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figure 1.  The upper Torpy River watershed showing the locations of the sampled streams where culverts were 
replaced by bridges. Location of stream at kilometre 19 is indicated by “1” and stream at kilometre 26 indicated 
by “2.”

figure 2.  Culvert going under the lower Torpy road at 
stream 19 (July 1999). 

A resource plan was implemented to remove 
culverts that impeded flow and restricted fish passage 
on the Lower Torpy Mainline. In late August 1999, 
culverts (1.8 m steel) were removed from two of the 
streams located at kilometre 19.4 (stream 19) and 
26.6 (stream 26) and replaced with 15.7 m steel and 

figure 3.  Bridge on the lower Torpy road crossing 
stream 26 (July 2000). 

concrete bridges. The drop from the culverts to the 
plunge pools before construction was 1.39 m and 
1.15 m, respectively. Bridge construction was designed 
to restore the natural creek channel elevation upstream 
and downstream of each barrier (Figure 3). 
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Methods

Physical Measurements

Above and below the road, cross-sections of stream 
channels were measured at more than five intervals 
at locations influenced by the stream habitat 
improvements. Measurements were also conducted 
above and below areas affected by stream habitat 
alterations and the road. At each site, mean wetted 
width, depth at 25-cm intervals, and velocity at 60% 
of depth were measured. Gradient was measured at 
each site with a Total Station (Nikon Model D-50). 
Temperature loggers (Onset Instruments, Mass.) were 
placed approximately 30 m above the road for each 
stream. Temperature loggers were deployed in early July 
and removed by the end of August in 1999, 2000, and 
2001; precision was ± 0.02°C. 

Invertebrate Sampling

In each stream, macroinvertebrates were sampled in 
triplicate at a representative riffle above and below the 
road with a Surber sampler (mesh 250 µm) in July of 
1999 and 2000. The 0.093 m2 area within the sampler 
frame was disturbed and substrates were scrubbed for 
5 minutes to dislodge attached invertebrates. Samples 
were preserved in 70% ethanol and subsequently 
identified to family. We calculated the family-level 
biotic index (fbi) according to Hilsenhoff (1988). A 
three-factor analysis of variance (anova) was used to 
determine differences in fbi between the streams, above 
and below the road, and between years. 

Fish Sampling

Single-pass electrofishing (Smith Root Model 12C, 
Vancouver, Wash.) was conducted on streams 19 and 
26 in July and August of 1999 to assess presence or 
absence of fish above and below the road. We also set 
minnow traps, but they were not effective in capturing 
fish, limiting our analysis to electrofishing. Because of 
the negative effects of electrofishing on fish physiology, 
we chose to limit our effort on any given sample date 
to minimize stress. Instead, we sampled twice each 
season for the first 3 years to allow fish to recover 
fully from the impact of electrofishing. We started 
electrofishing approximately 250 m below the road and 
gradually worked upstream toward the road. Above 
the culvert, we continued to electrofish upstream 
until natural barriers were reached (210 m on stream 
19 and 247 m on stream 26). After culvert removal 
and bridge installation in late August 1999, the same 

stream reaches were electrofished in July and August 
of 2000 and 2001, and in August 2002. Fish caught by 
electrofishing were identified to species and measured 
for fork length to 0.1 cm. For each stream, length of 
fish caught after culvert removal was compared to 
those caught before culvert removal, above and below 
the road, using Chi-squared tests. Because of the small 
number of fish caught and lack of all size classes, fish 
were grouped as larger or smaller than 10 cm. 

Results

Physical Attributes

The overstorey within the riparian zones of both 
streams was dominated by balsam fir, black spruce, 
and poplar. Groundcover was composed of willow, 
horsetail, and devil’s club. The bed material for both 
streams was primarily composed of cobble-size rocks 
(7.5–30 cm) with larger boulders. Other physical 
variables are given in Table 1. Flows were higher and 
channel width was greater in stream 26, while gradient 
was greater in stream 19. Temperatures were similar for 
the two streams. 

table 1.  Physical and biological attributes for two 
tributaries of the Torpy River, British Columbia, where 
culverts were replaced by bridges to improve fish 
passage to habitat above road crossings. All values 
are presented as means and (where appropriate) ± 1 
standard error. 

	 Stream 19	 Stream 26

Water temperature (°C)a	 8.73 ± 1.27	 8.78 ± 1.42
Mean wetted width (m)b	 3.5	 4.3
Gradient %c 
  Above road	 5.81	 4.51
  Below road	 7.35	 4.95
Mean discharge (m3/s)d	 0.41 ± 0.05	 0.48 ± 0.08
Substrate type	 Cobble/boulder	 Cobble/boulder
Family-level biotic indexe	  
  1999	 3.49 ± 0.05	 3.05 ± 0.05
  2000	 3.16 ± 0.03	 3.20 ± 0.12
a	 Average temperature from July 15 to August 15 for 1999, 2000, and 

2001. 
b	 Average of two measurements taken approximately 30 m above and 

below the road in mid-July. 
c	 Gradient determined over 25 m.
d	 Average flow rates determined from measurements taken in mid-

July of 1999, 2000, and 2001. 
e	 Family-level biotic index for aquatic macroinvertebrates (Hilsenhoff 

1988). 
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Biological Attributes

For benthic invertebrates, five families of Ephemeroptera 
were dominant and consisted of more than 75% of 
the total number of animals. The most common 
and abundant families were Heptageniidae (49% in 
stream 19) and Baetidae (38% in stream 26). The other 
orders represented in both streams were Plecoptera 
(principally 6% Chloroperlidae, 1.7% Leuctridae, 
and 1.4% Capniidae) and Diptera (principally 5.4% 
Chironomidae). The order Tricoptera represented 2.7% 
of the invertebrates sampled. We found little difference 
in abundance between samples taken above or below the 
road. The fbi did not differ significantly before and after 
culvert removal (F = 0.453; p = 0.52), between streams 
(F = 3.08; p = 0.10), or above and below the road (F = 
0.93; p = 0.35) (Table 1). 

The principal species of fish captured in both 
streams was bull trout (Salvelinus confluentus). A few 
rainbow trout (Oncorhynchus mykiss) were caught (less 
than 3% of the total catch), but not on every sample date. 
No other species of fish were captured in either stream. 
In all years, the number of fish captured was higher in 
August than July. In July, fish captured did not represent 
multiple age classes. Consequently, in our final year of 
sampling in 2002, we only sampled in August. Data in 
this research report are presented for August as it covers 
the greater time frame.

Before culvert removal, fish were present throughout 
stream 26, but in stream 19 fish were only found below 
the road (Figure 4). Multiple size classes of bull trout 
were captured above and below the road each year for 
stream 26. During our sampling efforts for 2000, size 

figure 4.  Number of different-sized bull trout captured in two tributary streams of the Torpy River, British Columbia. 
Data are presented for fish sampled in August of 1999, 2000, 2001, and 2002. 
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class and distribution of bull trout in stream 26 did not 
differ from the previous year (p = 0.78 below road; p = 
0.56 above road). For stream 19 sizes of fish below the 
road did not differ after culvert removal (p = 0.72).

In 2001 and 2002, we captured bull trout above and 
below the road in both streams. For stream 26, size 
classes did not differ significantly (p = 0.26 above, 2001; 
p = 0.11 above, 2002; p = 0.13 below, 2002), except for 
below in 2001 (p < 0.05). For stream 19 in 2001, there 
were significant differences in sizes of fish caught above 
(p < 0.05) and below (p < 0.001) the road; bull trout 

figure 6.  Catch per unit effort (number of individuals 
caught per minute of electrofishing) for the two study 
streams 1 year before and 3 years following culvert 
removal. Data are presented for August of each year. 

figure 5.  Mature male and young-of-the-year bull trout captured in stream 19 above the road in August 2001. 
Young-of-the-year bull trout can be seen just above the anal fin of the older fish (white arrow).

above the road comprised two age classes—young-of-
the-year and mature fish greater than 25 cm (Figure 
5). In 2002, multiple size classes of fish were caught 
in stream 19, which differed significantly from before 
culvert removal (p < 0.001 above; p< 0.05 below). Our 
estimates of abundance based on catch per unit effort 
(cpue) showed differences between the streams and over 
time. Catch per unit effort was lower in stream 19 than 
26 in the first 2 years, but little difference was evident 
between the two streams 3 years following creation of 
access to upstream habitat (Figure 6). 

Discussion

Little difference was evident in physical attributes 
above and below the road for both streams (Table 1). 
Physical habitat and invertebrate abundance suggested 
suitable habitat for fish. The calculated values of fbi also 
indicated that the water quality within these streams was 
excellent (Hilsenhoff 1988). Between streams, the notable 
difference was the absence of fish above the road in 
stream 19 before culvert replacement. The drop of water 
from the hanging culvert on stream 19 was only 0.24 m 
greater than stream 26, but fish passage above the road 
was prevented. The size of the plunge pool below the road 
on stream 19 was also smaller, which may have limited 
the ability of fish to move upstream (Furniss et al. 1991); 
however, we cannot rule out that at times of high flow the 
culverts may have allowed passage. The lack of fish caught 
above the road and the presence of young-of-the-year 
bull trout after culvert removal suggest that the culvert 
on stream 19 blocked all passage of fish above the road. 
We do not know whether fish passage was possible in the 
years immediately following culvert placement, but before 
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bridge construction access to fish habitat above the road 
had been lost in this stream. 

Culvert removal and bridge construction took place 
during the last week in August 1999. In stream 19, we did 
not detect the presence of any fish above the road in our 
sampling efforts on July 16 and August 15, 2000; in stream 
26, the numbers and sizes of fish caught were similar to 
the previous year (Figure 4). In 2001, bull trout captured 
from stream 19 were smaller than 5 cm (young-of-the-
year) indicating that bull trout must have been present 
above the road in 2000 and that spawning occurred. The 
flow of stream 19 directly below the bridge likely created a 
barrier to upstream movement of small fish as the stream 
channel narrows, gradient increases, and the velocities 
measured were greater than 1.5 m/s. It is unlikely that any 
young-of-the-year bull trout could have migrated through 
this reach. Bull trout in the interior of British Columbia 
spawn in mid- to late September (Bahr and Shrimpton 
2004), and were likely present in these tributaries after 
our sampling dates. We found a mature male bull trout 
(fork length 25.8 cm; Figure 5) running at the end of 
August 2001. It appears likely, therefore, that mature fish 
exploited habitat the previous year after we had sampled 
the stream. This indicates that bull trout exploited the 
habitat only 1 year after passage was provided to the area 
above the road.

Utilization of reconnected habitat by salmonids 
occurs between 1 to 5 years (Roni et al. 2002). Our 
finding that spawners exploited newly accessible habitat 
within 1 year indicates that bull trout will move into new 
reaches to spawn. We do not know, however, whether 
bull trout strayed from other streams or had historically 
spawned in sites between the mainstem river and the 
road in stream 19. 

The restoration of access to habitat above the road in 
stream 19 where bull trout spawned had a positive effect 
on bull trout abundance within this stream. Although 
we captured fish in 1999 below the road in stream 19, 
the numbers were lower than those observed for stream 
26 in 1999. Following culvert replacement, bull trout 
abundance showed an increase both above and below 
the road in the subsequent years (Figure 6). In contrast, 
stream 26 cpue for bull trout was similar in all 4 years 
and improving fish passage apparently had little effect. 

Estimates of fish species richness that use single-pass 
electrofishing increase significantly with a decrease in 
stream width (Meador et al. 2003), although single-pass 
electrofishing may underestimate abundance (Mitro 
and Zale 2000). As our study examined small, first-
order streams (Table 1), we believe that a single-pass 

sampling design repeated with temporal separation was 
appropriate for detecting presence or absence, which was 
the main goal of our study. Fish were not detected above 
the road in stream 19 on six separate occasions:  two 
conducted before our study, two conducted in 1999 
before culvert removal, and two conducted in 2000 after 
bridge installation. Additionally, our sampling design 
should also have provided a relative index of abundance. 
Peterson et al. (2004) showed that capture efficiency was 
low for the first pass (28%) and decreased considerably 
with successive passes, suggesting that fish responded to 
the electrofishing procedures. Consequently, the first pass 
through a reach should provide the best opportunity to 
collect fish while they are still naive to sampling (Mesa 
and Schreck 1989). This may provide a better estimate of 
relative abundance than a depletion approach, especially 
if some species are more likely to develop avoidance 
behaviours than others (Edwards et al. 2003). 

Management Implications

The increased fish abundance in stream 19, and 
particularly the recruitment of young-of-the-year 
bull trout to the population, indicates that the culvert 
removal was effective in increasing fish numbers. 
Our work empirically supports the models developed 
by Rieman et al. (2001) and Wilson (2003) that 
demonstrate the biggest improvement in salmonid 
populations can be realized by increasing access to 
upstream habitats. Available spawner habitat has also 
been linked to higher estimates of effective population 
size (Ne), a measurement that reflects genetic drift 
(Shrimpton and Heath 2003). Rate of loss in genetic 
diversity depends on Ne rather than actual number of 
animals in a population (Kalinowski and Waples 2002). 
The correlation between spawning habitat and Ne argues 
for the importance of maintaining or creating additional 
suitable habitat for spawning within river systems. 
Reconnecting spawning habitat may therefore benefit 
the population of bull trout in the Torpy River system 
not only by enhancing numbers but by potentially 

Our work empirically supports 
models that demonstrate the biggest 

improvement in salmonid populations 
can be realized by increasing access to 

upstream habitats.
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reducing loss of genetic diversity. Our findings, however, 
do not mean that all projects to restore or enhance 
access to habitat will be successful. Further monitoring 
of restoration projects is recommended to ensure that 
projects are biologically relevant. 
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Test Your Knowledge . . .

How well can you recall some of the main messages in the preceding articles?  
Test your knowledge by answering the following questions. Answers appear on page 83.

Article 1

Ecosystem-based management:  Its application to 
forest management in British Columbia,  
by William W. Bourgeois

1.	 Is the concept of ecosystem-based management:
a)	 A stand-alone concept that is different from 

sustainable forest management
b)	 A means of delivering sustainable forest 

management

2.	 Adopting ecosystem-based management in British 
Columbia means:
a)	 Applying the Central/North Coast model 

throughout the province
b)	 Timber availability is an output of planning
c)	 Entirely new policies and practices are required

3.	 Adopting ecosystem-based management requires:
a)	 Accepting that ecological integrity overrides 

human well-being
b)	 Applying consistent levels of risk to ecological 

integrity across British Columbia
c)	 Accepting varying degrees of risk in integrating 

ecological integrity and human well-being  
as a social choice

4.	 Application of ecosystem-based management 
principles requires:
a)	 Utilizing existing land-use plans (i.e., rlups, 

lrmps, and srmps)
b)	 Developing spatially and temporally explicit 

strategic plans
c)	 Developing a vision and goals for a defined 

management area
d)	 Applying area-based management
e)	 Modifying existing government policies

Article 2
Blue ecology and climate change,  
by Michael D. Blackstock

1.	 What does water have to do with climate change?
a)	 There may be increased flooding and drought 

throughout the world
b)	 Climate change significantly affects the form 

and flow of water throughout the planet’s 
hydrologic cycle

c)	 There may be increased water scarcity in some 
bioregions

d)	 Mitigation strategies involving water and 
watershed management is a minor focus for  
climate change mitigation

e)	 Not much relationship between the two since 
the focus should be on the reducing the  
causal agents of climate change

2.	 What is a possible key impact to freshwater 
ecosystems if the sea level rises?
a)	 None
b)	 Habitat shifts in the ecotone
c)	 Inflows of salt water into freshwater aquifers
d)	 Reduction in estuarine ecosystems

3.	 What implications are there for Western science if it 
adopts the Blue Ecology tenet that water has a living 
spirit?
a)	 None
b)	 Destabilization of all forms of science-based 

management theories
c)	 Elevated acknowledgment in current theory of 

the importance and role of water
d)	 A schism in applied science between secular 

and profane practitioners
e)	 Low-level debate and acceptance of the change
f)	 A mild positive effect
g)	 A mild negative effect

article 3
Using air photos to interpret quality of Marbled 
Murrelet nesting habitat in south coastal British 
Columbia, by F. Louise Waterhouse, Ann Donaldson, 
David B. Lank, Peter K. Ott, and Elsie A. Krebs

1.	 The Marbled Murrelet uses forests for:
a)	 Foraging
b)	 Nesting
c)	 Both of the above

2.	 Which of these forest stand characteristics is 
thought to be associated with murrelet nesting 
habitat?
a)	 Canopy complexity and vertical complexity
b)	 Density of trees and snags
c)	 Volume of downed wood

3.	 The air photo habitat classification can be used to 
improve identification of habitats for management 
of Marbled Murrelets and improve accuracy and 
reliability of habitat maps.
a)	 True
b)	 False
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Article 4
Striking a balance:  Safe sampling of partial stem cross-
sections in British Columbia, by Jed Cochrane and  
Lori D. Daniels
1.	 Three safety criteria must be met to prevent creating 

a dangerous tree when researchers remove partial 
cross-sections. Which of the following statements 
best describes these three criteria?
a)	 Partial sections should not exceed 25% of stem 

cross-sectional area, should not constitute more 
than 25% of the tree’s circumference, and the 
tree must have a portion of sound wood that is 
greater than 30% of the radius

b)	 Partial sections should not exceed 25% of stem 
cross-sectional area, should not constitute more 
than 25% of the tree’s circumference, and the 
tree must have an outer shell thickness of sound 
wood that is greater than 30% of the radius

c)	 Partial sections should not exceed 25% of stem 
cross-sectional area, should not constitute more 
than 30% of the tree’s circumference, and the 
tree must have an outer shell thickness of sound 
wood that is greater than 25% of the radius

2.	 A key component of the partial cross-section 
procedure is communication with other potential  
land-users. What is the single most important detail 
that must be communicated?
a)	 Number of trees
b)	 Site location 
c)	 Species of trees

3.	 Potential sample trees are assessed before removing 
a partial section using modified Wildlife Tree 
Committee procedures. What is the appropriate 
action if a tree has a dangerous defect?
a)	 Make a decision after removal of the partial 

section
b)	 Select another tree because the defected one 

cannot be used for research 
c)	 Sample the tree using a full-stem cross-section 

or select another tree for a partial cross-section

Article 8

Snow cover extent during spring snowmelt in the 
south-central interior of British Columbia, by  
Russell S. Smith, Rob A. Scherer, and Don A. Dobson

1.	 Spatial variability of the snowline is influenced 
strongly by what factors?
a)	 Elevation and slope gradient
b)	 Elevation and aspect
c)	 Aspect and forest cover
d)	 All of the above

2.	 The snow-sensitive zone is the portion of the 
watershed that generates the peak flows.
a)	 True
b)	 False

3.	 What period(s) of streamflow is/are important for 
influencing stream stability?
a)	 Only the peak flow
b)	 All periods of sustained high flow
c)	 Only the period of rising flow before the peak 

flow
d)	 Only the period of low flow

Article 9

Response of bull trout (Salvelinus confluentus) 
to habitat reconnection through replacement of 
hanging culverts with bridgesa, by J. Mark Shrimpton, 
Christopher J. Cena, and Adrian D. Clarke

1.	 Spawning bull trout typically home to areas in 
tributary streams for what? 
a)	 Sites with appropriate intergravel flow
b)	 Sites with appropriate intergravel temperature
c)	 Sites with appropriate instream cover
d)	 All of the above

2.	 Bull trout utilize newly accessible habitat within:
a)	 6 months
b)	 1 year
c)	 2 years

3.	 Iteroparous species of fish, such as bull trout, show 
spawning site fidelity.
a)	 True
b)	 False
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Answers to ‘Test Your Knowledge’ Questions

Article 1
1.  b    2.  b    3.  c    4.  All

Article 2
1.  b    2.  c    3.  c

Article 3
1.  b    2.  a    3.  a

Article 4
1.  b    2.  b    3.  c

Article 8
1.  d    2.  a    3.  b

Article 9
1.  d    2.  b    3.  a, but there is often a high rate of straying
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•	 Research or Discussion Papers:  Full-length scientific research and discussion 
papers that cover major research projects or programs, develop new concepts in 
natural resource management, or test ideas with data from field and laboratory 
experiments, observations, or simulations.  
Maximum length:  5000–10 000 words.

Authors may submit their manuscript electronically as a virus-free email 
attachment. Please use a compressed format (.zip, .sit, or .sea compression) to reduce 
the size of large files. Text (including tables) should be provided as either WordPerfect 
or Microsoft Word files. Please underline all text that should appear in italics.

If figures or illustrations form a part of the manuscript, please submit these 
separately as high-resolution jpeg or tiff files, noting their desired position in the 
text with an appropriate caption. Do not embed figures with the text in the word 
processing files. 
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Style and Formatting Guidelines

jem uses the British Columbia Ministry of Forests and 
Range Forest Science Program Style Guide and Authors 
Manual as its publishing standard. Authors may consult 
this guide online at:  http://www.for.gov.bc.ca/hfd/pubs/
Docs/Mr/Mr041.htm

Title:  The title of the article should convey the content 
of the paper in as few words as possible. Strive for titles 
that are 10 words or less.

Author Documentation:  Include the names of all 
authors, along with their job titles and institutional 
affiliations, mailing address, city, postal code, and e-mail 
address. Please place the primary author’s contact 
information first.

Abstract:  The abstract should appear at the beginning 
of the manuscript and contain 200 words or less. It 
should describe the manuscript topic in one sentence, 
if possible, and go on to briefly outline the manuscript’s 
purpose, scope, conclusions, and management 
implications, if appropriate. 

Keywords:  Provide 5–10 words or short phrases that 
are applicable to your article. Keywords help us to find 
suitable peer reviewers, and are used in metadata records 
so that our archives are easily and efficiently searchable.

Headings and Subheadings:  These should cover all 
the major concepts in the manuscript and indicate 
the relationship between the sections. Try to use no 
more than three levels of headings. Use of a numbered 
heading hierarchy is recommended (i.e., 1 LEVEL ONE; 
1.1 Level Two; 1.1.1 Level Three).

References:  Use the author–date system when citing 
published works or acknowledging unpublished material 
in the text. List these references alphabetically at the end 
of the manuscript. Try to keep explanatory footnotes to 
a minimum. For examples of bibliographic citation style, 
see the articles currently posted to the jem “Issue-in-
Progress” Web site (http://www.forrex.org/jem/).

Peer Review and Publication

If the content of the article is acceptable, the Review 
Committee will assign the article to a peer review. 
Perspectives are reviewed by one extension specialist; 
Extension Notes, Discussion Papers, and Research Reports 
are reviewed by one extension specialist and two external 
peer reviewers from the natural resource community.

Depending on the results of the peer review, a final 
decision is made on the acceptance or rejection of the 
manuscript. A copyright release is required of all papers 
accepted for publication. 

If accepted for publication, the author then revises 
the manuscript according to the reviewers’ comments. 
Revised papers are published in the online “Issue-
in-Progress” as soon as possible following an English 
edit and typesetting. Authors have the opportunity to 
approve the final proofs of their papers. 

Print issues are produced as each online issue closes, 
approximately three times per year.

Article Levies

The author(s) will pay a levy as specified below, to be 
invoiced at the time of online publication of the article. 

•	 Extension Notes and Perspectives:  $80 per journal 
page to a maximum of $600. Graphics-heavy articles 
may be subject to a surcharge of $50 per graphic if 
there are more than three graphics.

•	 Research Reports and Discussion Papers:  $80 per 
journal page to a maximum of $1000. Graphics-
heavy articles may be subject to a surcharge of  
$50 per graphic if there are more than five graphics.

Submissions

Draft manuscripts and other inquiries may be 
submitted by fax, mail, courier, or email to:

Julie Schooling, Managing Editor

BC Journal of Ecosystems and Management
Forrex  Forest Research Extension Partnership
Suite 702, 235–1st Avenue
Kamloops, BC  V2C 3J4
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