
EVIDENCE OF RELATIONSHIPS BETWEE TUBIFEX 

HABITAT AND MYXOBOLUS CEREBRALIS ACROSS A 

MOUNTAIN WATERSHED 
Jason C. Burckhardt 1

, U.S. Geological Survey, Wyommg Cooperative Fish and Wildlife Research Lnit, 
University of Wyoming, Department 3166, I 000 East University Avenue, Laramie, WY 82071 

Wayne A. 1 lubert, U.S. Geological Survey, Wyoming ooperat1ve Fish and Wildlife Research 'mt, 
University of Wyoming, Department 3166, I 000 East Uni,crsity Avenue, Laramie, WY 82071 

ABSTRACT 
We tested the hypothesis that the proportions of age-0 salmonids lllfected by A�i.rnholus 

cerebra/is, the causative agent of whirling disease, and histolog1c evidence of whirling disease Ill 
stream reaches across a watershed arc related to measures of suitable habitat forTub1fex tubdex, 

the oligochacte host for M. cerebral is. We assumed habitat quality for 7. tuhtfn increased with 
the amount of fine sediment, aquatic macrophytcs, or low-gradient mesohabitat, i.e., pools 
and glides, and decrease with increasing channel slope in stream reaches. ·r he highest rates of 
infection and tissue damage were observed among age-0 salmonids sampled from a cluster of 
spring streams in the upstream portion of the valley with low channel slopes or modifications 
to enhance deep-pool cover for adult salmonids, side channels of the main stem river with 
large amounts of sediment deposition, and mountain streams downstream from beaver (Cll\tor 

canadensis) ponds with accumulations of fine sediment. 
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INTRODUCTION 
Myxobolus cerebra/is, the myxozoan 

parasite that causes whirling disease, is 
recognized as a threat to wild salmonid 
populations (Vincent 1996, Nehring 
and Walker 1996). The life cycle of M. 

cerebra/is is complex because it has two 
alternating spore-forming phases. One 
phase involves formation of single-celled 
spores in salmonids that are released from 

the fish and consumed by the oligochaete, 
Tubifex tubifex (Rognlic and Knapp 1988). 

While in the gut of T tubifex, M. cerebra/is 

produces a multicellular spore known 
as a triactinomyxon (TAM, Wolf et al. 
1986). Triactinomyxons are released into 
the water column and infect fish through 

epithcl ial contact. The parasite migrates 
to the cartilage of the skull and vertebral 

column where damage to the upper spinal 

cord and compression of the brain stem causes 
behavioral changes and clinical signs of 

disease (Schisler et al. 1997, Rose ct al. 2000). 

' Current address: Wyoming Game and Fish Department, 
2820 State 11 ighway 120, Cody, WY 82414 

Physical characteristics of streams 
conducive to T tubifex may lead to 
high infection rates in fish and manifest 
as whirling disease (Hiner and Moffit 
200 I, de la Hoz Franco and Budy 2004 ). 
Tubifex tubifex flourishes in areas with 
accumulations of fine sediment nch 
in organic matter (Lazim and Leamer 
1987, Sauter and Gude 1996, Lampert 
and Sommer 1997, Zcndt and Bcrgersen 
2000, Arndt et al. 2002). Stream substrate 
composition is largely a function of channel 

slope in mountain streams with low-gradient 
reaches typically having finer particles rich 
in organic matter, ideal habitat for T tuhifex. 

Our goal was to evaluate the 
relationships of age-0 salmornds mfccted 
with M. cerebra/is, occurrence of histologic 
evidence of tissue damage, and physical 

habitat features conducive to T tubifex. We 
chose age-0 salmonids to minimize probable 

bias due to mortality associated \\ith M. 

cerebra/is infection in older salmonids. We 
tested the hypothesis that proportions of 
age-0 salmonids infected by \1. cerebra/it; or 

with histologic evidence of \\hirling disease 
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in reaches across a watershed arc correlated
with measures of suitable habitat for T 
tubifex. We also hypothesized that infection
rates and histologic evidence of disease 
would be positively related to the amount 
of fine sediments, aquatic macrophytes, and
low-gradient mcsohabitat, i.e., pools and
glides, but negatively related to channel
slope among reaches.

STUDY AREA 
The Salt River is a fifth-order (after

Strahler 1957) stream with a 2 I 50-km2 

watershed near the Wyoming-Idaho border
that has a mean annual discharge of 22.5 
m1/s into the Snake River. The Salt River 
Range to the east, Gannet Hills to the south,
and Caribou and Webster ranges to the west
border the watershed. Mountain tributaries
and the headwaters of the Salt River have
steep channels with the highest slopes

among tributaries in the Salt River Range. 
Numerous streams formed by springs occur
on the valley floor and flow short distances
to the Salt River (Kennington and Hamblin 
1989, Isaak 2001). The mainstem of the Salt
River flows through a broad alluvial valley 
for 45 km with several high-gradient, highly
braided reaches. 

Native salmonids in the Salt River 
watershed included the fine-spotted form of
Yellowstone cutthroat trout ( Oncorhynchus

clarki bouvieri) and mountain whitefish 
(Prosopium williamsoni). Rainbow trout
(Oncorhynchus mykiss), brown trout 
(Sa/mo trutta), and brook trout (Salvelinus 

fontinalis) have been introduced and become
naturalized in the watershed. Myxobolus 

cerebra/is was first detected in the Salt River
in 1995 (Money and Wanner 1997) and has 
spread within the watershed (Gelwicks et al.
2000, Hubert et al. 2002).

Figure 1. Location of reaches sampled in mountain and spring streams that are tributaries to
the Salt River and identification of the four segments of the Salt River where reaches in side
channels were sampled.
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weights matrix based on linear distances 
between sample locations obtained from the 
GIS. A correlogram was used to assess the 
influence of the distance between sampled 
reaches on the regression analysis. 

We used one-way analysis of variance 
to assess differences in physical habitat 
features, infection rates, and histologic 
scores of tissue damage among the three 
stream types and among reaches of the Salt 
River. Significance was determined at P < 
0.05 for all tests. 

RESULTS 
In 2000, we sampled 46 reaches on 

nine mountain tributaries and the headwater 
of the Salt River, 24 reaches on 11 spring 
streams, and 37 reaches in side channels 
over four segments of the Salt River (Fig. 
1, Appendix A). Measured habitat features 
differed among the three types of streams 
(Table 1 ). Reaches in mountain tributaries 
tended to have less fine sediment and 
higher channel slopes than reaches in spring 
streams or side channels of the Salt River. 
Spring streams had the lowest channel 
slopes, were dominated by low-gradient 
mesohabitats, i.e., pools and glides, had 
substantial aquatic vegetation, and contained 
high amounts of fine sediment. 

Age-0 salmonids were found in 99 
of I 07 reaches sampled in the Salt River 
watershed (Appendix A). Myxobolus 

cerebra/is was detected in age-0 salmonids 
at all but four reaches where they were 
collected. Reaches where age-0 salmonids 
occurred but did not test positive for M.

cerebra/is included the headwater areas of 
Cottonwood (2 sites) and Dry (1 site) creeks 
upstream from barriers to fish passage, and 
the most upstream reach on Willow Creek. 
The reach on Willow Creek was upstream 
of a long series of cascades that may inhibit 
upstream movement of fish. We found 
fish with M. cerebra/is upstream of major 
barriers to upstream movement by fish on 
Swift Creek (see Reach 2, Appendix A). 

We compared the percentages of 
Oncorhynchus spp. and brown trout from 
which we detected M. cerebra/is at 14 
reaches where at least five individuals of 
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each species were collected and observed 

no difference (P = 0.16) between species. 
Similarly, when mean histologic grades were 
compared at the 14 reaches, we detected no 
difference (P = 0.99) between species. Five 
or more brook trout and brown trout were 
collected in only three reaches, five or more 
Oncorhynchus spp. and brook trout were 
collected in only two reaches, so we made 

no statistical comparisons of these species. 
The proportions of fish with M. 

cerebra/is detected in their heads varied 
widely among sampled reaches. The highest 
rates of infection by M. cerebra/is were 
observed among fish from side channels 
of the Salt River followed by fish from 
spring streams (Table I). Mean histologic 
scores followed a similar pattern (Table 1 ). 
Infection rate was related (r2 = 0.29, P = 

0.006) to mean histologic grade: 

HG = -0.194 + 0.521 IR 

where HG is the mean histologic score 
among all fish in a reach and IR is the 
arcsine square-root transformation of the 
percentage of fish in a reach with M.

cerebra/is detected in their head among 
the 99 reaches where age-0 salmonids 
were found. In many instances the highly 
sensitive PCR technique detected the 
presence of the parasite in fish with no 
histologic evidence of infection. 

We rarely encountered clinical signs of 
whirling disease, i.e., black tail, shortened 
opercula, and spinal or cranial deformities. 
Clinical signs of whirling disease were most 
common in reaches with high infection rates. 
High histologic grades of tissue damage 
occurred in a cluster of spring streams in 
the upper valley, in side channels of the 
Salt River adjacent to and immediately 
downstream of the cluster of springs in the 
upper valley, and in mountain tributaries on 
the west side of the valley downstream from 
beaver ponds. 

Compa1isons of habitat features, rates 
of infection by M. cerebra/is, and histologic 

grades of tissue damage among the four 
segments of the Salt River indicated no 
significant differences in habitat features or 

mean histologic grades (Table 2). However, 
a highly significant (P < 0.00 I) difference 



Table 1. Means and standard errors (in parentheses) of mea ured habitat features, infection 
rates by M. cerebra/is, and histologic cores of ti sue damage among the three ,tream type 
in the alt River watershed measured during 2000. ?-values arc from one-v,ay analysi of 
variance comparing the three ,trcam type . Included in the analysis were 99 reaches where 
both age-0 salmonids and infection by M. cerebra/is were observed. 

Mountain 
streams 

Variable (41 reaches) 

Fine sediment {%) 30.0lx (4.1) 
Aquatic macrophytes (%) 4_4b (1.3) 
Channel slope (%) 1.02b (0.12) 
Low-velocity mesohabitat (%) 47.2b (4.2) 
Infection rate (%) 39.0lx (4.7) 
Mean histologic score 0.08' (0.03) 

• significantly different from mountain streams
b significantly different from spring streams
' significantly different from Salt River side channels

in rates of infection was observed among 
segments. A mean infection rate of 92 
percent was observed in the two most 
upstream segments (Segments C and D), 
whereas mean infection rate of 54 percent 
(Segment 8) and 62 percent (Segment A) 
were observed in the two most downstream 
segments. 

The four habitat features were 
significantly correlated among the 99 
reaches where age-0 salmonids were 
collected (Table 3). Abundance of low
velocity mesohabitat was positively 
correlated with the abundance of fine 
sediment and aquatic macrophytes, and 
negatively correlated with channel slope. 

Linear regression identified several 
significant relationships between infection 
rate and physical habitat features (Table 4). 
Among all of the sampled reaches, infection 
rate was positively related to abundance of 
fine sediment, aquatic macrophytes, and 
low-velocity mesohabitat, but negatively 
related to channel slope. Infection rate was 
positively related to abundance of fine 
sediment and low-velocity mesohabitat but 
negatively related to channel slope among 
reaches in mountain streams. Infection rate 
was pos it ive ly related to the abundance 
of fine sed iment among reaches in spring 
streams. We observed no sign ificant 
relationsh ips among reaches in the a lt River. 

Stream type 

Spring Salt River 
streams side channels 

(22 reaches) (36 reaches) p 

70.0· (5.3) 66.41 (5 0) <0.001 
37.3· (5.5) 5.3 (2.1) <0 001 
0.321 (0.09) 0.62 (0.09) <0.001 

73.8· (5.4) 63.2 (5.5) 0.002 
63.0· (5.4) 77.5· (3.7) <0 001 
0.25 (0 07) 0.33· (0.06) 0 001 

Mean histologic grade of tissue damage 
was positively correlated to abundance 
of fine sediment, aquatic macrophytcs, 
and low-velocity mesohabitat among all 

• sampled reaches where agc-0 salmonids
were found (Table 4). Mean histolog1c grade
was positively related to the abundance of
fine sediment among reaches in mountain
streams and the abundance of aquatic
macrophyptes among reache 111 spring
streams. We again observed no sigmficant
relationships among reaches in the alt River.

Sratial autocorrelation was evident 
in all of the significant linear regressions. 
The range of spatial correlation, 1.c., the 
inter-plot distance beyond which the data 
from two sample site were essentially 
uncorrelated, varied from 9 to 14 km. Many
sampled reaches were within 9-14 km of
each other suggesting our sampling reaches
were not spatially independent (sec Fig.
I). Adjusting regression models for spatial
autocorrelation resulted in no statistically
significant relationships between physical
habitat features and infection rates or
histologic grades of tissue damage.

D1 U IO 

Results from thi stud) partially 
supported our hypothesis, 1.c., the 
proportions of agc-0 salmonids infected by 
M. cerehrali\ and w ith histologic evidence
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Table 2. Means and standard errors (in parentheses) of measured habitat features, infections 
rates by M. cerebra/is, and histologic scores of tissue damage among the four se�ments ?f the
Salt River watershed measured during 2000. ?-values arc from one-way analysis of vanance 
comparing the four segments. Included in the analysis were 36 reaches where both age-0 
salmonids and infection by M. cerebra/is were observed in side channels. 

Reach 

Variable A B C D 

(6 reaches) (9 reaches) (17 reaches) (4 reaches) p 

Fine sediment (%) 70 (14 ) 68 

Aquatic macrophytes (%) 1.2 ( 1.2 ) 0 
Channel slope (%) 0.89 ( 0.12) 0.31 

Low-velocity mesohabitat (%) 62 (13 ) 60 
Infection rate(%) 62cd ( 8 ) 54cd 
Mean histologic score 0.22 ( 0.12) 0.22 

• significantly different from A Reaches.
b significantly different from 8 Reaches.
' significantly different from C Reaches.
d significantly different from D Reaches.

of whirling disease in reaches across 
a watershed are related to measures of 
suitable habitat for T. tubifex. We found that 
infection rates and histologic scores of tissue 
damage tended to be positively correlated 
to the amount of fine sediments, aquatic 
macrophytes, and low-gradient mesohabitat, 
i.e., pools and glides, but negatively
correlated to channel slope among reaches
throughout the Salt River watershed when
spatial autocorrelation was not considered.
However, these physical habitat features
accounted for relatively small amounts
of variation, and statistically significant
relationships were not observed when
we accounted for spatial autocorrelation.
Nonetheless, our data provide insight into
locations with high rates of infection or
tissue damage and the habitat features at
those locations. Sampled reaches with high
infection rates and high histologic grades
of tissue damage occurred in a cluster of
spring streams in the upper valley, in side
channels of the Salt River adjacent to and
immediately downstream of the cluster of
springs in the upper valley, and in mountain
tributaries on the west side of the valley
downstream from beaver ponds.

Our findings suggest linkages among 

land use, high sediment deposition, 
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( 8 60 ( 8 84 (10 0.546 

8.5 ( 3.7 ) 10.0 (10.0 ) 0.280 
( 0.14) 0.68 ( 0.16) 0.63 ( 0.13) 0.179 

( 7 ) 58 ( 9 ) 93 ( 7 ) 0.283 
( 7 ) 92ab ( 2 ) 92•b ( 3 ) < 0.001 
( 0.07) 0.37 ( 0.08) 0.57 ( 0.28) 0.286 

occurrence of M. cerebra/is infection, and 
tissue damage in age-0 salmonids. We found 
high rates of infection in most of the spring 
streams sampled in the upstream portion of 
the valley. The sampled reaches in the spring 
streams with high rates of infection typically 
had high (> 75%) amounts of fine sediments 
and low(< 0.2%) channel slopes. Livestock 
grazing had deteriorated riparian vegetation 
and accentuated bank erosion in many 
of the reaches on spring streams, thereby 
increasing fine sediment accumulation. 
Sediment loading can lead to stream 
segments with high T. tubifex densities and 
TAM production (Lampert and Sommer 
1997, Zendt and Bergcrsen 2000). 

A few of the spring streams in 
the upstream portion of the valley had 

modifications to enhance deep-pool habitat 
for adult salmonids that created silt-laden 
pools with abundant aquatic macrophytes. 
Additionally, spawning habitat had been 
enhanced by the construction of riffles 
between pools. The highest rates of infection 
(> 97%) and highest mean histologic scores 

of tissue damage(> 0.9) were observed in 
one of these spring streams with extensive 

habitat modification. High densities of adult 

brown trout and cutthroat trout, substantial 

spawning, and abundant age-0 fish have 



Table 3. Pearson correlation coefficients among the four physical habitat variables measured 
at 99 reaches where age-0 salminids infected by M. cerebra/is were found in the Salt River 
watershed during 2000. Correlations coefficients greater than 0.195 are significant at a = 0.05. 

Variable 

Aquatic macrophytes 
Channel slope 
Low-velocity mesohabitat 

Fine sediment 

0.3689 
- 0.4181
0.5967

been observed in modified spring streams 

compared to unmodified spring streams in 

the Salt River watershed (Joyce and Hubert 

2004). The combination of good habitat 

for both r tubifex and salmon ids possibly 

makes these reaches in spring streams point 

sources ofTAMs that infect age-0 fish in 

the spring streams and downstream in the 

main stem of the Salt River. 

Dams constructed by beaver (Castor 

canadensis) were common among mountain 

tributaries that flowed from the Caribou and 

Webster ranges on the west side of the Salt 

River valley. Several reaches immediately 

downstream from beaver dams on Jackknife 

(Reach 2), Tincup (Reach I), Webster 

(Reaches 1 and 2), and Crow (Reaches 2, 

3, and 6) creeks had higher infection rates 

than reaches with similar physical habitat 

characteristics elsewhere in the watershed 

(Appendix A). A common feature among 

these reaches was the presence of beaver 

ponds with substantial fine-sediment 

deposition in the ponds a short ( < 1 km) 

distance upstream. We did not include the 

presence of upstream beaver dams as an 

independent variable in our analysis because 

we did not search the entire length of all 

tributary streams for presence of beaver 

dams. However, beaver dams trap sediment 

and organic material (Naiman et al. 1988), 

and the activity of bacteria on organic 

matter in beaver ponds can consume oxygen 

allowing r tubifex to flourish due to lack of 

competition from other invertebrate species 

(Hynes I 966, Hart and Fuller 1974). Hiner 

and Moffitt (2002) found that salmonids 

downstream from beaver dams with high 

accumulations of organic matter had higher 

histologic grades of tissue damage than fish 

in other locations. 

Aquatic macrophytes 

- 0.3258
0.4450

Channel slope 

- 0.6170

The poor predictive abilities of 

our models were likely due to complex 

interactions of pathogen, hosts, and 

environmental features. Numerous factors 

were not accounted for in this study, 

including fish density, contact rate with the 

pathogen, immunity, natural survival rates 

of both fish and r tubifex populations, and 

parasite development within r tubifex (Reno 

1998). M. cerebra/is colonization throughout 

the Salt River watershed also may not 

have been complete so that maximum M. 

cerebra/is density had occurred throughout 

the watershed (Kennedy 1976). • 
Spatial autocorrelation of the sampled 

reaches indicated that the dependent 

va1iables, e.g., infection rates and histologic 

scores, were similar among reaches in 

close proximity to each other. Additionally, 

measuring habitat features at the reach 

scale did not reflect habitat conditions 

upstream of the sampled reaches. These 

insights contribute to interpretation of the 

data. For example, high rates of infection 

were observed in side-channel reaches of 

the Salt River with the highest of these 

rates immediately downstream from the 

cluster of spring streams in the upper valley. 

High rates of M. cerebra/is infection in 

the side-channel reaches likely were due to 

high densities ofTAMs drifting from the 

upstream cluster of spring streams (Hubert 

et al. 2002). 

Management implications may be 

drawn from our observations of physical 

habitat features, M.cerebralis infection 

rates, and histologic evidence of disease. 

We found the highest rates of infection and 

tissue damage in reaches with substantial 

accumulation of fine sediment in the reach 

due to habitat degradation or efforts to 
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Table 4. Significant (P < 0.05) linear regressions ac�ounti�g for variation i
_
n infection rates 

(IR) by M. cerebra/is and histologic scores (HS) oftt sues tn age-0 salmonids from the

Salt River watershed during 2000. Infection rates were arc ine square-root transformed.

Independent variables were expressed as percentage 

Dependent Independent 
variable variable Slope Intercept Adjusted r2 p 

All sites (99 reaches) 

IR Fine sediment 0.0044 0.547 0.201 <0.001 

Aquatic macrophytes 0.0032 0.740 0.031 0.045 

Channel slope • 0. 1 838 0.909 0. 1 44 <0.00 1 

Low-velocity mesohabitat 0.0033 0.584 0.091 0.001 

HS Fine sediment 0.0029 0.06 1 0.084 0.002 

Aquatic macrophytes 0.0034 0.170 0.041 0.025 

Low-velocity mesohabitat 0.0020 0.094 0.029 0.049 

Mountain streams (41 reaches) 
IR Fine sediment 0.425 26.3 0.118 0.01 6 

Channel slope .17.7 57.0 0.209 0.003 

Low-velocity mesohabitat 0.390 20.6 0.104 0.023 

HS Fine sediment 0.0026 0.0023 0.097 0.027 

Spring streams (22 reaches) 
IR Fine sediment 
HS Aquatic macrophytes 

improve habitat for adult salmonids, or 
upstream from the reach due to the presence 
of beaver ponds with substantial amounts of 
tine-sediment deposited in them. Zendt and 
Bergersen (2000) proposed that habitats rich 
in organic matter may serve as point sources 
ofTAM production, and that management 
of riparian habitats could reduce T. tubifex 

and effects of M. cerebra/is on salmonids. 
Our study suggested that not only the 
management of riparian habitats, but also the 
management of beaver in mountain streams 
and habitats modified for adult salmonids 
in spring streams, may be important in the 
control of T. tubifex, M. cerebra/is, and the 
impacts of whirling disease on salmonids 
across a watershed. 
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Appendix A. Measurements of habitat feature , number of age-0 salmonids collected, rate 
of infection by Myxobolus cerebra/is, and mean histologic scores of tissue damage for I 07 
reaches sampled across the Salt River watershed during 2000. 

Fine Aquatic Channel Low-velocity Fish Infection Histologic 
Stream Reach sediment macrophytes slope mesohabitat collected rate(%) score 

(%) (%) (%) (%) 

MOUNTAIN TRIBUTARIES 
Cottonwood 
Creek 1 1 0 2.78 18 6 0 0.00 

2 0 0 1.29 0 30 0 0.00 

Crow 
Creek 1 0 0 0.38 0 6 50 0 00 

2 40 24 0.44 52 3 67 0.00 

3 23 7 0.28 50 25 60 0 16 

4 40 8 0.12 70 16 38 0 00 

5 55 19 0.28 43 9 44 0.00 

6 27 12 0.63 46 27 63 0.04 

7 46 7 1.34 32 36 3 0.00 

Spring Creek 
(tributary to Crow Creek) 

1 88 6 0.68 52 26 8 0.00 

2 55 3 0.40 65 36 25 0.03 

Dry 
Creek 1 0 0 2.53 26 5 20 0.00 

2 0 0 .50 11 8 0 0.00 

Jackknife 
Creek 1 63 90 0.38 72 0 

2 63 10 0.79 78 4 75 0.25 

3 33 11 0.94 68 13 8 0 23 

4 38 0 0.82 57 18 33 0.00 

5 55 0 1.02 76 26 4 0.00 

Upper 
Salt River 1 19 0 0.96 52 14 29 0.00 

2 12 0 1.37 34 14 50 0.07 

3 6 0 1.57 28 25 8 0.00 

Strawberry 
Creek 0 0 1.80 5 0 

Stump 
Creek 1 14 0 0.01 100 3 67 0.33 

2 15 0 0.55 53 2 100 0.00 

3 8 3 1.08 23 20 50 0.00 

4 54 13 0.16 81 25 60 0 04 

5 38 2 0.42 40 27 48 0.00 

6 32 4 0.34 77 16 25 0 00 

7 22 2 0.62 46 28 25 0.04 

8 6 0 1.71 19 18 11 0.06 

Spring Creek 
(tributary to Tygee Creek) 

1 26 73 0.63 94 0 

Tygee 
Creek 1 68 41 0.26 71 4 50 0.25 

2 63 8 1.08 61 7 71 0.00 

Webster 
Creek 1 0 0 2.12 0 25 80 0.40 

2 85 0 1.51 46 25 100 1.08 

Swift Creek 1 0 0 2.82 24 0 

2 60 1 0 01 100 25 92 0.00 
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Appendix A (cont.
) 

Fine 
Aquatic 

Channe l
Low-velocity Fi sh Infection Histolog ic Stream Reach sediment macrophyt

es slo

pe
me sohabi

ta
t 

c o
ll

ec
t

ed r a
t e (

%) scor e
(%) (%) (%) (%) 

Tincup Creek 1 70 2 0.14 87 24 7 5 0.33 2 57 1 0.87 86 6 50 
0.0 0

3 95 0 0.23 100 0 
4 9 0 .60 37 8 50 0.00 
5 10 0 

1.
08 0 2 6 35 0 .00 Willow

Creek 1 7 0 
1.3

3 
4 0 26 1 9 0.00 2 13 0 

1.08 58 0 3 0.00 3 1 0 2.57 32 1 7 6 0.00 4 0 0 3.0 1 23 25 0 0.00 SPRING STREAM
S Anderson 

Cree k 1 90 60 
0.0

9 100 51 76 0.24 2 95 1 0.13 76 26 85 0.23 
3 6 1 23 

0.3
3 32 25 36 

0.
0 0Bi gCree k 1 46 24 0.0

2 60 29 79 0.39 2 80 76 0.13 100 21 57 0.43 3 67 20 
0.21 67 28 64 

0.0
4 Burton 

Creek 89 31 
0.1

4
10

0 30 73 
0.03

Christensen 
Creek 1 95 70 

0.1
4 88 30 97 0.93 2 79 66 

0.39 90 51 98 1.2 2Cranny Creek 1 67 24 0.01 58 25 88 
0 .4 42 100 90 

0.01 100 0 3 100 75 
0.1

4 97 4 75 
0.2

5 4 37 11 0.1
4 80 0 Dave 

Creek 86 4 
0.1

6 64 16 38 
0.0

6 Flat 
Creek 1 19 3 

0.12 81 35 11 0.00 2 10 0 
0.17 

7 51 29 0.00 3 75 47 0.37 92 25 32 0.00 4 67 1 
1.13 33 

25 80 
0.0

0 Hillyard 
Creek 1 64 40 0.25 65 

14 93 0.07 2 67 45 0.05 64 26 62 0.85 Perk 
Creek 1 69 36 1.94 73 36 33 0.00 2 90 53 0.17

96 35 37 
0.06Thompson 

Creek 1 93 58 0.50 80 37 
76 0.08Thurman 

Creek 29 61 0.36 100 26 65 0.23 
SALT R IVER SIDE CHANNELS 

Reach A 1 83 0 0.88 90 16 56 0.06 2 90 0 1.34 18 23 87 0. 1
33 95 7 0.64 69 21 48 0.38
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Fin Aq ,.,;,. Ch--.., .. 1 LOl"•Velocitv Flsh. Inf pct ion Histnlogic 

Sh - Re, .1- see'4;,. ·-· ma"r""h"t"i"' slorn> me1:ohal"11/'' -;oller•.ea r.11e no • ::l'-Vlt; 
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Appendix A (cont.) 

Fine Aquatic Channel Low-velocity Fish Infection Histologic 
Stream Reach sediment macrophytes slope mesohabitat collected rate(%) score 

(%) (%) (%) (%) 

Reach A 
(cont.) 

5 10 0 1.00 28 4 75 0.75 

6 51 0 1.00 66 8 75 0.00 

Reach B 
1 49 0 0.09 65 22 82 0.27 

2 85 0 0.57 57 29 38 0.14 

3 68 0 0.22 37 29 38 0.07 

4 60 0 0.05 79 13 23 0 00 

5 64 0 0.17 69 27 63 0 30 

6 94 0 0.01 93 11 64 0 45 

7 75 0 0.21 68 28 82 0.57 

8 22 0 0.18 29 34 38 0 16 

9 90 0 1.30 46 22 59 0.00 

Reach C 
1 65 0 1.11 70 14 86 0.36 

2 90 60 0.01 100 6 83 0.00 

3 6 0 0.99 31 0 

4 96 11 0.63 55 5 100 0.00 

5 99 0 0.01 100 2 100 1.50 

6 36 11 0.01 35 29 90 0.31 

7 98 5 0.01 100 26 96 0.20 

8 97 25 0.08 92 25 96 0.20 

9 39 0 0.03 95 26 100 0.42 

10 60 0 1.49 2 33 88 0.70 

11 60 0 1.50 11 26 96 0.38 

12 92 14 0.39 72 27 85 0.24 

13 70 0 0.52 85 26 92 0.12 

14 20 0 1.50 46 7 100 0.29 

15 74 0 0.34 100 19 84 0.37 

16 0 5 1.00 0 28 75 0.21 

17 0 0 1.50 0 16 100 0.56 

18 30 13 1.50 25 24 92 0.38 

Reach D 
1 95 0 0.50 100 15 87 0.20 

2 95 40 0.50 100 8 100 1.38 

3 55 0 0.50 74 25 88 0.20 

4 92 0 1.00 100 23 91 0.48 
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