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ABSTRACT 

In 1995, Squaw and Flash creeks were renovated with Antimycin-A to 

eradicate non-native fish. After renovation, 129 Apache trout from Flash Creek were 

introduced into Squaw Creek. Two years later, all size classes were present. Apache 

trout above a natural barrier on Flash Creek were allowed to repopulate the renovated 

section. Three years later, 45 Apache trout were found below the natural barrier. In both 

streams, adults selected deep, slow moving areas. Juveniles selected shallow areas with 

fast currents. Both size classes selected open areas exposed to sunlight with surface 

turbulence and other forms of instream cover. 

Apache and Gila trout were experimentally PIT-tagged in the; I) pelvic girdle; 

2) abdominal cavity; and 3) dorsal musculature to determine the best tagging location. 

Fish tagged in the dorsal musculature had 0% tag loss and 98% survival. The minimum 

size Apache and Gila trout could be tagged was 90 mm TL. 
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CHAPTER 1. POPULATION STRUCTURE OF APACFfE TROUT IN FLASH 

AND SQUAW CREEKS ON THE FORT APACHE INDIAN 

RESERVATION, ARIZONA 

INTRODUCTION 

The Apache trout {Oncorhynchns apache), is an endemic species historically 

restricted to the upper Salt and Little Colorado River drainages in northern Arizona 

(Miller 1972). Apache trout are extant only in the White Mountains in east-central 

Arizona on the Fort Apache Indian Reservation (FAIR) and the Apache-Sitgreaves 

National Forest (Miller 1972, Rinne 1985). In these areas they occupy small to medium-

size, shallow streams that have low pool to riffle ratios (Harper 1978). 

The decline of Apache trout populations began in the early 1900's (Behnke and 

Zarn 1976). Causes of decline were loss of habitat caused by factors such as logging, 

grazing, water impoundment, and road construction; predation by introduced brown trout 

{Salmo tnittay, competition with introduced brown trout and brook trout {Salvelintis 

frontinalis)\ and hybridization with rainbow trout {Oncorhynchus mykiss) and cutthroat 

trout {Oncorhynchus ctarki) (Rinne 1985, Rinne and Minckley 1985, Rinne 1988, 

Carmichael et al. 1995). 

In the I950's, the White Mountain Apache Tribe (WMAT) tried to increase the 

abundance and distribution of Apache trout on their reservation by closing all streams 

containing Apache trout to fishing (Carmichael el al. 1995). Despite these efforts, the 

Apache trout was listed as "endangered" under the Endangered Species Act in 1969 
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(USFWS 1987). 

During the 1960's, the Arizona Game and Fish Department (AGFD) in 

cooperation with USFWS and WMAT, collected Apache trout from Ord Creek and 

propagated fish at the AGFD Sterling Spring Hatchery near Flagstaff, Arizona (USFWS 

1983). The AGFD's Sterling Spring Flatchery was successful in establishing a captive 

breeding program and progeny from these fish were reintroduced into Christmas Tree, 

Bear Canyon, Becker and Lee Valley lakes and North Canyon, Coyote, Mamie, Mineral, 

Grant, and Horton creeks on the Apache-Sitgreaves, Kaibab, Tonto, and Coronado 

National Forests (USFWS 1983, Carmichael et al. 1995). Based on the success of this 

program, the status of Apache trout was changed from "endangered" to "threatened" in 

1975 (USFWS 1987, Maughan t;/a/. 1995). The Apache Trout Recovery Team 

(WMAT, USFWS, AGFD, and USFS) was formed and a recovery plan developed for 

Apache trout. The main actions outlined in this plan were; 1) establish self-sustaining 

Apache trout populations; 2) survey and manage Apache trout populations existing in 

waters outside the historic range; 3) provide habitat protection; 4) provide adequate 

enforcement of all Federal, State, and Tribal laws and regulations to insure protection; and 

5) develop public support of the Apache trout program (USFWS 1983). 

Carmichael et al. (1995) suggested that 18-21 genetically pure and self-

sustaining populations of Apache trout must be in existence to ensure recovery of Apache 

trout. They also suggested that 28 creeks throughout historic range should be managed to 

contain reproducing populations of Apache trout without interference from non-native fish 

(Carmichael et ai. 1995). Currently, 18 un-hybridized, self-sustaining populations of 
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Apache trout exist (Daniel Parker, USFWS, Arizona Fishery Resources Office, 1999, 

pers. com.). The recovery plan calls for Apache trout from these self-sustaining and 

genetically pure populations to be established in other streams following renovation to 

eliminate non-native fish species and construction and maintenance of barriers to prevent 

recolonization of other trouts (Carmichael et al. 1995). The concept "renovation", as 

modified from Propst et al. 1992 and Carmichael et al. 1995, refers to the removal of ail 

fish upstream of a gabion barrier with chemical substances, usually a piscicide such as 

Antimycin-A, and restocking with pure Apache trout from a donor stream. 

In 1990, Arizona Fishery Resources Office (AZFRO) and WMAT Outdoor 

Recreation Department (WMAT-ORD)selected tributaries in the Big Bonito Creek 

drainage (Squaw Creek, Flash Creek, Hurricane Creek, Hughey Creek. Little Bonito 

Creek, and Big Bonito Creek) for restoration and reintroduction of Apache trout. 

Apache trout in these tributaries were being displaced from historical habitat by brown 

trout (Maughan et al. 1995). 

In 1994, AZFRO and USFWS-Pinetop Fish Health Center (PFHC) found 

abundant brown trout but no Apache trout in Squaw Creek. Both Apache and brown 

trout were found in Flash Creek. Fifty-one Apache trout were removed from Flash Creek 

and transported to Williams Creek NFH to serve as brood stock for production of fish for 

reintroduction in the Big Bonito Creek drainage. However, genetic analyses of 12 fish 

revealed that 5 individuals possessed rainbow trout genes. The Apache Trout Recovery 

Team concluded that Apache trout in Flash Creek were genetically introgressed with 

rainbow trout and that all trout in both Flash and Squaw creeks should be killed. 
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In 1995, prior to the renovation of Flash Creek, Apache trout were found 

above a natural barrier (1st natural barrier. Figure 2). AZFRO and USWFS-PFHC 

collected 37 of these fish; they were genetically pure Apache trout. As a result, AZFRO 

recommended a portion of this population above the 1 st natural barrier in Flash Creek be 

introduced into Squaw Creek. AZFRO also recommended that after renovation. Apache 

trout above this barrier in Flash Creek be allowed to move into the area below this barrier. 

My study followed the renovation of the two creeks. The objectives of my 

study on Squaw Creek were to; 

1) monitor growth and survival of transplanted Apache trout, 

2) record movement of transplanted Apache trout, and 

3) define habitat availability and habitat use by transplanted Apache trout. 

The objectives of my study on Flash Creek were to: 

1) determine the fish distribution and the number of fish present above the 

natural barrier, 

2) determine the length of time before Apache trout from upstream of the 1st 

natural barrier recolonized areas downstream, 

3) identify the predominant size classes recolonizing the area downstream of 

the 1st natural barrier, and 

4) define habitat availability and habitat use by Apache trout. 

STUDY AREA 

Flash and Squaw creeks are located on the FAIR in east-central Arizona 
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(Figure 1). The reservation encompasses about 728,450 ha. The elevations of both 

streams ranges from 2,750 m to 3,250 m. 

Flash Creek is a tributary of Big Bonito Creek (R26E, T5N, Sec. 50) and is a 

Ist-order stream that is closed to fishing (Figure 2). Flash Creek is 16.7 km in length with 

a mean summer flow of 0.43 mVs (Kelly Meyer, White Mountain Apache Tribal Outdoor 

Recreation Depart., pers. com.) that runs through mixed conifer forest and cienegas. In 

1994, a gabion fish barrier was constructed on Flash Creek just south of Route #55 to 

prevent upstream movement of non-native trout and hybrid Apache trout X rainbow trout. 

In 1995, an intermittent section (375 m) was found on Flash Creek (Figure 2). This 

intermittent section was also present in 1996-97. In addition, 2 natural barriers were 

located upstream of the gabion barrier in 1995. Only genetically pure Apache trout were 

found between these two natural barriers. 

Squaw Creek is also a tributary of Big Bonito Creek (R26E, T5N, Sec.5). 

Like Flash Creek, it is a Ist-order stream and is closed to fishing (Figure 3). Squaw Creek 

is 15.9 km long with an average summer flow of 0.43 m^/s (Kelly Meyer, White Mountain 

Apache Tribal Outdoor Recreation Depart., pers. com.) and runs through mixed conifer 

forest and cienegas. In 1995, a gabion fish barrier was constaicted on Squaw Creek just 

north of Route #55. A natural barrier occurs in the upper headwaters, but no fish reside 

above this barrier. 
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METHODS 

Renovation 

In 1995, AZFRO, WMAT-ORD, USFWS-PFHC, and Youth Conservation 

Corps renovated Squaw and Flash creeks. Squaw Creek was treated with Antimycin-A 

from its headwaters to the man-made barrier (gabion barrier) (Figure 3). Complete 

renovation of Squaw Creek required 2 days. Flash Creek was treated from the 1 st natural 

barrier downstream to the gabion barrier (Figure 2). The renovation required 2 days. 

Drip stations were positioned along the banks of each creek at 125 meter intervals. A 

seine (0.3175 x 0.3175 cm mesh) was placed above the 1st natural barrier in Flash Creek 

to prevent downstream movement of Apache trout until after renovation. Concentrations 

of 15 i/g/1 Antimycin-A were used on Squaw creek and 20 ;/g/l on Flash Creek. An 

additional treatment of 20 //g/1 of Antimycin-A was required on Flash Creek in 1997 from 

the intermittent section to the gabion barrier to remove brown trout surviving the first 

treatment (Figure 2). 

Benthic Invertebrates 

I collected benthic invertebrates before renovation (1995), 1 year (1996), and 2 

years after (1997) renovation on Squaw and Flash creeks. In each stream, benthic 

organisms were collected at 4 study areas with a Surber sampler. Study areas were 250 m 

in length. Benthic organisms were collected every 10 m in riffles (<20-30 cm deep). A 

total of 10 samples were taken from each study area. Samples were collected within a 

0.093-m- area of substrate. The Surber sampler was pushed into the substrate and the 
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substrate was stirred by hand to allow organisms to be dislodged and retained in the net 

(Knapp and Dudley 1990). Benthic organisms were sorted from inorganic material, 

preserved in 10% formalin, and later identified to family using Merritt and Cummins 

(1984). 

Resurvev and Introduction of Apache trout 

Resurvey 

One year after renovation (1996), Flash and Squaw creeks were resurveyed 

with backpack electrofishing units (Coffelt and Smith Root) to determine if all fish had 

been eliminated from the stream. No fish were found during either survey. A joint 

meeting between AZFRO, USFWS-PFHC, Alchesay-Williams Creek NFH. and WMAT-

ORD was held to discuss the number of fish to be introduced and the procedures to be 

used to accomplish this introduction. Based on the population information collected 

from Flash Creek in 1996, the determination was made that 130 Apache trout be 

collected from above the 1st natural barrier in Flash Creek and introduced in Squaw 

Creek. 

Apache trout were collected with backpack electrofishing units. Amperage 

setting for the Coffelt electrofisher did not exceed 1.0 amp and voltage was 350. Settings 

for the Smith-Root electrofisher were J-5, 300 V, 50 Hz, and 1 mV/s. Fish were placed in 

18.9-1 buckets and transported to fish stocking trucks. A premeasured amount of 0.5% 

NaCl was added to each holding bucket. Water temperatures in holding buckets were 

monitored every 5 to 10 min. Ice was used to control high water temperatures. 



18 

Tagging 

Total length (TL), standard length, and weight were recorded for all Apache 

trout collected. Fish were measured to the nearest mm and weighed to the nearest g. Fish 

with a total length > 150 mm were PIT tagged. All fish had the adipose fin clipped. Prior 

to PIT tagging, fish were anesthetized in a 132.5-1 tank containing 0.5% NaCl, 75 ppm of 

tricane methanesulfonate (MS-222), and 0.01-ml/l of polyaqua. PIT tags were injected 

into the pelvic region through the body wall musculature, anterior to the pelvic girdle and 

just off the mid-ventral line (Prentice et al. 1990). The needle was held at a 20-45" angle 

with the beveled face away from the body. PIT tag frequencies were recorded using a 

Destron Mini Portable Reader MPR Model HS5900L. 

Adipose clips were used as secondary markers for PIT tagged fish (Villegas 

1993). After the removal of the adipose fin, betadine was applied to the wound to prevent 

bacterial infections (Phil Hines, Arizona Game and Fish Department, pers. com. 1995). 

Fish Transport and Handling 

Two fish stocking trucks (568-1 tank and 757-1 tank) were used to transport 

fish. Both tanks contained 0 .5% NaCl, 6 ppm of MS-222, and 0.01 ml/I of polyaqua. All 

Apache trout collected were placed in the 757-1 tank. Once fish were tagged, marked, and 

individual data recorded, they were transferred to the 567-1 tank. 

Before stocking Apache trout, water within each stocking truck was tempered 

for a minimum of 2 hr by replacing 18.9-1 of water from each stocking truck with 18.9-1 of 

stream water. The process continued until water in the trucks had been completely 



exchanged for stream water. After tempering was complete, all fish and PIT tagged fish 

were equally divided and distributed between the two trucks. One stocking truck took 

fish to sites 3 and 4 and the other truck took fish to sites 1 and 2 (Figure 3). Apache 

trout were randomly distributed among the four study sites on Squaw Creek. 

Population Estimate of Apache trout in Flash Creek 

The population size of Apache trout between the 2 natural barriers on Flash 

Creek was unknown. Therefore, prior to removing Apache trout from Flash Creek to 

restock Squaw Creek, a population estimate was conducted between the 2 natural barriers 

in Flash Creek. As part of my study, I estimated the number of fish that could safely be 

removed. The stream was sampled systematically beginning at the 1st natural barrier. 

Seven 100-m sections were sampled. Total number of Apache trout were estimated in 

100-m sections using the Zippin (1958) removal method. Block seines (0.32 x 0.32 cm 

mesh) were placed at the upper and lower ends of each section (Zippin 1958. Seber and 

LeCren 1967, Hillman et al. 1987). Two upstream passes were performed with a time 

delay of 1 hr between the 2 passes to allow catchability to be normalized (Peterson and 

Cederholm 1984). Fish collected during each run were placed into an 18.9-1 container, 

anesthetized, measured to the nearest millimeter (mm), weighed to the nearest gram (g), 

and placed into cotton mesh live cars. After both runs were completed, all fish were 

released back into the section from which they were taken. 

Population estimates were calculated following Seber and LeCren (1967) 

method for 2 removals (95% confidence interval) according to the equation: 
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C'l 6*2 

c, = catch taken during the first pass upstream 
Ct = catch taken during the second pass upstream 
n = population estimate 

Six randomly selected sites were resampled in 1997 and 1998 to monitor the 

fish above the 1st natural barrier. 

Habitat Use and Habitat Availability 

Snorkeling and bank observations to observe habitat use by fish were 

inefficient because of low water depths, surface turbulence, and the presence of dense 

vegetation along the stream banks. Therefore, fish were sampled from Flash and Squaw 

creeks with gasoline powered backpack electrofishing gear. Introduction sites were 

surveyed, beginning 350 m below and ending 350 m above each site on Squaw Creek. In 

1997, few Apache trout were present in the 4 introduction sites. Therefore, Squaw Creek 

was surveyed from the gabion barrier to the headwaters with a single collecting pass 

(Figure 3). Jones and Stockwell (1995) and Propst and Stefferud (1997) indicated a single 

pass survey can provide a representative sample of the population. Although habitat 

information was not collected, sampling was distributed evenly over all habitat types. The 

main priority was to relocate PIT-tagged or fin clipped fish and record their distribution. 

Squaw Creek was surveyed tri-weekly and Flash Creek was surveyed bi

weekly from June to August 1998. Gasoline powered backpack electrofishing gear was 

used to collect Apache trout (Jones et al. 1984, Johnson and Kucera 1985, Gatz el al. 
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1987, Heggenes etal. 1991, Propst and StefFeaid 1997). Each sampling effort consisted 

of single pass from the gabion barrier to the headwaters in Squaw Creek and from the 

gabion barrier to the 1 st natural barrier in Flash Creek. One person operated the 

electrofishing unit and one person on either side of the operator captured stunned fish with 

dip nets. To minimize the effects of electrofishing and reduce fright response of fish 

(Hearn and Kynard 1986, Heggenes et al. 1991), I avoided pushing the electrodes forward 

through the water and moved slowly upstream in a sinuous pattern. To reduce injury to 

fish, I made no effort to reshock individuals that were not immediately captured (Propst 

and Stefferud 1991). 

Capture location was defined as the position where a fish was first observed. 

This approach minimizes the effects of galvanotaxis (Gatz et al. 1987). A small buoy 

consisting of a bell sinker, string, and bobber was placed at the location where each fish 

was first observed. At each buoy, water depth was measured with a metric wading rod 

and water velocities were measured with a Marsh McBirney 201D water current meter at 

0.6 of the water column for depths < 1 m. For depths > 1 m, velocity was measured at 

0.2 and 0.8 of the water column and then averaged to obtain mean velocity. 

Substrate was classified according to a modified Wentworth particle size scale 

(Bovee 1986, Wada 1991) (Table I). Mixed substrates were coded to intermediate values 

(Orth et al. 1982, Orth and Maughan 1982). Cover was classified into codes similar to the 

classification used by Baltz et a/. (1991) modified from Bovee (1986) (Table 2). A fish 

was considered under cover if it was directly beneath any type of cover or near enough 

that cover provided shade or concealment (Cunjak and Green 1983, Maes 1995). An X-Y 
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coordinate grid was superimposed around this location and additional measurements were 

taken at 5-cm intervals (Maes 1995). Each axis line was 40 cm in length. 

Habitat availability was estimated by measuring water depth, water velocity, 

cover, and substrate along transects in the capture area. Transects were perpendicular to 

the direction of stream flow and intersected all available conditions (Maughan el al. 1995). 

Line transects were placed as suggested by Wada el al. (1995): 1) line transects and points 

of measurement on the transect were 0.25 m apart when sample sites were < 2 m long and 

wide, 2) line transects and points of measurements were 0.5 m apart when sample sites 

were 2 to 4 m long and wide, and 3) line transects and points of measurements on the 

transect were 1 m apart when sample sites > 4 m long and wide. 

On Squaw Creek, fish that stayed within the 250-m study site where they were 

introduced were considered immobile. However, the distance between introduction site 

and recapture location of PIT-tagged Apache trout on Squaw Creek was measured with a 

tape meter or estimated from a topographic map (Rinne 1982). The downstream 

movement of Apache trout in Flash Creek, characterized as the distance fish moved below 

the 1st natural barrier, was measured using a tape meter or estimated from a topographic 

map. 

To estimate age, scales were remove from a point above the lateral line near 

the dorsal fin. Scales were soaked in water in a Petri dish for several minutes before 

cleaning (Kozel and Hubert 1987). After cleaning, scales were mounted between two 

glass slides and armuli counted with a 30 X bioscope. Number of annuli together with a 

length frequency distribution, were used to estimate the age of the various length groups 
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of fish (Jones et al. 1984). 

Statistical Analyses 

Samples were identified by creek name and year of sample (example Squaw 

Creek in 1996 = Squaw 96). General robustness or Fulton's condition factor of Apache 

trout ((K(TL)=W/L') was computed each year Apache trout were collected in Flash and 

Squaw creeks (Tesch 1971). Analysis of variance (ANOVA) was used to compare 

condition factors within group samples (Flashy vs Flash97 vs Flash,,, and Squaw^^ vs 

Squawgy vs Squaw,^) and between group samples (Flash,^ vs Flash,7 vs Flash,x vs Squaw 

,6 vs Squaw,7 vs Squaw,,,). Both Flash and Squaw creeks were sampled over 3 years. 

Analysis of covariance (ANCOVA) with length the covariate, was used to compare 

length-weight relationships (Propst and Stefferud 1997). Weight was log transformed to 

enhance homoscedasticity (log+1). Post hoc tests (Tukey honest significant difference) 

were used to identify significant comparisons within and between group analyses that 

yielded significant results. The Kolmogorov-Smirnov two-sample test (K-S test) was used 

to compare the length-frequency distributions of fish taken during two independent 

sampling events (i.e. Flash,6 vs Flash,7 and Flash,^ vs Flash,,) (Meyer 1990, Villegas 

1993). The maximum difference between the cumulative length-frequency distributions of 

fish taken in the two sampling events was used as the statistical events (Villegas 1993). 

Apache trout were separated into 2 size classes. Individuals <130 mm TL 

were classified as juveniles and individuals >130 mm TL were classified as adults. Harper 

(1978), indicated sexual maturity was attained at 3 years old and about 130 mm length. 
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Chi-square test (x*) and contingency tables were used to determine: 1) if 

conditions of habitat availability (depth, velocity, substrate, and cover type) differed 

between Flash and Squaw creeks; 2) if use of habitat conditions (depth, velocity, and 

substrate) differed between juvenile and adult Apache trout or differed from availability; 

and 3) if habitat conditions used by juvenile and adult Apache trout differed between 

streams. If a significant difference was detected by a chi-square test at the 0.05 « level, 

Bonferroni simultaneous confidence intervals were calculated to identify depth, velocity, 

and substrate categories that were "preferred" or "avoided" (Byers el ctl. 1984). 

Cover type used by each size class of fish, juvenile and adult, was expressed in 

percent frequency. Cover was treated as a discrete binary variable (association with cover 

or not) and analyzed using a Chi-square test (Cunjack and Green 1983, Maes 1995). 

Substrate categories were grouped to validate the Chi-square analysis; the test requires an 

expected frequency of at least 5 for each cell. All statistical tests were performed using 

SPSS statistical data analysis (Norusis 1990) and considered significant at P<0.05. 

RESULTS 

Benthic Invertebrates - Survey 

Prior to renovation, the predominant groups of insects found in Flash and 

Squaw creeks were in the orders Trichoptera (38% Flash Creek; 60% Squaw Creek), 

Ephemeroptera (24.7% Flash Creek, 15.6% Squaw Creek), and Diptera (30.8% Flash 

Creek; 16.3% Squaw Creek). One year after renovation in Flash Creek, the average 



25 

density was 26.9 individuals/m- compared to 29.2 individuals/m- prior to renovation 

(Table 3). The average number of taxa I year after renovation was 14.7 taxa/sample 

compared to 11.2 taxa/sample prior to renovation. Three Plecoptera taxa were found I 

year after renovation compared to 1 taxa prior to renovation (Table 1, Appendix A). 

Diptera taxa in Flash Creek made up 19.8% of the invertebrate fauna after renovation 

compared to 30.8% prior to renovation. Simulliid taxa were 0% after renovation 

compared to 10.8% prior to renovation (Table 1, Appendix A). The percentage of 

Trichopterans was 31.1% after renovation compared to 38% prior to renovation. In Flash 

Creek, dysticids, dixids, and perlodid and nemourid stoneflies were not found in 1995 but 

were present in 1996. 

In Squaw Creek, the average density was 27.8 individuals/m- after renovation 

compared to 30.1 individuals/m- prior to renovation (Table 3). The average number of 

taxa 1 year after renovation was 14.7 taxa/sample compared to 10.2 taxa/sample prior to 

renovation. The percentage of Trichopterans in Squaw Creek after renovation was 36.9% 

compared to 60% prior to treatment. Among the 5 families of Trichoptera, limnephilids 

made up 19.1% of the taxa after renovation compared to 36.9% prior to treatment. The 

percentage of simuliids was 0.1% after renovation compared to 3% prior to renovation. 

Dysticids were not found in 1995 (0%) but were present in 1996 (0.9%). 

Two years after renovation, the average density of invertebrates was similar to 

the average density of invertebrates before the application of Antimycin-A on both Flash 

and Squaw creeks (Table 3). In addition, the average number of taxa present was higher 

two years after renovation than before renovation in both streams. The percentage of 
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Dipterans in Squaw Creek was 25.4%, 2 years after renovation, compared to 16.3% 

before renovation. Dixids were 2.1% of the taxa 2 years after renovation, compared to 

0% prior to renovation (Table 1, Appendix A). The percentage of Trichoptera 2 years 

after renovation was 37.6% compared to 60% prior to renovation in Squaw Creek. 

Limnephilid caddisflies were 16,8% of the taxa 2 years after renovation compared to 

36.9% prior to renovation. In both streams, the percentage of simuliids was 6% higher 2 

years after renovation than before renovation. Beiostomatids were not found in 1995 or 

1996 but were present below the intermittent section in Flash in 1998 (Figure 2). 

Resurvey and Introduction of Apache trout 

Flash Creek Survey 

In 1997, I resurveyed Flash Creek from the gabion barrier to the 1st natural 

barrier (Figure 2). A total of 7 brown trout were collected and 2 more observed (Table 

4). One fish was 1.7 km above the gabion barrier. In 1995, an intermittent section about 

375 m long was found. This section was also intermittent in 1996-97. I found only 

Apache trout between this intermittent section and the 1st natural barrier. Nine Apache 

trout, age < 3, were located between 0 m to 300 m below the 1st natural barrier (Table 5). 

Size ranged from 75-161 mm. 

In 1998, I found only Apache trout (A/=45) in Flash Creek. These fish ranged 

fi"om 70 mm to 200 mm, but most were between 110 mm and 130 mm (Figure 4). I 

captured 45 fish between 100-1,000 m below the 1st natural barrier (Table 5) but 1 

individual, age 4, was found >1500 m below the 1st natural barrier (Table 5). 
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In 1998, 36 Apache trout were reintroduced into a 250-m area above the 

second natural barrier (Figure 2). These fish ranged from 80-229 mm (total length, 

x=138.8±5,9; weight, x=30.7±4,5). Three months later, 8 individuals were recaptured. 

Size ranged fi'om 98-183 mm (total length, x=131.7±9.1; weight, x=29.2±6.1). Six 

individuals carried PIT-tags. 

Squaw Creek Survey 

In 1996, I collected 129 Apache trout between the 2 natural barriers in Flash 

Creek. Size ranged from 58-227 mm (total length, x=126±3.4; weight, x=26.1±2.1). Of 

these fish, 34 were PIT-tagged (Table 1, Appendix I). The total number offish collected 

were divided into equal lots and released into 4 locations on Squaw Creek (Table 6, 

Figure 3). One day after the introduction of Apache trout, AZFRO and USFWS-PFHC 

personnel returned to each site to locate mortalities. A total of 14 dead fish were found. 

Six mortalities were found at site 2, 4 at site 4, 3 at site I, and 1 at site 4. The estimated 

number of Apache trout remaining in Squaw Creek was 115. 

In June 1997,1 resurveyed the 4 introduction sites on Squaw Creek. Only 3 

Apache trout were found, I each at site 1, site 4, and 400 m upstream from site 4. From 

the end of June to August 1997, Squaw Creek was surveyed from the gabion barrier to the 

headwaters and I captured 32 Apache trout. Size ranged fi-om 40-256 (total length, 

x=165±11.9; weight, x=74.6±9.9). Eleven out of the 32 Apache trout recaptured were 

PIT-tagged (34%), 15 were fin-clipped (47%), and 6 were unmarked (19%). An average 

of 4 fish occupied each 250-m site. PIT-tagged Apache trout were generally recaptured 
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upstream from the site where they were introduced into the stream. In addition, 4 non-

native fish (3 brown trout and 1 Apache X rainbow trout hybrid) were captured. The 

Apache X rainbow trout hybrid was 40 m and the brown trout were 1,625 m upstream 

from the gabion barrier (Table 4). These fish were physically removed from Squaw Creek. 

Squaw Creek was not renovated again because we could not do so without killing all the 

introduced Apache trout. 

From June to August 1998, I found no brown trout in Squaw Creek. I 

captured 144 Apache trout upstream and downstream from the introduction sites. Size 

ranged from 59-275 mm (total length, x=l09.9±3.4; weight, x=23.8±2.9). The 

population was 4.4 times higher than in 1997. The average number of fish in each 

introduction site increased to 13 fish/250-m and consisted primarily of unmarked Apache 

trout. Only 2 fish were found at site 2 but several fish were captured above this site. Nine 

out of the 144 Apache trout recaptured were PIT-tagged (6.3%). Eighty-three percent of 

the fish were unmarked individuals and other 17% were fin-clipped fish. The distance 

between captured Apache trout varied from 3 to 1500 m. 

Growth of Apache trout 

Eleven PIT-tagged Apache trout were captured in 1997. The average growth 

was 0.10 mm/day and 0.17 g/day (Table 1, Appendix C). Nine PIT-tagged fish were 

captured in 1998. Their average growth was 0.05 mm/day and 0.03 g/day (Table 1, 

Appendix C). Three individuals captured in 1997 were again recaptured in 1998. The 

average growth of the 3 fish in 1998 (0.18 mm/day) was higher than their growth in 1997 
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(0.08 mm/day). 

Fish collected from Squaw Creek in 1997 had a higher mean condition than 

those from Squaw Creek in 1996 and 1998 (ANOVA, P=0.007; Table 7; Table 2, 

Appendix C). Condition factors were similar for fish during all 3 years in Flash Creek 

(ANOVA, P=0.307; Table 7). There was no significant difference in 1996-98 between the 

condition factor for fish collected below and above the 1 st natural barrier on Flash Creek 

(ANOVA, P=0.3 127; Table I, Appendix D). Fish collected from Squaw Creek in 1997 

had higher mean condition than fish captured in Squaw Creek in 1996 and 1998 and in 

Flash Creek 1996-98. Mean condition was also higher than for fish taken below the 1st 

natural barrier on Flash Creek (Flash BB) (ANOVA, P<0.0001; Table 7). Apache trout 

collected from Squaw Creek in 1996 had lower mean condition compared to fish from 

Squaw Creek in 1997 and 1998, and Flash Creek in 1996-98, and fish from below the 1st 

natural barrier. 

Length Frequency Distribution 

The size structures of Apactie trout in Squaw Creek varied among the 3 years 

(Figure 5). Fish s 140 mm were more abundant in Squaw Creek in 1996 than in 1997 (K-

S test, P<0.0001; Figure 5). However, more fish >200 mm (age 3-4) were present in 

Squaw Creek in 1997 (Table 8). In 1998, fish 70-120 mm (age 1-2) were more abundant 

in Squaw Creek than in 1996 (K-S test, P<0.0001; Table 8). Fish in Squaw Creek in 1997 

had a significantly greater mean weight (x=38g±l.l) at a given length compared to those 

in Squaw Creek in 1996 (x=18.2 g±l.l) and 1998 (x=16.2 g±l.l) (ANCOVA, 



P<0.0001), 

The size structure of Apache trout in Flash Creek also varied among the 3 

years (Figure 6). In 1996, 5 age groups were represented (Table 8) and fish 85-229 mm 

were more abundant than in 1997 (K-S test, P<0.0001). The size structure offish in Flash 

Creek in 1996 was not different from that in Flash Creek in 1998 (K-S test, P=0.263). 

The mean weight (><=10.5 g±l. 1) at a given length for fish in Flash Creek in 1997 was 

significantly lower than the length-weight relationship for fish in 1996 (x=l 7.8 g±I. I) and 

1998 (x=l7.4 g±l.l) (ANCOVA, P<0.0001). 

Among fish in Flash and Squaw creeks, fish in Squaw Creek in 1997 had 

significantly greater mean weight (x=38g±l. 1) at a given length than those in Squaw 

Creek in 1996 (x=18.2g±l.l), 1998 (x=16.2g±l. 1), and Flash Creek in 1996 

(x=17.8g±l. 1), 1997 (x=10.5g±l.l), and 1998 (x=17.4g±l. 1). The mean weight of fish 

in Flash Creek in 1997 (x=10.5g±l.l) at a given length was significantly lower than those 

for fish in Squaw 1996-98, and Flash Creek in 1996, and 1998. 

Population Estimates in Flash Creek 

A total of 268 Apache trout were captured. Size ranged from 29-242 mm 

(total length, x=122.6±2.3; weight, x=25.8±1.5). Population estimates varied among 

sections, ranging from 18 to 69 fish (Table 2, Appendix D). The densities ranged from 

0.03 fish/m- to 0.18 fish/m- and averaged 0.09 fish/m*. The biomass ranged from 27.6 

g/m- to 172.1 g/m- and averaged 67.2 g/m-. The estimated number of fish for the 1,700-m 

length of stream was about 510. In 1997, 138 Apache trout were captured. Size ranged 



from 47-204 mm (total length, x=102.7±3.4; weight, x=15.7±1.4). Population estimates 

ranged from 20 to 98 fish (Table 2, Appendix D). Densities ranged from 0.03 fish/m- to 

0.08 fish/m- and averaged 0. l6/m-. Biomass ranged from 4.9 g/m- to 34,7 g/m- and 

averaged 14,7 g/m-. The estimated number offish for the 1,700-m section was 391 fish. 

In 1998, 241 Apache trout were captured. Size ranged from 37-220 mm (total length, 

x=l 17.7±2.2; weight, ><22.8±1.4). Population estimates ranged from 27 to 221 fish 

(Table 2, Appendix D). Densities ranged from 0,06 fish/m- to 0,31 fish/m- and averaged 

0.58 fish/m-. Biomass ranged from 46.0 g/m- to 146.9 g/m- and averaged 87.3 g/m-. The 

estimated number of fish for the 1,700-m section was 663 fish. 

Movement 

In 1997, 11 PIT-tagged Apache trout were recaptured in Squaw Creek. Five 

Apache trout (45%) were recaptured within the 250-m introduction site, and 5 Apache 

trout (45%) were recaptured upstream from the introduction site (Table 9). The longest 

movement by an Apache trout was 2,100 m upstream. The maximum downstream 

movement was 325 m. In 1998, 9 PIT-tagged Apache trout were recaptured in Squaw 

Creek. Five Apache trout (56%) were recaptured downstream and 3 Apache trout (33%) 

were recaptured upstream from the introduction sites (Table 9). The longest downstream 

movement was 2,385 m. The farthest upstream movement was 1,000 m. Three 

individuals captured in 1997, were again recaptured in 1998. One fish moved 450 m 

upstream between 1996 and 1997 and was recaptured in about this same location in 1998. 

The other two fish were recaptured in the introduction site in 1997, but in 1998 they were 
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500 m and 750 m downstream. 

Habitat Use vs. Habitat Availability 

Habitat Availability 

Availability of habitat conditions varied significantly between Flash and Squaw 

creeks for all 4 variables measured. Deeper waters were available in Flash Creek (Figure 

7) and faster velocities were available in Squaw Creek (Figure 7). Cobble and wood 

debris were available in Squaw Creek and rubble, boulder, and bedrock were available in 

Flash Creek (Figure 8). Objects less then 150 mm in diameter and surface turbulence were 

available in Squaw Creek (Figure 8). 

Habitat Use vs. Availability - Squaw Creek 

Juvenile Apache trout used water depth intervals 11-20 cm and greater then 20 

cm but preferred the water depth interval of 11-20 cm (Figure 9). Adult Apache trout 

used the water depth interval greater then 20 cm (Figure 9). Juvenile Apache trout 

selected water velocity intervals greater then 0.01 mJs (Figure 10). Adult Apache trout 

selected water velocity intervals 0.01-0.1 m/sec (Figure 10). Juvenile and adult Apache 

trout used substrates in proportion to availability (Figure 11). Juvenile Apache trout were 

often found in close association with cover (x"= 4.74, df=l, P=0.03). They were often 

near surface turbulence or overhanging vegetation, and objects less then 150 mm diameter 

(Figure 12). Adult Apache trout were not found in close association with cover 

(X-=0.00051, df=l, P=0.98). However, when they were near cover they were often either 



'> J J 

near objects less then 150 mm diameter, objects greater then 300 mm diameter, 

overhanging vegetation, or surface turbulence (Figure 13). 

Habitat Use vs. Availability - Flash Creek 

Juvenile Apache trout used depths in proportion to availability. Adult Apache 

trout selected deep waters (Figure 14). Juvenile Apache trout used velocities in 

proportion to availability. Adult Apache trout selected water velocity intervals 0.01-0.1 

m/sec (Figure 15). Both juveniles and adults used substrates in proportion to availability 

(Figure 16). Juvenile (x-=0.08, df=l, P=0.77) and adult Apache (X"= 1.83, dP=l, P=0.17) 

trouts were not found in close association with cover. When juvenile Apache trout were 

near cover they were often near objects less than 150 mm in diameter, objects 150-300 

mm in diameter, objects greater then 300 mm diameter, and surface turbulence (Figure 

17). When Adult Apache trout were near cover they were near objects less than 150 mm 

diameter, objects 150-300 mm diameter, objects greater then 300 m diameter, surface 

turbulence, and surface turbulence plus overhanging vegetation (Figure 18). 

Habitat Selection Between Size Classes 

In Squaw Creek, juvenile Apache trout generally used water depth intervals of 

0-20 cm more frequently than adults (Figure 19). Adult Apache trout used water depth 

intervals greater than 20 cms more frequently than juveniles (Figure 19). The mean water 

depths used by juveniles and adults was 16.1±0.65 cm and 26.4±2.13 cm, respectively. 

Juvenile Apache trout used water velocity intervals greater then 0.1 m/s more frequently 
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than adults (Figure 19). The mean velocities used by juveniles and adults was 0.14±0.14 

m/s and 0.09±0.02 m/s, respectively. The use of substrates did not differ significantly 

between juvenile and adult Apache trout (x^=l.55, df=4, P=0.81). 

In Flash Creek, juvenile Apache trout used water depth intervals less than 15 

cm more frequently than adults (Figure 20). Adult Apache trout generally used water 

depth intervals greater than 16 cm. The mean water depths used by juveniles and adults 

was 15.4±4.0 cm and 33.1±4.1 cm, respectively. Juvenile Apache trout used water 

velocity intervals greater then 0.04 m/s more frequently than adults (Figure 20), The mean 

velocities used by juveniles and adults was 0.05±0.1 m/s and 0.02±0.01 m/s, respectively. 

The use of substrates did not differ significantly between juvenile and adult Apache trout 

(X-=0.38, df^l, P=0.53; Figure 20). 

Habitat Selection of Size Classes Between Streams 

Juvenile Apache trout in Squaw Creek generally selected water depth intervals 

of 16-30 cm (Figure 21). Juveniles in Flash Creek selected the water depth interval 

greater than 30 cm more frequently than did those in Squaw Creek. Juvenile Apache trout 

from Squaw Creek selected the water velocity interval greater than 0.01 m/s more 

frequently than those in Flash Creek (Figure 21). Juveniles from Flash Creek selected 

medium sized substrates (gravel and cobble) more frequently than juveniles from Squaw 

Creek ( Figure 21). 

Depths used by adult Apache trout did not differ significantly between Squaw 

and Flash creeks (x*=3.02, df=2, P=0.22; Figure 22) but velocities selected did differ 
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significantly (X"=14.12, df=2, P=0.001; Figure 22). Adults from Flash Creek selected 

areas with low velocities (< 0.01 m/s) more fi"equently than did adults from Squaw Creek. 

Substrates used did not differ significantly between adults from Squaw and Flash creeks 

(X==1.41,df=3,P=0.71). 

DISCUSSION 

Benthic Invertebrates 

Antimycin-A has a dramatic and short term effect on benthic communities 

(Minckley and Mihalick 1981). Free-living or otherwise exposed invertebrates such as 

baetid mayflies, chloroperlid stoneflies, simuliid dipterans, and hydropsychid tricopterans 

suffered the greatest reduction in numbers after exposure to Antimycin-A (Minckley and 

Mihalick 1981). Benthic invertebrates were not collected immediately after the 

application of Antimycin-A in Flash and Squaw creeks, but the average density of benthic 

invertebrates was 1.1 times lower 1 year after treatment than prior to treatment. In Flash 

and Squaw creeks, only simuliids were absent or rare. Mangum and Madrigal (1999) 

found populations of Diptera were initially reduced after treatment with toxicants. Cook 

and Moore (1969) found simuliid populations decreased significantly 6 weeks after 

treatment with Antimycin-A. However they cautioned that the absence of simuliid 

dipterans could have resulted from sampling error (Cook and Moore 1969, Minckley and 

Mihalick 1981). Cook and Moore (1969) also found that within 2 weeks after treatment, 

simuliids were the first major group to begin to recover in treated riffles. Mangum and 

Madrigal (1999) also found species in the order Trichoptera were sensitive to rotenone. 



after I year 20-100% of the Trichoptera were missing. Trichoptera present Squaw Creek, 

was 22.4% lower 1 year after treatment than before treatment. The taxa Limnephilidae 

was 18% lower 1 year after treatment than before treatment. 

Two years after the application of Antimycin-A, the average density of aquatic 

invertebrates in Flash and Squaw creeks were similar to pre-treatment conditions but there 

were taxonomic differences. Fourteen taxa were present in Flash Creek in 1995 and 20 

taxa in 1997. Sixteen taxa were present in Squaw Creek in 1995 and 18 taxa in 1997. 

Thus although recovery of benthic taxa appeared virtually complete 2 years after treatment 

there were still taxonomic differences. The percentage of Diptera was 9% higher two 

years after treatment than before treatment, but 22.4% of Trichoptera were still missing. 

Mangum and Madrigal (1999) indicated post-treatment conditions favor Diptera and that 

these differences may persist for some time. Minckley and Mihalick (1981) reported that 

3 years after application of Antimycin-A, number, biomass, and diversity were similar to 

pre-treatment conditions but that taxonomic changes persisted. Seven taxa present in Ord 

Creek, Arizona after treatment (1980) were not found before treatment (1977) and 6 taxa 

present before treatment (1977) were not present after treatment (1980). 1 do not know 

the implication of these taxonomic changes in the benthos to the Flash and Squaw creek 

ecosystems. To prevent loss of sensitive aquatic invertebrates, Mangum and Madrigal 

(1999) recommended that representative species of communities from stream reaches to 

be treated should be collected and placed in a suitable habitat and then returned to the 

stream reaches after chemical toxicity subsides. 
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Renovation and Gabion Barriers 

There are two possible reasons for the presence of non-native fish in treated 

sections after renovation: survival of fish that were resident in the renovated section, and 

movement of fish through the fish barrier. Reinvasion by non-native fish after stream 

renovation is common in streams renovated on FAIR. Meyer (Fishery Biologist, White 

Mountain Apache Outdoor Recreation Department, pers. com.) reported 1 year after 

renovation of Paradise Creek, Crooked Creek, and Little Bonito Creek on FAIR, an 

average of 3 non-native fish were found. Rinne et al. (1981) believed young-of-year 

(YOY) breached incompletely sealed new fish barriers. 

In 1996, it appeared that a 100% kill had been achieved in Flash and Squaw 

creeks. However, by 1997 exotics had reappeared in both streams. Brown trout captured 

in 1997 were large enough that they probably entered the study section by breaching the 

gabion barriers. Bjomn and Reisere (1991) indicated that salmonids can leap over 

substantial obstacles depending on the characteristics of the pools that provide a launching 

site. Thompson and Rahel (1998) marked brook trout below a gabion barrier and saw 

several fish swim upstream and disappear into the gabion barrier. These fish were later 

captured upstream of the barrier. Brook trout (80-240) were generally captured within 

lOO m above the barrier but 1 individual was captured 2500 m above the barrier 

(Thompson and Rahel 1998). The most probable time for fish to pass the barriers on 

Flash and Squaw creeks was during low flows (1997) and spring runoff (1998). During 

low flows, water percolated through and under the gabion barrier. In addition, during 

spring runoff, water flowed over, through, and under the gabion barriers on both streams. 
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Brown trout captured in Flash Creek after renovation were generally from 100 to 1,700 m 

above the gabion barrier. Brown trout and hybrid Apache trout captured in Squaw Creek 

were from 40 to 2,700 m above the gabion barrier. Occurrences upstream from the 

barrier leads credence to the hypothesis that fish passed over or through the gabion barrier 

from downstream. However, it is also possible that brown trout were transported above 

the gabion barrier by humans. Brown trout found above the gabion barrier in Squaw and 

Flash creeks were large fish. Rahel (University of Wyoming, personal communication) 

indicated that large fish are often transported between stream sections by anglers. 

However, human transport seems unlikely on Flash and Squaw creeks because both 

streams are closed to fishing. 

AZFRO and the WMAT-ORD began to evaluate the effectiveness of gabion 

barriers and modify barrier design in 1998. Modifications included: 1) placing sheet cloth 

over the gabion barrier and putting sand bags on top of the sheet cloth, 2) increasing the 

drop from the top of the spillway to the upper surface of the downstream apron from 0.9-

m to 1.2-m or 1.5-m drop, and 3) marking fish below the gabion barrier and monitoring 

their movements upstream. In 1998, no brown trout were found above the gabion barriers 

on either Flash and Squaw creeks. However spring runoff" breached the barrier on Squaw 

Creek. To close the breach, the WMAT-ORD and AZFRO attached extra gabions to the 

ends of the barrier. The splash pad was also modified by replacing and repairing missing 

parts (T. Ensman, USFWS, personal communication, 1998). Despite the inability of 

gabion barriers to completely exclude non-native fish from desired stream sections, fish 

barriers may be important management tools for protecting and reestablishing native fish 
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populations in streams (Thompson and Rahel 1998). 

There are recommendations on how to improve the effectiveness of barriers 

and renovations. Rinne et ai (1981) indicated pretreatment surveys should consider not 

only biotic components but also temporal and physical-chemical factors (remoteness, 

streamflow and length, complexity of habitat) which can affect the success of a renovation. 

To accomplish consideration of these factors, it is often necessary to plan multi year 

projects. Gresswell (1991) recommended a fluorescein dye be used to evaluate 

streamflow patterns before applying toxin so that the dispersion of the toxin could be 

better understood. Such information might improve the effectiveness of additional 

treatments with a toxicant that may be required, as was the case with Flash Creek. 

Stefferud et al. (1992) indicated that to achieve a complete fish kill, a stream should be 

renovated at least 3 times. Thompson and Rahel (1998) indicated gabion barriers should 

be allowed to accumulate silt to fill interstitial spaces between rocks (150-200 mm in 

diameter) for 2-3 years. 

Greater success of excluding non-native fish in my study might have been 

realized if the gabion barriers had been allowed to accumulate silt to fill interstitial spaces 

between rocks for up to 3 years and at least 3 treatments of Antimycin-A had been applied 

to the streams prior to reintroducing Apache trout. However, the repeated use of fish 

toxins should be done with caution because of the long terms effects on aquatic 

invertebrates. Mangum and Madrigal (1999) found after the use of rotenone, 21% of the 

aquatic taxa were still missing after 5 years. Rinne et al. (1981) indicated that it may be 

questionable to sacrifice other native faunal elements such as aquatic invertebrates for the 
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sake of Apache trout. 

Two-Pass Removal 

The two-pass removal procedure was used for sampling fish on Flash Creek. 

Variances (o-) for population estimates were high year to year in the stream sections (100 

m). Areas between sections 8-14 were complex, with large numbers of logs, brush, 

overhanging riparian vegetation, boulders, undercut banks, and water depths > 2 m. 

Peterson and Cederholm (1984) reported that catchability of juvenile coho salmon 

(Oncorhynchus kisutch) was lower in stream sections with more complex habitats. 

Habitat complexity such as overhanging vegetation effected my visual ability, deep pools 

limited catchability, and accumulation of logs and brush forced reduced effort and made it 

difficult to sample certain areas. Also turbidity reduced the visibility in water. 

The 2-pass removal procedure has been criticized for underestimating 

population sizes and for confidence limits failing to include the true population 

(Heggberget and Hesthagen 1979, Riley and Fausch 1992). Riley and Fausch (1991) 

insisted that at least 3 passes are needed to meet the assumption of constant capture 

probabilities and reliable population estimates. I felt that the 2-pass method was 

appropriate to minimize the number of electrofishing passes and mortality on these streams 

because Apache trout are threatened. 

Reproduction within Squaw Creek 

Several size classes offish were introduced in 1996. However by 1997, the 



population consisted primarily of introduced Apache trout 2:140 mm TL, The mean 

condition factor in 1997 (2.16) was higher than the mean condition factor (0.98) in 1996 

and all fish had gained weight and were in good condition. The number of unmarked fish 

captured in Squaw Creek was low (/7=6 fish, < 50 mm TL). Reproduction of Apache 

trout appeared to be very low the first year after restocking, but in 1998, the number of 

unmarked fish (120) collected was greater than the number of marked fish (24). The 

population consisted primarily of fish < 128 mm TL (ages 1 -2; /?= 121). These data 

suggest that Apache trout spawned successfially in 1997 and 1998, and began to 

redistribute themselves within the stream. Gresswell (1991) found cutthroat trout 

spawned successfijlly the year following the eradication of brook trout and Moore et al. 

(1985) found that brook trout standing crops increased the year after the removal of 

rainbow trout. 

The inability to locate smaller Apache trout (<120 mm TL ) in 1997 does not 

necessarily indicate low reproduction of Apache trout. Failure to locate fish could have 

been related to sampling error and the bias toward collecting larger fish. Electrofishing 

tends to select for larger fish (Bovee 1986) because at a given voltage gradient, total body 

voltage increases with length (Reynolds 1996). Also, large fish are more visible to 

dipnetters than small ones (Reynolds 1996). 

Movement 

Squaw Creek 

Cresswell (1981) indicated a large proportion of stocked fish generally 
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remained within the vicinity of the stocking site. However, in my study, PIT-tagged 

Apache trout (40%) moved upstream and 30% moved downstream from the release site. 

Rinne (1982) also found a greater percentage of Gila trout moved upstream in South 

Diamond Creek, New Mexico than moved downstream, and Saunders and Smith (1962) 

found transplanted wild brook trout generally moved upstream from planting sites. 

Factors (habitat, size offish, population density, and flow regime) other than 

stocking location also influence movement of introduced fish (Cresswell 1981, Riley el al. 

1992). Cresswell (1981) found trout stocked in the upper and smaller reaches of a stream 

moved downstream if there were insufficient cover and holding pools in these smaller 

upstream sections. Needham and Carter (1943) found that only large brown trout moved 

upstream in Convict Creek, California. Hesthagen (1988) indicated that larger brown 

trout and large cutthroat trout tended to move farther (Heggenes et al. 1991) than smaller 

fish. 

PIT-tagged Apache trout collected in Squaw Creek were > 150 mm TL (> age 

3), large for this stream. Large size may explain why fish moved rather than remained in 

the introduction site. Movement of Apache trout could not have been related to high 

populations levels because fish densities in Squaw Creek were low as a result of 

reclamation. The catch per unit effort of fish in Squaw Creek increased from 0.04 fish/min 

in 1997 to 0.31 fish/min in 1998 but was still low compared to catch per unit effort to 

Flash Creek. In addition. Apache trout are relatively sedentary under normal population 

levels and Rinne (1992) reported Gila trout (a close relative of Apache trout) move little 

even under high population densities. 
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I hoped that data from PIT-tagged Apache trout would clarify observations on 

movement. However the sample size was too small to allow characterization of 

movement of PIT-tagged fish. Riley etal. (1992) reported that it is important to note that 

low recapture rates alone do not necessarily indicate a high degree of movement, since 

mortality of restocked fish may be high. Although it was difficult to determine the exact 

number of mortalities in Squaw Creek, there was no indication of extensive mortalities 

following stocking. Cresswell (1981) indicated post-stocking mortality is likely to be a 

major factor affecting the percentage recapture of stocked fish. Riley el al. (1992) stated 

understanding the movement of salmonids in streams is necessary if we are to effectively 

manage salmonid populations. Future studies should increase the sample size of PIT-

tagged fish in order to identify and understand the movement patterns of Apache trout. 

Flash Creek 

Factors influencing the downstream movement of Apache trout from above the 

natural barrier may be attributed to population density above the natural barrier, flow 

regime, and fish size (Riley et al. 1993) on Flash Creek. Hesthagen (1988) indicated trout 

occupying areas with low fish densities had low movement rate. The low recolonization 

rates in 1997 could have resulted from low population density (0.05 fish/m-) above the 1st 

natural barrier and the tendency for fish to move upstream. Populations of fish above the 

1st natural barrier were low because of the removal of Apache trout to restock Squaw 

Creek. Flow variation might also have been involved in the slow recolonization rate on 

Flash Creek in 1997. Hesthagen (1988), Manion (1977), and Montgomery et al. (1983) 
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reported that movement of salmonids generally occurred during normal and low flows and 

Brynildson (1967), Bailey et al. (1973), Moring and Buchanan (1978), and Helfrich and 

Kendall (1992) found greater downstream movements of rainbow trout occurred during 

high streamflows. In 1998, water flows in Flash Creek were high in early and mid June 

compared to flows the previous year. During high flows. Apache trout showed more 

mobility (> 100 m) and the number offish moving downstream increased from 9 to 45 

fish. Increased population density associated with successful reproduction might also help 

explain increased fish numbers downstream from the 1st natural barrier in 1998. Fish 

densities between the 2 natural barriers increased from 0.05 fish/m- (1997) to 0.15 fish/m-

on Flash Creek (1998). Hesthagen (1988) found trout occupying stream sections with 

high fish densities had higher movement rates. Apache trout found below the 1st natural 

barrier were large fish (> 120 mm TL). Hesthagen (1988) also found that larger brown 

trout often moved out of reaches with high population densities. 

Habitat Use vs. Habitat Availability 

Habitat Selection 

Electrofishing has been criticized as a means of collecting data about 

microhabitat use. The primary concerns associated with studying locations of fish 

obtained from electrofishing are that frightened fish move from preferred habitat to cover 

and that galvanotaxis displaces fish from preferred habitat (Gatz et al. 1987, Heggens ei 

al. 1991). In my study, electrofishing did cause some fish to move. Also galvanotaxis 

sometimes occurred before I noticed stunned fish. Therefore, locations I recorded for 
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individual fish may not represent the exact location occupied by individual fish (Gatz et al. 

1987). However, if fright response and galvanotaxis heavily biased the data they would 

have provided representation of only refuge sites as indicated by Gatz et al. (1987). In 

contrast, my data represented a mixture of foraging sites, feeding sites and intermediate 

locations. My data should be used with caution, but I believe they generally represent 

habitat conditions selected by Apache trout. Apache trout were predominantly captured in 

areas exposed to direct sunlight and occasionally near cover. Wada et al. (1995) found 

Apache trout spend a considerable part of each day feeding and basking in the portions of 

pools exposed to direct sunlight; they only occasionally entered cover. 

Habitat Use vs. Availability 

Apache trout in Squaw and Flash creeks did not interact with other trout 

species for habitat because other trout species had been eliminated. Cunjak and Green 

(1983) indicated that when a species occurs alone, it may show broader habitat utilization 

than when it coexists with another species with similar ecological requirements. In Flash 

and Squaw creeks, the two habitat variables that were important in characterizing habitat 

use verse habitat availability were depth and water velocity. Adult Apache trout were 

predominately found in deep areas of the stream (> 20 cm) and selected these areas out of 

proportion to their availability. Wada et al. (1995) found a similar pattern for Apache 

trout in Firebox Creek, AZ and Heggenes et al. (1991) reported a similar pattern for 

cutthroat trout in a small stream. In contrast, juvenile Apache trout from Flash Creek 

used depths in proportion to their availability. 
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In the fall. Apache trout (juveniles and adults) were congregated in plunge 

pools (depths > 25 cm) where there was minimal surface ice. Surface ice was present over 

the other stream areas such as backwater pools and glides. The average number of 

Apache trout per plunge pool was 4-5 fish. Hillman et al. (1987) and Griffith and Smith 

(1993) reported that juvenile salmonids aggregate with other members of their cohort 

during winter. 

Jenkins (1969), Bachman (1984), Fausch (1984), and Gatz elal. (1987) found 

that velocity was the most critical variable in microhabitat selection by trout. Juvenile and 

adult Apache trout in Squaw and Flash creeks showed variations in velocity preferences. 

Adult Apache trout from both streams showed a strong preference for slow flowing 

stream areas (0.01-0.1 m/s). Juvenile Apache trout from Squaw Creek used a 

combination of slow and fast flowing areas (0.01-0.1 m/s) and (> 0.1 m/s). But juvenile 

Apache trout from Flash Creek used water velocity in approximate proportion to its 

availability. 

Although no relationship was detected between Apache trout and substrate, it 

does not necessarily indicate substrate is unimportant. Electrofishing surveys conducted in 

November 1998 showed Apache trout emerging from cobble-rubble substrates, possibly 

pulled from these areas by electrical current from the electrofishing unit. Anchor ice was 

present and the water temperature was 2.3 °C. Normally Apache trout have a golden 

color but these fish were a dark blue-purple. The change in coloration of Apache trout 

caused them to mimic the color of the substrate and made them difficult to see. With the 

onset of winter and declining water temperatures (< 8°C), swimming performance and 
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foraging activity decreases and salmonids (Griffith and Smith 1993) go from active feeding 

and territory occupation to hiding or hibernation (Bjomn 1971), Salmonids have been 

reported to use interstitial spaces in the substrate during winter (Bjornn 1971, Johnson and 

Kucera 1985, Heggenes et al. 1991). My sample size was too small to document 

differences in substrate preferences between fish in summer and winter but my data are 

suggestive of a similar pattern. Further research is needed to assess the importance of 

substrate for Apache trout during winter. 

Cover is the second key variable affecting the distribution of trout (Gatz el al. 

1987). Juvenile Apache trout from Squaw Creek were found in close association with 

cover, primarily with surface turbulence. Gatz et al. (1987) indicated when water depths 

alone are insufficient to provide cover, trout seek out areas of surface turbulence. 

However, it is difficult to suggest this same interpretation with my data. Deep areas as 

well as surface turbulence were present at sites on Squaw Creek used by Apache trout and 

galvanotaxis possibly forced juveniles into areas with surface turbulence. In addition, 

juvenile Apache trout from Flash Creek and adult Apache trout from Flash and Squaw 

creeks showed no close association with cover. Wada et al. (1995) indicated that cover 

was a habitat variable of low importance to Apache trout. 

Although Apache trout within Flash and Squaw creeks showed no close 

association with cover and were predominately found in open areas, when there was cover 

in close proximity it generally consisted of objects less then 150 mm in diameter, objects 

150-300 mm diameter, objects greater then 300 m diameter, surface turbulence, and 

surface turbulence plus overhanging vegetation. Wada et al. (1995) found pools occupied 
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by Apache trout tended to have large logs, debris piles, or bankcuts for cover but also had 

some portion of the pool exposed to sunlight. Wada et al. (1995) also found Apache trout 

of all sizes during the summer spent a considerable part of each day feeding and basking in 

portions of pools exposed to direct sunlight and only occasionally entered cover. Patterns 

were different during the winter, but during midday as water temperatures increased from 

-1°C to 2.3°C, I observed Apache trout (juveniles and adults) basking and feeding in 

portions of pools exposed to direct sunlight under surface ice. Apache trout may have 

emerged from interstitial spaces of cobble-rubble substrate to bask and feed in the open 

water column. Robinson and Tash (1979) found Apache trout required light levels greater 

than or equal to moonlight to feed successfully. 

The selection of areas with surface turbulence may be attributed to foraging 

efficiency and cover. Bisson ei cr/. (1981) reported that surface turbulence effected 

feeding activity by making visual sighting of food organism more difficult. However on 

five occasions when snorkeling, I observed Apache trout below and facing the area of 

surface turbulence, holding a stationary position and thrusting forward and engulfing 

items. Apache trout returned repeatedly to their stationary position. 

Babitat Selection Between Size Classes 

The habitat variables important in distinguishing habitat use between juvenile 

and adult Apache trout were depth and velocity. Adult Apache trout from Squaw and 

Flash creeks were found in deep pool areas compared to areas occupied by juvenile 

Apache trout. Jenkins (1969), Bachman (1984), and Heggenes et al. (1991) found that 
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large and presumably dominant cutthroat trout occupied deeper pool areas. Also adult 

Apache trout used areas of low flows. Juvenile Apache trout used shallower depths (< 20 

cm) and faster flows than adult Apache trout. Juvenile Apache trout often aggregated 

with other juveniles but adult Apache trout, especially large fish, were generally the only 

large fish in a pool. Juvenile and adult Apache trout showed no differences in substrate 

use. Juvenile Apache trout in Squaw and Flash creeks may avoid intraspecific competition 

and predation from adult Apache trout by utilizing different areas of the stream than 

adults. 

Habitat Selection of Size Classes Between Streams 

There were significant differences in habitat use between juveniles in the two 

streams. Juvenile Apache trout from Squaw Creek used areas with shallower depths, 

faster flows, and larger substrates ranging from rubble to wood than did juvenile trout in 

Flash Creek. Adult Apache trout from Squaw Creek used areas with faster currents than 

they did in Flash Creek. These differences in adult behavior were probably not affected by 

sample size (Squaw Creek n=l% and Flash Creek n=l\) but differences in habitat use 

between juveniles in the two streams could have been influenced by sample size. The 

number of juveniles collected from Squaw Creek (//=117) was much larger than the 

number ofjuveniles collected from Flash Creek (/j=17). Thus, data should be used with 

caution. 



MANAGEMENT IMPLICATIONS 

Although only 14 mortalities were found after the introduction of Apache trout 

into Squaw Creek, it is possible there was higher mortality of Apache trout. Introduced 

Apache trout remained motionless on the bottom of the water column, usually against 

substrate or moved slowly away from the reintroduction site after being released. To 

obtain a better representation of Apache trout survival, a sample of Apache trout should 

be placed in enclosures within the introduction sites and survival monitored for 24 hrs. 

Apache trout mortality could have been related to additive stresses such as 

collection and electrofishing, handling and tagging, tempering, and transport. Sigismond 

and Weber (1988) demonstrated that fish subjected to two or more stresses had less 

tendency to respond to a stimulus and required longer recovery times than fish stressed 

only once. Apache trout and other salmonids transported in hatchery trucks are held in 

the dark and immediately exposed to sunlight after release. Sigismond and Weber (1988) 

indicated that fish released after transport are stressed; response time to light increased; 

ability seek to cover was reduced and chance for survival decreased as fish become 

vulnerable to predators and other environmental factors. Future introductions of Apache 

trout should reduce the cumulative effects of stresses and provide optimum conditions for 

recovery (Sigismond and Weber 1988). Introduction sites should have easy access so that 

fish can be released quickly and extensive holding times avoided. Where possible, fish 

should be allowed to recolonize from within stream. Sigismond and Weber (1988) have 

recommended release of fish at night to reduce stress and lessen the immediate need to 

find cover. 
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My data suggest 2 years after introduction, significant reproduction and 

recruitment had occurred (age 2 fish dominated) and most age classes of fish were present. 

I had hoped to characterize growth and movement of PIT-tagged fish but my sample size 

was too small to allow characterization. My data suggest Apache trout in Flash Creek 

began to move and recolonize below the 1st natural barrier 3 years after renovation. 

Factors possibly delaying movement below the 1 st natural barrier were water flow and 

upstream population density. Most of the fish moving downstream past the I st natural 

barrier were adults (>130 mm TL). Future studies should PIT-tag more fish and smaller 

fish; Kitcheyan (1999) indicated that Apache and Gila trout ^ 90 mm TL could be tagged 

in the dorsal musculature, 100 % retention and 95% survival. The introduction locations 

and recapture locations of PIT-tagged Apache trout could be collected using Global 

Positioning System (GPS) unit and downloaded to the software ARC/INFO. This 

technology might allow better understanding of movement patterns and growth of Apache 

trout. In addition, a radio-telemetry study could be initiated to fijrther define locational 

fidelity (Villegas 1993), to evaluate the movement of Apache trout in spring, summer, fall, 

and winter, and to identify spawning areas. 

Heggenes e/  a / .  (1991)  indicated that many factors may effect the importance 

of habitat variables such as availability, waterflow and temperature regime, food supply, 

population density, and species interaction. Fausch and White (1981), Heggenes (1988), 

Parson and Hubert (1988), and Heggenes e/ a/. (1991) also noted that different habitat 

factors may be limiting in different streams. Habitat variables important to Apache trout in 

Flash and Squaw creeks were depth and water velocity. However, these habitat variables 
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might not be important in other Apache trout streams. I recommend habitat use and 

habitat availability studies be conducted during the fall and winter to determine the 

importance of substrate and identify important habitat variables. 

Populations in both streams should continue to be monitored. Monitoring 

should include the fish between the two natural barriers in Flash Creek. These fish 

represent a source stock for reintroduction efforts elsewhere in the Big Bonito Creek 

Drainage. 

Although buffer zones have been set up along Squaw and Flash creeks, logging 

still occurred within the buffer zones (personal observation). Encroachment into buffer 

zones should be discouraged to prevent soil erosion and stream siltation and to maintain 

shade to preserve cool water temperatures (Wada 1991). 

Gabion barriers should be evaluated one year prior to renovation and after 

spring runoff to evaluate water flows and stability. Gabion barriers, should be allowed to 

accumulate silt to fill the interstitial spaces for at least 2-3 years before renovating streams. 

Additional treatments of Antimycin-A, may be required to remove target species. Aquatic 

invertebrates should be collected prior to and after treatment to monitor long term effects 

of Antimycin-A on benthic invertebrates. Aquatic invertebrates should be identified to 

genus, possibly to species, to provide a better indication of which taxa are sensitive and 

tolerant to Antimycin-A. 
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Table 1. Substrate categories (modified Wentworth particle-size scale) used for habitat studies in Squaw and 

Flash creeks, Arizona (Bovee 1986 and Wada 1991). 

Category Code 

Muck/Detritus 0.05 

Silt 01 

Silt/Sand 02 

Sand 03 

Sand/Gravel 04 

Gravel 05 

Cobble 06 

Rubble 07 

Boulder 08 

Bedrock 09 

Wood 10 
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Table 2. Cover categories used in habitat study of Apache trout (modified from Bovee 1982 and BalU ct ctl 

1991) in Squaw and Flash creeks, Arizona. 

Category Code 

Objects < 150 mm in diameter 01 

Objects 150-300 mm in diameter 02 

Objects > 300 mm in diameter 03 

Overhanging vegetation 04 

Root wads or undercut banks 05 

Surface turbulence 06 

Objects < 150 mm in diameter plus overhanging vegetation 07 

Objects < 150 mm in diameter plus root wads or undercut banks 08 

Objects < 150 mm in diameter plus surface turbulence 09 

Objects 150-300 mm in diameter plus overhanging vegetation 10 

Objects 150-300 mm in diameter plus root wads or undercut banks 11 

Objccts 150-300 mm in diameter plus surface turbulence 12 

Objects > 300 mm in diameter plus overhanging vegetation 13 

Objects > 300 mm in diameter plus root wads or undercut banks 14 

Objects > 300 mm in diameter plus surface turbulence 15 

Overhanging vegetation plus surface turbulence 16 

Undercut banks plus surface turbulence 17 

Ice 18 

[ce plus objects < 150 mm in diameter 19 



Table 3. Density and diversity of benthic invertebrates (no./m)- in Flasli and Squaw creeks, immediately before and 1 and 2 years after application of 

Antimycin A. Means are followed by standard enors. 

Flash Creek Squaw Creek 

Before 1 year 2 years Before 1 year 2 years 

No./nr 29.2±1.5 26.9±3.8 29.5±2.17 30.1±3.7 27.8±4.3 30.3±2.2 
(24.9-33.3) (16-34.8) (22-32.2) (21.4-39.8) (20.2-42.1) (24.2-35.2) 

taxa/sample 11.2±0.89 14.7±0.89 14,7±0.96 10,2±1 4 14.8±.54 13.2±.96 

(9-13) (12-17) (12-16) (7-13) (13-16) (10-15) 

L/1 
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Table 4, Total length, weight, and sex of brown trout and Apache trout collected above llie gabion barriers on 

Flash and Squaw creeks, Arizona in 1997, 

Stream Spccic.s Total Length 

(mm) 

Weight 

(S) 

Sex 

Flash BNT 290 289 M 

BNT 253 150 F* 

BNT 195 98 M 

BNT 257 185 ... 

BNT 182 70 ... 

BNT 185 60 M 

BNT 189 70 ... 

Squaw BNT 300 275 F* 

BNT 325 385 F* 

BNT 300 310 M 

APT* 192 75 ... 

•Indication, females had eggs present at the time. 
'Apachc trout (APT) was believed to be an Apache trout X rainbow trout hybrid. 

BNT is an abbreviation for brown trout. 
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Table 5. Number of Apache trout collected in the 7 distance intervals (meters) and number of Apache trout 

found within the 5 age classes below the 1 st natural barrier in Flash Creek, Arizona. 

Length of movement/ 1997 1998 

aRc of fish (w=9) (/i=4S) 

Distance (meters) 

0-10 2 4 

11-50 0 5 

51-100 0 X 

101-300 7 23 

301-1000 0 3 

1001-1500 0 1 

>1500 0 I 

Total 9 45 

Age (total length) 

1 (<84 mm) 3 4 

2 (85-128 mm) 1 15 

3 (129-182mm) 5 24 

4(183-229mm) 0 2 

>4 (>230 mm) 0 0 

Total 9 45 
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Table 6. Total number of Apache trout introduced into the 4 introduction sites on Squaw Creek. (3ne day after 

introduction, 14 dead fish were found and real introductions calculated based on known mortalities. 

Date Site Total Date Total 

6 August 1996 1 33 7 August 1996 30 

2 31 25 

3 32 31 

4 33 29 

Total 129 115 



Table 7, Characlerislics of Apache Uoul by year in Squaw and l-'lash creeks. I'lash BB. refers lo fish below llie Isl nalural bamer on Flash Creek. 

Stream Year n Lengtli-Weiglit relationship 
W=aL''X10-^ 

a b 

r Log W F P Mean 
Condition 

S.D. F P Max D 

Squaw 96 129 11 2.99 0.984 0.9 0.17 

97 32 176 2.49 0.954 2.1 5.98 .501 

98 144 57 2.69 0.978 48.99 .0001 1.3 0.28 4.98 .007 .395 

Flash 96 268 21 2.86 0.941 1.1 1.30 

97 138 72 2.60 0.987 1.0 0.19 -.231 

98 241 76 2.60 0.984 6.19 .002 1.1 0.17 1.18 .307 -089 

Flash BB 98 53 0.76 3.53 0.956 1.0 0.30 

n - refers lo the number of Apache iroul collected each year. 
P - refers to the p-value. 

F - refers to the F-stalislic. 
S.D. - refers to standard deviation 

Analysis of covariance (with length the covariate) used lo calculate length-weight F Log W refers to log transformation of weight. 
Analysis of variance used lo calculate condition F. 

Kolmogorov Smimov lest (max D) used lo evaluate diflerences in size-slmclure of paired samples. 

L/1 
vO 



Table 8. Age structure of Apache u-out in Squaw and Flash creeks, Arizona, 1996-98. 

Squaw Creek Flash Creek 

1996 1997 1998 1996 1997 1998 

Age (total length) 

1 (<84 mm) 21 5 26 35 45 32 

2 (85-128 mm) 47 1 95 125 58 128 

3 (129-182 mm) 49 8 12 90 33 70 

4 (183-229 mm) 12 13 7 16 2 11 

>4 (>230 mm) 0 4 5 2 0 0 

Total 129 32 144 268 138 241 
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Table 9. Number ofPlT-tagged Apache trout collected in the 8 distance intervals (meters) in Squaw Creek, 

Arizona. The "No movement" column refers to fish recaptured in the introduction site. 

1997 1998 

(>i=n) («=9) 

Length of Up No Down Up No Down

movement stream Movement stream stream Movement stream 

Distance (meters) 

0 

U i O  

11-50 

51-100 — — — 1 

101-300 — — — I — 2 

301-1000 — — 11 — 2 

1001-1500 

>1500 5 — — — — 1 

Total 5 5 13 15 
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Figure 1. Location of Squaw and Flash creeks, within tlie Big Bonito Creek drainage, on the Fort Apache 

Indian Reservation, Arizona. 

^ / 

Little Bonito Creek 
; ! / Boggy Creek 

/ / 

/ / Squaw Creek, 

Flash Creel 

Big Bonito Creek 

Fort Apachc Indian Re5crvalion 

t 
Tucson 



63 

Figure 2. Location of barriers (natural and man-made) on Flash Creek, Aiizona, Intermittent section was 

discovered in 1995. This section was also intermittent in 1996-97. Apache trout were introduced into 250 m 

site above the 2nd natural barrier in 1998. 
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Figiire 3. Location of the 4 introduction sites on Squaw Creek, Arizona, where Apache trout were introduced 

in 1996. 
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Figure 4. Size suaicture of Apache U"oul below tlie 1st natural barrier in Flash Creek, Arizona. 1997-9S. 
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Figure 5 . Size structure of Apache trout in Squaw Creek 1996-1998. (a) introduced in August 1996 (n-129), 

(b) July 1997 (n=32), (c) 1998 (n= 144). 
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Figure 6. Size structure of the Apache trout in Flash Creek between the 2 natural barriers, 1996-1998. (a) 

June-July 1996 (n=268), (b) July 1997 (n=138), o July 1998 (n=241). 
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Figure 7. Available water depth and water velocity in Squaw and Flash creeks, Arizona, 1998. 
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Figure 8. Available substrate and cover in Squaw and Flash creeks, Arizona, 1998. 
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Figure 9. Water deptli used and available to juvenile and adult Apache trout in Squaw Creek, Arizona, 199S 

(± indicates preference / avoidance at p < 0.05). 
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Figure 10. Water velocities used and available to juvenile and adult Apache trout in Squaw Creek, Arizona, 

1998 (± indicates preferences / avoidance at p < 0.05). 
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Figure 1 1, Substrate used and available to juvenile and adult Apache trout in Squaw Creek, Arizona, 1998 (± 

indicates preferences / avoidance at p < 0.05). 
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Figure 12. Cover types used by juvenile Apache trout in Squaw Creek, Arizona, 1998. Cover types are: I) 

objects < 150 mm in diaineter (dia.), 2) objects 150-300 mm in dia., 3) objects >300 mm in dia., 4) 

overhanging vegetation, 5) root wads or undercut banks, 6) surface turbulence, 7) objects < 150 mm in dia. + 

overhanging vegetation, 8) objects < 150 mm in dia. + root wads or undercut banks, 9) objects < 150 mm in 

dia. + surface turbulence, 10) objects 150-300 mm in dia. + overhanging vegetation, 11) objects 150-300 mm 

in dia. + surface turbulence + root wads or undercut banks, 12) objects 150-300 mm in dia. + surface 

turbulence, 13) objects > 300 mm in dia.+ overhiuiging vegetation, 14) objects > 300 mm in dia. + root wads 

or undercut banks, 15) objccts > 300 mm in dia. + surface turbulence, 16) surface turbulence + overhangmg 

vegetation, 17) undercut banks + surface turbulence. 18) ice. 19)) objects < 150 mm in dia. + ice (modified 

f r o m  B a l t z  e t  a l .  1991) .  

Cover Type 
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Figure 13. Cover types used by adult Apache trout in Squaw Creek, Arizona, 1998. Cover types are; 1) 

objects < 150 mm in diameter (dia.), 2) objects 150-300 mm in dia., 3) objects >300 mm in dia., 4) 

overhanging vegetation, 5) root wads or undercut banks, 6) surface turbulence, 7) objects < 150 mm in dia. + 

overhanging vegetation, 8) objects < 150 mm in dia. + root wads or undercut banks, 9) objects < 150 mm in 

dia. + surface turbulence, 10) objects 150-300 mm in dia. + overhanging vegetation, 11) objects 150-300 mm 

in dia. + surface turbulence + root wads or undercut banks, 12) objects 150-300 mm in dia. + surface 

turbulence, 13) objects > 300 mm in dia.+ overhanging vegetation, 14) objects > 300 mm in dia. + root wads 

or undercut banks, 15) objects > 300 mm in dia. + surface turbulence. 16) surface turbulence + overhanging 

vegetation, 17) undercut banks + surface turbulence, 18) ice, 19)) objects < 150 mm in dia. ice (modified 

from Baltz cv a/. 1991). 
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Figure 14. Water depth used and available to juvenile and adult Apache trout in Flash Creek, Arizona. 1998 (± 

indicates preterences / avoidance at p < 0.05). 
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Figure 15. Water velocities used and available to juvenile and adult Apache trout in Flash Creek, Arizona, 

1998 (± indicates preference / avoidance at p < 0.05). 
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Figure 16. Substrate used and available to juvenile and adult Apache trout in Flash Creek, Arizona, 1998 (± 

indicates preference / avoidance at p < 0.05) 
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Figure 17. Cover types used by juvenile Apache trout in Flash Creek, Arizona, 1998. Cover types are: 1) 

objects < 150 mm in diameter (.dia.), 2) objects 150-300 mm in dia., 3) objects >300 mm in dia., 4) 

overhanging vegetation, 5) root wads or undercut banks, 6) surface turbulence, 7) objects < 150 mm in dia. + 

overhanging vegetation, 8) objects < 150 mm in dia. + root wads or undercut banks, 9) objects < 150 mm in 

dia. + stu-face tiu^bulence, 10) objects 150-300 mm in dia. + overhanging vegetation, 11) objects 150-300 mm 

in dia. + surface turbulence + root wads or undercut banks, 12) objects 150-300 mm in dia. + surface 

turbulence, 13) objects > 300 mm in dia.+ overhanging vegetation, 14) objects > 300 mm in dia. + root wads 

or undercut banks, 15) objects > 300 mm in dia. + surface turbulence, 16) surface turbulence + overhanging 

vegetation, 17) undercut banks + surface turbulence, 18) ice, 19)) objects < 150 mm in dia. + ice (modified 

from Baltz el al. 1991). 
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Figure 18. Cover types used by adult Apache trout in Flash Creek, Arizona, 1998. Cover types are: 1) 

objects < 150 mm in diameter (dia.), 2) objects 150-300 mm in dia., 3) objccts >300 mm in dia., 4) 

overhanging vegetation, 5) root wads or undercut banks, 6) surtacc turbulence, 1) objects < 150 mm in dia. + 

overhanging vegetation, 8) objects < 150 mm in dia. + root wads or undercut banks, 9) objects < 150 mm in 

dia. + surface turbulence, 10) objects 150-300 mm in dia. + overhanging vegetation, 11) objects 150-300 mm 

in dia. + surface turbulence + root wads or undercut banks, 12) objects 150-300 mm in dia. + surface 

turbulence, 13) objects > 300 mm in dia.+ overhanging vegetation, 14) objects > 300 mm in dia. + root wails 

or undercut banks, 15) objects > 300 mm in dia. + surface turbulence, 16) surface turbulence + overhanging 

vegetation, 17) undercut banks + surface turbulence, 18) ice, 19)) objec.ts < 150 mm in dia. + ice (modified 

from Baltz ct al. 1991). 
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Figure 19, Water depth, velocity, and substrate at sites used by juvenile and adult Apache trout in Squaw 

Creek, Arizona, 1998 (* indicates a diflerence between size classes of Apache trout at p < 0.05). 
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Figure 20, Water depth, velocity, and substrate at sites used by juvenile and adult Apache trout in Flash Creek, 

Arizona, 1998 (* indicates a dilTerencc between size classes of Apache trout at p < 0,05). 
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Figure 21. Water depths, velocities, and substrates at sites used by juvenile Apache trout in Squaw and Flash 

creeks, Arizona, 1998 indicates a difference between juvenile Apache trout at p < 0.05). 
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Figure 22. Water depths, velocities, and substrates at sites used by adult Apache trout in Squaw and Flash 

creeks, Arizona, 1998 (* indicates a dilTerence between size classes of Apache irout at p < 0.05), 
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CHAPTER 2. EXPERIMENTAL USE OF IMPLANTABLE PASSIVE 

INTEGRATED TRANSPONDER (PIT) TAGS ON APACHE AND 

GILA TROUTS 

INTRODUCTION 

In 1653, Izaak Walton reported in The Compleat Angler that private individuals 

tied ribbons to the tails of juvenile Atlantic salmon (Salmo salar) and found that they 

returned from the sea to the same part of their natal river in Europe (McFarlane et al 

1990). In North America fish were first tagged by Charles G. Atkins in 1873. Atkins 

marked Atlantic salmon in the Penobscot River, Maine with a dangler-type tag (McFarlane 

at al. 1990). Early tagging and marking studies were done primarily to identify stocks and 

record movement (McFarlane el at. 1990). After the 1930's, tagging and marking studies 

were also used to estimate age, growth, population size or mortality and survival. 

Although the terms marking and tagging are often used interchangeably, Guy el al. (1996) 

consider a mark as anything external, internal, or incorporated into the integument used 

for recognition purposes and a tag as anything attached either externally and internally 

containing specific identification information. 

Three types of tags and marks have been used: I) natural tags, which include 

meristic and morphometric characteristics, 2) artificial tags, which include mutilation, 

branding, dyes, and pigments, and 3) physical tags (McFarlane el al. 1990). No single 

tagging or marking technique has been totally satisfactory; fin clips regenerate; fi^eeze 



brands fade; and visible implants are hard to observe (Prentice et al. 1990). Jaw tags 

require fish to be anesthetized and handled to retrieve tag identification and coded-wire 

tags require fish to be killed to allow tag identification (McCutcheon el al. 1994). 

Fluorescent elastomer marks are retained for only 4 months (Dewey and Zigler 1996) and 

floy anchor tags may impair fish growth and create open wounds that sometimes become 

infected. Each tag or mark has it's own set of advantages and disadvantages and the 

performance of each tag varies from species to species. 

Tag loss is a primary concern of fisheries biologists. Tags are lost at a rate which 

varies according to species, tag type, and time at large (Franzin and McFariane 1987). 

Researchers have attempted to account for tag losses by using a secondary mark, such as 

mutilation of a body part such as a fin (Franzin and McFariane 1987). Tags have been 

developed that have few side effects, are easy to read, and a longevity greater than 2 

years. One of these tags is the passive integrated transponder (PIT) tag. 

In the 1980's, the National Marine Fisheries Service developed the PIT-tag, as a 

means of identifying individuals or groups of salmonids within a population (McCutcheon 

et al. 1994, Guy et al. 1996). The PIT-tag is a glass tube (11.0 mm long by 2.1 mm in 

diameter) with an operating frequency of 125 kHz (Prentice et al. 1990). PIT-tags are 

injected into fish with a I2-gauge hypodermic needle or semiautomatic tag injector. Each 

tag is programmed with one of about 34 X 10' unique code combinations consisting of 

alpha-numeric digits, e.g. 7F7E2136A1 (Prentice et al. 1990). The longevity of tags is 

estimated at 10 or more years (Prentice et al. 1990). The tag is activated only by the 

reader (Guy et al. 1996). PIT-tags do not require an internal power source to operate and 
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can be repeatedly interrogated automatically for tag code without removal of the tag 

(McCutcheon et al. 1990). 

PIT-tags have been successfully used in several fish species. Tags have been 

injected into various body locations; primarily the abdominal cavity and the subcutaneous 

musculature (Guy et al. 1996). Injection wounds heal withing 14 days. Fish 55 mm to 

800 mm FL (fork length) have been PIT-tagged in the abdominal cavity and retention rates 

have been high (Prentice cl al. 1990), Retention rates have been established for adult 

fishes such as chinook salmon (Oncorhynchus tshawytscha), sockeye salmon 

{Oncorhynchus nerka), steel head {Oncorhynchus myki.ss), and largemouth bass 

{Micropterus salmoides). Retention rates for juvenile chinook salmon were 99-100% and 

survival rates were 95%-100% (Prentice et al. 1990). PIT-tags do not have adverse 

effects on growth, survival, swimming speed or stamina (Prentice et al. 1990 and Jenkins 

and Smith 1990). 

Species of Interest 

I studied tag retention in Apache trout {Oncorhynchus apache) and Gila trout 

{Oncorhynchus gilae). Behnke (1992) recognizes the Gila and Apache trout as subspecies 

of a single species but the American Fisheries Society recognizes them as separate species 

(American Fisheries Society 1991). Information from karyotyping, electrophoresis, and 

mitochondrial DNA have indicated a closer genetic relationship between the two species 

than the relationship among the four major subspecies of cutthroat trout (Behnke 1992). 

Although Gila and Apache trout are close genetically and morphologically, they do exhibit 
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some morphological differences between them. Apache trout have bright golden-yellow 

color, spotting on the fins, a yellow cutthroat mark on the lower jaw, and the longest 

dorsal fin of all western trout (Rinne 1990, Behnke 1992). Gila trout have abundant small 

spots on the fins, retain parr marks as adults, are more iridescent gold laterally than 

Apache trout, and have the largest adipose fin of any western trout (Rinne 1990, Behnke 

1992). 

Apache trout are known from as far back as 1873 (Miller 1972). They are an 

endemic species historically restricted to the upper Salt and Little Colorado River 

drainages in northern Arizona (Miller 1972). In the 1900's, Apache trout populations 

began to decline due to loss of habitat, competition and predation by introduced brown 

trout {Salmo imtta) and brook trout {Salvelimis frontinalis), and hybridization with 

rainbow trout {Oncorhynchus mykiss) and cutthroat trout (Oncorhynchus ciarki) (Behnke 

and Zarn 1976, Carmichael et al. 1985, Rinne 1985, Rinne and Minckley 1985, Rinne 

1988). By the 1950's, Apache trout populations were restricted to the White Mountain 

Apache tribal land. The tribe made an effort to increase the abundance and distribution of 

Apache trout on their reservation by closing all streams containing Apache trout to fishing 

(Carmichael et al. 1995). 

In 1969 the fish was listed as "endangered" under the Endangered Species 

Conservation Act of 1969 but was later down listed to "threatened" under the Endangered 

Species Act of 1973 (USFWS 1987). In 1975, a recovery team was formed and efforts to 

recover Apache trout began. These efforts included; 1) genetic surveys, 2) construction 

of artificial barriers to prevent upstream movement of non-native salmonids, 3) treating 
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streams with the piscicide antimycin-A to remove non-native salmonids and hybrids, 4) 

introducing and reintroducing Apache trout into renovated streams and 5) managing 

Apache trout as a sport fish (Carmichael el al. 1995). Currently, Apache trout are found 

in 18 streams within the Fort Apache Indian Reservation and the Apache-Sitgreaves 

National Forest in east central Arizona (Daniel Parker, USFWS, Arizona Fishery Resource 

Office, pers. com.). 

Gila trout have been recognized since 1896 (Rinne 1990). The historical 

distribution of Gila trout was disjunct. They occurred in the tributaries of the Verde River 

and Aqua Fria River in central Arizona and throughout the cool and cold water reaches of 

the Gila River system in New Mexico (Minckley 1973, Behnke 1992, Propst 1994). Gila 

trout began to decline in the early 1900's due to competition and predation by introduced 

salmonids, hybridization with rainbow trout and cutthroat trout, habitat degradation and 

loss, fire suppression, and high intensity fishing pressure by pioneer settlers ( Rinne 1990, 

Propst a/. 1992, Propst 1994). 

Gila trout were eliminated from Arizona prior to the 1960's. Currently the fish is 

found in only 5 small isolated headwater streams in the Gila and Aldo Leopold wilderness 

in the Gila National Forest, New Mexico (Propst el al. 1992, Propst 1994). In 1967, the 

Gila trout was listed as "endangered" under the Endangered Species Protection Act of 

1966, and the New Mexico Wildlife Conservation Act of 1974 (Propst el al. 1992, Propst 

1994). In 1978, a recovery team was formed and a plan developed to recover Gila trout. 

Management actions included in the recovery plan were: 1) maintaining and enhancing the 

5 existing populations of Gila trout, 2) re-establishing Gila trout in selected streams within 
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its native range, 3) establish the 5 Gila trout populations in drainages where humans or no 

natural events could eliminate a lineage, and 4) evaluating effects of sport fishing on Gila 

trout (Propst et al. 1992, Propst 1994). 

Conservation efforts increased the number of Gila trout populations to 11 by 1989 

(Propst el al. 1992) and the fish was down listed from endangered to threatened in 1984. 

Since that time, natural events such as fire have eliminated 1 population and reduced the 

number of fish in 2 others (Propst et al. 1992). Introgression with rainbow trout has 

occurred in a fourth population (Propst et al. 1992). Recently Gila trout were relisted as 

"endangered" (Propst et at. 1992). 

Objectives 

In 1996, Arizona Fisheries Resource Office recommended that growth, survival, 

and movement of Apache trout introduced into renovated streams be monitored by PIT-

tagging all fish reintroduced. However, information was not immediately available on the 

minimum size of Apache trout that could be tagged or on tag retention and survival rates. 

In addition there was no protocol for PIT-tagging Apache trout. Leon (1995, USFWS, 

Arizona Fisheries Resource Office, pers. com.) determined that the protocol used by the 

Flagstaff Fisheries Office for PIT-tagging native fishes such as razorback suckers 

{Xyrauchen texans), flannelmouth suckers {Catostomus latipinnJs), and humpback chub 

(Gila cypha) in the Grand Canyon would be applied to Apache trout. Based on this 

protocol. Apache trout s 150 mm could be PIT-tagged. Tags would be placed anterior to 

the pelvic girdle and just off the mid-ventral line to reduce the risk of puncturing internal 



90 

organs. 

In 1996, I collected 129 Apache trout from Flash Creek, a tributary in the Big 

Bonito Creek Drainage. All fish were fin clipped and introduced into Squaw Creek, also a 

tributary in the Big Bonito Creek Drainage, following the removal of non-native salmonids 

with Antimycin-A. Of these 129 fish, 34 were PIT-tagged following the protocol outlined 

above. In 1997, 33 fish were captured from Squaw Creek. All 33 were recaptured fish. 

Twenty-three individuals recaptured were > 160 mm TL. Only 12 had PIT-tags, a 

retention rate of 38%. Conner (1997, USFWS, Idaho Fishery Resource Office, pers. 

com.) indicated low tag retention might have occurred because of tagging technique. 

Previous studies on other species had shown generally high retention rates for PIT-tags 

(Prentice and Park 1984). Low retention of PIT-tags could bias management information 

and reduce cost effectiveness of PIT-tagging (McMahon et al. 1996). 

In 1997,1 conducted a pilot study at Williams Creek National Fish Hatchery 

(NFH) to determine if the tagging technique I had used led to low tag retention. A 

secondary objective was to determine the minimum size of Apache trout that could be 

tagged. I tagged 50 Apache trout and maintained 50 controls (handled but not tagged) 

that were ^ 100 mm. Within 2 weeks, 13 tags were lost, a retention rate of 76%. Of 13 

tags, 4 tags were found at the bottom of the tank and 9 fish did not have tags. At the end 

of the 2 weeks, a flow disruption killed all fish. A tag loss of 24% within 2 weeks and 

presumable even higher tag loss over greater periods of time were too high for effective 

use in field studies. Therefore I attempted to determine if retention was improved by 

placing PIT-tags in different tagging locations. My first objective was to compare 
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retention rates and effects of tagging in the three body locations on fish growth and 

survival. AAer determining the most appropriate tagging location, my second objective 

was to determine the minimum size (total length) offish that could be tagged. 

STUDY AREA 

These studies were conducted at Williams Creek NFH and Mescalero NFH. The 

Williams Creek NFH is located on the Fort Apache Indian Reservation in east-central 

Arizona (Figure 23). The hatchery was constructed in 1939 and completed in 1941. The 

hatchery lies at an elevation of 2,134 m above sea level and encompasses the head waters 

of Williams Creek, a tributary of the North Fork of the White River (Department of the 

Interior 1985). Water for the hatchery is supplied by a spring that discharged to Williams 

Creek. The primary objective of the hatchery is to rear trout for stocking on Federal 

(national parks, national forests) and tribal lands (Indian Reservations) in Arizona and 

New Mexico (Department of the Interior 1985). 

The Mescalero NFH is located within the western boundary of the Mescalero 

Apache Indian Reservation on the south fork of Tularosa Canyon in west-central New 

Mexico (Department of the Interior 1983) (Figure 23). The hatchery was constructed in 

1963 and has been in operation since 1966. Water is supplied to the hatchery by mountain 

springs in the vicinity of the hatchery. The United States Fish and Wildlife Service under a 

cooperative agreement with the Mescalero Tribe manages the fisheries resources for the 

Tribe (Department of Interior 1983). 

The primary objective of the Mescalero NFH is to rear fish for stocking in the 48.3 
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km of streams and 16 lakes on the reservation (Department of the Interior 1983). Eflforts 

to culture Gila trout at the hatchery began in the early 1990's as part of an attempt to 

recover the species (Barbara Giesecke, Mescalero National Fish Hatchery, per. com.). 

Fertilized eggs collected from wild fish where brought in the hatchery to develop a 

broodstock and young Gila trout produced from this stock were used to establish 

additional populations (Propst 1994). 

METHODS 

Fish Collection and Transport 

I used a dip net to randomly collected 200 Apache trout from 2 raceways at 

Williams Creek NFH. Fish were placed in 18.9-1 buckets and moved to the Apache trout 

tank house. Fish were randomly assigned to 1 of 4 groups of 50 fish. Each of these 

groups of fish were placed into a rectangular tank (0.38 m X 0.38 m X 4.9 m). 

Freshwater was pumped continuously through each tank to supply oxygen. 

I used a dip net to randomly collected 150 Gila trout from the raceway at the 

Mescalero NFH. Fish were placed in an oxygen equipped stocking truck until they could 

be transferred to the Gila trout tank house. Lots of 15 fish were placed into 113.6-1 

holding tanks (containing 1% NaCl and 1% stress coat) with an oxygen aerator. The 

water temperatures at both hatcheries ranged from 11-13°C. 

Anesthetizing and Recovery Tanks 

All fish were anesthetized to reduce the stress of handling and tagging. Prior to 
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PIT-tagging, total length, standard length, and weight were recorded for each tagged and 

untagged (control) fish. Fish were measured to the nearest millimeter (mm) and weighed 

to the nearest gram (g) with Pesola scales (Apache trout) or electronic balance scale (Gila 

trout). PIT-tags were scanned before and after tagging with the Destron Mini Portable 

Reader (MPR) Model HS59001. 

Water hardness was considerably higher at Mescalero NFH (600 mg/L) than at 

Williams Creek NFH (< 100 mg/L). Therefore, the concentration of anesthetics used was 

different at each hatchery. At Williams Creek NFH, the anesthetizing station consisted of 

a 94.6-1 tank that contained 3.0% NaCl (sodium chloride), 100 ppm of MS-222 (tricaine 

methanesulfonate), and 0.01-mI/l of Polyaqua. After PIT-tagging, scanning, weighing, 

and measuring, each individual Apache trout was immediately placed into 1 of 4 recovery 

tanks (0.38 m X 0.38 m X 4.9 m) in the Apache trout tank house. Each recovery tank 

held 50 fish. Covers were placed over the tanks to prevent fish from jumping out of the 

tank. 

At Mescalero NFH, the anesthetizing station consisted of a 37.8-1 tank that 

contained 2.0% NaCl and 6 ppm of MS-222. After PIT-tagging, scanning, weighing, and 

measuring, Gila trout were immediately placed into a 113.6-1 recovery tank containing 1% 

NaCl and 1% stress coat. After fijll recovery, Gila trout were placed into 1 of 3 

rectangular tanks (0.38 m X 0.38 m X 4.9 m); 50 fish in each tank. Covers were placed 

over the tank the prevent fish fi-om jumping out. 



Tagging Locations 

1 PIT-tagged Apache and Gila trout in 1 of 3 body locations (anterior of the pelvic 

girdle, in the abdominal cavity, or in the dorsal musculature). The 200 Apache trout were 

randomly chosen and subjected to I of 4 treatments: pelvic girdle tag; pelvic girdle and 

treated with vet bond; abdominal tag; and handled but not tagged (control) (Figure 24). 

The 150 Gila trout were also randomly chosen and subjected to 1 of 3 treatments: dorsal 

musculature; dorsal musculature and treated with vet bond; and handled but not tagged 

(control) (Figure 25). Handled and tagged fish (control) refers to fish weighed and 

measured (total length and standard length) but not PIT-tagged. Vet bond was used to 

close the injection wound caused by PIT-tagging in 1 group offish for each species. Vet 

bond is a type of super glue used by veterinarians to close surgical wounds. 

PIT-tags and needles were disinfected with 70% isopropyl alcohol. Apache trout 

were PIT-tagged in the pelvic region, anterior to the pelvic girdle and just off the mid-

ventral line (treatment 1) (Prentice et al. 1990). This tag location avoided the possibility 

of puncturing internal organs. Another group of 50 Apache trout were PIT-tagged in the 

same manner but 0.05 ml of Vet bond was applied to the injection site (treatment 2). 

Apache trout were also PIT-tagged in the abdominal region. Tags were injected through 

the body wall just posterior to the pectoral fins and along the midventral line in another 

group of 50 Apache trout (treatment 3) (Prentice et al. 1990). A I2-gauge needle was 

used to insert the tag at a 20-45' angle to the fish's body, with the bevel facing away from 

the fish's body. 

Gila trout were PIT-tagged in the dorsal musculature about 5-10 mm below the 
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dorsal fin (treatment 5). The tagging location was scraped to remove scales. Tags were 

inserted with a 12-gauge needle held at a 40 angle with the bevel facing away from the 

body of the fish. After penetration of the skin, the tag was inserted in the musculature at a 

90 angle. The tagging location avoided the possibility of puncturing internal organs. 

Another group of 50 Gila trout were PIT-tagged in the same manner but 0.05 ml of Vet 

bond was applied to the injection site (treatment 6). 

Fish Monitoring 

Fish were monitored for 60 days following the treatments. Tanks were checked 

daily to recover any PlT-tags that had been expelled or to remove dead fish. Tags 

recovered were scanned and the date of recovery recorded. Weight, length, and PlT-tag 

frequency were recorded for all mortalities. Apache and Gila trout were examined at 20, 

40, and 60 days after tagging. On each date, fish were anesthetized, measured for weight 

and total length to estimate growth, and fish were examined for PIT-tags. 

Minimum Tagging Size 

Hatchery reared rainbow trout were PIT-tagged in the dorsal musculature. I 

collected 640 rainbow trout from a hatchery raceway at Mescalero NFH, placed them into 

a 113.6-1 tank (containing 1.14 kg NaCl and 30 ml of stress coat), and transported them to 

the tank house. Fish were sorted into 8 size classes; 80-89 mm; 90-99 mm; 100-109 mm; 

110-119 mm; 120-129 mm; 130-139 mm; 140-149 mm; and 150-159 mm and separated 

by size into a raceway that had been divided into 8 sections (99.06 cm X 76.2 cm X 55.25 
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cm) using a wooden or metal frame (3.81 cm X 3.81 cm and 0.64 cm wire cloth or 0.48 

cm sheet metal). Each section contained 40 fish and was labeled to identify the size class 

group. 

Fish from a single size class were then placed into a 113.6-1 tank (containing 

1.14 kg NaCl and 30 ml of stress coat) with an oxygen aerator. Fish were randomly 

chosen for I of 2 treatments: handled but not tagged (control, n=40) and dorsal 

musculature tag (n=40). All fish were anesthetized in a 37.8-1 container, (containing 4.0 g 

of MS-222, 5 ml polyaqua, and 0.77 kg NaCl) to reduce the stress of handling and 

tagging. Prior to PIT-tagging, total length, standard length, and weight were recorded for 

each tagged and untagged (control) fish. PIT-tags were injected following the technique 

used for Gila trout. After handling, PIT-tagging, scanning, weighing, and measuring of 

fish, they were immediately placed into a 113.6-1 recovery tank (1.14 kg NaCl, 30 ml of 

stress coat, and with an oxygen aerator). After fiill recovery, tagged and control fish were 

placed into individual sections in I of 2 raceways; 40 fish in each section. These same 

procedures were followed for each size class of fish. All fish were fed to satiation at least 

5 times per day. 

Fish were monitored for 60 days following the treatments. Raceway sections 

were checked daily to recover any PIT-tags that had been expelled or to remove dead fish. 

Tags recovered were scanned and the date of recovery recorded. Weight, length, and 

PIT-tag frequency were recorded for all mortalities found in each section. All fish, both 

treatment and control, were individually examined 20, 40, and 60 days after treatment. On 

each date, fish were anesthetized, weighed and measured (total length and standard 
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length) to estimate growth, and examined for PIT-tags. 

Statistical Analyses 

Growth and condition of fish within treatments were analyzed after each 

examination by analysis of variance (ANOVA) and then by multiple comparisons of means 

with the Tukey-Kramer procedure (Sokal and Rohlf 1981). Specific growth rate (per day) 

and condition were calculated for fish based on: 1) initial and 20-day measurements: 2) 

initial and 40-day measurements; 3) initial and final measurements. Growth rate and 

condition between treatments were analyzed by ANOVA and then by multiple 

comparisons of means with the Tukey-Kramer procedure. For comparisons between 

treatments, I used a contingency table and Chi-square test (x") to determine if tag 

retention was influenced by the tagging treatment. Growth rates and conditions for fish in 

each size class were calculated every 20 days for treatment and control. A t-test was used 

to evaluate if growth and condition of fish were effected by tagging. All statistical tests 

were considered significant at P^O.05. 

RESULTS 

Length. Weight, and Condition of Fish within Treatments 

There was no indication that tagging effected length, weight, and condition of 

Apache trout at day 20 (ANOVA, P=0.6142, P=0.9376, P=0.5527), day 40 (ANOVA, 

P=0.7618, P=0.9385, P=0.2315), and day 60 (ANOVA, P=0.9031, P=0.9792, P=0.6426). 
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Specific growth rates and condition of fish in each of the three treatments and the control 

were similar (Table 10). 

Tagging did not effect length, weight, and condition of Gila trout at day 20 

(ANOVA, P=0.1497, P=0.3960, P=0,1091). Specific growth rates and condition of the 

fish in the two treatments and the control were similar (Table 11). Tagging did not effect 

length (ANOVA, P=0.1090) and weight (ANOVA, P=0.3555) of Gila trout at day 40. 

However, condition of fish in the treatments and the control were significantly different 

(ANOVA, P=0.0008). Multiple comparisons of means showed that fish tagged in the 

dorsal musculature had higher condition than either those tagged in the dorsal musculature 

and the wound sealed with vet bond and Gila trout (GIT) control (Table 11). At day 60 

tagging did not effect length (ANOVA, P=0.1937) and weight (ANOVA, P=0.7486) of 

Gila trout. However, condition of Gila trout was significantly different (ANOVA. P < 

0.001). Multiple comparisons of the means showed that condition offish tagged in the 

dorsal musculature was higher than both the GIT control and those tagged in the dorsal 

musculature and the wound sealed with Vet bond. The condition of fish tagged in the 

dorsal musculature and sealed with Vet bond and those in the GIT control group were 

similar to each other (Table 11). 

Length. Weight, and Condition of Fish between Treatments 

There was a significant treatment effect on length (ANOVA, P<0.0001) and 

condition (ANOVA, P<0.0001) but not weight at day 20 (ANOVA, P=0.8817). Lengths 

of fish tagged in the dorsal musculature were similar to those tagged in the abdomen but 
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higher than those subjected to the other 3 treatments (Table 12). Lengths of fish tagged in 

the pelvic area were lower than those subjected to the other 4 treatments but only 

significantly different form those tagged in the dorsal musculature and abdomen (Table 

12). Multiple comparisons of means showed condition was higher in fish tagged in the 

dorsal musculature than it was in fish subjected to the other 3 treatments (Table 12). 

Condition was similar among fish tagged in the abdomen and pelvic locations. 

There was also significant treatment effects on length (ANOVA, P=0.0039) and 

condition (ANOVA, P<0.0001) but not weight (ANOVA, P=0.1679) at day 40. Multiple 

comparisons of means revealed lengths of fish were lower in fish tagged dorsally and the 

wound sealed with vet bond than in fish tagged in the abdomen or the pelvic area and the 

wound sealed with vet bond (Table 12). Condition was higher in fish tagged dorsally than 

in fish tagged in the other 4 treatments. 

Analysis at day 60 revealed a significant effect of tagging on weight (ANOVA, 

P=0.0004) and condition (ANOVA, P=0.0005). Length was only slightly effected by 

tagging (ANOVA, P=0.0476) and multiple comparisons of means revealed lengths offish 

among the 5 treatments were not significantly different (Table 12). Multiple comparisons 

of means showed weight of fish tagged in the dorsal musculature and the wound sealed 

with vet bond was lower than it was for fish in the other 4 treatments (Table 12). Fish 

tagged in the dorsal musculature and the wound sealed with vet bond lost weight from day 

40 to day 60. Weight of fish tagged abdominally, dorsally, in the pelvic region and wound 

sealed with vet bond were similar (Table 12). Multiple comparisons of means revealed 

that condition for fish tagged abdominally and dorsally and wound sealed with vet bond 
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were significantly lower than fish tagged dorsally (Table 12). Fish tagged in the pelvic 

area, and the wound both sealed with vet bond and unsealed, had similar conditions (Table 

12). 

Length. Weight, and Condition of Fish within Size Classes 

Tagging in the dorsal region had a significant effect on the weight of fish in 80-89 

mm size class on day 20. The average weight of the control group (80-89 mm) was higher 

than that of the treatment group (80-89) (t-test, df=77, P=0.02; Table 13). Length (t-test, 

df=77, P=0.0835) was not effected by treatment even though the average length of the 

control group was higher than that of the treatment group (Table 14). Tagging also had a 

significant effect on the length offish in 110-119 mm and 130-139 mm size classes on day 

20 (Table 14). The average lengths of the fish in all treatments v/ere higher than that of 

the control group (Table 14). Condition was not significantly different between treatment 

and control fish in any of the 8 size classes (Table 15). 

At day 40, tagging had a significant effect on the length and weight of fish in 130-

139 mm size class (t-test, df=77, P=0.021, t-test, df^77, P=0.02; Table 13, Table 14). 

The average length and weight of the treatment group (130-139 mm) was higher than that 

of the control group (130-139 mm). Condition of fish in the 90-99 mm size class was 

significantly different (t-test, df=76, P=0.015). The average condition coefficient of the 

treatment group was higher than that of the control group. 

Analysis at day 60 indicated the average weights of fish in the treatment groups 

(110-119 mm and 130-139 mm) were significantly higher than that of the control groups 



(110-119 mm and 130-139 mm) (Table 13). The average length of the treatment group 

(110-119 mm) was significantly higher than that of the control group (110-119 mm) (t-

test, df=78, P=0.022). Condition of fish in the treatments and the controls for the eight 

size classes were not significantly different (Table 15). 

Survival and Tag Retention of Fish within Treatments 

Survival of the control group (96%) of Apache trout was higher than for fish 

tagged in the pelvic region (92%) and abdominal area (90%) but similar to fish tagged in 

the pelvic region and wound closed with vet bond (96%). Survival of Gila trout tagged in 

the dorsal musculature (98%) and those tagged in the dorsal musculature and the wound 

sealed with vet bond (96%) was higher than the Gila trout control group (80%). 

Survival rates of fish in the 5 tagging treatments ranged from 90% to 98%. 

Survival declined prior to and after day 20 for 4 treatments (Figure 26). Fish tagged in the 

dorsal musculature without the use of vet bond had a higher survival rate (98%) than fish 

in the other 4 treatments. Fish that had been tagged in the dorsal musculature or the 

pelvic area and the wound closed with vet bond had similar survival rates (96%). Fish 

tagged in the pelvic area (92%) and those tagged in the abdominal area had the lowest 

survival rate (90%). 

Tag retention was significantly effected by tagging location (x"= 27.468, 

P<0.0001). Tag losses generally occurred within 8-10 days but continued throughout the 

study. No tags were lost when fish were tagged in the dorsal musculature with or without 

the use of Vet bond (Table 16). Retention and survival rates were higher for fish tagged 



in the dorsal musculature than for fish tagged in the other 4 treatments. The highest 

number of tags were lost when fish were tagged in the pelvic area and the wound closed 

with vet bond within the first 20 days after tagging (Table 16). PIT-tags were observed 

being expelled through the anus of fish. Necropsies of fish tagged in the pelvic region 

after 60 days, showed tags free floating in the abdominal cavity near the anus. 

Survival and Tag Retention of Fish within Size Classes 

Survival of the controls for the 8 size classes remained consistent from day 0 

through day 60 (100%). Survival of the 8 treatment groups did not fall below 95%. 

Survival offish in the treatment groups 100-109 mm, 110-119 mm, and 130-139 mm was 

100% from day 0 to day 60, respectively (Table 17). Post-mortem examination of 

individuals found in the raceways revealed possible cause of death was due to handling, 

gill infection, gill irritation, or Ichlyoboda infestation. 

Tag retention was not different between the fish in the 8 size classes from day 0 to 

day 60 (Table 17). No tags were expelled throughout the experiment. 

DISCUSSION 

Tagging methods should minimize mortality and allow fisheries biologists to 

monitor wild populations and collect information on growth and movement of individual 

fish. PIT-tags are generally injected in the abdominal cavity or in the dorsal musculature 

(Guy et al. 1996). Prentice and Park (1984) reported that the retention of PIT-tags 
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injected into the dorsal musculature and the body cavity of both juvenile (8-28g) and adult 

fish was high (96%-100%). However, the amount of information available on PIT-

tagging salmonids in the dorsal musculature is very limited. Salmonids are generally PIT-

tagged in the abdominal cavity (Prentice et al. 1990, Prentice el al. 1990, Brannas et al. 

1994, McCutcheon et al. 1994), Tagging in the dorsal musculature is common for warm-

water species. 

I PIT-tagged hatchery reared Apache and Gila trout in 3 body locations: 1) 

abdominal cavity, 2) dorsal musculature, and 3) pelvic girdle. The most suitable tagging 

location for both Apache and Gila trout was in the dorsal musculature, 98% survival and 

0% tag loss. Jenkins and Smith (1990) indicated that PlT-tags placed in the dorsal 

musculature reduced risk of damage to internal organs and do not migrate once embedded 

within the musculature. Jenkins and Smith (1990) reported retention rates of 97.4% when 

PIT-tags were injected in the dorsal musculature (posterior to the dorsal fin) of striped 

hass (Morone saxatilis). Roundtail chub (G/7a roA/zA/a) retained 100% of tags placed in 

the dorsal musculature (USFWS 1990). 

In my study, tags placed in the dorsal musculature were easily readable. The 

growth of fish tagged in the dorsal musculature was reduced but this reduction may be an 

artifact. Gila trout were being spawned during the experiment and reduced growth may 

result from spent fish and weight lost from shedding and water loss associated with 

spawning (Ronnie Maes, USFWS, Mescalero National Fish Hatchery, pers. com.). Tags 

were not expelled. 

Previous studies have shown that PIT-tags can be successfully injected and 
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retained in the body cavity (Prentice et al. 1990), However in my study, fish tagged in the 

abdomen had low tag retention (84%) and survival rates (90%). Necropsies performed on 

fish tagged abdominally found tags close to the pyloric caeca and to the spleen (Prentice et 

al. 1990), near the vent, and adhered to fat tissue. Occasionally tags (4 tags total=2 tags 

in each fish) were found in the stomachs and intestine. However, it is impossible to 

determine whether tags were injected into these locations, ingested from the bottom of the 

tank, or engulfed by internal organs. Prentice (personal communication) indicated fish 

consume PIT-tags lying at the bottom of tanks. It has been documented that other tags, 

such as transmitters, can be encapsulated into the intestine by an active growth process 

then expelled through the anus (Summerfelt and Mosier 1984, Chisholm and Hubert 

1985). Transmitters have a paraffin coat which serves as an irritant and enhances this 

process (Chisholm and Hubert 1985). However expulsion of PIT-tags from the intestine 

through the anus has not been documented. In addition, PIT-tags are made of glass and 

do not initiate the tissues as do paraffin coated tags. I may have accidentally inserted the 

PIT-tag into the intestine but it is also possible that tags were encapsulated into the 

intestine and then expelled. 

Previous studies on Gila trout (> 130 mm TL, n= 150) PlT-tagged in the abdominal 

region showed tag losses occurred; 1) 24-48 hours af^er injection, 2) prior to spawning, 

and 3) during first and second spawning year (=50%-75% tag loss) (Ronnie Maes, 

USFWS, Mescalero National Fish Hatchery, pers. com.). Guy et al. (1996) reported tag 

loss during spawning when tags were placed in the body cavity. 

Fish tagged in the dorsal musculature and treated with vet bond had 96% survival 
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and 0% tag loss, but vet bond caused irritation to the skin tissue. Wound healing in fish 

with a pelvic tag and treated with vet bond exceeded the normal 14 days, extending 

sometimes to 20 or 25 days. In addition vet bond did not decrease tag loss; fish tagged in 

the pelvic region had higher tag retention without (84%) than with (80%) vet bond. 

Prentice et al. (1990) determined that the minimum size at which chinook salmon 

could be tagged was 55 mm (fork length). In their study, survival rates always exceeded 

96.5% and retention rates exceeded 99%. The minimum size of Apache and Gila trout 

that could be tagged in the dorsal musculature was 90 mm (total length). Survival rates 

exceeded 95% and retention rates were 100%. Fish that were 80-89 mm in length had 

high survival (98%) and retention (100%) but growth was reduced. However within 40 

days after tagging, growth and condition had returned to normal. Prentice el al. (1990) 

also reported that growth was depressed from day 1 to day 20 when tags were placed in 

the abdominal cavity but that afterward growth was equal between control and treatment 

fish. 

A few fish died from gill infection, gill irritation, and Ichtyobodo infestation after 

handling and tagging. Disease problems occur from loss of mucus, loss of scales, or 

internal damage (Stickney 1983) and can decrease growth and reproductive capacity, and 

increase mortality (Kelsh and Shields 1996). For threatened and endangered species, such 

as Apache and Gila trout, it is important to minimize stress (Kelsh and Shields 1996). The 

first 24 hours to 14 days after handling are critical because injuries from handling and 

tagging can lead to the development of disease (Kelsh and Shields 1996, Stickney 1983). 

Future experiments should determine if fish less than 80 mm TL can be tagged. 
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Also it should be determined if tags can be encapsulated by the intestine and expelled 

through the anus. Until more informative studies are conducted, PIT-tags should be 

injected into the dorsal musculature of Apache and Gila trouts and that the minimum size 

be 90 mm TL. 
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Table 10, Specific growth rates in terms of length, weight, and condition (per day) for Apache trout on day 20, 

day 40, and day 60; ;V=nimiber offish. Means, witliin a column, that are not followed by a letter in common 

were significantly dilVerent (P < 0.05). 

Treatment yV Length 
(mm/day) 

Weight 
(g/day) 

Condition 

Day 20 

Pelvic tag 45 155.36±10,32,\ 64.53±12.07N 0.95±0.02x 

Pclvic tag + 
Vet bond 

42 168.19±9.60x 70.90±li,2Q\ 0,98±0.01x 

Abdominal 
tag 

44 173.07±9.10x 73.04±10.63x 0.96±0.01x 

APT Control 48 165.02±9.32x 74.31±12.95x 

Day -10 

1.00±0,04x 

Pelvic tag 44 160.66±10.67x 72.59±13.59x 0.98±0.02x 

Pelvic tag + 
Vet bond 

40 172.02±9.88x 74.98±12.08x 0.98±0.02x 

Abdominal 
tag 

43 175.26±9.45x 76,5I±1 1.47x 0.94±0.02x 

APT Control 48 169.27±9.89x 83.60±14.77x 

Day 60 

1.00±0.02x 

Pclvic tag 42 163.76±11.30x 81.80±15.37x 1.05±0.02x 

Pelvic tag + 
Vet bond 

40 172.50±9,97x 80.77±13.07x 1.03±0.02x 

Abdominal 
tag 

42 174.24±9.80x 82.84±12.96N 1.01±0.02x 

APT Control 48 170.08±10.24x 88.72±115.96X 1,04±0.02x 
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Table 11, Specific growth rates in terms oflength, weight, and condition (per day) for Gila trout on day 20, 

day 40, and day 60; iV=number of fish. Means, within a column, that are not followed by a letter in common 

were significantly diflerent (P < 0,05). 

Treatment N Length 
(mm/day) 

Weight 
(g/day) 

Condition 

Day 2(1 

Dorsal tag 50 271.52±6.45x 239.20±16.63x l.ll±0.02x 

Dorsal taj' + 
Vet bond 

49 288.53±5.91x 268.55±15,05x l.OSiO.Olx 

GIT Control 39 278.5 l±6.80x 246.5 l±17.18x 

Day 40 

l,07±0.03x 

Dorital tag 50 271.24±6.57x 237.66±iri.95x l.lOiO.Olx 

Dorsal tag + 
Vet bond 

49 289.77±5.89x 26I.10±15.47x 1.02±0.02x 

GIT Control 39 276.20±7.46x 227.77±17.44x 

Day 60 

1.00±().02x 

Dorsal tag 49 275.4 l±6.55x 245.96±16.89x 1.10±0.03x 

Dorsal tag + 
Vet bond 

48 292.13x±6.06x 257.42±14.99x 0.97±0.01x 

GIT Control 39 283.59±7.67x 239.77±17.38x 1.00±().02x 
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Table 12. Specific growth rates in terms of length, weight, and condition (per day) for the 5 treatments 

recorded on day 20, day 40, and day 60; A''=number of fish. Means, vvitliin a column, that are not followed by a 

letter in common were significantly difterent (P < 0.05). 

Treatment N Length 
(mm/day) 

Weight 
(g/day) 

Condition 

Day 20 

Pelvic tag 45 -0.06±0.03za 0.96±0.02x 0.014±0.09z 

Pelvic tag + 
Vet bond 

42 0.05±0.03yza 0.98±0.01x -0.105±0.07z 

Abdominal 
tag 

44 0.09±0.02\yz 0.96±0.01x -0.010±0.05z 

Dorsal tag 50 0.20±0.04,\7 l.ll±0.12x 0.085±0.17x 

Dorsal tag + 
Vet bond 

49 0.02±0.02yza 1.05±0.01x 

Day 4(1 

-0.022±0.[7y 

Pelvic tag 44 0.06±0.02.\->7; 0.17±0.07x 0.98±0.02y 

Pelvic tag + 
Vet bond 

40 0.14±G.02.\7 0.08±0.06x 0.98±0.02y 

Abdominal 
tag 

43 0.l6±0.02xy 0.1 I±0.05x 0.94±0.02y 

Dorsal tag 50 0.09±0.02xy7. 0.00±0.07x l.lOiO.Olx 

Dorsal tag + 
Vet bond 

49 0.04±0.02y2 -0.19±0.20y 

Day 60 

1.02±0.02y 

Pelvic tag 42 0.05±0.02>: 0.23±0.08\ 1.05±0.02xyz 

Pelvic tag + 
Vet bond 

40 0.10±0.02x 0.15±0.09x 1.03±0.02\'yz 

Abdominal 
tag 

42 0.10±0.02x 0.21±0.08x L01±0.02yz 

Dorsal tag 49 0.1 l±0.02x 0.09±0.08x 1.10±0.02xy 

Dorsal tag + 
Vet bond 

48 0.06±0.02x -0.22±0.08y 0.97±0.02yz 



Table 13. Average weights (g) for treatment and control fish on days 20,40, and 60 for tlie 8 size classes. The asterisk (*) indicates a significant difl'erence 

between treatment and control; i' < 0,05. 

Day 20 Day 40 Day 60 
Group X weight t-test df p-value X weight t-test (If p-value X weight t-test df p-value 

80-89 vs. 
control 

11,80 
12,47 

-2,164 77 0.033* 23.03 
23.09 

-0,078 77 0.937 34.67 
34.63 

0.026 77 0.979 

90-99 vs. 
control 

16.82 

16.59 

0.458 78 0648 28.79 

27.96 

0.761 76 0.449 42.37 

41.46 

0,537 76 0.592 

100-109 vs. 
control 

22.24 
22.25 

-0,033 78 0 974 40.52 

40.15 
0,323 78 0.748 54.87 

54.80 
0,040 78 0.968 

110-119 vs. 
control 

28.05 
27,19 

1.238 78 0 219 45.75 
43.29 

1.651 78 0.102 64.97 
59.33 

3.139 78 0.002* 

120-129 vs. 
control 

33.94 
33,10 

1 227 78 0 224 56.22 
53.47 

1.867 78 0.065 70.22 
67.77 

1.294 78 0.199 

130-139 vs. 
control 

41.31 
40.00 

1,440 77 0 154 69.23 

65,15 
2 343 77 0.021* 84 08 

79.63 
2 157 77 0.034* 

NO-149 vs. 
control 

49.90 

49,66 
0,215 78 0.831 79.18 

76,89 
1.069 78 0,288 98.70 

97 00 
0.603 78 0.548 

150-159 vs. 
control 

60,21 
59,14 

0,835 78 0 406 92,67 

8865 
1.628 76 0 107 105,73 

103,68 
0.766 77 0.446 



Table 14. Average total lengths (mm) for treatment and control lish on days 20. 40. and 60 for tlie 8 size classes. The asterisk (*) indicates significant 

diflerence between treatment aiid control, P < 0.05. 

Day 20 Day 40 Day 60 
Group X length t-test df p-value X length t-test df p-value X length t-test dr p-value 

80-89 vs. 
control 

98.75 

100.13 

-1.753 77 0.083 121.77 

122.30 
-0.417 77 0.677 139.51 

139.65 

0.072 77 0.943 

90-99 vs. 
control 

111,2 

110.6 

0.596 78 0.552 134.18 

134.62 

-0.297 76 0.767 134.18 

134.63 

-0.297 76 0.767 

100-109 vs. 
control 

121.83 
121.93 

-0.115 78 0.908 14645 
146.83 

-0.033 78 0.974 146.45 
146.83 

-0.269 78 0788 

110-119 vs. 
control 

131.27 
129.20 

2.534 78 0 013* 156.02 
153.37 

2.069 78 0.041* 174.50 
171.00 

2.339 78 0.022* 

120-129 vs. 
control 

141 13 
139.97 

1.182 78 0.241 164 67 
162.57 

1.541 78 0.127 181.02 
179.60 

0.936 78 0.352 

130-139 vs. 
control 

151.67 

14977 

2.106 77 0.038* 176.82 

17349 

2 5)2 77 0.141* 192.70 

190.00 

J 826 77 0.072 

140-149 vs. 
control 

161.42 

161.25 

0.217 78 0.828 185.60 

184 22 

0.887 78 0.378 202,55 

201.47 
0,648 78 0.519 

150-159 vs. 
control 

171 17 
168 97 

1.688 78 0.095 195.76 

193 15 
1.462 76 0.1479 210.28 

208.75 

0796 77 0.429 



15. Condition coefficients for treatment and control fish on days 20,40, and 60 for tlie 8 size classes. The asterisk (*) indicates a significant 

diiYerence between treatment and control, P < 0 05. 

Group X cf 
Day 20 
t-test df p-value X cf 

Day 40 
t-test df p-value X cf 

Day 60 
t-test df p-value 

80-89 vs. 
control 

1.222 
1.241 

-1.013 77 0.314 1.264 

1.255 

0.363 77 0.717 1.261 
1,257 

0.172 77 0,863 

90-99 vs. 
control 

1.221 

1.219 

0.071 78 0.944 1,182 

1.135 

2.471 76 0.015* 1,233 

1.214 

0.937 76 0.351 

100-109 vs. 
control 

1.226 

1.225 

0.099 78 0.921 1,282 

1.267 

0787 78 0.434 1,220 

1.214 

0,347 78 0,729 

110-119 vs. 
control 

1.239 
1.259 

-0.738 78 0.463 1.200 
1.195 

0.173 78 0.863 1.216 

1.184 

1.866 78 0.067 

120-129 vs. 
control 

1.208 
1.204 

0.190 78 0.849 1.257 
1.239 

0.932 78 0.354 1.180 
1.165 

0.895 78 0,374 

130-139 vs. 
control 

1 182 
1 189 

-0,379 77 0.705 1.248 
1.243 

0.306 77 0.761 1.171 
1.157 

1.064 77 0,291 

140-149 VS. 
control 

1 185 
1.182 

0.151 78 0,880 1.234 
1.226 

0.423 78 0.674 1.184 
1 181 

0.148 78 0,883 

150-159 vs. 
control 

1.201 

1.224 

-1,069 78 0.228 1.233 

1.223 

0.617 76 0 539 1.136 

1.135 
0,131 77 0,896 
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Table 16. Cumulative losses of PIT-tags for fish in tlie 5 ireatments from 20-60 days. Percentage of tags lost 

was calculated for fish alive on each sampling date. Number of tags present was based on tlie original number 

of fish tagged and accounts for both tag loss and mortality (Mourning et al. 1994). 

Variable 2U d 40 <1 60 d 

Number of survivors 48 

Tags lost (%) 13 

Tags present (%) 84 

Number of sui-vivors 49 

Tags lost C%) 8 

Tags present (%) 90 

Number of survivors 47 

Tags lost (%) 6 

Tags present (%) 88 

Number of survivors 50 

Tags lost (%) 0 

Tags present (%) 100 

Number of survivors 49 

Tags lost (%) 0 

Tags present (%) 98 

Pelvic PIT-tag+Vct bond 
(N=5«) 

48 48 

17 17 

80 80 

Pelvic Tag (N=50) 

47 46 

6 7 

88 84 

Abdominal Tag (N=50) 

45 45 

4 7 

86 84 

Dorsal Tag (N=50) 

50 49 

0 0 

100 98 

Dorsal Tag+Vet bond (N=50) 

49 48 

0 0 

98 96 
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Table 17. Cumulative losses of PlT-tags for the 8 size classes of rainbow trout from 20-60 days. Percentage 

of tags lost was calculated for fish alive on each sampling date. Number of tags present was based on the 

original number of fish tagged and accounts for both tag loss and mortality (Mourning el al. 1994). 

Variable 20(1 -10 <1 60 d 

80-89 mm (N=4()) 

Number of survivors 39 39 39 

Tags lost (%) 0 0 0 

Tags present (%) 98 98 98 

90-99 mm (N=4«) 

Number of survivors 40 38 38 

Tags lost (%) 0 0 0 

Tags present (%) 100 95 95 

100-109 tnm (N=-40) 

Number of survivors 40 40 40 

Tags lost (%) 0 0 0 

Tags present (%) 100 100 100 

110-119 (N=40) 

Number of survivors 40 40 40 

Tags lost (%) 0 0 0 

Tags present (%) 100 100 100 

120-129 (N=40) 

Number of survivors 39 39 39 

Tags lost (%) 0 0 0 

Tags present (%) 98 98 98 
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Table 18 - Continued 

Variable 20 d 40 d 60 d 

130-139 mm (N=4(l) 

Number of survivors 40 40 40 

Tags lost (%) 0 0 0 

Tags present (%) 100 100 100 

140-149 mm (N=40) 

Number of survivors 39 39 39 

Tags lost (%) 0 0 0 

Tags present (%) 98 98 98 

150-159 mm (N=4(») 

Number of survivors 40 39 39 

Tags lost (%) 0 0 0 

Tags present (%) 100 98 98 
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Figure 23. The Williams Creek National Fish Hatchery is located on the Fori Apach Indian Reservation, just 

north of Tucson. Tlie Mescalero National Fish Hatchery is located on the Mescalero Indian Reservation, just 

south of Albuquerque. 
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Figure 24. Size class distribution of Apache trout in each treatment: 1) pelvic tag+vet bond (n=50). 2) pelvic 

tag (n=50), 3) abdominal tag (n=50), and 4) Apache trout control (APT control; n=50). 
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Figure 25. Size class distribution of Gila trout in each treatment: dorsal tag (n=50), dorsal tag+vet bond 

(n=50), and Gila trout control (GIT control, n=50). 
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Figure 26. Survival percentage for the five tagging treatments applied to Apaehc and Gila trouts from day 0 to 

day 60: 1) Pelvic tag; 2) Pelvic tag + vet bond; 3) Abdominal tag; 4) Dorsal tag; and 5) Dorsal lag + vet bond. 
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APPENDIX A: PERCENT COMPOSITION OF INVERTEBRATE TAXA 

Table 1. Percentage composition (by number) of invertebrate taxa in benthic samples from Flash and Squaw 

creeks, Arizona, before renovation and 1, and 2 years after tlie application of Antimycin-A. 

Flash Creek Squaw Creek 

Before 1 year 2 years Before 1 year 2 years 
Taxa (1995) (1996) (1997) (1995) (1996) (1997) 

Coicoptcra 

Dysticidae .... 0.4 0.3 .... 0.9 0.3 

Elmidae 4.7 4.4 5.3 6.4 13.5 7.0 

Ephcmcroptcra 

Baetidae 9.7 9.0 13.1 10.8 12.2 8.5 

EphemereUidae 4.0 3.9 2.2 0.9 0.3 2.7 

Heptageniidae 10.0 10.0 6.9 2.9 7.2 8.3 

Siphloneuridae 1.0 6.2 1.5 1.0 2.7 3.7 

Piccoptcra 

ChloroperlUlae 1.8 5.9 2.8 0.2 5.9 4.9 

Nemouridae .... 0.8 .... .... .... — 

Perlodidae — 2.0 — .... — .... 

Diptera 

ChironomUlae 11.5 13.2 7.9 7.3 11.5 9.7 

Simuliidae 10.8 — 5.4 3.0 0,1 6.0 

Dixidae — 0.5 3.4 — .... 2.1 

Tipulidae 4.7 3.8 3.2 5.1 2.8 4.3 

Ceratopognidae 3.8 2.3 3.2 0.9 3.6 3.3 

Trichoptera 

Hydropsychidae 5.0 3.0 5.7 2.6 3.3 2.9 

LimnephiHdae 16.2 18.6 17.5 36.9 19.1 16.8 
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Table 1 - Continued 

Flash Creek Squaw Creek 

Before 1 year 2 years Before 1 year 2 years 
Taxa (1995) (1996) (1997) (1995) (1996) (1997) 

Tricboptcra 

Lepidostomatidae 7,7 4.4 7,8 10.1 7.8 8.2 

Glossosomatidae 9.1 9.1 10.2 5.4 4.4 7.6 

Brachycentridac ... ... ... 5.0 2.3 2.1 

Hcmiptera 

Belostomatidae — ... 0,3 ... ... ... 

Oligochaeta 

Undetennined — 0.8 0.6 ... ... ... 

Hydracarina 

Undetermined ... 0.6 1.3 1.7 2.4 1.5 

Unknown ... 1.3 1.7 ... 0.1 ... 
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APPENDIX B: PIT-TAG FREQUENCIES OF APACHE TROUT 

Table 1. Total length (mm), standard length (mm). Weight (g), and introduction site of Apache irout 
introduced into Squaw Creek, Arizona, 1996. 

PIT -Tap Frequency Total I.enuth fmm") Standard l.en^jth (mml WeiphUp* Location 

4145615721 151 130 35 1 
4146241506 161 140 44 1 
4146291244 155 135 42 1 
4146224053 154 135 34 1 
414627104C 159 136 39 1 
4146353F0F 179 157 50 1 
41462D183A 157 138 44 1 
414629723E 160 140 43 1 

41460E6711 177 150 64 2 
41457A7902 188 166 71 2 
41456C2E0F 189 165 73 2 
4146096D1C 192 169 76 2 
4146104123 165 145 44 2 
41437C3753 168 147 43 2 
4146100618 154 134 38 1 
41462D3651 160 140 43 2 
41461C5149 208 186 92 2 
4146181308 195 171 75 
4146311 SOD 189 165 63 3 
41457C2B5A 197 166 64 3 
41455E291E 188 165 64 3 
41460A140E 215 190 95 3 
4146342600 227 192 132 3 
41462A0653 164 139 49.5 3 
4146081364 199 167 91.5 3 
4146177B1C 153 129 34 4 
4146243B6D 174 150 52 4 
414618601B 150 130 31 4 
4145577F74 175 145 55 4 
41462B2D15 180 160 64 4 
41437A5809 150 138 36 4 
4145742446 161 138 48 4 
4146331C70 218 186 102 4 
41461B5B44 172 155 60 4 
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Table 2. Growth measurements and PIT-tag frequencies of Apache trout above the natural barrier and below 
the second natural barrier in Flash Creek, Arizona, 1998. 

PIT-tag Frequencv Total l.encthfmml Standard I.enclhfmml Weiuht Id 

414619054C 150 124 38 
4]461D7E15 124 102 19 

41462D1652 105 89 15 
4145680A1A 152 131 49 
41462F0F2E 1 14 92 17 
41457F1C59 103 86 12 
41460B6A76 103 85 11 

41462D5F4E 120 99 20 
4146323E53 123 102 21 
414614466D 108 90 14 
4145687555 123 101 22 
4145750665 103 84 12 
4146354357 109 88 14 
41461F2229 154 138 37 

4I46I52B7C 183 150 62 
4146290A7C 130 1 1 1 27 

4146047F19 125 105 20 
41461C2379 155 130 40 
41461A2126 132 110 21 

4146197837 130 105 23 
4146I10F69 125 105 21 
4145791B3F 114 95 17 
4145581760 100 80 9 
4146354163 162 129 42 
41440D2142 169 142 51 
414603367A 134 111 23 
41456D0D0F 129 107 21 
414633IB7D 175 144 57 
4146214866 175 147 56 
414558306E 140 119 31.5 
4145742E34 136 115 26.5 
4146144D3C 192 163 63 



jj^ht 
35 
15 
25 
24 
20 
40 
37 

5.5 
30 
46 
70 
37 
41 
25 
56 
36 
2.5 
54 
30 
SO 
70 

60 
60 
40 
90 
30 

20 
70 
30 
00 
60 

Table 2 - Continued 

Total Lengthfmml Standard Lengthfrnm) 

152 127 
135 117 

131 1 12 
128 1 10 
131 1 1 1 
159 135 
148 128 
158 139 

133 115 
155 141 
184 160 
145 122 
154 130 
139 1 19 
167 139 
159 133 
140 113 
170 140 
159 132 
185 155 
183 150 
175 145 
173 144 
167 140 
202 170 
220 181 
214 180 
190 160 
220 190 
215 185 
170 140 
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Table 3. Growth measurements and PIT-tag frequencies of Apache trout below the natural barrier in Flash 
Creek, Arizona, 1998. 

PIT-Tag Frequencv Total Lencthfmml Standard Lencthfmml Weight 

41461F022A 161 137 66 

41455903 ID 177 148 76 

411D5A0538 161 134 61 
4146203B61 183 152 76 

4I46214B7I 156 129 52 
4143753F56 14S 123 44 
4145613262 160 134 45 
4145613678 179 148 75 
4I4624620F 145 122 44 
41461A3F30 143 120 38 
41462C2221 129 113 23.5 
4146003027 151 132 24 
4I46151D2F 144 125 32 
414609155E 173 149 41 
4146206203 152 133 36 
414630634C 137 120 25 
414635345E 115 109 9.5 
41440G074B 138 119 26 
4146200928 142 126 30 
41461E1779 117 104 14 
4145770B7D 115 99 11.5 
4I4608723D 172 150 51.5 
414628347D 130 113 23 
4146100F7D 1 18 94 8 
4146057C1A 107 91 6.5 
4146355F75 161 140 37.5 
414631127F 133 115 21 
4146154811 191 170 80 
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Table 4. Growth measurements and PIT-tag frequencies of Apache trout above tlie second natural barrier in 
Flash Creek, Arizona. 1998. 

PIT-Tap Frequency Total LenethCmm) •Standard I.enGthfmml Weipht 

5059385819 122 1 16 13 
504C204E6C 183 159 62 

41393A1026 218 192 98 

4146213210 149 130 37 

506850461F 133 1 15 26 
413936070E 229 199 106 

504A5E2835 130 1 14 19 

22155C4001 152 133 34 

506D775405 122 105 22 
4145734B08 156 135 28 
4146322166 122 1 16 17.5 
4146223C0B 168 149 55 
41455924 IE 187 160 70 

506DI 1483A 194 168 77 

4146106278 139 123 26 
41391F056E 131 1 14 26 
4I46133C64 142 124 29 
506E531828 122 106 15.5 
5048464271 128 111 22 
41392E2F70 125 108 21.6 
4146125B07 119 104 9 
50692D3709 178 156 59 
4145782007 137 1 19 36.5 
5048713045 145 128 31 
7F7A071C25 185 162 62 
414621172A 149 129 29.5 
413912676F 116 101 15.5 
50427E152A 107 93 6 
41455B697F 105 91 8.5 
41461F585F 109 95 11 
4145670040 i 18 103 13 
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APPENDIX C: SQUAW CREEK RAW DATA 

Table 1. Average daily growth of PIT-tagged Apache trout recaptured in 1997 (>3=10) and 1998 (>5=7) from 
Squaw Creek. Average daily growth was computed by subtracting initial growlli measurements and growth 
measurements on the day fish was recaptured divided by the number of days. 

PIT-tag frequency Capture 
Date 1997 

Avg TL 
(mm/day) 

Avr 

Weight 
(g/day) 

Capture 
Date 
1998 

Avg TL 
(mm/day) 

Avg 
Weight 
(g/day) 

41457A7902 June 2 0.04 0,06 .... .... .... 

41462B2D15 July 21 0.22 0.40 .... .... .... 

41461C5149 July 21 0.20 0.40 .... .... .... 

4146342600 July 21 0.07 0.15 July 8 0,17 0,02 

414627104C July 22 0.05 0.07 July 30 0.28 0,15 

4145577F74 July 27 0.13 0.18 .... .... .... 

4146081364 Aug. 6 0.13 0.18 July 14 0,08 0.1 3 

41457C2B5A Aug. 6 0.05 0.16 .... .... .... 

41455E291E Aug. 12 0.13 0.20 .... .... .... 

41462A0653 Aug. 12 0.16 0.22 — .... .... 

4146331C70 — — .... June 24 0,25 0.15 

4146181308 .... .... July 14 0.23 0.1 1 

41437C3753 — .... .... July 30 0.22 0.06 

41437C3752 — — July 30 0.18 0 01 

Average 0.10 0.17 0.04 0.03 
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Table 2. Condition factor of Apache trout collected in Squaw Creek, Arizona. 

1996 1997 1998 

Size Class n Mean Mean n Mean Mean n Mean Mean 

(mm) Length K(TL) Length K(TL) Lengtli K(TL) 

40-49 -- ... ... 6 40.00 0.7S - ... ... 

50-59 1 58.00 1.02 1 50.00 34.40 1 59.00 1,95 

60-69 6 66.00 0,77 -- ... ... -- ... ... 

70-79 10 74.50 0.86 -
... ... 13 76.54 1.31 

80-89 8 84.50 0.96 -- ... ... 30 84.77 1.51 

90-99 10 95.00 0.94 -- — 
... 41 93.90 L27 

100-109 15 104.87 0.94 -- ... ... 24 105.08 1.26 

110-119 9 113.78 0.95 -- ... ... 12 1 14.75 1.26 

120-129 11 124.36 1,03 1 128,00 1.19 --
... ... 

130-139 15 135.53 1.01 -- ... ... --
... ... 

140-149 10 144.80 1.04 2 143.00 1.28 1 149.00 1.28 

150-159 9 153.67 1.02 1 159.00 1.14 1 156.00 1.21 

160-169 7 162.86 1.03 2 167.00 1.04 4 163.00 1.08 

170-179 5 175.40 1.01 2 173.00 1.21 5 174.80 1.13 

180-189 5 186.80 1.03 2 187.00 1.24 2 184.00 1.19 

190-199 4 195.75 1.02 2 190.00 1.67 1 199.00 1.39 

200-209 1 208.00 1.02 5 204.60 1.14 2 206.00 0.92 

210-219 2 216.50 0.97 2 214.50 1.12 3 213.00 1.20 

220-229 1 227.00 1.13 2 222.50 1.13 --
... ... 

230-239 -- — — 1 236.00 1.05 --
... ... 

240-249 -- — — 1 245.00 1.24 1 242.00 1.09 



Table 3 - Continued 

1996 1997 1998 

h Mean Mean n Mean Mean Mean Mean 

Lengtli K(TL) Length K(TL) Length K(TL) 

250-259 - - — 2 254.50 1.18 3 254.33 1.07 

260-269 - - — - ... ... - -
... ... 

- - — - ... ... 1 275.00 1.00 

Total 129 32 144 



APPENDIX D: FLASH CREEK RAW DATA 

Table 1. Comparison of condition factor for Apache trout in Flash Creek, Arizona above the natural barrier (1996-98) and below 
the natural barrier (1998*). 

1996 1997 1998 1998* 

Size Class 
(mm) 

N Mean 
Length 

Mean 
K(TL) 

N Mean 
Lengtli 

Mean 
K(TL) 

N Mean 
Length 

Mean 
K(TL) 

N Mean 
Length 

Mean 
K(TL) 

20-29 1 29.00 20.50 -
... ... 

-
... — - — 

... 

30-39 -
... — - ... ... 

-
... ... 

-
... — 

40-19 1 47.00 0.96 6 47.83 1.29 6 46.83 1.26 - — 
... 

50-59 4 54.75 1.13 19 54.37 0.99 7 50.42 1.40 -
... — 

60-69 13 64,38 0.75 15 64.13 0.90 1 67.00 1.33 -
... 

— 

70-79 7 74.14 0.91 2 78,50 1.30 9 74.89 1.14 4 76.50 1.08 

80-89 20 84.45 1.01 9 84,89 1.07 22 84.82 1.12 5 83.00 0.58 

90-99 28 93,64 1,02 19 94.26 1.01 22 94.32 1.12 2 92.00 087 

100-109 35 103.74 1,19 14 106.00 1.00 34 104.38 1.09 4 104.00 0.71 

110-119 24 114.29 1.18 10 114.90 1.05 28 114.64 1.14 8 114.87 0.86 

120-129 29 123,41 1.17 12 126.58 1.03 32 123.34 1.12 1 129.00 1 09 

130-139 25 133,88 1.11 7 135.28 1.01 25 132.88 1 06 8 134.50 1 09 

140-149 22 143,14 1.15 6 143.83 0 97 10 143.70 1.19 5 144.40 1.17 

150-159 15 154,53 1.04 8 154.12 1.01 16 154.56 1 07 3 153.00 1.03 

160-169 12 163,33 1.05 1 169.00 0.91 8 165.87 1 03 7 161.57 1 18 



Table 1 - Continued 

1996 1997 

Size Class 
(mm) 

N 

II 

5 

5 

5 

2 

2 

Mean Mean 

Length K(TL) 
N 

173.64 

182,62 

194,40 

202,60 

210.00 

225,50 

1.00 

1 , 1 1  

0.92 

1,06 

1.02 

0,91 

Mean 

Length 

173.33 

181.00 

203.50 

Mean 

K(TL) 

0.97 

0.99 

1.00 

N 

7 

6 

2 

1 

2 

1 

214.00 0 92 

268 138 241 

1998 1998* 

Mean 

Length 

172.57 

182.83 

191.00 

202.00 

214.50 

220.00 

Mean 

K(TL) 

1.10 

1.12 

0,95 

1.09 

1 . 1 1  

1.22 

N 

4 

1 

1 

Mean Mean 

Lengtli K(TL) 

174.00 

183.00 

191.00 

1.12 

1.24 

1.15 

53 
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Table 2. Estimates of the number of Apache trout using the 2-pass removal metliod with a 1 -hour time delay 
between the first and second pass in Flash Creek, Arizona («=population estimate and /?=estimated capture 
probability). 

Two Passes 

Year Section n SE P 

1996 1 61 20.64 0.42 

3 69 3 1.62 0.36 

5 18 3.00 0.67 

7 43 1.56 0.83 

9 20 7.75 0.50 

11 30 4.71 0.63 

13 41 18.03 0.59 

15 26 16.34 0.65 

17 52 15.68 0.46 

1997 1 28 11.30 0.45 

2 98 214.16 0.86 

5 24 1.62 0.79 

7 46 21.76 0.40 

9 26 4.50 0.63 

10 20 2.38 0.23 

1998 4 221 630.87 0.09 

5 63 5.61 0.67 

10 52 25.91 0.37 

11 27 2.22 0.75 

14 49 8.99 0.56 

16 46 4.50 0.68 
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