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I.  Migration Patterns and Temperature Selection of Adult Bull Trout  
in the Lostine River 

 

Introduction 
 

For restoration and protection of bull trout habitats, conservation strategies depend on 
determining the distribution of bull trout.  However, that distribution may vary seasonally 
depending on the age and life history type of the fish.  Most juvenile bull trout distributions in 
Oregon have been determined during summer, and consequently, little is known about the 
distributions and movements of bull trout of any life stage during other seasons.  Most bull trout 
life history information comes from adfluvial populations (Pratt 1992), whereas most of the 
populations in this province and the rest of Oregon likely consist of fluvial and resident forms.  
We have previously described migratory forms of bull trout in the Grande Ronde River subbasin 
primarily from the Wenaha River (Hemmingsen et al. 2001c; Baxter 2002).  However, evidence 
of migratory fish is minimal or lacking for many bull trout populations in Oregon and the 
Columbia Basin.  For example, little quantitative information is available regarding the life history 
and seasonal distributions and habitats of migrant adult bull trout in the Wallowa and Lostine 
rivers.  The persistence of migratory forms is dependent on protection and restoration of all 
habitats used, including migratory corridors.  
 

Temperature has been identified as an important potential habitat limiting factor for bull 
trout (Selong et al. 2001; USFWS 2002; Poole et al. 2001).  However, available data on 
temperature requirements for bull trout is generally limited to spawning, egg incubation, and 
juvenile rearing/resident adult habitats (EPA 2003).  Information on temperature relationships of 
fluvial bull trout and downstream migratory habitats is lacking.  These migratory habitats are 
more subject to development and elevated temperatures.  As a result of this data limitation, 
recently adopted water temperature guidance of the U. S. Environmental Protection Agency 
(EPA 2003) and criteria of Oregon Department of Environmental Quality (DEQ) (OAR 340-041-
0028 and 340-041-0151) for bull trout are focused on spawning and rearing habitat.  Migratory 
habitat is covered by criteria for “core” salmonid rearing habitat.  To fully protect water quality for 
bull trout, application of numeric temperature criteria is also dependent on accurately identifying 
spawning, rearing, and migratory habitats and the timing when those habitats are used. 
 

This portion of the project was designed to address the following questions:  
 

1. What is the seasonal distribution of fluvial bull trout from the Lostine River?   
 

2. What water temperatures are used by fluvial adults?  
 

3. What relationships are there between fish movements and water temperatures?  
 

4. How do the ambient temperatures compare to the water temperature of areas selected 
by fluvial bull trout?  

 
5. Do the fish use thermal refugia (i.e., cooler habitats than adjacent areas)?   

 
6. How do temperatures used by bull trout and ambient temperatures compare with state 

water quality criteria? 
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Study Area 
 

The bull trout in this study spawn and rear in the Lostine River, which drains the Wallowa 
Mountains in northeastern Oregon (Figure. 1).  The Lostine River flows into the Wallowa River 
at river kilometer (RK) 41, and the Wallowa River enters the Grande Ronde River at RK 132. 
This population was selected because of uncertainty about their migratory distribution and 
potential temperature limitations in their migratory habitat. Flows are diverted for irrigation from 
the Lostine and Wallowa Rivers downstream of town of Lostine (RK 19) during late spring 
through early fall, when fluvial bull trout could be migrating through those reaches.  A weir and 
upstream trap near the mouth of the Lostine River (RK1) is operated primarily to capture adult 
spring chinook salmon (Oncorhynchus tshawytscha), but migratory bull trout are also 
intercepted. 
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Figure 1. Study area including irrigation diversions. 
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Methods 
 
 
In 2001 we captured and tagged 21 bull trout (4 at the Lostine trap, June 11-27 and the 

remainder by angling in the Lostine River (RK 17-39), July 16-19); 15 were radio- and 
temperature-tagged, 6 had only radio tags.  In 2004 we captured and radio- and temperature-
tagged 24 bull trout at the Lostine trap during mid-May through mid-July.  A radio tag (Advanced 
Telemetry Systems, Inc. in 2001 and Lotek, Inc. in 2004) was surgically implanted in the 
abdominal cavity of the fish. Following anesthesia using tricaine methosulfonate (MS 222, 60 
mg/l), an incision long enough to accommodate the cross-section of the radio tag was made 
anterior and dorsal to the pelvic fin.  A 152 mm, 16 gauge hypodermic needle inside a plastic 
sheathe was used to internally puncture the abdominal cavity posterior and dorsal to the vent 
and pelvic girdle and feed the tag antenna to the exterior of the fish.  The radio tag was then 
pulled inside through the incision.  The incision was sutured, and it and the exit hole for the 
antenna were sealed with Nexaband surgical glue.  The archival temperature tag (LTD 1100, 
Lotek, Inc.) was attached through musculature below the dorsal fin using primarily nickel 
(Peterson disk) pins. Each pin was inserted through a round plastic (approximately 1 cm 
diameter, 1 mm thick) backing plate on the side of the fish opposite of the temperature tag.  The 
end of the pin was then bent and twisted to form a T-shaped knot to secure the tag.  The 
combined radio and temperature tag weight was limited to no more than 3 percent of the fish’s 
body weight (Winter 1996).  The mean length (FL) of the fish tagged was 457 mm (range=360-
600 mm) in 2001 and 478 mm (range=363-575 mm) in 2004. 
 

Most of the archival tags used had a fixed memory (32K or 64K)-variable recording 
interval with an initial maximum of 256 samples per hour. The sampling interval then doubled 
each time the memory filled.  Twelve of the archival tags used in 2004 had fixed hourly 
recording intervals.  

 
Stowaway or Tidbit thermographs (Onset Computer, Inc.) programmed to hourly 

recording intervals were placed in well mixed zones at five locations in the Lostine River, seven 
locations in the Wallowa River, and three locations in the Grande Ronde River to measure 
ambient water temperatures in the suspected range of the fishes’ distribution.  

 
Locations of the fish tagged in 2001 were primarily tracked using a receiver in vehicle or 

on foot, except in the Wallowa River below the confluence of the Minam River (RK 16) and in 
the Grande Ronde River, where they were aerially tracked from a plane.  The fish were 
generally tracked once per week from July through November 2001 and about once per month 
from December 2001 through April 2002, when the bull trout remained in their overwintering 
areas and moved little.  Weekly tracking then resumed until the three remaining fish with 
temperature tags were recaptured in September prior to spawning. Fish tagged in 2004 were 
also tracked weekly in a vehicle or on foot through the time four fish were recaptured late 
August 2004.   

 
Seven fish were recaptured by angling, dipnetting them in pools blocked off with seines, 

or herding them into small-mesh gillnets.  The temperature tags were then removed and 
downloaded from fish recaptured in 2002. In 2004 the temperature tags were downloaded while 
still attached to the fish recaptured so additional data could continue to be collected.  All 
recaptured fish were then released. 
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Results and Discussion 
 

Fish tagged in 2001 showed four main distribution patterns based on overwintering 
locations (Figure 2):   

 
1. The Grande Ronde River from the mouth of the Wallowa River  to 

approximately 15 km upstream near the mouth of Lookingglass Creek,  
 

2. The Wallowa River from 3.5 km downstream  from the mouth of the Minam  
River  (RK  16) to Rock Cr (RK  31),  

 
3. Near the mouth of the Lostine  (RK 41),  

 
4. The Lostine River from the Lostine Ranch to Green Bridge (RK 60-62) not far 

from where they were tagged the previous July.   
 
The three temperature tags recovered in 2002 are representative of the three 

downstream migratory winter distribution patterns. 
 

In 2002, the fish in the Grande Ronde were the first fish to begin moving upstream from 
their winter locations in May.  The 7DADM (running 7-day average of the daily maximum) 
temperature experienced by the fish increased from 10.6 C when it was in the Grande Ronde 
River at the mouth of the Wallowa River to 11.7 C two weeks later 3 km upstream in the 
Wallowa R. (Table 1). That fish continued to move upstream during the next three months 
encountering peak temperatures in the lower Lostine River in July.  The archival-tagged fish 
overwintering in the Wallowa R. remained in their winter locations through June despite 
increasing temperatures; they similarly recorded peak temperatures in July after moving up the 
lower Lostine River.  The 7DADM temperatures of the fish in August were 1.5-3.6 C cooler than 
in July after the fish moved further upstream. 
 
Table 1.  Monthly 7DADM temperatures (oC) and locations (RK) of archival-tagged bull trout 
during May-August, 2002. (RK 0=mouth of Wallowa R., RK 42=mouth of Lostine R., RK 
>42=Lostine R.) 
 

April May June July August Temp. 
Tag Temp. Date RK Temp. Date RK Temp. Date RK Temp. Date RK Temp. Date RK 

1 11.7 4/30 23 13.2 5/16 23 13.8 6/27 23 16.3 7/17 49 14.2 8/15 53 
2 11.6 4/30 42 13.4 5/16 42 14.1 6/27 42 16.7 7/17 47 15.2 9/3 61 
3 10.6 4/30 0 11.7 5/16 3 13.3 6/29 43 17.5 7/15 44 13.9 8/15 63 

 
 
In 2001 the archival-tagged fish experienced peak temperatures in August of 16-18 C in 

areas near where they may have eventually spawned (Figure 3).  In 2004 temperatures of 
archival-tagged fish peaked at about 16C.  Peak temperatures of fish in habitat classified by 
DEQ as migratory corridor ranged from 15.6-17.5 C compared to the state criteria of 16 C. Peak 
temperatures of tagged fish in the reach classified by DEQ as rearing habitat were 
approximately 4-6 C warmer than the criteria of 12 C. 
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Figure 2. Locations (river km (RK)) of recovered archival temperature-tagged bull trout (Temp. 
tag) and other radio-tagged bull trout (Radio only) grouped by winter distribution. The mouth of 
the Wallowa River is RK 0.  The mouth of the Lostine River is RK 41.  Negative location values 
are in the Grande Ronde River upstream of the mouth of the Wallowa River. 
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Figure 2 (continued). Locations (river km (RK)) of recovered archival temperature-tagged bull 
trout (Temp. tag) and other radio-tagged bull trout (Radio only) grouped by winter distribution. 
The mouth of the Wallowa River is RK 0.   
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Figure 3. Maximum 7DADM temperatures of archival-tagged fish, 2001-2004, and 
corresponding DEQ temperature criteria. 
 
 

Radio-tagged fish were widely distributed in the Wallowa and Lostine rivers during July 
(RK 24, 6/28-RK 76, 7/31).  In mid-July 2002 when the archival-tagged fish recorded their 
highest temperatures of 16-18 C, water temperatures downstream were as warm or warmer; 
however, water 2-3 C cooler was available several km upstream (Figure 4).  In 2002 ambient 
7DADM water temperatures in the Wallowa and lower Lostine peaked in late July at 20-23C 
compared to the temperature criteria of 16 C.  Water temperatures peaked in the river above the 
town of Lostine in mid-August at 14-18 C, 2-5 C higher than the criteria. 
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Figure 4. Maximum  7DADM water temperatures recorded by thermographs and archival-
tagged bull trout within the distribution of radio-tagged fish during 6/28-7/31 in the Wallowa and 
Lostine rivers, 2002.  Summer maxima temperatures are in italics. 
 

 
Temperatures of bull trout with the archival tags were highly correlated with the water 

temperatures of the adjacent thermograph (R2= 0.95) (Figure 5).  Furthermore, the   regression 
equation showed a one-to-one correspondence between the two temperature measurements.  
This indicates the tagged fish did not use cooler refugia.  In fact, temperatures of the fish tended 
to be slightly warmer than ambient temperatures, even at the upper temperatures recorded. 
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Figure 5. Regression of temperature of archival-tagged bull trout from the Lostine River on 
ambient stream temperature. 
 

 
 

Based on the timing of their uppermost locations and subsequent downstream 
migrations, archival-tagged fish appeared to spawn at 7DADM temperatures of about 14-16C, 
5-7C higher than the spawning temperature criteria (Figure 6).  Ambient 7DADM water 
temperature during September 2004 were also elevated, 1-5C higher than the temperature 
criteria. 
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Figure 6. 7DADM temperatures of archival-tagged bull trout at suspected time of spawning in 
2001, 7DADM September water temperatures and DEQ temperature criteria in designated 
spawning habitat in the Lostine River. 
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II.  Comparing Methods of Estimating the Abundance of Adult Bull Trout 
 

 

Introduction 
 

Quantitative estimates of bull trout abundance are required to determine the status of 
populations, monitor changes in population size, and evaluate the effectiveness of conservation 
strategies.  Little data are available on bull trout abundance and population trends (Rieman and 
McIntyre 1993).  Obtaining such information has been identified as a critical research need 
(Rieman and McIntyre 1993; Buchanan et al. 1997).  Redd counts typically have been used to 
monitor bull trout abundance and evaluate population trends (Rieman and Myers 1997).  
Counting redds is an attractive technique because it is relatively easy, inexpensive, and un-
intrusive compared to other methods of monitoring, and is thought to provide an indirect 
measure of adult abundance (i.e., of breeding population size). 
 

Despite their frequent use, redd counts may not be sufficient or appropriate to quantify 
bull trout abundance.  Detecting changes in population size may not be possible using the most 
extensive sets of redd count data available (7-17 years) (Maxell 1999) and is unlikely for 
populations for which more limited data sets exist (Rieman and Myers 1997).  Errors in redd 
identification not considered in these earlier analyses may further limit the utility of redd counts.  
Recent studies have shown substantial sampling error associated with counts of bull trout redds 
(Bonneau and LaBar 1997; Dunham et al. 2001; Hemmingsen et al. 2001b).  In addition, we 
have found that redd counts may not relate well to the abundance of resident adult bull trout 
(Hemmingsen et al. 2001c), which build relatively small and inconspicuous redds compared to 
those of fluvial and adfluvial adults. 
 

Standard, appropriate, and powerful methods to assess bull trout abundance across all 
ranges of habitats have not been established (see Bonar et al. 1997).  Although data are 
beginning to accumulate on the validity of bull trout redd counts (Bonneau and LaBar 1997; 
Dunham et al. 2001; Hemmingsen et al. 2001b,c), more information is needed to fully evaluate 
this monitoring technique.  The objective of this study is to compare redd counts to other 
measures of adult bull trout abundance in the Mill Creek drainage (Walla Walla River subbasin), 
which supports fluvial and resident fish.  As in 2002-3, our approach in 2004 was to estimate the 
abundance of mature fluvial and resident females and subsequently count redds in the drainage 
in order to assess the relationship between the redd count and the number of mature females. 
 
 

Methods 
 

This study was conducted at and upstream from a dam and intake structure in Mill Creek 
that supplies water to the city of Walla Walla (Figure 7).  A ladder on the dam allows passage 
for upstream migrants.  We operated a trap, designed as described in Hemmingsen et al. 
(2001b), at the head of the dam’s ladder from 25 May to 1 October 2004.  The trap was usually 
checked daily, but sometimes as infrequently as every third day during periods when few fish 
had been trapped previously.  As in previous years, bull trout trapped at the ladder were 
anesthetized, measured, weighed, interrogated for a PIT tag, and, if no PIT tag was present, 
injected with one. Since redd counts in Low Cr. were relatively low in 2003, we did not estimate 
adult abundance in that stream as we did in 2003 to minimize impacts on the resident 
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population there.  Each fish was also inspected for maturity using ultrasound, and mature 
females were identified. All bull trout were marked by removing the adipose fin unless that fin 
had been removed during trapping in 2002.  The upper lobe of the caudal fin was hole-punched 
to distinguish fish marked in 2003 during snorkel counts.   
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Figure 7.  Map of the Mill Creek study area showing landmarks and units in which redds were 
counted during spawning ground surveys. 
 
 

Fluvial adult bull trout previously radio-tagged in the Mill Creek drainage overwintered 
downstream from the dam (Hemmingsen et al. 2001a,b,c,d; 2002), and most used the ladder 
when returning upstream in late spring or summer.  Some fish, however, may overwinter 
upstream from the dam or jump it upon their return.  During our snorkel counts above the dam 
2002 we observed unmarked bull trout >300 mm, which would have been marked had they 
been trapped at the ladder. To fully enumerate the number of fish that overwintered below the 
dam and eliminate the possibility of fish avoiding the trap by jumping the dam, we installed a net 
across the stream near the base of the dam.  The net was made of 3.8 cm square, nylon mesh 
and was positioned vertically like a tennis net.  Two parallel cables supported the net’s top and 
bottom ends approximately 3 m and 0.75 m, respectively, above the water’s surface.  We hung 
sections of rubber matting (approximately 1.5 m long x 0.75 m high) from the bottom cable 
across the full width of the stream to close the gap between the bottom of the net and the 
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stream, yet allow large debris to pass without damaging the net.  Each section of matting had 
grommets in its upper corners and was attached to the bottom cable with carabineers.  Once 
erected, the net and matting formed an aerial barrier between the dam’s shallow, concrete-
bottomed spill basin and the deep pool immediately downstream. 
 

To account for any fluvial females that might have overwintered upstream from the dam, 
we snorkeled the study area from 8/30-9/1 2004.  A single diver snorkeled all the pools and a 
portion of the other habitats capable of holding fluvial adult-sized fish.  The diver recorded the 
number of marked (adipose fin-clip + caudal fin punch) and unmarked (no marks or adipose fin-
clip only) bull trout > 300 mm FL that were observed.  Bull trout > 300 mm FL were considered 
fluvial adults for two reasons:  1) few fluvial fish <300 mm FL have been trapped at the ladder 
since 1997 and no mature females <300 mm have been trapped (Hemmingsen et al. 2001a,b,c; 
2002; Sankovich et al. 2003; Sankovich et al. 2004), and 2) we have not observed bull trout > 
300 mm FL in other streams in northeast Oregon supporting only resident bull trout. We 
estimated the number of  unmarked bull trout > 300 mm FL by incorporating the number of 
marked and unmarked bull trout observed snorkeling and the number marked bull trout released 
upstream of the trap at the time of snorkeling into Bailey’s (1951) mark-recapture estimator: 

 

1
)1(^

+
+

=
R

MCN  

 
where N is the population size, M is the number of bull trout marked, C is the number marked 
and unmarked bull trout observed snorkeling, and R is the number of marked bull trout observed 
snorkeling.  The Bailey estimate accounts for the possibility a marked bull trout may be 
resighted multiple times in the snorkel count.  Since the percentage of marked fish the snorkel 
count exceeded 10% of the total snorkel count, confidence intervals were based on a binomial 
distribution (Seber 1982).   

 
 The number of unmarked fish (NU), therefore, equals he population estimate (N) minus 
the number of fish marked at the trap (M), and the number of unmarked mature females equals 
NU times the fraction of mature females > 300 mm observed at the trap, assuming females were 
as prevalent among the unmarked fish as they were among the fish inspected at the trap.  The 
overall estimate for mature fluvial females in the study area, then, was calculated as the sum of 
the unmarked females above the trap plus the females counted at the trap. The confidence 
interval assumes all of the error is from the estimate of unmarked females. 

 
Redd counts in the study area were conducted three times between mid-September and 

early November throughout all spawning areas.  During each survey, we flagged newly 
observed redds, identified them with a unique number, measured their length (from the 
beginning of the pit to end of the pillow) and width (at the widest part of the mound), and noted 
all fish observed. 

 
To estimate potential observer error in our redd surveys, we established three 

approximately 1-km test reaches in section 5, which typically has the highest redd counts of the 
survey reaches used by larger, fluvial fish, and three 1-km reaches in Low Cr. , which has 
generally smaller redds created by smaller, resident-sized fish.  Redds were identified and 
flagged during the first survey on 21-22 September.  During the next three week period, when 
the peak of spawning occurs, redds were identified and flagged at weekly intervals by an 
experienced surveyor not responsible for routine surveys of those reaches.  At the end of the 
three-week period, the normal interval between routine surveys, flags were removed from all 
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redds identified after the first survey.  Each of the surveyors responsible for the routine surveys 
of fluvial redds (all survey sections except Low Cr.) independently counted unflagged redds in 
each of the test reaches in section 5, and the surveyor responsible for routine surveys in Low 
Cr. independently counted redds in the 3 test reaches in Low Cr.  In addition, each member of 
the ODFW EMAP survey crew that conducted redd surveys in the Umatilla-Walla Walla 
subbasin independently counted redds in all six test reaches. On the following day, 4 
experienced surveyors together resurveyed and flagged all new redds in all of the test reaches.  
Thus, we had 2 potential sources of “true” redd counts in each of the test reaches to compare 
with individual counts: the cumulative count of the 3 weekly surveys and the consensus, group 
count. 

 
 

Results and Discussion 
 

We captured 150 bull trout in the upstream trap, 70 of which were identified as mature 
females (Table 2).  Ten of the bull trout were < 300 mm FL, including two < 200 mm.  There 
were four mature females less than 300 mm, but all were > 289 mm.   Five fish recycled through 
the trap a second time. 
 
 
Table 2.  Number, sex, and maturity status of bull trout captured in an upstream migrant trap in 
Mill Creek in 2003.  Mature females were classified using ultrasound.  Counts of other species 
are also included. 
 
  

 
Species 

 
Mature 
females 

Mature males and 
immature males 

and females 

 
 

Total 
 bull trout 70 80 150 
 rainbow trout   20 
 mountain whitefish   11 
 chinook salmon (adult) a   5 

 

a.  Hatchery fish released in Mill Cr. downstream from the trap. 
 

Ninety-four marked bull trout were released at the trap before the study area was 
snorkeled.  The diver located 38 marked fish and 17 unmarked bull trout > 300 mm.  Thus, we 
estimated there were a total of 41 unmarked fluvial adults, of which 20 (95% CL = 17-25) were 
assumed to be mature females based on the female fraction (0.489) at the trap at the time of 
the snorkel survey.  Combining these females with the 70 released at the trap yielded an 
estimate of 90 (95% CL = 87-95) mature fluvial females in the study area. 
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A total of 97 fluvial redds were counted during regular census surveys in Mill Cr. and 
tributaries (Table 3), not including Low Cr., which is suspected to be a purely resident 
population since only small redds and small mature and spawning bull trout have been 
observed (Sankovich et al. 2004); 61 redds were recorded in Low Cr. during census surveys. 
 
 
Table 3.  Redd counts from regular surveys in Mill Creek in 2004.  The locations of survey 
sections are shown in Figure 7. 
 

Survey section No. of redds 
1 0 
2 0 
3 1 
4 18 
5 45 
6 17 
7 10 

Paradise Cr. 0 
N.F. Mill Cr. 6 

Deadman Cr. 0 
Bull Cr 0 

  
Total 97 

  
Low Cr. 61 

  
 

 
 
The greatest deviation from the estimated true redd counts in test reaches where we 

evaluated observer error was in Low Cr. (Table 4), where the total surveyor count was 55% of 
the total true count.  Differences for individual surveyors from combined true counts for the three 
reaches in Mill Cr. reaches ranged from 6% to 33% with no consistent bias.  This is consistent 
with our previous estimates of observer error in redds counts, which suggest larger error and a 
negative bias in counting redds of  resident populations (Hemmingsen et al. 2001b).  If the 
census counts of individual surveyors are adjusted based on the proportional difference 
between their total test count and the true count in the test reaches, there is coincidentally no 
difference in the total redd count of fluvial redds in Mill Cr.; however, there is a substantial 
increase in the Low Cr. count (Table 5).  While using the combined total count for the three test 
reaches may be representative census counts in terms of averaging bias and precision in a 
typical survey reach (e.g., over- and underestimates cancel each other), the absolute error is a 
better indicator of the overall magnitude of the error in terms of both missing redds and counting 
“non-redds.” (see Dunham 2001). 
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Table 4.  Differences between surveyor redd count and “true” redd counts in test reaches of Mill 
Cr. and Low Cr. Absolute error is the sum of the absolute value of differences in the three test 
reaches.  Results are shown for the five surveyors responsible for surveys in the Mill Cr. Basin. 

 

Surveyor Stream     Reach 
Redd 
count 

"True" 
count Difference 

1 Mill 1 6 8 -2 
 Mill 2 7 4 3 
 Mill 3 4 6 -2 
  Total 17 18 -1 
  Absolute error   7 

2 Mill 1 5 8 -3 
 Mill 2 3 4 -1 
 Mill 3 4 6 -2 
  Total 12 18 -6 
  Absolute error   6 

3 Mill 1 10 8 2 
 Mill 2 8 4 4 
 Mill 3 4 6 -2 
  Total 22 18 4 
  Absolute error   8 

4 Mill 1 8 8 0 
 Mill 2 7 4 3 
 Mill 3 5 6 -1 
  Total 20 18 2 
  Absolute error   4 

5 Low 1 3 9 -6 
 Low 2 18 29 -11 
 Low 3 21 39 -18 
  Total 42 77 -35 
  Absolute error   35 

 
 
Table 5.  Redd counts in Mill and Low Creeks adjusted for surveyor error in test reaches. 
 

Stream Surveyor Census Adjustment Adjusted count 

Mill Cr. 2 22 +33% 29 
 3 14 -22% 11 
 4 39 -11% 35 
 Testa 22 0% 22 

 Total 97  97 

Low Cr. 5 61 +45% 88 
 
a.  ”True” count for the second survey visit of section 5, where the test reaches were located 
and for which there was no regular survey. 
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In Mill Cr. there were 1.08 redds/mature female in 2004 compared to 1.18 redds/mature 
female in 2003.  With the exception of 2001, we have observed a highly significant relationship 
(p<0.001) between the estimated number of mature fluvial females and the total number of 
redds counted in Mill Creek during 1998-2004 (Figure 8).  To estimate the number of mature 
females in years prior to using ultrasound (1998-2001) we applied the average proportion of 
mature females observed during 2002-2004 (48.8%) to the total trap catch.  During these three 
most recent years the ratio of mature females in the adult run has been generally consistent 
(range: 46.7%-50.0%).  Compared to results observed in other years, the ratio of redds to 
mature female was abnormally high in 2001.  At present we can find no reason to exclude this 
data point because of errors in estimates or data collection.   

 
 

Figure 8.  Relationship between the estimate number of mature female fluvial bull trout in 
upstream of the trap site and the total number of redds counted in Mill Creek 1998-2004.  
Relationship excludes redds counted in Low Creek which are believed to be made by resident 
females. 

Redds = (1.3439*females) - 13.806
R2 = 0.9587

80

100

120

140

160

180

200

70 90 110 130 150 170

Females

R
ed

ds

2001 Omitted 



 18

III.  Monitoring the Abundance of Adult Bull Trout in the Walla Walla, Umatilla, 
John Day, and Deschutes River Subbasins using the Environmental Monitoring 

and Assessment Program (EMAP) Protocol 
 

Introduction 
 

The ability to accurately assess bull trout population status, trend, and distribution is 
central to conservation efforts for the species.  A coordinated approach to conducting such 
assessments is needed to support restoration efforts.  Currently, most monitoring activities are 
not part of an overall framework for coordinating effort and synthesizing and interpreting results.  
The Environmental Protection Agency (EPA) has developed the Environmental Monitoring and 
Assessment Program (EMAP) to evaluate the status of natural resources at regional and 
national scales.  The goal of EMAP is to provide a scientific basis for monitoring programs that 
measure current and changing resource status. 
 

EMAP employs a probabilistic sampling design that allows resource assessment over 
large areas based on data from representative sample locations.  The design involves a 
spatially balanced random sampling strategy that distributes sample locations evenly throughout 
the area of assessment.  Trends in status are best assessed by visiting randomly selected 
sampling sites on annual and multi-year cycles.  The EMAP sampling design allows evaluation 
of status, trend, and distribution at multiple scales with statistical rigor. 
 

From 2002 to 2004, we used the EMAP protocol to monitor the abundance of adult bull 
trout in the Oregon portion of the Columbia Plateau Province; specifically, the Deschutes, John 
Day, Umatilla, and Walla Walla River subbasins.  (The Walla Walla River subbasin includes the 
Touchet River and its tributaries in Washington.) We used redd counts to assess adult 
abundance.  Counting redds is the easiest and often the least costly way to estimate adult 
abundance.  Although there can be substantial error associated with the enumeration of redds 
(Bonneau and LaBar 1997; Dunham et al. 2001; Hemmingsen et al. 2001b), research has 
shown that redd counts are strongly correlated with estimates of adult escapement (Dunham et 
al. 2001). 

Methods 
 

The sampling frame in the John Day and Walla Walla-Umatilla subbasins consisted of all 
wadable stream reaches that contain current and potential bull trout spawning habitat.  In 2004, 
the sample frame in the Deschutes subbasin did not include current and potential bull trout 
spawning habitat within the Warm Springs Indian Reservation because tribal officials did not 
want to participate in this study.  The identification of these reaches was based on ODFW maps 
of current distribution (derived from the EPA’s 1:100k river reach data set) and input from 
ODFW district biologists and other fishery managers via Streamnet’s (http://www.streamnet.org) 
1:24K mapping effort.  We included only wadable stream reaches because redds can be difficult 
to count effectively in unwadable areas.  The sampling frame was the pool of possible locations 
from which sample sites were selected and represents our scope of inference. 
 

Site selection was conducted by the EPA Research Lab in Corvallis, Oregon.  The site 
selection process is based on a spatial grid design with hexagonal areas centered at grid points 
(Stevens and Olsen 1999).  Points along all streams in the sampling frame were plotted 
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sequentially by computer and then randomly selected.  The randomly selected points were then 
re-plotted on maps for survey site location. 

 
The number of sample sites within subbasins was based on the minimum number of 

sites necessary to quantify status and detect trends over time.  Our target measure of precision 
for the estimated number of redds was ± 45% at the subbasin scale and ± 25% at the provincial 
(all subbasins combined) scale.  Bull trout spawning in the Walla Walla and Umatilla subbasins 
is less widely distributed than the other subbasins so they were combined and the two 
subbasins were treated as an aggregate when selecting sites.  The site selection process 
produced 50 spatially balanced sites in each of the Deschutes, John Day, and combined Walla 
Walla–Umatilla subbasins.  We thought 50 sites would be the maximum number a crew of two 
surveyors could effectively survey multiple times throughout the spawning period.  We 
determined that a minimum of 30 sites should be surveyed per subbasin.  Fifty additional sites 
were selected in each subbasin for use as replacements in the event some sites were 
unsuitable (e.g., located in a dry stream channel) or on private property we could not get 
permission to access. 
 
  Each sample point served as the mid-point of a 1.6 km spawning survey section. 
Midpoints were plotted on quad maps using mapping software (Terrain Navigator) and 
coordinates for individual site endpoints were produced using the distance tool.  During August, 
field crews located the start and end points of each survey section using Universal Transverse 
Mercator (UTM) coordinates, maps, and a GPS receiver.  The suitability of each site was judged 
by the presence of potential spawning habitat and the absence of barriers to bull trout migration, 
unless bull trout were known to exist upstream from a barrier.  Survey end-points were flagged 
with surveyor’s tape, and plastic identification signs were fixed to a nearby tree on the stream 
bank.   
 

From early September through early November, all sites in each subbasin were 
surveyed three to five times.  Five two-person survey crews conducted the surveys.  We 
assigned single crews to the Deschutes, Middle Fork and upper John Day River, and North Fork 
John Day River subbasins and two crews in the Walla Walla–Umatilla River subbasin.  Crews 
were trained in the identification of bull trout redds, and spawning surveys were conducted 
according to ODFW protocols (Bellerud 1997).  During the surveys, each newly observed redd 
was recorded and flagged.  In streams where the presence of sympatric fall-spawning species 
made bull trout redd identification difficult, redds were attributed to bull trout only if bull trout 
were observed on them. 

 
Bull trout population status was assessed based on cumulative redd counts.  These 

counts were analyzed using analytical algorithms developed by the EMAP (Stevens 2002).  To 
assess the accuracy of the EMAP estimates, we also surveyed the entire sampling frame (full 
census) in the Walla Walla-Umatilla River subbasin.  The census surveys were conducted 
multiple times throughout the spawning period, as for the EMAP surveys.  The total redd count 
within the sampling frame was compared to the estimated number of redds obtained using the 
EMAP protocol. 

Results and Discussion 
 

 Using the EMAP sampling strategy, we estimated there were 235 (+84) bull trout 
redds in the John Day subbasin, 511 (+ 95) in the Walla Walla-Umatilla subbasin, and 709 (+ 
84) in the Deschutes subbasin, and 1,455 (+ 127) in the Columbia Plateau province in 2004 
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(Table 6).  Precision of estimates was ± 36%, ± 19%, and ± 12% in the John Day, Walla Walla-
Umatilla, and Deschutes subbasins, respectively, and ± 9% for the Columbia Plateau province, 
well within our target of ± 45% for the individual subbasins and ± 25% for the province.  We met 
our goal of completing 50 sites in each subbasin except in the John Day, where one site was 
dropped because the stream channel remained dry throughout the season.   

 

Table 6.  Bull trout redds counted in survey sections (n) and estimated to be within three 
subbasins in 2004. 
 

Subbasin n 
Estimated 

no. of redds C.I. (%) a 
John Day 49 235 36 

Walla Walla-Umatilla 50 511 19 

Deschutes 50 709 12 
    

Province 149 1,455 9 
   

a. + 95% confidence interval. 
 

 
As during the past two seasons (Sankovich et al. 2002 and Sankovich et al. 2003) the 

EMAP estimate for the John Day subbasin, was more imprecise than estimates the other 
subbasins.  This difference was due partly to surveying only 27% of the relatively large sampling 
frame in John Day subbasin, compared to sample rates 60% of the Walla Walla-Umatilla 
subbasin and 84% of the Deschutes subbasin.  It was also due to the relatively low site 
occupancy rate (proportion of survey sections in which redds were identified) in the John Day 
subbasin.  Redds were recorded in only 35% of the survey sections in the John Day subbasin, 
compared to 60% in the Walla Walla-Umatilla subbasin and 54% in the Deschutes subbasin.  
Under the EMAP protocol, it is expected that some sites will be unoccupied and that changes in 
fish distribution through time will be reflected by changes in site occupancy and the distribution 
of occupied sites.  However, site occupancy rates we observed may have been artificially low.  
Especially in the John Day subbasin, current and potential spawning distributions were based 
largely on professional judgment rather than existing data; and, despite our modification of the  
sampling frame used in 2004, we still may have surveyed some stream reaches that do not 
support bull trout spawning and thus should be excluded from the sampling frame.  In addition, 
in areas where fall-spawning species other than bull trout were present (primarily brook trout), 
we recorded only redds occupied by bull trout.  As a result, we may have recorded no bull trout 
redds in survey sections that actually contained them.   

 
The high precision of the Deschutes subbasin estimate was largely due to the high 

sampling rate and the use of the finite population correction in calculating estimates of variance.  
After the Warm Springs Indian Tribe denied ODFW permission to survey on their reservation, 
the Deschutes sampling frame was reduced by 42%.  Surveying 50 sites in the Deschutes 
sampling frame, which was only 59% the size of the Walla Walla-Umatilla sampling frame, 
resulted in greater coverage and relatively more site overlap. 
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The EMAP estimate of the number of redds in the Walla Walla-Umatilla subbasin in 
2004 was significantly lower than the census redd count.  The EMAP estimate of 517 redds was 
22% lower than the census count of 660 redds (Table 7).  This increased inaccuracy is a 
surprising result compared to the previous two years in which the census count and EMAP 
estimate differed by less than 2% (Figure 9).   The EMAP surveys comprised 60% of the stream 
kilometers encompassed in the 2004 census (Table 7), which was slightly higher percentage 
than in the previous two years.   

 
Table 7.  Comparison of two strategies used to count bull trout redds in the Walla Walla-Umatilla 
subbasin in 2004. 
 

  Census EMAP 
Number of redds 660 511 

Stream km surveyed 113.5 67.7 
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Figure 9.  Comparison of the number of bull trout redds estimated through the EMAP 
methodology and censused in the Umatilla-Walla Walla subbasin, 2002-04.  Vertical lines at the 
top of the EMAP bars of the graph represent 95% confidence intervals.   
 
 

We also compared our EMAP estimate in the Deschutes subbasin to a census 
conducted by the ODFW District office in Bend that included surveyors from the EMAP crew, 
Forest Service, and volunteers.  There were some differences between the district census 
surveys and the EMAP protocol: the sampling frame for the District census is 5% smaller than 
the EMAP sampling frame, the census is only done twice during the season, and in some 
cases, different survey crews were used for each survey visit.  Despite these differences, we 
believe that the results of the census are sufficiently  accurate to judge the accuracy of the 
EMAP methodology in estimating the  total number of redds in the Deschutes subbasin.  
Comparing the EMAP estimate to the district census in the Deschutes subbasin, we found a 
significant difference and greater inaccuracy than in the Walla Walla-Umatilla subbasin in 2004 
(Table 8).  In the Deschutes subbasin, the 2004 EMAP estimate was 32% lower than the district 
census. 
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Table 8.  Comparison of two strategies used to count bull trout redds in the Deschutes subbasin 
in 2004. 

 
  Census EMAP 

Number of redds 1,045 709 ±84a 
Stream km surveyed 66.6 55.9 

 
a. + 95% confidence interval. 

 

 The inaccuracy of the EMAP estimate in the Deschutes subbasin suggests the relatively 
inaccurate estimate in 2004 in the Walla Walla-Umatilla subbasin may not be anomalous.  In 
fact, a closer look at the EMAP site selection protocol and the distribution of redd densities 
within a subbasin suggests an important source of potential error in the EMAP estimate.  EMAP 
sites are selected in a spatially balanced manner so that sites are evenly distributed throughout 
the sampling frame; however, bull trout redds are not evenly distributed (see Figures 10-12).  
Spatial patchiness in bull trout spawning distribution and variation in redd density has been 
noted in other studies (Baxter et al. 1999).  In the portion of the Umatilla-Walla Walla sampling 
frame made up by the North and South Forks of the Walla Walla River is approximately 47 km 
long.  In 2003 and 2004, more than 80% of the redds were counted in one 12.5 km reach in the 
South Fork Walla Walla River, which accounted for only 26% of this portion of the sampling 
frame.  In 2004, no EMAP sites occurred in a section within this reach that constituted only 3% 
of this part of the sampling frame but accounted for 22% of the redd count.  Thus it appears that 
when redds have a patchy spatial distribution EMAP may underestimate redd abundance if 
areas of high redd density are not contained among the sample sites.   

 
In the Deschutes subbasin, the patchiness of bull trout spawning distribution and 

variation in redd density is even more apparent (Table 9) and may help explain why the EMAP 
estimate was significantly lower than the District census.  In 2004, Roaring Creek only 
constituted 4% of the Deschutes sampling frame but accounted for 14% of the total redd count.  
The Metolius River and Jefferson Creek represented 42% of the sampling frame but combined 
they accounted only for the same number of redds as Roaring Creek.  No EMAP sites occurred 
on Roaring Creek but 18 sites (36% of the total) occurred on the Metolius River and Jefferson 
Creek. 

 
Table 9.  Individual streams in the Deschutes subbasin and their corresponding percentage of 
the Deschutes sample frame and redd count in 2004. 
 

 Percent of Total 
 Stream Sample Frame Redds 

Jack Creek 7 29 
Roaring Creek 4 14 
Heising Springs <1 5 
Metolius River 16 2 
Jefferson Creek 26 12 
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This was the final year of a three-year pilot study to evaluate the EMAP protocol as a 
method to monitor bull population trends in the Columbia Plateau province in Oregon.  Our 
results suggest that a spatially balanced random sampling strategy that distributes sample 
locations evenly throughout the area of assessment may produce biased estimates if redd 
distribution is highly fragmented.  To correct this potential source of error, we suggest a random 
sampling strategy that stratifies the sample frame by differences in bull trout spawning 
distribution and redd density in areas where prior knowledge of redd distribution exists.  

 
Within the province, the John Day subbasin is unique because of its large size 

(constituting more than 60% of the provincial sampling frame), relatively low redd density.  Its 
bull trout spawning distribution has never been censused.  In 2005, we intend to improve our 
knowledge of the bull trout spawning distribution and redd density in the John Day subbasin by 
conducting a subbasin census of the bull trout sampling frame.  Our goal is to acquire GPS 
coordinates for each redd counted, map them using GIS, and, with the assistance of the US 
Environmental Protection Agency statisticians, evaluate various sampling strategies.  This 
information will improve our evaluation of the EMAP protocol and our ability to develop an 
effective sampling strategy for monitoring bull trout populations in the Columbia Plateau 
province. 
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Figure 10.  Location and number of bull trout redds per km for 2004 sample sites in a) North and 
Middle Forks and b) Mainstem John Day River subbasins, OR. 
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Figure 11  Location and number of redds per km of 2004 bull trout EMAP sample sites in a) 
Walla Walla River and b) Umatilla River subbasins, OR. 
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Figure 12.  Location and number of bull trout redds per km for sample sites in the Deschutes 
subbasin, OR. 
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