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Abstract:

The relationship between physical parameters and fish populations of 19 pools of Little Prickly Pear
Creek, Montana, was studied during the summers of 1965 and 1966. The pools were mapped and their
fish populations sampled. Differences in surface area, volume, average depth, average current velocity,
total cover and percent cover accounted for 75, 77 and 70 percent of the variation in numbers of total
trout, brown trout and rainbow trout respectively. Current velocity and total cover were the most
important factors, and together they accounted for most of the explained variation. Each of these two
factors contributed significantly to total trout numbers. Cover was the most important factor for brown
trout, and current velocity was most important for rainbow trout. The number of trout per unit of cover
(cover quality) and the number per unit of pool surface area (pool quality) increased significantly as
current velocity became greater. Deep-slow pools with a large amount of cover had the most stable
populations with brown trout being more stable than rainbow trout. Suckers were most common in
large, deep-slow pools with extensive cover. The importance of cover to trout is discussed in terms of
security and photonegative response, and current velocity in terms of space-food relationships.
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ABSTRACT

-The-relationship between physical pérameﬁers and fish populations of
19 pools of Little Prickly Pear Creek, Montana, was studied during the
‘summers of 1965.and 1966. The pools were mapped and their fish popu-

lations sampled. Differences in surface area,.volume, average depth, aver=.

age current velocity, total cover and percent cover accounted for 75, 77

. and 70 percent of the variation in numbers of total trout, brown"trout and
rainbow trout respectively. ‘Current velocity and total cover were the
most important factors, and together they accounted for most of the ex~. -
plained variation. Fach of these two factors contributed significantly

to total trout numbers. Cover was the most important factor for brown
trout, and current velocity was most important for rainbow trout. .- Thé
number of trout per unit of cover (cover quality) and the number per unit
of pool surface area (pool quality) increased significantly as current
velocity became greater. Deep-slow pools with a large amount of cover had
the most stable populations with brown trout being more stable than rain-
‘bow trout. Suckers were most common in large, deep-Slow pools with ex-
tensive cover. The importence of cover to trout is discussed in terms of
security and photonegative response, and current velocity in terms of
space-food relationships.
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INTRODUCTION

An important environmental reéuifement éf trout in streams is shelter;
generally associated with pools. Se&eral workers have showﬁ'the-value of
overall habitat quality in relation to trout population 1evelslin sections
of streams. The stream impéovemeht work of Tarzwell (1937, 1938);
Shettér, Clark.and Hazzard (1946); and Saunders and Sﬁith (i§62) showed
that popﬁlation levels respond to an in;rease iﬁ'shelter'and f;od.
Gunderson (1966) found that an ungra zed streamﬂsection Wi%ﬁ higher per-
‘centages of deep wéter types and .more cover had a population of brown
trout (over 6 inches long) that was 27 and 44.percent greater by numbér
énd we%ght respectively than a grazed section of the‘samé.stream with
shalloweg‘wéter gnd less cover. Boussu (1954) showed %hat'removal of
undercu£ banks .and brush in a section of stream caﬁsed a decrease in ,
numbers and weight of trout, with decreases being greatest for larger
fish. -Shuck (1945)lreporteq that volume and depth of water weré_signifim
.cant factors.in determining the populétion aensity of larger brown trout
in a section of stream.

The social behavior of fish in.relation t; habitatrconditions is an
important consideration. The investigations of.KalleBefg (1958) and New-
.man-(l956) showed that salmonids are térritorial and establish a social
hierarchy witﬁin the'overall.pppulatiéﬂ. Thus there ?s compgtition for
the limitéd number of favorable po;itions within a stream. This indicates

population levels may be self-limiting based on the quality of the habi-

tate ‘ " : . RIS
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T evaiuated the pliysical aspects of habitat quaiity of pools en
Little Prickly Pear Creek, Monténa, 'i’t“r'om‘ efuiy, 1965, to September, 1966.
The objectives were to determine: (1) whic:h physicgl'factors were most
importan{: in determining standing crops of fish and (2) popﬁlation sta-

bility.




DESCRIFTION OF THE STUDY AREA
Little Prickly Pear Creek .is a small troﬁt étream-located 30 miles
ﬁorthwest of Helena, Montana. This stream arises on the east slope 6f
the continental divide approximatel& 4,600 .feet above sea level and flows
northeasterly for about 35.miles. It enters the Missouri River:} miles
downstream from Wolf Creek, Montana, at an elevapion of 3,300 feet. The

drainage basin encompasses an area of 394 square miles consisting prima-

‘rily of grassland slopes with open stands .of conifers. Analyses done by,

the Soil Conservation Service show that the soils of the drainage basin

‘

- are weakly calcareous, being derived mainly from weathered argillite rock

with smaller contributions from weathered quartzite énd igneous.rocks;

i The étudy~area included 16 -pools and a 940 .foot section of stream
refefred to as the stabilit& area. The 1after contained three pools.and
the interconnected riffles above each pool. All pools were within a 6.2
mile length of stream from 0.7 mile above the mouth of Trinity Creek to
O;é ;ile‘beloﬁ-the mouth of Big Shgep Creek (Figure 1).

Little Prickly.Pear'Creek is a mountain stream with high flows during
the springigunoff and low flows during the summer, falliand-winter° Flow- -
data from the Sieben Gaée étatiop.indicate the ﬁeak of the spring runoff
gene}ally occurs in May with mean monthly discharge ranéing from 70.2 to
354,0 cfs. Low,sﬁmmer flows occur in August with the .mean monthly dis-.
charge varying from 11.5 to 51.7 cfs. Wa;er conditions auriﬁg the study‘
périod varied from high water in 1965 td-mére normal flows in 1966. The

mean monthly discharges at the Sieben Gage Station for. . July, August and
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Figure 1. Study area of Little Prickly Pear Creek showing the approximate
location of pools and the stability area.
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September, 1965, were 92.2, 51.7 and 85.5 cfs respectively; and for 1966,
33.4, 14.1 and 20.4 ¢fs .respectively. During periods of low.flow, stream

widths averaged from 20 to 30 feet with depths,.in most pools .not exce§d=

-ing 5 feet. Discharge and stream size increased progressively downstream.

Chemical analyses were made dufing the summers of 1965-and 1966 :in

the -section of stream from the mouth of Canyon Creek to the Sieben Gage

Stétion. Alkalinity ranged frem 3.9 to 4,9*milliequivalents per litér;
pH from 7.6 to.8.7, conduétivity (K25> from 350 to 445 micromhos, and
total hardness from 210 .to 235 ppm. Mean monthly temperatures fdr July,

August and September, 1962-65, at the Sieben Gage Station ranged from

41,0 to 64.7 T (Swgdberg, 1965),

The species of fish taken in the study area in order of decreasing

‘abundance were: brown trout (Salmo trutta), longnose sucker (Catostomus

catostomus), rainbow trout (Salmoe gairdneri), mountain whitefish (Pro-

sopium williamsoni), brook trout (Salvelinus fontinalis) and white sucker

(Catostomus commersoni). Mottled sculpin (Cottus bairdi), although numer-

_ous, were not considered in this.study. There has been no stocking of

fish in the stream since 1954, -~




METHODS

For purposes of‘this study a pool was defiﬁed as any relatively large
stream area capable of pfovidiné shelter for larger fish. The pools.
;ranged from deep-slow- portions of the stream to areas of shallow-fast
water associated With co&er; Physical characteristics used to select
pools were size (surface area), depth, cur?ent’vglocity and cover. Pools
selected were distinct-units; limited above and below by the presence of
ghallow water types wiéhout cover., This minimized the .error of over-
lapping home territories of fish from adjagen£ pools.

All pools were ma pped Eetween Aﬁgust 9 and'September 12, 1966, at a
lowlstabilized floﬁ of 16 to 32 cfs. 'Tfansects were established at 10=
faot-intervals and depths were taken every foot along each transect.
Cﬁrrent vélocities were measured with a Gurley current meter at 0.4 of
the'observed depth every 2 feet along eéch transect. The water compris-

-ing a pool was classified into types based on depth and current velocity

(Table 1). Cover was mapped and this included brush, overhanging vege=-

Teble L. Criteria of water-type classification-

B Depth Current velocity

Water type _(feet) _ (feet per second)
Slow=Shallow (SS) S 0.1-1.5 =1 .00
Deep-Slow ~ (DS) .. 4.5 -1.00
Shallow-Fast (SF) 0.1-1.5 . +1.00

Deep-Fast (DF) +1.5. . +1.00

tation, undercut banks and miscellaneous types. The term brush was used
to describe dead submerged woody portions of bank vegetation occasionally
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-strengthened by live grqwth. Overhangirng vegetation was.live growth that
provided an overhe?d‘canopy less fhah one foot above the water's surfage°
Miscellaneous\cqver included underwater éhelves provided by clay and rock,
tree roots apd éebris. Pool boundaries were delineated by depth and
cover. The surface‘area iﬁcludéd within the éool was deeper than 1.4
-fget and areas with cover’regardléss of depth. Surface area, water-type
coﬁposition and extént of cover were determined with a planimeter from
the maps s Average.depth, average current velocity and pool volume were
calculated fér eachhpool° .Figure 2 is a representétive,pooi map showing
. water types, covér and the poél bounda?y?.

‘Thg fish popuiations of all areas were sampled.betwgen Avgust 3%-and
September 1, 1965, and between July 11 and July 27, 1966. Discharges at
the time of fish sampling in 1965 ranged from 37 to 73 cfs compared with
28 to 43 cfs in 1966. The stability ared was also sampled Décember 20,
1965, and April 1, 1966. 'Sampling was done by.electrofishing using a
300 -volt, 850=watt‘difect current unit. Individusl pools were isolated
with blocking nets and at least three passes were made through each area.
Capﬁured'fish were anesthetized wifh MS-222 (Tricaine Methanesulfonate),
-measure& to the nearest 0.1 inch total length and weighed to the nearest
O;Ol\poﬁnd. Trout from 706-to 8.0 ‘inches long or longer were tagged with
-plastié band jaﬁ tags. 'WhitefiSh were tagged with metal opercle tags and
suckers with flastic da£t tags inserted at the basé of the dorsal fin.
‘Trou£lsmaller'than 410 inches and whitefish and suckers smaller than 7.0

inches were not included in this study since they were seldom present in

the pools sampled. .
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Figure 2. Representative pool map showing water types, cover and pool boundary.
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The efficiency of fish samplihg (ratio of marked to unmarked ih a
second sample) was determined.iﬁ tﬁe stability area and a large pool.
Trout 4.0 to 6.9 ‘inches .had a range of 72 to 78 percent while those 7.0
inches and over had a range of 84~t6-1001percent; Sampling efficiency
fér suckers was .56 percent. There were too few whitefish présent for
efficiency'deiermination; Elser (1967) with more extensive sampling in
the same general Stream'section.had.similar'efficiencies.
| The - data ;ere anélyzed in-a multiple linear regression and analysis
gf Variapce accordiné to Bailé& (1959) and-SnQdecér»(l956) tovdefefmine

the -relationships between physical barameters and fish populatiohs of

.

pbolse

s




RESULTS
Physical Parameters of Pools

Physical data.for pools aré presented in Table 2, Pools ranged .in
surface area from 273.9 to 1,849.3 square feet with volumes from 593.4 to
4,068.5 cubic feet, Average depths varied from 1.3 to 2.5 feet and av-
erage current velocities from 0.3%0 to 1.67‘fa£>.so (feet per second), The
predominani wateér type was.deep-slow in 14 pools, deep-fast in 4 pools
énd slow-shallqwuin i péola The slow-shallow pool also had a high per-
.centage of fast Qater types. Slow-water pools were generally deep, and/
or large, and often located on sharp bends of the stream (Figures 3 and
L), Fast-water pools were smaller, shallower and aséociated with straight
stream channels (Figures 5 and é), o

| Cover ranged as high as 496.8 square feet and made uﬁ as much as

51.7 percent of the pogl surface area, Larger pools generally contained
moré.cdve£ than smailef pools. ~ Brush made up 77.0 percent, undercut banks
10.6 percent, overhanging:vegetation 7.3 percent'énd miscellaneous types
5.1 percent of all péol cover. The important plant species constitﬁting'

cover were willow (Salix sp.) and dogwood (Cornus sp.).

Flsh Populatlons of Pools
| Trout 4 0 to 6 9 -inches were prlmarlly yearling fish (Bishop, 1955;
Elser, 1967). These comprised 27 percent of the trout sampled in 1965
and fé'pércent in l966-$ut.léss than 7 percent of the weight in either
year. éince the pools selected were not éonsideréd the primary habitat:

of smail trout and since their abundénce-did not correlate with pool




Pool size < Avg

Surface Avg current . 1/ Total: L/
Pool area . Vol depth . vel Predominant = - - cover
10, Cft2 . (£t) (feposa) water types (£t2)
1 585.k 1,053.7 1.8 0.78 DS (52.3%) 253.8
e _ ) . DF (29.0%) (43.4%)
‘2. 1,453,.7 2,471,3 1.7 0,30 DS (75.5%) 294,73
_ , | S S5 (2hk.5%) (20.2%)
3 - h96,6 '1,092.5 T 2.2 0.32 DS (81.3%) Lg,2
| _ DR ( 9.4%) ( 9.3%)
L 838,2 1,676.4 - 2.0 0.k2 DS (96.2%) Le,7
: ) . , SS ( 3.8%) © ( 5.6%)
5 888.6 ' 1,866.1 L 2.1 0.48 . BS  (77.7%) 54,9 &
- | ‘ DF  (15.5%) ( 6.2%) i
-6 1,612.6 3,386.5 2.1 0.63 DS (82.6%) ko6, 8
. : , DF  (11.7%) (20.8%)
7 L87.2 730.8 1.5 1.67 DF (51.4%) 1445
. . SF  (29.2%) (29.7%)
8 T 367.3 808,11 2.2 0.89 . DS (68.0%) . 79.4
_ L C DF  (25.4%) (21.6%)
9 576.6 1,153,2 2.0 0.81 DS - (54.2%) 158.6 -

DF 35.6%) (27.5%).




Table 2. Continued"
Pool. size Avg 1/
Surface Avg current 1 Total =~
Pool. area Vol depth vel Predominant cover
nos ££2 £+3 (ft) (fepss.) ~ water types (£t2)
10 562.6 1,068.9 1.9 . 0.77 DS (65.6%) 3044
, _ DF (27.8%) (5:49%)
11 1,849,3 . 4,068.5 2.2 0.52 DS (82.0%) 200.6
) , , 8S  ( 8.4%) (10.9%)
12 1,629.7 3,748.3 2.3 0,67 . DS (78.0%) 158,8
. o BF (16.8%). ( 9.7%)
13 1,069.9 2,674.8 2.5 0.69 DS (69,5%) 289.6
. _ ‘DF  (21.2%) (2751%) -
1k . 667.1 1,200.8 1.8 1.00 PF  (45.3%) 186.4
- DS (33.5%) (27.9%)
15 655.3 1,h41,7 C2.2 094 BS (50.9%) 65.8
: DF - (L41,7%) (X0.0%)
16 700.0 1,330.0 1.9 1.02 DF  (54.7%) 1345
, , : D8 (31.4%) (19.2%)
17 456.5 593.4 1.3 1.22 Ss (k1.7%) . 236.0
DF  (28.6%) (51.7%)
18 433,1 - 693.0° 1.6 1532 DF  (68.1%) - 790
. SS  (20.6%) (18.2%)
19- 273.9- 684,83 2,5 0.85 DS . (65.6%) 00.0
, DF  (3hsh%) ( 0.0%)
i/'Pércenéage figures in parentheses .represent percént,of surface\areao K

I/
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| Figure 3. Deep-slow pool with little cover.

Figure 4. Deep-slow pool with extensive brush cover.
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Figure 5. Deep-fast pool with limited cover provided by undercut bank.

Figure 6. Deep-fast pool showing swift current associated with dense
brush cover.
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physical parameters, fhis group was excluded from the statistical analy=
sés. Any actual prqfepence 6f the yearling trout for specific pool
conditions may have been obscured by:the dominance of‘larger fish (New;
man, 1956). ’

Standing crops of larger fish (;ver 6.9 inches) found in the study
' pools are presented in Table 3., In 1965, trout éomprised 5% percent,
suckers 35 pércent and-%hitefish‘lE percént of the 461l fish collécted.in
all pools, 'In 1966, trout made up 63 percent, suckers 31 percent and
whitefish 6 percent of 393 fish. Brown trout constituted ab;ut 60 percent
6f the trout for both years. The number of trout collected.in 1965'ané
1966 was' the same, but numbers varied between years in fiﬁe pools,'
Numbers .increased in three pools and declined in two pools from 1965 to
1966. Whitefish and sucker populations varied greatly in individual
pools and .in total numbers between years.

In 1966, populations of larger trout in the 19 indiyidual pools
ranged from 2 té 34 fish with 6 pools having less than 6 t?out, Brown‘
ﬁrou£ were the numérically predominant trout in 11 pools and comprised
from.601to-8059ercent of the -trout in 9 poc;lso Rainbow trout were pre-
i-doﬁinén£ in 2 poolé and made up from holﬁo 50 percent of the trout in 8
pools.  Eleven brook trout were pfesent iﬁ 8 pools, .but no -more thgn 3
were found in any one pool. The average length of b?own'trout‘in various

poolslranged from 10.3% to 12.8 inches compared with 10.1 to 1l.4 for

f

e
;

rainbow.
In 1965, whitéfish were found in 13 pools with from 1 to 6 fish per

pool, while in 1966 they occurred .in only 9 pools with 1 to 13 fish. In




Fish populations of pools studied in the summers of 1965 and 1966 -

Standing crops of fish .over 6.9 inches

. Total Brown Rainbow

Pool trout trout trout Whitefish- Suckers
no. Year No. Wt Noe Wt. No. Wt, No. Wt. No. Wt
1 1965 13 .8.91 7 7.20 6 1.71 6 - 9,48 1 1.1k
1966 14 7,19 6 3,68 8  3.51 13 17.96 0 0,00
2 1965 15, 6,34 8 3.95 5 1.88 1 1.62 7. 1l0.k2
~ 1966 17 6.24 12 5,07 2  0.53 0 0.00 10 12.88
3 1965 5 1.30 1 0.39 L g,o1 L 5,80 0 0,00
1966 2 1,17 1 0.38 1 - 0.79 0 0,00 2 2,91
L 1965 2 1,22 1 0.36 0 0,00 2 2.62 13 18.72
1966 T 1.59° 3 1.42 0 0.00 0 . 0.00 1 1.0k
5 . 1965 6 1.70 1 0.33 5 1l.37 2 1,22 0 0.00
1966 2 1.03 ) 0.00 1 0.80 1 0.29 0 0.00
6 1965 2k 11,57 14 . 8.55 9 2.84 2 2,65 12 13.95
1966 3L 17.36 2k 1hk.19 6 2.92 2 2.29 20 30.32
7 1965 32 19.51 22 15,18 10 4.33 8 7.60 3 5,22
1966 3h 24,76 19 15.26 14 8.93 1 0,48 0 0,00
"8 1965 14 £.12 i 2.53 10 3,59 0 0.00 0 0.00
1966 16 729 7 3.26 7 3.6h 0 0,00 1- 1.43
9 1965 6 2.18 L 1,65 2 0.53 6 11.57 0 0.00
1966 20 16,07 13 11.04 7 . 5.03 0 0,00 3 L ok
10 1965 11 5.82 3 2.03 8 3.79 0 0.00 13 20,84
1966 L 2.16 2 0.97 2  1.19 0 0,00 0 0,00
11 11965 16 8,78 11 7.24 5  1.54 7 12,20 32 52.90
1966 15 6,91 10 k.50 5 2.4 1 . 1.10 20 30.12




45,15

28.75

- Table-3, Continued.
Standing crops of fish over 6.9 inches
Total .Brown Rainbow

Pool’ trout trout ) trout Whitefish Suckers .

no. ' Year No.  Wt. No.,  Wt. Wt Wt.  No. We .,

12 1965 12 9.88 9  .7.99 3 1.89 6- L.68- L 5430

- 1966 7 6,86 - 5 6,07 2 0.79 2 1.08 b 6,38

13 1965 6 2,38 6 2.38 0 0.00 b 5,65 32 45,53

1966 5 3.05 ok 2.4 1l 0.6l 0 0.00 .10 10,77

1k "1965 21 11.86 16 10.64 - 5 1l.22 2 2.29 14 20,54

: 1966 11 7.47 7  5.84 L 1,63 3 495 11 16467

15 1965 11 S.hk -5 3.45 6 1,99 L 7,13 1 1.75

1966 7 2.35 3 0.76 3 1l.h6 1 0.47 ‘0 - 0.00

16 1965 9 5.1 b 2,94 5 217 0 0,00 5 - 8.86

1966 21 11.56 11 7430 10 k.26 1 0.13 15 23,0L

17 1965 25 .1hk.25 1h 8.63 11 5.62 "0 0,00 19 30.35

1966 19 8,70 9 Lok 9 3.60 0 0,60 . 22 31.25

18 1965 15 6055 12 5.94 2 0.48 0 0,00 1 1.50

1966 13 8.25 10 6.63 3 1.62 0 0,00 0 0.00

19 -1965 L 2,03 2 1.46 - "2 0,57 0 0.00 3 L ok

- 1966 5 2,45 1 1.02 L 1.43 . @ 0,00 2 4,38
Totals - 1965 27 130,95 1hh 92,84 98 36,43 5k 74,51 160 . 241,96

1966 2k7 1h2.46 b7 ok.77 89 25 121

176,10

4T~
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1965, suckers ranged from 1 to 32 per pool in 15 pools; and, in 1966, they
ranged’from 1l to 22 pér_pool-in'lB pools. -Tn many of the pools suckers
were predominént~by numbe£ and/or weight. Fluctuations in the numberg of
thtefish and suckers between &ears.did not appear to have ahy effect on
trout populations.
Relationship of Pool’Physical Parameters
to Trout Populations
A multiple linear'regression was set .up with pool surface area,

volume, average depth, average‘current velocity, percent cover and total
cover és the independent—variébles and number of trout per pool as the
dépendent variable. TFollowing the initial regression analysis'the in=
dependent variables that added little to the overall relationship were Tre=-
‘moved and the regression recalculatea to find thg factors that signifi- -
-cantly influenced trout numbers. Weights were not used since they
‘pagalleled‘numbersa Regréssion lines were computed for all trout, rain-
".bow trout and brown trout. Only the trout populations for 1966 were used
in the statisticél.analyses since pool physical parameters were measured
in that year only and the low water levels of 1966 increased sampling
ef%iciency (Elser, 1967).

| The six physical parameters accounted for 75, 77 énd 70 percent of
the:variation in the numbers of total trout, brown trout and rainbow trout
respectivel&. The multiplé regreééions,involving all physical factors
were significant at the 0.05'level, and the multiplevcorrelatioﬁ co~-
efficients ranged from 0.84 fo 0.88. Pool area, volume and depth accéuﬁtf

-ed for very little of the variation in numbers. Percent cover added
’ '
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little to the relationshiﬁ-since it was closely correlated with total .
cover and its effect had already been accounted for by the latter.
Cur?ent velocity and total cover were the most important factors. To-
.gether they accounted for 66, 66 and 59 percentlof the .variation in
numbers of total.ﬁrout, brown trout and réinbow trout respectively. The
regressions with these variables were highly significant (0.0l level),
and the multiple correlation coefficients ranged from 0972 to 0.81
(Table 4).
There were differences in the relative importénce of éurreﬁt veloci=
-ty and cover ta_the three groups of trout as shown by the partial re-
-gression coefficients and the significance of their corresponding T
falﬁes (Table 4). Eaéh of these two factors contributed significantly to
total trout numbers and were of nearly equal importance. Cover was'thg
moét iméortant factor for broWn trout indicating that they utilized cover
’even ét the slower curfent velocities measured. However, faster current
veloc;ties-contributed to an increase in brewn trout numbers above that
expecﬁed on tﬁe basis of cover‘alon'e° Current velocit& was the only
significant factor for rainbow trout and in analysis 4 (Table 4) accounted
i gor 51 pefcent of the variance iﬁ rainbow trout numbers. HoweVerg the
fast-water pools.utilized by -rainbow trout aiso had a relatively large
’amount of cover. .

The number of trout per unit area. of cover (cover quality) and the

number per unit of pool surface area (poql quality) increased signifi-
cantly as current velocity became greétero This is shown by the regres-~ -~

sionanalyses with number of trout per 50 square feet of cover and per 50

n -
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Table 4. Results of multiple regression analyses with current veloc1ty
and total cover as the 1ndependent varlables

Bartial
Anal- Trout Independent regr R Multiple .
ysis group variables coef T”i/ T 2/ R 3/ B &/
"1 Total Current wvel
trout (fopes.) +15.1191 3.85%* 15,25** 0.81 0.66
Totalacover )
(£t°) +-0.0481 L.28*+*
2 Brown Current vel ’
trout - (fep.sS.) + 7.5957 2.85*% 15.26%* 0.81 0,66
:Totalacover ) '
(£t7) + 0.0378 L, 96%*
3 Rain- Current wvel
bow (fopes.) + 7.8560 L.59%* 11.60%* 0.77 0.59
trout
Totalacover
(£t°) + 0.0090 1.83
4 Rain- Current vel _
bow (fiposSe) +.7.5739 L,16%* 17,38%* 0.71 0.51
trout - .

T refers to student-type test to determine if the partial régression
coefficient “is' significantly greater than zero.
3/ F tests significéance of overall regression
3/ & | oy o ooeione
ﬁy Multiple correlation coefficient. :
=/ R2 is amount of variance explained by the 1ndependent varlables.
**  Significant at 0.0l level.
* Significant at 0.05 level.

~
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square feet of p&ol surface area against currené %elocity (Figures 7 and
8). These regressions were significant at the 0,01 le§§lo Current ve-
locity accounted for 42 percent of the variation in number of trout per-
unit area of cover and for 66 percent of that.in number per unit .of pool
surface area. | k
. Relationship of Pool Physical Parameters
to Other Fish Species .

Suckers were excluded from %he*statis?ical analyses because of poor
sampling efficiency (56 perceﬁt) and Eegause a ‘large number of those
sampled may not have‘been resident .in the pools due to spawning movement.
Al£hougﬁ littlé emphasis could be.blaced on habitat preference by suckers,
&hey wefe ﬁost commoﬁ'in large pools‘with a predominance of deep~slow

water and extensive cover. The small number of whitefish.collected pre=-.

--cluded any attempt to determine the habitat preference of this species.

Populatiop.Stability
| Another measure of pool quality -is population stability. Annual

population stébility-waé deterﬁined for all pools.from August, 1965, to
Jul§; 1966, on the basis of tag returns. .Tﬁe ﬁﬁmber of tagéed fish (231)
was adjusted for those known to have Eeen caught by anglers (20). Of 211
avéilable tagged trout, 47 or 22 ﬁercent were found in the home pools one .
year-iater. Brown trout popuiatiqns were most stable with 30 percent re- '
-coveredlin home pools compared with 13 percent for rainbow trout. Deep-
slow pools with a large aﬁount éf cover hgd the most stable populations,

Fast-water pools and those with little cover had the greatést population
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turnbver. The 1ossés bbser?ed from one summer to~the next were.due to
natural mortality, unknown angler mortality or movement. The exteﬁt of -
movement was unknown since no systematic effort was madé to recover fish
above and below the pools.
The annual stability(of whitefish aﬁd sucker populations was very
lows Only 2 of 46 whitefish (4 percent) énd 3 of 152 suckers (2 percent)

were recovered in-the pool where tagged. - The low stability of suckers

appears to be-due to movement. Tag returns indicated a general upstream
movement in the spring and a gradual downstream drift fhroughout the
summer. A similar patterﬁ was observed by Stgfanich (1951) on lower
portions of ﬁhe same stream.

Seasonal population stability was studied in the stability area;

. Riffles made up 80 -percent of the length of this stream section and were
from 150 to 340-feet long. From 70 to 80-percént of the water in the
‘riffle areas was shallbw-fast with depths averaging Qo6'to 0.7 feet.

- Cover was sparse in the riffles ranging from 30 to 98 square feet. The
three pools .in thelarea’(numbers 17, 18 and 19) had physical cﬁaracferf
istics that were not associaﬁed with high annual population stability. A
to£ai éf 87 trout longer thgn 6.9 inches was collected in the area August
3, 1965, There were 53 brown trout,.Bl rainbow trout and % brook trout.

- Twenty-seven brown trout é;é 13 rainbow -trout were taggea in'the 3
pools Augusf 3, 1965. Sixteen or 40 percent were found in the home poois
December 20, 1965, but by the following summér home pool returns had
dropped to 18 percent. Bpown,trout in the pools had highef seasonal popu~

lation stability than rainbow trout., During the three seasonal sampling
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periods~(December 20, 19655 April 1,.1966; and July 19, 1966) Lk .re-

captures of fish originally tagged in the‘pools'were made in the area. Of

. these hh, 27 or 61 percent were in home pools‘and 17 or 39 percent were in

other pools or riffles of the area. Of the 17 recaptures inyolving move-
ment'hithin the area, 8 moved upstream a maximum of 240 feet while 9 moved
downstreanm a maximum'of 710 feet. The stebility and‘pattern of movement
was very similar for:trout tagged in the riffles. These data suggest a
llmlted hoeme terrltory for at least a portlon of the trout in this sectlon
of stream and correspond with the flndlngs of Mlller (1957) and Stefanich
(1951)s No systematic attempt was made.to recover fish above and below
the area.

. Sampling done in the stability area also yielded information on the
seasonal importance of.pools to trout longer than 6.9 inches. Of those
collected August'B, i965, A9 percent were found'in the riffles and 51 per-
-cent in the pools° However9 on December 20, 1965, 70-percent were found
in the poois° ‘The;dlstrlbutlon was similar both summers. The pattern of
seesonal distributioh.hae the same for brown'trout and rainbow trout. A
greater use of pools durlng the -winter isin contrast wdth the findings
of Logan (1963) who ‘reported greater use of riffles during the winter due
to cover provided by surface ice. However, shelf ice did not form in the
riffles of the stahility area due to-shallow~fast water; The ice‘that did
form at the rlffle marglns reduced the amount of cover avallableo

Slxty~e1ght percent of the trout (4, O to 6.9 1nches long) collected
in the stability area were found in the riffles during both summers. Only

5 of the 50 collected on August 3, 1965, were found during the winter
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sampling p-.eriod., This representéd a drop-of 90 percént and suggested a
. large winter mortality in this group. However, by the following summer
recruitment (primarily rainbow trout) had increased the number by 48 per-

cent over the previous summer.




DISCUSSION
_The population density of trout in poaels i1s determined to a‘great ex-
tent by the physical envirénmént, especially‘COVer‘aﬁd cﬁrrenﬁ velocity.
The value of cover is probably related to security aﬁd the‘photonegatiﬁe
response-of trout causiﬁg them to seek out overhead cover (Gibson and
‘Keenleyside, 1966 McCriﬁmon and Kwain; 1966)° Population increasés as-.

-sociated with ﬁigh current velocity may be -rheotactic responses, buf most
probably'afe ;elatedvto feeding ;elationshipS'and the territorialvconcept¢
Chapman (1966) refers to this aé-the space-food convention. Miller (1553)
aﬁd Nilsson (1957) found that org;nism drift . is the major food source in
streém;; and in areas of féster current velocity‘the supply of drift would
Ee greater, Thus, in swif%er areas of the stream, fish require less space
télobtain needed food, territory size is reduced and population densities
ca; Ee‘é?eater (Chapman; 1966). Kalleberg (1958)‘fqund smalle? territo-
ries for juvenile Atlantic salmon and brown trout in higher current ve=
locities relating"this‘Eo visual isolation. These concepts may explain
the greater densiéies of trout per uﬁit area of cover and per unit of

pool surface area found in the fast-water pools 's"cudied° h

The .importance of currént velocity -to - rainbow trout and cover. to

brown trout may be the result of actual habitat preference or species

’

segregation due-to inter-specific competition. WNewman (1956) states that
dominance is .based on .size and since brown trout were larger than rainbow

trout the habitat preference of rainbow trout may have been obscured if

behavioral interaction was a factor.' In the absence of brown trout, rain-
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1

bow-trout may have utilized cover in slow-water pools to a greater degrees

There were other factors not measured that could account for some of
" the unexplained variation in trout numbers. Foremost among ﬁhgse is food
which may bé éonsideraély‘more abundant in'one pool than another partially
depending on the extent of riffle immediately above the pool. Another

factor may be.light intensity under the cover. - In view of the photo-

negative response of trout denser cover that allows less light penetration:

may be more attractive to trout. Angler mortality of fish was also a

possible source of error.since some of the pools studied were more acces~- .
!

gibleto anglers than}otlhers° Of 354 -trout tagged -in all areas from August
3, 1965, to April 1, 1966, 37 tags or’ll percent were returned as of No-
vember 30, 1966. The percent return for brown trout and rainbow trout was
abou£ the Sﬁme. These figﬁrés are minimal as .no effort was made to -re=
cover tags.'.

h The-résults‘of thisrstudy may not apply to differenf'typeS'of

hY
streams, larger rivers or similar streams with different species composi=

‘tion. The relationships found apply only to iﬁw_summer water conditions
since fhe relative importance of physical factors may change seasonally.
Chapmaﬁ (1566) speculates -that in spring, summer and early fall'the space-
food convention'may bé most important, but in winter space alone may

govern density. Thus, during the winter other pool types may become more

important.
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Table 5. Multiple regression analyses for total trout

Independent Partial
’ variables regr ‘ Multiple 5
Analysis Xi . -coef T F R R
1 Surface P )
area(ft°) .  +.0,0649" +1.57 6.00%* 0,87 0.75
Volume(£t2) - 0.0276 -1.61 '
Depth(ft) +16,0309 +1,01
Current vel '
(fop.s) +20.5790 +3,23%*
Total cover . .
(£t2) + 0.0290 -~  +0.79
Percent
_cover , + 0,0821 +0.26
. Regression line: Y = -48.64 +‘o,o6Xl -0.03X, + 16.03}_{3 +-20.58%,, +
.-O.,OBX5 +-0008X6 -
2 Depth(ft) - 4,7020' ' =0.91 10.34%* '0.82 ' Oh67
Current vel ' ’
(fopos.) +12.7521 +2.70*
‘Total cover
(£t2) +-0,0457 +3,93%*
-Regression line: Y = 4,98 - 4,70Xl + 12.75X,, ,Jr~o.,05x3
3 Current vel
- (f.p.s.) +15.,1191 3.85f* 15.25** 0.81 0.66
.Totalacover :
(££7) + 0.0481 4,28

+ Ou,O5X2

+ Regression line: T = -6.66 + 15.12%,

**  Significant at 0.0l level.
* Significant at 0.05 level.
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Table 6. Multiple‘regression analyses for brown trout
Independent Partial
variables regr Multiple >
Apnalysis Xi coef T F "R R
1 Surface . )
area(ft) + 00,0200 +0.74 B 7T7E* 0.88 0.77
Volume(£t>)  '--0.009L -0.81 ‘
Depth(ft) +.1.1558 +0.11
Current vel )
(foPeSa) +11.0441 +2.68%
Totalzcover ]
(££7) + 0.0500 +2.12
Percent o
cover = 0.2085 ~1.03
Regression line: ¥ = -8.47 + 0.02K --0.0LX, + 1.16X, +~li,O4X4 +
O,@5X5 --@.21X6.
2 . Depth(ft) - 2.4b90 . ~0.69 10.00%* 0.82 0.67
Current vel : ‘ o
(fnpo~So) ' i + ‘603629‘ +lo96
, Total cowver
(£t2) " +-0.0365 +h,59%*
 Regression line: Y = 1,80;--2.45Xl +-6a36X2 +'O.O’+X3
3 Current  vel ’ '
(fopes.) +:7.5957 +2.85% - 15.26%* 0,81  0.66
Tdtélacover . ) ’ '
(££7) ‘+ 0,0378 +l 96 *
Regression line: Y = -4.26 +-'7,6OXl + ODOAX2

*%  Significant at 0,01 level.
* "Significant at 0.05 level.
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hTable‘7, Multiple regfeésion analyses for rainbow trout
Independent Partial
variables regr Multiple 5
Analysis Xy coef T -F R R-
1 Surface ‘ . - ‘
area(ft°) + 0.0319 +1 .77 b p7* 0.84 0.70
Volume(£t>) - 0.0130 ~1.7h
Depth(ft) +11 . 4509 +1.66
Current vel . '
(fopo.s.) + 9.1651 +3, 3L *F*
Totalzcover '
(££7) - 009175 -1.10
Perceﬁt
cover . +0.2549 +1.88
Regression line: ¥ = -32.20 + 0,03X, - 0.0LX, + 11.45)(3 + 9.17%,, -
O.,O2X5 +-Q,25X6
2 Depth(ft) - 1.1480 - =0.50 7 b5% 0.77 0,60
- Current wvel ‘
(fopPoSo) + 7.2781 +3, hy*x
Totalacover . s
(£t7) +0,008%4 +L.63
Regression line: Y = -0.20 = l°15X1 + ‘7.28X2 + O,O’.].X3
3 Current vel -
(foposo) + 7.8560 Lo5o%x 11.,60%* 0.77 0,59
TotalzcoVer ’
(£t7) +-0.0090 1.83
Regression line: Y = -3.04 +.7b86X1 + O°OlX2
L+ Current vel o -
* (foPos.) + 7.5739 L, 16%x  17,38%* 0.71 0.51

Regression line: Y =141 + 7,57X

 **  Significant at 0.0L level,
*  Significant at 0,05 level,
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