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Abstract.—For salmonids that exhibit multiplelife his-
tory forms within a single population, it may be nec-
essary to evaluate the inconsistencies associated with
population monitoring techniques. We compared mark—
resight population estimates with those based on annual
redd counts for bull trout Salvelinus confluentus in east-
ern Oregon. Our data suggest that across years, the
trends in population estimates based on expanded redd
count data and those based on the mark—resight method
may be similar within basins. Across basins, however,
there appear to be inconsistencies between mark—resight
population estimates for different size-classes of bull
trout and the expanded redd count data. |n some systems,
only thelarger, potentially migratory fish arerepresented
in redd counts, whereas in others some combination of
small resident and large, potentially migratory fish is
represented. The disparity between redd counts and pop-
ulation estimates for the reproductive population sug-
gests that caution be invoked when choosing the mon-
itoring techniques used to set recovery or monitoring
goals for bull trout populations.

The trend in abundance of the reproductive por-
tion of a population is often one of the most im-
portant characteristics in the recovery and con-
servation of a species, yet the estimation of this
trend can be a deceivingly difficult task. This task
is especially complicated for species exhibiting
multiple life history forms that coexist within a
single population unit and that are behaviorally
cryptic (e.g., bull trout Salvelinus confluentus;
Maxell 1999). In addition to species-specific chal-
lenges, managers are often resource limited and
must rely on monitoring techniques that (1) are
cost and time effective, (2) are specifically focused
on the demographic portion of the population of
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interest (e.g., reproductive adults), and (3) have
not been adequately validated with alternative ap-
proaches. Given these limitations, the accuracy
and precision of population monitoring techniques
must be critically evaluated, as these factors can
affect our ability to assess the impacts of imple-
mented management and recovery actions on long-
term species persistence.

A considerable number of salmonid populations
have experienced significant declines throughout
their native ranges (Frissell 1993; Thurow et al.
1997). Bull trout have been listed as threatened in
the United States since 1998 and have been des-
ignated as a species of special concern since 1995
in Canada. Bull trout require cold water temper-
atures (Selong et al. 2001; Dunham et al. 2003)
and are often associated with complex habitats
(Rieman and Mclntyre 1993; Watson and Hillman
1997), which can limit the accuracy and precision
of population-level monitoring. Like many other
salmonid species (e.g., coastal cutthroat trout On-
corhynchus clarkii clarkii), bull trout are known to
exhibit multiple life history forms, including res-
ident and migratory, that can coexist within a sin-
gle population (Rieman and Mclntyre 1993, 1996;
Nelson et al. 2002). Resident bull trout remain in
their headwater natal streams for their entire life
cycle and are thought to remain relatively small
(<300 mm; Goetz 1989; Buchanan et al. 1997).
Migratory bull trout remain in their natal streams
for 1-3 years before migrating to a larger stream
or lake or to the ocean and ultimately returning to
their natal streamsto spawn (Rieman and Mclntyre
1993).

Like many anadromous salmonids, bull trout
population monitoring is often based on annual
redd counts, where biologists visit the spawning
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grounds once or several times over the duration of
the spawning event and count redds visually based
on conditions such as the disturbance of gravel
and nest structure. Bull trout return to natal head-
water systems and spawn over a concentrated time
period from about mid-August through November,
making redd counts a cost- and time-effective
monitoring tool for managers. Despite the cost and
time effectiveness of this method, observer vari-
ability can reduce the accuracy and precision
(Dunham et al. 2001) of redd counts and the ability
to detect changes in population trends (Maxell
1999). In addition to observer variability, redd
counts may be ineffective for monitoring bull trout
populations where both small (i.e., resident) and
large (potentially migratory) fish coexist within a
single population unit. Finally, factors such as size
differences in redd scour sites between small res-
ident and large, potentially migratory fish; redd
superimposition; and delineation between test digs
and redds can reduce the level of certainty in using
redd counts to monitor populations (Maxell 1999;
Dunham et al. 2001). Therefore, it is necessary to
evaluate which portion of the population is rep-
resented by redd count data and to determine how
reliable this information is for gauging the
achievement of target recovery goals.

The purpose of this paper is to evaluate the use
of redd counts as a population monitoring tool for
bull trout populations exhibiting multiple life his-
tory forms. In particular, we are interested in (1)
examining which components of the population
(e.g., small resident and/or large, potentially mi-
gratory fish) are represented in redd counts and
(2) determining whether the relationship between
abundance estimates from redd counts and from
mark—resight methods is consistent across basins
and years. The majority of previous research eval-
uating the precision and accuracy of bull trout redd
counts has occurred for populations dominated by
large migratory fish (e.g., Dunham et al. 2001),
yet many bull trout populations contain both res-
ident and migratory forms (Buchanan et al. 1997).
Further, recovery goals are ambiguous in terms of
the relative contribution of life history forms.

M ethods

We used mark—resight techniques to provide
population estimates for different sizes and life
history forms and contrasted these estimates with
expanded redd counts for severa different bull
trout populations. Mark—resight data, which has
been firmly established as an accurate and precise
population estimation technique (Minta and Man-
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gel 1989) for salmonids (Zubik and Fraley 1988),
allows for comparisons between different size-
classes of bull trout and redd counts. Thisapproach
allows us to better understand whether redd counts
are biased with respect to a particular size or life
history and whether these biases are consistent
across different bull trout populations.

We collected data in four separate streams in
eastern Oregon, including the South Fork Walla
Walla River (SFWW,; 2002-2004), the North Fork
Umatilla River (NFU; 2003-2004) (both located
within the Umatilla National Forest), Big Sheep
Creek (BSC; 2002), and Lick Creek (LIC; 2002)
(located within the Wallowa-Whitman National
Forest). The elevation and size of streams differed
across the study sites. The SFWW and NFU study
sites occur at relatively low elevations (610—1,000
m) and are generally larger streams (average width
= 10 and 6 m, respectively). In contrast, BSC and
LIC occur at much higher elevations (1,370-1,830
m) and are smaller systems (average width = 5
and 3.5 m, respectively). Each stream is known to
contain both resident and migratory life history
forms of bull trout, but the relative contribution
of each component to the overall population size
varies across sites. The SFWW is considered to
havethelargest population of migratory fish (Budy
et al. 2004); the contribution of the migratory com-
ponent in NFU (Budy et al. 2004), BSC, and LIC
(Buchanan et al. 1997) is substantially smaller and
less certain.

Each study site was divided into reaches of at
least 200 m in length, and a systematic sampling
design was used to select reaches for sampling. A
systematic sampling design allowed us to effec-
tively sample across different habitat types and to
account for the spatial heterogeneity in the distri-
bution of bull trout. Sampling rates differed across
systems based on project goals, yet across all years
and systems we achieved or exceeded a minimum
20% sampling rate.

Each year, we began sampling in mid-June and
continued until the first week of August. We em-
ployed avariety of sampling techniques, including
the use of snorkelers to corral fish into a trap net,
angling, minnow traps, and use of abackpack elec-
troshocker to scare fish into a seine. The combi-
nation of these methods minimized potential sam-
pling biases and enabled effective sampling across
al habitat types present (Budy et al. 2004, 2005).
When captured, all bull trout larger than 120 mm
were anesthetized, tagged with both ayear-specific
external anchor tag and a surgically implanted 23-
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mm passive integrated transponder tag, and re-
leased at the point of capture.

After marking was completed, daytime snor-
keling surveys were performed in each of the sam-
pled reachesto collect mark—resight data. Thetime
interval between marking surveys and snorkeling
surveys for each reach ranged from approximately
1 week to 1 month. Although Bonneau et al. (1995)
suggested that night surveys may be more appro-
priate for bull trout, we have observed no consis-
tent differences in fish counts between day versus
night snorkel surveys (Budy et al. 2004); this is
probably a result of cold water temperatures in
these systems (Thurow and Schill 1996). All snor-
kel surveys were conducted during daylight hours
beginning 2 h after sunrise and ending 2 h before
sunset. To avoid potential bias that could result
from double counting of fish as they migrate up-
stream to spawn, snorkeling surveys in each study
site began at the uppermost reach and continued
downstream to the lower limit of the study site. In
each reach, snorkelers proceeded upstream while
estimating and enumerating all marked and un-
marked bull trout into 50-mm size categories be-
ginning with 120-mm fish.

Within each site, marking and snorkeling data
from reach units were pooled and were used to
calculate annual population estimates for all
tagged fish (hereafter referred to as the total pop-
ulation estimate, POPTOT). We used a modified
Petersen mark—recapture estimator (Seber 1982),
N ={[(M + 1)(C + D]/(R+ 1)} — 1, where M
isthe number of marked fish, C is the total number
of fish sighted in snorkeling surveys, and R is the
number of tag resights. Normal approximation
confidence intervals (95%; Krebs 1999) were cal-
culated for each population estimate but were not
possible for some years and sites because of alow
number of resighted fish. The sampling rate (per-
centage of the study area sampled) was used to
expand the mark—resight population estimates and
corresponding variance to the entire study area.

Each of the four population estimates was fur-
ther delineated into different size categories based
on demographic information regarding the size at
sexual maturity and the size range of fish consid-
ered migratory. Size-based population estimates
were calculated by separating the number of
marked, sighted, and resighted fish into the cor-
responding size categories. Resident bull trout in
the Pacific Northwest can reach sexual maturity at
150 mm (Hemmingsen et al. 2001). Data from sac-
rificed fish in the SFWW suggests that bull trout
are sexually mature at or below 200 mm (Budy et
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al. 2004); limited data from NFU, BCS, and LIC
suggests similar (200 mm) or smaller sizes at sex-
ual maturity (P. Budy, unpublished data). We there-
fore calculated a second, more conservative, pop-
ulation estimate for all bull trout larger than 220
mm (hereafter referred to as POP220), which in-
cludes both small resident and large, potentially
migratory fish. Finally, it has also been proposed
that bull trout larger than approximately 300 mm
are likely to be migratory in fluvial systems (Goetz
1989; Rieman and Mclntyre 1993; Nelson et al.
2002). Therefore an additional conservative pop-
ulation estimate was cal culated for bull trout larger
than 370 mm (hereafter referred to as POP370),
which may include both migratory and/or larger
resident fish. This segregation of classes enabled
us to better assess the contribution of each size-
class or life history form to the overall population
and to compare these compartmentalized and total
population estimates to expanded annual redd
counts.

The Petersen mark—recapture model is a closed-
population estimator, such that violations of the
closure assumption may significantly bias annual
population estimates. Marked animals emigrating
from the study site between the onset of marking
and the end of snorkeling surveys may lead to
positive bias in the population estimates. We mon-
itored the number of emigrating individuals during
this period in the SFWW (Budy et al. 2004); em-
igration rates were low and should have had little
effect on population estimates. Although emigra-
tion rates in the other three systems are unknown,
juveniles (<200 mm) comprise the majority of bull
trout that emigrate downstream during this period.
Upstream migration is dominated by adult bull
trout (Fraley and Shepard 1989; Hemmingsen et
al. 2001; Nelson et al. 2002), which would be
quantified in our snorkel surveys. There may also
be bias associated with fish moving between the
individual reaches. However, by pooling our
mark—resight data and considering emigration
rates (see above), we assume that we sufficiently
met the assumption of closure temporally at the
study site level.

Annual redd counts were performed by state,
federal, or tribal biologists in each of the four ba-
sins by use of streamside surveys. For the SFWW
and NFU, redd counts began in mid-August and
continued until the end of October. Counts were
performed biweekly in the areas with the highest
density of redds (including major tributaries) and
monthly otherwise. In BSC and LIC, redd surveys
were conducted twice during the spawning season
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TaBLE 1.—Methodologies used to estimate the number of bull trout per redd in the Columbia River basin and
corresponding estimates. The average of these five values (2.68 spawners/redd) was used to expand redd count data for
comparison with population estimates from mark—resight data.

Method Spawners per redd Reference
Weir counts 12 Baxter and Westover (2000)
21 Sankovich et al. (2003)
Weir counts 23 Ratliff et al. (1996)
Weir with fish counter 35 Taylor and Reasoner (2000)
4.3 Taylor and Reasoner (2000)
Average 2.68

in index areas of historically high spawning den-
sities. Newly encountered redd sites were flagged
to avoid the potential double counting of redds in
subsequent surveys.

We expanded the annual redd counts for the
comparisons with mark—resight population esti-
mates that follow. Since, no estimates of spawners
per redd were available for the systems of interest,
annual redd counts were expanded by the number
of spawners per redd based on (1) an average of
the various basin values (from the Columbia River
basin) (Table 1; 2.68 spawners/redd, hereafter re-
ferred to as POPREDDS) and (2) the range of val-
ues available (Table 1; 1.2—4.3 spawners/redd),
which were used to calculate lower and upper con-
fidence bounds. While we acknowledge that there
is great uncertainty in converting the number of
redds to the number of reproductive fish, we have
chosen a wide range of values for expansion to
account for this uncertainty and capture the vari-
ability expected across systems.

Results

Sampling rates varied by location and year:
SFWW was sampled at 22% in 2002, 46% in 2003,
and 48% in 2004; BSC and LIC (2002) were each
sampled at a 20% sample rate; and NFU was sam-
pled at 52% in 2003 and 37% in 2004. Total pop-
ulation estimates based on mark—resight data for
each system were substantially larger than the cor-
responding POPREDDS. This pattern is not sur-
prising given that the POPTOT estimates included
subadult and adult bull trout, whereas redd counts
presumably include only adult, sexually mature
fish. However, when we further delineated the pop-
ulations into POP220 and POP370, the redd-based
population estimates were not consistently lower
or higher across the four basins.

For the SFWW (Figure 1a), POPREDDS was
most similar to POP370; this pattern was consis-
tent across the 3 years of data for the SFWW. Fur-
ther, POPREDDS was well below the lower bound

for the POP220 group for each year, suggesting
that across years the smaller resident adult bull
trout were not included in annual redd counts. The
average annual POP220 estimate (2,392 fish;
2002-2004 average) was considerably larger than
POPREDDS regardless of which ratio of spawners
per redd was used. In addition, the total annual
redd counts in the SFWW included tributaries of
the SFWW, which we know contain resident bull
trout, while the mark—recapture population esti-
mates did not include resident fish from the trib-
utaries. Thus, our population estimatesfrom mark—
resight techniques were potentially biased low at
the basin level (although consistently so between
years), and the discrepancy between redd-count-
based and mark—resi ght-based estimates was prob-
ably even greater than what is presented here.

In the NFU (Figure 1b), POPTOT estimates
were substantially larger than POPREDDS, a pat-
tern similar to that seen for the SFWW. However,
unlike the SFWW, POPREDDS were consistently
larger than POP370 estimates across the 2 years
of NFU data and appeared to include a portion of
the population of smaller residents (we were un-
ableto calculate mark—resight confidenceintervals
because of low sample sizes). These results sug-
gest that redd counts represented both a portion of
the smaller resident group and larger migratory
fish in the NFU, a pattern that differed from that
of the SFWW.

The data for BSC (Figure 1c) resembled those
of the SFWW, and LIC data (Figure 1d) were sim-
ilar to NFU data. In BSC, POPREDDS was most
similar to POP370; like the SFWW, expanded redd
counts for BSC apparently did not include smaller
resident bull trout (e.g., POP220 was substantially
different than POPREDDS). However, in LIC,
which is in the same basin as BSC, POPREDDS
was most similar to POP220, suggesting that redd
counts in LIC included both smaller resident and
larger migratory fish. These results again suggest
a considerable inconsistency in the portion of the
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Ficure 1.—Bull trout population estimates for (a) the South Fork Walla Walla River (SFWW), (b) the North
Fork Umatilla River (NFU), (c) Lick Creek (LIC), and (d) Big Sheep Creek (BSC) in eastern Oregon. In each
figure, the total population estimate (POPTOT), the population of fish larger than 220 mm (POP220), and the
population of fish larger than 370 mm (POP370) were calculated from mark—resight data. Confidence intervals are
not shown for estimates where sample size was too low. The number of redds for each corresponding year (POP-
REDDS) was expanded by the number of spawners per redd; the lower error bound was 1.2 spawners/redd, the
upper error bound was 4.3 spawners/redd, and the average was 2.68 spawners/redd.

reproductive population that is represented in redd
count data across basins.

Discussion
Although redd counts provide a cost- and time-
efficient method of monitoring salmonid popula-

tions, we have demonstrated that there is signifi-
cant variability between basins regarding which
components of the population are best represented
by redd counts. In some systems, only the larger,
potentially migratory fish are represented in redd
counts, while in others some combination of small
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resident and large, potentially migratory fish is
represented. Ultimately, our data suggest that
within-system trends between redd counts and
population estimates may be similar, suggesting
that redd counts may be a viable tool for moni-
toring trends once these data are validated and
once the potential biases are better understood.
However, the differences in the patterns we ob-
served across systems indicate that these trends
may be basin specific, possibly indicating different
patterns of life history expression (Dunham et al.
2001), a factor that may limit the utility of redd
counts as abundance monitoring tools.

Specifically, the majority of research that has
investigated the variability of bull trout redd
counts has occurred in systems dominated by very
large migratory bull trout (e.g., Rieman and
Mclntyre 1996). Within these systems, redds can
be easily detected because of the size of the ex-
cavation made by these large bull trout (Rieman
and Myers 1997). However, in systems with both
resident (smaller) and migratory (larger) bull trout,
the characteristics of redds constructed by small
residents may increase the imprecision of the
counts. For example, redds constructed by smaller
fish may go undetected due to their size and lo-
cation, may be categorized as test digs, or may be
considered as small disturbances in the gravel
(e.g., from large ungulates). Under these condi-
tions, the difficulty in detecting redds constructed
by small resident fish may prevent managers from
accurately monitoring the reproductive popula-
tion.

While our data illustrate inconsistencies in the
component of the population represented by redd
counts, there are limitations and uncertainties in
our approach. First, the sampling error associated
with redd counts has not been quantified in the
basins used in our comparisons. These uncertain-
ties, which have been demonstrated by Dunham et
al. (2001), may include observer error, errors as-
sociated with the timing of the counts, difficulties
associated with detecting redds in well-covered
habitats, and the habitat characteristics of the
redds. ldeally, these errors should be quantified
within any system where redd counts are used as
population monitoring tools. Second, we do not
have more comprehensive information regarding
the size at sexual maturity or the sexually mature
percentage of the population for the POP220 and
POP370 groups. To address these uncertainties, we
used a range of values and conservative cutoffs
for each group (220 and 370 mm) based on limited
data from sacrificed fish (Budy et al. 2004) and
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adjacent basins (Hemmingsen et al. 2001). Finally,
we acknowledge that there is uncertainty associ-
ated with the inefficiencies of snorkel data used in
our mark—resight population estimates. In partic-
ular, the cryptic behavior of bull trout can reduce
sampling efficiency in snorkel surveys (Thurow et
al. 2001, 2004). However, we assumed that there
would be no differences in the snorkel sampling
efficiency of marked and unmarked fish, such that
our estimates would not be significantly affected.

Management I mplications

Our results illustrate the need to evaluate pop-
ulation estimation techniques for salmonid species
containing multiple life history forms. In partic-
ular, we suggest that alternative monitoring ap-
proaches (i.e., in asubset of streams within basins)
may be necessary to accurately determine the best
overall strategy for effectively monitoring fish
populations with redd counts. While redd counts
may provide a cost-effective technique for esti-
mating population size in some systems, a signif-
icant portion of the population (e.g., smaller, po-
tentially resident, mature fish) may be grossly un-
derrepresented when there is a high proportion of
larger migratory fish. Further, because the differ-
ence between adult population estimates and redd
counts varies in direction across different systems
(i.e., sometimes population estimates are greater
than expanded redd counts and vice versa), we
must exercise caution when using these redd count
datato set targetsfor recovery goalsor in assessing
the status of a population relative to a recovery
target. Ultimately, it is necessary to understand
which components of the population are repre-
sented in the redd count data and how those com-
ponents relate to a specified recovery goal or cri-
terion.
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