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ABSTRACT

Smal | Pacific northwestern coastal streans are nurseries for
popul ati ons of young of the year coho sal non, steelhead trout, and the
Pacific giant sal amander |arvae. Previous field studies suggest that the
habitats of the juveniles of these species were sinmlar to one another.
Few habitat utilization studies focus on the juvenile stages of these
species despite their inportant roles in northwestern coastal stream
systems. To investigate species distributions and their habitat uses, |
conpared species density in different habitat types, neasuring average
species density found throughout the stream | also exam ne species
survival and growmh in the habitat types. | found no significant
di fference between the total species densities and the habitat types.
However, pools possessed the highest densities, riffles the |east and
runs internediate. Coho salnon preferred pools and runs while avoiding
riffle habitats. Coho densities were significantly greater in both pools
and run habitats than riffles. Steelhead and I|arval salamanders
denonstrated no habitat preference or avoidance and used nobst habitats
avail able to them There was no significant difference in steel head and

sal amander density and the habitat types. | found no significant
difference in species growh, and survival and the habitat categories.
Coho had greater growth, survival, and |ower densities than both

steel head and the l|arval salanmanders. This study was part of a larger
study, currently wunderway, on the effects of logging on salnonid
producti on.



| NTRODUCTI ON

During summer nonths, small Pacific northwestern coasta
streans act as nurseries for popul ati ons of juvenile coho
sal mon (Oncor hynchus ki sutch), steel head/rainbow trout (O
myki ss), and Pacific giant sal amander | arvae (Di canptodon
tenebrosus, formerly D. ensatus [ Good 1989]). Previous
field studi es suggest that the habitats of these species
are simlar (Antonelli et. al. 1972, Hawkins et. al. 1983,
Mur phy and Hall 1981). However, few studies exist for
these species while they coexist despite their potentially
important roles in the Pacific northwestern stream

syst ens.

Juveni |l e coho sal mon and steel head are ecologically
simlar (Hartman 1965). Both are anadronous, have siml ar
habi tat requirenents, norphol ogy, and behavior. They
differ in the time they spend in streamresi dence. Coho
juveniles typically spend one year in residence while

st eel head juveniles spend one to two or three years prior

to emgration

Larval D. tenebrosus differ fromthe sal non juveniles by
energing fromtheir subterranean nest as first year

| arvae. They transforminto adults the foll owi ng year
(Stebbins 1951, Nussbaum and Cl othier 1973). Sal ananders

are conspi cuous and i nportant conponents of the energy pathways
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of forest ecosystens and stream comunities (Hawkins et. al
1983). Antonelli et. al. (1972) considered the Pacific giant
sal amander and the rainbow trout to be ecologically simlar.
Bot h speci es occupi ed the sane habitat and were
opportuni stic feeders with a considerable dietary overl ap
They separated spatially since the trout's diet included
many terrestrial aninmals found throughout the stream while
| arval sal amanders included nany autocht honous sources,

nmostly benthos (Antonelli et. al. 1972).

Habi t at use, behavior, and distributions of synpatric
juvenil e coho and steel head have been described by previous
wor kers (Hartman 1965, Chapman 1966, Fraser 1969, Burns
1971, Murphy et. al. 1981, Bisson et. al. 1982, Bisson et.
al . 1988, Shirvell 1990, Bjornn et. al. 1991). Chapman
(1966) observed that anong stream dwel | i ng sal noni ds,
competition for space substituted for direct conpetition for
ot her resources, such as food: Hartman (1965) denonstrated
that young of the year (YOY) coho and trout segregate using
agoni stic di splays. Coho juveniles tended to defend
territories in pools while steel head juveniles tended to

defend territories in riffles.

The main factors regulating and limting juvenile sal nonid
popul ations in streans are density-dependent factors. These

factors result fromterritorial behavior and the



anount of suitable juvenile rearing area (Le Cren 1973,
Mortensen 1977). Fraser (1969) found growh and surviva

for juvenile coho sal nbn and steel head trout inversely
related to their intraspecific density. Mirphy et. al
(1984) stated that the anount of summer habitat acting

t hrough density-dependent factors would set the upper limt
on the yield of snoblts. Bilby and Bisson (1987) found that
habitat quality exerts a significant influence on |oca

sal moni d popul ation densities. Mean wei ght of YOY steel head
juvenil es was density dependent where overw nter surviva
was det erm ned upon the fish reaching a m ni rum wei ght

(C ose and Anderson 1992). Growth varies anong habitat

types (Bil by and Bi sson 1987, Dolloff 1987).

The inplications of these relationships are that a specie's
density in different habitat types is an indicator of its
use, quality, and carrying capacity. The nbst comon met hod
to assess a streanmls potential to produce sal nonid juveniles
was to apply a density estimate derived fromthe summer
surface area (Colunmbia Basin Fish and Wldlife Authority
1989). However, this nethod assunmes that all habitats have

t he sane potenti al

Current stream habitat classification and habitat inventory
nmet hods (Hankin and Reeves 1988, Bisson et. al. 1982) make

it possible to quantify different types of habitat within a



stream The Anerican Fisheries Society has approved their
met hodol ogy for sal nonid habitat inventory (Hel m 1985,
Hawki ns et. al. 1993). Mdern habitat classification nakes
fewer assunptions and assunes habitat quality based on
surface area, density and habitat diversity. Kersner and
Sni der (1992) used Bisson's habitat types classification
systemto fine tune their habitat availability predictions
frominstreamfl ow nodels. However, MCain et. al. (1989)
war ned about the tendency for habitat type expansion to
occur based on a real or perceived need for nore habitat
classes. Habitat proliferation could |ead to confounding
conpari son anpbng streans. Hawkins et. al. (1993) proposed a
hi erarchi cal classification schene where two additiona
habitat |evels based on water speed and turbul ence are

arranged on to Bisson's classification system

Few studi es present data on distribution, density, and
habitat use of the |larval sal amanders and ot her anphi bi ans.
Sal amanders play inportant roles in the energy paths within
stream communities (Hawkins et. al. 1983). Their densities
are inportant indicators of habitat quality (Cory and Bury
1988, Hairston 1987). The Pacific giant sal anmander may
substitute as the primary vertebrate predator in headwater
streans | acking sal nonids (Mirphy and Hall 1981). Bury et.
al . (1991) found that anphibians can be the doni nant

vertebrate in headwaters of the Pacific Northwest forest



wi th the giant sal amander being the nobst abundant one.

Par ker (1991) described the inportance of instreamcover to
t he abundance and distribution of |larval D canptodon within
a smal|l redwood stream |nvestigators probably overl ook the
Pacific giant and ot her sal amanders due to their snall
commercial value and their primary dependence on first and
second- order headwater streans that |ack sal nonids (Bury and

Corn 1988).

Resource managers need information on habitat utilization
density, growth and survival of salnonids and | arva

sal amanders during their streamresidency. This informtion
woul d al | ow bi ol ogists to relate the anount of habitat to
popul ation sizes. The use of different stream habitats by
sal noni ds and sal ananders fluctuates over tinme. Unless the
densities of these species are nmeasured and nonitored, the
i nportance of different stream habitats could easily be
underestimated. |If we nmeasure these fluctuations on
anadronous fish and sal amander popul ati ons we may predict the
ef fect of environnental changes to coastal streans, and

manage themto reverse current popul ati on decli nes.

My purpose was to conduct a short-terminvestigation of the
di stributions, habitat use, and density of synpatric |larva
Paci fic giant sal ananders, coho sal non, and steel head trout

in Caspar Creek (Mendocino Co., CA). | conpared species
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density in different habitat types based on average species
densities found throughout the stream My objectives were
twofold. The first was to conpare the use and availability
of habitats to YOY steel head, coho, and | arval sal amanders
in Caspar Creek. The second was to conpare the species
densities, survival, and growh within the habitat types.
This study was part of a United States Forest Service

Paci fi c Sout hwest Forest and Range Experinment Station study,
currently underway, on the effects of |ogging on sal nonid

producti on.



DESCRI PTI ON OF THE STUDY AREA

I conducted this study in the North and South Forks of

Caspar Creek (Mendocino Co., CA). Caspar Creek is a snmall
stream drai ning a secondary grow h redwood/ Douglas fir
forest. This creek lies within the Jackson State Forest,
five mles south of Fort Bragg, California (Figure 1).
California Departnent of Forestry (CDF) and the Pacific

Sout hwest Forest and Range Experinent Station, (PSW jointly
establ i shed Caspar Creek as an experinmental watershed. It
was originally planned as a paired watershed investigation
to study the effects of |ogging practices and road buil ding

on stream hydrol ogy.

The North and South Fork have watershed areas of 1225
acres (508 ha) and 1047 acres (424 ha), respectively
(Figure 1). The soils are Mendoci no, overlying Cretaceous
sedi nentary rocks (Krammes and Burns 1973). The clinate is
one of mld sumers with fog, and forty inches (1000 M)

of average annual precipitation concentrated in Cctober

t hrough April.

St ands of second growth redwood, Douglas Fir, hem ock

grand fir and sonme scattered hardwood cover both watersheds.
Conmon understory plants include huckl eberry, tanoak, sword
fern and ot her species that associate with the redwood/

Douglas Fir forest. In the South Fork watershed, a | ogging
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Figure 1. The two experinmental watersheds, the North and Sout h Forks of

Caspar

Creek, are on the Jackson State Forests, in Mendoci no County.
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road (7.0 km (4.2 miles)) was constructed during the
summer of 1967. The PSWand The California Departnent of
Fi sh and Game eval uated the erosive effects of road
construction on Caspar Creek's South Fork between 1971-1973
(Krammes and Burns 1973, Burns 1971, Rice et. al. 1979).

Bet ween 1971 and 1973, approximately sixty five percent of
the South Fork's stand volune was renoved by sel ective

| ogging; the effects were nonitored to 1976 (Rice et. al
1979). Both watersheds were clear-cut and burned in the

| ate 1880s. The North Fork watershed was not disturbed
since, except sonme mnor pole and piling cutting during

World War |1.

| established the study sites above the weir | ocated on
each fork. Each weir included a fish |adder that all owed
anadromous fish to pass the streanfl ow and sedi ment gaugi ng
facilities. Above each weir, the creek formed a small pond.
By angling, | found several |arger and ol der juvenile

steel head in these ponds. However, | found few of the

| arger and ol der steel head juveniles in the study sites
above the ponds. In August 1969, these ponds supported
about one percent of the streamls total sal nonid popul ation
(Graves and Burns 1970). The shall ow depth of both streans
(averaging < 10 cmduring sumrer base-flow) limted
utilization by older and larger fish. Little or no angling
occurred above the ponds. During sumer months, |ow stream

flows characterized both watersheds where base-fl ows were
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typically under 0.15 cfs (255 liters/nin.). Both forks
becane interm ttent above the study areas. The North Fork's

flow was greater since it possessed the | arger watershed.

Fi sh popul ati ons

Coho sal non and steel head are the anadronpus sal noni ds t hat
i nhabit Caspar Creek. The three-spined stickleback
(Gasterosteus acul eatus) is comopn in the mainstem and the
| ower reaches of the South Fork. | found at |east one
species of sculpin (Cottus sp.) below the confluence of the

North and Sout h Fork, but not above the weirs.

The California Departrment of Fish and Gane found that adult
coho sal non and steel head enter Caspar Creek from Novemnber
through April (Kabel and German 1967). The coho run begins
when fall rains raise water levels to where fish can proceed
upstream The steel head run begi ns days or weeks afterward
and continue later into the season. Caspar Creek's 1960-61
spawni ng escapenent consisted of 322 coho sal mon and 92

st eel head. The South Fork's escapenent ranged from 33 to 111
coho sal mon and 22 steel head (Kabel and Gernman 1967). No

spawni ng escapenent for the North Fork was avail abl e.

Participating agencies in this study included California

Department of Forestry and the Pacific Sout hwest Forest and
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Range Experiment Station. This study was part of a |arger

study on the effects of |ogging on sal nonid production
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METHCDS

Habi tat |nventory

A net hodol ogy was needed to categorize Caspar Creek
according to its various habitats. The ternms 'riffles'
"pools', and 'runs' indicate relative water depth, current,
and velocity. However, they have little neaning in relation
to substrate, flow patterns, and cover. Fish utilization of
these generalized categories may vary considerably within a
stream (Al'l en 1969). W used an inventory nethod devel oped
by Bisson et. al. (1982) to set objective criteria for
habitat type identification. Bisson et. al. (1982)
categorized riffles, pools, and runs based on their channe
nmor phol ogy, flow characteristics, substrate and cover
criteria to classify habitats in finer detail (Table 1).
Thi s nethod has been effective in describing spatial
segregation anong simlar coexisting fish popul ations
(Bisson et. al. 1982, Bisson et. al. 1988, Mirphy et. al

1984, Hawkins et. al. 1993).

Researchers using Bisson's classification system agree on
the nanes and definitions for nmost habitat types. However,
characteristics that define a glide is in dispute. dides
are often transitional areas between fast and sl ow water

(Hawkins et. al. 1993) or lowflow remants of |ateral scour
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TABLE 1. Categories of mmjor stream habitat types in Caspar Creek
(after Bisson et. at. 1982).°

Habi tat type Formati on and characteristics
Pool s
Pl unge Pool s Streanfl ow drops vertically over
channel obstructions into the
st r eanbed.
Lateral - scour pools Channel obstructions defl ect

flow, causing lateral cutting and
downcut ti ng.

Riffles
Lowgradient riffles Shal | ow, noderately fast flow
wi th surface turbul ence; gradient
| ess than 4%
Runs Even, nearly |am nar flow over

fine-grained substrate; often
occur at tails of large pools, or
reaches with little surface
agitation and no nmjor flow
obstructi ons.

1 did not include several habitat types listed by Bisson et. al
(1982) that | did not encounter in this study.
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pool s under hi gher flow conditions (Lisle 1979). Due to
this confusion, | elimnated the glide habitat type from

this study.

Personnel (including nyself) fromthe PSW Caspar Creek
Wat er shed Study surveyed the North and South Fork stream
channel s using the techni ques of Bisson et. al. (1982). |
conducted this survey to find the abundance, frequency, and
sequence of habitats available to fish in both the North and
South Forks (Figure 1). W surveyed each fork on foot unti
we reached the upper limts of fish distribution. At each

i ndi vi dual habitat type, personnel neasured its |length,
depth, and wi dth. Personnel then flagged each habitat with
an identification nunber, and recorded its location in field

not ebooks.

Thi s survey provided the basis to establish stratified
random sanpling of the habitats in Caspar Creek (Table 2).
Stratified random sanpling is where equal intensity sanpling
occurs, but with unequal sanple sizes in each stratum This
sanmpling design works well in determning if differences in
speci es abundance within different stratum (habitat types)

of a stream exist (Schreck and Myl e 1990).



Tabl e 2. Nunber of habitat types el ectroshocked in each fork of Caspar
Creek, during July and Septenber, 1987.

Habitat Type North Fork South Fork Tot al
July Sept . July Sept . July Sept .

Pool s 12 8 7 9 19 17
Lateral Scour 7 4 6 11 12
Pl unge 3 2 1 1 4 3
Secondary Channel 1 0 1 1 2 1
Backwat er 1 0 1 1 2 1
Riffles 2 3 1 2 3 5

Runs 5 5 8 6 13 11
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Popul ati on Esti mates

Two crews consisting of three people each (nyself and
personnel from both the CDF and the PSW sanpl ed Caspar
Creek by el ectroshocki ng. Each el ectroshocki ng team used a
Coffelt Electronics Mdel BP-4 backpack D.C

el ectroshocker. The el ectroshocker operator adjusted the
voltage for either 300 or 400 volts and the frequency
settings on ninety or 120 pul ses per second. The crew
sampl ed vertebrate popul ations in each study site tw ce
(July and Septenber, 1987). W avoi ded repeat ed

el ectroshocking to reduce the effect of shocking on the

i nstant aneous growth rate of trout (Gatz et. al. 1986).

To prevent fish or salamanders from |l eaving the sanpling
area, the crews isolated each habitat by bl ocking its upper
and | ower ends with fine nesh seines. W placed both fish
and | arval sal ananders captured from each pass in buckets in
the shade along the streamnargin prior to processing. The
crews anesthetized all captured specinmens with tricaine

nmet hanesul phonate (Ms-222), and neasured the fish's standard
length (mMm) and the sal amander's snout to vent length

(m ). After data collection, we returned all specinmens to
their original habitat. |I report the el ectroshocking

nortality rates in the results section
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We el ectroshocked a total of thirty six pools, eight
riffles, and twenty four runs (Table 2). | lunped runs and
glides together. Al riffles sanmpled were | ow gradi ent

riffles.

| estimated popul ation size per habitat by the two or three
pass renoval -depl eti on nethod (Zi ppin 1958), which

cal cul at es m ni mum and maxi mum popul ati on esti mates and
their 95% confidence limts. For each habitat, | reported

t he absol ute popul ati on size (the estimated popul ati on of
fish per habitat) and rel ative popul ati on size (the nunber

of fish per unit of living space (#/nt)).

Habitat Utilization

To determ ne each species' use of a habitat type, | related
the species' density found within that habitat type to the
average species density for all habitats sanpled. The index

I used was (lvlev 1961, Bagenal 1978, Bisson et. al. 1982):

Habitat Utilization =

habi tat specific density - average total density
average total density

Wher e:

habi tat specific density = average density in the habitat type
of interest
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average total density = average density over the entire
stream all habitats conbi ned

As with other indices, the habitat utilization index

hi ghlights data trends, but cannot inpart the statistica
significance of the observed trends (Bagenal 1978).
Theoretically, values nay range from m nus one, indicating
absol ute habitat avoidance, to infinity indicating varying
degrees of habitat selection. | used the following criteria
to find a species' use or avoidance of a habitat type. The
nore a species habitat utilization index value fell bel ow
zero for a habitat type, the greater the species' avoi dance
of that habitat type. Values between signify varying
degrees of habitat selection. Zero denotes no avoi dance or
selection since the species density in that habitat is
equivalent to its density throughout the stream The
greater the habitat utilization coefficient rose above

zero, the greater species use of that habitat.

Age, Growth, and Survival

| separated age classes by the Petersen | ength frequency
met hod (Bagenal 1978). This nethod uses the individua

Il engths of a |arge sanple fromthe sanme popul ation. It
assunmes an uni nodal size distribution of all fish of the
same age where there is no large overlap in the size of the

i ndividual s in adjacent age-groups. This nethod works wel |
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wi th the youngest age groups of a popul ation (Bagenal 1978).

| designated steel head and coho | ess than one year as young
of the year, and lunped ol der trout as a single age group,
Age one+. During el ectroshocking, we did not discover any
coho over one year old. | determ ned survival in each

habi tat as the percentage of the species alive at the second
el ectroshocking relative to the nunber that were alive at

the first el ectroshocking.

To determine fish growh in the habitat types, | cal cul ated
both the species average growth in length per day (nm/d)
and the instantaneous growth rate (QG. The instantaneous
growmh rate (G is a natural logarithmof the ratio of the
final length (L) to initial length (L,) over a unit tine

(Schreck and Moyl e 1990). The equation | used was:

G= _10ge Li - l0ge Lo
t, - t4

Statistical Analysis

To test for difference in species density, survival, and
grow h, per habitat type, | enployed one-way random zed
anal ysis of variance tables (ANOVA's). The density, grow h,
and survival per habitat category were the "mmin grouping

factors" and the species were "within factors" (Sokal and
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Rohl f 1969, Schreck and Moyle 1990). My null hypot hesi s was
there were no differences anbng the habitat types. Because
growm h data tends to be exponential than linear, |
transformed the density data (Densityi ans=l 0g (density + 1))
prior to analysis (Watt 1968). To increased sanmple size, |
| unped the habitats into categories of pools, riffles, and
runs and glides. | tested any significant F values (P< 0.1)
wi th the Student-Newran-Kuel s test (Sokal and Rohlf 1969).
Since | found few fish and sal amanders in the backwater and

secondary pools, | left these out of the pool category.
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RESULTS

Habi t at Characteristics

Pool s contributed the greatest total stream volunme (51%,
while runs contributed the largest total streamlength and
surface area (56% and 55% respectively; Table 3). Riffles
accounted for 19% of the entire streamlength, but |ess
than 7% of the volune. Runs contributed the |argest tota
stream | ength and surface area of any habitat type. Pools
were the dom nant habitat type, followed by runs and

riffles.

Wthin the pool category, the npost frequent habitat type
encountered was |l ateral scour pools. Lateral scour pools
accounted for the magjority of the stream volunme (39%, and
21% of the total streamsurface area (Table 3). Mst of the
run habitats were step runs, contributing 32% and 30%
respectively, of the total streamarea and length. O the
riffle habitats, low gradient riffles were the nost conmon,
accounting for 18% of total stream surface area and | ength
(Table 3). The | east conmon habitat types were confluence,

danmed, and trench pools, and cascade riffles.

Study Sites

The pools | el ectroshocked during July ranged in surface
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Table 3. Average length, area, and volume of major habitat
types in Caspar Creek, 1986. Number in parenthesis is percent
of total stream occupied by the habitat type.

Aver age Habitat Size
and % of Total Stream

Aver age Aver age Aver age
Habi tat Categories | ength area vol unme
and Types n (m (m) ()
Total Pools 107 4.9 (24.2) 12. 8 (26.3) 3.5 (50.
Lateral Scour 77 5.6 (19.5) 14. 3 (21.2) 3.8 (39.
Pl unge 18 2.8 (2.3) 9.0 (3.1) 3.3 (8.
Secondary Channel 4 4.0 (0.7) 7.2 (0.6) 1.2 (0.
Conf | uence 1 5.0 (0.2) 20.0 (0.4) 5.0 (0.
Backwat er 5 4.0 (0.9) 7.2 (0.7) 1.4 (1.
Danmred 1 2.2 (0.1) 2.6 (0.1) 0.8 (0.
Trench 1 8.0 (0.4) 17.6 (0.3) 5.3 (0.
Riffles 77 5.6 (19.6) 12.7 (18.8) 0.6 (6.7)
Low G adi ent 68 6.0 (18.5) 14.0 (18.3) 0.7 (6.6)
H gh G adi ent 8 3.0 (1.1) 2.9 (0.5 >0.1 (>0.1)
Cascade 1 0.9 (>0.1) 1.7 (>0.1) 0.3 (>0.1)
Runs and d i des 90 13.7 (56.0) 31.8 (54.9) 3.5 (42.6)
Runs 31 10.8 (15.2) 24.7 (14.7) 2.7 (11.5)
Step Runs 36 19.4 (31.6) 43.9 (30.3) 4.2 (20.3)
G ides 23 8.9 (9.2) 22.5 (9.9 3.5 (10.8)




24

area from7.4 nt to 21.7 n? with volunes from0.3 n# to 4.1
m. Mean depths varied from0.1 mto 0.3 m By Septenber,

pool surface area and vol une had decreased and ranged fromO
to 21 nt with volunmes ranging fromO to 4.1 n?. Mean depths

varied from0O to .2 m

The runs | el ectroshocked during July ranged in surface
area from3.4 nt to 36.7 n? with volumes fromO0.2 n#

to 4.8 nf. Mean depths varied from0.04 mto 0.1 m By

Sept enmber, runs surfaced area and vol une decreased from 3.3
nt to 22.2 nt with volunes from0.2 n# to 0.8 nf. Mean

depths varied from0.03 mto 0.1 m

The riffles ranged in surface area from14.1 n? to 37.9 n?
with volumes ranging fromO0.6 n? to 1.1 n#. July mean depths
varied from0.04 mto 0.1 m As with the other habitats,
riffle surface area decreased by Septenber and ranged from
5.8 M to 22.9 n? with volunes fromO0.2 n# to 0.7 n¥. Mean

depth varied from0.03 mto 0.4 m

Coho, Steel head, and Sal amander Popul ati ons

During the July sanpling, the el ectroshocking nortality
rates were 15% for YOY steel head (124/824), 4% for coho
sal mon (12/315), and less than 1% (1/1,013) for |arval

sal amanders. During the Septenmber sampling, the nortality
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rates were 16% for YOY steel head (43/265), 2% for

coho (5/239), and 0% for |arval sal amanders.

| estimated the average percentage of |arval sal ananders,
st eel head, and coho in each habitat during July at 32 D.
tenebrosus (48%, 24 steelhead trout (36%, 2 one plus
steel head (2%, and 9 coho salnon (13% Figure 2).

Sept enber's percentage was 13 D. tenebrosus (45%, 8

steel head trout (280), and 7 coho salnmon (24%, 1 one plus
steel head (3% Figure 2). During this study, |arval

sal amanders were the nost abundant species, coho sal non

juveniles the |east.

Habitat Utilization

St eel head

I found steel head trout in pool habitats at the same
abundance as the pool frequency within the stream

i ndi cating neither habitat selection or avoi dance (Table
4) . Septenber surveys showed as the stream fl ow decreased,
steel head had a very slight preference for lateral scour

pool s over other habitat types.
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JULY SRECITES s T ik

Giant salamandar
8%

ona plus steslnead
%

SEPTEMBEER SPECIES COMPOSIT 10K

Giant salamsndsr
45%

Ore + steel bead
3%

T ates | head
ZE%

Malile
24%

Figure 2. Average percentages of |arval sal ananders, coho,
and steel head per habitat during July and Septenber, 1987 in
Caspar Creek.
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Table 4. Steel head, coho, and |arval salanmanders utilization
index for all habitat categories in Caspar Creek during July
and Sept enber, 1987.
Lar val

Habi tat Type St eel head Coho sal amander

July Sept . July Sept. July Sept .
Pool s
Lat eral Scour 0.03 0.29 0.22 0. 32 -0.11 0. 25
Pl unge 0. 06 -0. 05 0.31 0.16 0.17 -0.27
Secondary & -0.22 0.01 -0.11 0.05 0.10 -0.14
Backwat er
Tot al Pool s -0.02 0.20 0.17 0.26 -0.01 0.11
Riffles -0.07 -0.10 -0.89 -0.88 -0.18 0.03
Runs 0.04 -0. 26 -0.04 0. 00 0. 05 -0.19
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habitat types in July or Septenber (Table 4).

Coho

Coho juveniles strongly avoided riffle habitats (Table 4).
Coho had the greatest avoi dance val ue than any of the other
speci es. Coho exhibited no preference or avoi dance for run
habitats (Table 4). Coho sal non did not have any preference
or avoi dance for any pool habitat types in both July and
Sept enber (Table 4). Coho had a slight preference for plunge
pools during July, and lateral scour pools by Septenber.

Al t hough slight, these pool utilization indexes were greater

than any the other species indexes.

Larval Sal amanders

Larval sal amanders used pools according to the poo
frequency within the streamindicating no preference or
avoi dance (Table 4). Larval D. tenebrosus denonstrated no
sel ection or avoidance of both riffles, and run habitats

(Table 4).

To summari ze, no species had any strong preference for any
of the habitat types. Al species had a very slight
preference for |ateral scour pools in Septenber. Coho

response to riffles was the strongest avoi dance of a habitat
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type. Steel head and larval D. tenebrosus did not show any

habi tat types avoi dance.

Densities and Survival in the Habitats

I found that coho densities in both the pool and run
habitats were significantly greater than the coho riffle
densities for Septenber (P<0.01). The coho densities in the
pool and run habitat's during July were not significantly
greater than the riffle habitats at P<0.01. However,
results were statistically significant at P<0.1 (Table 5).

I found no significant statistical difference (p>. 05, one-
way ANOVA) in coho densities between the pool and run
habitats (Figure 3). | did not capture enough coho in the

riffle habitats to cal cul ate survi val

Coho's survival in the pool and run habitats were sinilar
(Table 6). However, in the lateral scour pool habitats
coho sal mon had 115% survival. These habitats nust have
recei ved coho recruits fromother habitat types to achieve
greater than 100% survival. | do not know from which

habi tat types these recruits originated. Coho sal nbn
exhibited the greatest survival (94% of all three

speci es.

I found no significant statistical difference (p>. 05 one-

way ANOVA) in the densities of steelhead trout in any of the



%x///////////////////




Table 5. Mean densities (#/ nt) steel head, coho, and larva
sal ananders in the habitat types of Caspar Creek during July
and Sept enber, 1987.

32

Pool s
Speci es Plunge Scour Tot al Riffles Runs-

Aver age
St ream

July Sept July Sept July Sept July Sept July Sept Jul'y Sept

Trout 1.7 0.5 1.7 0.6 1.6 0.6 1.5 0.4 1.7 0.4 1.6 0.5
Coho 0.9 0.7 0.8 0.8 0.8 0.7 >0.1 >0.1 0.6 0.6 0.6 0.6
Sal aman-
ders 2.8 0.8 2.1 1.3 2.4 1.2 1.9 1.1 2.5 1.0 2.4 1.1
Tabl e 6. Percent survival of steel head, coho, and | arval
sal amanders based on density (#/nt) in Caspar Creek and its
maj or habitat types between July and Septenber, 1987.
Pool s Aver age
Speci es Pl unge Scour Tot al Riffles Runs Stream
Steel head 28.7 44. 6 39.4 41. 4 18.6 31.7
Coho 65.5 115.2 95.6 insufficient 96.9 94.0
sanpl es
Larval
sal amander 29.8 87.4 63.7 72.8 43.9 57.2
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t hree species conbined for a survival of 47%
Survival in the plunge pool habitats for all three species
were | ower than their average survival throughout the
stream Conversely, survival was higher in the |lateral scour
habitats than the average survival throughout the stream

(Table 6).

Growm h and Length

St eel head

Any steel head trout < 55 mllineters standard |ength (nm)
were young of the year (Figure 4). Any l|larger steel head |
consi dered one year plus. The average steel head YOY
standard | ength for July and Septenber was 36 (range 34-36)
mm and 38 (range 36-41) nm, respectively (Table 7).

St eel head grew an average of 2 mm during this study.

Steel head growth in length per day (mm/d) during this study
averaged 0.04 nmm/d and ranged from0.02 mm/d in the run
habitats to 0.08 mMmm/d in the lateral scour pools (Table 8).
Dai ly i nstantaneous growth averaged 0.06 and ranged from
0.03 in the run habitats to 0.11 in the lateral scour pools
(Table 8). | found no significant difference between

st eel head growm h and the different habitat types (p>.05,

one-way ANOVA).
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Table 7. Mean standard length (mm ) of steel head,

coho,

and

35

| arval salamanders in major habitat types in Caspar Creek
during July and Septenber, 1987.
Pool s Aver age
Speci es Pl unge Scour Tot al Riffles Runs St ream
St eel head
July 35 36 36 34 36 36
Sept enber 38 41 40 36 37 38
Coho
July 43 45 45 39 46 45
Sept enber 49 50 50 43 50 49
Larval sal ananders
July 42 42 41 35 37 39
Sept enber 36 39 39 34 39 38
Table 8. Daily instantaneous growh (G and growmh in [ength
per day (mm/d) of steel head, and coho sal non in Caspar
Creek's mmjor habitat types during July through Septenber,
1987.
Pool s Aver age
Speci es Pl unge Scour Tot al Riffles Runs Stream
St eel head
G 0.10 0.11 0.09 0. 06 0.03 0. 06
| engt h/ day 0. 07 0.08 0. 07 0.04 0.02 0.04
Coho
G 0.12 0.11 0.11 i nsufficient 0.08 0.08
| engt h/ day 0.11 0.10 0.10 sanpl es 0.08 0. 07
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Coho

Coho sal nmon | ength frequency indicates a single age class
(Figure 5). Coho average standard length for July and

Sept ember was 45 (range 39 to 46) mm and 49 (range 43-50)
mm, respectively (Table 6). Coho grew an average of 4 nm

during this study (Table 7).

Coho growth in Iength per day (mm/d) during this study
averaged 0.08 mm/d and ranged from0.08 nm/d in the run
habitats to 0.11 mm/d in the plunge pool habitats (Table
8). Daily instantaneous growth rates averaged 0.08 and
ranged fromO0.08 in the run habitats to 0.12 in the plunge
pool habitats (Table 8). | found no significant difference
bet ween coho grow h and the different habitat types (p>. 05,
one-way ANOVA). | did not capture enough coho juveniles to

calculate growth rates for the riffle habitat types.

Larval Sal amanders

Larval D. tenebrosus's July length frequency suggests two
overl appi ng age groups (Figure 6). Its Septenber |ength
frequency describes a single young of the year age group
(Figure 6). The ol der age group present in July transforned
and left the stream by Septenber. | address the

consequences of the sal amander transformations on the data
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in the di scussion.

D. tenebrosus's average snout to vent length for July and
Sept ember was 39 (range 35-42) mm and 38 (range 34-39) nm,
respectively (Table 7). | found no significant difference
between the | arval sal anander's average nmean |l ength and the

di fferent habitat types (p>.05, one-way ANOVA).
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DI SCUSSI ON

Habitat Utilization

St eel head, coho, and | arval sal amanders utilized al
avai | abl e habitat types. The greatest habitat use occurred
in pools, riffles the least, with runs internedi ate between
the two (Table 4). Pool habitat utilization slightly

i ncreased in Septenber, as sumrer stream fl ows decreased.
As flow declined, shallow habitat [ost nore avail able

living space than pools, forcing fish into these pools.

The val ue of cover depends on the size of the fish. | found
the smallest mean lengths for all species in the riffle
habitats. The nmean lengths in pool habitats were |arger
than average (Table 7). Runs were internmedi ate between the
two. Pool habitats have better quality cover, such as |arge
woody debris or rocks suitable for larger fish or Iarval

sal amanders (Bisson et. al. 1982). The riffle habitat's
cover consists of small rocks and surface turbul ence,
suitable for smaller individuals. Wth predators present in
the pool habitats, riffles provide cover for smaller fish

and | arval sal amanders.

Cover and predator avoi dance al so may account for the

di fferences between | ateral scour and plunge pool use.
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Lateral scour pools contain |arge rocks, exposed bedrock
under cut banks, or |arge woody debris that provide shelter
and cover. Plunge pools are scoured bow shaped depressions;
often the deepest habitats with the greatest volune. | found
the | argest one plus steel head here. Smaller individuals may
switch their habitat fromplunge to |l ateral scour pools to

avoi d predation by the ol der steel head.

Coho and St eel head

Previ ous workers have established that coho sal non prefer
pools and avoid riffle habitats, while steel head utilize
both riffles and pool habitats (Hartman 1965, Ruggl es 1966,
Bi sson et. al. 1982, 1988, d ova 1978). Coho juveniles
prefer habitats containing |arge woody debris, such as
rootwads (Shirvell 1990). Shirvell (1990) denonstrated that
fish do not select cover objects, but select habitats where
cover is a function provided by structural elenents within
the habitat. However, Bjorn et. al. (1991) found cover
relatively uninmportant in the abundance of young of the year

coho, but inmportant to the ol der sal nonids.

There is a good correl ati on between pool volune and juvenile

coho standing crop (Nickleson and Rei senbi chl er 1977, Muirphy

et. al. 1984). dova (1978) al so observed conparabl e coho
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bi omass in pools and runs, but little inriffle habitats.
Young of the year steel head select faster water with good
cover, they avoided the center of riffles, preferring the

riffle margi ns containing cover (Mirphy et. al. 1984).

During 1987, Caspar Creek's habitat utilization val ues

i ndi cate that coho sal nmon strongly avoided riffles.

St eel head habitat val ues indicate no preference or avoi dance
to any particular habitat type (Table 4). These results are
simlar to Bisson's et. al. (1982) findings on which this
study is based. Bisson's coho utilization values for |ow
gradient riffles indicated avoidance (-0.75), but were

| ower than this study (Table 4). Their YOY steel head
utilization values of habitat types in conmon in this study
were sinmilar to mne and denonstrated no preference or

avoi dance of any habitat types.

Bi sson et. al. (1988) explained his findings by the

nor phol ogi cal difference between coho and steel head. Coho
juveniles have deep, laterally conpressed bodies with |arge
medi an fins adapted for maneuverability in pool habitats.

St eel head juveniles have a cylindrical body shape with short
nmedi an fins adapted for |ess flow resistance. This body
shape causes decreased nmaneuverability in pools while

providing | ess resistance in flows.
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Hart man (1965) al so observed greater densities of coho in
pools while avoiding riffles. Steel head occupied the riffle
habitats and were found at | ower densities in the pools.
However, both coho and steel head preferred pool habitats in
Hartman's study (1965). He explained this distribution by
behavi oral differences. Coho juveniles were nore aggressive
and drove the steel head juveniles out of pool habitats,
whil e steel head tended to defend their territories in

riffles agai nst coho.

I f behavioral interactions are a factor in determ ning
habitat densities, then the distribution | observed in
Caspar Creek may be expl ained by the | ow coho densities.
Hart man (1965) found during July and Septenber higher coho
pool habitats densities (2.8 per n¥, 1.9 per n%;
respectively) than | observed and | ower steel head poo
densities (1.0 per n?, 0.5 per nt; respectively, Table 4).
He found sinilar steelhead riffle densities (1.6 per n%,

0.5 per n?; respectively, Table 4).

There may not have been enough coho to drive the steel head
fromthe preferred pool habitats. Steelhead' s intraspecific
interactions could lead to simlar densities anbng the
various habitat types (Table 4). Meanwhile, |arger steel head
woul d force smaller individuals into the riffle habitats

(Tabl e 6).



44

Whet her by norphol ogi cal or behavi oral mechani sms, Caspar
Creek's pool and run habitats held statistically
significantly greater coho densities than those found in
riffle habitats for both July and Septenber (P<0.01, Table
4). Steelhead utilized all available habitats including

riffles. Steel head densities were simlar in all habitat

types.

Coho sal non nmai ntai ned greater average growh and surviva
than steel head throughout all habitat categories (Table 6
8). The |l ow coho densities nmay have contributed to their
greater growth and survival when conpared to the

steel head's. Popul ation characteristics reflect both intra-
and interspecific popul ation density pressures. Fraser
(1966) found coho and steel head survival and growth were
speci es specific. Survival and growmh of one at |ow density
was not influenced by the high densities of the other.
Young of the year steel head exhibit an inverse relationship
between their density and gromh (Bilby and Fransen, 1992).
In Caspar Creek, the steel head greater density may have
contributed to their reduced growth and survival in the

habi tat types.

Growm h and density of coho salnon in Caspar Creek was

consistent with the sunmer growth and density reported for
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coho in a small Al askan stream (Dol |l of f 1987). Dol of f
(1987) estimated coho growth in fork length at 0.10 (FL,
mm /d) and coho density at 0.42 per nf (Dol | of f 1987, Table

4, 7).

St eel head density in Caspar Creek during 1987 was sinmlar to
the average density during sumer in its North Fork between
1967 and 1969 (1.26 and 0.5 per nf, respectively; Burns

1971, Table 4). Caspar Creek's coho densities during 1987
were greater than its mean density in its North Fork between
1967 and 1969 (0.21 and 0.19 per nf, respectively; Burns

1971, Table 4).

Caspar Creek was one of seven coastal stream Burns (1971)
studied. He found that intraspecific conpetition was nore

i mportant than interspecific conpetition in determ ning

sal monid carrying capacity. Burns (1971) concl uded that not
all Northern California streanms reach sal nonid carrying

capacity in the sunmer.

Larval Sal amanders

In Caspar Creek, larval sal amander's habitat utilization
val ues suggest that they do not avoid or prefer any
particul ar habitat type (Table 4). Their density was simlar

t hroughout all habitat types (Table 5). Nussbaum
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and Cothier (1973) found larval D. tenebrosus in a w der
variety of habitats in lotic environments than what was
previously assuned. My habitat data support their view of D.

t enebrosus as an ecol ogically generalized speci es.

Larval sal amanders were the nost abundant vertebrate
collected in Caspar Creek (Table 5). Mean densities averaged
2.4 per nt during July and declined to 1.1 per nf in
Septenber (Table 4). These densities are simlar to |arval

D. tenebrosus densities (1.94 to 2.41 individual s/nt)
reported in streams along the Pacific coast (Corn and Bury
1989, Bury et. al. 1991). Parker (1991) observed simlar

| arval Di canptodon densities in Caspar Creek's North Fork in

hi s medi um stone density pool s.

In Caspar Creek, average |arval sal amander density was
simlar to the average sal nonid density throughout the
stream (Table 5). Larval sal amander density was simlar to
total salmonid density in the habitat types (Table 5). For
streans in the Pacific region, Bury et. al. (1991) found
aquati c anphi bians to be 10 tines nore abundant than those
reported for salmonids. | did not find this to be the case
in Caspar Creek. If Bury et. al. (1991) are correct, the
difference may be attributed to the el ectroshocki ng sanpling

met hod.
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El ectroshocki ng nmay be a biased sanpling technique for
sal amanders (Corn and Bury 1989). They believe that
el ect roshocking miss |arge nunbers of small |arvae.
However, other researchers have used el ectroshocking to
sanmpl e D. tenebrosus |arvae popul ations (Hall et. al. 1978,
Mur phy and Hall 1981, Murphy et. al. 1981, Hawkins et. al
1983). Since | may have mni ssed sone of the smaller |arval
sal amanders during this study, density val ues should be

consi dered m ni num esti mat es.

As with other small streanms studies on the Pacific coast,

| arval sal ananders were the predom nant predator in Caspar
Creek (Corn and Bury 1989, Bury and others 1991). They may
reach high densities since they are not as active as

sal nmonids (Bury and others 1991). Their inactivity nmay all ow
nore conversion of energy to bionmass. Larval sal ananders

al so may feed on prey outside the streamthat are not

available to fish

Nussbaum and C ot hier (1973) found that usually two size
(age) classes of larval D. tenebrosus present in small,

per manent streans during the spring and sumer. A snaller
young of the year class coexisting with an ol der, |arger size
class. By midsumrer, individuals in their second year would
begin to transformand | eave the stream one size-class

remains by late summer and fall, those in their first
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year of growth. Some second year |arvae would remain to
over winter and transformduring their third year, but

neot eny was rare.

The average sal amander length and the | ength frequency data
supports the presence of two-size classes of sal ananders
during July, and a single size-class in Septenber. The
average sal anander |length decreased 1 nm fromJuly to
Septenber (Table 7). A larger size-class present in the July
sanpling, but absent in the Septenber sanpling would lead to
a smal |l er average length. A single age class would have a

| arger average |length during the final sanpling period.
Parker (1991) also found larval salamander in their first
year of devel opnent coexisting with a few second year

i ndi viduals in Caspar Creek

July's sal anander length frequency distribution is non-
normal (Gaussian), with the presence of several |arger

i ndividuals (Figure 6). A single age group should show a
normal |ength distribution (Baegnal 1978). Larval

sal amander' s Septenber |ength conposition approaches a
normal distribution that woul d be expected of a single age

cl ass.
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Concl usi on

of the habitat types, pools contained the greatest stream
volume while riffles possessed the greatest stream area
Pool s were the nost abundant habitat type, the riffle
habitats the |l east. Run habitats were internediate in

abundance, stream vol unme and area

Overall, steelhead trout and larval D. tenebrosus utilized
all habitat categories available to them Pools habitats
had the greater intensity of species use, runs
intermediate, and riffles the least. O the pool habitats,
pl unge pools were slightly favored in July, while latera
scour pools were slightly preferred by Septenber. | found
no statistically significant differences between steel head
trout and D. tenebrosus densities, growmh, and the

different habitat types.

I found statistically significant greater coho densities in
pool and run habitats when conpared to riffles. Habitat
utilization values suggest that coho have no preference for
ei ther both pools and runs, but strongly avoid riffles.
Coho grow h and survival were greater than steel head or D.

tenebrosus, but their density was |ess.

Larval sal amanders were the predomi nant predator. There
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were two D. tenebrosus age cl asses present in Caspar Creek
during the sumer of 1987. There was an ol der, | arger
transform ng class acconpani ed by a younger, smaller size
class during July. By Septenber, npbst of the |arger size

class had transforned and | eft the stream

Bi sson et. al. (1982) system of habitat classification was
successful in quantifying the availability of habitats to
YOY steel head, coho and | arval sal ananders in Caspar Creek.
By classifying habitats with this nethod, | found that coho
sal mon segregated within the streamby avoiding riffle
habitats. | also found that steel head and | arva

sal ananders distributed thensel ves conparably anong the
different habitat types. | was also able to deternine

species growt h and survival within each habitat.

It could be that by applying Hawkin's et. al. (1993)

hi erarchi cal approach to this nethodol ogy differences could
have energed between habitat types. Further studies in
speci es use of diverse habitats during their different life
cycle stages will lead to a better understandi ng of stream
habi tat organi zation (Hawkins et. al. 1993). Information on
habi tat organization is very inportant to biol ogists seeking
to reverse the popul ati on declines of sal non and anphi bi ans

species before they reach critical |evels.
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APPENDI X |. Caspar Creek North Fork's average habitat size
and percent of total stream (in parenthesis).

AVer age Habi t at
Size | % of Total

Habi t at Length Area Vol une
Type n (m (nf) ()

Pool s 84 4.2 (23.4) 10.5 (26.1) 2.7 (51.8)
Lateral Scour 57 4.7 (17.7) 11.4 (19.1) 2.6 (34.5)
Pl unge 17 2.9 (3.2) 9.2 (4.6) 3.4 (13.4)
2° Channel 3 3.8 (0.8) 7.1 (0.6) 1.3 (0.9)
Conf | uence 1 5.0 (0.3) 2.0 (0.6) 5.0 (1.1)
Backwat er 5 4.0 (1.3) 7.2 (1.1 1.4 (1.6)
Dammed 1 2.2 (0.1) 2.6 (0.08) 0.8 (0.2)
Riffles 60 5.4 (21.4) 11.0 (19.5) 0.6 (8.2)
Low Gradi ent 52 5.8 (20.0) 12.3 (18.8) 0.7 (8.1)
Hi gh Gradi ent 7 3.3 (1.5) 3.0 (0.6) 0.09 (0.15)
Cascades 1 0.9 (0. 06) 1.7 (0.05) 0.03 (0.01)
Runs 64 13.0 (55.0) 28.7 (54.3) 2.7 (40.0)
Runs 26 9.6 (16. 6) 2.5 (17.2) 2.5 (14.7)
St ep Runs 24 19.4 (30.7) 3.3 (29.6) 3.3 (18.0)
dides 14 8.3 (7.7) 4.0 (7.6) 4.0 (7.2)
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and percent of total

Caspar Creek's South Fork average habitat size
stream (i n parenthesis).
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Aver age Habi t at
Size /| % of Total

Habi t at Length Area Vol une
Type n (m (1f) ()

Pool s 23 8.0 (25.8) 22.0 (26.6) 6.8 (49.0)
Lateral Scour 20 8.1 (23.5) 22.6 (24.9) 7.0 (46.3)
Pl unge 1 2.6 (0.4) 6.0 (0.3) 1.8 (0.6)
2° Channel 1 4.5 (0.7) 7.6 (0.4 1.1 (0.4)
Trench 1 8.0 (1.2) 17.6 (1.0) 5.3 (1.7)
Riffles 17 6.3 (15.6) 18.6 (17.4) 0.9 (4.6)
Low G adi ent 16 6.6 (15.4) 19.6 (17.3) 0.8 (4.6)
Hi gh Gradient 1 1.5 (0.2) 2.2 (0.1) 0.1 (0.02)
Runs 26 5.4 (58.7) 39.2 (56.1) 5.4 (46.3)
Runs 5 19.3 (12.3) 48.1 (10.0) 5.9 (6.8)
Step Runs 12 9.8 (33.6) 29.0 (31.7) 5.4 (23.5)
dides 9 16.9 (12.8) 36.6 (14.3) 4.1 (16.0)




