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ABSTRACT

In the summer, five creeks on the Fort Apache Indian Reservation
were examined.

Apache trout generally selected the deepest pools with

the greatest amounts of instream cover and bankcuts.

Though fish in

three creeks may be Apache trout x rainbow trout hybrids, they were
found to occupy the same type of pools.

Regression models on

environmental conditions in two creeks accounted for 83% and 76% of the
variability in biomass of Apache trout.
There was adequate nursery habitat (and successful reproduction) on
two creeks, but such habitat was lacking in the other three creeks, and
no evidence of successful reproduction was found.
There was little evidence of survival of smaller Apache trout in
areas of co-occurrence with non-native trouts but there was evidence of
their survival upstream where fewer numbers of non-natives occur.

The

exclusion of smaller Apache trout may be from elimination or emigration.
Greater populations of Apache trout may be supported through
eradication of non-native trouts, the addition of instream cover, and
structures designed to create longer lasting pools and bankcuts.
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INTRODUCTION

The existence of Apache trout (Oncorhvnchus apache*) has been known
since 1873, but they were not scientifically described until 1972
(Miller 1972).

Apache trout are yellowish to yellow-olive with medium

sized black spots uniformly spaced along the body.
and anal fins have cream colored edges.

The dorsal, pelvic

Apache trout are believed to

have been originally distributed within the Upper Salt River, the San
Francisco River and the headwaters of the Little Colorado River,
Arizona (U.S. Fish and Wildlife Service 1989).

Populations of Apache

trout have been greatly reduced through habitat loss, overfishing and
interspecific interactions with introduced species (U.S. Fish and
Wildlife Service 1989).

By 1950, Apache trout were restricted to

waters on the Fort Apache Indian Reservation.

In 1955, the White

Mountain Apache Tribe closed the Reservation to all fishing for native
trout (U.S. Fish and Wildlife Service 1989).
In 1962, Apache trout were collected from the Reservation and
propagated at the Arizona Game and Fish Sterling Springs Hatchery near
Flagstaff.

Resulting progeny were introduced into Christmas Tree, Bear

Canyon, Becker and Lee Valley lakes on the Fort Apache Indian
Reservation and in streams on the Apache-Sitgreaves, Kaibab, Tonto, and
Coronado National Forests.

Stocking of Apache trout in these areas

continued from 1965 through 1974 (U.S. Fish and Wildlife Service 1983).
In 1969, Apache trout were listed as endangered and in 1973
brought under the Endangered Species Act.

In 1974, the status of

Apache trout was changed from endangered to threatened (U.S. Fish and

10

Wildlife Service 1987).
During 1974, the Williams Creek National Fish Hatchery, in
cooperation with the U.S. Fish and Wildlife Service Pinetop Fishery
Assistance Office participated in an experimental Apache trout spawning
program at Christmas Tree Lake.
were hatched from 23,282 eggs.

Approximately 9600 Apache trout fry
These fry were released into feeder

streams flowing into the lake.
In 1983, techniques were developed to culture Apache trout and in
1984 a broodstock was established at Williams Creek National Fish
Hatchery (Bob David, Williams Creek National Fish Hatchery, pers. comm.
1990).

By 1988, about 90,000 Apache trout fingerlings were produced

from the original broodstock and 17,085 (mean total length 15 cm) were
stocked into waters in the White Mountains.

In addition, several

thousand were retained for future broodstock.
Apache trout were produced.
the White Mountains.

In 1989, over 69,000

The majority were stocked into waters in

In 1990, over 178,000 fish were produced (Bob

David, pers. comm. 1991).
Although Apache trout have been cultured successfully, they
currently occur in only about 30 streams and impoundments on the
Reservation and about 10-14 streams off of the Reservation.

Current

efforts by the White Mountain Apache Tribe, the U.S. Fish and Wildlife
Service (USFWS), the U.S. Forest Service, and the State of Arizona are
directed towards establishing self-sustaining populations so that
Apache trout can be removed from the list of threatened species and
established as the dominant sport fish within their historic range.
The Apache trout recovery plan recommends that life history

11

information be obtained to facilitate recovery.

Information is

available on the reproductive biology (Harper 1978), feeding behavior
(Robinson and Tash 1979), temperature tolerances (Alcorn 1976, Lee and
Rinne 1980), parasites

(Mpoame and Rinne 1984), genetics and variation

(Loudenslager, et al. 1986), and distribution (Rinne and Minckley 1985,
Rinne 1985) of Apache trout.
Habitat information presented in the Apache trout recovery plan
mainly was inferred from studies on other salmonids rather than from
information collected specifically for Apache trout.

Some specific

habitat information on Apache trout was supplied by Harper (1978).
Harper (1978) described streams in which Apache trout occurred, as
having extreme fluctuations in annual and diurnal temperatures, widths
that exceeded depths, and low pool to riffle ratios.

Robinson and Tash

(1979), citing Harper (1976) and Robinson (1978), stated that Apache
trout were often seen in shallow riffles during periods of bright
sunlight.

Quantitative assessments of habitat requirements of Apache

trout have not been made.

Data on habitat requirements are necessary

if we are to successfully select streams for reintroduction or to
identify necessary habitat improvements.
My study was designed to quantitatively characterize summer
habitat used by Apache trout and determine the current population
status of the species in the streams studied.

The four questions

addressed were: 1) within a given stream, do areas of occurrence of
Apache trout differ from those of non-occurrence,
occurrence the same among streams,

2) are areas of

3) do areas of occurrence differ

in streams with and without introduced species of trout, and

4) if
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differences occur, is it possible to quantitatively define the
differences?

MATERIALS AND METHODS

The study was conducted on five streams located on the Fort Apache
Indian Reservation (Fig. 1). In the summer of 1989, Apache trout
populations in Paradise, Ord, and Big Bonito creeks were studied.

In

the winter of 1989, a genetic analysis showed that populations of these
three creeks were of questionable purity, possibly Apache trout X
rainbow trout (Oncorhvnchus mvkiss) hybrids (Jim Hanson, USFWS, Pinetop
Fishery Assistance Office, pers. comm. 1990).

Therefore, in the summer

of 1990, two streams (Sun and Firebox creeks) known to contain pure
stocks of Apache trout were studied.
Paradise Creek (about 21 km long) is a tributary of the North Fork
of the White River and runs through mixed conifer forest.

In 1978, a

barrier was constructed on the stream to prevent upward migration of
introduced species into the upper 13 km of stream.

This area is closed

to fishing. The area sampled (R26E, T6N, Sec. 6-8) is located above the
barrier at an elevation of 2900 m.

This area contained both Apache

trout and brown trout (Salmo truttal.
Ord Creek (a tributary of the North Fork of the White River) is
about 11 km long and runs through mixed conifer -forest and two
cienegas.

A barrier was constructed on this stream in 1977, and the

area above the barrier is closed to fishing.

The area sampled (R26E,

T6N, Sec.3 & 10) was located above the barrier at an elevation of
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Fig. 1.

Location of study area, Paradise, Ord, Big Bonito, Sun, and
Firebox creeks, Fort Apache Indian Reservation, Arizona.

3050 m.

This area contained both Apache trout and brook trout

(Salvelinus fontinalis).
Big Bonito Creek (a tributary of the Black River) is about 63 km
long and runs through mixed conifer forest.

The area sampled (R26E,

T5N, Sec. 27 & 34) was at an elevation of 2500 m.
and brown trout occurred in this stream.

Both Apache trout

There is no man-made barrier

on this stream, but a waterfall may form a natural barrier (James
Hanson, pers. comm. 1989).

This stream is open to fishing.

Logging

also occurs along this stream and silt deposition was evident in much
of the stream section sampled.
Firebox Creek (a tributary of the East Fork of the White River) is
about 14 km long and runs through mixed conifer forest.

The area

sampled (R24E, T6N, Sec. 25 & 26) was at an elevation of 2550 m and
contained only Apache trout.

There is no barrier on this stream and it

is closed to fishing.
Sun Creek is about 9 km long and the area sampled (R25E, T6N, Sec.
20 & 21) is at, an elevation of 2600 m.

Sun Creek runs through mixed

conifer forest before it enters Christmas Tree Lake.

The lake is man-

made and is stocked with Apache trout raised at Williams Creek National
Fish Hatchery.

Brown trout were also present in Sun Creek.

Fish populations within defined habitat areas were sampled by
electroshocking.

Block nets were simultaneously set above and below

the sample area.

The stream reach between the nets was sampled until

two successive passes with a D.C. backpack electro-fisher failed to
yield fish.

Each fish was identified to species, weighed, measured

(total and standard lengths) and released.
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Temperature, pH, dissolved oxygen, conductivity, and alkalinity
were measured once a week in each stream at the head of the sample
area.
Environmental conditions in the section of the stream sampled for
fish were measured along transects that lay perpendicular to the
direction of flow.

Transect lines were separated from one another by

the following distances:

1) when the sample site was less than 2 m

long, transect lines were 0.25 m apart,
long, transect lines were 0.5 m apart,

2) when the site was 2 to 4 m
3) when the site was greater

than 4 m long, transect lines were 1 m apart.

Points of measurements

on transect lines were: every 0.25 m when the sample site was less than
2 m wide; every 0.5m when the site was between 2 and 4 m wide; and
every m when the site was greater than 4 m wide.
At each measurement point, water depth was determined with a
metric wading rod, water velocity was measured with a Pygmy-Gurly
meter, and streambed substrate was ranked according to a modified
Wentworth particle scale (Bovee and Cochnauer 1977) (Table 1).
The percentage of daily shade the stream received, was estimated
by a person standing in the middle of the sample section, facing north.
Extending a grid of 25, 1/4-inch squares at arms length, and moving the
arm in an east to west direction, the number of obstructed squares was
estimated, first at 0°, then 45°, 90°, 135°, and 180°.

The number of

obstructed squares was then added and the total divided by 125.
After reviewing the data set from the summer of 1989, I added
measurement of the volume of water under both bankcuts and instream
cover (reported in liters), as well as, area and height of out-of-

Table 1. SURSTRATK SCALE

£
0.05

Description
•-

MUCK/DETRITUS

1

-

SILT

2

-

SILT/SAND

3

-

SAND

4

-

SAND/GRAVEL

5

-

GRAVEL

6

-

COBBLE

7

-

RUBBLE

8

-

BOULDER

9

-

BEDROCK

10

-

WOOD

stream cover to the analysis of habitat on Sun and Firebox creeks.

In

addition, the locations of individual fish within the stream section
were noted by observations made from the bank and marked before the
stream was sampled.

Markers were placed at the point judged to

represent the anterior portion of the fish.

Around this point an XY

coordinate (each axis 40 cm in length) was superimposed and habitat
factors were measured every 5 cm along each axis.

Water depth, water

velocity and strearabed substrate were measured using the same methods
described above.
I also measured spawning habitat (areas from which Apache trout
fry emerged) on Sun and Firebox creeks.

In addition, I measured

habitat factors in the areas where trout fry were observed.

Physical

conditions were measured along transects that lay perpendicular to the
flow.

Transects were 5 cm apart, current, depth and substrate were

measured at 5-cm intervals.

Width and length of each area were

measured, and an estimate was made of the number of fry in each
section.
Statistical tests performed at the 0.05 confidence level
included: 1) analysis of variance (ANOVA) tests for differences in
current, depth, and substrates within streams and between streams
Mann-Whitney-U tests for differences in other habitat measurements
multiple regressions, discriminate function analysis, and principle
components analysis to be used in determining habitat quality for
Apache trout.
program.

All statistical analyses were done using the Systat

2)
3)
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RESULTS

All fish were captured iti pools; therefore, all habitat
measurements were taken in pools.
was observed on several occasions.
run was less than 3 seconds.

Fish movement between pools via runs
In each instance, time spent in the

Constant occupancy in run or riffle

sections was observed only during a preliminary survey of Sun Creek in
early May, when redd construction was taking place.
Apache trout were relatively easy to observe, both underwater and
from the surface.

They did not react to an observer on the bank.

However, noise or shadows cast over the stream did cause them to seek
cover.

During underwater observations, Apache trout would approach me

and lean against my body.

During redd construction, the fish did not

seem to respond to my presence.
Visual observation of non-native trouts was more difficult.
particular, brown trout were very difficult to observe.

In

When I

approached the stream, all brown trout sought cover.
Current, depth, and substrate measurements on all five streams
were compared using ANOVA (Tables 2-4).

Firebox Creek was

significantly lower in current (mean - 0.43 cm/sec), depth (mean =6.49
cm), and substrate rating (mean = 4.10) than all other streams (Fig.
2),

Ord Creek had significantly higher current (mean = 14.65 cm/sec)

and greater depth (mean - 14.04 cm) than Sun and Big Bonito creeks but
significantly lower substrate rating (mean - 4.93).

Paradise Creek had

similar currents with Ord Creek (mean - 15.93 cm/sec) but significantly
greater depth (mean « 16.19 cm) and lower substrate rating (mean =

Table 2.

Comparison of current among streams (ANOVA; F/p).

FIREBOX

SUN

PARADISE

ORD

FIREBOX

SUN

236.53/

< 0.01**

PARADISE

ORD

560.80/

228.04/

< 0.01**

< 0.01**

471.18/

146.35/
< 0.01**

2.79/
0.10

130.37/

44.27/

8.78/

< 0.01**

< 0.01**

< 0.01**

< 0.01**

BIG BONITO

562.50/
< 0.01**

** Significant at a p-value of 0.05.

BIG BONITO

Table 3.

Comparison of depth among streams (ANOVA; F/p).

FIREBOX

SUN

PARADISE

ORD

FIREBOX

SUN

119.72/

< 0.01**

PARADISE

ORD

273.28/

36.72/

< 0.01**

< 0.01**

148.30/

8.10/
< 0.01**

5.74/
0.02**

0.50/
0.48

43.44/
< 0.01**

< 0.01**

BIG BONITO

100.78/

< 0.01**

** Significant at a p-value of 0.05.

11.50/
< 0.01**

BIG BONITO

Table 4.

Comparison of substrate among streams (ANOVA; F/p).

FIREBOX

SUN

PARADISE

ORD

BIG BONITO

FIREBOX

SUN

91.50/

< 0.01**

PARADISE

85.08/
< 0.01**

0.96/
< 0.33

ORD

22.47/

15.20/

< 0.01**

< 0.01**

4.05/
0.04**

103.94/
< 0.01**

0.23/
0.64

2.17/
0.14

BIG BONITO

** Significant at a p-value of 0.05.

20.60/
< 0.01**
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20

CURRENT (cm/sec)

HI FIREBOX

Fig. 2.

HORD

DEPTH (cm)

(HO PARADISE

SUBSTRATE

HI SUN

HI BIG BONITO

Average current, depth, and substrate of pools in
Firebox (0,43 cm/sec, 6.49 cm, 4.10), Ord (14.65
cm/sec, 14.04 cm, 4.93), Paradise (15.93 cm/sec,
16.19 cm, 4.68), Sun (5.43 cm/sec, 12.95 cm, 5.80),
and Big Bonlto (10.77 cm/sec, 11.28 cm, 5.37)
creeks.
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4.68) (Fig. 2).
substrate rating

Sun, Paradise, and Big Bonito creeks had similar
profiles (mean — 5.80, 4.68, and 5.37) and Sun and

Big Bonito creeks also had similar depth profiles (mean = 12.95 cm and
11.28 cm) but Paradise Creek had significantly greater depth (mean =
16.19 cm) than Sun and Big Bonito creeks (Fig. 2).

The resulting

discriminant function [Canonical variable = 0.06(current) + 0.27(depth)
+ 0.20(substrate) +0.38 (shade) + 1.14(area) - 0.84(biomass of nonnative trout)], was used to classify pools with Apache trout into the
four streams.

The mean canonical variable value for pools in Sun Creek

was -2.03, for Paradise Creek the mean value was 1.92, for Ord Creek
the mean value was -1,00, and for Big Bonito Creek the mean value was
2.01.

The analysis correctly classified 21 of 23 pools (91%)

indicating that Sun, Paradise, Ord, and Big Bonito creeks were
significantly different from one another (Table 5).

Therefore, I

analyzed the data from each stream separately.

POPULATION STRUCTURE AND WATER QUALITY
Water quality ranges for temperature, dissolved oxygen, pH,
alkalinity, and conductivity in all streams can be found in Table 6.
I counted 64 Apache trout along a 400-m stretch of Firebox Creek.
I sampled a 200-m stretch of stream within this area and captured 35
fish (Table 7).

Fry also were observed in July.

They ranged from 1.5

cm at emergence to 2.5 cm at dispersal.
Several other sections of Firebox Creek did not support Apache
trout.

As the summer progressed, these areas lost all surface flow.

The sections that went dry were never more than 1.5m wide nor more

Discriminant function predictions of streams for 23 pools
with Apache trout.

1
2
3
4
5
6

7
8

9

10
11
12

13
14
15

16
17

18
19
20
21

22
23

Stream
name

Canonical
value

Prediction

Sun
Sun
Sun
Sun
Sun
Sun
Sun
Paradise
Paradise
Paradise
Paradise
Paradise
Paradise
Paradise
Paradise
Ord
Ord
Ord
Ord
Ord
Ord
Big Bonito
Big Bonito

-0.519
-1.695
-3.677
-2.242
-1.822
-2.171
-2.107
2.000
2.419
2.894
0.948
1.192
3.025
1.536
0.638
-1.129
-1.211
-0.764
-2.386
0.597
0.456
1.046
2.971

Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Incorrect
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Incorrect
Correct
Correct
Correct

Table 6.

Water quality measurements of streams.

FIREBOX

TEMP
CO

13.2 - 20.0

SUN

PARADISE

ORD

BIG BONITO

10.2 - 13.0

7.0 - 10.8

7.1 - 8.8

10.8 - 12.7

D.O.
(ppm)

4.9 -

7.0

6.4 - 15.0

7.8 - 10.0

8.1 - 9.0

8.1 - 11.0

pH

7.1 -

7.8

7.4 -

6.0 -

6.4 - 7.0

5.9 -

7.9

7.5

7.0

ALKALINITY
(mg/lCaC03)

13 - 73

10 - 15

40 - 50

40 - 40

40 - 40

CONDUCTIVITY
(mmhos/cm)

30 - 42

31 - 35

34 - 41

34 - 35

32 - 32

Table 7.

Number of fish caught in streams.

SUN

PARADISE

ORD

35

5

11

5

2

0

34

76

86

57

100

13

13

6

3

0

87

87

94

97

FIREBOX

# APACHE
TROUT
# OTHER
TROUT
# APACHE
TROUT
I OTHER
TROUT

BIG BONITO

N3
ON
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than 10 cm deep.

The 1990 rainfall (21.61 in) was not exceptionally

low compared to the 6-year mean (Table 8).

However, 1989 was a low

rainfall year (13.63 in) and this may have contributed to the stream
drying up in 1990.
A 250-m length of Sun Creek was studied and no sections were
observed to go dry.

Apache trout made up 13% of the fish captured and

brown trout made up 87%.

A total of 39 fish were captured (Table 7).

Apache trout fry were observed in July.

Fry ranged from 1.5 cm at

emergence to 2.5 cm at dispersal.
On Paradise Creek, a 190-m length
section was observed to go dry.

of stream was studied and no

Adult Apache trout (possibly hybrids)

made up 13% of the fish captured and brown trout made up the remaining
87%.

A total of 87 fish were captured (Table 7).

No Apache trout fry

or juveniles were found.
A 155-m section of Ord Creek was studied and no section was
observed to go dry.

Apache trout (possibly hybrids) made up 6% of the

fish captured and brook trout made up the remaining 94%.
fish were captured (Table 7).

A total of 91

No Apache trout fry or juveniles were

found.
On Big Bonito Creek, a 125-m section of stream was studied.
section was observed to go dry.

No

Apache trout (possibly hybrids) made

up 3% of the fish captured and brown trout made up the remaining 97%.
A total of 59 fish were captured (Table 7).
juveniles were found.

No Apache trout fry or

Harper (1978) reported that brown trout made up

only 5% of the population in this same area of stream and that Apache
trout fry and juveniles were present.
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Table 8.

Rainfall in the White Mountains (Pinetop Fishery Assistance
Office 1991).

YEAR

INCHES

1984

28.78

1985

24.38

1986

19.92

1987

19.03

1988

26.68

1989

13.63

1990

21.61
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BIOMASS OF APACHE TROUT

ANOVA tests were run on each independent variable of current,
depth, and substrate against Apache trout biomass (designated
biomass a) (Table 9).

In Firebox Creek, no significant relationship

between biomass and current or substrate was found.

Pools containing

Apache trout had significantly greater depths (mean -=8.48 cm) than
pools without Apache trout (mean - 4.50 cm) (Fig. 3).
In Paradise Creek, there were no significant
between biomass and current or substrate.

relationships

Pools that contained Apache

trout were significantly greater in depth (mean = 17.48 cm) than pools
without Apache trout (mean = 14.71 cm) (Fig. 3).
There were no significant relationships between current, depth,
or substrate and biomass in Sun, Ord, and Big Bonito creeks.
Mann-Whitney-U tests relating the independent variables of
instream cover, out-of-stream cover, height of out-of-stream cover,
bankcut, shade, area of the stream sampled (area), and biomass of other
trout (biomass b) to Apache trout biomass were run.

Several

measurements (instream cover, out of stream cover, and bankcut) were
not taken for Paradise, Ord, and Big Bonito creeks and Firebox Creek
did not contain other trout species (Table 10).
In Firebox Creek, pools with Apache trout had a significantly
greater volume of water under instream cover (mean - 14.50 1) compared
to pools without Apache trout (mean - 0.06 1) (Fig. 4).

Pools with

Apache trout also had a significantly greater volume of water under
bankcuts (mean — 21.68 1) compared to pools without Apache trout (mean
— 0.17 1) (Fig. 4).

There were no significant relationships between

Table 9.

Comparison of current, depth, and substrate among biomass
of Apache trout in streams (ANOVA; F/p).

CURRENT

DEPTH

SUBSTRATE

FIREBOX

1.18/
0.29

14.45/
< 0.01**

0.61/
0.44

SUN

1.60/
0.23

0.84/
0.37

0.35/
0.56

PARADISE

0.22/
0.64

5.10/
0.02**

0.77/
0.38

0.20/
0.66

2.71/
0.12

0.76

3.32/

1.61/
0.24

2.12/
0.18

ORD

BIG BONITO

0.10

**Significant at the 0.05 level.

0.10/
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(17.48)

"(8748)
(4.50)

FIREBOX DEPTH (cm)
Present

Fig. 3.

PARADISE DEPTH (cm)
Absent

Average depths of pools occupied by Apache trout
and pools unoccupied in Firebox and Paradise creeks.

Table 10.

Comparison of instream cover (icover), out-of-stream cover
(ocover), height of out-of-stream cover (ht), bankcut,
shade, area, and biomass of non-native trout (biomassb)
among biomass of Apache trout in streams (Mann-Whitney-U;
MWU statistic/p).

FIREBOX

SUN

PARADISE

ORD

BIG BONITO

ICOVER

134/
0.01**

32/
0.96

OCOVER

70/
0.44

32/
0.96

HT

82/
0.88

35/
0.71

BANKCUT

154/
< 0.01**

33/
0.86

SHADE

73/
0.55

36/
0.60

29/
0.90

14/
0.10

14/
0.20

AREA

106/
0.29

17/
0.12

35/
0.42

48/
0.01**

14/
0.24

BIOMASSB

XXX

28/
0.67

25/
0.73

32/
0.56

10/
0.81

**Significant at the 0.05 level.
XXX Firebox does not have any non-native trout.
No measurements were taken.
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(21.68)

(0.06)
ICOVER (liters)
Present

Fig. 4.

(0.17)
BANKCUT (liters)
Absent

Average icover and bankcut in Firebox Creek for
pools occupied by Apache trout and unoccupied
pools.
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biomass of Apache trout and out-of-stream cover, height of out-ofstream cover, bankcut, shade, and area of pool.

In Ord Creek, pools with Apache trout had significantly larger
areas (mean - 19.39 m2j than pools without Apache trout (mean =6.59 m2)
(Fig. 5).

There were no significant relationships between Apache trout

biomass and shade or biomass of non-native trouts.

There were no

significant relationships between Apache trout biomass and any of the
variables tested for Sun, Paradise, and Big Bonito creeks.
A step-wise multiple regression analysis was used to rank the
importance of ten habitat characteristics to Apache trout biomass.

The

following ten variables: current, depth, substrate, instream cover,
out-of-stream cover, height of out-of-stream cover, bankcut, shade,
area, and biomass of non-native trouts were used in the analysis.

I

did not have data for instream cover, out-of-stream cover, height of
out- of-stream cover, and area of bankcuts for Paradise, Ord, and Big
Bonito creeks.
analyses.

Therefore these variables were dropped from these

Firebox Creek had no non-native trouts so this factor was

dropped from the analysis on this creek.

In Firebox Creek, area of the

pool, depth, shade, instream cover, out-of-stream cover and bankcut
provided the following multiple regression equation:

[-2.107 +

3.98(depth) + 0.16(cover) - 0.47(ocover) - 0.41(shade) + 5.08 (area) 0.25(bankcut)] (Table 11).

This equation accounted for 83% of the

variation in the biomass of Apache trout between pools.
In Sun Creek, depth, instream cover, out-of-stream cover, height
of out-of-stream cover, and bankcut provided the following multiple
regression equation: [-230.36 + 31.50(depth) + 0.16(icover) -

30
25

AREA (m2)
Present

Fig. 5.

IM3 Absent

Average area of pools occupied by Apache trout
and unoccupied pools in Ord Creek.

Table 11.

Source

Regression
Residual

Effects of area, depth, shade, instream cover,
out-of-stream cover, and bankcut on biomass of Apache
trout in Firebox Creek.

Sum-of-Squares

DF

Mean-Square

14965.35

6

2494.22

3115.32

20

155.77

F-ratio

16.01

g

< 0.01**

**Significant at the 0.05 level.
+R2 is the amount of variance explained by the predictors.

Ra+

0.83
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4.40(ocover) - 538.84(ht) - 0.78(bankcut)] (Table 12).

This equation

accounted for 76% of the variation in the biomass of Apache trout
between pools.

The multiple regression equations for Big Bonito Creek (Table 13),
Paradise Creek (Table 14) and Ord Creek (Table 15) did not explain the
variation in biomass of Apache trout between pools.
A discriminant function analysis was run relating the independent
variables of current, depth, substrate, instream cover, out of stream
cover, height of out of stream cover, bankcut, shade, area of pool, and
biomass of non-native trouts to the presence of Apache trout.

On

Firebox, the resulting discriminant function [Canonical variable =*
0.46(current) + 1.33(depth) + 0.11(substrate) - 0.23(icover) 0,80(ocover) + 0.06(ht) + 0.08(bankcut) - 0.65(shade) + 0.34(area)] was
used to classify pools.

The mean canonical variable value for pools

with Apache trout was 1.29, whereas -1.75 was the value for pools
without Apache trout.

The analysis correctly classified 15 out of 17

pools (88%) (Table 16).

According to the discriminant function, any

pool that has a canonical variable value of > -.138 will have Apache
trout.

On Sun, Paradise, Ord, and Big Bonito creeks, the discriminant

function analyses did not produce equations that could successfully
separate the pools.
Principle components analysis (PCA) tests were run on the habitat
variables for Sun, Paradise, Ord, and Big Bonito creeks, and resulting
predictors used in a discriminant function analysis.

On Ord Creek, the

resulting function [Canonical variable - -1.28(area) + 0.43(depth) +
0.52(substrate)] was used to classify pools.

The mean canonical value
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Table 12.

Effects of depth, iristreara cover, out-of-stream cover,
height of out-of-streara cover, and bankcut on biomass of
Apache trout in Sun Creek,

Source

Sum-of-Squares

Regression
Residual

DF

Mean-Square

F-ratio

6.32

158556.67

5

31711.33

50179.27

10

5017.93

g

0.01**

Rz+

0.76

^Significant at the 0.05 level.
+ Rz is the amount of variance explained by the predictors.

Table 13.

Source

Effects of current and area on biomass of Apache trout
in Big Bonito Creek.

Sum-of-Squares

DF

Mean-Sauare

Regression

0.78

2

0.39

Residual

0.86

8

0.11

F-ratio

p

3.63

0.08

Ra+

0.48
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Table 14.

Source

Effects of current, depth, substrate, shade, area, and
biomass of non-native trout on biomass of Apache trout
in Paradise Creek.

Sum-of-Squares

DF

Mean-Square

Regression

1.20

6

0.20

Residual

2.54

8

0.32

Table 15.

Source

F-ratio
0.63

p
0.71

Ra+
0.32

Effects of current, depth, substrate, shade, area, and
biomass of non-native trout on biomass of Apache trout
in Ord Creek.

Sum-of-Squares

DF

Mean-Square

Regression

2.22

6

0.37

Residual

1.38

8

0.17

F-ratio

p

2.14

0.16

Rg+

0.62
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Discriminant function predictions of Apache trout
presence/absence in 27 pools in Firebox Creek,

1
2
3
4
5
6

7
8
9

10
11
12
13
14
15
16
17
18
19
20

21
22

23
24
25
26
27

Apache trout
occurrence

Canonical
value

Prediction

Present
Present
Present
Present
Present
Present
Present
Present
Present
Present
Present
Present
Present
Present
Present
Present
Present
Absent
Absent
Absent
Absent
Absent
Absent
Absent
Absent
Absent
Absent

2.709
0.904
0.527
0.058
0.355
1.182
2.330
1.546
1.970
-1.151
1.596
-0.138
0.861
1.919
1.733
1.775
-0.665
-3.071
-1.009
-0.380
-2.428
-1.238
-1.996
-2.665
-2.120
-1.032
-1.575

Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Incorrect
Correct
Correct
Correct
Correct
Correct
Correct
Incorrect
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct

41

for pools with Apache trout was -1.40, whereas 0.87 was the mean value
for pools without Apache trout.
out of 15 pools (Table 17).

The analysis correctly classified 13

According to the discriminant function,

any pool that has a canonical variable value of < -0,10 will have
Apache trout.

The discriminant function analyses for Sun, Paradise,

and Big Bonito creeks did not produce equations that could successfully
separate the pools.

FISH LOCATIONS
On Firebox and Sun creeks, ANOVA was used to test for differences
between current, depth, and substrate at actual fish locations and
those same variables measured at transect locations (Table 18).

In

Firebox Creek, there were no significant differences in available
current or substrate and that used by Apache trout.

The depth of sites

occupied by Apache trout was significantly greater (mean = 27.87 cm)
compared to depth of available sites (mean =8.48 cm) (Fig. 6).
On Sun Creek, there were no significant differences in the current
or depth used versus what was available.

However, substrate rating for

sites occupied was significantly lower (mean - 4.92) compared to
available sites (mean - 5.56) (Fig. 7).
In Sun Creek, brown trout used areas with significantly lower
currents (mean =1.92 cm/sec) than those areas occupied by Apache trout
(mean 3.09 cm/sec) (Fig. 8). There were no significant differences in
the depth or substrate in the areas used by the two species (Table 19).

Discriminant function predictions of Apache trout
presence/absence in 15 pools in Ord Creek.

1
2
3
4
5
6

7
8

9

10
11
12
13
14
15

Apache trout
occurrence

Canonical
value

Prediction

Present
Present
Present
Present
Present
Present
Absent
Absent
Absent
Absent
Absent
Absent
Absent
Absent
Absent

-0.408
-3.003
-0.714
0.312
-0.478
-2.378
-0.297
1.090
-0.100
0.133
0.426
2.100
0.881
1.365
1.071

Correct
Correct
Correct
Incorrect
Correct
Correct
Incorrect
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct

Table 18.

Comparison of current, depth, and substrate of actual
fish locations and available habitat in selected streams
(ANOVA; F/p).

CURRENT

DEPTH

SUBSTRATE

FIREBOX

0.71/
0.40

5.78/
0.02**

0.00/
0.99

SUN

2.11/
0.15

3.27
0.07

9.36/
< 0,01**

**Significant at the 0.05 level.
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35

DEPTH (cm)
Locations

Fig. 6.

UBS Pools

Average depth of locations of Apache trout and
available depth of pools in Firebox Creek.

45

SUBSTRATE
{ Locations

Fig. 7.

Pools

Average substrate of locations of Apache trout and
available substrate of pools in Sun Creek.

46

(3.09)

CURRENT (cm/sec)
Apache trout

Fig. 8.

IsM Brown trout

Average current of areas occupied by Apache trout
and areas occupied by brown trout in Sun Creek.

Table 19.

Comparison of current, depth, and substrate of Apache
trout locations and brown trout locations in Sun Creek
(ANOVA).

CURRENT

DEPTH

SUBSTRATE

F-ratio

4.38

1.50

3.41

p-value

0.04**

0.22

0.07

**Significant at the 0.05 level.
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NURSERY AREAS
In Firebox and Sun creeks, Apache trout nursery areas were either
miniature pools within runs or shallow areas on the edges of pools.
These sites ranged in area from 0.06 to 6.80 m2 and contained from 1 to
136 fry.

In Firebox Creek, current in the nursery area was

significantly lower (mean =0.00 cm/sec) compared to the sample area
(mean - 0,96 cm/sec).

Depth of the nursery area was significantly

shallower (mean - 3.31 cm) compared to the sample area (mean = 6.60
cm).

Substrate rating in the nursery area was significantly lower

(mean - 4.44 compared to the sample area (mean = 5.08) (Table 20 and
Fig. 9).
In Sun Creek, current in the nursery area was significantly lower
(mean = 1.42 cm/sec), than the sample area (mean = 7.48 cm/sec).
Substrate rating in the nursery area was significantly lower (mean —
3.63) compared to the sample area (mean -» 5.23) (Fig. 10).

There was

no significant difference in depth between the nursery area and the
sample area (Table 20).

DISCUSSION

Although Apache trout in Paradise, Ord, and Big Bonito creeks may
be hybrids and those in Sun and Firebox creek are believed to be pure,
I do not believe the fish would occupy different areas if put together
in the same stream.

The differences in mean values of areas occupied

among streams are more a function of the differences in stream size
rather than differences in habitat selection by hybrids and pure Apache

Table 20.

Comparison of current, depth, and substrate of nursery
areas in selected streams (ANOVA; F/p).

CURRENT

DEPTH

SUBSTRATE

FIREBOX

7.01/
0.01**

12.36/
< 0.01**

4.00/
0.05**

SUN

108.75/

1.19/

37.45/

< 0.01**

0.28

< 0.01**

**Signifleant at the 0.05 level.
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(6.60)

mm

i
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1

j

(5.08)

CURRENT (cm/sec)

DEPTH (cm)

Nursery Habitat

Fig. 9.

SUBSTRATE

ASM Available Habitat

Average current, depth, and substrate for nursery
habitat and available habitat in Firebox Creek.
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(7.48)

(5.23)

1

CURRENT (cm/sec)
Nursery Habitat

Fig. 10.

SUBSTRATE

ill Available Habitat

Average current and substrate for nursery habitat
and available habitat in Sun Creek.
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trout.
The presence of instream cover and bankcuts are important
variables in defining Apache trout habitat.

In Firebox Creek, where

there are no non-native trout, Apache trout selected areas with the
greatest cover and depth.

They also selected areas of greatest depths

in Paradise Creek where they co-occurred with brown trout.

There were

no significant differences in pools with Apache trout and without
Apache trout on the other streams.
Although all the streams were considered "typical" Apache trout
streams and have historically supported populations of Apache trout,
measurements of physical conditions available revealed a great deal of
difference among the streams.
shallowest of the streams.

Firebox Creek was the narrowest and

The section studied on Ord Creek ran

through a cienega and was narrower than comparable sections in wooded
areas.

These two streams were the most physically different from the

other streams.

Paradise, Sun, and Big Bonito creeks were about the

same width and were similar in other characteristics.
Firebox Creek was the only creek that contained several size
classes and large numbers of Apache trout.

However, Apache trout did

not get as large in Firebox creek as they did in the other streams.

In

this stream, Apache trout selected the deepest pools and those that had
the greatest amounts of instream cover and bankcut.

Undercut banks,

solid debris piles, and logs in contact with the water were very
important as cover for Apache trout.
Paradise Creek contained the next highest number of Apache trout.
In this system, Apache trout also selected the deepest pools.

In Ord
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Creek, Apache trout selected larger pools than they did on Firebox
Creek.

This difference is probably because Apache trout in Ord Creek

are larger than those in Firebox Creek.
relatively few Apache trout.

The other streams contained

Although there is habitat in Paradise,

Ord, and Big Bonito creeks that can be occupied by adult Apache trout,
there is an apparent lack of habitat for spawning and fry rearing.

It

is impossible to determine whether spawning and fry habitat were always
limited in these streams or whether there have been significant habitat
changes relatively recently.
Large Apache trout co-occur with non-native trout, though when
they do, Apache trout are always the largest fish.

Small Apache trout

may be displaced by non-native trout in the streams where they cooccurred.

Small Apache trout do not occur in Sun Creek in areas where

large numbers (brown trout made up 87% of the fish captured) of nonnative trout occur.

However, 1.70 km upstream from these areas, where

numbers of non-native trout are low, small Apache trout co-occur with
large Apache trout.
Small Apache trout may emigrate if faced with unsuitable living
conditions.

Mesick (1988) found that both small Apache trout and small

brown trout held in laboratory stream channels emigrated in response to
a short-term lack of food; but brown trout did not emigrate as quickly
as did Apache trout.
the test.

Large trout did not emigrate for the 73 days of

He also found that less than 1% of the Apache trout under

9.0 cm standard length, established residency in the absence of cover.
Apache trout may be at a competitive disadvantage to brown trout.
Robinson and Tash (1979) concluded that Apache trout required greater
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light levels (> moonlight; 10"3 fL) to feed successfully than did brown
trout.

They believed that Apache trout and brown trout reduced food

overlap by feeding at different times of the day.

However, this does

not guarantee a reduction in food overlap.
My data also indicate that Apache trout might be at a disadvantage
in areas of co-occurrence with brown trout.

All pools occupied by

Apache trout had large logs, debris piles or bankcuts for cover but
also had some portion of the pool exposed to sunlight.

Apache trout of

all sizes fed or basked during the day in this area of bright sunlight,
but periodically moved in and out of cover.

Large Apache trout

defended their cover, even though they frequently left it during the
day.

Conversely, brown trout seldom left cover during the day; and

only seldom entered sunlit areas of pools.

Therefore, if there is a

selective advantage provided by more permanent occupation of cover,
brown trout might displace Apache trout of similar size.

For example,

Apache trout co-existing with non-native trouts in Sun, Paradise, Ord,
and Big Bonito creeks were always the largest fish found in the pool.
Being larger might allow these Apache trout to successfully defend
their cover, even though they often left it.

Smaller Apache trout

might not be able to successfully defend cover.
Brown trout on Sun Creek also occupy areas of lower current than
Apache trout.

Lower currents aid in minimizing energy use (Heggenes

1988) and Apache trout may be at a competitive disadvantage to brown
trout if they must occupy areas of higher current.

Non-native trout

probably do not eliminate adult Apache trout because habitat is not
completely identical.
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The apparent lack of Apache trout reproduction in Paradise, Ord,
and Big Bonito creeks may be due to lack of appropriate substrate (all
these streams lacked areas of sand/gravel to gravel substrate).

In

Firebox Creek, fry were found mainly on the shallow edges of pools,
whereas in Sun Creek, fry were found mainly in runs.

Fry select areas

of low currents, shallow depths and small substrates in both creeks and
there is no evidence suggesting that nursery habitat is a limiting
factor of the population in either creek.

However, the question

remains whether the presence of brown trout causes Apache trout fry to
select different habitats in Firebox Creek than in Sun Creek.

There

are two potential ways in which the presence of brown trout could
affect the habitat selected by Apache trout fry, direct competition for
spawning areas or predation on the fry.

Brown trout and brook trout

spawn at different times than Apache trout (U.S.F.W.S. 1983),
therefore, there should be no direct competition for spawning or
nursery habitat.

However, there is no information on the effects of

non-native trout predation on Apache trout fry.
The regression and discriminant function models I developed
probably cannot be applied generally because of the high degree of
variability between streams.

However, they may be very important for

evaluating the ways to improve the habitat on the streams for which
they were developed.

In Ord, Paradise, and Big Bonito creeks, the

absence of spawning and nursery areas may need to be rectified if the
species is to become successfully established.

Deepening the pools and

increasing the amount of cover also would probably improve the quality
of habitat for Apache trout.
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It probably is advisable to remove non-native trout species from
areas of co-occurrence.

In Sun Creek, there is circumstantial evidence

that non-native trouts displace smaller fish and there is additional
circumstantial evidence that there is interaction over cover between
Apache trout and non-native trout species.

CONCLUSIONS AND RECOMMENDATIONS

Non-pure populations, of Apache trout occupy the same type of
habitat as the pure populations of Apache trout.

Apache trout select

areas with high levels of instream cover and bankcuts.

Non-native

trout may displace Apache trout by using all available cover;
especially in areas of slower currents.

Only Apache trout larger than

other non-native trout occupy pools; smaller Apache trout may be forced
to emigrate.

Lack of unoccupied cover may make small fish more

susceptible to predators.
In Firebox Creek, prevention of the introduction of non-native
trouts should be emphasized.

The placement of stream improvement

structures to deepen pools and provide additional instream cover would
be beneficial.

Care must be taken to ensure that part of the pool is

open to sunlight.
In Sun Creek, control of brown trout, especially in the lower
stream sections, may be required. Stream improvements may not be
necessary on Sun Creek because there are many pools with adequate
cover.

This abundance of pools with cover may explain the ability of

Apache trout and brown trout to apparently coexist.
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In Paradise, Ord, and Big Bonito creeks, non-native trouts may
need to be controlled if Apache trout are to develop self-sustaining
populations.

The barriers on Paradise and Ord are ineffective relative

to non-native trout and must either be repaired or replaced.

Stream

improvements on these creeks should include the addition of logs and
debris piles to pools to increase instream cover.

There are ample

numbers of pools in these streams, although many lack adequate cover.
Lack of cover is especially evident in Big Bonito Creek and the wooded
portions of Ord Creek; the portion of Ord Creek that runs through the
cienega has large amounts of bankcut that provide adequate cover.
Nursery habitat (sand/gravel, and gravel substrates) is readily
available on Firebox and Sun creeks but lacking in Paradise, Ord, and
Big Bonito creeks.

The addition of sand/gravel and gravel substrates

to selected areas (via spawning baskets) might be one way to improve
nursery habitat.
To protect the watershed, buffer zones should be set up if logging
occurs on these streams.

A buffer zone may prevent soil erosion,

siltation of the stream, and keep shade present that aids in
maintaining cool water temperatures.

Culverts or bridges should be

built if stream crossings become a regular occurrence.

On streams with

barriers, crossings should occur below the barriers whenever possible.
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