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ABSTRACT

We compared methods for determining the distribution and abundance of bull trout Salvelinus
confluentus and Dolly Varden Salvelinus malma. For detecting the presence of adult and
juvenile bull trout/Dolly Varden, night snorkeling was the most effective technique followed by
electrofishing and angling/foot surveys. We recommend first conducting informal surveys using
angling, day snorkeling, night snorkeling and/or night bank walking in preferred bull trout
spawning or initial rearing habitat within a patch. We define "patch" as a stream reach or group
of reaches separated from others by thermal or geographic barriers to their migration. If no bull
trout/Dolly Varden are found, and if a specified degree of confidence is wanted for lower
detection limits, a statistically rigorous survey is needed. To be 95 percent confident that bull
trout/Dolly Varden are in densities less than 0.60 fish/100 m (assuming a minimum sampling
efficiency of 25 percent), snorkel or electrofish, using the guidelines in this report, 20 randomly
chosen 100 m sections of preferred habitat within the patch. Sample 11 randomly chosen
sections to be 80 percent confident. Sampling requirements for other combinations of densities,
sampling efficiencies and confidence intervals are also provided in this report.

Redd surveys and traps are preferred methods for estimating total adult abundance and
escapement. Redd surveys are suitable for both migratory and resident populations, while traps
best monitor migrating fish. Obtain cumulative redd counts in a system by surveying the entire
spawning habitat, or by random sampling of the habitat, depending on the accuracy and precision
desired. Cumulative counts can be multiplied by 2.2, an average spawner:redd ratio for seven
Pacific Northwest watersheds, or preferably a spawner:redd estimate for that particular system to
obtain total escapement.
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INTRODUCTION

Bull trout Salvelinus confluentus populations have declined in many parts of their range (Rieman
and McIntyre 1993) and recently, the U. S. Fish and Wildlife Service confirmed that Klamath
and Columbia River bull trout population segments warranted listing under the Federal
Endangered Species Act. Several management actions have been recommended or initiated to
protect bull trout populations such as angling restrictions (Fraley et al. 1989, Anon 1995a, Anon
1995b,), habitat protection (Fraley et al. 1989, Brown 1992, Anon 1995b) and reducing their
interactions with exotic fish (Buckman et al. 1992, Dambacher et al. 1992).

Until recently, all native char in Washington were called Dolly Varden S. malma. After
Cavender's 1978 recognition of the bull trout as a species separate from Dolly Varden, there has
been considerable confusion in separating the two. In Washington, these species are commonly
managed together, sampled using the same techniques, and stocks of both are considered
"vulnerable" (Brown 1994). Therefore, for the purposes of this report, we use "bull trout" to
refer to either Dolly Varden or bull trout.

Monitoring the distribution and abundance of bull trout is necessary to determine the status of
various populations, factors associated with their relative health, and if management actions
initiated to rebuild depressed populations are working. Monitoring distribution and abundance
can also identify populations and areas that should receive high levels of protection.

A variety of methods are currently used to measure bull trout populations. Range or distribution
of this species has been examined using general stream fisheries survey methodology such as
angling and streamside foot surveys (Johnson and Shrier 1989), electrofishing (Fraley and
Shepard 1989, Schill 1991, Rieman and McIntyre 1995), and snorkeling (Hillman and Platts
1993, Bonneau et al. 1995, Rieman and McIntyre 1995). Bull trout abundance has been
determined using redd counts (Fraley and Shepard 1989, Brown 1992), trap counts (Fraley and
Shepard 1989), snorkeling counts (Goetz 1991, Sexauer and James 1993), creel surveys (Fraley
and Shepard 1989), and mark and recapture estimates (Faler 1995).

It is estimated that Washington currently has 80 distinct stocks of bull trout/Dolly Varden. For 62
of these stocks, there is currently not enough information about their population status to assign
a level of risk (Washington Department of Fish and Wildlife 1996). Management biologists are
currently surveying populations, and need effective monitoring protocols.

The purpose of our study was to:
1) identify those methods currently being used to monitor bull trout distribution and

abundance;

2) examine the precision and accuracy of these techniques;

3) determine the suitability of existing methods for monitoring bull trout populations in
Washington and recommend modifications or new methods if needed;
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4) recommend standardized survey methods for bull trout abundance and distribution for
the Washington State Department of Fish and Wildlife; and

5) develop a dichotomous key to aid in selecting suitable sampling methods.

Our report only examines methods for sampling bull trout populations, and does not describe
associated habitat survey methods. However, habitat change can impact bull trout populations
and those interested in monitoring habitat can consult Brown (1992) and Shepard and Graham
(1983).

We describe a variety of methods used to survey bull trout, and the reader should not feel that
every listed method should be applied with the highest degree of statistical rigor for all surveys.
Rather pros and cons of various survey options are described, the authors' recommendations are
given, and the task of choosing the most appropriate method is left up to the reader.
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METHODS

Distribution

Several methods are available for monitoring distribution of bull trout. The ideal survey method
would:

1) have a high capture or encounter rate,

2) be cost—effective for use in remote areas,

3) not harm bull trout populations, and

4) be safe to conduct.

We examined the characteristics of four methods for determining bull trout distribution: angling
and foot surveys; night snorkeling; day snorkeling and electrofishing. Information was obtained
through publications and technical reports, contacts with Pacific Northwest fisheries
management biologists, and comparisons of these techniques in selected Eastern and Western
Washington streams and rivers.

The most efficient technique for determining the presence of a species will have the highest
probability of encountering individuals. Therefore, we compared the number of fish enumerated
using each method to indicate which technique would most likely find bull trout in areas where
they were sparsely distributed. In the North Fork Skokomish River above Staircase Rapids, we
angled and foot surveyed a 1.9 km section during the day on October 24, 1995, when bull trout
were spawning, and then snorkeled the same section during the day and at night on October 26,
1995, recording total numbers of both juvenile and adult bull trout. We conducted a similar
day—night snorkel comparison of bull trout abundance in the 2.1 km section of the North Fork
Skokomish River below Staircase Rapids on October 28, 1995. We compared day snorkeling to
angling techniques combined with foot surveys during September 25-27, 1995, in several
sections of the Waptus River basin. On Rattlesnake Creek, day snorkeling was compared to
angling in a 0.3 km section of creek and night snorkeling was compared to angling in a 0.15 km
section during September 11-13, 1995.

Abundance

We evaluated redd counts, adult counts by trapping and day and night snorkeling, and juvenile
counts by day and night snorkeling and electrofishing to determine which were the most accurate
and cost—effective methods to measure abundance. To compare methods, we examined
publications, technical reports and data sets obtained from western states and Canadian provinces
containing bull trout populations. We also accompanied WDFW management biologists on
abundance surveys during the 1995 spawning season at Merwin Reservoir, the North Fork
Skokomish River, the North Fork Skykomish River and the South Fork Sauk River.
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Sampling Method Selection

After compiling information from both field and literature data, we developed a dicotomous key
to aid surveyors in identifying appropriate sampling methods for both distribution and abundance
surveys. The key was designed to help select methods based on the survey objectives and the
environmental conditions of the survey area.
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RESULTS AND DISCUSSION

Distribution Surveys

Comparison of Distribution Survey Methods

Most sources, including our field surveys, found night snorkeling had the highest or was tied for
the highest encounter rate for juvenile bull trout (Tables 1 and 2). This was followed in order by
angler and foot surveys, electrofishing, and day snorkeling. The efficiency of angler and foot
surveys may have been overestimated because of the few studies evaluating this procedure. Day
snorkeling was generally the least effective technique, except when water temperatures were over
9° C (Thurow and Schill 1996). Juvenile bull trout hide in the substrate during the day,
especially in the presence of other fish species (Goetz 1991) or when water temperatures fall
below 9°C (Thurow 1997).

Our results using night snorkeling for encountering adult bull trout were different than those of
other researchers. Goetz (1991) found that night snorkeling was the most effective technique for
encountering age 2+ fish (> 125 mm); however, we counted more adult bull trout (> 450 mm)
during the day on the Skokomish River than on our night snorkeling trip (Table 2). We noticed
adult bull trout avoiding our lights as we traveled downstream in this large river, which may have
contributed to the night count being lower than the day count. Future surveys incorporating
low—powered lights may reduce the avoidance of the adult fish in large rivers when snorkel
surveys downstream are necessary.

We did not examine the suitability of the various methods for determining the presence of bull
trout fry, however Goetz (1991) found that night snorkeling underestimated fry abundance
compared to other methods since at night juveniles emerge and fry tend to seek cover.

Since most studies have found night snorkeling to have the highest encounter rate with adult and
juvenile bull trout, we recommend night snorkeling as the preferred method for distribution
surveys. However, in some remote areas, night snorkeling or night foot surveys can be
inappropriate because of safety concerns. Therefore, other techniques may be useful in these
situations. Day snorkeling counts are efficient in some Pacific Northwest streams during the
summer. The efficiency of day snorkeling counts approached night snorkeling counts when
water temperatures were above 9°C in an Idaho study (Thurow and Schill 1996). This may
reflect changes in diel habitat use by bull trout over the year. In summer, juvenile bull trout may
be more likely to be in the water column during the day than in the winter. In winter surveys of
Profile Creek, Idaho, bull trout commonly sought cover during the day and moved into the water
column at night (Thurow 1997). It is unknown how close summer night and day counts are
under a variety of stream flow conditions, habitat types, and existing fish communities.
Although day counts can approach night counts when water temperatures are over 9°C, we found
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no studies where day counts were consistently higher than night counts. Therefore, when
conditions are suitable, night surveys should be employed.

Electrofishing has proven effective for capturing bull trout in small streams (Shepard and
Graham 1983, Schill 1991, Thurow and Schill 1996), especially those with adequate conductivity
(approaching 100 µS/cm). However, this technique may be harmful to fish or fish eggs (Schreck
et al. 1976, Sharber and Carothers 1988, Fredenberg 1992, Dwyer and Erdahl 1995). Since bull
trout are currently warranted for listing as threatened or endangered, any technique which could
result in their injury should be carefully considered before it is selected for use. Many streams
currently being investigated with distributional surveys are located in remote areas which are
difficult to reach carrying electrofishing equipment. Carrying snorkeling equipment can be
laborious, but less so than transporting electrofishing units. Because of these concerns, we
recommend electrofishing be avoided when possible. If electrofishing use is required (e.g.,
streams too shallow to snorkel), only highly trained personnel should be allowed to operate
equipment at settings designed to minimize injury to fish. The Washington Department of Fish
and Wildlife has developed draft electrofishing guidelines for salmonid distribution surveys
(Appendix 1).

For distribution surveys, we recommend using night snorkeling where possible. Day
snorkeling can be effective in waters > 9°C. Electrofishing can be effective in sites with
adequate conductivity (approaching 100 µS/cm), but should be avoided if possible
where potential injury to fish is of concern.

Techniques for Conducting Night Snorkeling Surveys

Proper equipment and adequate precautions are necessary to ensure a safe, effective night
snorkeling survey. Thurow (1994) and Bonneau et al. (1995) discuss snorkeling survey
equipment and techniques in detail. We packed both wet suits and dry suits into remote areas,
and found that for ease of transport and warmth in cold rivers, dry suits were preferable. In areas
where considerable streamside walking is required, and overheating is a problem, wet suits can
be useful. Wet suits also cushion the impact with rocks in the stream. Surveyors may want to
test both types of suits before purchasing. Thurow (1994) recommends dark colored nylon
drysuits over neoprene, purchased without valves and with attached latex socks. We found that
metal studded wading boots, worn over neoprene booties or socks, allowed us to move safely and
rapidly over slick rocks and downed timber. Data can be recorded on a cuff made from PVC
(Thurow 1994) or by a shore observer.

Methods for Sampling the Distribution and Abundance of Bull Trout and Dolly Varden
6



We used three types of lights for our surveys: large lights (7-14 watts) made for SCUBA diving
such as UK 600 or UK 1200s', small SCUBA lights (4-6 watts), and small waterproof flashlights
readily available at hardware stores. We found small SCUBA lights worked best, since large
SCUBA lights frightened fish, and the waterproof hardware flashlights did not provide enough
light and their battery life was extremely short in the cold water. Because of their short life in
cold water, many spare batteries should be carried on night surveys by the shore observer
(Bonneau 1995). Hillman (1993, cited in Thurow 1994) found that most salmonid species would
maintain their position longer if filters made from red Plexiglass were used on lights.

Night snorkeling safety is an important concern for a survey crew. This technique should be
avoided in rapids and log—jammed sections of larger creeks and rivers which might be snorkeled
or angled during the day. Most small tributaries can be snorkeled during nighttime, and in these
systems, survey crews should move upstream to minimize scaring fish which usually face
upstream (Thurow 1994). For snorkeling larger systems at night such as the North Fork
Skokomish River, Washington, we moved downstream, and used considerable care to ensure a
safe survey. On this river, we scouted the area to be snorkeled during the day to identify the
pools and glides we wanted to snorkel and hazardous areas we should avoid. We never
snorkeled at night through rapids or where moving water flowed close to log jams. One team
member snorkeled while an observer remained on shore in snorkeling gear, ready to enter the
water if problems arose. Two snorkelers, in addition to the shore observer, would have been
preferable to one. The snorkeler entered the water at the top of a pool or glide deemed safe and
moved downstream. The shore observer stood at the bottom of glides and pools with a light,
signaling where the snorkeler should stop. The snorkeler also covered small side channels or
tributaries. Even though we did not cover all of the available bull trout habitat on the upper
Skokomish River, and used half the effort that we did in the day (1 snorkeler vs. 2), we saw bull
trout at night, while we did not during our day snorkeling or angling surveys.

In certain areas, night snorkeling may be too hazardous to conduct. If conditions dictate that day
snorkeling be used, conduct surveys when water temperatures are above 9°C, and ensure that
in—stream cover, such as beneath rocks and woody debris, is thoroughly searched.

Distribution Survey Design

Delineation of Survey Area Boundaries

Bull trout are particularly sensitive to angling pressure and environmental degradation (McPhail
and Baxter 1996). Angling pressure on Washington bull trout populations has been considerably
reduced through restrictive regulations. Therefore, limiting factors for healthy bull trout
populations are likely spawning and juvenile rearing habitat (McPhail and Murray 1979, cited in

1 Mention of a vendor does not constitute endorsement.
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Brown 1994; Mullan et al. 1992). Since identification and protection of these sites is essential to
preserve populations, presence/absence surveys should be concentrated first in stream or river
reaches where the potential exists for this type of habitat. Waters which might contain bull trout,
but do not contain critical spawning and rearing habitat include coastal lowland rivers where bull
trout occasionally enter to feed; stream and river sections through which adults and juveniles
migrate to reach spawning or rearing areas, lakes, or the ocean. While life history information
can be collected from these sites, it is probably not of high priority to survey them immediately
for presence/absence.

Once watersheds are identified that contain suitable spawning or rearing habitat, areas to be
surveyed must be delineated within them. Protection of subpopulations of bull trout increases
the resilience of the species to extinction (Rieman and McIntyre 1993). The presence of several
subpopulations increases the probability that at least one will survive periods of disturbance.
Additionally, genetic interchange between subpopulations increases their fitness. Detecting the
presence of distinct bull trout subpopulations and protecting them is the key to halting the decline
of the bull trout (Rieman and McIntyre 1993).

Subpopulations often form in individual streams or groups of streams containing suitable
spawning or initial rearing habitat which are separated from others by geographic or thermal
barriers to migration (Rieman and McIntyre 1993, Rieman and McIntyre 1995). Presence of bull
trout in these areas or "patches" (Rieman and McIntyre 1995) could indicate distinct
subpopulations. Therefore, for determining presence of a possible subpopulation, we define the
survey section of interest as a patch which is bordered by barriers to migration. Although bull
trout can move between patches, at least some reproductive isolation occurs. Barriers to
migration can include long reaches of unsuitable habitat, waterfalls, large cascades, lakes, the
ocean, headwaters or downstream thermal barriers. Once presence of bull trout in a patch is
established, genetic testing can then be used to evaluate the degree of relationship between bull
trout within or among patches.

We define the area of interest or "patch" for establishing presence of bull trout as a
stream reach or group of streams which contains suitable spawning or initial rearing
habitat and is separated from other patches by barriers to migration.

Surveying the Patch

After the patch is identified, it can be surveyed using the following recommendations.

We recommend that survey of the patch be conducted in two stages: (1) first an
informal survey where presence of bull trout may be established with minimal effort;
and then (2) if no fish are found and if non—detection limits are required with a certain
level of confidence, a more intense statistically rigorous survey should be conducted.
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The Informal Survey: To conduct the informal survey, we recommend that the surveyor walk,
angle, and/or day or night snorkel some of the potential preferred habitat within the section.
Surveyors should especially look close to barriers, such as a pool beneath a large rapids or
waterfall. Conducting surveys during the fall spawning season will give the maximum chance of
encountering migrating spawners. Juvenile abundance can fluctuate throughout the year. Best
results can be obtained by surveying at different times, and if conducting daytime surveys,
waiting until water temperatures are above 9°C. Bonneau et al. (1995) found that walking at
night along the shallow margins of the stream and backwater areas was effective for recording
the presence of juvenile bull trout.

Preferred habitat for bull trout spawning and rearing has been discussed in detail elsewhere
(Fraley and Shepard 1989, Mullan et al. 1992, Sexauer and James 1993, Brown 1994, McPhail
and Baxter 1996), and includes lengths of streams containing pocket pools, side channels, areas
of ground water upwelling, woody debris, suitable water temperatures, suitable substrate
composition and areas at the base and head of rapids. We define "preferred habitat" not as the
individual microhabitats such as pocket pools or downed logs, but a reach of stream which
contains a substantial amount of these microhabitats. Length and location of preferred habitat
sections should be recorded on a detailed map of the patch on this initial survey, either by GPS
coordinates or estimates of the surveyor. If it is decided later that absence should be determined
with a specified degree of confidence, then the map of preferred habitat data is available from
which to randomly sample.

If individuals are observed, presence is established. If individuals are not observed, random
sampling and statistical rigor is necessary for determining that bull trout are non—detectible.

The Statistical Survey: Informal surveys may be sufficient to determine general bull trout
distribution in an area. However, a statistically rigorous survey is needed to determine if bull
trout are present where the potential exists for impact from development, logging, or road
building to areas which contain preferred bull trout habitat or to the headwaters above preferred
habitat. In these situations, it is important that there is a specified degree of confidence that bull
trout are non—detectable.

First, the map of the patch developed in the informal survey should be used to identify locations
of preferred spawning and initial rearing habitat. Sampling sites should then be randomly chosen
from the preferred habitat, using the statistical procedures that follow, to maximize the chance of
encountering bull trout. If the entire patch is preferred habitat, then samples should be randomly
allocated over the entire patch.

Hillman and Platts (1993) developed a bull trout survey methodology that incorporates random
sampling of stream sections using day snorkeling and electrofishing. To detect the presence of
bull trout with a specified degree of power, they used a sampling technique developed by Green
and Young (1993) which considers the distribution of any rare species (density < 0.4 per
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sampling unit) to fit the Poisson distribution. They reported that the number of samples n (i.e.,
stream sections or quadrats) required to detect a rare species with a specified power (1 - p) is

In/	 (1)
n = -

m

where m = the mean density of the rare species. This procedure assumes that all bull trout
present are detected, i.e., sampling efficiency is 100 percent. However, for bull trout, sampling
efficiency can range from 20 percent to 90 percent depending on time of year and sampling
techniques, but rarely approaches 100 percent (B. Rieman 1997). Rieman and McIntyre (1995)
assumed a minimum sampling efficiency of 25 percent for their work, and we adopted it for our
sampling protocol. Correcting (1) to account for our assumption that only 25 percent of the bull
trout present are detected, the number of samples required to encounter bull trout is

n - - 
lnfi 	 ln fi 	

(2)
(0.25)m

Where e = density of bull trout encountered (e.g., sampling efficiency x mean density m). For
power 143 = 0.95, or for power 1-13 = 0.80 these equations reduce to simple relationships.

The necessary number of 100 m stream sections to survey for a 95 percent chance of
detecting bull trout in a patch, assuming a minimum detection efficiency of 25 percent,
is equal to

n
3	 3	 12- 	 (3)     
E	 (0.25)m  

where m = the mean density of bull trout in fish per 100 m, and
e = density of bull trout encountered per 100 m          
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The necessary number of 100 m stream sections to survey for an 80 percent chance of
detecting bull trout in a patch, assuming a minimum sampling efficiency of 25 percent,
is equal to

	1.6	 1.6 	 6.4 	 (4)
	n - — 	

(0.25)m

Where m = the mean density of bull trout in fish per 100 m, and
e = density of bull trout encountered per 100 m

Mean encounter densities (c) reported for night snorkeling in bull trout spawning and rearing
habitat range from 0.26 to 42.5 fish/100 m (Table 3). During day snorkeling surveys, es were as
low as 0.15 fish/100 m in Icicle Creek and 0.14 fish/100 m in Jack Creek, Washington (Kelly
1997). In these surveys, sampling efficiency may have approached that of night snorkeling,
since counts were made during the summer when water temperatures were above 9°C. We
recommend that these lowest encounter densities, rounded for ease of use to 0.15, be considered
as the threshold for "non—detectable." This corresponds to an actual density of 0.60 fish/100m,
assuming a sampling efficiency of 25 percent. When presenting survey results, we recommend
stating that bull trout were non—detectable, or in densities less than 0.60 fish/100m as opposed to
"absent."

A lower threshold for detection of c = 0.15 fish/100m is conservative compared to that used by
others. Hillman and Platts (1993) recommended that 0.25 fish/100 m using day snorkeling and
electrofishing be used, and 0.25 fish/100 m was recommended as a lower threshold at a
workshop for bull trout sampling techniques coordinated by the Forest Service (Harkenrider
1994). Rieman and McIntyre (1995) assumed that bull trout in densities less than 1.5 fish/100 m
(c = 0.37 fish/100 m, assuming a sampling efficiency of 25 percent) would be at high risk of
extinction through demographic stochasticity, Allee effects or other small population effects.

Substituting 0.15 fish/100m in Equations (2) and (3) for e will give the number of sampling sites
needed for both the 80 percent and 95 percent levels of confidence.
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Night snorkel (preferred method), day snorkel at water temperatures over 9°C, or
electrofish twenty 100 m long randomly selected sections of preferred habitat in a
patch to have a 95 percent chance of sighting bull trout when they are at an actual
density (m) of 0.60 fish/100 m in preferred habitat of stream, assuming a minimum
sampling efficiency of 25 percent;

To have an 80 percent chance of detecting bull trout at the same mean density, eleven
100 m long randomly selected sections of preferred habitat must be sampled in a patch.

The sampling efficiency of electrofishing a stream with adequate conductivity (approaching 100
gS/cm), or day snorkeling when water temperatures are over 9°C, has consistently exceeded 25
percent in other studies (Rieman and McIntyre 1995). The sampling efficiency of night
snorkeling is usually higher than either of these two methods (Table 1). Any one of these three
techniques will probably be adequate for surveying a patch for presence/absence with the
confidence stated above. The advantage of using night snorkeling is that fish are likely to be
encountered more rapidly in the patch, so less effort will have to be expended per survey if bull
trout are present. Also night snorkeling will be more powerful than the other two methods for
detecting bull trout if they occur at densities less than 0.60 fish/100 m. If future studies
determine the actual minimum sampling efficiency of night snorkeling, the required sample size
for detecting bull trout using night snorkeling could be reduced. Consult Appendix 2 to calculate
sample sizes assuming other minimum sampling efficiencies or mean densities.

Upon examination of Equation (1), patch size does not have any impact on required sample
size. If larger patches receive more sampling effort than smaller ones, the probability of finding
a bull trout is positively biased towards the larger patches. To sample a 30 km preferred habitat
section of stream, assuming "presence" is defined as encountering more than 0.15 fish/100 m,
would require 20 samples for a 95 percent chance of encountering a bull trout. A 10 km
preferred habitat section with the same mean density would require the same number of samples
(20) to encounter the fish. This sample size is appropriate even if bull trout are present in
aggregated (clumped, patchy) distributions, since aggregated distributions approach the Poisson
as bull trout abundance becomes rare (m < 0.40)(Green and Young 1993).

Example 1. Designing a Distribution (Presence/Absence) Survey

The Waptus River is medium—sized and flows from Lake Ivanhoe to Waptus Lake to the
Cle Elum River. Between the outlet from Waptus Lake and the Cle Elum River, there is a large
waterfall, Pamlaur Falls. A biologist is interested to determine if there are bull trout in the
mainstem Waptus above Pamlaur Falls. There are two "between—barrier" patches in this reach of
river. One is the roughly 12.9 km section upstream of the falls to Waptus Lake. The other is the
4.8 km section from Waptus Lake to Lake Ivanhoe.
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The Informal Survey: First the biologist walks, angles, and does some night or day snorkeling
focusing on preferred habitat in both these areas. At the same time he notes that the entire river
above the falls, except for a 1.2 km section above Waptus Lake, consists of preferred bull trout
spawning and rearing habitat, and records this on a map. He finds no bull trout during this
survey.

The Statistical Survey: The next year, there is interest to determine if bull trout are absent, that
is at densities < 0.60 fish per 100 m, with a 95 percent degree of confidence. A team of
biologists randomly selects 20-100 m sections to snorkel in the 3.6 km reach of preferred habitat
above Waptus Lake and 20-100 m sections in the 12.9 km reach from Waptus lake to Pamlaur
Falls. When they get to the lake, they decide to night snorkel the entire 3.6 km upper reach
because it is easier than breaking up the river into sections. In the lower reach, they notice
during the day, one of the randomly chosen 100 m sections runs through a potentially dangerous
canyon. This is excluded from the survey, another section is randomly chosen outside the
canyon, and the survey conducted. No bull trout are seen in either of the reaches, and the
biologist now knows there is a 95 percent chance that bull trout are in densities less than 0.60
fish per 100 m in each reach of the Waptus River above Pamlaur Falls.

Abundance And Escapement Surveys

Changes in the abundance of bull trout in a stream, watershed, or statewide, as well as
contractions or expansions in range, can signal the necessity of stringent management plans if
populations are declining, or demonstrate the success of management actions if populations are
increasing. Before abundance surveys are conducted, a clear objective of the purpose of the
study is needed. A statement of study objectives is often overlooked, but is of primary
importance since it will dictate what methods are to be used. For instance, if evaluating the
success of recent reproduction is important, measurement of juvenile densities may be better than
adult counts. If total escapement or the number of spawners is important, either redd or trap
counts can supply the needed information.

Methods to Measure Abundance

The abundance of each life—history stage of bull trout can be monitored using a variety of
techniques. Many of the following surveys should be conducted several times during the season
of interest.

Juvenile Abundance

Juvenile abundance is a measure of the success of more recent reproduction than adult counts,
and may provide important early indications of habitat problems (Weaver and Fraley 1991) or
impacts of non—native fish. Additionally, juvenile counts do not have to be restricted specifically
to the spawning season. However, juvenile counts made in the same section of stream can be
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highly variable at different times (Goetz 1991, Sexauer and James 1993, Kraemer 1996), and are
not as precise an estimator of total spawners as redd counts. Night snorkeling has been shown by
several studies as the most effective technique for enumerating juvenile bull trout (Tables 1 and
2). Juvenile densities are usually expressed in either fish per 100 m 2 or fish per 100 m length of
stream. Electrofishing is effective for enumerating juveniles in streams with adequate
conductivity. However, it should be avoided where possible because of its potential harmful
effects to the fish. The electrofishing settings reported in Appendix 1 for distribution surveys are
designed to minimize injury to fish.

Adult Abundance

Several methods are available for measuring the abundance of adult bull trout, all associated with
different levels of accuracy. Adult bull trout relative abundance has been measured in several
Washington rivers using snorkeling or bank observations (Annon 1996). Either day or night
snorkeling can be used to measure abundance of adults over time in an area. However,
snorkeling or bank counts of adults are not as accurate as redd counts for estimating total
spawners and total escapement since adults can migrate in and out of spawning areas. Since
residence time of adults in a spawning area is not often known, the cumulative number of fish
spawning in an area over a season is usually unclear when only adult counts are available.

Multiple mark—recapture by gill nets, trap nets and angling was used to estimate absolute
abundance of adfluvial adults in Swift Reservoir, but was found to be unreliable since several
assumptions of the estimator were violated (Faler 1995). However, visual mark and snorkel
observations may be more effective (Thurow 1994) and are currently being tested on Washington
rivers (Faler 1995).

Traps have been used in eastern Washington (Cummins 1995), Montana (Fraley and Shepard
1989) and Oregon (Ratliff et al. 1996) and are generally regarded as the most accurate technique
available for enumerating escapement of migrating fish (Cousens et al. 1982). However, traps
are quite labor intensive, and require frequent maintenance. Little is known about their
suitability for monitoring resident bull trout, but since residents migrate little (Brown 1994),
traps would presumably not be very effective. Also, subadults can migrate with mature fish
introducing error into escapement estimates.

Redd Counts

Redd counts are effective and precise for monitoring total spawners (Shepard et al. 1982,
Shepard and Graham 1983, Brown 1992), and can be less labor intensive than traps. Redd
counts can provide information on spawning distribution within a tributary, identify the relative
importance of tributaries for spawning, and are useful for monitoring trends in population
abundance (Shepard et al. 1982).
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Redd counts (preferred method), traps (preferred method), adult snorkel counts, or
juvenile snorkel counts can be used to monitor abundance depending on the life history
stage of interest.

Redds can vary in size from approximately 1 m by 2m (Shepard and Graham 1983) to those of
much smaller resident fish, approximately the size of a dinner plate. Redds consist of cleaned
areas of gravel with a pit and associated tailspill. Shepard and Graham (1983) categorize redds
by their recognizability. Definitions of the three categories are reproduced from their report.

How to categorize redds — from Shepard and Graham (1983)

Definite. The area is definitely "cleaned" and a pit and tailspill area are
recognizable. Not in an area normally cleaned by stream hydraulics.

Probable. An area cleaned that may possibly be due to stream hydraulics but a
pit and tailspill are recognizable, or an area that does not appear clean, but has
a definite pit and tailspill.

Possible. A cleaned area that is probably due to stream hydraulics and does not
have a recognizable pit and tailspill.

Only "definite" and "probable" redds should be included in counts. In the case of
superimposition of redds, only definite pits should be counted.

Redd surveys have been commonly conducted on foot (Shepard and Graham 1983, Brown 1992).
Under most circumstances aerial surveys have more disadvantages than advantages to ground
survey methods (Shepard et al. 1982). Hip waders, wading boots with felt or metal studs on the
bottom, Polaroid glasses, and a large wading staff enable ground surveys to proceed quickly and
safely.

Accuracy in redd counts can be improved by training survey personnel and standardizing
counting techniques (Bonneau and LaBar In Review). Experience in redd identification is
crucial to conducting accurate redd surveys, and new surveyors should be thoroughly trained
before collecting data. State— or region—wide meetings of surveyors at a bull trout spawning
location to compare and standardize redd identification techniques is necessary for obtaining
standard estimates from region to region, or within a system. Consistency in counts over one or
several seasons can be maximized by using the same surveyor to conduct the counts. Even
following these guidelines, variability in counts can be substantial, and long—term data sets are
often needed to identify trends.
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Cumulative numbers of redds over the entire spawning season, not individual redd counts, are
needed to calculate the total number of spawners in a system. Cumulative redd counts can be
obtained by surveying each section several times during the spawning season. Surveys should be
spaced close enough together in time that redds do not have a chance to appear and disappear
between sampling periods. Currently little information is available on the length of time bull
trout redds remain visible. However, surveys are often conducted 7-14 days apart. Storms with
their accompanying freshets can obscure redds. If conditions are favorable, some biologists
survey immediately before storms and mark redd locations, so that the location of those redds
constructed following the previous survey period are not lost.

Redd counts can be initiated when maximum daily water temperatures start to drop in the early
fall. Shepard and Graham (1983) recommend conducting initial surveys when water
temperatures drop below 9°C, usually after mid to late August in Montana. In Washington, redd
construction begins as water temperatures decline to 9-11° C (Brown 1992) and is most intense
during September and October (Brown 1994). However, in Deep Creek, Washington, spawning
started as early as August, and in the lowlands surrounding Puget Sound and along the coast,
spawning has continued into November (Brown 1994).

The time at which spawning activity initiates can vary between individual streams. Historical
records on a given stream can be useful to determine spawn timing. Surveys spaced closely
together in the early fall or late summer on streams which have not been surveyed previously
have been used to identify the start of spawning in eastern Washington systems (Anderson 1996).
After a few years, the time at which spawning initiates can be identified with fair accuracy
allowing survey times to be chosen to coincide with the spawning period. Redd surveys can be
concluded when few fish and numerous redds are found in the spawning grounds (Shepard and
Graham 1983).

New redds can be marked by placing a piece of fluorescent tape tied to a tree branch near the
redd with the exact location of the redd (e.g., three feet upstream, six feet toward the middle)
written on it. Detailed notes can also be used to help designate redd location and redd size. At
the end of the season, the total number of redds recorded in a notebook can be summed for an
estimate of total cumulative redds. Two drawbacks of this method are that man—made debris is
left in wilderness areas and tape may be moved by anglers or hikers. If tape is left along the
stream, a removal trip at the end of the year should be scheduled. When conducting surveys, care
must be taken that surveyors do not step on redds, resulting in mortality of eggs and
pre—emergent fry (Kelly 1993).

For estimating abundance of chinook salmon, redds are not marked, but the total count of visible
redds over a season is divided by a visible redd life of 21 days (Smith and Castle 1994). No
studies with which we are familiar have determined the length of visible redd life for bull trout.
If resolved and not too variable, knowledge of bull trout visible redd life would aid in alleviating
the need to mark redds.
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To obtain cumulative redd counts:

1. Walk the spawning stream several times over the spawning season.

2. Space surveys closer together than the time it takes for redds to appear and
then disappear (approximately 7-14 days).

3. Record a new redd location by either:

a. Tying brightly—colored surveyor's tape to a nearby tree with redd
location written on it, and/or

b. Detailed notes of new redd locations in a notebook (preferred if
possible).

4. Sum all new redds at end of season from field notes and/or tape.

5. Remove tape during last trip at the end of the season.

Monitoring Abundance Under Conditions of Low Water Visibility and Redd Superimposition.

Often redd or snorkeling surveys are difficult to conduct because of adverse conditions.
Significant bull trout spawning can occur in glacial rivers where visibility is limited. Runoff
during years with high rainfall can also lower visibility and raise water levels to make counting
difficult. Other species, such as kokanee, pink salmon, or brook trout, can spawn in the same
areas as bull trout and obliterate redds. Redd superimposition can even occur between
overcrowded bull trout.

Almost all information describing techniques to cope with these problems is anecdotal and
unpublished. Surveyors can experiment with the following methods with the understanding that
their accuracy and precision have rarely been tested.

Glacial runoff is present in many streams in the Pacific Northwest and can limit visibility
immensely at certain times of the year. Abundance or distribution surveys can be conducted
when visibility is high. Surveys in glacial systems have been conducted in late fall when
freeze—up occurs and waters clear; or in clear—water tributaries of the glacial river (Pribyl 1996,
Williams 1996). It is not known whether surveys at these times or in these areas are
representative of the entire system. In northwestern Washington, spawning usually starts after
the rivers clear, and glacial runoff is not generally a problem at the usual survey times (Phillips
1996).

Abundance and distribution also can be ascertained using survey methods which do not depend
on visibility. Thiesfeld et al. (1996) radio—tagged adults captured in Lake Billy Chinook,
Oregon, and found that some were moving into a glacial—fed system to spawn. Traps,
electrofishing and/or angling may be effective in systems where redd counts or snorkel surveys
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are rarely practical. Sometimes no technique will be effective, and the surveyor will have to
accept annual variability in redd counts due to environmental conditions. Surveys should be
conducted annually using the same technique, so relative bias due to technique used does not
change.

In the case of intra—specific superimposition of bull trout redds, Shepard and Graham (1983)
recommend that only definite pits should be enumerated and included with "definite" or
"probable" redd counts. Thiesfeld (1996) obtained bull trout redd counts in the presence of
spawning kokanee by decreasing the time interval between counts. Counts conducted in the
Metolius River basin at intervals less than one week allowed pits and tailouts to be identified
before they could be obliterated by kokanee. Kraemer (1996) tested for redd superimposition
using rocks placed in the pit with marked with different colored ribbon for each survey. If a
ribbon was present for up to two weeks and then buried, redd superimposition was assumed. If
the ribbon was buried within a short period of time (e.g., a two—week time period), he assumed
that the redd was still under construction by the same fish, and superimposition did not occur.
Sometimes, in areas where different species spawn with bull trout, surveyors might develop
criteria to separate redds according to their morphometry. Redd size differs between species and
size groups within species (Wydoski and Whitney 1979).

Abundance Survey Design

Prioritizing and Selecting Sampling Sites

Clearly, all of the streams in Washington cannot be snorkeled or walked to measure bull trout
abundance. Therefore, subsampling procedures are needed to monitor Washington's bull trout
populations.

Since manpower is extremely limited for conducting surveys, streams or watersheds containing
bull trout should first be prioritized for importance for monitoring. Rieman and McIntyre (1993)
recommend that those systems subject to the most environmental stress should receive the
highest priority for monitoring. Bull trout populations which live in areas subjected to angling
pressure or exotic species interactions; those living in streams located close to areas undergoing
logging, development or road construction; or those living in lakes susceptible to large water
fluctuations are especially at risk. A cautionary note to using information from only impacted
areas to monitor statewide trends is that a false picture of overall decline may be given. To
monitor statewide trends, random sampling both impacted and non—impacted sites gives a more
representative picture. Also, sampling in areas which are not as subject to impacts gives
important information about annual fluctuations in bull trout populations in the absence of
human effects.

Protection of "core areas" supporting important populations can also be used to prioritize
monitoring effort. Rieman and McIntyre (1993) discuss "core areas" and their role in

Methods for Sampling the Distribution and Abundance of Bull Trout and Dolly Varden
18



maintaining the species. They state that persistence of bull trout depends on identifying and
maintaining core areas that have the following attributes:

1) they must have all the critical habitat elements for both migratory and resident
populations;

2) they must be selected from the best quality habitat or that which has the best
opportunity to be restored;

3) they must contain multiple subpopulations, no fewer than 5-10, so if one
subpopulation is affected by an environmental stressor, the risk can be spread, and
other subpopulations can act as sources of new fish;

4) areas should be large enough to incorporate genetic and phenotypic diversity, but small
enough to ensure that the component populations effectively connect; and

5) core areas must be distributed throughout the historic range of the bull trout.

Core areas should be identified throughout the state, and those receiving the highest stress should
receive the highest priority for monitoring. However, as stated above, biologists should realize
that compilations of trend data from only highly disturbed sites will give an inaccurate picture of
decline for the overall state or region

Once high—priority streams are selected for monitoring, the effort required to monitor changes in
bull trout populations in those individual streams depends on the degree of precision and the type
of information required. In most cases traps or random techniques are the most accurate
measures of changes in a watershed or stream. If very limited amount of manpower is available
for surveys, and if knowledge of absolute escapement is not a concern, the index area technique
is less preferable for determining changes in relative abundance over time.

Types of Survey Designs

Index Areas: Index areas have commonly been used to monitor changes in the relative
abundance of bull trout over time in a limited area, but are not accurate measures of absolute
escapement or basin—wide changes. These areas are lengths of stream or river chosen because
they are accessible, stable, have good visibility and are representative of the spawning grounds of
a drainage (Cousens et al. 1982). Once the area is chosen, an appropriate surveying method
(redd counts, adult snorkel counts or juvenile snorkel counts) is used to monitor changes in bull
trout abundance. For many of these types of surveys there is long—term data which is valuable
for monitoring trends. Additionally, these counts are convenient to conduct with limited staff.

Problems arise when extrapolating index area trends to larger regional populations. Rieman and
McIntyre (1996) found that trends in bull trout redd counts from adjacent streams or stream
reaches were only weakly correlated. Therefore, trends in redd counts from an index area may
not reflect changes in adjacent sites. Index area surveys alone may miss large parts of the basin
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where impacts to bull trout are occurring unless basin—wide surveys are also conducted regularly.
Whenever possible, changes in abundance or estimates of total escapement for a basin or regional
population should be based on trap counts of adults, counting of redds in all spawning habitat, or
random sampling of redds. However, where index areas have been monitored for a considerable
amount of time, and long—term trend data is available, researchers may want to continue these
surveys to ensure consistency in data collection at a limited site.

Trap or Fence Counts of Adults: To obtain total estimates of escapement in a system, the trap or
fence is set at the start of the tributary or stream section of interest, and the number of adults
moving upstream are counted. This is a census of all adults migrating into that section of stream,
and is useful for adfluvial, anadromous and some fluvial populations, but probably not for
residents which migrate very little (Brown 1994). Care should be taken to try to identify
subadults which migrate into areas with mature fish and introduce errors into escapement
estimates. Traps should be in place during the entire spawning season, and continually checked
for debris accumulation and vandalism that would affect trap integrity. For a detailed discussion
of fence and trap design, see information compiled by Cousens et al. (1982).

Surveying an Entire Stream or Watershed: If spawning habitat is limited, it may be possible to
survey all of the habitat in a watershed. In the North Fork Skokomish River, adfluvial bull trout
spawn in only the first 2.9 km of the river above Lake Cushman and below Staircase Rapids. All
spawning habitat has been surveyed in this section of river by redd counts (Olympic National
Park, Unpublished Data) or snorkel surveys (Collins, Unpublished Data). Since these are total
counts, there is no associated variance.

Random Sampling of Redds Within a Watershed: Surveying all spawning habitat in a
watershed several times a season is often not possible given the manpower requirements, and
aircraft redd surveys are usually not effective for bull trout (Shepard et al. 1982). Expansion of
index area redd counts rarely gives an accurate estimate of escapement in a basin, since this
technique may miss areas where important populations are declining, especially if index areas are
small. Therefore, subsampling of all available spawning habitat (i.e., surveying a subset of
randomly chosen sample sections over the spawning season) may be preferable for estimates of
the total numbers of redds and escapement where spawning areas are large and accuracy is
required. Subsampling can be simple random (Cochran 1977), or stratified random (Cochran
1977, Scheaffer et al. 1986). We propose using stratified random sampling to estimate total
abundance and escapement, since stratified random sampling requires less sampling than simple
random techniques for an estimate of equal precision (Cochran 1977, Scheaffer et al. 1986).

Trap counts or random sampling of redds in suitable spawning habitat are appropriate
for basin—wide abundance surveys or calculating escapement.
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Total redds (R) in a watershed using stratified random sampling is given by

R=Ny +Ny
pp 	 nn

where Np = total number of 0.4 km sections of high-quality spawning habitat,
Nn = total number of 0.4 km sections of average-quality spawning habitat,
yp = average redds per 0.4 km in high-quality spawning habitat, and
y„ = average redds per 0.4 km in average-quality spawning habitat.

(5)

The variance (stet') of this total is estimated by

N — n s 2 N — n s 2

s 2tot
2( 	 P= N P P) 2[ 	 n+ N n n

1
(6)

P N n n N n
n

where np = number of 0.4 km sections of high-quality spawning habitat surveyed,
sp2= variance of redd counts per 0.4 km in high-quality habitat,
nn = number of 0.4 km sections of average-quality spawning habitat surveyed,

and
sn2= variance of redd counts per 0.4 km in average-quality habitat.

We recommend bull trout spawning habitat first be divided into manageable units for foot
surveys. We arbitrarily chose 0.4 km (0.25 miles) as our sampling unit for the following
examples since it was a small distance and logistically feasible. Small sampling units give
higher precision than larger ones for simple aggregated distributions (Green 1979). Some
researchers prefer 1 or 2 km sections for logistical reasons. The following equations and
discussion can be easily adapted for units of any size.

River sections containing the sampling units are then categorized as "high-quality" or
"average-quality" spawning habitat "strata," based on the geomorphic characteristics of the
reach. River habitat which is obviously not used by bull trout for spawning, such as muddy
lowland river sloughs, or areas where maximum water temperature does not drop below 9°C in
the fall, should not be included in the survey. Average redds per 0.4 km in each strata, and the
variance of redds per 0.4 km in each strata is calculated from randomly sampled 0.4 km survey
sections in both habitat types.
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To calculate the 95 percent and 80 percent confidence intervals (Cl) use the following:

	R + CI =R + t\ls 2 	(7)
— 	 tot

where t = 1.96 for 95 percent Cis and 1.28 for 80 percent C/s.

Example 2. Estimating the total number of redds in the North Fork Skokomish River and
the associated degree of confidence in the estimate using stratified random sampling.

A rough estimate of the length of the mainstem North Fork Skokomish River is 22.5 km. This
consists of 3.2 km of excellent adfluvial spawning habitat below Staircase Rapids (high—quality),
and 19.3 km of sparsely populated resident spawning habitat above Staircase Rapids
(average—quality). Total number of sampling units (Np and Nn) for each section is

Sampling Units (hi.qual. habitat) -

for high-quality habitat, and

Sampling Units (ave.qual.habitat) -

For average—quality habitat.

3.2 km habitat
- 8

- 48

0.4 km per sampling unit

19.3 km habitat

0.4 km per sampling unit

Six randomly selected units below Staircase Rapids (nt) and eight randomly selected units (nn)
above the rapids were walked over time. Cumulative average redd counts per 0.4 km in each of
these areas were yin = 10 and y r, = 2 respectively. Variances of the redd counts were sp2 = 30 for
the high—quality habitat and sn2 = 3.43 for the average—quality habitat. Therefore, from Equation
(4), an estimate of the total number of redds in the mainstem North Fork Skokomish is

R = (8)(10) + (48)(2) 	 176

the variance of this estimate, from Equation (5), is

S 2
tot

= 
82  8 - 6 	30 )

8	 6
	 482

 48 - 	 3.43)

	

48 	 8
= 903.2

and the 95 percent and 80 percent confidence intervals (C/) for the estimate, from Equation (6),
are
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95%C/ = 1.96 ✓903.2 = 59

and

80%CI 	 1.28 V903.2 = 38

respectively.

Therefore, the total number of redds in this river is estimated at 176. We are 95 percent
confident that the true number of redds is between 117 and 235, and 80 percent confident that the
true number is between 138 and 214.

Before conducting spawning surveys, the biologist can calculate needed sample size to estimate
that the true total number of redds lies within a certain range with a desired degree of confidence.
To calculate the necessary number of 0.4 km units to sample, an estimate of the standard
deviation (square root of the variance) of redds numbers in 0.4 km sections are needed, both for
high—quality and average—quality habitat. Also a rough guess of either the mean redds per 0.4
km in each strata or the total number of redds is needed to calculate a desired bound on the error
of estimation. The variance can either be obtained through a pilot survey before the actual
abundance estimates start or by using the estimated range in redd counts. Tchebysheff s theorem
(Scheaffer et al. 1986) and the normal distribution dictate that the range in redd counts per 0.4
km (or any other survey unit length) should be roughly four to six standard deviations. For
instance if redd counts in average—quality habitat on the Chiwawa River range from 0 to 10 redds
per 0.4 km, a rough estimate for standard deviation for less preferred habitat would be 10-0=10,
then 10/4 = 2.5.
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Needed sample size (n) for stratified random sampling can be calculated using the
following:

n
(No +No) 2

P P 	 n n
(7)

( CI 2
+(No2 +N 02)

pp 	 nn

Where Np= total number of 0.4 km sections in high—quality spawning habitat,
N.= total number of 0.4 km sections in average—quality spawning habitat,
orp = estimate of standard deviation of redds in 0.4 kin sections of high—quality

habitat
an = estimate of standard deviation of redds in 0.4 km sections of

average—quality habitat
CI = desired bound on the error of estimation and
t = two—tailed t value associated with the desired bound on the error of

estimation (t = 1.96 for 95 percent confidence; t = 1.28 for 80 percent
confidence)

The number of total samples to allocate to each habitat type strata can be calculated using
Neyman allocation (Cochran 1977, Scheaffer et al. 1986). 

Number of samples allocated to high—quality habitat (n e) is

No
n = n 	 P P 

No +No
P P 	 n n

(8)      

Number of samples allocated to average—quality habitat (n.) is

n
n 

= n 	
No +No

n n
No (9)  

P P 	 n n  
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Example 3. Determining sample size and allocation for a stratified random abundance
survey.

An eastern Washington River, which flows from mountain headwaters to a large lake, is 43 km
long, 32 km of which is habitat suitable for bull trout spawning. In suitable habitat there is
intense spawning of bull trout in the upper 12 km, while the lower reach (20 km) supports few
spawners. This river is fed by four tributaries, two of which (Tributary A and B) are heavily
used by spawning bull trout, and two of which (Tributary C and D) support only light spawning
activity.

Total km of high-quality and average-quality habitat must first be calculated. High-quality
habitat = 12 km in the mainstem + 2 km (length of Tributary A before an impassible waterfall) +
10 km (length of tributary B). Average quality habitat = 20 km in the mainstem + 3 km (length
of tributary C) + 14 km (length of Tributary D). Therefore, there is a total of 24 km of
high-quality spawning habitat and 37 km of average-quality spawning habitat in this watershed.
Converting km to numbers of sampling units (Np and Nn) requires division by 0.4 km per
sampling unit: Np = (24)40.4)=60; Nn = (37)/(0.4)=92.

From a previous survey, redds per 0.4 km in high-quality habitat range from 1 to 5. In
average-quality habitat, redds per 0.4 km range between 0 to 2. Therefore estimated standard
deviation for high-quality habitat (up) is

5 - 1 = 4, and 
4

4
 =1.

For average-quality habitat, estimated standard deviation (an) is

2 -0 =2 and — = 0.5
4

Suppose the biologist wants to be 80 percent sure that the true redd count is within
approximately + 20 percent of the estimate. Roughly he guesses from the results of a previous
survey that an average of 2.5 redds per 0.4 km were in high-quality habitat and 0.5 redds per 0.4
km were in average-quality habitat. Therefore, a rough estimate of total redds is equal to the
sum of:

rough estimate of redds in high-quality habitat = (24 km of high-quality habitat /
0.4 km per sampling unit) x 2.5 redds per sampling unit = 150

and
rough estimate of redds in average-quality habitat = (37 km of average-quality
habitat / 0.4 km per sampling unit) x 0.5 redds per sampling unit = 46
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which is 196 redds. This estimate is multiplied by 0.20 to obtain the desired bound on the error
of estimation (CI), which is 39.2 redds. Now the biologist has all the information required to
estimate a needed sample size:

Np = 60,
Nn = 92,
u

P
 = 1 ,

an = 0.5, and
CI = 39.2.

Then solving Equation (7) for n,

n -
[(60)(1) +(92)(0.5)] 2

- 11 
(39.2)

(1.28)

2

+(60)(1)2 +(92)(0.5)2

and allocating these 11 samples between strata,

n = (11) 
	(60)(1)	

- 6
(60)(1) + (92)(0.5)

for high-quality habitat (Equation 8), and

nn = (11) 
	(92)(0.5) 	I
(60)(1) + (92)(0.5)

5

for average-quality habitat (Equation 9).

Therefore, the biologist has to conduct redd counts in six randomly chosen 0.4 km sections in
high-quality habitat in the watershed, and five randomly chosen 0.4 km sections in
average-quality habitat to be 80 percent confident that the true total redd count for the watershed
lies within 39.2 redds (approximately 20 percent) either side of the estimate.
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Calculating Spawner Escapement 

Estimating Escapement and Associated Confidence Intervals Using Redd Counts

Estimating Escapement: If an estimate of escapement is needed, total number of redds in the
watershed can be multiplied by spawners per redd. Ideally, number of spawners per redd is
obtained by putting a trap at the mouth of the watershed, and recording the numbers of fish
migrating upstream to spawn. Simultaneously cumulative redd counts are obtained upstream
from the trap, and the fish count at the trap divided by the cumulative redd count gives the ratio
of spawners per redd. Surveyors should exercise care when calculating these ratios. This
technique only works for migrating stocks (anadromous, adfluvial and some fluvial). If many
bull trout in the stream of interest are residents, and do not migrate, fish to redd ratios may be
underestimated. Also, if subadults migrate into areas with mature fish, fish to redd ratios may
be overestimated.

Often fish to redd ratios are not available for a specific watershed and an estimate, derived from
other areas, is used. Because of the considerable effort involved, few spawner to redd ratios have
been derived, and those which have been developed are widely distributed over the Pacific
Northwest (Table 4). For accurate and precise estimates of escapement in Washington,

reseaxcki	 redd. ratios and their associated valiance for both migrating and
resident populations needs to be conducted.

To calculate total escapement to a stream:

Where
	 E = RF	 (10)

E = total escapement,
R = total cumulative redds in a watershed or stream
F = number of spawners per redd

Fish per redd can either be obtained from estimates made within the specific watershed, or an
average of the estimates of Table 4, which is 2.2 fish per redd.
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Calculating variance of escapement estimate: The variance associated with the escapement
estimate is based on the total redd count and its associated variance and the spawner to redd ratio
and its associated variance.

Estimate of Variance for Escapement

s 2 = s 2F 2 	 2 2s R

Where 	 sE2= variance of total escapement estimate,
sF = variance of fish to redd ratio,

= variance of total cumulative redd count.

Variance of total cumulative redd count, if calculated using stratified random techniques, is
available from Equation (5). Variance in spawner to redd ratios can be obtained by monitoring a
trap for several years on a stream system and calculating the variance of these estimates. Often
trap information is unavailable from the watershed of interest, so the average spawner to redd
ratio from Table 4 can be substituted, and the range in these estimates can be used to calculate a
rough estimate of variance.

We approximated the variance in spawner to redd estimates from the range in estimates in Table
4. From Tchebysheff's theorem, standard deviation (sF) of the fish to redd ratios is

1.7
3.2 - 1.5 = 1.7 and	 - 0.425

4

This quantity squared becomes the variance. Using this estimated variance of fish to redd (s,)
from Table 4, Equation (11) simply becomes

S 2 = (2.2) 2sR2 + (0.425)2R 2
	

(12)

If the entire watershed was surveyed for redds there would be no variance associated with the
redd count estimate. In each of these instances, the variance estimate would be 0, and Equation
(11) would simplify to

s 2 = s 2R 2 	 (13)

If the variance in fish to redd ratios was estimated from Table 4 and Tchebysheff's theorem,
Equation (13) becomes

Methods for Sampling the Distribution and Abundance of Bull Trout and Dolly Varden

28



s 2 = (0.42 2 25) R (14)

Confidence Intervals for Total Escapement Estimates: The confidence intervals for total
escapement estimates are derived from the variance of total escapement.

Confidence Intervals for total escapement estimates

E + CI E + t\ls;	 (15)

Where 	 t = 1.96 for 95 percent confidence and
t = 1.28 for 80 percent confidence.

Example 4. Calculating total escapement and associated confidence intervals from redd
counts.

From Example 2, the total cumulative redd count from the North Fork Skokomish river was 176
with a standard deviation associated with this estimate of 30. No fish to redd estimate is
available for this river so the average from Table 4 was used. Total escapement, from Equation
(10) is

E = (176)(2.2) = 387

And variance of this estimate, from Equation (11), is

s 2 = (2.2)2 (30)2 + (0.425)2(176)2 = 9,951

80 percent confidence limits for this estimate are

387 + 80%CI = 387 + (1.28) 9,951 = 387 + 128

Therefore, we are 80 percent confident that the true total escapement lies between 259 and 515.
To conservatively manage this population, we would assume that the population was 259
individuals. At best it is only 515 individuals.

The next year a combination of traps and snorkeling observations conclude that there are 2.4 fish
per redd in this river. No variance could be calculated from this point estimate, so the variance
estimated from the range of values in Table 4 ([0.42512) was used. As above, total escapement is
calculated using Equation (10)
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E = (176)(2.4) = 422

and variance is

2S
E 

= (2.4)2(30)2 +(0.425)2(176)2 = 10,779

80 percent confidence limits for this estimate are

422 + (1.28)V10,779 = 133

Using the revised estimate of fish per redd, the biologist is 80 percent confident that the true
escapement in the North Fork Skokomish River is between 289 and 555.

The next year, the biologist is able to survey all bull trout spawning habitat in the North Fork
Skokomish River and cumulatively counts 172 redds. The trap estimate for this river was 2.4
fish per redd. There is no variance associated with the number of redds estimate, and the
spawner to redd variance is estimated from the range of values in Table 4. Total escapement is

E = (172)(2.4) = 413

and variance is

S 2
 = (0.425) 2(172)2 = 5,344

80 percent confidence limits for this estimate are

413 + (1.28)V5,344 = 413 + 94

Therefore, by surveying all habitat, the variance is reduced, and the biologist is 80 percent
confident that the true escapement in the North Fork Skokomish River is between 319 and 507.

Using Snorkeling Counts of Adults to Estimate Escapement

Because of fluctuating water conditions, angling and other factors, peak adult abundance counts
may not accurately reflect total spawners (Ames 1984). Measurement of the area under a curve
plotted with snorkeling abundance estimates over time may provide a better representation of
spawner numbers. WDFW currently uses "area under the curve" plots of redd counts versus time
to calculate number of redd—days for other salmonids (Smith and Castle 1994). Redd—days are
then divided by the average number of days redds remain visible (21) to obtain total redds. Total
redds are then multiplied by fish to redd ratio to calculate total number of spawners. To conduct
a similar analysis for bull trout, with adult abundance estimates instead of redd counts, "adult
days" can be calculated. However, to convert this to total number of spawners, the average
residence time of adults in the spawning area is needed. Since little is currently known about the
residence time of adults in spawning areas of various Washington river systems, calculation of
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total spawners from adult snorkeling counts using area under the curve methods would not be
reliable at this time.

Considerations When Evaluating The Status of Bull Trout Populations

Useful factors for evaluating the status of bull trout populations, such as contractions in range,
rates of decline and population sizes, can be estimated using the above procedures. Small
populations, whether declining or not, face increased risk of extinction due to annual variations
in environmental conditions, loss of genetic variation, and demographic stochasticity (Caughley
and Gunn 1995). Therefore they may be less resilient to impacts than larger populations. Large
populations can also have conservation problems if they exhibit a rapid rate of decline (Caughley
and Gunn 1995), and little may be done until populations have reached dangerously low
numbers.

Monitoring trends in abundance can be used to help identify bull trout populations at risk.
Unfortunately, long—term data sets are often needed to determine if trends are significant (>10
yrs. for redd counts, Rieman and Myers, In Press). Management actions applied only after
declining trends are statistically significant may be too late to prevent damage to populations.
Several sources discuss how trend data can be combined with other measures of "health" to
evaluate the status of bull trout populations early enough to apply appropriate management
actions(Ratliff and Howell 1992; Mongillo 1993; Rieman and McIntyre 1993; Rieman and
McIntyre 1995; Rieman and McIntyre 1996; Washington Department of Fish and Wildlife 1997;
Rieman and Myers In Press). Readers can also consult conservation biology texts for general
principles regarding sparse or rapidly declining populations (Soule 1986; Caughley and Gunn
1995).
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CONCLUSIONS

(1) Distribution of bull trout can be ascertained by determining presence of bull trout in a
"patch." We define a patch as a stream reach or group of reaches which includes suitable
spawning and initial rearing habitat and is separated from other patches by barriers to bull
trout migration. Barriers to migration can include high water temperatures, long
distances between suitable spawning habitat, or physical barriers such as waterfalls.

(2) To determine if bull trout are present in a patch, first conduct informal surveys which
might include angling, day or night snorkeling and/or night bank walking within
preferred habitat in the patch. If no bull trout are found, and if a specified degree of
confidence is wanted for lower detection limits, night snorkel 20 randomly chosen 100 m
sections of preferred habitat to be 95 percent confident that bull trout are in densities less
than 0.60 fish/100 m, assuming a sampling efficiency of 25 percent. Night snorkel 11
randomly chosen sections to be 80 percent confident. If other thresholds for delectability
are required, or other sampling efficiencies are assumed, consult Appendix 2 for
appropriate sample sizes. If it is not feasible to night snorkel the stream, day snorkel at
water temperatures above 9°C. If a stream is too shallow or turbid to snorkel, consider
electrofishing, at settings listed in Appendix 1 to minimize potential injury to fish.

(3) Redd surveys and traps are preferred methods for estimating total adult abundance and
escapement. Redd surveys are suitable for both migrating and resident populations, while
traps best monitor migrating fish. Obtain cumulative redd counts in a system over all the
spawning habitat, or by random sampling of the habitat, depending on the accuracy and
precision desired. Multiply this estimate by 2.2 spawners per redd or preferably a
spawner:redd estimate for that particular system to obtain total escapement. Continued
monitoring of index areas can provide consistency in long—term data sets for specific
areas which have been monitored for many years. However, monitoring of only index
areas is rarely appropriate for evaluating trends in an overall basin.

(4) When using redd surveys and/or traps to monitor abundance, surveyors should be aware
of factors which may reduce their accuracy and precision. Bull trout can migrate for
other reasons besides spawning which may inflate spawner to redd estimates derived
from trap counts. There is often considerable variation in the repeatability of redd counts.
This can be reduced by using experienced survey crews, standardizing counting
techniques among surveyors, and whenever possible, using the same surveyors to conduct
counts over a season or over several years within a system. Even following these
techniques, long—term data sets are often needed to identify trends.

(5)
	

The key in Table (5) can be used to aid in selection of appropriate survey methods. If
water visibility is low, or redd superimposition is occurring, consider trying some of the
techniques to monitor bull trout abundance under adverse conditions which are described
in this report.
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Table 1. Comparison of methods used to enumerate bull trout. Methods ranked from 1 to 3, 1 being the method enumerating the
highest number of bull trout per stream section. Methods include electrofishing (ES), day snorkeling (DS), night snorkeling (NS), and
angling and foot surveys (A&FS).
Study, Location and Age of Bull Trout Studied Ranks of Methods

Tested

Study Month Sampled

Water
Temperatures
(°C) Location Age ES DS NS A&FS

Bonar et al. (this study) September, October - N.F. Skokomish R.,
Rattlesnake Cr., WA

Juv.
(<200 mm)

- 2 1 3

Bonar et al. (this study) October - N.F. Skokomish R.,
WA

Adult
(>450 mm)

- 1 2 -

Bonneau et al. 1995, (Trial 1) August 11-12.5 Trestle Cr.,, Juv. &
Adult

2 la la -

Bonneau et al. 1995, (Trial 2) July, January, February 0-12 Trestle, Rattle, and
Granite Cr., ID

Juv. 3 2 1 1b

Fraley and Shepard 1989 - - Flathead Lk. and
River System, MT

Juv. 1 2 - -

Goetz 1991 June, July 3-7 Lower Jack Cr., OR 1+ & 2+ 2 3 1 -
Johnson and Shrier, 1989 August - October - Wenatchee National

Forest Streams, WA
Juv. &
Adult

1 c 1 c - 1 c

Sexauer and James, 1993 - - South Fork Tieton R.
and Indian Cr., WA

Juv. 2 2 1 -

Thurow and Schill 1996 August 9-13.5 Profile Cr., ID 1+ 1 2a 2a -
Frequency ranked #1 (%) 43 33 71 67

a llo statistically significant difference observed between these two methods.
b Night snorkeling combined with night bank observer.

Each sampling method was effective.



Table 2. Comparison of methods for determining distribution of bull trout in Washington streams
and rivers, fall 1995. Methods not tested are indicated with a "-".

Water Date(s) Day Snorkel Night Snorkel
Angling and
Foot Survey

Rattlesnake 9/11/95 - - 0 0
Creek - 150 m
section

9/13/95

Rattlesnake . 9/13/95 - 6 adults - 2 adults
Creek - 300 m
section

9/13/95

Waptus River 0 - 0
Basin

N.F. Skokomish 10/24/95- 0 5 juveniles 0
River (Four 10/26-95
Stream to Upper
Bridge)

N.F. Skokomish 10/28/95 79 adult bull 34 adult bull -
River (Ranger trout and trout and
Station to Park chinook chinooka, 3
Boundary-Pools salmons, 0 juvenile bull
only) juvenile bull

trout
trout

a We did not separate adult bull trout and chinook salmon on these surveys. However, Olympic
National Park and Washington Department of Fish and Wildlife Region 6 Surveys found that
chinook salmon comprised only between 0.5 and 1.6 percent of the total run on October 19th and
31st.
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Table 3. Densities of juvenile bull trout encountered (e) by night snorkeling in Pacific Northwest
streams and rivers.

Source River or Stream
Density (Fish/100 m of
stream)

Bonar et al. (This Report) North Fork Skokomish
River, Washington above
Staircase Rapids

0.26

Sexauer and James (1993) South Fork Tieton, Indian
Creek, Chikamin Creek,
Rock Creek, Washington

2.27-8.07

Schill (1991) Profile Creek, Idaho 5.73-42.53

Bonneau et al. (1995) Trestle Creek, Idaho 10.0-23.5
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Table 4. Ratio of number of bull trout spawners to redds in various Pacific Northwest rivers.

Source Location
Spawners per
Redd

Fraley and Shepard 1989 Flathead River System, MT 3.2

Ratliff et al. 1996 Jack Creek, OR (Ave. over 3 yrs.) 2.3

Ratliff et al. 1996 Jefferson Creek, OR 2.3

Pratt 1985 (cited in Brown 1994) Tributaries of Swan Lake, MT 2

James et al. Unpublished Data Indian Creek, WA 1.5

Craig and Wissmar 1993 Reach 4, Gold Creek, WA 1.8

Craig and Wissmar 1993 Reach 5, Gold Creek, WA 2.1

Average of Studies 2.2

Methods for Sampling the Distribution and Abundance of Bull Trout and Dolly Varden

36



Table 5. Key to help select appropriate method for sampling bull trout.

la	 Distribution or presence/absence information is needed 	 2

lb	 Abundance of a specific population is needed 	 7

2a	 Stream or river glacially fed, visibility usually low	 3

2b	 Stream or river usually has good visibility 	 4

3a	 Visibility sometimes good, either in Clearwater tributaries or at various times of the year
or day 	 4

3b	 Visibility never good 	 Go to 4 and substitute electrofishing. Alternatively set a trap at
the mouth of the system or follow radio—tagged adfluvial fish.

4a	 Presence/absence does not have to be defined with a specific degree of
confidence 	 conduct informal surveys by angling, night bank walking.and/or night and
day snorkeling in preferred spawning and initial rearing habitat in a patch. We define
"patch" as a stream reach or series of reaches separated from others by thermal or
geographic barriers to migration. In glacial rivers conduct surveys to coincide with time
of day or year of highest visibilities. Record the location and extent of preferred habitat
on a map.

4b.	 Presence/absence must be defined with a specific level of confidence 	 5

5a. Presence/absence needs to be defined with a 95 percent or 80 percent level of confidence.
Standard minimum sampling efficiency (25%) and bull trout minimum density (0.60
fish/100m ) are assumed 	 6

5b. Presence/absence needs to be defined with a 95 percent or 80 percent level of confidence.
Surveyor assumes sampling efficiency or bull trout minimum density which differs from
that in (5a) 	 First, do(4a), then night snorkel the number of randomly chosen 100 m
stream sections in preferred habitat within a patch which corresponds with a particular
minimum bull trout density, or sampling efficiency listed in Appendix 2. In areas where
night snorkeling is not feasible, day snorkel at water temperatures > 9°C. In areas where
water is too shallow for snorkeling and conductivity is adequate (approaching 100
µS/cm), electrofish using guidelines in Appendix 1.

6a.	 Presence/absence needs to be defined with a 95 percent level of confidence 	 First, do
(4a), then night snorkel 20 randomly chosen 100 m stream sections in preferred habitat
within a patch to determine bull trout are in densities less than 0.60 fish/100 m, assuming
a minimum sampling efficiency of 25 percent. In areas where night snorkeling is not

Methods for Sampling the Distribution and Abundance of Bull Trout and Dolly Varden
37



feasible, day snorkel at water temperatures > 9°C. In areas where water is too shallow for
snorkeling and conductivity is adequate (approaching 100 µS/cm), electrofish using
guidelines in Appendix 1.

6b.	 Presence/absence needs to be defined with a 80 percent level of confidence 	 First, do
(4a), then night snorkel 11 randomly chosen 100 m stream sections in preferred habitat
within a patch to determine bull trout are in densities less than 0.60 fish/100 m, assuming
a minimum sampling efficiency of 25 percent. In areas where night snorkeling is not
feasible, day snorkel at water temperatures > 9°C. In areas where water is too shallow for
snorkeling and conductivity is adequate (approaching 100 0/cm), electrofish using
guidelines in Appendix 1.

7a. An estimate of absolute escapement from a watershed or river system is needed 	 8

7b. An estimate of absolute escapement is not needed 	 monitor abundance using cumulative
redd counts (preferred), traps (preferred), adult snorkel counts, or juvenile snorkel counts
depending on the life history stage of interest. Abundance can be monitored in index
areas (less preferred except where historical trend data exists and accurate only for trends
in the index area sampled); by surveys of the entire system; or by using stratified random
techniques. If abundance estimates are needed in a glacial low—visibility system, conduct
snorkel surveys or redd counts during periods of higher visibility such as late fall or in
clear water tributaries. If kokanee are spawning in the same area, decrease the time
interval between redd counts so kokanee have less time to obliterate evidence of bull trout
redds. Other methods listed in this report may also be effective for conducting redd
counts under conditions of superimposition.

8a. Absolute escapement is needed for migrating (fluvial, adfluvial, anadromous)
populations 	 monitor abundance using cumulative redd counts or traps. If using redd
counts, either survey the entire spawning area or sample sections of it using the stratified
random techniques described in this report. If kokanee are spawning in the same area,
decrease the time interval between redd counts so kokanee have less time to obliterate
evidence of bull trout redds. Other methods listed in this report may also be effective for
conducting redd counts under conditions of superimposition.

8b. Absolute escapement is needed in a river or stream which contains both migrating and
resident populations 	 monitor abundance using cumulative redd counts. If using redd
counts, either survey the entire spawning area or sample sections of it using the stratified
random techniques described in this report. If kokanee are spawning in the same area,
decrease the time interval between redd counts so kokanee have less time to obliterate
evidence of bull trout redds. Other methods listed in this report may also be effective for
conducting redd counts under conditions of superimposition.
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Appendix 1. Stream electrofishing guidelines for Washington Department of Fish and Wildlife
distribution (stream typing) surveys.
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ELECTROFISHING GUIDELINES FOR STREAM TYPING

Primary Goal: In order to correctly prove presence/absence of salmonids in streams presumed to be fish bearing,
electrofishing techniques must provide the highest probability possible for detecting salmonid presence.

Secondary Goal: Within the range of effective electrofishing techniques, sampling should be conducted to minimize injury
to fish and other aquatic and terrestrial animals.

Environmental/Biological Factors:
5) No electrofishing should be conducted when temperatures are below 4° C or above 24° C.
6) No electrofishing should be conducted when samplers cannot clearly see the stream bottom in one foot of

water.
7) Once a fish is found, discontinue shocking. Move upstream until habitat parameters change, which might

indicate a change in the status of fish presence, and resume shocking.
8) Remove netted fish from electrical field immediately; do not hold fish in net while continuing to net additional

fish.

Equipment Factors:
1) Use electrofishing units with straight direct current (DC) settings if at all possible.
2) If straight DC is not an option, begin by sampling with lower frequencies or pulse rates (i.e. 30 Hz).
3) Avoid electrofishing units that cannot produce pulsed DC with frequencies less than 60 Hz.
4) If pulse width is a programmable option on your unit, use 5 milliseconds, which has proven to be highly

effective under a wide range of conductivities and minimizes injury rates.
5) Never use any form of alternating current (AC) output.

Testing and Programming Equipment:
In order to increase electrofishing efficiency, equipment needs to be tested and programmed correctly for the specific
drainage. The intent is that if the sampler can first be successful in netting fish within known fish-bearing segments, he/she
will have a higher confidence and probability of finding fish within segments where presence is uncertain. Use the procedure
described below before beginning your official stream typing.

A. Go downstream from the segment in which the stream typing is to be conducted to a known fish-bearing area
with a high probability of finding fish. Areas below culverts, deeper pools with woody cover, etc. are good places
to start. This testing should be conducted on the same day as the stream typing in order to avoid environmental
changes which may affect electrofishing efficiency.

B. With the recommended straight DC, start with lower voltages (i.e. 200 V). If fish are not drawn close enough to
anode to be netted (after 5 minutes of shocking) at lower voltage setting, increase to next higher voltage setting (up
to a maximum of 800 V). Low to moderate voltage settings (300-500 V) are most commonly used. As soon as fish
can be drawn close enough to anode to be netted, use those settings for stream typing. If fish cannot be drawn to
anode, proceed to "C". [Remember: Keep power switch on until fish is netted; otherwise, fish will dart away.]

C. With pulsed DC, start with lower frequency and voltage (30 Hz and 300 Volts). If fish are not drawn close enough
to anode to be netted (after 5 minutes of shocking) at lower voltage setting, increase to next higher voltage setting
(keeping frequency the same).

D. If lower frequency setting (30 Hz) is ineffective in drawing fish close enough to anode to be netted, even at higher
voltage settings, then turn frequency up to next setting (40 Hz) and repeat as in step "C". Follow the same steps for
50 Hz and 60 Hz if necessary. Sixty (60) Hz should be the highest frequency necessary. Due to higher injury rates,
60 Hz should be used as last resort. [Remember: Increase voltage settings before going to higher frequency
setting.]
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Appendix 2. Encounter densities (e) and number of 100m stream sections (n) to be surveyed for detecting bull trout with 95 percent
confidence at a variety of sampling efficiencies and mean densities. For example, three 100 m sections of stream need to be sampled to
detect bull trout if they are in densities of 1.5 fish/100m with 95 percent confidence, assuming the gear type used has a sampling
efficiency of 75 percent. The number of fish which will be encountered using the gear type is e = 1.125 fish/100 m.

Sampling Efficiency (%)

100 90 80 75 50 25 10

Mean Density
(fish/100 m)

e n e n e n e n e n e n e n

5.000 5.000 1 4.500 1 4.000 1 3.750 1 2.500 2 1.250 3 0.500 6

4.000 4.000 1 3.600 1 3.200 1 3.000 1 2.000 2 1.000 3 0.400 8

3.000 3.000 1 2.700 2 2.400 2 2.250 2 1.500 2 0.750 4 0.300 10

2.000 2.000 2 1.800 2 1.600 2 1.500 2 1.000 3 0.500 6 0.200 15

1.500 1.500 2 1.350 3 1.200 3 1.125 3 0.750 4 0.375 8 0.150 20

1.000 1.000 3 0.900 4 0.800 4 0.750 4 0.500 6 0.250 12 0.100 30

0.750 0.750 4 0.675 5 0.600 5 0.563 6 0.375 8 0.188 16 0.075 40

0.60 0.600 5 0.540 6 0.480 7 0.450 7 0.300 10 0.150 20 0.060 50

0.500 0.500 6 0.450 7 0.400 8 0.375 8 0.250 12 0.125 24 0.050 60

0.250 0.250 12 0.225 14 0.200 15 0.188 16 0.125 24 0.063 48 0.025 120

0.100 0.100 30 0.090 34 0.080 38 0.075 -	 40 0.050 60 0.025 120 0.010 300



Appendix 2. Continued. Encounter densities (e) and number of 100m stream sections (n) to be surveyed for detecting bull trout with 80
percent confidence at a variety of sampling efficiencies and mean densities.

Sampling Efficiency (%)

100 90 80 75 50 25 10

Mean Density
(fish/100 m)

e n e n e n e n e n E n e n

5.000 5.000 1 4.500 1 4.000 1 3.750 1 2.500 1 1.250 2 0.500 4

4.000 4.000 1 3.600 1 3.200 1 3.000 1 2.000 1 1.000 2 0.400 4

3.000 3.000 1 2.700 1 2.400 1 2.250 1 1.500 2 0.750 3 0.300 6

2.000 2.000 1 1.800 1 1.600 1 1.500 2 1.000 2 0.500 4 0.200 8

1.500 1.500 2 1.350 2 1.200 2 1.125 2 0.750 3 0.375 5 0.150 11

1.000 1.000 2 0.900 2 0.800 2 0.750 3 0.500 4 0.250 7 0.100 16

0.750 0.750 3 0.675 3 0.600 3 0.563 3 0.375 5 0.188 9 0.075 22

0.60 0.600 3 0.540 3 0.480 4 0.450 4 0.300 6 0.150 11 0.060 27

0.500 0.500 4 0.450 4 0.400 4 0.375 5 0.250 7 0.125 13 0.050 32

0.250 0.250 7 0.225 8 0.200 8 0.188 9 0.125 13 0.063 26 0.025 64

0.100 0.100 16 0.090 18 0.080 20 0.075 22 0.050 32 0.025 64 0.010 160
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