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Abstract

 Bull trout is a threatened species native to the Pacific Northwest that has been selected 
as Management Indicator Species on several national forests. Scientifically defensible 
procedures for monitoring bull trout populations are necessary that can be applied to the 
extensive and remote lands managed by the U.S. Forest Service. Distributional monitor-
ing focuses primarily on temporal patterns of occurrence within suitable habitat patches, 
has minimal field sampling requirements, and can provide inference regarding large areas 
relevant to land management. This document describes: (1) using a geographic informa-
tion system to stratify a river network into suitable and unsuitable habitats, (2) determin-
ing sample sizes and locations, (3) field sampling techniques, (4) basic trend analysis, 
and (5) an example application and cost estimates derived from a pilot project in Idaho. 
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Introduction

Bull trout (Salvelinus confluentus) are native to much of 
the Pacific Northwest and significant portions of western 
Canada. Although bull trout remain widely distributed 
throughout this range, local extinctions and population 
declines are common (Rieman and others 1997), which 
prompted the U.S. Fish and Wildlife Service (USFWS) to 
list the species as threatened under the Endangered Spe-
cies Act (ESA) in the late 1990s (USFWS 1998, 1999). 
Numerous factors have contributed to declines in bull trout 
populations, including: (1) invasions by non-native brook 
trout (Salvelinus fontinalis; Rich and others 2003; Rieman 
and others 2006), (2) management activities that degrade 
and fragment stream habitats (Dunham and Rieman 1999; 
Rieman and McIntyre 1995), and (3) potential reductions 
in forage supply and stream productivity from reduced 
populations of anadromous fish (Gende and others 2002). 
Environmental changes driven by a warming climate may 
also be a growing threat (IPCC 2007; Rieman and others 
2007) and could include warmer stream temperatures 
(Mote and others 2005; Webb and others 2008), more 
variable stream flows (Hamlet and Lettenmaier 2007; 
Stewart and others 2005), and increased incidence of 
wildfires and channel-reorganizing events (Dunham 
and others 2007; Gavin and others 2007;  Running 2006; 
Westerling and others 2006).

As part of the ESA recovery process, agencies must 
monitor bull trout populations for determination of status 
and trend. The USFWS has worked to synthesize existing 
data from many agencies for this determination (USFWS 
2002, 2008a), and has also explored development and 
 application of standardized inventory procedures  (USFWS 
2008b). Within the U.S. Forest Service (USFS), there is 
similar impetus for monitoring of bull trout because the 
species has been selected as a Management Indicator 
Species (MIS) on several national forests (e.g., Payette 
National Forest and Boise National Forest). Additionally, 
the specificity of its habitat requirements often restricts 
bull trout to relatively pristine, high-elevation areas, 
which coupled with certain life history traits (i.e., fall 
spawning and minimal straying among populations), 
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makes the species especially vulnerable to the effects of 
a warming climate (Rieman and others 2007; Whitely and 
others 2006). Regardless of the rationale, multiple fac-
tors point to the need to monitor bull trout populations.

The goal of this report is to develop a bull trout monitor-
ing protocol that provides the following: (1) distributional 
assessments of extant populations in habitats suitable 
for bull trout, (2) determination of trends in bull trout 
populations, and (3) identification of factors that affect 
both. The protocol is designed to be rapid, flexible, cost-
effective, and statistically rigorous. It can provide data 
useful for basic trend detection in demographic parameters 
at stream to forest scales and also guides collection of 
tissue samples that could facilitate genetic monitoring if 
this becomes a priority. Data collected with the protocol 
can be used to parameterize habitat occupancy and detec-
tion efficiency models, which allow sampling designs 
to be refined and made more efficient. To demonstrate 
application of the protocol, the last section of this report 
describes pilot work done in the Secesh River Watershed 
of central Idaho.

Section I: Challenges for  
Monitoring Bull Trout

Monitoring protocols for aquatic species have tradi-
tionally been based on trends in abundance measured at a 
limited number of sites. Previous work with bull trout and 
other salmonids highlight several limitations to moni-
toring abundance for detecting trends, including: (1) low 
statistical power (Ham and Pearsons 2000; Maxell 1999), 
(2) errors in estimating abundance (Dunham and others 
2001; Peterson and others 2004), (3) high population 
variability (Platts and Nelson 1988), (4) a weak con-
nection between abundance and habitat (Fausch and 
others 1988), and (5) high costs of rigorous abundance 
estimates, which limit the number of sample sites and 
the geographic scale of inference (Al-Chokhachy and 
others 2005; USFWS 2008b). Abundance monitoring has 
also tended to focus sampling in areas of high abundance 
and quality habitats for the target organism (Isaak and others 
2003). These areas are typically more resistant to change 
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because of inherent productivity levels or demographic 
support from nearby areas and may, therefore, provide 
less sensitivity than other areas (Isaak and Thurow 
2006). Many of these problems are exacerbated for bull 
trout, which often exist at low densities, have diverse 
life histories, and occur in remote areas where logistical 
constraints make sampling difficult.

The extensive lands managed by the USFS require 
 monitoring that can be applied rapidly and inexpensively, 
yet provide accurate trend detection and scientifically 
valid answers. Monitoring approaches that focus on 
species distributions and temporal patterns of occur-
rence overcome many of the limitations associated with 
abundance monitoring and are being broadly adopted 
(MacKenzie and others 2002, 2006). Monitoring distribu-
tions requires less intense sampling at individual sites than 
measuring abundance. Also, depending on the monitoring 
goals and ecological requirements of individual species, 
sampling can be continuously distributed in space (e.g., 
assessments for generalist species or communities) or 
restricted to patches of suitable habitat (e.g., assessments 
for habitat specialists or single species). If suitable habitats 
constitute a small proportion of the total area, sampling 
effort may be further reduced (Guisan and others 2006). 
Distributional monitoring, therefore, often makes it pos-
sible to sample larger and more representative areas for 
many species and provides information at scales relevant 
to land management.

The restrictive thermal requirements of bull trout 
make patch-based assessments particularly appropriate at 
the southern extremity of the species range (Dunham and 
Rieman 1999; Dunham and others 2003a). The coldest 
stream habitats are typically at the highest elevations in 
mountain landscapes and are often separated by warmer 
lengths of stream. This creates disjunct networks of suit-
ably cold water across the headwaters of river drainages 
(Poole and Berman 2001). A bull trout patch can be 
considered one of these networks where temperatures 
are cold enough to support spawning and early juvenile 
rearing (Dunham and others 2003a). Emphasis is placed 
on reproductive life history stages because although larger 
bull trout may move downstream to larger rivers, lakes, 
or reservoirs for overwintering or foraging, these move-
ments are not requisite for completion of the life cycle. 
Additionally, because spawning salmonids also home 
to natal areas (Neville and others 2006; Quinn 2005), 
these patches of suitable habitat may also be reproduc-
tively isolated and approximate the boundaries of local 
populations, which are a fundamental unit of species 
conservation (Dunham and others 2003a; USFWS 2002; 
Whitely and others 2006).

Dunham and Rieman (1999) found that bull trout popu-
lations in the Boise River basin were strongly linked to 
suitable habitat patches and the probability of occurrence 
was positively related to patch size, proximity to other 
occupied patches, and indices of watershed disruption. 
Versions of patch-based monitoring protocols for bull 
trout are currently being applied by the Boise National 
Forest and Sawtooth National Recreational Area and have 
been proposed for broader application within the USFWS 
bull trout recovery planning process (USFWS 2008b). 
Although intuitively simple, patch-based distributional 
monitoring poses a series of challenges that include: 
(1) designating suitable habitat patches, (2) designing 
sampling strategies for suitable habitats, (3) minimizing 
the potential for false absences, and (4) detecting changes 
through time. Each of these challenges is discussed in 
detail below.

Section II: Designation of  
Bull Trout Patches

Biological Criteria

Bull trout patch delineations should be based on ob-
jective, repeatable, and defensible biophysical criteria. 
The most direct method of patch delineation is based on 
observed distributions of bull trout. In the Boise River 
basin, for example, Rieman and McIntyre (1995) found 
that although juvenile bull trout (<150 mm) occurred at 
elevations as low as 1,520 m, the frequency of occur-
rence increased sharply at 1,600 m. Subsequent studies 
in this basin delineated patches using this 1,600-m 
 elevation threshold (Dunham and Rieman 1999; Rieman 
and McIntyre 1995; fig. 1). Distributions of smaller fish 
were used in patch delineations because their restricted 
movements during initial rearing make them a better 
indicator of natal habitat boundaries. Although simple 
to apply, this approach requires biological data that may 
not exist and is less relevant in areas where distributions 
lack clear elevation thresholds (e.g., basins where stream 
temperatures are suitably cold in most areas).

Rieman and others (2007) extended this approach to 
a broader geographic area using data on juvenile 
bull trout distributions from 76 streams across the 
Interior Columbia River basin. A statistical model was 
built to predict the lower elevation limit of juvenile bull 
trout from latitude and longitude (fig. 2). This model 
accounted for 74% of the variation in the lower eleva-
tion limit of juveniles and revealed strong gradients of 
decreasing elevation from south to north and east to west 
that mirrored gradients in mean annual air temperatures. 
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Figure 1. Distribution of suitable bull trout patches within the Boise River basin based on 
a 1,600 m elevation limit derived from downstream extent of juvenile bull trout.

Figure 2. Distribution of suitable bull trout habitat from a model predicting the lower eleva-
tion limit of juveniles across the Interior Columbia River basin (panel a). Distribution of 
habitat predicted within the Boise River basin from the same model (panel b).

The Rieman and others (2007) model can provide use-
ful approximations of natal patches within areas of the 
Interior Columbia River basin that lack distribution data, 
but predictions are expected to be crude and will not 
reflect the detailed variation in distributions associated 

with local conditions. Additionally, data used in model 
construction reflected bull trout distributions from 1980 
to 1995 that may change in response to climate warming 
(Rieman and others 2007).
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Environmental Criteria

An alternative approach to patch delineations could 
rely on environmental characteristics. A logical choice, 
given the restrictive thermal requirements of bull trout, 
is to focus on stream temperature. Temperature data are 
often more easily collected than biological data, may 
already be archived in regional or forest-specific data-
bases, and can be used to make inferences about habitat 
distributions for other aquatic species if that becomes a 
priority. Delineating a patch boundary with temperature 
data may be as simple as interpolating between two 
thermograph sites to determine where a designated tem-
perature threshold is passed or could entail development 
of predictive statistical models.

If models are built, useful covariates may be derived 
from spatial data and temperature predictions mapped 
across all areas of interest. When a time series of data is 
available, covariates could include climate variables such 
as air temperature and stream flow, thereby providing a 
dynamic aspect to model predictions and the ability to 
accommodate local environmental trends. Models of 

this type are currently being developed and tested in the 
Boise River basin (fig. 3; D. Isaak, unpublished data).

Delineating patches based on stream temperature 
 attributes requires that specific temperature metrics and 
threshold values be chosen. Numerous temperature met-
rics are available (Dunham and others 2005) and  Rieman 
and Chandler (1999) summarized juvenile bull trout 
occurrence relative to several common metrics  derived 
from an extensive regional temperature database. In 
analyses based on these data, Dunham and others (2003a) 
found that the probability of occurrence for small bull 
trout dropped below 0.5 when daily summer maximum 
temperatures exceeded 16 °C, but occurrence remained 
common at daily maximums of 18-19 °C (fig. 4; Rieman 
and Chandler 1999). Gamett (2002) examined relation-
ships between bull trout and 18 temperature metrics in 
the Little Lost River drainage of central Idaho. Most 
metrics were strongly correlated, but he concluded that 
mean summer temperature provided the best overall 
measure of bull trout habitat. Bull trout were present at 
all sites where mean temperature was less than 10 °C, 
40% of sites where mean temperatures were <12 °C, and 

Figure 3. Distribution of suitable bull trout patches within the Boise River basin based on 
maximum summer temperatures of 15 °C in 1993 (blue) and 2006 (purple). Environ-
mental trends associated with warming air temperatures, decreasing summer flows, and 
several fires reduced the area of habitats predicted to be suitable during this 13-year period 
(D. Isaak, unpublished data).
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National Forest use a relatively conservative criterion 
of ≤15 °C MWMT (Kellett, personal communication). 
Conservative criteria are most appropriate where bull 
trout distributions are well known or where sampling 
efficiency is a priority. However, if patch criteria are set 
too conservatively, sampling will be limited to the high-
est quality habitats and the strongest populations. These 
areas may be more resistant to population change and 
less sensitive to environmental change (Isaak and Thurow 
2006). More liberal criteria may be more appropriate in 
initial basin assessments to ensure that a wide range of 
habitats are surveyed and odds are increased that most 
extant bull trout populations will be detected. The specific 
temperature metric chosen for patch delineations is less 
important because of the high correlation among tempera-
ture metrics (Dunham and others 2005; Hillman and Essig 
1998). If comparisons between protocols are desired or 
users wish to change metrics, Dunham and others (2005) 
provide instructions for inter-metric conversion.

To focus sampling within patches, additional physical 
criteria may be employed. For example, bull trout often 
occur in relatively steep sections of stream, but densities 
decline as slope increases (Dunham and Rieman 1999; 
McCleary and Hassan 2008). Once slopes exceed 15-20%, 
streams are unlikely to be primary spawning and rearing 
areas and geologic barriers to migration become increas-
ingly common (Adams and others 2000). If steep slopes 
occur at the terminal end of a stream network, these areas 
can be safely excluded from sampling.

Similarly, bull trout are rarely found in streams 
≤1-2 m in width (Dunham and Rieman 1999; Rich and 
others 2003; Rieman and McIntyre 1995; Watson and 
Hillman 1997). If bull trout do occur in these streams, 
they are typically part of a larger network within an 
occupied patch (Dunham and Rieman 1999). In the 
Boise River basin, approximately 400 ha of contrib-
uting area are required for streams to exceed 2 m. 
Knowing the relationship between contributing area 
and stream size is useful because contributing areas 
are easily calculated from digital elevation models 
(DEMs) in a geographic information system (GIS), 
which allows significant portions of the stream network 

Figure 4. Frequency of juvenile bull trout occurrence relative 
to four summer stream temperature metrics. Numbers above 
bars are sample sizes. Data are from a regional database 
compiled by Rieman and Chandler (1999).

Table 1—Stream temperature metrics commonly used to delineate bull trout habitat patches. 

Thermal suitability Mean summer temperature (°C) Summer maximum temperature (°C) MWMT (°C)

 High ≤10 ≤16 ≤15
	 Medium	 >10	and	≤12	 >16	and	≤19	 >15	and	≤17.5
	 Low	 >12	 >19	 >17.5

no sites where means exceeded 12 °C (Gamett 2002). 
These results are also consistent with recent surveys 
in 12 central Idaho streams where bull trout occasion-
ally occurred in mean temperatures nearing 13 °C and 
maximum weekly maximum temperatures (MWMT) of 
17.5 °C. However, high abundances were rare at means 
>11 °C or MWMTs >15 °C (D. Isaak, unpublished data; 
Rieman and others 2006).

Depending on the goals of the study, threshold values 
used to delineate patches can be set liberally or conser-
vatively (table 1). Monitoring protocols on the Boise 
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to be excluded from sampling considerations. Some 
biologists also believe that spawning rarely occurs in 
large streams and local knowledge could be used to 
truncate patches at confluences with larger rivers or 
streams (e.g., >4th-order; Dunham and others 2003a). 
When used in combination, stream size, slope, and 
temperature or elevation criteria can greatly reduce the 
area of stream habitat where monitoring is conducted. 
In the Boise River basin, for example, application of 
these criteria reduced the amount of potential stream 
habitat from 6,000 km to 1,000 km (Dunham and 
Rieman 1999).

After initial patch designations are made, they should 
be reviewed and refined by district or regional biologists 
to account for local conditions and ensure that all known 
populations or streams with the potential to support bull 
trout are identified. In some instances, patches may be 
predicted to meet temperature and minimum size criteria, 
but are isolated by man-made or geologic barriers. Other 
streams may support populations, but patching criteria 
did not identify the area as a potentially suitable patch. 
Neither of these exceptions should initially disqualify 
areas as valid habitat patches.

Section III: Classification of  
Patches for Sampling

Once final patch designations are made, patches should 
be classified to further focus sampling efforts. Suggested 
categories could include: (1) patches supporting bull trout 
populations (i.e., spawning or early rearing have been 
documented) based on recent sampling, (2) patches that 
have been sampled and bull trout were not detected but 
conditions could support a population or patches where 
bull trout have been detected but observations are not 
recent, (3) areas that have been sampled, bull trout were 
not detected, and habitat conditions are degraded and 
incapable of supporting a population, and (4) patches 
that have not been sampled (fig. 5).

The frequency with which patches are sampled will be 
contingent on available funding and personnel, total num-
ber of patches, their classifications, and sampling intensity. 
However, attempts should be made to sample all patches 
at least once every 7 years. This would provide at least 
two status assessments during the approximate length of 
forest management plans (~15 years). Sampling at more 
frequent intervals will generally be less informative be-
cause the primary monitoring goal is to detect population 
occurrence and this may not change substantially over 
time spans less than the 5 to 7 year generation time of 
bull trout (Rieman and Allendorf 2001).

Initially, all patches in categories 2 and 4 should be pri-
oritized for inventory. These patches need to be surveyed 
to definitively establish current bull trout occurrence and 
complete an initial distributional assessment. If available 
resources permit, patches in category 1 could also be 
sampled, preferably no later than 7 years from the last 
documented occurrence of bull trout. After a complete 
initial assessment of all patches, survey results should be 
used to update patch classifications (fig. 5). Subsequent 
assessments will have only three patch classifications 
(1, 2, and 3), as unsurveyed patches will no longer ex-
ist. Most sampling will be of patches in category 1 or 2, 
but category 3 patches may be sampled if environmental 
conditions or limiting factors have improved (e.g., culvert 
barrier removed or brook trout population eradicated) to 
the point that bull trout populations may be supported. 
The temptation may exist to avoid sampling category 
2 patches (previously unoccupied, but suitable) during 
subsequent assessments, but resampling of these patches 
is necessary both to confirm earlier results and to docu-
ment colonization of new areas.

Figure 5. Flow chart depicting patch categorization and sampling 
sequence for initial and subsequent bull trout assessments. 
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Section IV: Sampling of  
Bull Trout Patches

Patch delineations identify the locations of potential 
bull trout habitats, but sampling is required to determine 
whether these habitats host populations. Before starting 
new sampling efforts, however, existing databases should 
be reviewed to identify patches that already support popu-
lations. Relevant databases need not be limited to U.S. 
Forest Service records, but can come from any natural 
resource agency and a variety of sampling techniques (e.g., 
snorkeling, electrofishing, weirs, redd counts, etc.). The 
main requirement is recent and reliable documentation 
of spawning or rearing activity within a patch. Verifica-
tion should not include observations of larger fish (e.g., 
>150 mm) because subadult bull trout may range widely 
(Monnot and others 2008). Also, records older than the 
generation time of bull trout (5-7 years) should not be 
taken as evidence of presence. Where recent data are 
available, patches can initially be classified in category 1 
(bull trout present). Depending on the intensity of recent 
fish surveys in a study area, this review may significantly 
reduce the field effort needed to complete an initial as-
sessment. Continued collaboration and coordination with 
other agencies working in a study area may also reduce 
future field efforts and maximize utility of available U.S. 
Forest Service resources.

In patches where recent data do not confirm bull trout 
presence, or where more definitive baselines are desired 
for future comparisons, formal stream surveys must be 
conducted. It will not be possible, however, to sample all 
areas given the length of suitable habitat in many patches. 
Instead, a small subset of sites can be surveyed to provide 
inference regarding bull trout presence. If juvenile bull 
trout are captured at one of these sites, occurrence can be 
concluded unambiguously. Similar certainty is not pos-
sible, however, when bull trout are not captured because 
two possibilities exist: either a population does not exist, 
or was present, but undetected (i.e., a false absence). It 
can never be proven that bull trout were absent—only that 
the probability of reaching this conclusion erroneously 
was reduced to an acceptable level (e.g., <0.01, <0.10). 
There is no standard regarding an acceptable false absence 
rate, so biologists and managers must make this decision 
within the context of local policy and available sampling 
resources. If the false absence rate is set sufficiently low, 
undetected populations will presumably exist at very 
low densities or within restricted areas. Such marginal 
populations may already be declining toward local ex-
tinction or be susceptible to extirpation from stochastic 
mechanisms. For practical purposes, these populations 

may exist, but could be discounted as demographic or 
ecological “lost causes.”

The false absence rate depends on the number of sites 
sampled within a patch and site-level detection probability. 
Site-level detection depends on the number of bull trout 
at a sampling site (i.e., each fish is a chance to detect 
presence) and the efficiency of a sampling technique 
(i.e., probability that individual fish is captured given it 
is present). The false absence rate is calculated as:

 f = (1 – p)n  (1)

where n = the number of sites sampled in a patch and p 
is the site level detection probability assuming all sites 
have the same probability (Peterson and Dunham 2003). 
So if a monitoring protocol required a 0.05 false absence 
rate, and a sampling technique with p = 0.30 was used, 
8-9 sites would have to be sampled within a patch (fig. 6). 
Alternatively, using a sampling technique with higher 
detection, p = 0.50, would require 4-5 sites to yield the 
same level of confidence. Figure 6 shows curves for a 
range of detection probabilities and is output from an 
Excel spreadsheet calculator developed by Peterson and 
Dunham (2003).

A naïve estimate of p (i.e., ignores environmental factors 
causing variation in p) can be obtained from empirical 
estimates based on sampling multiple sites in patches 
where bull trout are detected as:

 p = m/n (2)

Figure 6. Probability of incorrectly concluding bull trout absence 
from a patch relative to the number of sample sites and site-
level detection probability. Calculations made assuming no 
prior knowledge about patch occupancy. 
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where m = number of sites where bull trout are detected 
in a patch and n = number of sites sampled within a patch 
(Wintle and others 2004). Data from previous surveys 
of bull trout patches suggest values of 0.36-0.39 for 
single-pass electrofishing through 20 to 40 m of stream 
(D. Isaak, unpublished data; Rieman and others 2006). 
Comparable estimates are not available for snorkel-
ing, which is another potential sampling technique, but 
sampling efficiencies for small bull trout suggest night 
snorkeling could have slightly higher p and day snorkeling 
a lower p (Peterson and others 2004; Thurow and others 
2006). Empirical estimates would have to be compiled 
before these methods could be applied with confidence 
within the context of this protocol.

If p of the chosen sampling method is low, false 
absences at the site level could be common and bias 
estimates of p. Tyre and others (2003) suggest this bias 
is problematic when false absence rates exceed 50%. 
Data from previous electrofishing surveys, however, 
suggest false absences will be well below 50%, given 
the sampling efficiency of this technique and typical 
densities of juvenile bull trout (Peterson and others 
2004). If false absences become an issue, their effects 
can be mitigated by measuring relevant habitat covari-
ates and using them to model better estimates of p and 
bull trout occurrence (MacKenzie and others 2002; 
Tyre and others 2003). These estimates can be made 
using freely available software such as PRESENCE 
2.0 (www.mbr-pwrc.usgs.gov/software/; MacKenzie 
and others 2002).

Regardless of false absence rates, a simple set of co-
variates relevant to bull trout occurrence and sampling 
efficiency should be recorded at all sites within a patch. 
These data could be used to test for biased estimates 
of p and develop logistic regression models that predict 
bull trout occurrence. Once calibrated to the study sys-
tem, these models can be used to refine and focus future 
sampling efforts. In some patches, for example, efforts 
could be focused on sites with the highest probability 
of occurrence and sampling ended once bull trout were 
detected, perhaps after sampling only one or two sites. 
In other instances, predictions of occurrence probability 
could be used as prior probabilities to adjust required 
sample sizes (Peterson and Dunham 2003)—with lower 
quality patches generally requiring less sampling to be 
confident of bull trout absence than higher quality patches. 
Finally, occurrence models could also be used to revise 
initial estimates of false absence rates based on naïve 
estimates of detection probability.

Section V: Site Selection  
Within Patches

Sample site locations within each patch can be deter-
mined using a variety of designs (e.g., representative 
reach, systematic, random, cluster, or convenience sam-
pling). Probabilistic designs are usually best because site 
selection is randomized, each site has an equal selection 
probability, and statistically valid, unbiased estimates are 
provided. Purely random selection, however, can also 
result in spatial clustering of sites that may not adequately 
represent the strong environmental gradients that typically 
occur in small mountain streams. To address this issue, 
the Environmental Protection Agency’s Environmental 
Monitoring and Assessment Program (EMAP) developed 
the Generalized Random Tessellation Stratified design 
(GRTS; Stevens and Olsen 2004). GRTS uses a ran-
domized hierarchical grid that arrays sites throughout a 
stream network to achieve spatial representation. GRTS 
designs can be customized to assist with the development 
of specific monitoring protocols for stream networks 
using web-based resources available at http://www.epa.
gov/NHEERL/arm. Users identify the area of interest, a 
digital representation of the stream network (usually the 
1:100,000 National Hydrologic Dataset), and the desired 
density of sample sites. Site density should be set so that 
the number of GRTS sites exceeds the target number of 
sample sites within a patch to provide alternates if crews 
are unable to sample some sites.

Selection of sample sites from the GRTS list should 
be based on the unique identifier associated with each 
GRTS site. So, for example, if 20 GRTS sites are gener-
ated for a patch, and eight will be sampled in the field, 
the sites with the eight lowest identifiers are selected in 
sequential order. Once in the field, sites can be sampled 
in any sequence that is logistically convenient whenever 
all sites are sampled. In some instances (e.g., after detec-
tion efficiency models are developed or when sampling 
in logistically challenging environments), efficiency 
can be maximized by sampling sites with the highest 
probability of occurrence (fig. 5). Once bull trout are 
detected, further sampling is unnecessary unless done 
for other reasons (e.g., development and refinement of 
detection efficiency and occurrence models or describ-
ing fish distributions within a patch). If bull trout are not 
detected, all of the sites within a patch must be sampled 
to reach the predefined probability of occurrence without 
detection. If fewer sites are sampled, the probability of 
occurrence can still be calculated but it will be higher 
than intended.
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Section VI: Site Sampling Methods

Biological Samples

Logistical constraints associated with sampling bull 
trout habitats limit potential sampling techniques. Day or 
night snorkeling can be effective and are the best options 
where there are overriding concerns about fish injuries 
(Thurow and others 2006; Thurow and Schill 1996). A 
disadvantage of these techniques is that fish are not usu-
ally captured, which makes identification and measure-
ment less accurate and presents difficulties where brook 
trout hybridization is an issue (Kanda and others 2002; 
Spruell and others 2001). Electrofishing is not similarly 
limited and preliminary estimates of p already exist that 
can be used to plan sampling efforts. Because it will be 
the obvious choice in many circumstances, the following 
discussion assumes that most sampling will be conducted 
by electrofishing.

Sites should be sampled with a standardized protocol 
to ensure consistency of sampling effort. Crews should 
navigate to site locations and establish site boundaries. 
Coordinates for these boundaries should be recorded 
with a global positioning system (GPS) for later con-
firmation of site locations. Sample sites will be stream 
reaches 20-40 m in length. Sampling longer reaches, using 
blocknets or multiple electrofishing passes, are generally 
unnecessary unless more detailed population estimates 
are desired for other purposes. If more intensive sampling 
is conducted, data from the first pass through 20-40 m 
of stream should be separated to ensure comparability to 
data from similar monitoring protocols (USFWS 2008b).

Direct current (DC) should be used with pulse rates 
and widths set to reduce potential for injury of fish 
(Temple and Pearsons 2007). Electrofisher settings and 
operability should be tested prior to sampling. Crews 
should sample slowly and deliberately, especially near 
cover components because bull trout densities are usually 
low and chances to net fish may be rare. Crew members 
should wear polarized sunglasses to increase visibility. 
Bull trout may be increasingly susceptible to handling 
stress as water temperatures increase above 16 °C. Dur-
ing warm days, electrofishing surveys may need to be 
conducted in the early morning and late evening to reduce 
the risk of injury.

All fish, regardless of species, should be netted, with 
the exception of large bull trout (e.g., >25 cm) that 
may ascend into streams from late spring through fall 
in preparation for spawning. Although these fish may 
indicate the likelihood of spawning, this cannot be 
confirmed without direct observation because bull trout 
range widely and sometimes occur in non-spawning 

streams (Monnot and others 2008). These fish should 
be avoided to minimize the possibility of injuries. In 
streams that do not support brook trout, young-of-the-
year fish may sometimes provide adequate evidence of 
bull trout occupancy. However, if brook trout are present, 
discrimination of young-of-the-year fish may be difficult 
and confirmation of bull trout occurrence will generally 
require capture of older fish.

Fish collected during sampling should be anesthetized, 
measured, and identified to species. Hybrids between 
bull trout and brook trout can be visually classified 
with good accuracy (>95%) based on pigmentation of 
the dorsal fin, vermiculations, spotting coloration, and 
body form. Classification success of genetically pure bull 
trout is even greater and approaches 100% (Fredenberg 
and others 2007; Rieman and others 2006). Whenever 
possible, fin clips from bull trout and suspected hybrids 
should be taken and archived for possible future genetic 
analyses. Tissue can be preserved in alcohol or dried in 
scale envelopes. Digital photos of fish may also provide 
a useful reference.

Environmental Covariates

Attributes of sample sites and patches that most strongly 
affect bull trout occurrence and sampling efficiency 
can be used to develop models that will improve future 
survey designs. These attributes can be measured in the 
field or using a GIS. Attributes derived from GIS maps 
are often surrogates intended to represent local stream 
conditions (e.g., elevation for temperature, watershed 
area for stream size). If the correlation between map 
and local conditions is strong and these attributes are 
established as important model factors, a GIS could be 
used to map probabilities of detection and occurrence 
throughout a stream network—thereby providing a 
tool for future survey planning. However, field data are 
needed to establish these linkages and test for consistent 
relationships with detection probability and occurrence. 
The list of potential attributes should be refined based 
on the experience of local managers or as preliminary 
results dictate, but could include the following.

Stream temperature
Stream temperature is probably the best predictor of 

habitat quality for bull trout, but several other means are 
available for measurement. Average thermal conditions 
may be approximated using a surrogate such as eleva-
tion, which is easily obtained from DEMs, paper maps, 
altimeters, or GPS units in the field. The utility of this 
surrogate, is based on a simple air temperature—stream 
temperature relationship (Mohseni and Stephan 1999) 
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that is sometimes weak in the spatially complex topog-
raphies of mountain landscapes (Isaak and Hubert 2001). 
A better choice, when available, is to obtain direct stream 
temperature measurements derived from continuously 
recording thermographs. Thermographs could be placed 
at individual sample sites or at the upstream/downstream 
extent of sites within a patch and temperatures interpo-
lated. If enough temperature data exist, statistical models 
can be built and used with a GIS to map temperature 
predictions throughout a stream network.

A measurement taken with a handheld thermometer at 
the time of sampling may also be useful. Many salmonids 
display behavioral differences relative to diel temperature 
fluctuations, which affect their vulnerability to sampling 
and overall detection probability (Fraser and others 1993; 
Thurow and others 2006). Therefore, instantaneous 
temperature may be an important covariate to consider 
in models of detection efficiency.

Patch size
The size of a suitable habitat patch is a strong determi-

nant of bull trout occurrence (Dunham and Rieman 1999; 
Rieman and McIntyre 1995). Bull trout in large patches 
may be more persistent because population numbers are 
greater and less susceptible to small population effects. 
These areas may also support a broader array of habitats, 
some of which act as refugia during periodic disturbances 
(Dunham and others 2003b; Rieman and McIntyre 1995). 
Patch size has often been quantified as watershed contrib-
uting area (e.g., Dunham and Rieman 1999), although the 
length of suitable stream within a patch may also provide 
a useful measure (USFWS 2008b).

Stream site dimensions
The cross-sectional area of a stream affects the area of 

water that must be searched for bull trout during a site 
survey and is inversely related to sampling efficiency 
and detection probability (Thurow and others 2006). To 
characterize channel dimensions, measurements should 
be taken at several regularly spaced transects throughout 
a site. At each transect, wetted widths should be recorded 
perpendicular to the direction of flow and depths taken at 
1/4, 1/2, and 3/4 of this width. Mean depth is calculated 
by dividing the sum by four to account for zero depth at 
each bank (Platts and others 1983). The length of stream 
sampled at each site also needs to be recorded so that 
site area or volume can be calculated and fish captures 
expressed as densities.

Stream slope
Slope is a basic determinant of channel morphology 

and microhabitat characteristics available to bull trout. 
As a result, slope may affect sampling efficiency and 
probability of occurrence. Steep slopes will also often 
truncate the distribution of suitable habitats near the 
terminal extent of the stream network. Slope can be 
measured in the field by a variety of means (Isaak and 
others 1999) or derived from DEMs in a GIS (Clarke 
and others 2008; Tarboton 2004).

Brook trout presence
Non-native brook trout hybridize with bull trout and 

competitively exclude them from suitable stream habitats 
(Benjamin and others 2007; Rieman and others 2006). 
Presence or densities of brook trout within patches or 
sample sites should be recorded.

Undercut banks
Undercut stream banks provide an important element 

of cover for juvenile fish and significantly affect sam-
pling efficiency for bull trout (Peterson and others 2004; 
Thurow and others 2006). Undercuts may be defined as 
areas beneath stream banks, boulders, bedrock, or wood 
that are solid portions of the stream bank. One classifica-
tion suggests undercut banks must be at least 5 cm wide 
and less than 0.25 m above the water surface (see Platts 
and others 1983 for illustrations). Length of the undercut 
along each bank should be recorded.

Large woody debris
Pieces of large wood in streams create structural com-

plexity that enhances habitat quality and fish densities, 
but may also decrease sampling efficiency (Thurow and 
others 2006). For Rocky Mountain streams in the Interior 
West, Richmond and Fausch (1995) suggested pieces of 
wood have a minimum diameter of 10 cm and 1-m length 
to be considered functionally effective. Large wood can 
be counted or measured and expressed relative to reach 
area to provide an index of habitat complexity.

Section VII: Trends In Bull Trout 
Populations

Previous sections describe the steps necessary to de-
lineate and inventory bull trout habitats across an area 
of interest. By repeating these assessments through time, 
monitoring of population status and trends are facilitated. 
In some areas, populations will expand and unoccupied 
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patches may be recolonized as barriers are removed or 
actions taken to improve local habitat conditions. Brook 
trout invasion, a warming climate, fires, or other factors 
may lead to extirpations and range contractions else-
where. These changes may be subtle, occur slowly, and 
be discernable within or among patches. Determining 
whether broad patterns emerge from these interacting 
factors and whether the overall status of bull trout is 
improving, stable, or declining is a challenge, but is the 
crux of MIS monitoring. General methods for describ-
ing trends in bull trout populations are discussed in this 
section. For more specific applications, readers are 
directed to the publications cited in the sections that 
follow and should also consider engaging researchers 
in collaborative efforts.

Patterns Among Patches

The stability and persistence of many species at land-
scape scales is often related to the number, size, and 
relative distribution of discrete populations and suitable 
habitats (Hanski 1999; Schlosser 1991). The biological 
and environmental variables collected as part of this 
protocol provide suitable characterizations of these fac-
tors for bull trout. At the completion of each assessment, 
an inventory of bull trout occupancy within all suitable 
habitat patches will exist. From each inventory, summary 
metrics can be derived (e.g., number and proportion 
of suitable patches occupied, average patch size, size-
frequency histograms) to characterize the distribution 
of bull trout and suitable habitat areas. Comparison of 
these metrics and spatial patterns of occurrence through 
multiple assessments may allow determination of general 
trends (fig. 7).

As the number of status assessments and patch surveys 
increases, power analyses could be conducted to determine 
the ability of the monitoring protocol to discriminate 
changes in patch occupancy of various magnitudes and 
to optimize the number and frequency with which patches 
are surveyed (Ham and Pearsons 2000; MacKenzie and 
others 2006). Determining magnitudes of increase or 
decrease that are relevant requires consideration of lo-
cal management objectives and regulatory constraints; 
whereas the power to detect these changes varies based on 
the number of patches surveyed, site and patch level de-
tection efficiencies, and number of repeat assessments.

Detailed modeling efforts may also be undertaken to 
develop state transition (extinction/colonization events) 
models or occurrence models that link these responses to 
biological or physical factors associated with bull trout 
populations. Once developed, these models could be used 
to predict populations at risk of extirpation or patches that 
are more likely to be colonized and management actions 
taken accordingly (Fleishman and others 2002; Pellet and 
others 2007). Occurrence models could be used to refine 
future sampling efforts as described above.

The spatial relationship among occupied patches within 
a habitat network is another important factor affecting the 
likelihood of species persistence (Calabrese and Fagan 
2004). Networks that are better connected may facilitate 
interpatch movements by individuals that can bolster 
numbers in small populations or refound unoccupied 
patches. Numerous ways of describing connectivity 
exist—from simple measures of nearest neighbor distance 
to measures that weight the combined influence of all 
occupied patches in the surrounding network (Dunham 
and Rieman 1999; Isaak and others 2007). USFWS 

Figure 7. Hypothetical changes in bull trout patch occupancy between two monitoring assessments. 
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(2008b) developed and tested several connectivity met-
rics using bull trout data from the Boise River and found 
that hybrid metrics simultaneously accounting for patch 
size and connectivity were most informative. Reviews 
providing more detailed discussions of this topic have 
been completed by Moilanen and Nieminen (2002) and 
Calabrese and Fagan (2004). A comprehensive alterna-
tive to connectivity metrics is provided by graph theory, 
which has only rarely been applied to aquatic systems 
(e.g., Schick and Lindley 2007), but has the potential to 
identify populations of disproportionate importance and 
may even predict thresholds where population networks 
start to collapse (Urban and Keitt 2001).

Patterns Within Patches

In patches with multiple sample sites, data will exist on 
fish densities, species composition, stream habitat, and 
possibly genetic structure along gradients from upstream 
to downstream. These data provide another opportunity 
for monitoring and could reveal trends within patches 
that foreshadow changes in occupancy. For example, if 
stream temperatures warmed over time, bull trout distribu-
tions may contract toward cooler, headwater areas within 
a patch (fig. 8). Similarly, once brook trout colonize a 
patch, they may displace bull trout from lower elevation 
sites and could eliminate them entirely depending on 
local habitat conditions (Rieman and others 2006). As 
data on bull trout distributions are assembled, it may be 
possible to develop metrics that indicate extirpation risk 
based on patterns of occurrence within a patch. Presum-
ably, very small or narrowly distributed populations are 
more vulnerable to local extinction and concerns should 

be greater in these areas. If trends toward population re-
ductions within patches are detected early, actions might 
be initiated to avoid costly interventions at a later date or 
the possible loss of a bull trout population.

A variety of statistical techniques that use repeated 
measures for trend detection are available and could be 
used in conjunction with the habitat or biological vari-
ables measured with patches (Kutner and others 2005; 
Scheiner and Gurevitch 2001). In this context, data from 
each assessment of suitable patches would be considered 
a measure. Hierarchical models are also well suited to the 
data generated by this monitoring protocol because they 
account for nesting of sites within patches and overcome 
issues of statistical independence when enough sites are 
sampled (Snijders and Bosker 1999). Rieman and others 
(2006) used hierarchical models with samples of 12-20 
sites per patch to determine the effects of brook trout 
invasions on bull trout distributions. Use of hierarchical 
models with a repeated measures design could provide 
especially powerful trend detection.

If tissue samples are routinely collected during the 
course of sampling, a genetic database useful for ad-
dressing a range of issues could also be compiled. These 
issues might include: (1) linkages between landscape or 
patch characteristics and genetic structure, (2) spatial 
patterns of hybridization between brook trout and bull 
trout (e.g., is the hybrid zone expanding with time?), and 
(3) development of monitoring protocols based on genetic 
attributes such as effective population size (Schwartz 
and others 1998). Numerous analyses exist and new 
ones are rapidly being developed to address these issues 
in this burgeoning discipline (Manel and others 2003; 
Schwartz and others 2006). However, genetic analyses 

Figure 8. Hypothetical changes in bull trout and brook trout site occupancy within a patch between two assessments.
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remain relatively expensive and additional resources or 
partnerships with entities outside the USFS will often 
be needed to complete genetic work. Even if resources 
or immediate plans do not exist, the ease of collection 
and storage suggests tissue collections should be done 
whenever possible to preserve future options.

Sentinel Streams

The patch-based monitoring protocol outlined in this 
report is predicated on the stratification of a monitoring 
area into suitable and unsuitable habitats. This approach 
increases efficiency by restricting sampling effort to a 
subset of habitats, but may miss important changes that 
occur at or near patch boundaries. Because these areas 
are transitional between suitable and unsuitable habitats, 
environmental conditions are likely to be marginal for 
bull trout and populations weak. As a result, these popu-
lations may be especially sensitive to change and could 
provide early warnings of more systematic changes if 
detected early.

A simple solution to monitoring patch boundaries 
entails extension of sample sites downstream from a 
patch (fig. 9). Site density within the patch should be 
maintained to achieve the desired detection efficiency, 
but additional sites are added from the EMAP GRTS 
master list. Having perhaps 15-20 sites arrayed along the 
stream from areas suitable for bull trout through unsuit-
able areas ensures that the patch boundary is covered. 

Because stream temperature is likely to be associated with 
any population shifts, it may also be desirable to collect 
detailed temperature data in these streams.

Sites on these “sentinel streams” could be sampled 
during each basin-wide assessment or repeated more 
frequently to provide greater sensitivity to change. 
Sampling of sentinel streams will require more effort 
than standard patch surveys, so it may only be possible 
to monitor a subset of patches in this way. In instances 
where resources for monitoring are especially limited, 
managers have expressed interest in using sentinel 
streams as indicators of basinwide conditions rather 
than sampling all patches. Good candidates for sentinel 
status are streams that encompass broad thermal ranges 
and are relatively easily accessed to facilitate sampling. 
Other factors to consider may be presence of brook trout, 
importance of the local bull trout population, and recent 
management activities or disturbances that are expected to 
result in patch boundary shifts. Sentinel streams could be 
located at opposite extremities of a basin or in contrasting 
geomorphic settings to capture a diversity of potential 
responses. Analyses of trends in sentinel streams would 
be similar to those described in the previous section (i.e., 
repeated measures and hierarchical designs).

Section VIII: Secesh River 
Watershed Pilot Project

To demonstrate the application of this protocol, a  pilot 
project was initiated in the Secesh River Watershed 
(SRW) in central Idaho in 2006. The SRW was selected 
because of its manageable size (64,000 ha), relative ease 
of access, and generally good habitat conditions for 
bull trout (Burns and others, unpublished paper; Watry 
and Scarnecchia 2008). Most (99%) of the basin is admin-
istered by the Payette National Forest (PNF), 0.4% is state 
owned, and 0.6% is privately owned. The downstream 
end of the SRW is accessible by Forest Highway 48, 
upstream areas are accessed by Forest Highway 21 and 
Forest Road 246, and Interior areas are accessible only 
by trail (fig. 10). Recent fires burned across western 
portions of the drainage in 1994 and Grouse Creek in 
2000. Fires associated with the East Zone Complex 
burned most of the eastern half of the watershed in 2007.

Spawning and rearing habitat occurs throughout the 
SRW and migratory (fluvial and/or adfluvial) bull 
trout are known to ascend Pete Creek and Threemile 
Creek, and Loon Lake supports an adfluvial popula-
tion (Watry and Scarnecchia 2008). Two weirs are run 
by the Nez Perce Tribe, one on the Secesh River near 
Chinook Campground and one in Lake Creek just above 

Figure 9. Distribution of sample sites in “sentinel stream” 
designed to provide inference about population changes in 
areas near patch boundaries.
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the confluence with Summit Creek. Previous PNF fish 
survey records document occurrence of bull trout in other 
areas of the basin, but characteristics and current status 
are less well known (Appendix A; fig. A1). Brook trout 
are widely distributed throughout the SRW, supported in 
some areas by headwater lake populations, and perceived 
to be one of the largest threats to bull trout persistence 
(Appendix A; fig. A2).

Methods

Patch delineation
Suitable bull trout habitats were delineated by first 

modeling the stream network from a DEM using Tau-
DEM (Tarboton 2004), which also determined watershed 
contributing area, elevation, and stream slope values for 
all segments of the network. The network was filtered 

to exclude segments with stream slopes >15% or 
contributing areas <400 ha (fig. 11). In July of 2006, 
51 thermographs were placed throughout this reduced 
stream network across a range of elevations and contribut-
ing areas—two environmental gradients that are strongly 
related to stream temperature (fig. 12). Temperature data 
were recovered from these sites in September, checked 
for errors, and metrics for MWMT and summer mean 
summarized for the period from July 15 to September 
15. These temperature metrics were used as the response 
variables in multiple regression models. The attributes 
 associated with the TauDEM stream network (e.g., 
elevation, contributing area, stream slope) were used 
as predictors. These regression models also included 
class variable predictors to account for: (1) Loon Lake’s 
warming of downstream temperatures, (2) the effects of 
the 2000 fires on stream temperatures in Grouse Creek, 

Figure 10. Stream network and other notable features in 
the Secesh River Basin.

Figure 11. Stream network within the Secesh River Basin 
filtered to exclude segments steeper than 15% slope or 
contributing areas <400 ha.
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and (3) anomalously warm stream temperatures in Lake 
Creek, for which the cause was unknown (Appendix A; 
fig. A3). Regression models predicting stream MWMT 
and summer mean temperature from these attributes ac-
counted for 61% and 74% of variation, respectively, and 
are summarized as follows:

 MWMT = 18.79 - 0.00186*Elevation + 
 0.000184*CA - 19.8*Slope + 6.45*Loon Lake +
 2.84*Fire + 2.25*Lake Creek (3)

Mean = 15.83 - 0.00321*Elevation + 
 0.0000706*CA - 11.5*Slope + 
 6.37*Loon Lake + 1.22*Fire + 1.19*Lake Creek (4)

Detailed methods for development of stream tempera-
ture models and patches are online at http://www.fs.fed.
us/rm/boise/AWAE/projects/stream_temperature.shtml

Figure 12. Distribution of thermographs in 2006. Locations 
were selected to encompass a range of elevations and 
contributing areas. 

Predictions from these models were used to map 
stream temperatures prior to the 2007 fires for all 
segments within the reduced stream network. A rela-
tively liberal temperature criterion of MWMT ≤17.5 
°C was chosen to represent thermally suitable habitat 
patches (fig. 13). Patch delineations based on other 
temperature criteria are summarized in Appendix A (figs. 
A4, A5, and A6). Twenty-four bull trout patches were 
delineated, which generally coincided with major tribu-
taries downstream to their confluences with the Secesh 
River. An exception was the North Fork Lick Creek, 
which was considered a separate patch above a high 
slope segment believed to be a barrier to fish migration 
upstream from the confluence with Lick Creek. The 
24 patches contained 267 km of suitable habitat and 
represented a 63% reduction from the 720 km shown 

Figure 13. Patches of thermally suitable bull trout habitat 
within	the	Secesh	River	Basin	before	the	2007	fires	based	
on MWMT ≤17.5	°C.	Stream	temperatures	were	predicted	
from multiple regression models built with data gathered 
in 2006.
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on USGS 1:24,000-scale hydrologic coverages. In the 
future, bull trout patch delineations may be improved 
through application of more detailed temperature models 
with better predictive ability or collection of additional 
data. Annual monitoring of stream temperatures from 
locations sampled in 2006, or a subset of these areas, 
would provide useful descriptions of interannual varia-
tion related to air temperatures and stream flow. These 
factors could be included as additional predictor variables 
in existing stream temperature models, which would 
make the models more flexible and provide a means of 
examining short-term variation in patch boundaries or 
the ability to accommodate longer-term trends that might 
arise in relation to climate warming.

Site selection and sampling
Random sites on the stream network were identified 

using the EMAP GRTS design (Appendix A; fig. A7). 
To ensure that a sufficient number of potential sites 
were available within each patch, the standard EMAP 
sample site density (1 site/km) was increased by a fac-
tor of three. This provided an average of 25 ± 17 (SD) 
potential sample sites within the 24 patches, of which the 
first 10 sites were selected based on the unique EMAP 
identifier. It was determined that eight sites would be 
sampled within a patch based on an assumed detec-
tion efficiency of 0.3, which should have reduced the 
chance of a false absence (i.e., bull trout present but 
not detected) to ~5% (fig. 6). Two alternative sites 
were provided in the event that sampling was impossible 
in one or more of the first eight sites (e.g., access was 
impossible or dangerous, stream was dry). Sample site 
locations were uploaded to GPS units to enable accurate 
field navigation.

U.S. Forest Service, Rocky Mountain Research Station 
(RMRS) and Payette National Forest (PNF) biologists met 
at Burgdorf Guard Station on September 5, 2007, to test 
field protocols and collect preliminary data. Fire activity 
limited access to much of the watershed, but streams in the 
Lake Creek and Summit Creek drainages were accessible. 
Field crews navigated to sites in accessible patches and 
made single electrofishing passes through ~30m of stream. 
All salmonids were netted, visually identified to species, 
measured, and released. Fin clips were taken from bull 
trout and archived for future genetic assessments. Field 
crews also took instantaneous measurements of stream 
temperature with handheld thermometers, measured reach 
length and width, and counted pieces of LWD.

Results and Discussion

Three two-person crews worked 4 days and sampled 
64 sites in eight patches. Bull trout and brook trout were 
detected in all patches, with the greatest frequencies of 
bull trout occurring in Pete Creek and Threemile Creek 
(fig. 14; table 2). Weak bull trout populations were de-
tected in Willow Creek and upper Lake Creek, where 
single juveniles were captured at single sites. Brook trout 
were abundant and often dominated species composition 
in downstream areas (fig. 15). Bull trout in the SRW 
appeared to be restricted to colder stream temperatures 
and higher elevations than was the case in other Idaho 
streams (Appendix A; fig. A8), perhaps a result of the 
extensive brook trout populations in the SRW. When 
present, bull trout occurred at densities similar to other 
systems. Additional summaries of bull trout and brook 
trout populations relative to site covariates are provided 
in Appendix A (figs. A9-A15).

Figure 14. Bull trout and brook trout occurrence at EMAP 
GRTS sites sampled within eight bull trout patches in 
the upper Secesh River Watershed. 
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Detection probability
A naïve estimate of bull trout detection probability 

based on these data is pSecesh = 0.47 (table 2), which is 
higher than estimates derived from similar stream sur-
veys conducted by RMRS in 1997 and 2007 (0.36-0.39; 
D. Isaak, unpublished data; Rieman and others 2006). 
Many of the RMRS surveys, however, encompassed 
a broader thermal range, which would be expected to 
result in a lower frequency of bull trout detections. The 
variation in p (0.10-1.00) observed among patches in the 
Secesh suggests local conditions strongly affect detec-
tion and occurrence and future sampling designs could 
be improved if relationships with important covariates 
were modeled.

Cost estimates
Crews averaged sampling 5.5 sites/day and required 

12 two-person crew days (3 crews x 4 days) to sample 
64 sites in eight patches. This accounted for 1/3 of the 
patches in the basin, so by extrapolation, 24 two-person 
crew days would be required to finish an initial assessment 
of the SRW. However, access to many of the remain-
ing patches is difficult, will require extensive hiking or 
pack animals, and sampling rates are likely to decrease. 
A more conservative cost estimate that accounts for a 
wider range of logistical considerations (travel among 
and within watersheds) can be derived from work that 
RMRS crews did throughout the summer of 2007. Inclu-
sive of the SRW sampling, these two two-person crews 
surveyed 230 reaches in 20 patches throughout central 

Figure 15. Species composition at EMAP GRTS sites 
sampled within eight bull trout patches in the upper 
Secesh River Watershed. 

Table 2—Summary of electrofishing surveys conducted in the Secesh River Watershed from Sept. 6 to 9. Sampling was 
conducted with single pass electrofishing through 20 to 40 meters of stream. Detection frequencies were calculated 
based on occurrence of small bull trout (<150 mm).

Stream Sites sampled Sites brook trout detected Sites bull trout detected % sites bull trout detected

Lake Cr. 10 10 1 10%
Willow	Cr.	 8	 7	 1	 13%
Threemile Cr. 10 5 10 100%
Pete Cr. 8 5 8 100%
Burgdorf Cr. 8 8 1 13%
Nethker	Cr.	 7	 4	 6	 86%
Grouse Cr.a 3 1 0 —
Summit Cr. 10 10 1 10%

 	 	 	 Mean	=	47%
 aSampling aborted due to fire activity.
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Idaho. Sampling was conducted during five pay periods 
(40 days) and crews averaged 2.9 sites/day. Assuming a 
sampling rate intermediate between 2.9 and 5.5 sites/day, 
a two-person crew would require approximately 2 days/
patch (assuming eight sites/patch) and could sample three 
to four patches/pay period.

Section IX: Conclusion

The SRW pilot project demonstrates the utility and 
relative ease with which this monitoring protocol can 
be applied. Some effort and basic GIS skills are needed 
for initial delineation of suitable habitat patches and 
sample sites, but this task is done only once, unless patch 
delineations are later refined with improved temperature 
data. Stratification of the landscape into suitable and 
unsuitable habitats can significantly reduce the length of 
stream that requires sampling, although reductions may be 
less dramatic in more northerly portions of the bull trout 
range where stream temperatures are generally cooler. Site 
survey protocols within suitable patches are designed to 
quickly extract useful information on bull trout distribu-
tions, abundance, and community composition.

Assuming future resources for monitoring continue to be 
scarce, another strength of the protocol is its compatibility 
with other databases. Multiple techniques can provide in-
formation to address the fundamental question of whether 
a patch is occupied. Depending on the intensity of recent 
local sampling by USFS and other agencies, a significant 
number of patches might be considered occupied during 
an initial assessment and would not require sampling. 
During subsequent assessments, or where existing data 
do not initially confirm occupancy, sampling of patches 
using methods outlined in this protocol will be needed. 
As the number of these samples increases, models pre-
dicting occurrence and detection could be constructed 
or power analyses conducted to optimize and refine 
future sampling efforts. If other agencies or forests adopt 
similar monitoring protocols (e.g., USFWS 2008b), then 
larger, regional pools of data may also become available 
to advance bull trout monitoring efforts.
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Appendix A

Figure A1. Distribution of bull trout within 
the Secesh River Watershed based on 
Payette National Forest records.

Figure A2. Distribution of brook trout 
within the Secesh River Watershed 
based on Payette National Forest 
records.

Figure A3. Scatterplots of stream temperature ver-
sus elevation within the Secesh River Watershed for 
summer: (a) MWMT and (b) mean. 

Figure A4. Patches of thermally suit-
able bull trout habitat within the Secesh 
River	Watershed	before	the	2007	fires	
based on conservative (MWMT ≤15 °C) 
maximum temperature criteria. 
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Figure A5. Patches of thermally suitable bull 
trout habitat within the Secesh River Watershed 
before	the	2007	fires	based	on	liberal	(mean	
≤12 °C) mean temperature criteria.

Figure A6. Patches of thermally suitable 
bull trout habitat within the Secesh River 
Watershed	before	 the	2007	 fires	based	on	
conservative (mean ≤10 °C) mean tempera-
ture criteria. 

Figure A7. Locations of random sample 
sites from the EMAP GRTS design for 
the Secesh River Watershed.

Figure A8. Juvenile bull trout density versus sum-
mer mean (panel a) and MWMT (panel b) stream 
temperatures at 64 sites sampled in the upper 
Secesh River. Secesh River data are highlighted 
against data collected using a similar protocol in 
12 central Idaho streams (D. Isaak, unpublished 
data).
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Figure A9. Juvenile bull trout density versus covari-
ates at 64 sites sampled in the upper Secesh River. 
Panels show relationships with: (a) stream wetted 
width, (b) large woody debris, and (c) contributing 
area. Secesh River data (open squares) are high-
lighted against data collected using a similar protocol 
in 12 central Idaho streams (dark circles; D. Isaak, 
unpublished data).

Figure A10. Juvenile bull trout density versus covariates 
at 64 sites sampled in the upper Secesh River. Panels 
show relationships with: (a) elevation, (b) slope, and 
(c) instantaneous stream temperature. Secesh River 
data (open squares) are highlighted against data col-
lected using a similar protocol in 12 central Idaho streams 
(dark circles; D. Isaak, unpublished data).
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Figure A11. Brook trout density versus summer mean 
(panel a) and MWMT (panel b) stream temperatures at 
64 sites sampled in the upper Secesh River. Secesh 
River data are highlighted against data collected using 
a similar protocol in 12 central Idaho streams (D. Isaak, 
unpublished data).

Figure A12. Brook trout density versus habitat covari-
ates at 64 sites sampled in the upper Secesh River. 
Panels show relationships with: (a) stream wetted width, 
(b) large woody debris, and (c) contributing area. Secesh 
River data (open squares) are highlighted against data 
collected using a similar protocol in 12 central Idaho 
streams (dark circles; D. Isaak, unpublished data).
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Figure A15. Stream wetted width versus reach contributing 
area for 64 sites sampled in the upper Secesh River. 

Figure A13. Brook trout density versus habitat covariates 
at 64 sites sampled in the upper Secesh River. Panels 
show relationships with: (a) elevation, (b) slope, and (c) 
instantaneous stream temperature. Secesh River data 
(open squares) are highlighted against data collected 
using a similar protocol in 12 central Idaho streams 
(dark circles; D. Isaak, unpublished data).

Figure A14. Brook trout density versus bull trout density at 
64 sites sampled in the upper Secesh River. Secesh River 
data (open squares) are highlighted against data collected 
using a similar protocol in 12 central Idaho streams (dark 
circles; D. Isaak, unpublished data).
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