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ABSTRACT 

The Gila topminnow (Poeciliopsis occidentalis 

occidentalism is federally and state listed as endangered. 

My objectives were to quantify microhabitat use and 

preference of topminnow in the field and test responses to 

controlled laboratory settings. In Cienega Creek, topminnow 

preferred stream margins where the water was calm, shallow, 

and contained aquatic vegetation. Topminnow were always 

near the water surface. Water temperature averaged 1-2 C 

warmer in areas occupied by fish. In outdoor pools, groups 

of topminnow consistently preferred cover over no cover and 

selected the upper 1/3 of the water column. Plastic strips 

elicited the strongest response and styrofoam sheets 

elicited the weakest response. Topminnow did not show a 

consistent preference for cover when tested singly in 

aquaria, but showed a strong preference for calm water. 

Responses of topminnow to tests in aquaria were not in 

concordance with behavior observed in Cienega Creek or in 

tests conducted in outdoor pools. 



INTRODUCTION 

Perennial streams and associated riparian wetlands or 

cienegas that were once common in the desert Southwest (Rea 

1983), supported a variety of native fishes. Cienegas are 

perpetuated by permanent, scarcely-fluctuating sources of 

water, yet are rarely subject to harsh winter conditions. 

They are near enough to headwaters that the probability of 
i 

scouring from floods are minimal. Cienegas act as traps for 

organic materials and nutrients in the aquatic ecosystem, 

and are remarkably productive. These aquatic habitats and 

the animals dependent on them have become restricted over 

the last century to a few relict springheads, short reaches 

of stream with perennial flow and permanent but isolated 

pools in streams that flow intermittently (Hastings and 

Turner 1966, Hendrickson and Minckley 1984). The Sonoran 

topminnow (Poeciliopsis occidentalism is a desert fish now 

endangered due to this loss of wetlands and due to the 

impact of exotic fish species (Meffe et al. 1983). 

Two subspecies of Sonoran topminnow are recognized, the 

Yaqui topminnow (P_j_ o_j_ sonoriensis) , a native of the Yaqui 

River system of southeastern Arizona and northern Mexico; 

and the Gila topminnow (P^. ck. occidentalism , endemic to the 

Gila River system of Arizona, New Mexico, and northern 

Sonora, Mexico (Hendrickson et al. 1981, Stefferud 1984, 
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Dean 1987, Marsh and Minckley 1990). Gila topminnow were 

formerly widespread throughout low-elevation (<1,800 m) 

aquatic habitats in much of the arid Southwest. Permanent 

springs, marshes, cienegas, and permanent and intermittent 

streams all provided suitable environments. Prior to 1940, 

the species was considered the most abundant "low desert" 

fish in the Colorado River basin (Minckley et al. 1977). 

However, both subspecies were listed as endangered by the 

U.S. Department of Interior in 1967 (Stefferud 1984, Simons 

1987). Arizona lists both subspecies and New Mexico lists 

P. o. occidentalis as an endangered species. This 

endangered status has been attributed to drastic changes in 

aquatic habitats in the past 70-80 years (Hastings 1959, 

Hastings and Turner 1966, Vrijenhoer et al. 1985, Meffe 

1983, 1985), to interaction with non-native, fishes, 

principally mosquitofish (Gambusia affinis) since about 1930 

(Miller 1961, Miller and Lowe 1964, Minckley and Deacon 

1968, Minckley 1969a, 1973, Schoenherr 1974, 1977, Meffe 

1985, Vrijenhoek et al. 1985), and predation by fish such as 

largemouth bass (Micropterus salmoides) (Stefferud 1984). 

Because topminnow now exist in only a few natural refugia 

and because future management efforts will depend on 

information derived from these populations, it is important 

to document habitat characteristics and species interactions 

in these localities (Meffe 1983). 
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DESCRIPTION AND TAXONOMY 

The Gila topminnow is a small live-bearer in the family 

Poeciliidae. Sexual dimorphism of adult topminnow is 

pronounced. Males are 20-25 mm in standard length (SL), 

have the anal fin modified into a intromittent organ 

(gonopodium), and are blackened during the breeding season. 

Females are 25-35 mm (SL), have a blackened peritroct when 

in breeding condition, and are tan above, white below, with 

a dark band along the side. Sexual maturity is attained 

within 5-12 months. Mature males transfer spermatophores to 

the genital pore of the female with the gonapodium. Females 

store viable sperm up to several months. Fertilization 

occurs within ovarian follicles, and young are born alive 

after a gestation period of about 21 days. Brood size 

reaches 90, but broods of 15-20 are more frequent (Constantz 

1976). 

Historic Distribution and Abundance 

The Gila topminnow was historically widespread and 

abundant in the Gila River drainage. It was found in the 

Gila River mainstream from an elevation of about 1370 m to 

the mouth of the river near Yuma, Arizona. It also possibly 

occurred in the lower Colorado River (Minckley and Deacon 

1968). This species thrived in the Salt River as far 

upstream as the present site of Roosevelt Dam and throughout 
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most of the Verde River (Stefferud 1984). Gila topminnow 

were also found in the Santa Cruz and San Pedro River system 

in 1943 (Minckley et al. 1977). In 1978, topminnow were 

found in an unnamed artesian well outflow on the east side 

of the San Pedro River channel near Mammoth, Arizona (McNatt 

1979). Records of topminnow from the Santa Cruz system are 

abundant and include the headwater area above Lochiel, 

Arizona; that part of the river that flows through Sonora, 

Mexico, before returning to the United States; the short 

formerly perennial mainstream reach near San Xavier Mission; 

and various tributary streams and springs, most notably 

Sonoita Creek (Stefferud 1984). 

Present Known Distribution and Abundance 

The Gila topminnow is now known to occur naturally in 

only 8 isolated localities in the United States (Bagley et 

al. 1990). All but 1 of these locations are in the Santa 

Cruz River system: Redrock Canyon, Cottonwood Spring, 

Monkey Spring, Sonoita Creek, Cienega Creek, Sharp Spring, 

and the upper Santa Cruz River. The one other location, 

Bylas Springs, is a small tributary to the Gila River 

(Bagley et al. 1990). Gila topminnow had been stocked into 

over 56 sites prior to 1982 when extensive recovery efforts 

began (Minckley and Brooks 1985). In 1982, 90 sites were 

stocked, followed by 24 in 1983. Since 1983, 22 sites have 



been stocked or populated by dispersal from other stocked 

populations. Many sites have been stocked multiple times; 

total number of introductions exceeds 340 (Bagley et al. 

1990). Only 17% of these introduced populations were still 

present in 1989. 

Reasons for Decline and Future Threats 

Along with much of the native southwestern fish fauna, 

the topminnow has been declining since the late 1800's. The 

loss of aquatic habitats in the Southwest due to man's 

activities appears to be the cause of this decline (Miller 

1961, Minckley and Deacon 1968, Naiman and Soltz 1981). The 

Gila River system has been severely modified and contains 

only a small fraction of its pre-1860 aquatic habitat 

(Miller 1961). Historically the major rivers were 

essentially perennial, with stable channels and extensive 

lagoons, marshes and backwaters. Many springs and cienegas 

existed on small tributaries. These marshes, backwaters, 

springs and cienegas presumably formed the major habitat of 

the Gila topminnow. Today these environments have been lost 

or reduced and topminnow are confined to the remaining 

streams, springs, cienegas and headwater areas (Stefferud 

1984). 

In the late 1800's, exotic fish species began to be 

introduced. The mosquitofish, (Gambusia affinis), was 



introduced into Arizona waters in 1926 and has spread 

rapidly (Minckley 1973). Mosquitofish select environmental 

conditions similar to those used by topminnow. Sharp 

declines in topminnow populations usually occur in the 

presence of mosquitofish (Meffe et al. 1983). Topminnow 

have been lost from some locations within a year or two 

after introduction of mosquitofish (Miller 1961, Minckley 

1969b, Schoenherr 1974). affinis may cause the decline 

of topminnow by direct predation on juvenile and adult fish. 

Also, adult topminnow confined with mosquitofish receive 

extensive fin damage which often resulted in infection and 

death (Meffe et al. 1983). Because both species are 

livebearers, there probably is no competition for spawning 

sites. The food habits of the two species are different, 

with topminnow mainly feeding on detritus and vegetation, 

and mosquitofish feeding mainly on invertebrates and small 

fish (Stefferud 1984). 

ECOLOGY AMD LIFE HISTORY 

P. occidentalis has fairly broad habitat requirements; 

they prefer shallow, warm, quiet waters, but can adjust to a 

wide range of conditions (Minckley 1973, Meffe 1983). They 

tend to occur in areas of more current than do mosquitofish 

(Minckley et al. 1977). In fact, topminnow may be more 

capable of withstanding seasonal flood flows than are 
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mosquitofish (Meffe 1984). Topminnow live in a wide variety 

of water types; springs, cienegas, marshes, permanent 

streams, intermittent streams, and formerly along the edges 

of large rivers. Preferred habitat contains dense mats of 

vegetation and plant roots (Collins et al. 1981, Meffe et 

al. 1983), algae mats (Minckley 1973, Rinne et al. 1980) and 

other types of structure. They retreat to these structures 

when disturbed (Rinne et al. 1980), and probably use them to 

escape from predators (Meffe et al. 1983). Meffe (1985) 

suggests that young topminnow use shelter areas not 

accessible to adults in order to escape cannibalism. 

None of the studies cited above have quantitatively 

documented the microhabitat conditions occupied by topminnow 

in nature. Also, some early re-introductions of topminnow 

to areas thought to be suitable within the natural range 

have failed (Minckley 1969b, Collins et al. 1981). These 

failures cast doubt on our understanding of the 

environmental requirements of this species. Recent studies 

of habitat use by other fish species have focused on highly 

quantitative descriptions of the areas used by fish and on 

the frequency of use (Orth and Maughan 1981, Layher and 

Maughan 1985, 1987, 1988, Wagner et al. 1987). Such studies 

have revealed differences in areas used by different life 

stages (Orth and Maughan 1982, Jones et al. 1984, James and 

Maughan 1989) and for different ecological needs (e.g., 
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breeding, feeding, hiding) (James and Maughan 1989) • 

Patterns of fish distribution across available environmental 

settings have been used to infer habitat preferences. 

Meffe et al. (1983) and Tyus (1992) warn that the 

greatly restricted distribution of the species today allows 

us to document only minimum ranges of conditions that the 

species may be capable of inhabiting. Therefore, laboratory 

studies of habitat preference may be needed to test for 

responses to conditions no longer available but previously 

occupied in nature. 

Animal distribution in the absence of physical barriers 

is a function of social interactions and environmental 

suitability. Certain general types of environments which 

tend to be occupied (e.g., pools, glides, backwaters) by a 

species are referred to as "macrohabitats". In 

heterogeneous environments, many species restrict their 

activity to localized subsets of the available environment 

(e.g., deepest part of pools, the fastest flowing area of 

glides) that best satisfy their immediate requirements 

(Shirvell and Dungey 1983). The exact position chosen by 

individuals appears often to be related to physical 

characteristics, especially depth, velocity, and substrate 

(Lewis 1969, Devore and White 1978). Allee et al. (1949) 

named these specific locations "microhabitat" and defined 

them as the exact location and condition where an animal 
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spends all, or a portion, of its time. Moyle and Baltz 

(1985) stated that microhabitat use by a species of fish may 

vary from one stream to the next. Factors such as food 

supply, temperature regime, and interspecific interactions 

may be responsible, in part, for these variations (Rinne 

1985). When defining habitat requirements of fishes, 

terminology such as "nose or snout velocity" has been used 

to describe the conditions at the precise point or area 

occupied by an individual fish (Shirvell and Dungey 1983). 

Replicate measurements of habitat use through time and space 

and at single points, most commonly designated either by 

observation or capture of individual fish, are used to 

define physical habitat preference of species. Johnson 

(1980) defined microhabitat use as the distribution of a 

given habitat variable (e.g., still water, substrate type, 

water depth) at all sampling points that were occupied by a 

fish species; availability as the distribution of a given 

habitat variable across all sampling points at a site; and 

preference as a habitat variable that was used by fish 

disproportionate (P< 0.05) to its availability. Methods of 

locating areas occupied by individual fish include direct 

observation of fish from the bank or snorkeling in an 

upstream direction (Shirvell and Dungey 1983, Baltz and 

Moyle 1984, Moyle and Baltz 1985). Indirect methods are 

used to locate individual fish when they can not be directly 



observed due to water conditions. These methods include 

seining and poisoning with rotenone (Layher and Maughan 

1985, 1987, 1988, Wagner et al. 1987); or electroshocking 

(Orth and Maughan 1981, 1982, Jones et al. 1984, Layher and 

Maughan 1985, 1987, 1988, Rinne 1989). 

OBJECTIVES 

The general goal for this study was to improve our 

understanding of the habitat requirements of Gila topminnow. 

My specific objectives, were to: 1) quantitatively describe 

microhabitat use and preference of Gila topminnow in Cienega 

Creek; and 2) test the responses of topminnow to controlled 

laboratory settings that offer fish a "choice" between 

contrasting conditions of water temperature, depth and 

velocity, and quantity and type of cover. 

STUDY AREA 

Cienega Creek is in Pima County, about 60 miles 

southeast of Tucson and 5 miles north of Sonoita, Arizona. 

Cienega Creek is a shallow meandering stream and contains 

deeply incised pools and quick moving runs. Gila topminnow 

are present in over 16 km of the stream; from 3.2 km 

upstream of the confluence with Gardner Canyon down to the 

Narrows (Fig. 1). Gila chub (Gila intermedia) and longfin 

dace (Agosia chrvsoaaster) also naturally occur in Cienega 



Creek. Cienega Creek supports the largest population of 

Gila topminnow in Arizona. No exotic fish species have been 

documented in this stream. 



1 Km 

Mattie Canyon 

Cienega Creek 

Figure 1. Cienega Creek, Pima County, Arizona. Circles 
indicate microhabitat sampling sites. 
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METHODS 

Macrohabitat Data 

I surveyed macrohabitats used by Gila topminnow on June 

16-17, 1991. My objective was to determine the general 

areas used most heavily by topminnow. I used this 

information to locate sites at which to evaluate 

microhabitat use and preference. I measured the relative 

amounts of different macrohabitats (i.e., pool, run, riffle, 

glide, backwater) in Cienega Creek and noted the presence 

and relative abundance of topminnow in each habitat. 

Microhabitat Data 

Gila topminnow tend to form large aggregations (50-500 

fish) that make it impractical to measure the habitats 

occupied by an individual fish. Therefore, I collected data 

on microhabitats occupied by aggregations of topminnow. I 

visually located these aggregations from the stream bank. 

Data were collected in July, 1991 and May, 1992 at 6 

sites (2 backwaters, 2 pools, and 2 glides) scattered 

throughout Cienega Creek and Mattie Canyon (Fig. 1). Two 

sites (No.s 2 and 3, Fig. 1) were so physically changed by 

scouring flows during winter and summer rains, that I 

selected 2 new sites (No.s 2a and 3a, Fig. 1) in May, 1992. 

Sites 1, and 4 were pools; sites 2, 2a, and 5 were 

backwaters; and sites 3, 3a, and 6 were glides (Appendix A). 



At each of the 6 sites, habitats used by aggregations of 

topminnow were determined by visual observations from the 

bank. I visually defined a boundary around the area 

occupied by the aggregation after observing it for 15 to 2 0 

min. In areas where fish were not easily observed due to 

the presence of algal mats or vascular aquatic vegetation, I 

flushed topminnow out of the area to determine the number of 

fish occupying the site. I established transects 

perpendicular to the direction of flow, and used a metric 

tape measure to determine the length of the area occupied by 

an aggregation and the width of the area at each transect. 

Transect lines were separated from one another by the 

following distances: 1) when a sample site was < 2 m long, 

transect lines were 0.25 m apart, 2) when a site was 2 to 4 

m long, transect lines were 0.5 m apart, 3) when a site was 

4 to 10 m long, transect lines were 1 m apart, 4) when a 

site was >10 m long, transect lines were 2 m apart. 

I measured water depth, velocity, and substrate type 

every 2 0 cm across each transect within the area occupied by 

the aggregation. Water depth was measured with a meter 

stick; water velocity was measured with a Marsh McBirney 

model 201D current meter (accurate to 0.01 m/s). Because 

velocity often was unmeasurable, I used the category of 

"trace" for sites where current was visible but not 

measurable (Carpenter 1992). Substrates were classified 
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according to the modified Cummins (1962) method (Table 1). 

A substrate category of "plant material" was used for all 

sites because plant material was thick along the stream 

margins. Environmental conditions were measured at 

locations where aggregations of fish occurred in the morning 

(before the sun had an effect on water temperature) and at 

mid-afternoon to determine if the time of day plays a role 

in habitat use and preference. Although water temperature 

was not taken at all transects, it was taken frequently 

where aggregations occurred and in adjacent areas not 

occupied by topminnow. 

Habitat availability at the time of sampling was 

estimated by measuring water depth, velocity, and substrate 

type across the entire macrohabitat (i.e., pool, glide, 

backwater) where the aggregation was observed. 

Measurements were made every 2 0 cm across the entire 

transect. A Kolmogorov-Smirnov 2-sample test was used to 

determine if the distribution of water depth in areas used 

by topminnow differed from the distribution across the 

entire macrohabitat. The chi-squared goodness-of-fit test 

was used to determine if the distribution of substrate in 

areas used by topminnow differed from the distribution 

across the entire macrohabitat. Sampling points in some 

substrate categories had to be pooled with those in 

adjoining categories to increase sample size > 5 
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Table 1. Substrate classification (modified from Cummins 
1962) used to define habitat use and 
availability. 

Description Size (mm) Size (in) 

Silt 0 - 0.5 0 - 0.02 
Sand 0.5 - 2 0.02 - 0.08 
Small gravel 2 - 32 0.08 - 1.3 
Large gravel 32 - 64 1.3 - 2.5 
Cobble 64 - 256 2.5 - 10 
Small boulder 256 - 600 10 - 24 
Large boulder > 600 > 24 
Plant Material 

observations, a requisite for the chi-squared test. 

Experimental Data 

Twenty-five topminnow (18 females and 7 males) were 

collected from Cienega Creek and transported to the 

University of Arizona fisheries facility on June 20, 1991. 

Topminnow were placed into a 3.65-m diameter x 1.21-m deep 

above-ground vinyl-lined pool to establish a population for 

experimental studies. Experimental work was conducted in 4 

small outdoor pools (1.7-m diameter x 0.9-m deep) in 

February-March and in June-August 1992; and in 38-liter 

aquaria from April-August 1992. 
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Tests in Outdoor Pools 

Cover 

The surface area of two small pools was divided in 

half by a cord stretched above the surface of each pool. 

Cover was provided on only one side of the pool. About 1/4 

of the total surface area of each pool was covered (Fig. 2). 

Three types of cover were tested: 1) surface cover provided 

by 2 floating styrofoam sheets (25.4 cm x 50.8 cm) suspended 

in place, 2) surface cover provided by floating algae held 

in place by a floating ring (42 cm dia) screened across the 

bottom, and 3) surface and vertical cover provided by 2 

bundles of plastic strips (1 bundle of black strips at 3 6 

strips per bundle, each strip 2.5 cm wide; and 1 bundle of 

clear strips at 120 strips per bundle, each strip 1.3 cm 

wide). These 3 types of cover provided surface and vertical 

cover similar to the types of cover used by topminnow in the 

field. Ten fish (5 females and 5 males) were placed into 

each outdoor pool and allowed to acclimate for at least 24 

hrs. Fish were then observed from a raised position (a 3-m 

ladder placed between the 2 pools) and the locations of fish 

noted every 5 min for 1 hr. This procedure was repeated in 

the morning and again in the afternoon. The location of 

each fish was noted as being either on the open side of the 

pool or on the side with cover. Fish on the side with cover 

were noted as being either visible in the open water near 



STYROFOAM SHEETS 

PLASTIC STRIPS 

FLOATING ALGAE 

Figure 2. Configuration of cover in small above-ground 
pools. Dotted line represents mid-point. 
Figure not drawn to scale. 
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cover or concealed under cover. To determine the mean 

percentage of observations of fish occupying each cover 

condition, the 12 locations of fish over the 1-hr period 

were summed and divided by the total number of observations 

(usually 120; 10 fish x 12 observations). Student's t-test 

was used to determine differences in the distribution of 

fish across the microhabitat conditions tested. Water 

temperature was recorded at the surface and bottom of each 

pool every 5 min for 1 hr using a tele-thermometer and 

probe. Each topminnow was used for only one trial. A total 

of 8 trials was run in winter (February-March) and 8 in 

summer (June-August). 

Depth 

A pair of outdoor pools was divided into 3 equal 

horizontal sections (by surface area). Wooden "steps" were 

constructed to provide water depths of 55.8 cm, 25.4 cm, and 

10.2 cm in each pool (Fig 3). Ten fish (5 females and 5 

males) were placed into each pool and allowed to acclimate 

for at least 24 hrs. Topminnow were observed as described 

above. The location of each fish was noted as being in 

horizontal sections 1, 2, or 3, and their position in the 

water column (upper, middle, or bottom third of the pool) 

was noted (Fig. 3). Temperature was recorded at each depth 

every 5 min for the duration of each trial. Each topminnow 
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Figure 3. Small above-ground pools with wooden steps 
creating 3 separate water depths. 
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was used for only one test. A total of 8 trials were run 

from June to August, 1992. 

Tests in Aquaria 

Five, glass aquaria (38 liters) were divided into 2 

equal compartments by transparent plastic dividers. Five 

(2-cm diameter) circular openings; one in the center; 2 at 

the bottom on either side; and 2 at the top on either side 

of the tank were cut in each divider (Fig. 4). The dividers 

allowed fish to move between conditions and thus exhibit 

preference, but prevented fish from darting from side to 

side in the tank. Topminnow easily negotiated the 

passageways. Sides of the tank were covered with white 

construction paper to mask any extraneous stimuli, and black 

plastic sheets were used to form a blind around the tanks to 

mask any stimuli from observers. Trials in laboratory 

aquaria were designed to test the response of topminnow to 

different types of cover and to water turbulence. 

Cover was provided by either water cress (Nasturtium 

officianales), plastic strips representing submerged plants, 

or floating algal mats. Both water cress and the plastic 

strips provided vertical and surface concealment, while the 

algae provided only surface concealment. Turbulence was 

either "vigorous" (air valves adjusted at maximum) on one 

side of the tank or "calm" (air valves adjusted at minimum) 
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DIVIDER 

o o 
o 

o o 
DIVIDER 

B 

Figure 4. A. Aquaria divided by transparent plastic 
divider. 

B. Locations of openings to allow fish to move 
between conditions but prevent fish from 
darting from side to side. 
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on the other side of the tank. All possible pairs of cover 

types were tested against each other (Table 2). 

I tested fish singly in each of the 5 aquaria (a total 

of 5 females and 5 males for each experimental condition) 

from March to August 1992. Each fish was allowed to 

acclimate for 24 hrs and was used only once. Fish were 

located every 3 0 min for a 6-hr period during 2 consecutive 

days. Making observations on two consecutive days allowed 

sufficient time between observations to ensure independence 

of successive observations (Fritz and Garside 1974). I felt 

that 30 min was sufficient time between observations since 

fish could readily move through the plexiglass barrier in a 

few seconds. The amount of time spent in each half of an 

aquarium, as measured by the number of times the fish were 

observed there, was compared with the expected distributions 

with a chi-squared test (Fry 1958). 

Table 2. Conditions tested in laboratory aquaria. 

Condition A VS. Condition B 

Calm water Turbulent water 
No cover Plastic strips 
No cover Water Cress 
No cover Floating Algae 
Plastic strips Water Cress 
Floating Algae Plastic strips 
Water Cress Floating Algae 
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RESULTS 

Macrohabitat Analysis 

Data collected by Simms and Simms (personal comm. 1990) 

showed that marsh was the most common macrohabitat in 

Cienega Creek, but that the relative abundance of topminnow 

was highest in pools. I found similar distributions of 

macrohabitats and relative abundances of topminnow across 

macrohabitats in Cienega Creek (Table 3). 

Table 3. Relative frequency by area and the relative 
abundances of topminnow in each macrohabitat. 
(Simms and Simms 1990). 

Relative 
Commonness 
by Area (%) 

Relative 
Abundance 
of Fish (%) 

Marsh 
Pool 
Glide 
Riffle 
Rapid 
Backwater 
Other-
cascade, Shoot 
Fall, Run) 

49.9 
22.1 
13.0 
11. 6 
1.6 
1.1 
0.7 

16.4 
49 . 6 
24. 6 

6 . 8  
0 . 0  
2.4 
0 . 2  
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Microhabitat Analysis 

Gila topminnow were relatively easy to observe from the 

stream bank due to high water clarity and the large 

aggregations of topminnow. These aggregations occur along 

the margins of the creek, under algal mats, in emergent 

vegetation, and in shallow areas with no vegetation. 

Topminnow reacted to the approach of observers by leaving 

the stream margins. When disturbed, they tended to enter 

the deepest water, often in areas with- discernable flow, or 

they fled to the opposite side of the stream and into cover. 

Within a few minutes, they returned to the stream margin. 

Under these conditions, visual observation of fish 

aggregations from the bank seems to be an adequate method of 

determining microhabitat use. 

Depth 

Gila topminnow were observed over depths of 1 to 53 cm 

in 1991, and over depths of 1 to 60 cm in 1992. In site 1, 

there was no significant difference in the distribution of 

depths in areas used by topminnow compared to areas 

available to fish for 1991 (Figs. 1-3, Appendix D), but 

there was a significant difference in 1992 (Figs. 4 and 5, 

Appendix D). The most common depths available to topminnow 

at site 1 were from 40 to 53 cm in 1991, and from 40 to 50 

cm in 1992. Topminnow were observed most frequently over 



the depths of 41 to 50 cm in 1991, and over depths of 28 to 

50 cm in 1992. In sites 2 and 2a, there was no significant 

difference in the distribution of depths in areas used by 

fish compared to areas available to fish in 1991 (Figs. 1-3, 

Appendix D) and 1992 (Figs. 4 and 5, Appendix D). The most 

common depths available to topminnow at sites 2 and 2a were 

from 1 to 19 cm in 1991, and from 1 to 50 cm in 1992. 

Topminnow were observed most frequently over depths of 1 to 

10 cm in 1991, and over depths of 22 to 41 cm in 1992. In 

sites 3 and 3a, there was a significant difference in the 

distribution of depths in areas used by fish compared to 

areas available to topminnow in 1991 (Figs. 1-3, Appendix D) 

and 1992 (Figs. 4 and 5, Appendix D). The most common 

depths available to topminnow at sites 3 and 3a were from 17 

to 26 cm in 1991, and from 14 to 33 in 1992. Topminnow were 

observed most frequently over depths of 1 to 8 cm in 1991, 

and over depths of 1 to 17 cm in 1992. In site 4, there was 

a significant difference in the distribution of depths in 

areas used by topminnow compared to areas available to 

topminnow for 1991 (Figs. 1-3, Appendix D). Measurements 

were not taken at this site in 1992. The most common depths 

available to topminnow at site 4 were from 14 to 29 cm. 

Topminnow were observed most frequently over depths of 2 6 to 

45 cm. In site 5, there was no significant difference in 

the distribution of depths in areas used by topminnow 
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compared to areas available to topminnow in 1991 (Figs. 1-3, 

Appendix D) and 1992 (Figs. 4 and 5, Appendix D). The most 

common depths available to topminnow at site 5 were from 1 

to 8 cm in 1991, and from 4 to 17 cm in 1992. Topminnow 

were observed most frequently over depths of 1 to 11 cm in 

1991, and over depths of 4 to 7 cm in 1992. In site 6, 

there was a significant difference in the distribution of 

depths used by fish compared to areas available to fish in 

1991 (Figs. 1-3, Appendix D). There was no significant 

difference in 1992 (Figs. 4 and 5, Appendix D). The most 

common depths available to fish at site 6 were from 7 to 45 

cm in 1991, and from 29 to 50 cm in 1992. Topminnow were 

observed most frequently over depths of 4 to 11 cm in 1991, 

and over depths of 38 to 50 cm in 1992. 

Substrate 

Gila topminnow were observed over substrates ranging 

from plant material and silt to cobble, but were found most 

frequently over plant material. In site 1, topminnow 

s i g n i f i c a n t l y  ( P <  0 . 0 0 5 )  s e l e c t e d  s m a l l  g r a v e l .  I n  s i t e  2 a ,  

topminnow significantly (P< 0.05) selected silt, small and 

l a r g e  g r a v e l ,  a n d  c o b b l e  ( d a t a  p o o l e d ) .  I n  s i t e  3 a ,  n o  

substrate category was selected (P> 0.1). Site 4 was not 

sampled. In site 5, there was no significant difference 

between the distribution of substrate classes in the area 
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used by topminnow and the distribution in the area available 

to topminnow; the aggregation of topminnow occupied the 

entire backwater. In site 6, topminnow significantly (P< 

0.001) selected for silt and sand (Figs. 6 and 7, Appendix 

D) .  

Velocity 

Only 3 of the 6 sites (sites 1, 3, and 6) had 

measurable water velocity. Within these 3 sites Gila 

topminnow used velocity in proportion to availability only 

i n  s i t e  6  a n d  u s e d  a r e a s  w i t h  v e l o c i t i e s  r a n g i n g  f r o m  0 - 0 . 1 0  

m/s. In sites 1 and 3, topminnow preferred areas that did 

n o t  h a v e  m e a s u r a b l e  w a t e r  v e l o c i t i e s .  S i t e s  2 ,  2 a ,  3 a ,  4 ,  

and 5 had no measurable water velocity. Gila topminnow, in 

general, used areas within each site that had no measurable 

velocity. 

Temperature 

Water temperature influenced movements and locations of 

topminnow. For example, in site 5, the water temperature in 

the early morning was 16-17 C in 1991 and in 1992, and no 

topminnow were observed in this backwater. In the afternoon 

of the same day, the water temperature was 26-29 C in 1991 

and in 1992. About 500 topminnow were observed in this site 

in the afternoon. Topminnow were observed in the center of 
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the stream channel in the early morning and in the early 

evening. Water temperature was 1 to 2 C higher in the 

center of the channel than at the stream margin at these 

times. As the water temperature along the stream margin 

increased with the increasing air temperature, topminnow 

moved from the center of the stream to the stream margins. 

Water temperatures rapidly increased in the stream margin 

during the day and often exceeded the water temperature in 

the middle of the stream by mid-morning. During the early 

evening, water temperature along the stream margin decreased 

with the decreasing air temperature. Topminnow then moved 

from the stream margin, especially from backwaters, to the 

center of the stream where the water temperature now 

exceeded the water temperature in the stream margin. 

Experimental Analysis 

Tests in Outdoor Pools 

When I disturbed topminnow in the outdoor experimental 

pools, they would hide in or under the cover provided or 

move to the deepest section of the pool. However, within a 

few minutes, they resumed normal activities (e.g., feeding, 

exploring, and courtship). 

During the trials in winter, topminnow were relatively 
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inactive (Appendix B), and individuals often stayed in one 

small area of a pool throughout a 1-hr observation period. 

This relative inactivity occurred only during the winter 

trials, and especially during early morning. During the 

trials in summer, topminnow were active around the entire 

pool. With this increased activity, topminnow were observed 

more frequently on the side without cover than during the 

winter. 

Stvrofoam Cover 

In winter (February-March, 1992), there was a 

s i g n i f i c a n t l y  h i g h e r  m e a n  p e r c e n t a g e  ( 7 7 % ,  P <  0 . 0 0 1 )  o f  

topminnow on the side of the pool with floating styrofoam 

sheets than on the open side. Selection for cover occurred 

in both early morning (0700-1000) and mid-afternoon (1100-

1500). In summer (June-July, 1992), fish concentrated on 

the side with floating styrofoam sheets in mid-afternoon (P< 

0.05), but were dispersed (p> 0.2) in the early morning 

( A p p e n d i x  C ) .  

Of the topminnow observed on the side of the pool with 

c o v e r  i n  t h e  w i n t e r ,  t h e r e  w a s  a  s i g n i f i c a n t l y  ( P <  0 . 0 0 1 )  

higher percentage concealed under the styrofoam sheets in 

the early morning, but not (P> 0.1) in mid-afternoon. Of 

the topminnow on the side of the pool with cover in the 

summer, a significantly (P< 0.001) lower percentage of fish 
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were concealed under cover in the early morning, but similar 

numbers of fish were concealed by cover and in the open near 

cover in mid-afternoon (Table 4) .  

Plastic Strips 

A significantly higher mean percentage (84%, P< 0.001) 

of fish were observed on the side of the pool with bundles 

of plastic strips than on the open side of the pool during 

both early morning and mid-afternoon in winter and summer. 

However, a higher percentage of topminnow selected the side 

of the pool with cover in the winter than in the summer (94% 

t o  7 3 % ;  A p p e n d i x  C ) .  T h e r e  w a s  a  s i g n i f i c a n t l y  ( P <  0 . 0 0 1 )  

higher mean percentage of topminnow concealed in the bundles 

of plastic strips than in open water near cover for both 

early morning and mid-afternoon in winter and summer (Table 

4) • 

Topminnow were virtually invisible when they were 

within the bundles of plastic strips. When I gently moved 

the strips to locate topminnow, the fish tended to move with 

the strips and remained out of view. This close association 

with the plastic strips was not as pronounced during the 

summer as during the winter. However, fish clearly selected 

for the side of the pool having plastic strips during both 

seasons. 
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Floating Alcral Cover 

A significantly higher mean percentage (75%; P< 0.001) 

of fish were observed on the side of the pool with floating 

algal cover than on the open side of the pool for both early 

morning and mid-afternoon in winter and summer 1992 

( A p p e n d i x  C ) .  

There was a significantly (P< 0.001) higher mean 

percentage of topminnow concealed under the floating algae 

than in open water near cover for both early morning and 

mid-afternoon for winter. In summer, there was a 

significantly (P< 0.05) higher mean percentage of topminnow 

concealed under the floating algae than in open water near 

the cover for mid-afternoon, but not for early morning 

( T a b l e  4 ) .  

Response of Fish to Different Types of Cover 

There was no significant difference (P> 0.1, paired t-

test) in winter between the percentage of fish observed on 

the side of pools with cover (styrofoam sheets or plastic 

strips) in the morning versus the mid-afternoon. However, 

there was a significantly (P< 0.025) higher percentage of 

fish associated with floating algal cover in the morning 

t h a n  i n  m i d - a f t e r n o o n  ( T a b l e  5 ) .  

There was no significant (P> 0.1, paired t-test) 

d i fference in summer between the percentage of fish observed 
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on the side of pools with styrofoam sheets in the morning 

versus mid-afternoon. However, there was a significantly 

(P< 0.005) higher percentage of fish associated with plastic 

strips and floating algal cover in the morning than in mid-

a f t e r n o o n  ( T a b l e  6 ) .  

Plastic strips, which provide vertical and horizontal 

cover, elicited the strongest positive response. Floating 

algae had the next strongest response. Both vertical and 

surface cover are found in the natural habitat of topminnow. 

Response of topminnow toward floating styrofoam sheets was 

not as strong as it was for other types of cover, but 

styrofoam sheets were preferred to open water. 

Depth Tests 

Topminnow selected (P< 0.001, two-way ANOVA) the upper 

1/3 of the water column (Appendix C). Water temperature in 

the upper 1/3 of the water column averaged 1.5 C higher in 

the morning, and 1.3 C higher in the afternoon than the 

temperature in the middle 1/3 of the water column. It was 

3.5 C higher in the morning and 5.1 C higher in the 

afternoon than the temperature in the lower 1/3 of the water 

c o l u m n  ( A p p e n d i x  B ) .  

There was no significant difference (P> 0.10) between 

the percentage of fish observed in the three different 

horizontal sections of the pool (Appendix C). However, when 
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topminnow were disturbed, they would often swim to the lower 

1/3 of the water column. However, within a few minutes 

after the disturbance, topminnow would return to shallower 

areas and resume their activities. 

Tests in Aquaria 

Preliminary studies were conducted with 1 central hole 

i n  t h e  p l a s t i c  d i v i d e r  a s  i n  C a s t e r l i n  a n d  R e y n o l d s  ( 1 9 7 7 ) .  

Topminnow nearly always were observed on the same side of 

the aquaria that they were introduced to throughout the 

trial. This suggested that fish were unable to negotiate 

the single passageway. After 5 circular openings were 

placed in the plastic divider, topminnow were observed to 

readily move from side to side. 

Male and female topminnow responded similarly to only 4 

of the 7 combinations of conditions (Table 7). Male and 

female topminnow strongly preferred calm water to turbulent 

water. Fish showed no significant preference for cover over 

no cover in 4 of the 6 tests. In only 1 of 6 tests, were 

plastic strips significantly preferred over other 

conditions; not even preferred over no cover. The responses 

to floating algae and water cress were inconsistent. 



Table 4. Selection of cover versus no cover conditions by Gila topminnow by season. 
N =  n u m b e r  o f  t r i a l s .  

Winter-
Morning 

% in % near 
cover cover 

Winter-
Afternoon 

% in % near 
cover cover 

Summer-
Morning 

% in % near 
cover cover 

Summer-
Afternoon 

% in % near 
cover cover 

Styrofoam 
Sheets 

Mean 

N 

t  

70 30 

8 8 

4 . 56* 

46 54 

8 8 

. 4 7 2  

34 66 

8 8 

4  . 3 1 *  

47 53 

8 8 

. 8 2 6  

Plastic 
Strips 

Mean % 90 

N 

t  

10 

8 8 

1 1 . 5 0 *  

83 17 

8 8 

5 . 9 8 *  

65 35 78 22 

8 8 8 8 

4 . 1 3 *  1 3 . 0 2 *  

Floating 
Algae 

Mean 

N 

t  

78 22 

8 8 

1 0 . 4 0 *  

86 14 

8 8 

1 2 . 8 4 *  

42 58 

8 8 

1 . 4 4  

45 55 

8 8 

1 . 7 7 *  

* Significantly different; p< 0.05 
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Table 5. The percentage of Gila topminnow on the side of 
pools with cover in the morning and in the 
a f t e r n o o n  f o r  F e b r u a r y - M a r c h ,  1 9 9 2 .  

Cover Type Mean % Cover 
Morning 

Mean % Cover 
Afternoon 

Paired-
t Test 

Styrofoam sheets 7 8 . 9  7 4 . 5  0 .  5 4 3  
Plastic strips 9 3 . 1  9 4 . 2  0 . 9 8 7  
Floating Algae* 8 8 . 3  8 0 . 2  2  . 3 3  

*  S i g n i f i c a n t l y  d i f f e r e n t ;  P <  0 . 0 5  

Table 6. The percentage of Gila topminnow on the side of 
pools with cover in the morning and afternoon for 
J u n e - J u l y ,  1 9 9 2 .  

Cover type Mean % Cover Mean % Cover Paired-
Morning Afternoon t Test 

Styrofoam sheets 53 . 2 5 7 . 1  0 . 904 
Plastic strips* 6 8 . 7  7 8 . 1  3 . 9 2  
Floating Algae* 5 9 . 1  72 . 3 2 . 61 

* Significantly different; P< 0.05 

Table 7. Preference data for male and female topminnow in 
aquaria. Relative frequency distributions are 
indicated by percentage of observations of single 
fish in the given environmental condition. 

Environmenta1 Female Male Responses Between 
Condition Female & Male 

C: T * 9 4 : 6  * 9 6 : 4  Similar 
FA: NC * 7 3 : 2 7  4 2 : 5 8  Different 
FA: WC * 6 7 : 3 3  * 8 9 : 1 1  Similar 
FA: PS 5 9 : 4 1  * 1 4 : 8 6  Different 
WC: PS * 7 6 : 2 4  * 8 2 : 1 8  Similar 
WC: NC 5 2 : 4 8  5 7 : 4 3  Similar 
NC: PS * 6 6 : 3 4  4 6 : 5 4  Different 

C=Calm water, T=turbulent water, FA=floating algae, WC=water 
c r e s s ,  P S = p l a s t i c  s t r i p s ,  N C = n o  c o v e r .  * =  S i g n i f i c a n t ,  P <  
0 . 0 5  
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DISCUSSION 

Macrohabitat Analysis 

Cienega Creek contains a variety of environments. Gila 

topminnow show a clear preference for certain environments 

and avoidance of others. These choices appear related to 

water velocity which in turn impacts other physical features 

such as depth and substrate size. Thus, the measures of 

"microhabitat" involve a relatively narrow set of conditions 

that occur in macrohabitats known to support Gila topminnow. 

I did not evaluate habitat use in marshy-cienega sites. 

These areas are occupied by topminnow, but they are not 

conductive to visual location of fish from the bank or even 

within the water due to their shallowness and heavy 

vegetation. Therefore, I did not assess any cienega-like 

areas. 

Microhabitat Analysis 

Environmental conditions presently and formerly 

occupied by Gila topminnow have been described by several 

a u t h o r s  ( J o h n s o n  a n d  K o b e t i c h  1 9 7  0 ,  M i n c k l e y  1 9 7 3 ,  

Schoenherr 1974, Constantz 1976, Minckley et al. 1977, 

McNatt 1979, Rinne et al. 1980, Collins et al. 1981, Meffe 

et al. 1982). Minckley (1973) stated that topminnow "lived 

in, or lateral to, almost all kinds of aquatic habitat 



47 

present in southern Arizona." Gila topminnow occur in 

highly variable environments and habitats presently occupied 

probably represent a minimum of what they historically 

inhabited. 

Depth 

Minckley et al. (1977), state that topminnow prefer 

relatively shallow (<20 cm) water. However, topminnow have 

been observed in water that was up to 1.0 m in depth 

(Stefferud 1984). In Cienega Creek, topminnow were observed 

in water ranging from 1 cm to over.l m in depth. I saw 

large numbers of topminnow frequently occupying shallow 

water areas along Cienega Creek, but topminnow did not 

always select the shallowest water. In fact, they were 

often observed in deep water. However, they were nearly 

always near the surface of the water, unless they were 

feeding on bottom materials. Also, in many cases, thick 

vegetation occurred from the stream margins out to the deep 

areas occupied by topminnow. Although previous authors have 

noted that topminnow are abundant in shallow water, 

topminnow are not restricted to it and do not always show a 

clear preference for it. One exception is that large 

numbers of young fish were frequently seen in the shallowest 

(3 to 5 cm deep) and quietest areas along the stream margin; 

they even occurred in shallow water that filled tire tracks 
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along the bank. 

Velocity 

The sites (i.e., pool, glide, and backwater) selected 

for microhabitat analysis are generally types of 

environments characterized by low or no measurable water 

velocity. Environments characterized by higher velocities 

(e.g., riffles, runs, cascades, and slides) were rarely 

occupied by topminnow or used only for movements between 

quiet water areas within Cienega Creek. Therefore, 

topminnow can tolerate but generally avoid velocities higher 

than those indicated by the microhabitat data. Topminnow 

generally used areas along the stream margins that had thick 

emergent and submergent vegetation that reduced the velocity 

to near zero. 

Substrate 

Minckley (197 3) noted that topminnow were 

characteristic of sandy-bottomed streams, but did not place 

any significance on substrate type. Since topminnow have 

internal fertilization and incubation of eggs, spawning 

substrate is not an important factor. However, detritus is 

a major food source of topminnow and is most likely to occur 

in silty substrates. The presence of the appropriate 

substrate could influence food availability and thus the 
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success of introductions (Brooks 1985). However, Brooks 

(1985) found that availability of a silty substrate did not 

contribute significantly to successful introductions of 

topminnow. In Cienega Creek, topminnow were observed over a 

wide variety of substrates (plant material to cobble) but 

showed no consistent preference for any substrate category. 

Despite this data, plant material occurs in a large 

percentage of the areas occupied by aggregations of 

topminnow and I believe that the aquatic vegetation and 

algal mats occurring along the margins of Cienega Creek play 

a n  i m p o r t a n t  r o l e  i n  h a b i t a t  s e l e c t i o n .  M e f f e  e t  a l .  ( 1 9 8 3 )  

and Minckley (197 3) have noted that aquatic vegetation and 

dense algal mats are a common component of topminnow 

habitat. Vegetation provides vertical and surface 

c o n c e a l m e n t  f r o m  p r e d a t i o n  b y  f i s h  a n d  o t h e r  w i l d l i f e ;  a n  

area in which topminnow can feed on aquatic insects and 

freshwater algae; a site where males can defend a fixed 

breeding area (Constantz 1975), and an area where females 

may bear young. 

Temperature 

Temperature appeared to play an important role in 

habitat selection and in diel movements of fish. Topminnow 

selected warmer areas of Cienega Creek. These areas were 

generally along the stream margins or in areas of thick 
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aquatic vegetation. Shallow depth and plant cover reduces 

velocity and enhances thermal stratification and surface 

warming. Backwaters were another area of heavy use. 

Backwaters are shallow, still,  warm quickly and generally 

support dense algal mats. Topminnow moved into backwaters 

and shallow areas as they warmed, but had abandoned them by 

dawn of the next day. 

Experimental Analysis 

Tests in Outdoor Pools 

G i l a  t o p m i n n o w  u s e d  a l l  t h r e e  t y p e s  o f  c o v e r  p r o v i d e d  

(i.e., styrofoam sheets, plastic strips, and floating 

algae). Styrofoam sheets and floating algae mimicked 

surface cover that occurs along the margins of Cienega 

Creek. Topminnow had a stronger association with floating 

algae than with the styrofoam sheets (Table 6 compared to 

Table 4). Perhaps, the styrofoam sheets were emitting 

c h e m i c a l s  o r  t h e  w h i t e  c o l o r  m a y  h a v e  r e p e l l e d  s o m e  f i s h .  

In addition, the sheets provided no food source while the 

algal mats did (e.g., aquatic invertebrates and algal 

filaments). There was also a strong preference for plastic 

strips. These strips provided both vertical and surface 

c o v e r  a n d  w e r e  c o l o n i z e d  b y  a l g a e  a n d  o t h e r  a q u a t i c  l i f e  

forms. After colonization, these strips resemble the 
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aquatic vascular plants that occur within natural topminnow 

habitat. At times, topminnow were observed near the edge of 

the pool where there were wrinkles in the pool liner. 

Perhaps, these wrinkles or even the edge of the pool were 

used by topminnow for cover. 

Social behavior (e.g., courtship and agonistic 

responses) occurred in the outdoor pools throughout the 

summer. These behaviors resulted in movements of topminnow 

as small groups rather than as solitary individuals. 

Testing topminnow in small groups where social interactions 

were ongoing provided the opportunity for topminnow to 

respond to environmental conditions naturally. 

Topminnow preferred the upper 1/3 of the water column 

regardless of water depth. This preference for the surface 

water may have been confounded by the fact that surface 

water temperature averaged 1-2 C warmer than temperatures at 

other depths. In Cienega Creek, topminnow also selected the 

warmer waters. The experimental data from pools suggest 

that topminnow select warmer water regardless of the depth 

o f  w a t e r  u n d e r l y i n g  i t  ( w h e n  n o  c o v e r  i s  o f f e r e d ) .  

Tests in Aquaria 

Single Gila topminnow did not show a consistent 

preference for any particular type of cover or even for 

cover. In addition, there were differences in habitat 



preference between male and female topminnow when they were 

tested separately. However, both sexes responded similarly 

to floating algae vs. water cress, water cress vs. plastic 

strips, and calm water vs. turbulent water. Topminnow were 

observed feeding on the algal mats and within the root mass 

of water cress when these materials were first added to test 

t a n k s .  L e s s  f e e d i n g  w a s  o b s e r v e d  i n  e a c h  s u b s e q u e n t  t r i a l .  

Fewer feeding bouts may reflect fewer available food items 

the longer these plants were held in the laboratory. 

Differences in the responses of topminnow to the different 

plants probably was also influenced by differences in the 

degree of concealment provided. Both male and female 

topminnow showed a strong preference for calm water over 

turbulent water, indicating that this is an important 

habitat variable. 

Comparison of Data from Outdoor Pools and Aquaria 

Casterlin and Reynolds (1977) cautioned against 

determining habitat preferences from studies of single 

animals that are usually part of a social group. However, 

they recognized that social interactions such as schooling, 

aggregation, or agonistic interactions of a territorial or 

dominance nature may complicate data interpretation. 

Casterlin and Reynolds (1977) found no significant 

differences in the behavior of individuals or groups of 
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mosquitofish, to experimental conditions in aquaria, and 

elected to conduct the bulk of their tests on fish held 

singly. Conversely, I found differences between the 

behavior of individuals and groups of topminnow. In groups, 

topminnow selected the same types of cover in both 

experimental pools and in Cienega Creek. However, habitat 

selection by single fish, differed by sex and were not 

similar to those made by free ranging fish. For example, 

groups of fish in outdoor pools nearly always showed a 

strong positive response to cover (all 3 types offered) 

rather than occupying areas without cover. This positive 

response to cover was not evident for single fish tested in 

aquaria. Perhaps, since topminnow occur naturally in large 

aggregations, they respond to environmental conditions as a 

group and not as solitary individuals. Another potential 

cause of the differences in the response of topminnow to 

cover in outdoor pools and aquaria is the degree of 

disturbance. Fish in outdoor pools were regularly disturbed 

by experimenters and by birds that landed on the sides of 

pools to drink or to predate on topminnow. Fish in indoor 

aquaria were protected from visual disturbances by placement 

of tanks behind a blind. Fish subjected to predation may 

show a stronger association with cover then fish in predator 

free environments. Also, topminnow were always in 

relatively close proximity to cover in aquaria because of 
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the small size of aquaria. My data suggest that future 

experiments concerning habitat use should be conducted on 

g r o u p s  o f  G i l a  t o p m i n n o w  r a t h e r  t h a n  i n d i v i d u a l  f i s h .  

Comparison of Data from Outdoor Pools and Field Studies 

In Cienega Creek, topminnow were observed in the thick 

emergent and submergent aquatic vegetation, and under algal 

mats along the stream margins. When fish were disturbed 

from these areas, they would swim away from the site of 

disturbance and hide in deep water or in the cover on the 

opposite side of the stream. This behavior is in 

concordance with observations made in small outdoor pools. 

Topminnow fled to deeper areas in outdoor pools when 

disturbed and responded strongly to cover that mimicked that 

f o u n d  i n  C i e n e g a  C r e e k  ( p l a s t i c  s t r i p s  a n d  f l o a t i n g  a l g a e ) ,  

especially during the winter. In the winter, water 

temperatures were relatively low in outdoor pools and in 

Cienega Creek. Under low temperatures, topminnow were 

relatively inactive and were virtually invisible among the 

plastic strips and under algal mats. Perhaps, enhanced 

concealment provided by inactivity is one reason topminnow 

are hard to observe in Cienega Creek during the winter. 

This behavior may also account for some reports of 

apparently high winter mortality. 

Topminnow were observed in both shallow and deep water 
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in Cienega Creek.  Even in deep water areas,  topminnow were 

observed at  the water surface.  In outdoor pools,  topminnow 

showed no preference for shallow water,  but there was a 

strong preference for the surface of  the water regardless of  

water depth.  In outdoor pools,  the water temperature at  the 

surface was 1-2 C higher than the next level  and > 5 C 

higher than the deepest section of the pool.  Despite the 

relatively small  differences in temperature,  topminnow 

appeared to strongly select  for warmer surface waters.  

These data are also confirmed by f ield observations.  

Topminnow often occupied s ites in Cienega Creek that were 

only 1 to 2 C degrees warmer than areas largely unused by 

topminnow. Although not much is  known about the thermal 

tolerance or requirements of  Gila topminnow, their clear and 

rapid responses to temperature s ignifies i ts  importance and 

needs further work. 

The variety of environmental  conditions at  s ites 

selected for introductions and reintroductions may give the 

impression that biologists  have felt  that Gila topminnow 

could survive and reproduce in virtually any wet 

environment.  Authors have noted that topminnow have broad 

habitat requirements and can adjust to a rather wide range 

of  conditions.  However,  my data suggest that Gila topminnow 

have relatively specif ic  habitat requirements.  Topminnow 

tolerate areas with water velocit ies up to 0.10 m/s,  but 
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demonstrate a strong preference toward areas with no water 

velocity.  Topminnow demonstrated diel  patterns of  movement 

from stream margins to the center of  the stream channel that 

were triggered in part by water temperature.  They also 

selected areas with dense algal  mats,  thick aquatic 

vegetation,  and grasses for cover.  These areas provide 

cover from predation,  a food source,  and area for courtship.  
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Management Implications 

Current and past recovery efforts for Gila topminnow 

have emphasized new introductions and reintroductions within 

historic range.  There have been few studies of  the biotic 

and abiotic factors responsible for successful  populations.  

Only a small  percentage of  re-introduced populations have 

persisted for more than a few years,  and natural  populations 

continue to be in jeopardy (Marsh and Minckley 1990).  Tyus 

(1992) has suggested that we need to incorporate a "recovery 

philosophy" rather than the current "survival  philosophy" 

into our management plans.  Tyus (1992) defines "survival  

philosophy" as the attempt to introduce or reintroduce 

endangered f ish into the same habitats in which they are 

declining,  rather than to define habitat optima for species 

("recovery philosophy").  The "survival  philosophy" is  well  

documented by recovery plans for desert f ishes in Southeast 

Arizona.  For example,  in the 1984 recovery plan,  Stefferud 

(1984) agrees that we need to think beyond survival  to 

recovery.  All  natural  populations of  Gila topminnow could 

disappear before management efforts have been effective 

enough to warrant down-list ing or delist ing of Gila 

topminnow and that the criteria for "recovery" may not be 

sufficient for long-term survival .  

Cienega Creek supports one of  the largest  natural  

populations of  Gila topminnow in Arizona.  It  provides a 



wide range of  macrohabitats in which topminnow occur.  

Drastic changes occur seasonally (e .g. ,  f looding,  scouring,  

drought,  proliferation of vegetation,  and human activit ies)  

in Cienega Creek.  However,  the relatively long stretch of 

perennial  stream has ensured the availabil ity of some 

suitable habitats for topminnow despite the dynamics of  the 

system. This heterogeneity and expanse of  habitable area 

make Cienega Creek similar to many historical  habitats that 

have been lost  and quite different than most other s ites 

where topminnow currently occur in Arizona.  Most other 

s ites where topminnow currently occur are isolated spring 

heads on private land, or short reaches of  stream with 

surface f low in interrupted stream beds.  Reintroduction 

s ites are generally small ,  isolated natural springs or tanks 

and are very unlike Cienega Creek.  To enhance recover of  

Gila topminnow, we need to manage for large reaches of  

heterogenous stream environments s imilar to Cienega Creek.  

These environments should contain areas that have shallow 

stream margins connected to deeper waters.  They should also 

include areas with vast  amounts of  emergent and submergent 

vegetation for cover; areas with relatively calm waters such 

as backwaters;  and areas that have warm water temperatures.  

Substrate may not be important,  but further studies may be 

needed to confirm or reject this  hypothesis .  Topminnow 

surely select  a suite of  variables rather than a single 
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habitat variable.  The data collected in Cienega Creek and 

in experimental  pools should provide insight into the 

habitat requirements of  Gila topminnow and have general  

applications to other topminnow habitats.  This information 

could be used for planning habitat enhancement and 

manipulation in areas where topminnow currently occur and in 

areas slated for their reintroduction.  

I  suggest that Gila topminnow populations continue to 

be routinely monitored during the summer and winter to 

determine i f  low water temperatures cause high winter 

mortality or i f  topminnow are inactive due to cold water 

temperature.  Each s ite should also be monitored for 

mosquitofish,  and i f  present,  they should be eradicated from 

the system to help ensure the recovery of  Gila topminnow. 

Cienega type habitats should be assessed in the future to 

determine their importance as habitat for Gila topminnow. 

Other studies should also be conducted to determine the 

specif ic  tolerances and preferences of  Gila topminnow for 

temperature,  conductivity,  dissolved oxygen, and water 

quality.  
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APPENDIX A: HABITAT TYPES 

The fol lowing definit ions were used to describe 

macrohabitats;  these were based primarily on Helm (1985).  

Backwater: A pool formed by an eddy along channel 
margins downstream from obstructions such as 
bars,  rootwads,  or boulders,  or resulting from 
back-flooding upstream from an obstructional 
blockage.  Sometimes separated from the channel 
bars.  

Glide: A slow moving,  relatively shallow type of  run. 
Calm water f lowing smoothly and gently,  with 
moderately low velocit ies (10-20 cm/sec),  and 
l i tt le  or no surface turbulence.  

Pool:  A portion of the stream with reduced current 
velocity,  often with water deeper than the 
surrounding areas,  and which is  frequently 
usable by f ish for resting and cover.  
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APPENDIX B: Water Temperature, 
1992 

Table 1.  Seasonal (February-March and June-July 1992) mean 
temperature (top,  bottom and range) for each pool 
and cover types.  

Styrofoam cover 

Temperature (  C) 

Time-Season Mean Mean Range 
top bottom min-max 

Morning-Winter 10.7 9.3 6.0-13.  0 
Morning-Summer 22 .  0 21.5 18 .  5-24.  0 
Afternoon-Winter 13.8 9.8 8.0-14.  0 
Afternoon-Summer 27.7 26.6 23.0-30.  0 

Plastic strips 

Temperature ( C) 

Time-Season Mean Mean Range 
top bottom min-max 

Morning-Winter 11.  5 11.3 10.0-13.  0 
Morning-Summer 21.6 20.8 18.0-24.  0 
Afternoon-Winter 16.5 14.9 13.0-18.  5 
Afternoon-Summer 28.0 26.3 25.0-30.  0 

Algal  cover 

Temperature ( C) 

Time-Season Mean Mean Range 
top bottom min-max 

Morning-Winter 12.7 12.2 10.5-14.5 
Morning-Summer 27.2 26.4 24.0-29.0 
Afternoon-Winter 17.5 16.4 14.0-21.0 
Afternoon-Summer 31.2 29.3 25.0-33.0 
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Table 2.  Mean temperature by depths in experimental  pools.  

Temperature ( C) 

Time-Season Mean Mean Mean Range 
top middle bottom min-max 

Morning-Summer 26.4 24.9 22.9 18.0-32.0 
Afternoon-Summer 31.0 29.7 25.9 21.5-35.0 
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APPENDIX C: RESULTS 
OF STATISTICAL COMPARISON 

Table 1.  Seasonal cover (f loating styrofoam 
sheets)  selection by Gila topminnow from February-
July,  1992.  Distributions tested by independent 
t-test  (Ott 1988).  N= the number of  trials .  

Time-Season Mean % Mean % t -
Cover Open Test N 

Morning-Winter* 78 .  9 21.1 4.63 8 
Morning-Summer 53.2 46.8 1.30 8 
Afternoon-Winter* 74.5 25.5 4 .  28 8 
Afternoon-Summer* 57 .1 42 .9 2.29 8 

* Significantly different;  p< 0.05.  

Table 2.  Seasonal cover (plastic strips)  selection by Gila 
topminnow from February-July,  1992.  Distributions 
tested by independent t-test  (Ott 1988).  N= the 
number of  trials .  

Time-Season Mean % Mean % t -
Cover Open Test N 

Morning-Winter* 93.1 6.9 22 .  08 8 
Morning-Summer* 68.7 31.3 11.  32 8 
Afternoon-Winter* 94.2 5.8 24.91 8 
Afternoon-Summer* 78.1 21.9 18.  64 8 

* Significantly different;  p< 0.05.  

Table 3.  Seasonal cover (f loating algae) selection by Gila 
topminnow from February-August,  1992.  
Distributions tested by independent t-test  (Ott 
1988).  N= the number of  trials .  

Time-Season Mean % Mean % t -
Cover Open Test N 

Morning-Winter* 88.3 11.7 11.45 8 
Morning-Summer* 59.1 40.9 2.81 8 
Afternoon-Winter* 80.2 19.8 5.49 8 
Afternoon-Summer* 72.3 27.7 11.56 8 



* Significantly different;  p< 0.05 
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Table 4.  Depth selection of Gila topminnow in the morning 
and afternoon. Distributions tested by two-way 
ANOVA (Ott 1988).  N= the number of  trials .  

Time Mean % Mean % Mean % f -
Upper 1/3 Middle 1/3 Bottom 1/3 Test 

for 
Posit ion N 

Morning 73.9 10.0 16.1 8 
Afternoon 66.0 12.9 21.1 127.71* 8 

* Significant 

Table 5.  Horizontal  section selection ofGila topminnow in 
the morning and afternoon. Distributions 
tested by two-way ANOVA (Ott 1988).  N= number of  
trials .  

Time Mean % Mean % Mean % f -
Section 1 Section 2 Section 3 Test 

for 
Posit ion N 

Morning 35.4 30.2 34.4 8 
Afternoon 31.1 27.4 41.5 to

 

<J1
 

-0
 

8  

*  Significant 
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APPENDIX D: RAW DATA AND 
SUMMARY OF FIGURES 

Table 1.  Number of  topminnow observed on the open side of 
the pool,  on the covered side but in the open and 
concealed under the cover for June-July 1992.  

1.  Styrofoam Sheets 

Number of  Fish 

Time-Season Trial  Open Covered Side Under N 
Side in the Open cover 

Morning-Summer 1 69 35 16 120 
2 62 42 16 120 
3 61 48 11 120 
4 59 47 14 120 
5 61 39 20 120 
6  2 9  . 3 4  5 7  1 2 0  
7 47 43 18 120 
8 58 32 30 120 

Afternoon-Summer 1 73 36 11 120 
2 67 40 13 120 
3 41 37 42 120 
4 60 36 24 120 
5 43 35 42 120 
6 47 26 47 120 
7 25 39 44 108 
8 53 26 41 120 

2.  Plastic Strips 

Number of  Fish 

Open Covered Side Under N 
Trial  Side in the Open cover 

Morning-Summer 1 44 18 58 120 
2 49 43 28 120 
3 35 25 60 120 
4 32 20 68 120 
5 33 29 58 120 
6 47 38 35 120 
7 24 23 73 120 
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8 31 33 56 120 

Afternoon-Summer 1 31 14 7 5 12 0 
2 37 28 55 120 
3 28 25 67 120 
4 24 18 78 120 
5 16 15 89 120 
6 21 17 82 120 
7 21 13 86 120 
8 33 30 57 120 

3.  Algal  Cover 

Number of  Fish 

Trial  Open Covered Side Under N 
Side in the Open cover 

Morning-Summer 1 80 36 4 120 
2 45 42 33 120 
3 50 54 16 120 
4 64 37 19 120 
5 41 44 35 120 
6 39 33 48 120 
7 35 46 39 120 
8 38 17 65 120 

Afternoon-Summer 1 42 54 24 120 
2 20 58 42 120 
3 39 58 23 120 
4 25 49 46 120 
5 39 42 39 120 
6 24 43 53 120 
7 45 42 33 120 
8 31 33 56 120 
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Table 2.  Number of  topminnow observed on the open side of 
the pool,  on the covered side but in the open and 
concealed under the cover for February-March 1992.  

1.  Styrofoam Sheets 

Number of  Fish 

Trial  Open Covered Side Under N 
Side in the Open cover 

Morning-Winter 1 7 38 63 108 
2 76 8 36 120 
3 2 . 41 77 120 
4 66 33 21 120 
5 1 7 112 120 
6 21 43 56 120 
7 0 24 96 120 
8 29 14 77 120 

Afternoon-Winter 1 6 99 3 108 
2 65 26 17 120 
3 12 22 74 120 
4 13 31 76 120 
5 11 95 14 120 
6 58 14 48 120 
7 10 79 19 120 
8 60 22 38 120 

2.  Plastic Strips 

Number of  Fish 

Trial  Open Covered Side Under N 
Side in the Open cover 

Morning-Winter 16 13 101 120 
2 10 5 105 120 
3 2 0 118 120 
4 0 0 120 120 
5 12 0 108 120 
6 0 0 120 120 
7 7 33 68 108 
8 29 27 64 120 



Afternoon-Winter 
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1 2 3 115 120 
2 6 5 109 120 
3 2 11 107 120 
4 0 0 120 120 
5 10 78 35 120 
6 7 18 95 120 
7 1 22 85 108 
8 26 11 83 120 

3.  Algal  Cover 

Number of  Fish 

Trial  Open Covered Side Under N 
Side in the Open cover 

Morning-Winter 1 2 23 95 120 
2 51 18 51 120 
3 1 29 90 120 
4 9 6 105 120 
5 9 29 82 120 
6 17 14 89 120 
7 15 44 61 120 
8 11 24 85 120 

Afternoon-Winter 1 3 6 111 120 
2 84 1 35 120 
3 6 11 103 120 
4 17 8 95 120 
5 21 38 61 120 
6 36 8 76 120 
7 13 20 87 120 
8 10 20 90 120 
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Table 3.  Number of  topminnow observed in the upper 1/3,  
middle 1/3,  and lower 1/3 of the depth of  each 
pool for June-July 1992.  

Number of  Fish 

Trial  Upper Middle Lower N 
1/3 1/3 1/3 

Morning-Summer 1 80 12 28 120 
2 101 7 12 120 
3 94 14 12 120 
4 106 2 12 120 
5 95 4 21 120 
6 76 10 34 120 
7 72 31 17 120 
8 86 16 18 120 

Afternoon-Summer 1 59 44 17 120 
2 55 11 54 120 
3 98 11 11 120 
4 85 8 27 120 
5 97 6 17 120 
6 56 15 49 120 
7 86 15 19 120 
8 96 14 10 120 

Table 4.  Number of  topminnow observed in the three 
different horizontal  sections of each pool for 
June-July 1992.  

Number of  Fish 

Horizontal  
Trials  Section Section Section N 

12 3 

Morning-Summer 1 32 29 59 120 
2 42 39 39 120 
3 38 39 43 120 
4 59 41 20 120 
5 44 34 42 120 
6 30 41 49 120 
7 42 42 36 120 
8 52 27 41 120 
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Afternoon-Summer 1 25 58 37 120 
2 15 39 66 120 
3 61 33 26 120 
4 24 37 59 120 
5 59 28 33 120 
6 17 20 83 120 
7 55 22 43 120 
8 43 26 51 120 

Table 5.  Number of  topminnow observed on either side of the 
aquaria for al l  seven experiments.  

* 

Number of  Fish 

Type of  Sex Cover choice N 
Experiment 

Calm Turbulent 
water water N 

Calm water vs.  
Turbulent water F 113 7 120 

M 115 5 120 

Open 
s ide 

Plastic 
strips 

Open water vs.  
Plastic strips F 

m 
79 
55 

41 
65 

120 
120 

Open 
s ide 

Water 
cress 

Open water vs.  
Water cress F 

M 
58 
52 

62 
68 

120 
120 
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Open Floating 
side algae 

Open water vs.  
Floating algae F 32 88 120 

M 69 51 120 

Plastic Water 
strips cress 

Plastic strips 
vs.  Water cress F 29 91 120 

M 22 98 120 

Floating Plastic 
algae strips 

Floating algae 
vs. 
Plastic strips F 64 32 96 

M 13 107 120 

Floating Water 
algae cress 

Floating algae 
vs.  Water cress F 49 71 120 

M 72 12 84 
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Figure 1. Distribution of water depths in areas used by 
Gila topminnow compared to areas available to 
topminnow (sites 1 and 2) ,  1991.  
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Figure 2.  Distribution of water depths in areas used by 
Gila topminnow compared to areas available to 
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74 

100 

90 

^ 80 

| 60 

§T 50 
ul 
© 40 

30 

20 

«h 

0 

1 

Site 5 
Backwater 

Available 

1 0  '  2 0 * 3 0 * 4 0 ' 5 0 " 6 0 '  7 0 ' 8 0  
Depth in (cm) 

Site 6 
Glide 

Available 

10 20 30 40 50 60 70 80 
Depth in (cm) 

Figure 3.  Distribution of water depths in areas 
C-ila topninnow compared to are-s avai  
topminnow (sites 5 and 6) ,  1991.  

used by 
lable to 



75 

Site 1 
Pool 

100-1 

90-

80-

70-

60-

Availabte 

£ 5 0  

I » ll 
* » il Jlill I 

30 40 50 60 
Depth in (cm) 

Site 2a 
Backwater 

a! 

100 

90 

80 

70 

60 

50H 

40 

3<h 

20 

10H 

o 

Available 

20 30 40 50 
Depth in (cm) 
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Figure 6.  Distribution of substrate types used by topminnow 
and available to topminnow (sites 1 and 2a),  
1992.  Substrate code: 1= plant material ,  2= 
s i l t ,  3= sand, 4= small  gravel ,  5= large gravel ,  
6= cobble,  7= small  boulder,  and 8= large boulder.  
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Figure 7.  Distribution of substrate types used by topminnow 
a n d  a v a i l a b l e -  t o  t o p m i n n o w  ( s i t e s  3 a  a n d  6 ) ,  
1992.  Substrate code: 1= plant material ,  2= 
s i l t ,  3= sand, 4= small  gravel ,  5= large gravel ,  
6= cobble,  7= small  boulder,  and 8= large 
boulder.  
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