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FISH PASSAGE AT SELECTED CULVERTS ON THE 
HOONAH RANGER DISTRICT, TONGRASS NATIONAL FOREST

Chris Riley (Phone: 406-682-4253, Email: criley01@fs.fed.us), USDA Forest Service, Beaverhead-Deerlodge 
National Forest, Madison and Dillon Ranger Districts, Ennis, MT 59729, USA, Fax: 406-682-4233 

Abstract: In the month of July 1997, 38 culverts suspected of blocking upstream passage of juvenile salmonids 
were inventoried on the Hoonah Ranger District.  Attributes measured included species/numbers of fish upstream 
and downstream of each culvert, in addition to physical characteristics such as outlet barrier height, culvert gradient, 
and upstream habitat.  Thirty culverts exhibited some form of physical impediment (excessive barrier height and/or 
gradient) to the upstream migration of juvenile salmonids.  Of the 30 barrier culverts, the height of the lower lip of 
the culvert outlet above the streambed ranged from 0cm to 205cm and averaged 36.5cm.  The gradient of these 
structures ranged from –0.5 percent to 14.5 percent and averaged 5.0 percent.  Thirteen Class I (anadromous) 
culverts were sampled, of which nine lacked juvenile coho upstream of the culvert (no juvenile steelhead trout were 
trapped during the study).  Boxplots of number of juvenile salmon trapped upstream of culverts relate a considerable 
reduction in distribution, median, and mean as compared to downstream.  All 13 culverts exhibited an outlet perched 
above the streambed, with barrier heights ranging from 10cm to 99cm, averaging 38.8cm.  Class I culvert gradient 
ranged from 0.5 percent to 9.5 percent and averaged 3.4 percent.  Nineteen culverts were identified as Class II 
culverts (i.e., culverts in streams providing cutthroat trout and Dolly Varden charr habitat occupied upstream of 
anadromous habitat) during the survey, of which 17 exhibited some physical form of barrier to juvenile passage.  
Outlet barrier heights ranged from 0cm to 205cm, averaging 37.2cm.  Culvert gradient ranged from 2.0 percent to 
9.0 percent and averaged 4.3 percent.  Eight of the 19 Class II culverts had resident fish species trapped upstream 
of the culvert, six of which occurred above culverts exhibiting barrier characteristics such as outlet perch or excessive 
gradient.  Boxplot distribution, median, and mean of height of outlet barrier and culvert gradient tended to be greater 
at Class I and Class II structures without fish trapped upstream as compared to culverts where fish were trapped 
upstream.  This pattern was repeated for culvert length at Class I crossings, but was reversed for Class II structures.  
Overall, barrier culverts resulted in a loss of 8.11km (16,534m2) of fish habitat, comprised of 2.68km (6,408m2) 
of Class I and 5.42km (10,126m2) Class II habitat.  Habitat lost per culvert at Class I crossings was 206m (493m2 

by area), and 319m (596m2 by area) for Class II culverts. Roughly 37% of Class I fish habitat lost (determined by 
length) was of high-quality Floodplain process group reaches with an additional 47 percent comprised of moderate-
quality Moderate Gradient–Mixed Control reaches.  Class II habitat lost comprised about 41 percent Mixed-Moderate 
reaches, followed by 32 percent High Gradient-Contained and 17 percent Alluvial Fan process group reaches, both 
providing relatively low-quality fish habitat.  

Introduction
Recent (Bramblett et al. 2002) and past studies (Skeesick 1970; Cederholm and Scarlett 1981; Peterson 
1982; Hartman and Brown 1987; Nickelson et al. 1992) have identified how various juvenile salmonids in the 
Pacific Northwest migrate upstream into smaller streams seasonally, and during winter or extreme disturbance 
events (Bustard and Narver 1975; Tschaplinski and Hartman 1983; Swales 1986; Hartman and Brown 1987; 
Brown and Hartman 1988) to access refugia to avoid injury or death.  Anthropomorphic barriers, such as 
improperly functioning culverts, block such migrations and present a considerable risk to species with such life 
history strategies.   Results from past monitoring reports on what was then the Chatham Area of the Tongass 
National Forest (TNF; USDA 1995, 1996) identified a need for increased evaluation of fish passage through 
culverts on the Hoonah Ranger District.  In the summer of 1997, Hoonah Ranger District (HRD) personnel, with 
funding support from the Environmental Protection Agency (EPA) and the Alaska Department of Environmental 
Conservation (ADEC), conducted a study of culverts along road segments suspected to contain high densities 
of barrier culverts.   The purpose of this specific inventory was to (1) determine if juvenile salmonids were 
affected by barrier culverts, (2) better understand the physical conditions that comprise barrier culverts and, 
(3) quantify lost habitat to better prioritize restoration of fish passage for all sites.

Study Area
The Tongass National Forest lies within the Alexander Archipelago of southeast Alaska (fig. 1).  One of nine 
ranger districts and two national monuments, the Hoonah Ranger District encompasses the northern half 
of Chichagof Island, just south of Glacier Bay National Park.  Climatically, maritime currents of the North 
Pacific moderate landscape temperatures; however, wintertime extremes can result in intervals of stream 
icing.  Southeast Alaska is quite wet, and the study area within northeast Chichagof Island averages 60-
100” of precipitation annually, the majority as rainfall in the months of September through November.  
Geomorphologically, the landscape of the district has been strongly influenced over the last 20,000 years 
(and earlier) by glacial forces.  Valleys exhibit the classic “U-shaped” cross-section associated with glacial 
action.  Stream systems are short and steep compared to other landscapes of the Pacific Northwest.  The 
most common forces of disturbance affecting stream morphology include floods, tree blowdown, and ice.  
Where possible, roads have been located away from valley bottoms to avoid conflicts with riparian resources, 
particularly high-value spawning and rearing habitat of salmonids.  However, the location of roads too far uphill 
along valley slopes can lead to other problems, such as erosion and road stability.  The collective result has 
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been arterial roads that parallel stream corridors, generally traversing hillslopes at 2 to 8 percent gradient.  
Providing upstream fish passage through such culverts can be a considerable challenge.  

Fig. 1.  Map of the study area within the Tongass National Forest, southeast Alaska.

Methods
Road systems of the HRD suspected to harbor high densities of culverts blocking upstream fish passage 
included segments in the Game Creek (Road #8502 8504), Freshwater Creek (Road #8508), Iyouktug Creek 
(Road #8534), Suntaheen Creek (Road #8530) and Pavlof River (Road #8513) watersheds.  Perched culverts 
on streams suspected to contain fish were minnow-trapped upstream and downstream of each culvert to 
enumerate fish species.  Two minnow traps baited with borax-treated salmon eggs were each set in unique 
pools immediately both upstream and downstream of each culvert.   All four traps were fished for three 
hours at each culvert, after which fish trapped were each identified and tallied by species relative to location 
upstream or downstream of the culvert.  Due to an error in sampling, numbers of fish trapped were not tallied 
at four Class II culverts, although species presence upstream and downstream was recorded.

During the months of June and July 1997, physical attributes such as diameter, length, slope, and barrier 
height (the elevation of the lower lip of the culvert outlet above the streambed immediately downstream) of 
each culvert were measured using a fiberglass tape and/or a surveyor’s rod and level.  Reaches upstream 
of Class I and Class II culverts were each measured for length of channel, channel type, stream class, mean 
stream gradient (clinometer), mean channel width, and natural fish barrier attributes to later determine length 
and area of discrete channel types based on the Tongass National Forest Channel Typing Guide (Paustian 
1992).   Each change in reach was determined as a result of change in channel type, gradient, stream class, 
and/or barrier attribute.  Natural fish barrier attributes were judged and recorded by the fisheries biologist.  
Criteria used to determine barriers included height of bedrock falls or other obstacles, or cascades with 
significant increases in channel gradient, typically greater than 25 percent.   A logjam could also qualify as a 
barrier if it was judged by the fisheries biologist to block upstream passage under high flow conditions and was 
more than just a transitory structure.  Location of culverts were mapped on aerial photos and transferred to 

Study
Area

Figure 1.  Map of the study area within the Tongass National Forest, southeast Alaska. 

During the months of June and July 1997, physical attributes such as diameter, length, slope, and barrier 
height (the elevation of the lower lip of the culvert outlet above the streambed immediately downstream)
of each culvert were measured using a fiberglass tape and/or a surveyor�s rod and level.  Reaches

3
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blue-line ortho-photo maps with the intention of incorporating this information into the Chatham Area 
GIS database.  

Results
A total of 38 culverts were inventoried during the month of July 1997, of which 35 entailed some degree 
of blockage to upstream migration of juvenile salmonids at the fish entrance of the culvert.  Barrier height 
between the streambed and lower lip of culverts ranged from 0cm to 205cm and averaged 36.5cm (table 1).  

Table 1
Mean physical characteristics of culverts and upstream habitat surveyed, Hoonah Ranger District, July 1997.  
The asterisk notes that five of six culverts at Class III (non-fish bearing) crossings were perched such that 
upstream fish passage would be blocked.

Class I Culverts
Of the thirteen Class I culverts surveyed, ten were previously unmapped, two were mapped as Class I, and one 
as Class II.  All thirteen Class I culverts exhibited an outlet perched above the streambed, with barrier heights 
ranging from 10cm to 99cm with a mean of 38.8cm.  Class I culvert gradient ranged from –0.5 percent to 9.5 
percent and averaged 3.4 percent.  

Class II Culverts
Nineteen culverts were identified as Class II culverts (i.e., culverts in streams occupied by and/or supporting 
habitat of cutthroat trout and Dolly Varden charr upstream of anadromous habitat) during the survey, of which 
17 exhibited some physical form of barrier to juvenile passage.  None of the Class II stream crossings were 
previously mapped as fish streams.  Outlet barrier heights ranged from 0cm to 205cm, averaging 37.2cm.  
Gradient of Class II culverts ranged from 2.0 percent to 9.0 percent and averaged 4.3 percent.  

Class III Culverts
Six culverts were identified as Class III culverts (i.e., culverts in streams not supporting fish, generally a result 
of natural barriers) during the survey, of which five exhibited some physical form of barrier to juvenile passage, 
if passage was actually attempted.  Outlet barrier heights ranged from 0cm to 40cm, averaging 23.3cm.  
Gradient of Class III culverts ranged from 3.0 percent to 14.5 percent and averaged 9.0 percent.  

Fish Trapping
No juvenile steelhead trout were trapped either upstream or downstream of any culvert surveyed during the 
entire study.  Juvenile coho salmon were trapped from 10 of the 13 Class I streams surveyed.  The three 
remaining Class I culverts were located in streams judged by the author to be Class I as juvenile coho salmon 
or steelhead trout had been previously observed and/or due to the proximity and accessibility of known Class 
I habitat.   The mean number of fish trapped downstream of all Class I, culverts was more than seven times 
greater than trapped upstream (fig. 2).  Similarly, the box plot distribution and median number of juvenile coho 
salmon trapped was considerably greater downstream versus upstream of Class I culverts.  

Attribute Class I Class II Class III All fish culverts

Number of culverts sampled 13 19 6 38
Number of culverts blocking juvenile fish passage 13 17 5* 30
Mean height of lower lip of culvert outlet from streambed  (cm) 38.8 37.2 23.3 36.5
Mean culvert slope  (%) 3.4 4.3 9.0 5.0
Mean culvert diameter  (cm) 112 90 107 101
Mean culvert length  (m) 12.7 12.7 13.0 12.8
Mean percent of channel constricted by culvert  (%) 77.7 87.5 8.3 71.7
Total length of upstream fish habitat blocked   (m) 2,683 5,425 NA 8,108
Total area of upstream fish habitat blocked  (m2) 6,408 10,126 NA 16,534

Mean length of upstream habitat blocked per culvert  (m) 206 319 NA 270
Mean area of upstream fish habitat blocked per culvert  (m2) 493 596 NA 551
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Fig. 2. Boxplot of number of individual anadromous/resident fish trapped upstream 
or downstream of culverts at 10 Class I and 14 Class II culverts on the Hoonah 
Ranger District, July 1997.  The mean number of fish trapped is in parentheses.

Fig. 3.  Boxplot of the elevation of the lip of the culvert outlet above the streambed, 
stratified by Class I or Class II culverts with or without fish upstream on the Hoonah 

Ranger District, July 1997. Mean barrierheight is in parentheses.  Number of culverts 
inventoried are labelled as “n=” under each category.

Trout and charr were trapped from 18 of the 19 Class II streams surveyed.  Due to an error in sampling, 
the number of fish trapped was not tallied at four of the 18 Class II crossings where fish were trapped.  The 
Class II culvert where no fish were trapped was judged by the author to be Class II habitat due to its proximity 
and accessibility to known Class II habitat.  Similar to the pattern in abundance of juvenile coho salmon 
downstream versus upstream of Class I crossings, the mean number of trout and charr trapped downstream 
of Class I and Class II culverts was greater than upstream, although the magnitude of this difference was 
much less pronounced for these two species, particularly when comparing the median values and the box plot 
distribution of numbers of fish downstream versus upstream (fig. 2).      

survey, of which 17 exhibited some physical form of barrier to juvenile passage.  None of the Class II 
stream crossings were previously mapped as fish streams.  Outlet barrier heights ranged from 0 cm to 205 
cm, averaging 37.2 cm.  Gradient of Class II culverts ranged from 2.0% to 9.0% and averaged 4.3%.

Class III Culverts
Six culverts were identified as Class III culverts (i.e., culverts in streams not supporting fish, generally a 
result of natural barriers) during the survey, of which five exhibited some physical form of barrier to 
juvenile passage, if passage were actually attempted.  Outlet barrier heights ranged from 0 cm to 40 cm,
averaging 23.3 cm.  Gradient of Class III culverts ranged from 3.0% to 14.5% and averaged 9.0%.

Fish Trapping 
No juvenile steelhead trout were trapped either upstream or downstream of any culvert surveyed during 
the entire study.  Juvenile coho salmon were trapped from 10 of the 13 Class I streams surveyed.  The 
three remaining Class I culverts were located in streams judged by the author to be Class I as juvenile 
coho salmon or steelhead trout had been previously observed and/or due to the proximity and accessibility
of known Class I habitat.   The mean number of fish trapped downstream of all Class I culverts was more
than seven times greater than trapped upstream (Fig. 2).  Similarly, the box plot distribution and median
of number of juvenile coho salmon trapped was considerably greater downstream versus upstream of 
Class I culverts.

Figure 2.  Boxplot of number of individual anadromous/resident fish trapped upstream or downstream of 
culverts at ten Class I and 14 Class II culverts on the Hoonah Ranger District, July 1997.  The mean

number of fish trapped is in parentheses.

5

culverts without fish trapped upstream.  The median and the boxplot distribution of barrier height at Class
II culverts with trout or charr trapped upstream were both considerably less than at Class II culverts
without fish trapped upstream, although these differences were only slightly apparent at Class I culverts
with trout or charr trapped upstream.

Figure 3.  Boxplot of the elevation of the lip of the culvert outlet above the streambed, stratified by Class I 
or Class II culverts with or without fish upstream on the Hoonah Ranger District, July 1997.  Mean 

barrier height is in parentheses.  Number of culverts inventoried are labelled as �n=� under each category.

Culvert Gradient 
Mean gradient of Class I culverts where juvenile coho salmon were trapped upstream was 35% less than 
that of Class I culverts where no juvenile coho were trapped upstream (Fig. 4).  Comparison of the
boxplot distribution of culvert gradient between Class I culverts with and without juvenile coho trapped 
upstream relate a similar discrepancy, however comparison between the respective median values show 
no real difference, possibly due to the limited number of culverts (4) with juvenile coho trapped upstream.
Mean gradient of Class II culverts with trout or charr trapped upstream was slightly less than that of Class 
II culverts where fish were trapped upstream, whereas the median was considerably less for Class II 
culverts with fish upstream.  Comparison of the boxplot distribution of Class II culverts with trout or 
charr upstream is somewhat less than that of Class II culverts without fish upstream.  Class I culverts with 
trout and charr trapped upstream exhibited considerably lower mean, median, and boxplot distribution of 
gradient than Class II culverts with or without trout or charr upstream.

7
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Culvert Barrier Height
Juvenile coho salmon were trapped upstream of four Class I culverts.  The mean barrier height of Class I 
culverts where juvenile coho were trapped upstream was 60 percent less than that of Class I culverts where 
no juvenile coho were trapped upstream (fig. 3).  This strong difference in barrier height was also exhibited by 
the median (~50 percent) and the boxplot distribution.  It should also be noted that minnow trapping efforts 
failed to detect juvenile coho upstream of culverts with barrier heights less than the mean or median height 
described for culverts where juvenile coho were trapped upstream.  Mean barrier height was 10 percent less 
at Class II culverts with trout or charr trapped upstream than at crossings without fish trapped upstream; this 
difference would be much greater with the exclusion of the 205cm outlier.  At Class I culverts, barrier height 
was 28 percent less at culverts with trout or charr trapped upstream than at Class II culverts without fish 
trapped upstream.  The median and the boxplot distribution of barrier height at Class II culverts with trout or 
charr trapped upstream were both considerably less than at Class II culverts without fish trapped upstream, 
although these differences were only slightly apparent at Class I culverts with trout or charr trapped upstream. 

Fig. 3.  Boxplot of the elevation of the lip of the culvert outlet above the 
streambed, stratified by Class I or Class II culverts with or without fish upstream 

on the Hoonah Ranger District, July 1997.  Mean barrier height is in parentheses.  
Number of culverts inventoried are labelled as “n=” under each category.

Culvert Gradient
Mean gradient of Class I culverts where juvenile coho salmon were trapped upstream was 35 percent less 
than that of Class I culverts where no juvenile coho were trapped upstream (fig. 4).  Comparison of the boxplot 
distribution of culvert gradient between Class I culverts with and without juvenile coho trapped upstream relate 
a similar discrepancy; however, comparison between the respective median values shows no real difference, 
possibly due to the limited number of culverts (4) with juvenile coho trapped upstream.  Mean gradient of 
Class II culverts with trout or charr trapped upstream was slightly less than that of Class II culverts where fish 
were trapped upstream; whereas, the median was considerably less for Class II culverts with fish upstream.  
Comparison of the boxplot distribution of Class II culverts with trout or charr upstream is somewhat less than 
that of Class II culverts without fish upstream.  Class I culverts with trout and charr trapped upstream exhibited 
considerably lower mean, median, and boxplot distribution of gradient than Class II culverts with or without 
trout or charr upstream.  

culverts without fish trapped upstream.  The median and the boxplot distribution of barrier height at Class
II culverts with trout or charr trapped upstream were both considerably less than at Class II culverts
without fish trapped upstream, although these differences were only slightly apparent at Class I culverts
with trout or charr trapped upstream.

Figure 3.  Boxplot of the elevation of the lip of the culvert outlet above the streambed, stratified by Class I 
or Class II culverts with or without fish upstream on the Hoonah Ranger District, July 1997.  Mean 

barrier height is in parentheses.  Number of culverts inventoried are labelled as �n=� under each category.

Culvert Gradient 
Mean gradient of Class I culverts where juvenile coho salmon were trapped upstream was 35% less than 
that of Class I culverts where no juvenile coho were trapped upstream (Fig. 4).  Comparison of the
boxplot distribution of culvert gradient between Class I culverts with and without juvenile coho trapped 
upstream relate a similar discrepancy, however comparison between the respective median values show 
no real difference, possibly due to the limited number of culverts (4) with juvenile coho trapped upstream.
Mean gradient of Class II culverts with trout or charr trapped upstream was slightly less than that of Class 
II culverts where fish were trapped upstream, whereas the median was considerably less for Class II 
culverts with fish upstream.  Comparison of the boxplot distribution of Class II culverts with trout or 
charr upstream is somewhat less than that of Class II culverts without fish upstream.  Class I culverts with 
trout and charr trapped upstream exhibited considerably lower mean, median, and boxplot distribution of 
gradient than Class II culverts with or without trout or charr upstream.

7
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Fig. 4. Boxplot of culvert gradient stratified by stream class and the presence or 
absence of fish species upstream of culverts suspected of blocking fish passage, Hoonah 

Ranger District, July 1997.  Mean culvert gradient is in parentheses.

Culvert Length
Mean length of Class I culverts where juvenile coho salmon were trapped upstream was 17 percent less than 
that of Class I culverts where no juvenile coho were trapped upstream (fig. 5).  Comparison of the median and 
the boxplot distributions of culvert length between Class I culverts with and those without juvenile coho trapped 
upstream relate a similar considerable difference.  The mean length of Class II culverts where trout or charr 
were not trapped upstream was 27 percent less than that of Class II culverts with fish trapped upstream, and 
11 percent less than that of Class I culverts where trout or charr were trapped upstream.  The median and the 
boxplot distributions of the length of Class II culverts without fish upstream were also considerably less than 
that of Class I or Class II culverts with trout or charr upstream.

Fig. 5. Boxplot of culvert length stratified by stream class and the presence 
or absence of fish upstream at stream crossings suspected of blocking fish passage 

on the Hoonah Ranger District, July 1997.  Mean culvert length is in parentheses.

Channel Constriction by Culverts
Figure 6 describes the relationship of culvert diameter graphed as a function of bankfull width for fish culverts 
surveyed.  This graph strongly reflects the tendency of undersized culvert diameter relative to bankfull width 
of fish streams on the Hoonah Ranger District.  Constriction of the channel typically results in increased water 
velocity and outlet scour during channel-forming (bankfull) flows and greater. 

Figure 4.  Boxplot of culvert gradient stratified by stream class and the presence or absence of fish species 
upstream of culverts suspected of blocking fish passage.  Hoonah Ranger District, July 1997.  Mean 

culvert gradient is in parentheses. 

Culvert Length
Mean length of Class I culverts where juvenile coho salmon were trapped upstream was 17% less than 
that of Class I culverts where no juvenile coho were trapped upstream (Fig. 5).  Comparison of the
median and the boxplot distributions of culvert length between Class I culverts with and those without 
juvenile coho trapped upstream relate a similar considerable difference.  The mean length of Class II 
culverts where trout or charr were not trapped upstream was 27% less than that of Class II culverts with 
fish trapped upstream, and 11% less than that of Class I culverts where trout or charr were trapped
upstream.  The median and the boxplot distributions of the length of Class II culverts without fish
upstream were also considerably less than that of Class I or Class II culverts with trout or charr upstream.

8

Figure 5.  Boxplot of culvert length stratified by stream class and the presence or absence of fish upstream
at stream crossings suspected of blocking fish passage on the Hoonah Ranger District, July 1997. Mean

culvert length is in parentheses. 

Channel Constriction by Culverts 
Figure 6 describes the relationship of culvert diameter graphed as a function of bankfull width for fish 
culverts surveyed.  This graph strongly reflects the tendency of undersized culvert diameter relative to 
bankfull width of fish streams on the Hoonah Ranger District.  Constriction of the channel typically
results in increased water velocity and outlet scour during channel-forming (bankfull) flows and greater.

9
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Fig. 6. Culvert diameter as a function of mean bankfull channel width, fish 
culverts surveyed on the Hoonah Ranger District, July 1997.

Shotgun Culverts
Other observations of culvert condition were also recorded during the survey.   “Shotgun” culverts (fig. 7), 
a term relating how culverts were installed with their outlet extending over and above the streambed at an 
excessive distance and/or height, were common. Eight of the thirteen Class I culverts were shotgunned, as 
were 15 of 19 Class II and three of the six Class III culverts surveyed.

Fish Habitat Upstream of Barrier Culverts
Fish habitat inventoried upstream of barrier culverts is stratified hierarchically by stream class and process 
group (Paustian 1992) in table 2.  Overall, barrier culverts resulted in a loss of 8.11km (16,534m2) of fish 
habitat, comprised of 2.68km (6,408m2) of Class I and 5.42km (10,126m2) Class II habitat.  Habitat lost 
per culvert at Class I crossings was 206m (493m2 by area), and 319m (596m2 by area) for Class II culverts. 
Roughly 37 percent of Class I fish habitat lost (by length) was of high-quality floodplain (FP) process group 
reaches with an additional 47 percent comprised of moderate-quality moderate gradient–mixed control (MM) 
reaches.  Class II habitat lost comprised about 41 percent MM reaches, followed by 32 percent high gradient-
contained (HC) and 17 percent alluvial fan (AF) process group reaches, both providing relatively low-quality 
fish habitat.

Figure 6.  Culvert diameter as a function of mean bankfull channel width, fish culverts surveyed on the 
Hoonah Ranger District, July 1997.

Shotgun Culverts
Other observations of culvert condition were also recorded during the survey.   �Shotgun� culverts (Fig. 
7), a term relating how culverts were installed with their outlet extending over and above the streambed at 
an excessive distance and/or height, were common. Eight of the thirteen Class I culverts were shotgunned,
as were 15 of 19 Class II and three of the six Class III culverts surveyed.

Figure 7.  Example of a shotgun culvert.  Road # 8576, Hoonah Ranger District, 1997.

10Fig. 7. Example of a shotgun culvert.  Road #8576, Hoonah Ranger District, 1997.
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Table 2   
Number of segments, total length and area, and length and area per segment, stratified by stream class and 
process group for fish culverts suspected to block upstream passage, Hoonah Ranger District, July 1997. 

Discussion
The physical forces and the mathematical relationships describing the limitations of fish to pass upstream of 
obstructions such as dams and culverts are fairly well reported (Metsker 1970; Bell 1973; Baker and Votapka 
1990; Orsborn and Johnson 1997; USDA Forest Service 1999), although many details, particularly swimming 
speeds of many salmonid species/life stages, are yet to be determined.  Fish culverts surveyed during this 
study tended to exhibit obvious barrier characteristics, such as elevated outlets and/or excessive gradient.  
Comparisons of mean, median, and boxplot distributions of number of fish trapped downstream versus 
upstream of culverts further suggest that all Class I culverts surveyed function as barriers to upstream passage 
of juvenile coho salmon, and that about 90 percent of Class II culverts surveyed block passage of trout and 
charr.  Comparison of the presence/absence of fish species upstream versus downstream of culverts relative 
to mean, median, and boxplot distributions of outlet barrier height and culvert gradient lend further credence 
that improperly designed and/or installed culverts function as barriers to upstream fish passage.  Comparison 
of the presence/absence of juvenile coho salmon upstream versus downstream of culverts suggests that 
Class I culvert length may be limiting their upstream presence; however, the length of neither Class I or Class II 
culverts appear to be limiting the upstream presence of cutthroat trout or Dolly Varden charr.  Mean length of 
all culverts (~13m ± 2.5m) appears a function of road prism width. 

Results from tagging studies on Prince of Wales Island in southeast Alaska (Bramblett et al. 2002) describe 
how juvenile coho salmon were abundant in tributaries during all seasons.  They also observed the upstream 
movement of large numbers of juvenile coho from main-stem channels into tributaries during the months of 
September and October, in addition to lower levels of downstream movement during the same period and 
during the typical out-migration period of April and May.  Bramblett et al. (2002), Bryant (1984), Dolloff (1986) 
and Bjornn et al. (1991) all reported that juvenile steelhead were absent or rare in tributary channels during 
summer.  Bramblett et al. (2002) described strong upstream movement of tagged steelhead juveniles during 
the fall, followed by downstream migration of smolt and younger juveniles (re-colonization) in the spring.  They 
also reported that during the months of June and July, juvenile steelhead migrate very minimally, remaining in 
main-stem channel habitats.  Juvenile steelhead trout were not trapped during the course of this inventory, and 
the results of Bramblett et al. (2002) provide a reasonable explanation for the absence of juvenile steelhead 
in our traps.  Since the focus of this study was on upstream passage of juvenile salmonids, the accuracy of 
similar inventories in this landscape would benefit if conducted during the fall high-flow season when target 
species/stages are most inclined to ascend stream crossings. 

Compared with juvenile coho salmon, trout and charr were present upstream of culverts with taller outlet 
barriers and greater gradients.  Trout and charr exhibit resident forms located in headwater habitats that 
express their entire life cycle from reproduction to adult life stages, generally without migrating to sea.  
As a result, adult forms of both cutthroat and Dolly Varden grow not only older but also larger than their 
anadromous cousins in such habitats.  Greater body length provides for greater swimming speeds and jumping 
capabilities, which is one explanation  why both species were affected to a lesser degree by barrier height or 

Fish Habitat Upstream of Barrier Culverts
Fish habitat inventoried upstream of barrier culverts is stratified hierarchically by stream class and 
process group (Paustian 1992) in Table 2.  Overall, barrier culverts resulted in a loss of 8.11 km (16,534 
m2) of fish habitat, comprised of 2.68 km (6,408 m2) of Class I and 5.42 km (10,126 m2) Class II habitat.
Habitat lost per culvert at Class I crossings was 206 m (493 m2 by area), and 319 m (596 m2 by area) for 
Class II culverts. Roughly 37% of Class I fish habitat lost (by length) was of high-quality Floodplain (FP) 
process group reaches with an additional 47% comprised of moderate-quality Moderate Gradient�Mixed 
Control (MM) reaches.  Class II habitat lost comprised about 41% MM reaches, followed by 32% High 
Gradient-Contained (HC) and 17% Alluvial Fan (AF) process group reaches, both providing relatively
low-quality fish habitat. 

Table 2
Number of segments, total length and area, and length and area per segment, stratified by stream 
class and process group for fish culverts suspected to block upstream passage, Hoonah Ranger
District, July 1997.

Stream
class

Process
Group

Rearing
habitat
quality

Number
of

segments

Total
length

(m)

Length
per segment

(m)

Total
area
(m2)

Area
per segment

(m2)
FP High   5   985 197 2,824 565

I MM Moderate 13 1,260 97 2,753 212
MC Moderate   1   382 382   764 764
AF Moderate   1 56 56 67 67

Total 20 2,683 134 6,408 320
PA High   1 100 100 1,500 1,500
MM Moderate   7  1,352 193 2,090 299

II MC Moderate   1 252 252 378 378
AF Moderate   3  110 37 155 52
HC Low 12 732 61 593 49

Total 24 2,546 106 4,716 196
Class II FP High   1 193 193 328 328
habitat MM Moderate   9  881 98 1,325 147

upstream AF Moderate 17 826 46 1,309 77
of Class I HC Low 17  978 58 2,448 144

Total 44 2,878 65 5,410 123

DISCUSSION

The physical forces and the mathematical relationships describing the limitations of fish to pass upstream
of obstructions such as dams and culverts are fairly well reported (Metsker 1970; Bell 1973; Baker and 
Votapka 1990; Orsborn and Johnson 1997; USDA Forest Service 1999), although many details, 
particularly swimming speeds of many salmonid species/life stages are yet to be determined.  Fish 
culverts surveyed during this study tended to exhibit obvious barrier characteristics such as elevated
outlets and/or excessive gradient.  Comparisons of mean, median, and boxplot distributions of number of 
fish trapped downstream versus upstream of culverts further suggest that all Class I culverts surveyed
function as barriers to upstream passage of juvenile coho salmon, and that about 90% of Class II culverts 
surveyed block passage of trout and charr.  Comparison of the presence/absence of fish species upstream
versus downstream of culverts relative to mean, median, and boxplot distributions of outlet barrier height 
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culvert gradient than were juvenile coho salmon.  Furthermore, culvert length, which reduced the presence of 
juvenile coho salmon upstream (as would be expected), was actually an advantage to the presence of trout 
or charr upstream.  It may be that other factors such as gradient and or barrier height may have been playing 
a confounding role at these Class II culverts; however, this possibility was not explored.  Continued study to 
determine life history strategies of resident species, particularly the importance of connectivity to long-term 
persistence of populations and/or meta-populations, would be crucial to defining how barrier culverts affect 
fragmentation of resident habitat/populations.  Such knowledge would be extremely useful to designing 
crossing structures without impact to fish passage.

Channel constriction by undersized culverts was evident from this study.  Channel constriction results in 
increased water velocity within and exiting the structure, creating a barrier to upstream fish passage.  Where 
the streambed is not composed of bedrock or properly aproned with riprap, streambed elevation can be 
reduced.  Sometimes this reduction is in the form of a pool and does not alter the ability of fish to enter the 
culvert.  More commonly the culvert outlet becomes “perched” above the lowered streambed, creating a 
barrier to the upstream migration of smaller, less aggressive swimming fish.  The effects of increased water 
velocity due to channel constriction can also be compounded as a result of excessively high culvert gradient 
and/or flow augmentation via ditch lines with improper road drainage.  Designing and installing road crossing 
structures that allow bankfull events to flow unimpeded will require larger culverts or alternative structures.  
Given that channel gradients typically exceed 2 percent, designing structures for the upstream passage of fish 
will likely require imitating natural roughness inside culverts.  Providing for larger structures that mimic natural 
streambeds requires a greater capital investment, but the return on such an investment will likely be accrued 
over the long term with reduced maintenance and/or replacement costs.  In a landscape where floods and 
bedload are as dynamic and chronic as southeast Alaska, such a return is certainly worth investigating.

In total, considerable lengths and areas of high- and moderate-quality habitat were lost upstream of barrier 
culverts surveyed.  The length of habitat lost upstream per culvert averaged about 200m, which may not 
seem considerable until cumulatively assessed across the landscape.  Lost habitat certainly results in lost 
productivity of salmonid species.   What this impact is, relative to the long-term persistence of each species, is 
a task beyond the scope of this study, but certainly worth investigating.  Area, as a measure of habitat lost, was 
usually redundant with length, as most channels in most all process groups averaged about 2m bankfull width, 
the coefficient multiplied by length to determine area.  Describing habitat lost using only length measures 
simplifies discussion of this subject.

Biographical Sketch: Chris Riley received a B.S. in biochemistry from Oakland University in 1981, and an M.S. in biology from Montana 
State University in 1996.  The title of his thesis is “Evaluation of spawning gravel restoration in a placer-mined Montana stream.” He began 
his career with the Forest Service as a volunteer in 1988.
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