:/Users/Karli R/Desktop/CURRENT LITTLE BEAR
DATA/Compressed Movement Data/FinalZIPAnalysis/dailymovements_final.csv")
site.f<-factor(dailymovements$site)
global.gimmadmb<-glmmadmb(formula = upstreammovementsperday ~ mintemp + +
maxdiffwaterlevel + maxwaterlevel + diffwatertemp + season + (1]site.f), data = dailymovements,
family = "poisson”, zerolnflation = TRUE)pairs(~upstreammovementsperday
+mintemp+maxtemp+diffwatertemp+minwaterlevel+maxwaterlevel+maxdiffwaterlevel,  data=
dailymovements,

main="Simple Scatterplot Matrix")
attach(dailymovements)
cor(dailymovements[,4:9], method="pearson")

i mintemp maxtemp diffwatertemp minwaterlevel
## mintemp 1.00000000 0.9857719 -0.05471706 -0.4481813
## maxtemp 0.98577192 1.0000000 0.11389808 -0.4641879

## diffwatertemp  -0.05471706 0.1138981 1.00000000 -0.1084416
## minwaterlevel -0.44818129 -0.4641879 -0.10844163 1.0000000
## maxwaterlevel -0.33833251 -0.3536373 -0.10099890 0.9114291
## maxdiffwaterlevel 0.23575950 0.2364388 0.01106142 -0.1499113

H#t maxwaterlevel maxdiffwaterlevel
## mintemp -0.3383325 0.23575950
## maxtemp -0.3536373 0.23643878

## diffwatertemp -0.1009989 0.01106142

## minwaterlevel 0.9114291  -0.14991135

## maxwaterlevel 1.0000000 0.27017395

## maxdiffwaterlevel 0.2701740 1.00000000
attach(dailymovements)

## The following objects are masked from dailymovements (pos = 3):
Hi

##  date, diffwatertemp, maxdiffwaterlevel,

##  maxdiffwaterleveluncorr, maxtemp, maxwaterlevel,

##  maxwaterleveluncorr, mintemp, minwaterlevel, season, site,
##  upstreammovementsperday

cor(dailymovements[,4:9], method="pearson")

## mintemp maxtemp diffwatertemp minwaterlevel
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## mintemp 1.00000000 0.9857719 -0.05471706 -0.4481813
## maxtemp 0.98577192 1.0000000 0.11389808 -0.4641879
## diffwatertemp  -0.05471706 0.1138981 1.00000000 -0.1084416
## minwaterlevel -0.44818129 -0.4641879 -0.10844163 1.0000000
## maxwaterlevel -0.33833251 -0.3536373 -0.10099890 0.9114291
## maxdiffwaterlevel 0.23575950 0.2364388 0.01106142 -0.1499113

H#t maxwaterlevel maxdiffwaterlevel
## mintemp -0.3383325 0.23575950
## maxtemp -0.3536373 0.23643878

## diffwatertemp -0.1009989 0.01106142
## minwaterlevel 0.9114291 -0.14991135
## maxwaterlevel 1.0000000 0.27017395
## maxdiffwaterlevel 0.2701740 1.00000000

maxwaterlevel.glmmadmb<-glmmadmb(formula = upstreammovementsperday ~ maxwaterlevel
+ (1]site.f), data = dailymovements, family = "poisson”, zeroInflation = TRUE)
maxwaterlevelseason.glmmadmb<-gimmadmb(formula =  upstreammovementsperday  ~
maxwaterlevel + season + (1[site.f), data = dailymovements, family = "poisson”, zerolnflation =
TRUE)

maxwaterlevelmintemp.glmmadmb<-gimmadmb(formula = upstreammovementsperday ~
maxwaterlevel + mintemp + (1|site.f), data = dailymovements, family = "poisson”, zerolnflation
= TRUE)

maxdiffwaterlevel.glmmadmb<-glmmadmb(formula = upstreammovementsperday ~
maxdiffwaterlevel + (1/site.f), data = dailymovements, family = "poisson”, zerolnflation = TRUE)
mintemp.glmmadmb<-glmmadmb(formula = upstreammovementsperday ~ mintemp + (1/site.f),
data = dailymovements, family = "poisson”, zerolnflation = TRUE)
season.glmmadmb<-glmmadmb(formula = upstreammovementsperday ~ season + (1/site.f), data
= dailymovements, family = "poisson”, zeroInflation = TRUE)
diffwatertemp.glmmadmb<-glmmadmb(formula = upstreammovementsperday ~ diffwatertemp +
(1site.f), data = dailymovements, family = "poisson”, zeroInflation = TRUE)
mintempseason.gimmadmb<- glmmadmb(formula = upstreammovementsperday ~ mintemp +
season + (1|site.f), data = dailymovements, family = "poisson”, zeroInflation = TRUE)
maxdiffwaterlevelseason.glmmadmb<-gimmadmb(formula = upstreammovementsperday ~ +
maxdiffwaterlevel + season + (1site.f), data = dailymovements, family = "poisson”, zerolnflation
= TRUE)movement.list<- list(global.glmmadmb=global.gimmadmb :
maxwaterlevel.glmmadmb=maxwaterlevel.gimmadmb
maxwaterlevelseason.glmmadmb=maxwaterlevelseason.gimmadmb,
maxwaterlevelmintemp.glmmadmb=maxwaterlevelmintemp.gimmadmb ,
maxdiffwaterlevel.gimmadmb=maxdiffwaterlevel.gimmadmb,
season.glmmadmb=season.glmmadmb, mintemp.glmmadmb=mintemp.gimmadmb,
diffwatertemp.glmmadmb=diffwatertemp.glmmadmb,
mintempseason.glmmadmb=mintempseason.glmmadmb,
maxdiffwaterlevelseason.glmmadmb=maxdiffwaterlevelseason.glmmadmb )
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library(bbmle)
AlCtab(movement.list)

dAIC df
maxwaterlevelseason.glmmadmb 0.0 7
global.gimmadmb 1.010
maxdiffwaterlevelseason.glmmadmb 5.4 7
season.glmmadmb 20.6 6
mintempseason.glmmadmb 2267
maxwaterlevel.glmmadmb 244 4
maxwaterlevelmintemp.glmmadmb 24.55
maxdiffwaterlevel.glmmadmb  38.94

mintemp.glmmadmb 48.14
diffwatertemp.glmmadmb 50.14
AIC(global.gimmadmb,maxwaterlevel.gimmadmb, maxwaterlevelseason.glmmadmb,

maxwaterlevelmintemp.glmmadmb, diffwatertemp.glmmadmb, mintempseason.gimmadmb
maxdiffwaterlevel.glmmadmb,season.glmmadmb,mintemp.glmmadmb,
maxdiffwaterlevelseason.glmmadmb)

Hi df AIC

global.gimmadmb 10 1063.056
maxwaterlevel.glmmadmb 4 1086.482
maxwaterlevelseason.glmmadmb 7 1062.038
maxwaterlevelmintemp.glmmadmb 5 1086.490
diffwatertemp.glmmadmb 4 1112.174
mintempseason.glmmadmb 7 1084.596
maxdiffwaterlevel.glmmadmb 4 1100.904
season.glmmadmb 6 1082.596
mintemp.glmmadmb 4 1110.130

maxdiffwaterlevelseason.glmmadmb 7 1067.476

summary(maxdiffwaterlevelseason.gimmadmb)
Call:
glmmadmb(formula = upstreammovementsperday ~ maxwaterlevel +
season + (1 | site.f), data = dailymovements, family = "poisson”,
zerolnflation = TRUE)AIC: 1062
Coefficients:
Estimate Std. Error z value Pr(>|z|)
(Intercept) -3.4359 0.8999 -3.82 0.00013 ***
maxwaterlevel 0.0691 0.0144 4.79 1.7e-06 ***
seasonspring -1.1137 0.2268 -4.91 9.1le-07 ***
seasonsummer -1.0646 0.2715 -3.92 8.8e-05 ***
seasonwinter -1.7500 0.5224 -3.35 0.00081 ***
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Signif. codes: 0 “****(0.001 “**>0.01 “*> 0.05 ‘. 0.1 ‘"’ 1
Number of observations: total=1042, site.f=4
Random effect variance(s):
Group=site.f
Variance StdDev
(Intercept) 2.224 1.491
Zero-inflation: 0.51121 (std. err.: 0.049627 )

Log-likelihood: -524.019
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Appendix B
MatLab Correction of Water Level Measurements for Atmospheric Pressure Influence
Corrections developed by Dr. Katie Farnsworth, Indiana University of Pennsylvania.

%% CORRECTION OF WATER LEVEL MEASUREMENTS FOR ATMOSPHERIC
PRESSURE INFLUENCE

% Written February 2017 by Katie Farnsworth, Indiana University of Pennsylvania
%% **** REQUIRED BEFORE RUNNING ****

% must have the full airport atmospheric pressure data loaded called 'AirportPressureKIPT"
% c1= excel date, c2=atmospheric pressure (in of Hg)

% must have the stream data loaded called 'LevelData'

% c1= excel date, c2=level (cm), c3=temp(F)

% values from previous regression of local barologger to airport atmospheric data

% relationship is y=mx+b with x being the airport pressure data. Both should have

% been in inches of Mercury

m=0.9359;

b=0.9089;

%% **** INITIALIZE VARIABLES ****
close all

dateformat=2;

StreamName="Little Bear";
AtmosData=AirportPressureKIPT;

%%**** MAIN BODY ****
% convert excel date to matlab date
LevelData(:,4)=LevelData(:,1)+693960;
% loop through the water level data to find matching barometric data and Correct
for k=1:length(LevelData)
temptime=abs(AtmosData(:,1)-LevelData(k,1));
closest=find(temptime==min(temptime));
temp=find(isnan(closest));
closest(temp)=[];

if temptime(closest(1),1)>0.0243 % > 34 minutes
LevelData(k,5)=NaN;
LevelData(k,6)=NaN;
else
atmlevel=AtmosData(closest(1),2);
%traslating KIPT pressure --> LB Pressure
atmlevel=(m*atmlevel)+b;
%convert atmlevel from (in Hg) to (cm of H20)
atmlevel=atmlevel*34.5316;
LevelData(k,5)=atmlevel;
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%subtract out the atmospheric signal
LevelData(k,6)=LevelData(k,2)-atmlevel;
end

end

%% **** PLOTTING ****

% set up the start and end dates for the plots
StartDate=LevelData(1,4);
[Y,Mo,D,H,M,S]=datevec(StartDate);
StartDate=datenum('Y,Mo,D,0,0,0);
EndDate=LevelData(end,4);
[Y,Mo,D,H,M,S]=datevec(EndDate);
EndDate=datenum(Y,Mo,D,0,0,0)+1;

figure(1)
subplot(3,1,1) % original level datadata in cm of H20
plot(LevelData(:,4),LevelData(:,2))
ylabel('Level (cm)")
title({StreamName,' Uncorrected Water Level (cm)'})
datetick('x',dateformat)
xlim([StartDate EndDate])

subplot(3,1,2) % barometric pressure in cm H20
plot(LevelData(:,4),LevelData(:,5))
ylabel('Level (cm)’)
title({StreamName," Barometic Pressure (cm water)'})
datetick('x',dateformat)
xlim([StartDate EndDate])

subplot(3,1,3) % corrected water level in cm of H20
plot(LevelData(:,4),LevelData(:,6))
ylabel('Level (cm)")
title({StreamName,' Corrected Water Level (cm)'})
datetick('x',dateformat)
xlim([StartDate EndDate])

%696 **** QUTPUT ****

% Level data cl1=excel date, c2=level (cm), c3=temp(F), c4=matlab date
% c5= barometric pressure (cm of H20), c6=corrected level (cm)

%% Match Williamsport Atmospheric Pressure with Little Bear Barologger Data to allow
% for the translation of atmospheric pressures from one location to the next.
% Written February 2017 by Katie Farnsworth, Indiana University of Pennsylvania

%% **** REQUIRED BEFORE RUNNING ****
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% must have barologger data loaded and called 'BData’
% c1= excel date, c2=atmospheric pressure (in of Hg)

% must have the airport atmospheric data loaded and called 'AirportPressureKIPT'
% cl=excel date, c2=atmospheric pressure (in of Hg)

%% **** MAIN BODY ****
% initiate the matrix for the matched data
matchdata=[];

% loop through on each of the barologger data points and find the closest atmospheric
% pressure data from Williamsport.

for k=1:length(BData)

%subtract the airport data from the barologger data to create

% a matrix of differences in time
temptime=abs(BData(k,1)-AirportPressureKIPT(:,1));

%find the smallest value in the matrix of time differences,
%this is the one with the closest time
closest=find(temptime==min(temptime));

%populate the match matrix
matchdata(k,1:2)=BData(k,1:2);
if temptime(closest(1),1)>0.0243 % > 34 minutes | think
matchdata(k,3)=NaN;

else
matchdata(k,3:4)=AirportPressureKIPT(closest(1),1:2);
end
end
%% **** QUTPUT ****

% matchdata cl=barologger excel date, c2=barologger pressure data,
% c3=airport excel date, c4=airport pressure data

% then use the output in excel to determine the relationship to apply to the next script
% that corrects the water level data
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Appendix C

Culvert Assessments Conducted in Little Bear Creek Watershed in 2015

Red Run Lower Sand Spring Run Upper Sand Spring Run
2016 NAACC Coarse Score no aop no aop reduced aop
2015 AOP Screen gray gray gray
2016 NAACC Aquatic Passage Score 0.27 0.08 0.34

2016 Evaluation

significant barrier

severe barrier

significant barrier

Crossing Data:

Stream/River Red Run Sand Spring Run Sand Spring Run
Road Little Bear Rd Little Bear Rd Sand Spring Run Rd
Road Type unpaved unpaved unpaved
Crossing Type box culvert box culvert steel corrugated culvert
Flow Condition moderate moderate moderate
Crossing Condition new poor ok
Condition Comment stream g%eosuiggrsurface at bottom of culvert is falling into pool none
Alighment flow-aligned flow-aligned flow-aligned
Road Fill Height (feet) 2 2 3

Bankfull Width (feet) 10 9 7

Bankfull Width Confidence high high high
Constriction spans onlé/hg?]rs]lgulllactive moderate severe
Tailwater Scour Pool none large large
Structure Data:

Outlet Openness Ratio 1.635 1.389 0.2444
Structure Material concrete rock/stone metal

Outlet Shape box culvert box culvert road culvert
Outlet Armoring extensive not extensive none
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Appendix C

Continued

Red Run Lower Sand Spring Run Upper Sand Spring Run
Outlet Grade cascade cascade at stream grade
Outlet Dimensions (feet) a=11.0; b=5.5; ¢=11.0; d=0.45* a=6.5; b=4.7; ¢=4.0; d=0.20* a=3.0; b=3.0; c=1.3; d=0.20*
Outlet drop to water surface (feet) 0.8 1.5 0.0
Outlet drop to stream bottom (feet) 15 2.5 0.0
Structure Length (feet) 37 22 29
Inlet Openness Ratio 1.635 1.389 0.244
Inlet Shape box culvert box culvert round culvert
Inlet Type headwall and wingwalls headwall and wingwalls headwall
Inlet Grade at stream grade inlet drop inlet drop
Inlet dimensions (feet) a=11.0; b=5.5; ¢=11.0; d=0.45* a=6.5; b=4.7; c=6.5; d=0.30* a=3.0; b=3.0; c=2.4; d=0.20*
Slope Percent 3.1% 8% 4.1%
Slope Confidence high high high
Internal Structures baffles/weirs none none
Structure Substrate Matches Stream comparable none none
Structure Substrate Type cobble none none
Structure Substrate Coverage 75% none none
Physical Barriers none debris/sediment/rock debris/sediment/rock
Severity none minor moderate
Water depth matches that of the no- deeper no- shallower no- shallower
stream?
Water velocity matches that of the
stream? no- slower no- faster no- faster
Dry passage through structure? no no no

Note. Data were collected by lead observer Kathleen Lavelle and overseen by Phil Thomas (Trout Unlimited).
*Dimensions are as follows and apply to all culvert types: A= Width, B= Height, C= Substrate/Water Width, and D= Water Level.
(Retrieved from NAACC stream-crossing online database)
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