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1) Background
Across Washington State’s forested landscape, fish barriers exist where road crossings over
streams were constructed during previous management and regulatory regimes that did not require
passability. However, industrial and state forest landowners have been required to inventory and
address these blockages since 2001 (WAC 222-24-051). While significant efforts and financial
investments continue to be made to identify and correct fish passage barriers on forest lands, less
has been done to evaluate and document the biological response to such efforts (Pess et al. 2005;
Cocchiglia et al. 2012).
When a fish-blocking culvert is replaced or removed, it is generally assumed that fish will migrate
upstream to utilize the newly accessible habitat within a short period of time. This assumption is
seldom tested regarding resident trout populations in Washington state and has been a source of
contention amongst various stakeholder groups due to its implications to land management
decisions and protection standards.
Are resident trout mobile enough to quickly take advantage of newly opened habitat? In a study
in Southeast Alaska, Bryant et al. (1999) suggest that rapid colonization by anadromous salmonids
is a life history strategy to take advantage of newly accessible habitat as it becomes available (e.g.,
retreating glacial valleys). Could the same be true for resident trout? Gerking (1959) explained
why individual fish of different species tended to stay in a small area over an extended period of
time while more recent work by Schrank et al. (2004) shows inland cutthroat trout to be quite
mobile and exploratory.

1.1 Regulatory Importance
The speed of recolonization by resident trout is important because it affects the validity of fish-use
surveys conducted in the interest of forest landowners statewide under the Washington State Forest
Practices Rules (WAC 222) and resident trout are generally the furthest upstream species detected
in Washington streams (Trotter 2000). The fish-use status of each stream segment (fish-habitat vs
non-fish) helps determine the level of regulatory protections, such as buffers retained during forest
practices (e.g., logging). It is the experience of the authors that there are streams across the
landscape erroneously labeled as fish-habitat when they are not as well as streams labeled as nonfish-bearing that in fact are or have the potential of being fish habitat.
It is particularly difficult to assess potential fish use of a stream segment that has suitable habitat
characteristics but is upstream of fish blocking road structures (e.g. culverts) and has no fish
present. Such sites are protected to facilitate and preserve habitat for future fish use. In these
cases, the determination of future use can be made one of two ways: 1) interpreting physical stream
characteristics to produce an interim decision, or 2) waiting until after the barrier has been removed
to see to what extent upstream fish will recolonize. Both approaches may have uncertainties. The
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first relies largely on professional judgment, which can be subject to debate and can lead to
contention amongst stakeholders. The second option, though more objective, requires waiting an
uncertain period of time for repair/removal of the barrier and recolonization by fish of available
habitat.
Despite this fish-use uncertainty, the Washington Forest Practices Rules mandated that large forest
landowners implement Road Maintenance and Abandonment Plans by 2021, bringing all of their
forest road crossings up to current regulatory standards. One of these standards is to provide
upstream fish passage for all species at all life stages (see WAC Title 220 and RCW 77.57.030)
where forest roads cross fish-bearing and/or fish-habitat waters. Given the comparative high cost
of replacement, it is important to minimize expenditures on streams that are unlikely to provide
habitat for fish. One way to focus efforts appropriately is to conduct a protocol survey to determine
presence or potential fish use as specified in the Washington Forest Practices Board Manual
(2002), thus helping guide landowners in planning their timber harvest or forest road maintenance
requirements.
In cases where a fish presence survey is required to locate the end of fish habitat (e.g. extent of
reopened fish habitat) how soon is this appropriate? How much time do fish populations need to
rebound and fully seed newly available habitat? These questions motivated this study, and our
objective was to elucidate resident fish population response following barrier culvert removal.

1.2 Hooper Creek Study
The Hooper Creek (hereafter HC) study (Phillips et al. 2012) recently evaluated channel response
and trout recolonization after culvert removal from a small Skagit River tributary. It is introduced
here because it employed similar methods and the results are a worthwhile addition for comparison
and discussion. In 2008, the landowner installed a bridge to replace an undersized culvert that was
obstructing upstream fish dispersal and downstream sediment transport. Cutthroat trout response
to the newly opened unoccupied habitat was monitored for two years. Phillips et al. asked two
questions relevant to this study: 1) will the removal of the existing culvert allow fish to reoccupy
all of the habitat that was previously inaccessible? 2) How long will it take for fish to recolonize
the unoccupied habitat?
The removal of the barrier culvert was highly effective at restoring upstream fish passage.
Cutthroat trout accessed the upstream habitat in significant numbers during the first year following
culvert removal, extending to a key in-channel feature (~1.2-meter vertical wood step) located
approximately 450m upstream from the new bridge. The most upstream fish had migrated
approximately 700m upstream of the remediated barrier culvert, near to the upstream extent of
what was assessed as available habitat within the first year of the study. This most upstream fish
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(>200m above all other detected fish) was the only fish found above the wood step, which was
significantly larger than other geomorphic steps downstream.

2) Objectives
The primary objective of this monitoring study is to evaluate how fish populations (density, ageclass structure, distribution, and temporal dynamics) respond to the removal/repair of fish passage
barriers. This study was designed to inform the following specific questions:
•How long does it take resident trout to re-colonize habitat upstream of a removed barrier culvert?
o Do fish rapidly reach the upper extent of available habitat?
o Do upstream populations reach a similar density as the downstream pre-project fish
population?
o How much time is required before fish presence surveys are indicative of the upper end
of fish habitat?
•Will recolonizing fish come from immediately downstream of the removed barrier or elsewhere?
•How does barrier removal affect trout age structure above and below the barrier site?
•How well does field interpretation of potential habitat predict how far fish will go upstream after
barrier removal?

3) Monitoring Methods
This study monitored pre- and post-treatment fish densities in geomorphically-similar reaches
downstream and upstream of the barrier culvert crossings. We evaluated trout response to barrier
removal using a conventional ‘before-after’ study design (Roni et al. 2005) involving two treated
crossings. Fish monitoring extended over two years of pre-treatment and three years of posttreatment conditions. A fish tagging component was added with the hopes of providing some
spatial fish distribution information on movement of trout residing in the downstream channel
prior to the removal project. Additional details are provided in the remainder of Section 3.

3.1 Criteria for Site Selection
Sites that were selected had a fish passage barrier culvert identified for removal with resident trout
present downstream and no fish present upstream of the blockage. This allowed us to analyze the
3

response of the downstream fish populations without the complications that an existing fish
population upstream of the blocking structure would provide. Additionally, these sites were
without anadromous species present. This further removed the complication of inter-annual
variation in run size that is often present in anadromous stocks and its potential impact on the
resident trout population.
Additional suitability criteria required prior to site selection included:
•Minimum of 300 m of available fish habitat upstream of the barrier.
•Barrier repair timing must allow at least one year of fish population monitoring prior to
barrier removal.
•Bankfull widths between 1 to 4 m.
We wanted the amount of available fish habitat upstream of the road crossing to be similar to the
required 400m survey length required for regulatory determinations (Washington State Forest
Practice Board Manual, Section 13). The bankfull width criterion was a size that we could electrofish effectively during appropriate flow conditions. It is also representative of channel sizes that
are currently surveyed for fish use in Washington forest practices scenarios.
Prior to final site selection, we conducted an electro-fishing survey upstream of each road barrier
to verify the absence of fish prior to the study. While standard protocol electro-fishing surveys
(Washington State Forest Practice Board Manual, 2002) had been conducted previously, we resurveyed them to add confidence in the absence determination. We inferred the upper end of fish
habitat at each site based on independent habitat evaluations by the prior surveyors and the authors.
After review of many candidate sites, we were left with two. The two sites were chosen because
they were the only suitable sites found that met all criteria plus our survey results were consistent
the consultants at both sites. Additionally, given the multi-year resampling approach, a larger
sample size appeared likely to exceed available resources.

3.2 Study Areas
The two sites selected that met the criteria explained above included a tributary to Racehorse Creek
in Whatcom County, and a tributary to North Fork Canyon Creek in Snohomish County.
Racehorse Creek is a left bank tributary of the Nooksack River located at kilometer 72.6 near
Kendall, Washington (Figure 1). There is an anadromous barrier (falls) on Racehorse Creek
located approximately 2.4 kilometers upstream from the confluence with the North Fork Nooksack
River. Extensive portions of the basin above this barrier contain resident trout. The study site is
approximately 9.7 kilometers upstream in a small right-bank, unnamed tributary (Figure 1).
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Figure 1. Vicinity map of study site on unnamed tributary to Racehorse Creek near Kendall Washington.

The drainage area of the Racehorse Creek Tributary (hereafter RHCT) is an estimated 84 hectares
located on land owned by the State of Washington and managed by the Department of Natural
Resources for timber production. The maximum basin elevation is 1465m and is forested largely
with Douglas fir (Pseudotsuga menziesii) and western hemlock (Tsuga heterophylla). The primary
fish use upstream of the anadromous barrier is a population of non-native Westslope cutthroat trout
(Oncorhynchus clarki lewisi) that likely originated from previous stocking in Racehorse Creek.
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Figure 2. The location of the 100-meter upstream and downstream sampling segments in relation to the
confluence with Racehorse Creek and the end of fish habitat. Note that survey segments were moved away
from the influence of the road and not directly adjacent to the barrier culvert site as the figure may indicate.
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The pre-project road crossing structure at the RHCT site was a 1.5-meter diameter (60”) corrugated
metal culvert that had a 1-meter outfall drop onto a large boulder (Figure 3). The culvert was
removed and the road was abandoned in the summer of 2010 (Figures 3 & 4).

Figure 3. Racehorse Creek tributary site before
culvert removal (September 2009).

Figure 4. After barrier culvert removal
(October 2010).
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The second site is a left-bank, unnamed tributary to North Fork Canyon Creek (hereafter NFCCT)
near Granite Falls, Washington (Figure 5). Canyon Creek is a right-bank tributary to the South
Fork Stillaguamish River. The anadromous barrier on North Fork Canyon Creek is located just
upstream of the Canyon Creek forks at approximately kilometer 19.

Figure 5. Vicinity map of study site on unnamed tributary of North Fork Canyon Creek near Granite
Falls, Washington.

The drainage area of the NFCCT is an estimated 57 hectares located on land that was owned and
managed by the Longview Timberlands (now Weyerhaueser Company) for timber production.
The maximum basin elevation is 730m and is forested primarily with Douglas fir (Pseudotsuga
menziesii) and western hemlock (Tsuga heterophylla). The principal fish use upstream of the
anadromous barrier are native coastal cutthroat (Oncorhynchus clarkii clarkii) and rainbow trout
(Oncorhynchus mykiss).
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At both sites, sample segments 100-meters long were established upstream and downstream of the
existing fish barrier culverts (Figures 4 & 6) at locations deemed to be outside the direct influence
of the barrier culvert and removal activities.

Figure 6. The location of the 100-meter upstream and downstream sampling segments in relation to the
confluence with North Fork Canyon Creek and the end of fish habitat. Note that survey segments were
moved away from the influence of the road and not directly adjacent to the barrier culvert site as the
figure may indicate.
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The pre-project road crossing structure was a 1-meter (36”) diameter corrugated metal culvert that
had a 1-meter outfall drop onto a log. As for the RHCT site, the NFCCT culvert was removed and
the road was abandoned in the summer of 2010 (Figures 7 & 8).

Figure 7. NFCCT site before removal with
fish blocking culvert in place (May 2010).

Figure 8. After fish blocking culvert
removal (September 2010). Logs were left in place
to enhance habitat

Table 1 displays the characteristics for the two study sites and those of the East Fork of Hooper
Creek, introduced in Section 1.2.
Table 1. Comparison of study site characteristics
Site

Basin size
(hectares)

Channel
Habitat Above
Gradient
Fish species
width (m)
Blocking Culvert (m)

Racehorse Cr
Trib

84

4.3

13%

280

NF Canyon Cr
Trib

57

2.5

6%

305

Hooper Cr

105

3.0

6%

770

Westslope
Cutthroat Trout
Coastal Cutthroat &
Rainbow Trout
Coastal Cutthroat Trout

There were two primary categories of monitoring data that were collected in each sampling
segment: Habitat survey data which compared the fish habitat characteristics in the downstream
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and upstream sampling reaches of the project area; and electro-fishing survey data which included
a trout tagging component.

3.2 Habitat surveys
Improperly sized culverts and bridges can have an adverse impact on the geomorphology of the
stream that extends well above and/or below the structure itself (Forest Service Stream-Simulation
Working Group, 2008). Therefore, these sampling reaches were positioned a distance away from
the crossing structure to eliminate habitat alterations associated with the crossing structure (culvert
outfall pools, upstream sediment wedges, etc.).
The 100-meter segment lengths used in this study were based on the segment lengths identified in
the TFW Monitoring Program for the Habitat Unit Survey (Pleus et al., 1999). A 100-meter
measuring tape was extended along the thalweg of the channel and the following habitat
characteristics were collected: habitat unit (i.e. pools, riffles), channel length and width; channel
gradient; pool depth; and substrate type (gravel, boulders). These habitat categories were
determined using methods that were also outlined in the TFW Habitat Unit Survey Method Manual
(Pleus et al., 1999).
Possible obstacles to upstream migration (unusual or significant naturally-formed in-channel
features) were documented and tracked for changes through the study period. The up- and
downstream sample segments were monumented to maintain equal lengths and segment
consistency between repeat surveys.
3.3 Electro-fish Surveys
Multiple-pass removal/depletion electrofishing surveys (Moran 1951; Zippin 1958) were
conducted to determine trout populations within each study reach. Block nets were placed at the
upstream and downstream end of each sample segment just prior to conducting surveys. A SmithRoot LR-24 electro-fisher was used with the appropriate settings for the water conditions (e.g.,
temperature and conductivity) measured on the day of each survey.
For each sampling pass, all fish were captured and identified to species, inspected for tag presence,
and measured at fork length. Fish were placed in recovery buckets until the survey work was
completed and re-distributed back into the original sample reach. MicroFish 3.0 software
(www.MicroFish.org) was used to calculate population estimates for each completed electro-fish
survey. This software calculates maximum-likelihood population estimates from removaldepletion data such as that collected in this study. Several assumptions introduce bias in
determining fish population estimates using removal depletion sampling (Meyer & High, 2011).
For instance, removal methods assume that the population is closed, and that fishing effort is
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constant. We addressed these assumptions by using block-nets on the upstream and downstream
ends of the sample segments and by ensuring that all available habitat was thoroughly electrofished
on each pass.
To better understand the spatial origin of recolonizing trout, we tagged each fish exceeding 50mm
(fork length) found downstream of the barrier, prior to barrier removal. At each site, one depletion
survey was completed in the fall of 2009 and again in the spring of 2010, shortly before the road
crossings were removed. During these two pre-treatment surveys, all captured fish meeting the
minimum fork length threshold were tagged with a colored visual implant elastomer tag (VIE) that
was injected beneath the transparent tissue behind the left eye on the operculum plate (Figure 9).

Visible implant elastomer tag

Figure 9. Photo of Westslope cutthroat trout (Oncorhynchus clarki lewisi) under blacklight

enhancement with a visual implanted elastomer tag.

Post treatment depletion surveys were completed in each of the three years following the barrier
culvert removal. There were two multiple removal/depletion electro-fishing surveys each year
with one survey completed in late spring while the second survey was completed in late summer.
Biannual sampling was utilized in an attempt to understand the seasonal variability in abundance
12

due to emergence of age 0 fish in the late spring/summer. At the conclusion of the 3-year posttreatment surveys, we conducted one single-pass electro-fish survey upstream of the sample
segment to the end of the previously assessed limit of fish habitat in order to discern the furthest
extent of upstream migration by the end of the study period (Table 2).
Table 2. Timeline of study activities. Additional details in sections 3.2 and 3.3.
Year
Season
Activity
2008
Summer
Fish habitat surveys, Single pass electro-fish surveys to end of habitat
2009
Fall
MES* below barrier - first pre-treatment. Fish tagging
2010
Spring
MES below barrier - second pre-treatment
2010
Summer
Barrier culverts removed
2010
Fall
MES above and below barrier – first post-treatment
2011
Spring
MES above and below barrier – second post-treatment
2011
Fall
MES above and below barrier – third post-treatment
2012
Spring
MES above and below barrier – fourth post-treatment
2012
Fall
MES above and below barrier – fifth post-treatment
2013
Spring
MES above and below barrier – sixth post-treatment
2013
Summer
Single pass electro-fish surveys to end of habitat
*MES – multi-pass removal/depletion electro-fish surveys
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4) Results
4.1) Habitat Survey Results
The upstream and downstream sampling segments were similar in the percentage of each habitat
type (Figure 10 & 11).
Habitat type abundance relative to barrier removal at RHCT
site
Percent of habitat length

80
60

Downstream
Upstream

40
20
0
Riffles

Pools

Cascades

Figure 10. Percent of habitat type between upstream and downstream sample segments in Racehorse Creek
tributary. Both segments are similarly dominated by riffles (~75%) and pools (~20%).

Habitat type abundance relative to barrier removal at NFCCT site
Percent of habitat length

100
80
Downstream

60

Upstream
40
20
0

Riffles

Pools

Cascades

Figure 11. Percent of habitat type between upstream and downstream sample segments in North Fork

Canyon Creek tributary. Although both segments are dominated by riffle habitat, the downstream reach has
less pools.
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The average gradient for the sample segments in the RHCT site was similar upstream (12%) and
downstream (14%). The average gradient for the sample segments in the NFCCT were also similar
upstream (6%) and downstream (6%) but noticeably lower gradient than both RHCT segments.
Surprisingly, there were more pools present in the higher gradient RHCT site than the lower
gradient NFCCT site, owing to a more step-pool morphology at RHCT. However, the percentage
of habitat types between the upstream and downstream sampling segments within a site were
relatively similar with the exception that there were more pools present in the upstream segment
of NFCCT than the downstream. Still, we see the segment pairs as sufficiently similar in terms of
physical habitat conditions that should not interfere with the inferences we draw from the results.

4.2) Electrofishing Results
The detected response from trout in each site was quite different. In the RHCT site, the initial
recolonization was rapid, as 12 individuals were captured in the upstream 100m sampling reach
(all in the age 1+ category) in the first post-removal survey, approximately one month after the
blocking culvert was removed. Three of the captured trout had been previously captured
downstream, as evidenced by the VIE tags present. The robust recolonization continued, with
substantial numbers of trout present in the upstream segment of RHCT in subsequent resurveys
(Figure 12). Abundance of recolonizing trout was variable among visits and highest in fall 2011,
around a year after barrier-removal.
At the NFCCT site in contrast, no trout were encountered upstream of the removed barrier within
our sampling reach until more than one year after removal (Figure 13). Over the six post-removal
surveys, only two fish were found upstream in all the samplings. Because the fish detections were
on non-consecutive visits, it is difficult to ascertain if it was the same fish both times, or two
temporary occupants.
While the two sites differed in trout abundance, the fish densities in the upstream sample segment
of each site both remained lower than the downstream sample segments throughout the course of
the study as shown in Figures 12 & 13.
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Trout densities relative to barrier removal at RHCT site
80
70

Number of trout

60

Number of trout
per 100m
upstream

Barrier Culvert Removed

50
40
Number of trout
per 100m
downstream

30
20
10
0
Fall 2009 Spring Fall 2010 Spring Fall 2011 Spring Fall 2012 Spring
2010
2011
2012
2013

Figure 12. Numbers of fish (per 100m segment) detected in upstream and downstream reaches in Racehorse
Creek tributary. Note that trout were present upstream during all post-treatment measurements

Trout densities relative to barrier removal at NFCCT site
10
9

Number of trout

8
7

Number of trout
per 100m upstream

Barrier Culvert Removed

6
5
Number of trout
per 100m
downstream

4
3
2
1
0
Fall 2009 Spring Fall 2010 Spring Fall 2011 Spring Fall 2012 Spring
2010
2011
2012
2013

Figure 13. Numbers of fish detected (per 100m) in upstream and downstream reaches in North Fork
Canyon Creek tributary. *Note the delayed and sparse recolonization of upstream segment after barrier
removal (black segments) and the difference in the y-axis units relative to Figure 12.
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Age composition was divided into two classes based on fork length. Age 0 trout (young of year)
were those less than approximately 80mm, while age 1+ and older fish were greater than 80mm.
This distinction was based on work done by Carman et al. (1984) and supported by our data, as
shown in Figure 14.

10
9
8
7
6
5
4
3
2
1
0

[------ Age 0 fish -----]

[---------- Age 1+ and older fish ------------------------

20
26
32
38
44
50
56
62
68
74
80
86
92
98
104
110
116
122
128
134
140
146
152
158
164
170
176
182
188
194
200
206
212
218
224
230

Number of trout

Distribution of trout by fork length in the RHCT site

Fork length (mm)

Figure 14. Histogram showing trout size distribution by fork length for all years in the RHCT site. Trout
less than 80mm were inferred to be age 0, based on the prominent dip in the distribution around 80mm.

Downstream age class structure was compared throughout the study to see if there was a change
after the blocking culvert was removed. The response in age class structure in the downstream
sampling segments differed between the two sites (Figures 15 & 16). In the RHCT site, there was
a high number of age 0 trout present prior to the removal of the culvert, followed by a decrease in
age 0 trout detected after barrier removal. Although combined trout densities at the RHCT site
showed an overall decline as the surveys progressed (Figure 15), there was an overall increase in
age 1+ trout present during that same period. Despite the low numbers (i.e., abundance), the
NFCCT site showed a slight increase in the number of age 0 trout and age 1+ trout during the
sampling period (Figure 16).
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Ages at downstream segment of RHCT site
80
70

Number of trout

60
50

Barrier Culvert Removed

Number of age
1+ trout
downstream
Number of age
0 trout
downstream

40
30
20
10
0
Fall Spring Fall Spring Fall Spring Fall Spring
2009 2010 2010 2011 2011 2012 2012 2013

Figure 15. Age composition in downstream segment of Racehorse Creek tributary site. After barrier
removal, the number of age 0 decreased and age 1+ increased.

Ages at downstream segment of NFCCT site

Number of trout

10
9
8
7
6
5
4
3
2
1
0

Number of age
1+ trout
downstream

Barrier Culvert Removed

Number of age
0 trout
downstream

Fall Spring Fall Spring Fall Spring Fall Spring
2009 2010 2010 2011 2011 2012 2012 2013

Figure 16. Age composition in downstream segment of North Fork Canyon Creek tributary site.
*Note the difference in the y-axis units relative to Figure 15. Both age classes appear to have
increased slightly after barrier removal.

There were more age 1+ trout than age 0 trout in the upstream sampling segments of both sites,
(Figures 17 & 18). Only two trout, both age 1+, were captured in the upstream sampling
segment of NFCCT site during the study as evident in Figure 18.
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Age composition for upstream sampling
segment in the RHCT site

80
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1+ trout
upstream
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Figure 17. Age composition in upstream segment in Racehorse Creek tributary.

Age composition for upstream sampling
segment in the NFCCT site
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Figure 18. Age composition in upstream segment in North Fork Canyon Cr tributary.

As with the other study results, the trout tagging results were different between the two sites. Of
the 41 trout tagged before culvert removal in the RHCT site, a total of 7 trout were recaptured after
barrier removal, including four found upstream of the culvert removal site. No marked fish were
recaptured after the spring of 2012 survey, two years later (Figure 19).
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In the NFCCT site, a total of five trout were tagged before the culvert was removed. Two tagged
trout were recaptured during the subsequent sampling efforts, both in the downstream sampling
segment (Figure 20). None were recaptured in the upstream sampling segment.
Number of tagged trout recaptured in the RHCT site
5

Number of
tagged trout
recaptured in
downstream
survey

Barrier Culvert Removed
Number of trout

4
3

Number of
tagged trout
recaptured in
upstream
survey

2
1
0
Spring
2010

Fall
2010

Spring
2011

Fall
2011

Spring
2012

Fall
2012

Spring
2013

Figure 19. Number of tagged trout recaptured in the upstream and downstream reaches in
the Racehorse Creek tributary site. Note that none were found after spring 2012.

5

Number of trout

4

Number of tagged trout recaptured in downstream
segment in the NFCCT site

Barrier Culvert Removed

3
2
1
0
Spring Fall 2010 Spring Fall 2011 Spring Fall 2012 Spring
2010
2011
2012
2013

Figure 20. Number of tagged trout recaptured in depletions surveys in the downstream
reach in the North Fork Canyon Creek tributary. No tagged trout were ever encountered in
the upstream segment.
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The final electro-fish surveys were single-pass surveys from the upstream limits of the abovebarrier sample segments to the upper ends of fish habitat identified for each site (Table 2). In the
RHCT site, no fish were detected upstream of our sampling segment. A wood-forced step (1meter vertical rise) is in close proximity to the upper end of our upstream segment (note the pink
flags in the background of Figure 21). No fish were detected upstream of this step throughout
the study period. As of the end f our study, this step represents the temporary end of trout
distribution at this site. However, we believe that when the key piece of wood that provides the
structural integrity of this step breaks down, the stream profile will regrade and become more
fish passable. This would allow recolonization to the projected permanent end of fish habitat
located approximately 175 m upstream. The upper barrier (end of fish habitat) is a steep, narrow
bedrock chute, which, unlike the wood step, is a permanent channel feature.

Figure 21. Wood-forced step located at the upper end of the upstream segment in the RHCT site that
limited upstream recolonization during this study. Note the pink flags upstream in the background
signifying the end of the upstream sampling segment.
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By contrast, the final single-pass electrofish survey at NFCCT detected 10 additional trout above
the upstream sample segment. The uppermost detected fish was located approximately 100 meters
downstream of the upper end of fish habitat. This suggests that numerous trout had moved through
the upstream sample reach without being detected during our semi-annual surveys. This resulted
in a greater population of fish in the uppermost portion of available habitat relative to the more
accessible segment immediately above the barrier.
While there was no distinct physical barrier that determined the end of fish habitat in NFCCT, a
tributary junction was identified as the logical end point. Diminished habitat and the lack of fish
observed beyond the confluence, even after access was restored indicated a lack of sufficient
habitat and/or flow in either fork to support trout use.

5. Discussion and Conclusions
The following section explains how our observations inform aspects of fish recolonization of
reconnected upstream habitats, including timing and population dynamics (5.1) and management
implications (5.2). The inherent uncertainties in this study are addressed in Section 5.3.
As illustrated in Table 1, our sites contained Coastal Cutthroat trout, Westlope Cutthroat trout and
Rainbow trout. We viewed them collectively as “resident trout” as they have similar ecological
and physiological requirements (Woody 2013). Although there are some differences in their native
geographic distribution we perceive their swimming capabilities and habitat utilization to be
similar. Although the Westlope Cutthroat in Racehorse Creek are non-native, they have proven
successful at establishing a healthy population that expands into small tributary habitats.
It is worthwhile noting that while the objectives of this study were similar to the HC project, the
type of electro-fish surveys differed. As mentioned in section 3.3, a more robust multiple
removal/depletion electrofishing survey (Moran 1951; Zippin 1958) was used in the RHCT and
NFCCT sites to understand reach-specific density. However, during the HC monitoring study, a
single-pass electrofishing survey was used where fish were tallied and binned into 0 or 1+ age
categories at 50-meter stream length intervals. The HC methodology was similar to a mark
recapture survey in the Daniel Boone National Forest in Kentucky (Roghair et al. 2014). Evans
et al. (2015) used a single-pass method and found it to provide a reasonably accurate assessment
of fish assemblage structure, in this case we inferred age assemblage structure with inherent
assumptions. Although the single-pass method likely captures fewer trout than a multi-pass
survey, the results of the three sites are discussed in a similar context.
When comparing the recolonization rates in the RHCT and NFCCT sites, we wondered if the
differences in downstream population densities prior to barrier removal had influenced
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recolonization rates through density dependence (the downstream population densities was not
determined in the HC project).
The RHCT site had a population density of 0.09 trout/m², which is triple the NFCCT site
population density of 0.03 trout/m² during the same pre-treatment period. Hilderbrand and
Kershner (2000) indicate a relatively high cutthroat trout abundance in small streams would be
0.3 fish per meter of stream length or higher while a low abundance would be 0.1 fish per meter
of stream length or lower. By these standards, we recalculate the abundance for the NFCCT site
(ranging from 0.02-0.09 trout/m) would be considered low while the abundance in the RHCT site
(ranging from 0.18-0.75 trout/m) would be considered high.

5.1 Discussion of Project Objectives and Questions
How long does it take fish to re-colonize habitat upstream of a recently removed barrier culvert
to similar levels as the downstream pre-project fish population densities?
In the two study streams (RHCT and NFCCT) and companion study of HC (Phillips et al. 2012),
trout were found upstream of removed barriers within 2 to 14 months, respectively. The time
required and density of recolonizing fish were markedly different among the study sites, however.
In the RHCT and HC sites, multiple trout moved upstream within a few months (Figure 12; RHCT)
to utilize most of the re-opened habitat. At NFCCT by contrast, the first upstream fish wasn’t
detected until 14 months post barrier removal (Figure 13), though fish could have moved beyond
our study reach and evaded detection, as evidenced by the 10 fish found upstream of our sample
reach at the end of the study. Nonetheless, after this slow start, the three subsequent surveys over
the next year and a half encountered zero, zero, and one fish, respectively, suggesting much slower
recolonization than at RHCT or HC.
Upstream densities at both sites were still lower than downstream segments after three years of
monitoring (Figures 12 and 13), so we were not able to determine how long it would take to reach
similar levels. While this question remains unanswered, we did observe fast colonization of the
reopened habitat at the RHCT and HC sites.
The robust recolonization seen at RHCT and HC is in direct agreement with other studies that have
found colonization of newly opened habitats occurring relatively rapidly (Pess et al. 2005). Prior
to barrier removal, both sites had a relatively abundant fish population downstream of the blocking
culverts. In these higher-density situations, we found that a sufficient portion of the population
migrated upstream and was easily detected in subsequent electrofishing surveys.

23

The NFCCT site however, had a much lower trout density downstream of the barrier culvert that
likely affected fish recolonization and almost certainly their detectability in a relatively short
segment upstream. This may indicate that upstream fish migration and detectability may take
longer in streams with low population densities (natural or anthropogenic) or that our study reach
was too short to reliably detect fish that had moved upstream. In other words, fish may have been
present upstream in the same rapid fashion as the other study sites but we failed to detect them
within the confines of the reach sampled. It is the nature of this study and the limitations of the
study reach (100m), that we acknowledge the possibility that a more significant recolonization
took place upstream of our sampling area. It’s worth noting that the NFCCT site had a much more
complex and difficult sampling environment (e.g., downed wood, brush, and undercut banks) that
may have affected our ability to accurately sample the population density. Still, these complex instream features would typically make “great” habitat and harbor numerous fish, at least some of
which would have been detected, despite the sampling difficulty.
Additionally, it’s evident that the upper extent of recolonization is influenced by stream features
that are currently functioning as blockages (forced wood steps, debris jams, etc.), temporarily
limiting upstream migration and further seeding of available habitat (see Figure 21). For example,
in the HC site, a 1.2-meter-high wood step must be passed to access the upper 322 meters of
habitat. Only one age 1+ cutthroat trout was detected above it, far less than the habitat would
likely support. This suggests that the step was enough to impede other less capable or determined
fish or that circumstances of stream discharge may only temporarily provide limited access above
the in-stream feature.
The total length of available habitat upstream might influence how soon the reopened habitat
would be fully recolonized (i.e., fully seeded at comparable densities). For example, a reach with
a short segment of newly opened habitat would most likely take less time to get fully occupied
than a reach with much greater habitat capacity because it would take more fish to move upstream
and/or procreate.
Even from our few sites, it is apparent that the amount of time it takes for recolonization is variable
and site specific among streams in this region. Still, our study did not delve into distribution
response as a function of time at the furthest upstream extent of naturally available fish habitat—
a potentially meaningful study question to address water typing methodology that is heavily reliant
in detecting the “last fish” in a stream under current Washington regulatory standards.

How much time post-treatment would a protocol electrofishing survey be acceptable to use in
determining the end of fish habitat?
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The results from our study sites indicate that the timing for protocol electrofish surveys, post
barrier removal, may be affected by fish population densities present downstream prior to the
project. In cases where high densities exist downstream of barrier culverts, upstream surveys may
be appropriate within a few years following barrier removal/replacement, as discussed further
below, depending on the goal of the initiated survey effort.
Our study also shows that in-channel features such as the upper wood-forced step in the RHCT
sampling reach (Figure 21) or the 1.2-meter-high wood step in HC plays a significant role in fish
redistribution, temporally. When habitat is newly opened by barrier removal, as in our study areas,
deformable in-channel features such as these can keep or limit fish from reaching the uppermost
fish habitat for an unknown period of time until they break down or the channel moves to provide
upstream access.
In situations where detecting any fish or the furthest upstream extent of fish distribution in
combination with a high downstream abundance, our study suggests that a logical determination
may be made from the upper-most fish, prior to full seeding of habitat. In-channel deformable and
non-deformable features through a range of flows must be considered when making these
determinations, however. It is possible that while the uppermost fish location may fluctuate over
time due to temporary blockages, the ultimate end of fish habitat may be a more robust permanent
location due to geomorphic constraints.
In the NFCCT site, where the downstream abundance is low, the upstream mobilization of fish
into newly opened habitat may happen rapidly, though detection may be compromised by a relative
decline in density across the reach. Our study, however, did not attempt to resolve these potential
complications and may have benefited from repeated sampling near the upper extent of the habitat,
as was done in Hooper Creek.
Anadromous fish have significant inter-annual and seasonal variation in population sizes and
habitat occupation, therefore additional consideration might be required to assess the applicability
of fish surveys following barrier removal in anadromous streams, especially in light of current low
salmon population abundance compared to historic numbers (Stouder et al. 1997). Resident trout
may also have inter-annual and seasonal variation in population sizes due to spawning, young of
year emergence, changes in stream flow, or natural dynamic perturbations in the system, however
no specific long-term monitoring data exists to our knowledge.
Protocol electrofishing surveys conducted soon after barrier culvert removal may yield worthwhile
results, though complicating factors as mentioned above may cloud these results for some time.
Fish use may or may not directly correlate to end of fish habitat criteria and all perturbations and
elements in a stream system should be taken into account. In general, we think a conservative
approach is appropriate and suggest waiting for a minimum of two years to allow for fish to migrate
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through any potential in-channel features that may require a certain flow to pass over and to allow
the potential for spawning to occur.

How well does field interpretation of potential habitat predict how far fish will go upstream after
barrier removal?
All three sites being discussed in this report had an end of fish habitat prediction made based on a
permanent (i.e. not wood) natural barrier prior to the blocking culvert being removed. No fish
were detected beyond the projected end of fish habitat for any site and in two out of the three sites,
fish were detected within 100 meters of the projected end. This suggests that interpreting physical
habitat can greatly enhance fish use surveys in predicting the upper end of fish habitat.
Another study of physically limiting instream features found trout consistently absent from
channels where gradient exceeded 22% and where pool abundance was significantly low (Latterell
et al. 2003), which is similar to the criteria we use in making field determinations. It should be
noted that the location of the highest detected fish at 2 of our 3 sites were related to wood steps,
suggesting that in-channel physical features had temporarily stopped them from migrating further
upstream. As mentioned above, this suggests that natural factors affecting upstream passage are
important when considering the upstream end of fish habitat.

Will recolonizing fish come from immediately downstream of the removed barrier?
We addressed this question by tagging downstream fish prior to barrier culvert removal, as
explained in Section 3.3. At RHCT, several of the marked fish were captured upstream following
barrier removal, illustrating that these fish likely remained in the channel during the construction
phase of the project and then moved upstream following removal.
That was not evident in the NFCCT site however, where no tagged fish were captured upstream
of the blocking culvert site after removal. This might indicate that recolonizing fish came from
further downstream, potentially well outside of our sampling reach. It is also possible that tagged
fish moved upstream beyond the limits of our sampling segment. Starcevich (2005) suggests that
fluvial migration between headwater basins may be common throughout the distribution of
Westslope cutthroat trout. Perhaps tagged trout in NFCCT migrated downstream out of this
tributary and into the mainstem, upstream of our detection area, or succumbed to natural mortality.
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How does barrier removal affect trout age structure?
Each site had a unique fish population response in age structure dynamics over the duration of the
study. The downstream sample segment in the RHCT site showed an increase in age 1+ trout after
the blocking culvert was removed and a significant reduction in age 0 fish (Figure 15). It is
possible that the spawning habitat was adversely changed after the culvert was removed, however
we didn’t observe any noticeable qualitative difference while conducting subsequent surveys. The
authors of this study have contemplated the possibility that the electrofish surveys themselves may
have impacted the amount of age 0 fish in the study area. This would have been, due to delayed
mortality as only very minor levels of direct mortality were observed during the surveys.
Due to low population densities at the NFCCT site, comparisons of trout age structure are
extremely difficult. There appears to have been an increase in both age 0 and 1+ trout in the
downstream reach (Figure 16), though only age 1+ and older trout were observed in the upstream
reach.
The methods at Hooper Creek only allow analysis upstream of barrier removal, as there were no
electrofish surveys done downstream. This monitoring showed an increase in total numbers of
both age 0 and age 1+ trout after two years. The age 0 class showed the biggest increase in numbers
between year one and year two of sampling as it increased from 7 in 2009 to 101 in 2010. This
result lines up with a study that examined fish response to a catastrophic debris flow that decimated
a cutthroat trout population in Quartz Creek, a third order stream in the Cascade Mountains of
Oregon (Lamberti et al. 1991). The debris flow segment showed high densities of trout fry 1 to 2
years after the event. As mentioned above, the opposite occurred in the RHCT site where there
was a significant reduction in the number of age 0 fish.
Data from all sites does not provide consistent results on the effects of barrier removal on age
structure. However, all three sites indicate that initial recolonizing fish were age 1+ fish or older
(judging by size), which have greater mobility than age 0 fish.

5.2 Management Implications
A predicted end of fish habitat location was identified and monumented for each site prior to the
study implementation. At all sites, this a priori determination held as a credible and logical end
to fish habitat over the three years of post-treatment study. In cases elsewhere where the end of
fish habitat is in question, electrofish surveys are a helpful tool in locating the end of fish habitat,
as long as contextual information (fish population abundance, presence of temporary natural fish
passage barriers, etc.) are incorporated in this determination.
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At RHCT and HC, the fish population response to barrier removal was rapid. Fish moved into the
re-opened habitat nearly immediately in abundance and were easily detected. We recommend
waiting as long as practicable (pending land-use decision needs) to implement electrofishing
surveys. However, waiting two years after the blocking culvert is removed may allow enough
time for colonization to take place in sites with a robust fish population downstream of the blocking
culvert. Fish-use or the last detected fish may only be a surrogate to understanding the abiotic
factors that limit distribution after restoration of fish passage. As this study suggests, it may be
possible to understand these physical factors and make appropriate water typing determinations in
situations where fish distribution is limited by anthropogenic factors.
In the low population density NFCCT site, two fish were detected in our upstream sample segment
after the culvert was removed. Several more fish were detected further upstream in year three near
the projected end of fish habitat, located 300 meters upstream of our sample reach. In hindsight,
having our sample reach next to the end of habitat might have been useful, however our sampling
just upstream of the culvert removal site showed the difficulty of detecting fish with an
electrofisher in a low-density situation. It seems appropriate to rely more on physical features in
a low-density site to place the regulatory type break between fish and non-fish habitat at either a
permanent natural barrier that impedes upstream migration of fish, confining stream gradient, or
clear lack of suitable habitat. Regardless, a fish habitat break was placed in absence of fish above
the barrier culvert several years prior to its removal—a location that appears to have been a valid
location throughout the 3-year duration of our study.
Accurately locating the correct water type break on a stream system between fish habitat and nonfish habitat has long-term implications for lasting habitat quality and accessibility because it
ensures that fish-bearing reaches will receive buffers and passable road crossing structures.
5.3 Uncertainties inherent to this study
Design and Inference: This study, combined with preceding work in Hooper Creek (Phillips et al.
2012), utilized data from three similar case studies. Due to similarities in geographic location,
fish species, stream habitat characteristics, and barrier removal treatment, results and
interpretations were approached collectively. The small sample size and non-random selection
precluded statistical analysis and limits inference, however. As a result, implications from this
study will greatly benefit from comparison with similar studies elsewhere. At the time of this
writing, we know of one similar study in southwest Washington that will be useful for this
purpose.
Fish Detection: It is possible that the apparent delayed recolonization of the upstream NFCCT
site resulted from failure to detect trout present in the sample reach and/or fish passing through
between surveys undetected. We recognize that there is always the potential to miss fish with an
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electro-fisher, especially in small streams that have low population densities, such as this. Other
characteristics of the NFCCT site increase the potential for trout to avoid capture, such as the
complex stream habitat features, and difficult surveyor access created by woody debris and
brush. Despite these factors, we judge the cumulative probability of non-detection over a
multiple-pass effort to be extremely low if trout were present. The final survey upstream of the
NFCCT sampling reaches found that fish had moved through the upstream sampling reach
without detection in our biannual sampling protocol. Thus, we don’t know with certainty how
long recolonization began before a fish was first captured in our upstream sample reach a year
and a half after barrier removal.
Scarcity of Tagged Fish: We have identified several possible reasons for not recapturing more
tagged fish, aside from the envisioned scenarios of fish either emigrating from the sample
reaches or dying of natural causes. It is also possible that previously tagged fish were captured
but not recognized due to tag failure or had died due to tagging injury or delayed electrofisherinduced mortality. Additionally, the short life span (around 3 years) of resident cutthroat trout
(Wyatt 1959) likely played a role in the low incidence of recaptures, due to natural mortality
between visits over the three-year duration of the post tagging phase.
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