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Seventeen populations of Gila Baird and Girard are identified

from the Alvord Basin of southeastern Oregon and northwestern Nevada.

Gila in the Alvord Basin occupy a wide range of habitats, including

warm springs, cool springs, creeks, reservoirs, and a thermal lake.

These populations became isolated in remnant habitats when waters of

pluvial Lake Alvord receded 7,000 to 10,000 years ago. Taxonomic

analyses; based on morphological, meristic, and osteological characters;

indicated local adaptation and subsequent differentiation among

populations. Gila inhabiting the Borax Lake area are considered

specifically distinct from other populations. The Borax Lake chub

is a dwarf species differentiated from other Alvord Basin populations

of Gila by their small size at maturity, notably large head and

orbit, long snout, long predorsal length, and narrow caudal peduncle.

This species also exhibits reduced pectoral fin ray numbers and

reduced cephalic and body lateral-line systems. All other Alvord

Basin populations of Gila are referred to Gila alvordensis Hubbs and

Miller. Both G. alvordensis and the Borax Lake species are placed
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in the subgenus Siphateles.

Alvord Basin fishes of the genus Gila are opportunistic

omnivores. Many intestines contained one food in predominance,

indicating highly exploitive feeding. Alvord Basin Gila typically

consume benthic and midwater foods; however, the Gila inhabiting

Borax Lake consumed large amounts of foods of terrestrial origin

during the summer and autumn. Reproductive characteristics of the

Gila from Borax Lake parallel those of many Southwestern cyprinodontids

inhabiting warm springs. Females are asynchronous, with a high degree

of individual periodicity, and typically spawn twice. Borax Lake

chubs usually have a one year lifespan, with few age I, II, and III

fish present.

The Borax Lake species is endangered by geothermal development

and surface disturbance in the Borax Lake area. The ability of the

habitat and the unique species to survive these threats is uncertain.
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"The last word in ignorance is the man who says of an animal
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SYSTEMATICS AND ECOLOGY OF CHUBS (GILA: CYPRINIDAE)

OF THE ALVORD BASIN, OREGON AND NEVADA

INTRODUCTION

Alvord Basin chubs, genus Gila Baird and Girard, occupy a wide

variety of habitats, including warm and cool springs, creeks,

reservoirs, and a thermal lake. These populations are relicts that

became isolated when pluvial Lake Alvord, which covered most of the

basin 10,000 years ago, receded. As the water level of pluvial Lake

Alvord lowered, fish were restricted to remaining permanent aquatic

habitats such as springs or creeks. A similar pattern of pluvial

lake desiccation and subsequent isolation of fishes has occurred

throughout the Great Basin (Hubbs and Miller 1948, Smith 1978).

Studies of fishes of the genus Gila inhabiting basins of south-central

Oregon (Bills 1977, Snyder 1908) and central Nevada (Hubbs et al.

1974) have shown these fishes to be uniquely adapted to their

isolated habitats and often taxonomically separable from Gila in

neighboring basins.

Our knowledge of the Alvord Basin Gila is limited. Hubbs and

Miller (1972) briefly diagnosed the Trout Creek population in the

Alvord Basin as a new species. Otherwise, treatment of Alvord Basin

Gila has been restricted to general biogeographic studies of Great

Basin fishes (Hubbs and Miller 1948, Smith 1978). No life history

information concerning fishes of the Alvord Basin has been published.

This study was undertaken to provide a comprehensive treatment

of Alvord Basin fishes of the genus Gila. Specifically, this study



proposes to (1) identify habitats occupied by Gila in the Alvord

Basin, (2) provide some life history information on these fish, (3)

compare morphological, meristic, and osteological characters among

populations and (4) study the relationships of Alvord Basin Gila

with those of other basins. In addition, recent threats to fish

habitats in the basin have made it imperative that any taxonomically

unique forms be identified so that protective actions can be taken.

This study identifies such forms and addresses their conservation.

Recent systematic studies of the genus Gila include investigations

of Gila bicolor in the Great Basin (Bills 1977, Hubbs et al. 1974)

and of species of Gila in the Colorado River drainage (Holden and

Stalnaker 1970, Rinne 1976, Suttkus and Clemmer 1977). Uyeno (1961)

has identified subgeneric divisions of Gila based primarily on

osteological features.

Several life history studies of Gila bicolor have been completed

in recent years (Bird 1975, Cooper 1978, Kimsey and Bell 1955). In

addition, studies concerning early life history (Harry 1951),

reproduction (Kucera 1978), and feeding (Langdon 1979) of G. bicolor

have been presented. Graham (1961) reported life history information

on G. atraria. Aspects of the life history of G. robusta have been

reported by Cross (1978) and Vanicek and Kramer (1969).



DESCRIPTION OF THE ALVORD BASIN

Physical Setting

The Alvord Basin is located in northwestern Nevada and south-

eastern Oregon near the northern extent of the Great Basin (Figs. 1,

2). Like the vast majority of basins in the Great Basin region, the

Alvord is an endorheic drainage basin oriented on a north-south axis

and is flanked by fault-block mountain ranges along the east and west

boundaries. The Alvord Basin drains an area of 6066 sq. km (Snyder

et al. 1964). The prominent Steens-Pueblo Mountain ranges form the

western flank of the basin while the eastern flank is formed by the

Trout Creek Mountains. At its maximum extent the Alvord Basin is 158

km long and 81 km wide. The western sections of the basin border an

extensive fault zone (Libbey 1960). Movement along these faults

formed the massive Steens Mountain escarpment.

The geologic history of the Great. Basin has been one of extensive

volcanism and faulting. Such geologic activity is well documented in

the strata comprising the Steens Mountain area. Sedimentary rocks of

the Alvord Creek formation are exposed near the base of Steens

Mountain (Ferguson and Ferguson 1978). This formation appears to be

of late Miocene age (Libbey 1960). Above the Alvord Creek formation

lies volcanic rocks of the Pike Creek formation. These volcanics are

as much as 760 m thick and are also of Miocene age (Libbey 1960).

Atop the Pike Creek formation lies poorly stratified flows of andesite

and basalt greater than 1000 m thick. Massive flows of Steens Basalt,

of mid to late Miocene age, lie above the Pike Creek strata.

Individual lava sheets of the Steens Basalt flows vary from 0.3 to 21 m

3
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Figure 1. Location of the Alvord Basin within the Great Basin
Province of western North America. Map modified from

Smith (1978).
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6

(Libbey 1960). Wendell (1970) indicates that most exposed rocks in

the Alvord region are volcanic and sedimentary in origin and are of

Miocene to Pliocene age.

Like most other basins in the region, the Alvord Basin floor was

covered by a large lake during many periods of the Pleistocene and

during more recent pluvial periods. During the Pleistocene, Lake

Alvord was 112 km long at maximum extent and covered 1272 sq. km

(Snyder et al. 1964). However, current conditions are arid and few

permanent water sources exist. The largest creeks in the basin are

Trout and Thousand creeks. Trout Creek, as measured 8 km east of Trout

Creek Ranch, discharges an average of 15 CFS (Libbey 1960). Many

springs including most of those of a thermal nature, emerge along

faults and fault extensions (Libbey 1960).

Climate

The climate of the Alvord Basin is semi-arid with hot summers and

cold winters. Average monthly temperatures range from approximately

-60C in January and December to approximately 200C during summer

months (Table 1). During 1978, the highest temperature at Denio,

Nevada was 39.4°C on 3 August; and the lowest temperature was -23.3°C

on 30 December. There were 68 days between the last frost in spring

and the first frost in autumn at Denio in 1978. These values are

representative for most interior parts of the basin. Precipitation is

light, typically near 200 mm annually. Most precipitation occurs in

late spring and winter (Table 2). Precipitation during winter is

usually in the form of snow. Total monthly precipitation at Denio



TABLE 1. AVERAGE MONTHLY AIR TEMPERATURES (°C) DURING 1977 AND 1978 FOR SELECTED STATIONS IN OR NEAR THE

ALVORD BASIN. DATA FROM NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION (1977a, b; 1978a, b).

Elev. Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Temp.

HARNEY CO., OREGON

Burns 1977 1262 -7.1 1.8 1.5 9.1 8.4 18.9 19.6 20.5 13.5 9.2 1.5 -0.1 8.1

1978 -1.1 -0.1 6.4 6.1 9.5 14.9 20.2 18.1 12.6 10.3 0.4 -5.7 7.7

Malheur Refuge 1977 1252 -7.4 1.3 1.7 9.3 8.5 18.5 18.6 14.6 1.8 -0.2

1978 1.8 6.5 6.3 9.9 14.7 19.1 17.7 12.5 8.4 -0.1 -4.9

Whitehorse 1977 1280 -4.6 2.9 2.7 9.3 9.3 18.5 18.8 19.8 15.1 10.4 4.7 2.6 9.1

Ranch 1978 1.1 2.5 7.6 6.9 10.7 15.7 20.2 18.8 13.9 11.1 2.4 -2.8 9.0

HUMBOLDT CO., NEVADA

Denio 1977 1276 3.3 3.2 10.2 10.8 20.5 -- 15.9 10.3 4.7 2.6

1978 1.7 2.9 -- 7.5 11.6 16.9 21.7 20.0 13.9 12.3 1.8 -3.3

Dufurrena 1977 1463 -6.2 0.8 -0.1 8.4 8.4 19.2 19.8 19.4 13.1 8.0 2.1

1978 0.9 1.4 6.3 6.4 9.2 14.6 19.7 18.3 11.8 8.6 -0.4 -5.3 7.7

Winnemucca 1977 1310 -2.8 3.6 2.9 10.2 10.2 21.4 22.8 22.4 14.9 10.2 4.7 3.8 10.4

1978 2.2 3.1 8.1 8.6 12.3 17.0 22.1 20.8 14.1 10.3 1.4 -3.3 9.7



TABLE 2. TOTAL MONTHLY PRECIPITATION (MM) DURING 1977 AND 1978 FOR SELECTED STATIONS IN OR NEAR THE ALVORD
BASIN. T = TRACE. DATA FROM NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION (1977a, b; 1978a,
b).

Total
Elev. Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

(m)
BARNEY CO., OREGON

Burns 1977 1262 17.5 11.4 6.9 4.1 42.4 10.4 13.0 7.4 28.2 11.2 53.1 58.7 264.2

1978 64.5 36.1 39.6 47.8 4.6 11.2 11.4 14.2 28.2 0.0 30.7 13.7 302.0

Malheur Refuge 1977 1252 14.2 3.3 4.8 T 48.0 20.1 12.4 7.9 27.4 17.5 43.7 18.3 217.7

1978 46.5 6.9 52.6 56.6 11.2 24.4 8.4 22.6 33.5 T 21.1 9.7 293.4

Whitehorse 1977 1280 9.1 6.1 12.4 2.8 31.2 11.4 5.3 21.6 9.4 4.1 34.8 43.2 191.5

Ranch 1978 34.0 33.0 19.8 29.0 3.8 9.7 0.5 13.2 28.4 0.0 20.1 13.5 205.0

HUMBOLDT CO., NEVADA

Denio 1977 1276 22.6 5.1 11.4 10.2 64.8 27.4 10.7 14.2 9.9 5.1 41.1 41.7 264.2

1978 34.3 16.3 39.6 77.7 2.0 3.3 7.4 7.1 23.4 0.0 7.4 21.3 239.8

Dufurrena 1977 1463 11.2 3.0 6.4 6.6 47.5 17.5 13.2 4.3 4.8 4.8 18.8 48.5 186.7

1978 36.1 7.1 53.1 63.2 1.0 12.4 8.6 14.7 30.5 0.0 25.4 35.6 262.4

Winnemucca 1977 1310 8.6 3.6 9.4 6.4 39.6 59.9 6.6 16.3 5.6 T 19.1 30.2 205.2

1978 22.4 14.7 27.4 74.2 6.6 2.0 4.3 T 28.4 T 15.7 9.9 205.7
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during 1978 ranged from 0.0 mm in October to 77.7 mm in April. The

semi-arid climate of the Alvord Basin is the result of the inland

location of the basin and its position on the lee side of the Steens

and Pueblo Mountain ranges. Relative humidity in the basin is quite

low. Low humidity and high summer temperatures result in relatively

high rates of evapotranspiration in the region. For example, annual

evapotranspiration is approximately 1016 mm annually in the Malheur

Lake area to the northwest of the Alvord Basin (Ferguson and

Ferguson 1978).

Vegetation

Vegetation of the Alvord Basin floor is typically that of the

Desert Shrub Zone, which occurs between approximately 1350 m and 1600 m

in the area (Rogers and Tiehm 1979). Greasewood, Sarcobatus

vermiculatus, is the dominant shrub at most lower elevations. At

higher elevations in the Desert Shrub Zone, the budsage, Artemisia

spinescens, is dominant (Rogers and Tiehm 1979). Although a few bushes

and bunchgrasses often dominate the vegetation, a surprisingly large

number of plants occur in the basin. The flora in a given area often

derives a distinct quality due to elevation, dryness, soil type and

depth, drainage pattern, and accumulations of alkali that occur at the

site. For example, the alkaline soils surrounding Borax Lake are

inhabited by saltgrass, Distichlis spicata var. stricta, and other

salt-tolerant plants such as Nitrophila occidentalis, Triglochin

concinnum, and Scirpus nevadensis (Kierstead and Fogson 1976). Many

riparian plant communities, where soils are less alkaline, possess a

diverse flora dominated by willows, Salix spp. Distinct assemblages
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of plants are also associated with various springs, reservoirs, marshes,

and sand dune areas. Above 1600 m, plants of the Shrub-Steppe Zone are

common. These communities are often dominated by big sagebrush,

Artemisia tridentata, and typically occur along the eastern and

western slopes of the basin where soils are relatively salt-free and

well-drained (Kierstead and Pogson 1976).



MATERIALS AND METHODS - DISTRIBUTION AND ECOLOGY

The distribution of fishes of the genus Gila inhabiting the Alvord

Basin was determined by field exploration, museum records, and testimony

of local ranchers and fishermen. Most of the habitats containing Gila

in the Oregon part of the basin were known by efforts of previous

collectors. On the other hand, the Nevada part of the basin had

received relatively little attention by ichthyologists prior to this

work. Therefore, the primary collecting efforts were in Nevada. During

the period from 12 June 1978 to 26 August 1979 assistants and I

attempted to search for fish in every aquatic habitat in the Nevada

part of the basin. The Charles Sheldon Antelope Range topographical

work map (May 1977; scale 1:62,500) and personal observations were used

to identify locations of aquatic habitats. Habitats were sampled with

3 m seines (9.5 mm mesh), dip nets, fish traps, backpack electroshocker

(Dingo model 600B), and 15 m gill nets (51 mm mesh). Fishes collected

in the study are deposited at Oregon State University (OS).

When fish were collected, numerous variables of the habitat were

identified. These variables included the following: type of habitat,

location, elevation, surrounding vegetation, air and water temperature,

turbidity, depth of water, pH dissolved oxygen, cover, bottom type, an

estimate of the abundance of the species in that habitat, other fishes

present, and an estimate of the amount of man-induced alteration to the

site.

Information concerning reproduction, longevity, and adult sex

ratio was determined for Borax Lake chubs collected monthly from March

1978 to January 1979. Fishes were collected from the southwest one-

11
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quarter of Borax Lake using a 3x5 mm mesh seine approximately 3 m in

length. Specimens were preserved in 10% formalin and transferred to 45%

isopropanol after one week. Standard length of specimens was measured

to the nearest 0.1 mm with dial calipers. After blotting fish dry on

paper towels, wet weight was measured to the nearest 0.01 g. These

specimens and additional collections were also utilized in the food

habits analyses. A gonadosomatic index was calculated by weighing the

left ovary or testis to the nearest 0.0001 g, multiplying by two,

thereby accounting for the right gonad, and dividing by fish weight.

Three classes of ova were identified: class I - mature ova, yellow

color, 0.7-1.2 mm diameter; class II - immature ova, opaque white color,

0.4-0.6 mm diameter; and class III - immature ova, transparent, 0.1-0.3

mm diameter. Only ova 0.1 mm diameter or larger wereincluded. The

number of ova were enumerated in some females that possessed only class

I and/or class II ova. By this method, accurate counts could be

obtained and these numbers are probably more indicative of the actual

number of eggs deposited during spawning. In females shorter than 35

mm standard length, all ova were counted in both ovaries. In females

35 to 50 mm standard length, all ova were counted in the left ovary,

then multiplied by two to derive the total number of ova. Ova were

enumerated in larger females by multiple subsamples of the ovary. Age

was determined by examining annuli of scales taken from the left side

of the body above the lateral line. Seasonal changes in sex ratios

were reported for fishes longer than or equal to 30 mm standard length.

Monthly collections were grouped into seasons as follows: spring

(March-May), summer (June-August), autumn (September-November), and
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winter (December-January).

Food habits of the Borax Lake chub were investigated by

analyzing intestinal contents of fish collected monthly from March 1978

to June 1979. The Borax Lake chub, like other cyprinids, has no

stomach; therefore, contents of the intestine, from esophagus to anus,

were removed and examined under dissecting microscopes. Percent

frequency of occurrence, mean number per intestine, mean percent volume,

and a value of relative importance are reported for each food item.

Percent frequency of occurrence is defined as the number of intestine

samples in which one or more of a given food item is found expressed as

a percentage of all non-empty intestines examined (Windell and Bowen

1978). The total number of a given food item observed in the intestines

divided by the number of non-empty intestines examined is the mean

number per intestine. Mean percent volume is defined as the total

volume estimates for a given food item divided by the number of non-

empty intestines examined. Percent volumes were derived by separating

the intestine into three subsamples and visually estimating the percent

contribution of a given food item in each subsample. The percent

contribution of each subsample to the contents of the entire intestine

was estimated so that the volume of a given food item relative to all

intestinal contents could be made. Percent frequency of occurrence,

mean number per intestine, and mean percent volume each contain a bias

which limits their usefulness when used separately (Windell and Bowen

1978). For example, percent frequency of occurrence overemphasizes the

importance of small food items that may be ingested frequently but have

a small impact on the volume of food in the intestine. On the other
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hand, mean percent volume overemphasizes the importance of large food

items, such as adult insects, that may be consumed infrequently but have

a large volume. To offset these biases against each other, an index of

relative importance (RI) is reported for each food item. The relative

importance index combines the percent frequency of occurrence and mean

percent volume for food item a into an absolute importance index (Ala))
a

as follows:

Ala = % frequency of occurrence mean % volume

RIa = 1°0(AIa/ E Al a), where n is the number of different food
a=1

items. The determination of RI and Al areare by methods modified from
a

George and Hadley (1979).

In invertebrate identification I employed keys of Pennak (1978).

Food habits of Borax Lake chubs are summarized as follows:

1) seasonal variation of foods consumed, 2) foods consumed by different

size classes of fish, 3) diel feeding chronology, and 4) comparison with

food habits of Gila from Thousand Creek and Serrano Pond. Changes in

food habits with season and fish size class were determined from monthly

collections taken from March 1978 through January 1979. Monthly

collections were grouped into seasons as delineated for sex ratio

analysis. To compare changes in food habits with fish size, two size

classes of fish were compared, 15.0 mm to 32.9 mm standard length

(juveniles), and 33.0 mm standard length or longer (adults). Borax

Lake chubs mature at approxiamtely 33.0 mm standard length. Mel

feeding chronology was determined from collections made at three-hour

intervals during a 24 hour period in June 1979. Fullness of the

intestine was determined according to the formula defined by Hureau
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(1969 in Berg 1979) as follows:

Ir weight of ingested food X 100 7
weight of fish -

(Ir = L'indice de repletion = fullness index). The daily ration of food

for Borax Lake chubs was estimated from diel trajectories of the fullness

of the intestine. This estimate was derived by the following formula

proposed by Bajkov (1935) and modified by Dranell and Meierotto (1962)

and Eggers (1977):

RT = 247a

where
RT

is the daily ration n- is the average weight of intestinal

contents expressed as percent of body weight during the 24 hour period,

and a is the intestinal evacuation rate. An intestinal evacuation rate

of 0.2 hr-1 is assumed (Eggers 1977).

Intestinal contents of Gila collected from Thousand Creek, Nevada

on 13 June 1978 and Gila collected from Serrano Pond, Oregon on 6 August

1977 were compared to those of Gila from Borax Lake collected during the

summer of 1978. Methods of collection and food habits analysis for the

Thousand Creek and Serrano Pond populations were the same as those used

for the Borax Lake population.
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Distribution and Habitats of Alvord Basin Gila

Fishes of the genus Gila are recorded from 17 localities; five in

Oregon and 12 in Nevada (Fig. 3). Chubs have been extirpated from two

localities, Lower Borax Lake and Thousand Creek Spring. A wide variety

of habitats, including warm springs, cool springs, creeks, reservoirs,

and a thermal lake, are exploited by Alvord Basin Gila. Temperatures of

these habitats during summer ranges from 15oC at several localities to

34oC at Borax Lake. Water was highly turbid at some localities and

transparent at others. A brief description of each habitat follows,

with a comment on the status of chubs at that locality.

Serrano Pond - (r36S, R33E, Sec 1; Harney County, Oregon).

Serrano Pond is a 0.1 ha reservoir that receives water from a cool

spring approximately 60 m distant. Water flows from the spring at

approximately 17oC and water temperature at the reservoir is usually 16

to 21°C during the summer. The bottom of the relatively shallow pond

is primarily silt. The water is somewhat turbid and aquatic vegetation

is abundant. Recent alteration to this area has resulted in a diversion

canal draining water away from the pond. Chubs are absent from the

spring, but abundant in remaining waters of the pond and in the

diversion creek.

Borax Lake - (T37S, R33E, Sec 14; Harney County, Oregon).

Borax Lake is a relatively shallow and very clear 4.1 ha natural lake

that receives water from several springs. These springs are mostly

thermal in nature and issue from a fault into the bottom of the lake at

35 to 40°C. Lake temperatures vary from approximately 17 to 35°C

depending on season, weather, and distance from the spring source.
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Figure 3. Habitats that have historically contained or do currently
contain fishes of the genus Gila in the Alvord Basin of
Oregon and Nevada. a = Serrano Pond area, b = Borax Lake,
c = Lower Borax Lake, d = Trout Creek-Alvord Lake, e =
Pueblo Slough and Red Point School area, f = Bog Hot
Reservoir, g = Thousand Creek-Continental Lake, h =
Thousand Creek Spring, i = unnamed spring near Flowing Well,
j = Dufurrena Pond #22, k = Dufurrena Pond #19, 1 = Virgin
Creek, m = Warm Spring, n = Dufurrena Pond #13, o = Gridley
Springs, p = West Spring, q = West Creek.
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Lake temperature is typically 30 to 32°C. The water of the lake is

slightly alkaline (pH usually 7.3) and specific conductance is 2410.

Mariner et al. (1974) reported sodium to be the major cation while

bicarbonate, sulfate, and chloride (listed in decreasing abundance)

were the principal anions. A complete chemical composition of Borax

Lake water can be found in Mariner et al. (1974, 1975). The lake is

situated on salts that have been deposited by the lake waters resulting

in increased elevation of the lake. By this process, which apparently

has been proceeding for hundreds or thousands of years, the elevation

of Borax Lake is now ten m higher than the surrounding land.

Observations at Borax Lake indicated that Borax Lake chubs avoided

water with a temperature above approximately 34oC. These observations

were supported by attempts to chase the chubs into warm spring inflow

areas. These attempts were unsuccessful because the fish darted around

the warmer water. In aquaria, Borax Lake chubs lost equilibrium when

water temperature was raised to 34.5°C, indicating a critical thermal

maximum near this temperature. Chubs also occur in the major southwest

outflow from Borax Lake and two small pools adjacent to Borax Lake.

Lower Borax Lake - (T37S, R33E, Sec 15; Harney County, Oregon).

Lower Borax Lake is an intermittent reservoir that receives water from

the southwest outflow creek from Borax Lake and runoff from the

surrounding land. Water levels in Lower Borax Lake fluctuate seasonally

often holding little water during summer months. Unfortunately, recent

habitat alterations have diverted water away from the reservoir. Prior

to the diversions, the reservoir harbored chubs from Borax Lake. Chubs

entered Lower Borax Lake via the outflow creek from Borax Lake.

Trout Creek and Alvord Lake - (Harney County, Oregon).
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Trout Creek heads in the Trout Creek Mountains just north of the Nevada

border. The creek flows from a canyon area into the Alvord Basin floor

and finally flows into Alvord Lake. In upstream canyon areas, Trout

Creek is a moderately clear, fast-flowing stream. Water temperatures

are cool during summer, near 15°C, and colder during winter months. In

lower reaches, the creek becomes intermittent, water temperature

increases, and turbidity increases dramatically (silver object, a one

by two cm piece of metal, disappears one cm below the surface).

Bottom type changes from gravel in upstream areas to mostly silt in

downstream areas near Alvord Lake. Alvord Lake is quite large in

surface area during winter and spring and dries considerably during

summer. Chubs are common, although not abundant, in upstream canyon

areas; and abundant in downstream areas. Introduced rainbow trout,

Salmo gairdneri, also occur in upstream regions of Trout Creek. This

is the only area where Alvord Basin Gila occur sympatrically

with another fish species.

Pueblo Slough and Red Point School - (T40S, R35E, and T41S, R35E;

Harney County, Oregon). Pueblo Slough is a wetland area approximately

13 km long composed of Turn Turn Lake and marsh, spring, and creek

areas south of Turn Turn Lake. Water in Pueblo Slough is provided by

Van Horn and Colony creeks which drain the Pueblo Mountains, as well

as at least 25 springs in the slough area itself. These springs are

mostly cool in temperature. Red Point School (T40S, R35E, Sec 14) is

located in approximately the center of the slough area. Chubs used in

this study were collected from a shallow, clear pool. In August, water

and air temperature was 15oC and 17oC, respectively. Despite searches

for chubs in streams draining the Pueble Mountains, none could be



found although small trout were collected in Van Horn Creek.

Bog Hot Reservoir - (T46N, R28E, Sec 17; Humboldt County,

Nevada). Bog Hot Reservoir is a relatively small impoundment fed

by thermal waters flowing from Bog Hot Springs. Water issues from

Bog Hot Springs at approximately 44oC and flows for 1.2 km before

entering Bog Hot Reservoir. Typical water temperatures in Bog Hot

Reservoir were 20 to 21°C during early summer. The water is somewhat

turbid and the bottom is mostly silt with some gravel. Chubs are

abundant in the reservoir but absent in Bog Hot Springs and the

creek below it. No chubs were found above the 31.1°C boundary

where water from the crenon enters Bog Hot Reservoir.

Thousand Creek and Continental Lake - (Humboldt County, Nevada).

Thousand Creek heads at Thousand Creek Spring, flows through the

Dufurrena Area where it receives Virgin Creek, and then enters

Thousand Creek Gorge. Below Thousand Creek Gorge, the creek becomes

braided and receives water from Bog Hot Creek before Eventually

emptying into Continental Lake. In the Dufurrena Area Thousand

Creek is dammed in several areas creating reservoirs. Thousand

Creek is usually turbid (silver object disappears at approximately

seven cm), shallow, and about one to two in wide. The bottom is

mostly silt. In Thousand Creek Gorge, the creek is surprisingly

deep (over 300 cm) and cold (near 15°C during summer months). Below

the gorge, Thousand Creek is often intermittent, especially during

summer when water temperatures can reach 27°C. Typical water

temperature is 16 to 18°C. Chubs are abundant in Thousand Creek

except in some upstream areas where exotic fishes have been

introduced and in some downstream areas where the creek is intermittent.

21
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Continental Lake harbors chubs during winter months, but often dries

completely during the summer.

Thousand Creek Spring - (T46N, R26E, Sec 31; Humboldt County,

Nevada). Thousand Creek Spring is the headwater of Thousand Creek.

Water in the spring is transparent. The maximun depth is approximately

31 cm and the bottom is composed of fine gravel with some silt. Water

and air temperatures during June were 27.1°C and 18.2°C, respectively.

Currently, the spring is inhabited by swarms of guppies, Poecilia

reticulata. Guppies are not native to the area but have become abundant

in nearby localities due to introductions. Chubs occur in nearby

springs of similar physical conditions to Thousand Creek Spring, and

in downstream areas of Thousand Creek. Thousand Creek Spring should

have provided adequate habitat for Alvord Basin chubs and I believe

that chubs were native to the spring.

Unnamed spring near Flowing Well - (T46N R26E, Sec 31; Humboldt

County, Nevada). This spring is quite small, five m long by three

m wide. Maximum depth is 68 cm. The water is clear and soft silt

comprises the bottom. Water and air temperatures during June were

18.2oC and 20.4oC, respectively. The population of chubs inhabiting

this spring is very small about 50 individuals, corresponding to

the small amount of habitat available.

Dufurrena Pond #22 - (T45N, R26E, Sec 2; Humboldt County, Nevada).

Dufurrena Pond #22 is a reservoir fed by waters of Thousand and Virgin

creeks. Water level fluctuates greatly with season. During summer

months, the reservoir is reduced to a small pool. Water is very turbid

(silver object disappears at two cm below surface). Water and air

temperatures during June were 17.6°C and 13.2°C, respectively. Chubs



23

are abundant in this habitat.

Dufurrena Pond #19 - (T46N, R26E, Sec 32; Humboldt County, Nevada).

Dufurrena Pond #19 is the first reservoir on Thousand Creek. Water is

moderately turbid (silver object disappears at 14 cm below surface).

Water and air temperatures during June were 14.5oC and 13.0°C,

respectively. Chubs occur in the Reservoir. Young individuals were

abundant in the inflow diversion creek feeding the reservoir during

June.

Virgin Creek - (Humboldt County, Nevada). Chubs are abundant in

Virgin Creek from the north end of Virgin Creek Gorge to its juncture

with Thousand Creek. Chubs were absent in Virgin Creek Gorge where

introduced rainbow trout were abundant. Virgin Creek below the gorge

is cool relatively shallow, and moderately turbid (silver object

disappears ten cm below the surface). Water temperature is typically

15 to 18°C during summer months. The bottom is mostly silt.

Warm Spring - (T45N, R25E; Humboldt County, Nevada). Warm Spring

and its outflow creek are clear with a silt bottom. July water and air

temperatures of the crenon just below the spring were 26.0°C and 26.4°C,

respectively. Chubs are abundant in the outflow creek. I did not

sample the spring itself; however, a collection of chubs from the spring

area exists (UMMZ 130533).

Dufurrena Pond #13 - (T45N, R26E, Sec 17; Humboldt County, Nevada).

Dufurrena Pond #13 is the only reservoir on Virgin Creek. Water

characteristics are those typical for Virgin Creek except that maximum

depth is greater and aquatic vegetation is abundant. Chubs are common

in this section of Virgin Creek.
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Gridley Springs - (r44N, R27E, Sec 22; Humboldt County, Nevada).

Gridley Springs is a series of approximately 11 springs located on an

alkali flat just south of the Gridley Lake playa. Chubs were absent

from the six springs that I sampled during a 1978 survey. However,

chubs have been collected from the Gridley Springs area (presumably

from one or more of the remaining five springs) and are present in a

University of Michigan Museum of Zoology collection (UMMZ 186515) and

a University of Nevada, Las Vegas collection (UNLV 1). These springs

could be naturally restocked with chubs from West Creek during wet

years.

West Spring - (T44N, R27E, Sec 20; Humboldt County, Nevada).

West Spring flows from the base of Big Mountain towards the alkali

flat south of Gridley Springs. The water of West Spring is transparent

and shallow. Maximum depth is 12 cm with a gravel bottom and some

sand. Water and air temperature recorded during the summer were

21.8oC and 20.4oC, respectively. Chubs are common in the spring and

in the crenon (West Creek) below the spring.

West Creek - (T44N, R27E, Sec 20, 28, 29; Humboldt County,

Nevada). West Creek is formed by waters of West Spring and therefore

water characteristics are nearly identical for both. Depth is

slightly greater, 14 cm maximum, than in the spring. Current is

slight.

Bog Hot Reservoir, the unnamed spring near Flowing Well,

Dufurrena Pond #22, Dufurrena Pond #19, West Spring, and West Creek

represent new locality records for Gila.



Aspects of the Eology of Alvord Basin Gila

Reproduction of Borax Lake Chubs

Reproductive characteristics of Borax Lake chubs were determined

by examining monthly changes in gonad development and classes of ova

present in females, and by examining the number of ova in females of

various lengths. Time of appearance of larval fishes and their habitats

were determined by observations at Borax Lake.

The gonadosomatic index was highest in females during March and

April (Table 3). Ovaries were usually poorly developed during May

through August. The gonadosomatic index increased in September and

remained high through January, the last month for which samples were

taken. Considerable variation was noted in ovary development within

months, for example, in April, the gonadosomatic index ranged from

0.78 to 10.56. The large range of gonadosomatic index within months

indicates a high degree of individual spawning periodicity. In males,

the gonadomomatic index was highest in April and September, when testes

averaged 0.97% and 1.11% of body weight, respectively.

Many females possessed two classes of ova simultaneously.

Therefore, it is probable that females in Borax Lake spawn twice

annually.

Mature ova, class I, were present during March, April, and

January (Table 3). Class II ova were present during all months for

which females were examined except May and July, when only class III

ova were present. Most spawning probably occurs in early spring.

However, females with mature or nearly mature ova were also present in

25
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TABLE 3. MONTHLY REPRODUCTIVE CHARACTERISTICS OF FEMALES FROM BORAX
LAKE LONGER THAN 30 MM STANDARD LENGTH (SL).

Gonadosomatic Index Classes
Month N RSL Range 3E Standard of Ova

Deviation Present

March 3 38.0 0.91-5.01 2.89 2.05 1,11,111

April 5 33.1 0.78-10.56 3.45 4.13 1,11,111

May 4 34.8 0.45-0.55 0.51 0.05 III only

June 7 35.9 0.53-2.38 1.01 0.66 11,111

July 8 44.0 0.50-1.54 1.06 0,37 III only

August 8 37.4 0.16-1.60 0.95 0.41 11,111

September 5 38.3 0.70-4.56 2.48 1.61 11,111

November 5 39.3 1.28-2.13 1.61 0.34 11,111

December 8 42.5 1.20-4.45 2.02 1.03 11,111

January 7 41.4 0.99-2.27 1.59 0.48 1,11,111
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September, December, and January, indicating some spawning actiVity

during autumn and winter. A search of museum specimens at Oregon State

University disclosed a large female with class I ova in a 17 June 1962

collection. Thus, spawning can occur at any time of the year; however,

a major spawning in early spring is indicated. Concentrated spawning

in early spring, March and April, is supported by observations of larval

fishes in Borax Lake. During 1978, numerous larval chubs, five to ten

mm total length were observed among vegetation along the west and south

shoreline in shallow water, one to three cm deep. The vegetation was

rooted in the borate crusts which compose the shoreline. The

observations were made at 0830 hrs when water temperature approximately

one-half meter from the shoreline was 31.0°C and air temperature was

14.8°C. Water temperature along the shoreline was probably slightly

cooler. On 6 June 1979 larval chubs, eight to 15 mm standard length,

were observed in the same areas as the 1978 sightings. At 1150 hrs on

6 June the water temperature was 29.1°C while the air temperature was

16.2oC. Large numbers of larval fishes were observed in the small

vegetated coves along the southwestern bank.

The number of ova was determined in eight females, 32.7 to 93.0

mm standard length, that contained only class I and/or class II ova.

Ova numbers increased dramatically with increased fish length. The

smallest females examined, 32.7 and 34.5 mm standard length, contained

75 and 82 ova, respectively. Larger females, 39.0, 39.3, 44.6, and 49.4

mm standard length, contained 252, 246 380 and 362 ova, respectively.

Ova were also enumerated in the two largest fish in Oregon State

University collections from Borax Lake, a 90.4 mm standard length
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female collected 17 June 1962 (OS 4137) and a 93.0 mm standard length

female collected 11 September 1957 (OS 4106). The 90.4 mm standard

length female contained 2143 ova whereas the 93.0 mm standard length

specimen contained 6924 ova. Although such large females are very rare

in Borax Lake, their contribution to recruitment may be substantial.

In summary, Borax Lake chubs appear capable of spawning at any

time of the year, although a spawning concentration in March and April

is apparent. Many individuals spawn twice in a single year. Females

are asynchronous, with a high degree of individual spawning periodicity.

The number of ova per female increased substantially with fish size.

Although few large females age II and III exist (see Longevity section),

their contribution to recruitment of the following generation may be

substantial.

Reproductive characteristics of Borax Lake chubs parallel those

of many fishes inhabiting thermal springs in the Southwest. The Devil's

Hole pupfish, Cyprinodon diabolis, is capable of spawning at any time

of year but spawning is concentrated during the spring (Minckley and

Deacon 1974). James (1969) reported that largest numbers of larval C.

diabolis occurred in March through June. Cyprinodon bifasciatus from

thermal waters of Cuatro Cienegas, Mexico apparently spawns throughout

the year (Arnold 1972). The White River springfish Crenichthys baileyi,

exhibits a high degree of individual spawning periodicity and many

females spawn twice each year (Espinosa 1968). Many fishes of arid

regions develop unique reproductive cycles geared to their specific,

isolated habitats (Deacon and Minckley 1973). Thermal spring waters of

Borax Lake provide an environment where seasonal changes in water
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temperature are slight. Therefore, as with many fishes of thermal

springs, photoperiod may be more important than water temperature in

determining reproductive cycles of Borax Lake chubs. Most fishes

inhabiting waters in temperate zones exhibit reproductive cycles

attuned to seasonal changes in water temperature.

A Note on Reproduction of Gila from Bog Hot Reservoir

No studies of reproduction were made for other Alvord Basin

populations; however, some observational data is worthy of mention.

Chubs collected from Bog Hot Reservoir on 13 June 1978 were in spawning

condition. On that date water and air temperatures were 20.4°C and

20.7°C, respectively. The fish were collected from open, somewhat

turbid water, 30 to 40 cm deep. The bottom was mostly silt with some

gravel. At this time juvenile fish of ten to 15 mm standard length

were abundant, indicating a spawning season from approximately April

until July.

Longevity of Borax Lake Chubs

Due to the small number of fish, a length frequency analysis of

monthly samples proved futile. Fortunately, an August 1977 collection

(UMMZ 203330) included 113 individuals from Borax Lake and was

available for examination. The August collection was made with a long,

fine mesh seine, which enabled the collectors to obtain fish longer

than 15 mm standard length (Kevin M. Howe, pers. comm.). Analysis of

length frequency of specimens indicates that the bulk of the individuals

are 15 to 33 mm standard length (Fig. 4). Two relatively large females,

58.7 and 68.0 mm standard length, are present in the collection.



Figure 4. Length frequency analysis of 113 Borax Lake chubs,
UMMZ 203330, collected 5 August 1977.
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Because most spawning occurs in spring with young of approximately ten

mm standard length prominent in May and June most fish in the August

collection are young-of-the-year. Some age I adults, 33 to 51 mm

standard length, are present, whereas the two larger females are

probably age II. Two very large females from Borax Lake in Oregon

State University collections 90.4 mm standard length (OS 4137) and

93.0 mm standard length (OS 4106) collected during June and September

respectively, appear to possess scales with three annuli. Although the

temperature in Borax Lake is more constant than in most other aquatic

habitats in the Alvord, some seasonal variation exists due to the

shallow nature of the lake and cold air temperatures during winter.

Although seasonal water temperature variation is slight in Borax Lake,

some reduction in growth rate probably occurs. The prominent shift in

foods consumed, from large amounts of terrestrial foods during summer

to diatoms and microcrustaceans in winter, may reduce growth rate.

Reduced growth has resulted in weak annuli formation during winter.

Therefore, the large females are probably age III. This appears to be

the maximum age of individuals in Borax Lake. The percentage of adult

fish in monthly collections from Borax Lake is illustrated in Figure

Five. Adults comprised less than 25% of specimens collected during

March, April, and May. The June collection contained 52% adults.

Percentages of adults remained high throughout the rest of the year,

reaching their peak in November when adults comprised 82% of the sample,

and then declining. Monthly adult percentages are typical of an annual

population that spawns in early spring with substantial adult mortality

following spawning. Percentages of adults in collections may be



Figure 5. Percentage of adults in collections of Gila from Borax
Lake, March 1978 to January 1979.
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slightly higher than actually present in the lake because the mesh size

of the seine selected only those fish 15 mm standard length or longer.

Under artificial conditions, the life expectancy is probably three or

four years. Some Borax Lake chubs placed in aquaria at Oregon State

University on 1 February 1978 were still alive on 31 May 1980.

In summary, Borax Lake chubs typically live one year, but a small

number of two and three year old fish are present. Almost all of the

two and three year olds are female.

Sex Ratio of Borax Lake Chubs

Seasonal sex ratios were determined for Gila greater than or equal

to 30.0 mm standard length collected from Borax Lake. Of 23 specimens

collected during the spring, ten were male and 13 were female yielding

a 1:1.3 male to female ratio. During summer, 23 males and 44 females

were collected yielding a 1:1.9 male to female ratio. The number of

males and females in collections during autumn and winter were

approximately equal. Twenty-four males and 26 females were collected

during autumn. Equal numbers of males and females, 25 each, were

collected during winter. Throughout the year, 82 males and 108 females

were collected resulting in a 1:1.3 male to female ratio.

The larger number of females during summer is indicative of some

female survival into the second year following spring spawning. Most

two year old fish and all three year old fish collected from Borax Lake

were females. Apparently almost all males die at age I.

Seasonal Variation in Foods of Borax Lake Chubs

Twenty-four different categories of food items were found in
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intestines of Borax Lake chubs during this study (Tables 4-7). Ten

of the 24 foods were encountered in all seasons. Many foods

fluctuated seasonally in occurrence; however, some insects, especially

chironomid larvae; diatoms, and microcrustaceans were of importance

throughout the year. During the spring, algae, chironomid larvae,

copepods, dipteran adults, and ostracods were the predominant

foods (Table 4). Algae, which was composed almost wholly of

diatoms, was the most frequently ingested food during the spring,

occurring in over one-half of the intestines. Some of the diatoms

could have been incidentally ingested with microcrustaceans; however,

in some individuals diatoms accounted for 70 to 80% of the intestinal

contents by volume. The high volume suggests that diatoms are not

exclusively the result of incidental ingestion but are a preferred

food for most fish. The most common diatom observed in intestines

was a benthic species, Denticula thermalis. Navicula sp.,

Synedra sp., Achnanthes lanceolata and A. minutissima were observed

in lesser numbers. Both Achnanthes species are benthic whereas the

Navicula and Synedra species could be benthic or planktonic forms.

Adult dipterans accounted for the highest mean percent volume,

nearly 20%, of all foods during spring. Several fish fed on

dipteran adults exclusive of other foods. During May 1978 dipteran

adults were heavily utilized, appearing in 19 of 23 intestines examined.

During the summer, diatoms were less frequently encountered in

intestines and comprised a smaller mean percent volume than in

spring. Chironomid larvae, copepods, dipteran adults and gastropods
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were the most important foods in summer (Table 5). Borax Lake

chubs utilized more terrestrial insects and spiders and fewer

microcrustaceans and diatoms in summer than in spring. Terrestrial

insects and spiders accounted for approximately 31% mean volume of

foods consumed during summer compared to approximately 21% in spring.

During autumn, terrestrial insects, chironomid larvae, and diatoms

were the principal foods (Table 6). In winter, Borax Lake chubs

relied more heavily on autochthonous foods, utilizing primarily

diatoms, ostracods, copepods, chironomid larvae, and cladocerans

(Table 7). Terrestrial insects, which were of importance in spring,

summer, and autumn, seldom appeared in intestines of Borax Lake

chubs during winter when they contributed only 2% mean volume. Foods

consumed in autumn and winter were less diverse than in other

seasons. Sixteen categories of foods were observed in fish

collected in autumn and winter, 20 during spring, and 21 during

summer. Aquatic insects were important throughout the year,

comprising mean volumes of approximately 19%, 23%, 16%, and 13% in

spring, summer, autumn, and winter, respectively. The primary

contributor to these high values were chironomid larvae, which

consistently exhibited a high relative importance. Chironomid

pupae and odonate larvae were also consumed throughout the year but

were of much less importance. Coleopteran larvae and aquatic

coleopteran adults were utilized to lesser degrees seasonally.

The increased consumption of copepods, ostracods, and cladocerans

in the winter was dramatic. These microcrustaceans comprised

approximately 35% mean volume of intestines during winter but



TABLE 4. CONTENTS OF 71 INTESTINES OF BORAX LAKE CHUBS COLLECTED DURING THE SPRING OF 1978. ND = NO DATA.

Item ingested
% frequency
of occurrence

Mean number
per intestine

Mean percent
volume RI

'Algae 56.14 ND 12.67 15.70

2Gastropods 22.81 1.07 6.69 6.73

Gastropod eggs 0.00 0.00 0.00 0.00

Haplotaxid oligochaetes 1.75 0.11 0.32 0.47

Harpacticoid copepods 49.12 44.95 10.38 13.57

Ostracods 40.35 8.39 5.91 10.55

Cladocerans 15.79 0.21 0.17 3.64

Plant seeds 5.26 0.11 0.06 1.21

Higher plants 12.28 ND 1.72 3.19

Fish scales 3.51 0.11 0.04 0.81

Araneae 3.51 0.04 0.34 0.88

Insect eggs 10.53 12.26 2.15 2.89

3Unidentified insects 26.32 ND 2.50 6.57 w
co



TABLE 4. CONTINUED

1Mostly diatoms 2Mostly Planorbulla, rarely Physa 3Mostly terrestrial forms

Item ingested

% frequency
of occurrence

Mean number
per intestine

Mean percent
volume RI

TERRESTRIAL INSECTS

Collembola 0.00 0.00 0.00 0.00

Thysanopteran adults 3.51 0.04 0.39 0.89

Hemipteran adults 0.00 0.00 0.00 0.00

Coleopteran adults 1.75 0.02 0.21 0.45

Hymenopteran adults 3.51 0.04 0.49 0.91

Dipteran adults 35.09 1.93 19.49 12.45

AQUATIC INSECTS

Chironomid larvae 47.37 12.30 13.71 13.93

Chironomid pupae 7.02 0.14 2.32 2.13

°donate larvae 3.51 0.04 0.91 1.01

Elmid larvae 7.02 0.39 1.76 2.00

Coleopteran adults 0.00 0.00 0.00 0.00

INORGANIC DEBRIS 61.40 ND 17.48

Total 99.71



TABLE 5. CONTENTS OF 70 INTESTINES OF BORAX LAKE CHUBS COLLECTED DURING THE SUMMER OF 1978. ND m NO DATA.

Item ingested

% frequency
of occurrence

Mean number
per intestine

Mean percent
volume RI

31.15 ND 6.42 7.42
1Algae

2Gastropods 32.79 1.07 9.04 8.26

Gastropod eggs 1.64 0.66 1.56 0.63

Haplotaxid oligochaetes 1.64 0.08 0.30 0.38

Harpacticoid copepods 47.54 33.30 8.45 11.06

Ostracods 32. 79 2.87 3.03 7.08

Cladocerans 8.20 0.38 0.31 1.68

Plant seeds 13.11 0.25 0.49 2.69

Higher plants 0.00 0.00 0.00 0.00

Fish scales 0.00 0.00 0.00 0.00

Araneae 14.75 0.25 3.21 3.55

Insect eggs 3.28 0.69 0.15 0.68

_

3Unidentified insects 37.70 ND 4.50 8.34



TABLE 5. CONTINUED

1Mostly diatoms
2
Mostly Planorbulla, rarely Physa 1Mostly terrestrial forms

Item ingested

% frequency
of occurrence

Mean number
per intestine

Mean percent
volume RI

TERRESTRIAL INSECTS

Collembola 6.56 0.16 0.23 1.34

Thysanopteran adults 9.84 0.13 0.45 2.03

Hemipteran adults 0.00 0.00 0.00 0.00

Coleopteran adults 26.23 0.70 5.94 6.36

Hymenopteran adults 18.03 0.21 2.27 4.01

Dipteran adults 39.34 1.62 14.31 10.60

AQUATIC INSECTS

Chironomid larvae 57.38 4.10 13.79 14.06

Chironomid pupae 9.84 0.11 1.12 2.17

Odonate larvae 1.64 0.03 0.49 0.42

Elmid larvae 11.48 0.23 0.85 2.44

Coleopteran adults 18.03 0.31 6.29 4.80

INORGANIC DEBRIS 54.10 ND 15.30

Total 98.50



TABLE 6. CONTENTS OF 57 INTESTINES OF BORAX LAKE CHUBS COLLECTED DURING THE AUTUMN OF 1978. ND = NO DATA.

Item ingested
% frequency

of occurrence
Mean number
per intestine

Mean percent
volume RI

lAlgae 50.00 ND 5.03 12.63

2Gastropods 10.87 0.50 4.04 3.42

Gastropod eggs 0.00 0.00 0.00 0.00

Haplotaxid oligochaetes 0.00 0.00 0.00 0.00

Harpacticoid copepods 34.78 25.46 4.22 8.95

Ostracods 10.87 0.50 0.15 2.53

Cladocerans 0.00 0.00 0.00 0.00

Plant seeds 39.13 1.57 0.59 9.12

Higher plants 2.17 ND 0.07 0.51

Fish scales 0.00 0.00 0.00 0.00

Araneae 0.00 0.00 0.00 0.00

Insect eggs 2.17 0.04 0.04 0.51

3Unidentified insects 67.39 ND 19.54 19.95



TABLE 6. CONTINUED

31
Mostly diatoms Mostly Planorbulla rarely Physa Mostly terrestrial forms2

Item ingested

% frequency Mean number Mean percent

of occurrence per intestine volume RI

TERRESTRIAL INSECTS

Collembola 0.00 0.00 0.00 0.00

Thysanopteran adults 21.74 0.46 1.69 5.38

Hemipteran adults 13.04 0.22 2.55 3.58

Coleopteran adults 4.35 0.04 0.22 1.05

Hymenopteran adults 8.70 0.11 1.54 2.35

Dipteran adults 19.56 0.22 3.52 5.30

AQUATIC INSECTS

Chironomid larvae 71.74 5.43 12.00 19.22

Chironomid pupae 13.04 0.65 3.15 3.72

Odonate larvae 6.52 0.07 1.29 1.79

Elmid larvae 0.00 0.00 0.00 0.00

Coleopteran adults 0.00 0.00 0.00 0.00

INORGANIC DEBRIS 86.96 ND 40.34

Total 99.94



TABLE 7. CONTENTS OF 62 INTESTINES OF BORAX LAKE CHUBS COLLECTED DURING THE WINTER OF 1978-79.
ND = NO DATA.

Item ingested
% frequency
of occurrence

Mean number
per intestine

Mean percent
volume RI

1Algae 94.44 ND 18.81 22.05

2Gastropods 18.52 0.54 3.88 4.36

Gastropod eggs 0.00 0.00 0.00 0.00

Haplotaxid oligochaetes 5.56 0.91 2.21 1.51

Harpacticoid copepods 75.93 16.44 9.96 16.72

Ostracods 77.78 21.65 20.58 19.15

Cladocerans 55.56 6.52 4.07 11.61

Plant seeds 3.70 0.04 0.02 0.72

Higher plants 5.56 ND 0.35 1.15

Fish scales 1.85 0.04 0.03 0.37

Araneae 0.00 0.00 0.00 0.00

Insect eggs 0.00 0.00 0.00 0.00

3Unidentified insects 9.26 1.49 2.09



TABLE 7. CONTINUED

'Mostly diatoms 2Mostly Planorbulla rarely Physavlostly terrestrial forms

Item ingested
% frequency
of occurrence

Mean number
per intestine

Mean percent
volume RI

TERRESTRIAL INSECTS

Collembola 1.85 0.04 0.33 0.42

Thysanopteran adults 0.00 0.00 0.00 0.00

Hemipteran adults 0.00 0.00 0.00 0.00

Coleopteran adults 0.00 0.00 0.00 0.00

Hymenopteran adults 0.00 0.00 0.00 0.00

Dipteran adults 1.85 0.02 0.15 0.39

AQUATIC INSECTS

Chironomid larvae 70.37 5.15 10.94 15.83

Chironomid pupae 1.85 0.02 0.22 0.40

Odonate larvae 5.56 0.07 0.77 1.23

Elmid larvae 9.26 0.11 0.84 1.97

Coleopteran adults 0.00 0.00 0.00 0.00

INORGANIC DEBRIS 90.74 ND 25.37

Total 100.02
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only 16.5%, 12%, and 4.5% in spring, summer, and autumn, respectively.

Large amounts of inorganic debris were found in intestines throughout

the year. This was probably ingested accidently while the fish were

feeding on bottom organisms. Many important foods in Borax Lake, such

as insect larvae, gastropods, diatoms, and probably many small

invertebrates, are benthic. Observations in Borax Lake and in aquaria

show that Borax Lake chubs feed primarily by rooting around in bottom

material and picking up food items. However, if benthic foods are

scarce, or if other foods are abundant, Borax Lake chubs will readily

feed on materials drifting through the water column or on the surface.

Thus, during the summer some Borax Lake chubs readily switched to

ingestion of terrestrial invertebrates. This resulted in the lowest

mean percent volume of inorganic debris ingested for any season. The

shoreline of Borax Lake provides habitat for many terrestrial

invertebrates that can enter Borax Lake. Terrestrial invertebrates

are scarce during winter, reducing the likelihood of them being a

primary food source at this time.

Borax Lake chubs are often highly exploitive omnivores, feeding

almost entirely on one food source. For example, examination of

intestines of fish collected during May 1978 disclosed the following

(Percent volumes of the food are given in parenthesis): one

individual contained 32 gastropods (84% volume), a second fish

contained 14 adult dipterans (98% volume), a third contained 775

copepods (79% volume), a fourth contained 340 first instar chironomid

larvae (69% volume), and a fifth contained 485 insect eggs (64%

volume)! Although the preceding is somewhat unusual many fish were



found with one food dominating their intestinal contents.

Foods Consumed by Different Size Classes of Borax Lake Chubs

To study the effect of fish size and age on foods consumed, I

compared intestinal contents of juvenile and adult Borax Lake chubs.

Overall food habits of juveniles and adults were similar. Both

consumed large amounts of terrestrial insects in spring, summer and

autumn, and algae (mostly diatoms) and microcrustaceans in winter

(Fig. 6). Aquatic insects, primarily chironomid larvae were important

to juveniles and adults throughout the year. Despite the overall

similarity of food habits between juveniles and adults, some

differences were noted. Elmid (Coleoptera) larvae were consumed

almost exclusively by adults. Elmid larvae were found in intestines of

15 adults but in only one juvenile. More terrestrial insects were

consumed by juveniles than adults except during winter when terrestrial

insects were relatively unimportant to both groups. The relatively

large size of many terrestrial insects, such as the commonly consumed

muscoid fly adults, did not deter their ingestion by juvenile Borax

Lake chubs. Adults consumed more gastropods than did juveniles during

all seasons. Intestines of adults averaged 8.5% mean volume of

gastropods during the year, whereas intestines of juveniles averaged

2.37.. Adults also consumed more diatoms than did juveniles. Increased

relative consumption of diatoms by adults was primarily evident in

summer and autumn when adults consumed 9.3% and 6.9% mean volume of

diatoms respectively; however, juveniles consumed 0.1% and 1.3% mean

volume respectively. The small volume of gastropods and diatoms

ingested by juveniles was compensated for by ingestion of large numbers

47
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Figure 6. Comparison of food habits between 128 juvenile and 132 adult

Borax Lake chubs. Mean percent volume of food items are

given in circle.



aquaticaquatic

insect 24.7 other insect

algae

debris

SPRING

gastropod

ostracod debris

terrestrial
insect

terrestrial insect

JUVEN I L ES ADULTS



1.8
ostracod

gastropod 2.5

copepod

0.1 algae

debris

other

aquatic terrestrial
insect insect

SUMMER

copepod

ostracod

aquatic
insect

gastropod algae

terrestrial insect

JUVENILES ADULTS

debris

other



1.3 algae
copepod

aquatic
aquatic

insect
insect

I debris

terrestrial insect

terrestrial
insect0.3

other

AUTUMN

copepod

ostracod 0.2
gastropod

algae

0.9 other

JUVENILES ADULTS

debris



ostracod

copepod

aquatic insect

0.9 gastropod

other

1.0 terrestrial insect

algae

debris

WINTER

ostracod

copepod

aquatic
insect

gastropod

debris

other

2.5 terrestrial

algae

insect

JUVENILES ADULTS



53

of copepods. Intestines of juveniles averaged 13.4%-mean volume of

copepods during the year, whereas adults averaged 4.2% mean volume of

copepods.

Diel Feeding Chronology of Borax Lake Chubs

Feeding chronology and daily ration were determined by the

relative weight of material ingested by Borax Lake chubs collected

during a 24-hr period in June 1979 (Fig. 7). The average weight of

fish was 1.21 g. Borax Lake chubs fed throughout the day with peak

feeding activity shortly after sunset. Minimal feeding activity

occurred after sunrise. An increase in feeding activity after sunset

has been observed in Gila bicolor (Snyder 1917). The average weight of

ingested material in intestines, as determined from 1800-1500 hrs, was

2.32% of body weight. This average weight of ingested material (T) was

used to determine the daily ration (RT) as follows:

R = 24Ta = 24(2.32)(0.2) = 11.14

By the above method I calculated that Borax Lake chubs ingested 11.14%

of their body weight daily. This estimate is larger than most reported

by researchers for other species. Brett (1979) summarized investigations

made by various researchers who calculated daily rations that were

typically 2-5% of body weight. Several studies have noted increased

relative ration with increased temperature (e.g. Brett et al. 1969,

Kinne 1960, Stauffer 1973) and with smaller fish size (e.g. Brett 1971,

Brett and Shelbourn 1975, Elliott 1975). Brett (1979) reported that

temperature and fish size were of greatest importance in determining

ration size. The dwarf size of Borax Lake chubs and their habitation

in thermal spring waters contributed to the large daily ration found in
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WEIGHT OF CONTENTS AS PERCENT FISH WEIGHT

Figure 7. Feeding chronology of 72 Borax Lake chubs on 5-6 June 1979.
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this form. However, the presence of undigestible items; such as insect

exoskeletons, gastropod shells, and inorganic debris; in the intestines

of Borax Lake chubs may have contributed to the large daily ration. The

presence of large amounts of undigestible material increases S because

the fish must ingest a larger volume of material in order to attain

enough foods. Many researchers determine daily ration using prepared

foods that are perhaps more nutritious than material ingested by Borax

Lake chubs.

Food Habits of Gila from Thousand Creek and Serrano Pond

Ten categories of food items were found in intestines of Gila

collected from Thousand Creek, Nevada in June 1978 (Table 8). Of the

ten foods, chironomid larvae, cladocerans, copepods, and ostracods were

of greatest importance. Chironomid larvae occurred in all intestines

examined and accounted for approximately 26% mean volume of intestines.

Microcrustaceans comprised almost 45% mean volume of intestines.

Diatoms accounted for 5% mean volume of intestines. No terrestrial

insects were found in Gila from Thousand Creek.

Eleven categories of food items were found in intestines of Gila

collected from Serrano Pond, Oregon in August 1977 (Table 9). Of the

11, chironomid larvae, diatoms, cladocerans, and ostracods were of

greatest importance. Chironomid larvae occurred in over three-quarters

of the intestines examined and accounted for approximately 50% mean

volume of all intestines. Diatoms occurred in one-half of the

intestines and accounted for almost 23% mean volume of all intestines.

Microcrustaceans comprised approximately 17% mean volume of intestines.

No intestines examined contained terrestrial insects. Gila from



TABLE 8. CONTENTS OF 21 INTESTINES OF GILA FROM THOUSAND CREEK, NEVADA COLLECTED 13 JUNE 1978.

ND = NO DATA.

Item ingested % frequency
of occurrence

Mean number
per intestine

Mean percent
volume RI

Diatoms 36.36 ND 5.00 7.91

Gastropods 9.09 0.09 0.36 1.81

Harpacticoid copepods 81.82 6.82 6.82 16.94

Ostracods 72.73 15.82 13.73 16.53

Cladocerans 90.91 27.73 24.23 22.01

Plant seeds 27.27 0.27 0.45 5.30

Araneae 9.09 0.09 0.55 1.84

AQUATIC INSECTS

Chironomid larvae 100.00 16.73 25.78 24.04

Chironomid pupae 9.09 0.09 0.09 1.75

Coleopteran adults 9.09 0.09 0.68 1.87

INORGANIC DEBRIS 100.00 ND 20.95

Total 98.64



TABLE 9. CONTENTS OF 20 INTESTINES OF GILA FROM SERRANO POND, OREGON COLLECTED 6 AUGUST 1977.

ND = NO DATA.

Item ingested

% frequency
of occurrence

Mean number
per intestine

Mean percent
volume RI

Diatoms 50.00 ND 22.94 - 18.16

Harpacticoid copepods 33.33 1.67 0.36 8.39

Ostracods 38.89 5.94 1.70 10.11

Cladocerans 55.56 253.28 15.34 17.65

Araneae 5.56 0.06 0.22 1.44

Insect eggs 5.56 0.06 0.05 1.40

Unidentified insects 5.56 ND 0.05 1.40

AQUATIC INSECTS

Chironomid larvae 77.78 20.33 50.41 31.92

Chironomid pupae 22.22 0.33 2.96 6.27

Odonate larvae 5.56 0.06 0.67 1.55

Ephemeropteran larvae 5.56 0.06 1.33 1.72

INORGANIC DEBRIS 55.56 ND 3.96

Total 99.99
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Serrano Pond were highly opportunistic feeders. Eighty-nine percent of

the fish from Serrano Pond with food in their intestines contained one

type that accounted for more than 50% of their intestinal volume.

Thirty-nine percent of fish contained one food that comprised 90% or

more of intestinal volume. This exploitive feeding was focused on

chironomid larvae, cladocerans, or diatoms. One intestine was

exclusively filled with 2570 cladocerans. Such exploitive feeding was

not noted in Gila from Thousand Creek.

A comparison of foods of Gila collected during June from Thousand

Creek and during August from Serrano Pond with foods of Borax Lake chubs

collected during the summer shows several differences. Terrestrial

insects were important foods for Borax Lake chubs during the summer but

were absent from intestines of Gila from Thousand Creek and Serrano

Pond. Borax Lake chubs also consumed larger quantities of other

terrestrial foods, such as spiders and insect eggs, than did chubs from

Thousand Creek and Serrano Pond. Intestines of Gila from Thousand Creek,

and to a lesser extent those from Serrano Pond, contained much larger

amounts of microcrustacea than did intestines of Borax Lake chubs during

the summer. Diatoms were a major food of fish in Serrano Pond during

the summer, but not of fish in Thousand Creek or in Borax Lake. Gila

from Borax Lake consumed a greater variety of foods than either the

Thousand Creek or Serrano Pond population. This is due to the greater

opportunism, including the use of terrestrial foods, exhibited by Borax

Lake chubs. A larger sample size may also contribute to the greater

diversity of foods utilized by Borax Lake chubs.
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A Note on Food Habits of Gila from West Spring

Gila collected during August from West Spring fed exclusively or

almost exclusively on a tiny hydrobiid snail. These snails are

approximately 2 mm long and are very abundant in West Spring. Personal

communication (from Jerry Landye) indicates that these are an undescribed

species of snail endemic to West Spring.



DISCUSSION OF FEEDING ECOLOGY

Although no life history information has previously been known for

fishes of the genus Gila inhabiting the Alvord Basin, several researchers

have examined food habits of G. bicolor, a closely related species, and

concluded that they are primarily opportunistic omnivores (Bird 1975,

Cooper 1978, La Rivers 1962). However, differences in food habits

between the coarse gill raker form, G. b. obesa, and the form with

numerous, fine gill rakers, G. b. pectinifer, have been noted. In

describing habits of the form with coarse gill rakers from Lake Tahoe,

Miller (1951) found them to be primarily benthic feeders with a diet

composed of 89% bottom organisms. Snyder (1917) noted that the form with

coarse gill rakers collected from the littoral zone of Lake Tahoe fed on

algae, other plant material and insects. Gila b. pectinifer from Lake

Tahoe, with its numerous gill rakers, fed almost exclusively on mid-water

microcrustacea (Miller 1951). La Rivers (1962) also reported that G. b.

pectinifer contained many mid-water foods in their intestines, primarily

consuming diatoms and microcrustaceans. Cooper (1978) reported that the

form with numerous gill rakers (although he referred it to G. b. obesa)

in Walker Lake, Nevada fed mostly on zooplankton and-filamentous algae.

A population complex of G. bicolor in Eagle Lake, California that

included forms with both coarse and fine gill rakers fed on a variety of

foods including zooplankton, plant material, insect larvae and surface

insects (Kimsey 1954). There appears to be a definite correlation

between gill raker morphology and food habits, those with coarse gill

rakers ingesting more benthic food organisms and those with fine gill

rakers ingesting more zooplankton. Gila from Borax Lake average 15.9
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gill rakers, those from Virgin Creek average 17.2, and other Alvord

Basin populations average 19.0 to 20.8. All Alvord Basin populations

are in closest agreement with the gill raker morphology of the G.

bicolor obesa form. Although the Borax Lake chubs feed on benthic

organisms, large mounts of microcrustaceans and terrestrial insects

are ingested seasonally.

The ingestion of terrestrial insects by Gila is not common.

However, several researchers have found that terrestrial insects

comprised a small part of the diet of Gila (Cross 1978, Kimsey 1954,

Moyle 1976, Sigler and Miller 1963). Terrestrial insects were the

primary foods of G. robusta and G. elegans longer than 200 mm standard

length collected from the Green River (Vanicek and Kramer 1969).

Smaller G. robusta and G. elegans contained predominantly aquatic

insect larvae. Juvenile and adult Borax Lake chubs consumed large

quantities of terrestrial insects. Several researchers (Kimsey 1954,

Miller 1951) have noted that as Gila grow, they switch to larger food

items; however, at least one study (Graham 1961) found foods of

different size classes of Gila to be nearly identical. I found foods

of juvenile and adult Borax Lake chubs to be very similar, except that

adults exhibited a greater consumption of gastropods and diatoms, and

juveniles consumed more copepods and terrestrial insects. The hard

shells and to a lesser extent the relatively large size of gastropods

probably contributed to juveniles avoiding them as a food source.

Larger Gila ingest more algae than do smaller fish in studies by Moyle

(1976) and Vanicek and Kramer (1969). Age II Gila coerulea feed

predominantly on filamentous algae; whereas algae was entirely or
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practically absent from age I fish (Moyle 1976). Large adult Gila from

the Green River consumed more algae than did smaller fish (Vanicek and

Kramer 1969). Juvenile Borax Lake chubs consumed more terrestrial

insects than did the adults except in winter when small amounts of

terrestrial insects were ingested by both groups. The reason for

juveniles consuming large volumes of terrestrial insects is unknown;

apparently the relatively large size of this food is not a deterrent.

Both juvenile and adult Borax Lake chubs increased consumption

of diatoms and microcrustaceans in winter. This probably indicates a

scarcity of foods during the winter, as is reflected by finding 24%

fewer categories of foods in intestines during winter than in summer.

A factor contributing to the winter scarcity of foods is a decrease

in the availability of terrestrial foods, causing concentrated feeding

on remaining food items. For example, the Devil's Hole pupfish,

Cyprinodon diabolis, which inhabits a small thermal spring, dramatically

increases ingestion of diatoms during winter due to a scarcity of

preferred foods (Minckley and Deacon 1975). Although the amount of

nutrition derived from consuming diatoms is unknown, I suspect that the

large consumption of diatoms at certain times of the year by Borax Lake

chubs would indicate that some nutritive value is gained. Arnold (1971)

found that species of Cyprinodon derived oil droplets from ingested

diatoms thus extracting nutritive value. A similar mechanism could

operate in Borax Lake chubs.

Examination of summer foods of Gila from Thousand Creek and

Serrano Pond showed differences from the summer foods of Gila from
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Borax Lake. During summer Borax Lake chubs relied heavily on

terrestrial foods, whereas Gila from Thousand Creek and Serrano

Pond consumed practically no terrestrial foods. Forty-three percent of

food items consumed by Borax Lake chubs during the summer were of

terrestrial origin. In surveys of potential foods in Borax Lake,

conducted at various times of the year, I found that most available

foods were utilized by the chubs except for some adult hemipteran and

coleopteran insects that were probably too large to be ingested. Also,

many hemipterans possess scent glands that render them unpalatable to

predators.

Swimming behavior and a fish's position in the water column may

influence selection of foods. In aquaria, Borax Lake chubs swim

throughout the water column. Such behavior would render foods on or

near the surface, such as terrestrial insects, readily available.

On the other hand, chubs from Trout Creek only swim near the bottom

of aquaria. Such differences in swimming behavior may be related to

adaptation for calm versus fast-flowing water conditions. Fish

inhabiting fast-flowing streams, such as the middle and upper reaches

of Trout Creek or even the lower reaches during periods of high

runoff, are subjected to less stress from water current and

turbulence when near the bottom.



MATERIALS AND METHODS - TAXONOMY AND SYSTEMATICS

Taxonomic analyses were conducted on fishes of the genus Gila

collected from the following eight localities: Borax Lake (T37S, R33E,

Sec 14; Harney County, Oregon), Trout Creek (various locations in T39S,

R36E; Harney County, Oregon), Serrano Pond (r36S, R33E, Sec 1; Harney

County, Oregon), Red Point School (part of Pueblo Slough, T40S, R35E,

Sec 14; Harney County, Oregon), West Spring (T44N, R27E, Sec 20;

Humboldt County, Nevada), Bog Hot Reservoir (T46N, R28E, Sec 17;

Humboldt County, Nevada), Thousand Creek (various locations, Humboldt

County, Nevada), and Virgin Creek (T45N, R25E; Humboldt County, Nevada).

Fish collections utilized in taxonomic analyses are deposited at Oregon

State University (OS), The University of Michigan Museum of Zoology

(UMMZ), and Tulane University (rU), and consist of--Borax Lake:

UMMZ 203329 (1 specimen), UMMZ 203330 (114), OS 4137 (12), OS 4138 (182),

TU 116232 (8); Trout Creek: OS 2778 (62), OS 5511 (4), OS 6311 (10);

Serrano Pond: OS 6255 (59); Red Point School: OS 6361 (55); West

Spring: OS 6899 (33); Bog Hot Reservoir: OS 6900 (23); Thousand

Creek: OS 6912 (10), OS 6916 (7), OS 6917 (11), OS 6918 (9), OS 6919

(8); and Virgin Creek: OS 3850 (61).

Forty-two taxonomic characters were examined (Table 10). Methods

of counts and measurements follow those of Hubbs and Lagler (1958).

Counting scales of these fishes is difficult because the scales are

reduced in size, deeply embedded, often irregularly positioned, and

covered with a thick epidermis. Therefore, dyes and various methods of

drying and magnification were employed to enumerate scales. Vertebrae
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TABLE 10. TAXONOMIC CHARACTERS EXAMINED IN POPULATIONS OF GILA

INHABITING THE ALVORD BASIN.

Standard length

Predorsal length

Body depth

Body width

Anal to caudal length

Depressed dorsal fin length

Depressed anal fin length

Left pectoral fin length

Left Pelvic fin length

Head length

Head depth

Head width

Orbit length

Snout length

Snout to nostril length

Least bony interorbital width

Length of upper jaw

Caudal peduncle depth

Number of gill rakers

Length of gill rakers

Number of dorsal fin rays

Number of anal fin rays

Number of caudal fin rays

Number of left pectoral fin rays

Number of left pelvic fin rays

Number of lateral-line pores

Number of supratemporal canal pores

Number of supraorbital canal pores

Number of infraorbital canal pores

Number of preoperculomandibular canal
pores

Number of caudal peduncle circumference
scales

Position of scale radii

Number of precaudal vertebrae

Number of caudal vertebrae

Number of total vertebrae

Intestine length

Peritoneum color

Number of pharyngeal teeth

Shape of pharyngeal arch and teeth

Shape of selected skull bones

Shape and position of tubercles

Exterior body color
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were counted from radiographs following the methods of Hubbs et al.

(1974), counting the Weberian apparatus as four vertebrae and the

hypural plate as one. The first caudal vertebrae was difficult to

identify in some specimens due to the slow gradation of pleural ribs

to haemal canal. Measurements were made to the nearest 0.1 mm with

dial calipers. Mensurable characters are reported in thousandths of

standard length (SL), except for intestine length which is reported in

percent of standard length. Intestine length was determined by

removing the gut from its juncture with the esophagus to the anus,

straightening the intestine, and then measuring its length. Selected

mensurable characters are graphically portrayed by Hubbs and Hubbs

(1953) plots. In these figures, the basal line indicates the range and

the rectangle represents 0.675 standard deviations on either side of

the mean (vertical line). An analysis of variance was employed on

some mensurable characteristics to test whether all population means

were equal. If this hypothesis was rejected, the Newman-Keuls Multiple

Range Test with unequal means was utilized to determine which

populations were separable (Zar 1974). All tests were conducted at a

0.01 level of significance. Countable characters are presented in

frequency tables.

In order to evaluate sexual dimorphism, measurements are

reported separately for males and females. Sex identifications were

easily made for most specimens by examining tuberculation and the shape

and size of fins. However, dissection of the gonads was performed on

some specimens to identify sex or to confirm earlier identifications.

Pore counts and canal terminology of the cephalic sensory
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system follow those of Illick (1956), except that pore counts were

taken only from the left side of the head and pores at the junction of

the supratemporal and infraorbital canals are included only with the

supratemporal canal pore count. No pores occurred at junctions of

other canals. Enumeration and location of pores was determined after

specimens were dried with the aid of a fine jet of air. Exterior body

colors were recorded from live individuals as they were collected from

their habitat. Selected bones of the skull were examined from cleared

and stained specimens prepared following an enzyme technique similar to

that of Taylor (1967). Terminology of skull osteology follows that of

Uyeno (1961). Specimens of Gila bicolor (OS 4521) from Home Creek,

Catlow Basin, Oregon were utilized for comparative osteology.

Allometry was studied in specimens from Thousand Creek that

ranged in size from 26.4 to 104.9 mm standard length. Standardized

measurements were plotted on the ordinate against standard length

plotted on the abscissa to determine if a characteristic was larger or

smaller for fish of different lengths. Data points deviating from a

horizontal line therefore indicate allometry. In order to reduce the

effects of allometry in comparing populations of Alvord Basin Gila,

only fish longer than 40.0 mm standard length were utilized.



RESULTS - TAXONOMY AND SYSTEMATICS

Allometry

Taxonomic analyses based on morphometric characters should

consider the possible effects of allometric growth on these characters.

Gila collected from Thousand Creek, Nevada in 1978 and 1979 provided an

excellent opportunity to assess allometry due to the relatively large

size range of specimens present in samples. Chubs 26.4 to 104.9 mm

standard length were analyzed for allometry in the following

morphometric characters: orbit length, least bony interorbital width,

body depth, anal to caudal length, snout length, caudal peduncle depth,

predorsal length, head length, head depth, and head width. Fin lengths

were not analyzed due to the obvious sexual dimorphism of these

characters and the desire to have a larger number of data points in

each graph, which necessitated grouping sexes together.

Strong allometry was exhibited in orbit length. Standardized

orbit length correlated highly with standard length (r = -0.93), as

relative orbit length decreased ontogenetically (slope of line = -0.53,

Fig. 8). Individuals 26 to 30 mm standard length possessed an

orbit of almost twice the relative length than those of individuals

near 100 mm standard length. Bills (1977) also noted negative orbit

length allometry in populations of Gila bicolor of southern Oregon.

Allometry was found in lesser degrees in other mensurable

characters. Least bony interorbital width exhibited some allometry,

as this character increased somewhat with increasing length of fish

(slope of line = 0.26, Fig. 9). However, if the data points of the
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Figure 8. Orbit length allometry in Gila, 26.4 to 104.9 mm standard
length, from Thousand Creek, Nevada.
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Figure 9. Least bony interorbital width allometry in Gila, 26.4 to
104.9 mm standard length, from Thousand Creek, Nevada.
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shortest and longest fish are excluded from calculations, the slope

of the line in Figure nine would change from 0.26 to 0.18.

Apparently, least bony interorbital width allometry is stronger in

specimens near the extremes of the size range examined. Relative

body depth appears to increase with increasing fish length (slope

of line = 0.41, Fig. 10). However, I suspect body depth allometry

is in part an attribute of ripe females with their greater length

and deeper bodies. Relative anal to caudal length decreases slightly

with increasing fish length (slope of line = -0.28, Fig. 11).

However, the data points are scattered about a large area making

conclusions tenuous.

The remaining mensurable characters; snout length caudal

peduncle depth, predorsal length, head length, head depth, and head

width, showed very little or no allometry over the range of fish

lengths examined as determined by the small absolute values of the

slopes of the plotted lines (i.e. < 0.20 in Figs. 12-17). However,

caudal peduncle depth appears to be positively correlated with

standard length in the smaller specimens, 20 to 60 mm standard length,

examined (Fig. 13).

Fin lengths were not examined for allometry in this study;

however, Gila bicolor approximately 52 to 200 mm standard length

from Warner Basin and XL Spring in Oregon exhibited some dorsal fin

height allometry (Bills 1977). Bills could find no fin length

allometry in other southern Oregon populations of Gila bicolor that

were of a smaller size range.

Although no studies of allometry were performed on other



Figure 10. Body depth allometry in Gila, 26.4 to 104.9 mm standard
length, from Thousand Creek, Nevada.
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Figure 11. Anal to caudal length allometry in Gila, 26.4 to 104.9

mm standard length, from Thousand Creek, Nevada.
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Figure 12. Snout length allometry in Gila, 26.4 to 104.9 mm

standard length, from Thousand Creek, Nevada.
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Figure 13. Caudal peduncle depth allometry in Gila, 26.4 to 104.9

mm standard length, from Thousand Creek, Nevada.
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Figure 14. Predorsal length allometry in Gila, 26.4 to 104.9 mm
standard length, from Thousand Creek, Nevada.
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Figure 15. Head length allometry in Gila, 26.4 to 104.9 mm standard

length, from Thousand Creek, Nevada.
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Figure 16. Head depth allometry in Gila, 26.4 to 104.9 mm standard
length, from Thousand Creek, Nevada.
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Figure 17. Head width allometry in Gila, 26.4 to 104.9 mm standard

length, from Thousand Creek, Nevada.
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taxonomic characters, some generalizations concerning allometry

within the eight populations studied can be made. No allometry

was found in intestine length, although the size range of chubs

examined for this character was small, 44 to 72 mm standard length.

Bills (1977) noted a slight increase in relative intestine length

in Gila bicolor from 60 to 110 mm standard length. Klust (1939

in Odum 1970) found the length of the intestine of carp, Cyprinus

carpio, to increase with increased body length. Odum (1970) suggests

that the ratio of intestine length to body length is nearly constant

throughout life for carnivorous fishes (i.e. those with an intestine

length to body length ratio near unity), but varies somewhat for

omnivores and herbivores (i.e. those with an intestine approximately

two or more times longer than their body).

No allometry was evident in the development of the cephalic

lateral-line system in Gila from the Alvord Basin 47 to 61 mm

standard length (see Table 25). Some allometry was evident in the

development of the lateral line along the sides of the body. This

was notable in fish from Red Point School, Oregon with some specimens

approximately 60 mm standard length possessing about one-third more

lateral-line pores than specimens near 50 mm standard length. This

trend was not noticeable in other populations.

Gill raker numbers are known to increase ontogenetically for

some groups of fishes (e.g. Catostomidae, Dunham et al. 1979).

However, no change in gill raker number with fish length was noted

in Gila from the Alvord Basin although care was needed to expose
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slight rudiments of gill rakers on the smaller specimens, 40 to 50

mm standard length. Hubbs et al. (1974) found that cyprinids as

short as 30 mm contained a complete numerical compliment of gill

rakers.

Morphometrics
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Eighteen measurements are reported for populations of Gila

inhabiting the Alvord Basin (Tables 11-18). Measurements for sexes

are reported separately.

Gila from the Alvord Basin range from small to moderate in

size. The Gila from Borax Lake are dwarf. Adults are typically

33 to 50 mm standard length. Males as small as 28.6 mm standard

length are highly tuberculate and females as small as 31.8 mm

standard length contain mature ova. Largest specimens of Gila

inhabiting the Alvord Basin are from streams, particularly Trout

and Thousand creeks where individuals longer than 100 mm standard

length occur. Typical adult size of Trout Creek specimens is 50

to 70 mm standard length for males and 50 to 100 mm standard length

for females.

Significant differences were found in predorsal length of

males and females in populations examined. Analysis of variance

caused rejection of the hypothesis that average male predorsal

length was equal in populations examined (calculated F = 5.06 >

001 = 2.89). Multiple range tests verified that predorsal

length in males from Red Point School (11T. = 541.5) was significantly

different from predorsal length in males from Borax Lake = 562.9)
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and West Spring ( = 560.3). The hypothesis that average female

predorsal length was equal in populations examined was also rejected

(calculated F = 11.27 > F0
01

= 2.77). Predorsal length of Borax

Lake females ( = 571.8) was significantly different from predorsal

length in females from Red Point School ( = 556.7) and Trout Creek

a = 558.6). Females from Thousand Creek also exhibited significantly

different predorsal length ( = 570.0) from females of Red Point

School and Trout Creek. Similarly, predorsal length in females

from Serrano Pond ( = 568.4) was significantly different from this

character in Red Point School and Trout Creek populations. Predorsal

length was greatest in the Borax Lake population and smallest in

the Red Point School population for both sexes.

Because of the wide range of collection dates and correspondingly

wide range of ripeness in specimens examined, body depth and body

width could not be used with certainty to distinguish among

populations. Empirically, little difference was noted in body

depth and body width among populations.

In males, analysis of variance verified that significant

differences existed among average anal to caudal length in populations

examined (calculated F = 7'33
F0.01 =

2.89). Anal to caudal

length of males was smallest in the Borax Lake population ( = 319.1),

which differed significantly from anal to caudal length in males

from Bog Hot Reservoir ( = 342.3), Red Point School ( = 331.6)

and Serrano Pond ( = 331.3). Anal to caudal length was greatest

in males from Bog Hot Reservoir, which differed significantly from

males in Borax Lake, Virgin Creek ( = 321.1), West Spring a =



325.9), and Trout Creek (X 329.0). In females, there were no

significant differences in anal to caudal length in populations

examined (calculated F = 1.83 < F0.01 = 2.77).

No discernable patterns could be detected in fin lengths

except that fins of males are consistently longer than fins of

females, as noted in the Sexual Dimorphism section. Dorsal fins of

males and females were longest in specimens from Red Point School

and smallest in males of Trout Creek and females of Borax Lake.

Anal fins were longest in males of Bog Hot Reservoir and females

of West Spring. In males, specimens from Trout Creek possessed the

shortest anal fins. In females, the shortest anal fins were noted

in specimens from Serrano Pond. Pectoral fin length of males and

females was longest in Borax Lake specimens and shortest in Bog Hot

Reservoir specimens. Pelvic fin length was longest in males from

Bog Hot Reservoir and in females from Virgin Creek. Shortest pelvic

fins were present in males from Serrano Pond and females from Borax

Lake. No correlation was evident between habitat type and fin

length.

Significant differences existed among populations in head

length of males (calculated F = 21.58F001 = 2.89). Head length
.

of males from Borax Lake is much greater than for other populations

(Fig. 18). For this character, the Borax Lake population is

significantly different from all other populations examined.

Differences also existed among populations in head length of females-

as verified by analysis of variance (calculated F = 69.77 > F0.01

2.77). Head length in females from Borax Lake was significantly
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greater than for females in other populations examined (Fig. 18).

Significant differences existed among populations for head depth

of males (calculated F15'57 > F001 = 2.89). Head depth was greatest
= .

in males from Borax Lake CZ = 195.3), and differed significantly from

all other populations examined. Significant differences were also

noted in head depth of males from Trout Creek, which possessed the

shallowest head CZ = 176.3), when compared to males from West Spring

CZ = 187.7), Virgin Creek CZ = 187.3), Thousand Creek CZ = 185.4), and

Red Point School CZ = 183.3). Males from West Spring also differed

significantly in head depth from males in Serrano Pond CZ = 180.3). A

significant difference was also noted between head depth in males from

Virgin Creek and Serrano Pond. Analysis of variance also verified

significant differences existed for head depth in females (calculated

F = 18.54 > F0
01

= 2.77). Head depth was greatest in females from

Borax Lake CZ = 194.3). Females in the Borax Lake population differed

significantly in head depth from females in all other populations.

Additional significant differences were found among head depth of

females from Virgin Creek CZ 188.8) and females from Bog Hot Reservoir

CZ = 176.3), Trout Creek (7 = 177.3), Serrano Pond CZ = 180.1), and

Red Point School (Z = 180.1).

Analysis of variance verified that among populations examined

significant differences existed for head width in males (calculated

= 2.89). Males from Red Point School possessed theF = 6.22 > F0.01

widest head (Z. = 170.4) which differed significantly from head width in

males from Bog Hot Reservoir CZ = 157.2), Trout Creek CZ = 157.4), and

Serrano Pond CZ = 160.5). Significant differences also existed for head
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Figure 18. Comparison of head length in populations of Gila inhabiting
the Alvord Basin. Measurements for sexes are portrayed
separately.
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width in females (calculated F = 12.99 > F001 = 2.77). Head width was

greatest in females from Borax Lake (if = 180.0) which differed

significantly from head width in females from Trout Creek (5f= 158.8),

Serrano Pond (T = 164.2), Bog Hot Reservoir (R. = 164.5), West Spring

(7 = 165.5), Virgin Creek (T = 165.7), and Thousand Creek (1,Z = 168.0).

A significant difference was also noted between head width in females

from Red Point School (T = 173.6) and Trout Creek.

Chubs from Borax Lake are easily distinguished from chubs of all

other populations in the Alvord Basin on the basis of head proportions.

The large head of these fish is notable in their possession of the

longest head in males and females examined, the deepest head in males

and females examined, the second widest head in males, and the widest

head in females.

Considerable variation was noted among populations in orbit

length. Orbit length was greatest in specimens from Borax Lake (males

65.6, females 7 64.1), and smallest in specimens from Thousand

Creek (males = 52.9, females X = 47.0). In general, there seemed to

be a trend for larger orbits in spring populations such as Borax Lake

and West Spring and smaller orbits in stream populations such as Trout

and Thousand creeks (Fig. 19). Some of these differences may be due to

allometry, as smaller individuals, which are often associated with

spring habitats, possess a relatively larger orbit.

Differences in snout length existed among populations for males

and females (Fig. 20). Particularly, the snout length of Borax Lake

specimens was greater than that reported for other populations.

Analysis of variance verified that differences in snout to
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Figure 19. Comparison of orbit length in populations of Gila inhabiting
the Alvord Basin. Measurements for sexes are portrayed
separately.
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Figure 20. Comparison of snout length in populations of Gila inhabiting
the Alvord Basin. Measurements for sexes are portrayed
separately.
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nostril length of males existed among populations calculated F = 17.25

> F0 = 2.89). Snout to nostril length of males from Borax Lake was
.01

greater than for other populations (Fig. 21). Significant differences in

snout to nostril length of males was noted between the Borax Lake

population (7 = 55.9) and the Serrano Pond (5T = 44.0) and Red Point

School (I = 44.3) populations. Significant differences in snout to

nostril length of females also existed (calculated F = 23.00 > F0.01

2.77). Females from Borax Lake possessed the greatest snout to nostril

length (Fig. 21). Significant differences in snout to nostril length

existed between Borax Lake females (7 = 58.5) and females in all other

populations. Significant differences were also noted between females of

Red Point School (5T = 44.8) and females of Thousand Creek (51- = 51.5) and

Trout Creek (R- = 50.6).

In males, analysis of variance verified that significant

differences among populations existed in least bony interorbital width

(calculated F = 21.43 > F001 = 2.89). Males from West Spring possessed

the greatest least bony interorbital width (7 = 83.1), which differed

significantly from males of all other populations. Significant

differences also existed between males of Serrano Pond (TC. = 67.5) and

males of Bog Hot Reservoir (7 = 76.8), Red Point School ($-E = 73.9), and

Virgin Creek (Z = 73.7). Least bony interorbital width also differed

significantly between males of Trout Creek (7 = 67.6) and males of

Bog Hot Reservoir, Red Point School, and Virgin Creek. Analysis of

variance also verified differences in this character among females

(calculated F = 25.21 > F001 = 2.77). Significant differences existed

between least bony interorbital width of females from West Spring,



Figure 21. Comparison of snout to nostril length in populations of
Gila inhabiting the Alvord Basin. Measurements for sexes
are portrayed separately.
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which possessed the largest value for this character (7)7 = 83.9), and

females from all other populations. Females from Serrano Pond (1- =

69.1) also differed significantly from females of Thousand Creek (1- =

77.5), Virgin Creek (T = 77.2), Bog Hot Reservoir (T = 74.9), and Red

Point School (Z = 74.8). Significant differences were also noted

between females of Borax Lake (r( = 70.1) and females of Thousand Creek,

Virgin Creek, Bog Hot Reservoir, and Red Point School. Females from

Trout Creek (X = 71.6) differed significantly from females of Thousand

and Virgin creeks.

Upper jaw length was measured only in specimens from Borax Lake

and Trout Creek. The length of the jaw was greater in Borax Lake

specimens (males T = 89.1, females X = 85.8) than in Trout Creek

specimens (males = 75.4, females X = 77.7).

Caudal peduncle depth of males exhibited significant differences

among populations (calculated F = 12.66 > F0.01 = 2.89). Males from

Borax Lake possessed thenarrowest caudal peduncle OT = 110.9) which

differed significantly from that reported for any other population (Fig.

22). Significant differences were also reported between males from

West Spring = 133.1) and males from Bog Hot Reservoir (Y, = 120.8),

Serrano Pond (7 = 123.2), and Virgin Creek (1.Z = 124.3). Analysis of

variance also verified differences among caudal peduncle depth of

females (calculated F = 28.99 > F001 = 2.77). Females from Borax Lake

possess the narrowest caudal peduncle (Fig. 22). Caudal peduncle depth

of Borax Lake females (7.= 107.5) differed significantly from females

of all populations except those from Bog Hot Reservoir. Similarly,

females from Bog Hot Reservoir possessed a caudal peduncle depth (T =



Figure 22. Comparison of caudal peduncle depth in populations of Gila
inhabiting the Alvord Basin. Measurements for sexes are

portrayed separately.
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TABLE 11. MORPHOLOGICAL MEASUREMENTS IN THOUSANDTHS OF STANDARD LENGTH
(SL) OF 8 MALE AND 28 FEMALE GILA FROM BORAX LAKE, OREGON.

Sex Range Mean
Standard
Deviation

6 41.1-50.6 44.03 3.14

9 41.7-90.4 49.27 9.30

a 551-574 562.9 7.18

9 549-600 571.8 11.76

a 217-263 244.4 15.33

9 214-331 243.4 22.13

a 134-178 162.6 15.15

9 144-197 162.0 12.46

a 309-333 319.1 7.40

9 289-333 311.8 12.91

a 219-262 234.9 15.72

9 174-213 190.8 9.90

a 192-221 207.9 10.37

9 156-182 170.3 6.94

a 195-233 221.6 12.57

9 162-197 183.5 9.41

a 144-192 160.1 16.16

9 109-140 124.9 7.74

a 284-319 303.8 11.56

9 280-357 319.3 14.00

Character

Standard length (mm)

Predorsal length

Body depth

Body width

Anal to caudal
length

Depressed dorsal
fin length

Depressed anal
fin length

Left pectoral
fin length

Left pelvic
fin length

Head length
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Character Sex Range Mean
Standard
Deviation

Head depth a 187-205 195.3 5.15

9 173-208 194.3 7.73

Head width a 158-188 170.1 9.49

9 159-201 180.0 11.17

Orbit length a 55-74 65.6 6.19

9 48-79 64.1 6.55

Snout length a 85-100 92.3 5.63

9 78-105 90.7 6.32

Snout to nostril
length

a 52-60 55.9 3.02

9 50-70 58.5 5.42

Least bony
interorbital width

a 64-74 71.0 3.56

9 61-83 70.1 4.44

Upper jaw length 6 78-100 89.1 7.78

9 73-104 85.8 5.81

Caudal peduncle
depth

a 102-121 110.9 6.58

9 92-122 107.5 6.61



110

TABLE 12. MORPHOLOGICAL MEASUREMENTS IN THOUSANDTHS OF STANDARD LENGTH
(SL) OF 10 MALE AND 21 FEMALE GILA FROM TROUT CREEK, OREGON.

Character Sex Range Mean
Standard
Deviation

Standard length (im) 47.4-82.0 55.18 11.18

9 49.5-119.5 68.61 24.56

Predorsal length a 539-577 555.8 11.87

9 506-581 558.6 16.25

Body depth 242-269 255.2 9.55

9 239-263 249.4 7.17

Body width a 128-175 154.2 13.29

140-191 163.1 14.93

Anal to caudal
length

a 309-345 329.0 11.66

9 298-331 316.8 8.76

Depressed dorsal
fin length

a 208-230 221.1 8.90

9 167-217 195.6 11.83

Depressed anal
fin length

a 188-212 200.8 8.57

155-186 170.9 7.52

Left pectoral
fin length

a 196-215 204.8 7.22

9 155-192 169.2 9.54

Left pelvic
fin length

a

9

151-168

117-151

159.0

132.6

5.83

7.92

Head length 252-280 264.9 10.44

9 261-287 273.0 7.37
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TABLE 12. CONTINUED

Character Sex Range Mean
Standard
Deviation

Head depth d 171-188 176.3 5.68

9 169-189 177.3 5.13

Head width a 141-172 157.4 11.39

9 140-175 158.8 9.30

Orbit length 44-58 53.3 4.50

9 37-59 48.7 5.75

Snout length d 66-79 71.4 4.20

68-86 74.2 5.49

Snout to nostril
length

a 43-59 48.9 4.48

9 42-61 50.5 5.95

Least bony
interorbital width

a 59-73 67.6 4.85

9 59-81 71.6 5.25

Upper jaw length 68-82 75.4 5.25

9 72-90 77.7 3.92

Caudal peduncle
depth

6 114-138 126.9 6.97

9 110-135 122.0 6.70
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TABLE 13. MORPHOLOGICAL MEASUREMENTS IN THOUSANDTHS OF STANDARD LENGTH
(SL) OF 13 MALE AND 17 FEMALE GILA FROM SERRANO POND, OREGON.

Sex Range Mean
Standard
Deviation

d 47.1-54.9 49.95 2.32

9 51.8-80.2 64.59 11.17

a 542-581 556.0 9.84

9 552-587 568.4 10.08

d 232-277 250.2 10.48

231-261 241.6 7.18

a 163-191 176.6 6.38

9 157-192 174.2 8.80

322-346 331.3 7.05

9 303-324 312.2 , 7.04

206-234 225.3 10.70

9 180-204 192.5 7.32

a 189-216 204.8 8.97

9 164-177 169.6 4.11

a 189-230 205.2 12.51

9 156-177 166.9 6.49

a 143-174 158.4 10.65

125-147 133.5 5.92

a 255-284 270.1 8.24

9 257-294 275.4 7.71

Character

Standard length (m)

Predorsal length

Body depth

Body width

Anal to caudal
length

Depressed dorsal
fin length

Depressed anal
fin length

Left pectoral
fin length

Left pelvic
fin length

Head length
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Character Sex Range Mean
Standard
Deviation

Head depth 173-186 180.3 4.33

9 172-186 180.1 4.40

Head width 149-176 160.5 5.99

9 150-180 164.2 9.23

Orbit length 53-62 58.8 2.58

9 43-62 52.9 5.88

Snout length 69-86 75.6 4.72

9 70-88 79.1 5.39

Snout to nostril
length

40-47 44.0 2.12

9 41-54 47.6 3.91

Least bony
interorbital width

a 61-72 67.5 3.36

9 63-75 69.1 4.09

Caudal peduncle
depth

116-139 123.2 6.02

9 111-126 116.3 4.07
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TABLE 14. MORPHOLOGICAL MEASUREMENTS IN THOUSANDTHS OF STANDARD LENGTH
(SL) OF 12 MALE AND 18 FEMALE GILA FROM RED POINT SCHOOL,
OREGON.

Sex Range Mean
Standard
Deviation

6 43.8-52.9 46.06 2.67

9 45.2-63.5 52.03 5.62

a 531-557 541.5 8.30

9 537-582 556.7 11.21

a 245-272 259.9 8.52

9 240-266 252.4 9.47

a 171-192 181.1 7.09

9 162-200 181.3 10.39

a 319-337 331.6 5.28

9 301-344 317.3 10.96

a 236-259 243.8 8.01

9 183-227 211.6 10.50

a 205-236 215.3 8.17

1 164-189 177.0 6.96

a 202-227 213.6 6.17

9 161-185 172.1 6.24

a 156-178 164.3 6.31

9 125-148 136.7 6.45

a 261-284 271.8 8.07

9 261-292 278.1 9.73

Character

Standard length (min)

Predorsal length

Body depth

Body width

Anal to caudal
length

Depressed dorsal
fin length

Depressed anal
fin length

Left pectoral
fin length

Left pelvic
fin length

Head length
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Character Sex Range Mean
Standard
Deviation

Head depth a 174-196 183.3 6.30

9 171-190 180.1 5.89

Head width a 161-187 170.4 6.53

9 163-183 173.6 5.46

Orbit length a 49-57 53.4 2.31

9 46-56 50.6 2.77

Snout length 73-89 77.8 4.18

75-88 79.7 3.09

Snout to nostril
length

a 39-52 44.3 4.01

9 41-48 44.8 2.18

Least bony
interorbital width

a 70-83 73.9 4.32

9 67-85 74.8 4.49

Caudal peduncle
depth

a 122-143 131.4 6.08

9 117-135 124.9 4.88
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TABLE 15. MORPHOLOGICAL MEASUREMENTS IN THOUSANDTHS OF STANDARD LENGTH
(SL) OF 15 MALE AND 15 FEMALE GILA FROM WEST SPRING, NEVADA.

Sex Range Mean
Standard
Deviation

d 41.3-52.8 47.00 2.79

9 45.9-62.8 52.68 4.96

d 545-580 560.3 11.27

9 543-578 565.5 10.12

245-274 257.7 10.00

231-266 250.2 9.56

155-188 172.0 8.78

9 155-188 170.9 10.04

d 308-343 325.9 7.72

9 289-325 307.9 11.01

d 214-262 238.7 12.62

9 180-224 206.4 11.55

d 188-245 215.5 14.10

9 158-191 180.1 8.22

d 195-260 220.7 14.88

9 164-191 178.8 7.25

d 141-177 159.8 10.31

9 119-146 133.9 7.14

d 259-283 272.2 7.21

9 269-290 277.2 5.99

Character

Standard length (mm)

Predorsal length

Body depth

Body width

Anal to caudal
length

Depressed dorsal
fin length

Depressed anal
fin length

Left pectoral
fin length

Left pelvic
fin length

Head length
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Character Sex Range Mean
Standard
Deviation

Head depth 177-196 187.7 5.85

174-194 182.5 5.83

Head width 158-182 169.5 7.21

156-177 165.5 6.41

Orbit length
(3' 55-66 60.4 2.80

9 53-63 56.7 3.44

Snout length 75-87 82.0 3.95

9 76-89 80.3 3.31

Snout to nostril
length

43-51 46.7 3.03

9 39-52 46.0 3.68

Least bony
interorbital width

a 76-91 83.1 5.15

9 76-88 83.9 2.96

Caudal peduncle
depth

a 123-147 133.1 6.62

113-135 124.5 6.15
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TABLE 16. MORPHOLOGICAL MEASUREMENTS IN THOUSANDTHS OF STANDARD LENGTH
(SL) OF 6 MALE AND 14 FEMALE GILA FROM BOG HOT RESERVOIR,
NEVADA.

Sex Range Mean
Standard
Deviation

d 43.3-47.2 45.40 1.46

47.3-55.8 51.63 2.46

537-555 544.3 7.20

530-577 564.1 12.92

239-253 246.0 5.66

9 207-262 246.2 15.97

158-166 162.0 2.76

9 140-201 181.2 16.50

a 333-353 342.3 7.12

9 301-340 316.9 11.15

229-252 240.7 10.01

9 177-211 195.7 8.62

a 221-245 227.5 9.31

167-185 176.6 5.21

188-216 201.2 9.20

9 159-175 165.6 4.77

a 168-176 171.2 3.19

9 124-142 131.9 5.61

a 262-277 267.2 5.27

9 256-281 271.0 9.11

Character

Standard length (mm)

Predorsal length

Body depth

Body width

Anal to caudal
length

Depressed dorsal
fin length

Depressed anal
fin length

Left pectoral
fin length

Left pelvic
fin length

Head length
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Character Sex Range Mean
Standard
Deviation

Head depth 176-193 181.2 6.11

9 161-191 176.3 7.02

Head width a 150-161 157.2 3.87

9 146-172 164.5 8.42

Orbit length a 57-62 58.3 1.86

52-60 55.6 2.44

Snout length a 72-81 76.7 3.88

73-93 80.6 5.06

Snout to nostril
length

a 42-53 47.3 4.03

9 42-52 47.9 3.22

Least bony
interorbital width

a 74-82 76.8 3.06

9 70-80 74.9 2.56

Caudal peduncle
depth

a 118-128 120.8 3.66

9 101-117 108.9 5.72
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TABLE 17. MORPHOLOGICAL MEASUREMENTS IN THOUSANDTHS OF STANDARD LENGTH

(SL) OF 7 MALE AND 13 FEMALE GILA FROM THOUSAND CREEK, NEVADA.

Sex Range Mean

Standard
Deviation

a 47.0-59.9 52.73 4.63

9 44.9-104.9 68.55 18.89

a 549-576 558.0 9.18

9 550-590 570.0 13.00

a 231-260 245.0 10.80

9 233-274 248.7 13.87

a 157-177 165.1 6.39

9 158-208 180.7 15.28

a 319-338 331.1 6.23

9 294-333 312.5 12.31

d 216-250 236.4 12.18

9 178-218 196.7 12.11

a 195-234 220.1 13.64

157-192 173.8 8.65

a 192-230 208.6 13.02

9 149-190 165.8 11.28

a 147-183 168.3 11.09

9 121-144 134.5 7.78

a 264-278 271.0 4.40

9 269-308 283.3 10.19

Character

Standard length (Tan)

Predorsal length

Body depth

Body width

Anal to caudal
length

Depressed dorsal
fin length

Depressed anal
fin length

Left pectoral
fin length

Left pelvic
fin length

Head length
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Character Sex Range Mean
Standard
Deviation

- Head depth a 177-198 185.4 7.04

175-198 184.8 6.89

Head width a 156-183 165.3 8.58

9 155-182 168.0 8.05

Orbit length 48-55 52.9 2.91

37-65 47.0 9.10

Snout length 76-87 81.1 3.58

9 80-95 87.6 5.24

Snout to nostril
length

a 42-50 46.7 2.87

47-63 51.5 4.70

Least Bony
interorbital width

69-77 73.1 3.18

9 71-89 77.5 4.67

Caudal peduncle
depth

a 119-130 124.6 4.20

9 109-135 119.0 6.07
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TABLE 18. MORPHOLOGICAL MEASUREMENTS IN THOUSANDTHS OF STANDARD LENGTH

(SL) OF 12 MALE AND 18 FEMALE GILA FROM VIRGIN CREEK, NEVADA.

Character Sex Range Mean

Standard
Deviation

Standard length (ma) d 45.0-53.5 47.68 2.58

46.4-71.7 52.86 6.11

Predorsal length 6 542-583 557.5 13.17

9 543-585 566.6 11.68

Body depth d 221-268 245.7 12.48

9 228-274 248.2 10.58

Body width d 151-180 169.5 8.55

9 159-199 176.2 10.40

Anal to caudal
length

307-336 321.1 9.64

286-332 309.9 12.78

Depressed dorsal
fin length

a 207-236 223.5 8.36

9 191-218 199.9 7.05

Depressed anal
fin length

d 190-216 201.3 8.69

169-194 177.2 6.21

Left pectoral
fin length

6 193-216 205.4 5.71

9 158-190 171.1 8.52

Left pelvic a 153-173 159.2 6.13

9 124-153 140.7 7.49

Head length a 257-280 269.0 6.02

9 256-290 276.0 8.79
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Character Sex Range Mean
Standard
Deviation

Head depth 181-198 187.3 4.41

9 179-200 188.8 6.43

Head width (3 153-173 162.6 5.99

9 153-178 165.7 6.80

Orbit length 52-60 55.8 2.66

9 45-60 52.1 3.61

Snout length a 74-88 79.5 4.50

75-92 83.2 4.03

Snout to nostril
length

42-50 46.5 2.97

9 44-56 49.1 3.22

Least bony
interorbital width

66-80 73.7 3.80

9 69-85 77.2 4.51

Caudal peduncle
depth

116-135 124.3 5.87

9 116-133 122.9 4.11
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108.9) significantly different from females of all populations except

those from Borax Lake. Additional significant differences were noted

between females of Serrano Pond = 116.3) and females of Red Point

School (I = 124.9), West Spring ( = 124.5), Virgin Creek (II = 122.9),

and Trout Creek (5 122.0).

Morphometric characteristics provide an insight into adaptation

to particular habitats and subsequent evolution (McGlade and MacCrimmon

1979). Therefore the greater differences noted in the morphometric data

often reflect the greater specialization for a particular habitat. Borax

Lake specimens exhibited the highest degree of specialization to their

environment, particularly in their standard length, head length, head

depth, head width, orbit length, snout length snout to nostril length,

and caudal peduncle depth. This reflects the unique qualities (e.g.

temperature and salinity) of the Borax Lake habitat.

Fin Rays

All populations of Alvord Basin Gila are modal at seven dorsal

fin rays (Table 19). No significant differences were noted among

populations studied as almost 82% of all specimens possessed seven

dorsal fin rays. All other species of Gila are modal at eight or more

dorsal fin rays.

Anal fin ray counts ranged from six to ten. All populations are

modal at seven anal fin rays (Table 20). No significant differences were

noted for this character as approximately 82% of all specimens possessed

seven anal fin rays. The only other species of Gila that is modal at

seven anal fin rays is G. orcutti of southern California (Hubbs and

Miller 1942a). Other species of Gila are modal at eight or more.



TABLE 19. FREQUENCY DISTRIBUTION OF DORSAL FIN RAY COUNTS IN
POPULATIONS OF GILA INHABITING THE ALVORD BASIN.
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OREGON

Borax Lake

Trout Creek

Serrano Pond

Red Point School

NEVADA

West Spring

Bog Hot Reservoir

Thousand Creek

Virgin Creek

6

Dorsal Fin Rays

7 8 9

1 27

25

22

25

22

18

17

24

2

5

8

5

8

1

3

6

1

7.03

7.17

7.27

7.17

7.27

7.15

7.15

7.20
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TABLE 20. FREQUENCY DISTRIBUTION OF ANAL FIN RAY COUNTS IN POPULATIONS
OF GILA INHABITING THE ALVORD BASIN.

OREGON

Borax Lake

Trout Creek

Serrano Pond

Red Point School

NEVADA

West Spring

Bog Hot Reservoir

Thousand Creek

Virgin Creek

6 7

Anal Fin Rays

8 9 10

1

1

21

28

23

28

26

14

15

25

9

2

6

1

3

4

5

5

1

1

7.30

7.07

7.17

7.13

7.10

7.25

7.25

7.17
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No significant differences were noted in the number of caudal

fin rays. Caudal fin ray counts ranged from 16 to 20 (Table 21). All

populations examined are modal at 19, as are most soft-rayed teleosts.

Pectoral fin ray counts ranged from 12 to 16 (Table 22). The

Borax Lake population is modal at 13. The Trout Creek, Bog Hot

Reservoir, Thousand Creek, and Virgin Creek populations are modal at 14.

Red Point School and West Spring populations are modal at 14 or 15.

Chubs from Serrano Pond are modal at 15. This is the only fin ray count

that exhibited significant differences among populations studied. Other

species of Gila are modal at 15 to 17.

Pelvic fin ray counts ranged from seven to nine (Table 23).

significant differences in pelvic fin rays were noted among populations

as all were modal at eight. Eighty-three percent of all specimens

possessed eight pelvic fin rays. In other species of Gila, the modal

number of pelvic fin rays is eight to ten.

Scales and Radii

In Gila of the Alvord Basin, scales are small, deeply embedded,

covered with a thick epidermis, and often irregularly positioned.

Therefore, great care is needed to enumerate scales on these fish. The

irregular placement of scales and the frequent lack of a well developed

lateral line rendered a count of lateral-line scales difficult and

imprecise for most specimens. A few chubs from Red Point School

possessed a relatively complete lateral line. In these fish, lateral-

line scale counts were typically 70 to 73. Ten specimens from Trout

Creek yielded repeatable lateral-line scale counts that ranged from 64

to 77 (Z = 70.0). Lateral-line scale counts of 30 Borax Lake specimens
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TABLE 21. FREQUENCY DISTRIBUTION OF
OF GILA INHABITING THE ALVORD

CAUDAL FIN RAY COUNTS IN POPULATIONS
BASIN.

16

Caudal Fin Rays
17 18 19 20

OREGON

Borax Lake 2 5 23 18.70

Trout Creek 4 24 2 18.93

Serrano Pond 2 27 18.83

Red Point School 2 27 1 18.90

NEVADA

West Spring 1 3 24 2 18.90

Bog Hot Reservoir 20 19.00

Thousand Creek 1 2 17 18.80

Virgin Creek 3 9 18 18.50
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TABLE 22. FREQUENCY DISTRIBUTION
POPULATIONS OF GILA

OF LEFT PECTORAL FIN RAY COUNTS IN
INHABITING THE ALVORD BASIN.

12
Left Pectoral Fin Rays
13 14 15 16

OREGON

Borax Lake 4 16 6 4 13.33

Trout Creek 1 6 13 10 14.07

Serrano Pond 11 17 2 14.70

Red Point School 2 12 12 4 14.60

NEVADA

West Spring 1 14 12 3 14.57

Bog Hot Reservoir 2 13 5 14.15

Thousand Creek 5 11 3 1 14.00

Virgin Creek 8 18 4 13.87



TABLE 23. FREQUENCY DISTRIBUTION OF LEFT PELVIC FIN RAY COUNTS IN

POPULATIONS OF GILA INHABITING THE ALVORD BASIN.
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Left Pelvic Fin Rays
7 8 9

OREGON

Borax Lake 2 25 3 8.03

Trout Creek 4 25 1 7.90

Serrano Pond 2 24 4 8.07

Red Point School 26 4 8.13

NEVADA

West Spring 1 25 4 8.10

Bog Hot Reservoir 16 4 8.20

Thousand Creek 1 17 2 8.05

Virgin Creek 4 24 2 7.93
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ranged from 59 to 75 (5? = 64.8), but these counts were not repeatable

with accuracy. Accurate caudal peduncle circumference scale counts were

possible. Borax Lake specimens averaged 29.77 caudal peduncle

circumference scales (Table 24). This count was lower than those

of the Trout Creek and Bog Hot Reservoir populations, which averaged

32.13 and 32.25, respectively. This supports the tentative lateral-line

scale counts of the Borax Lake specimens that indicated a lower count

than in other Alvord Basin populations.

Scale shape in Alvord Basin Gila ranges from oval to nearly

rectangular. The exposed posterior sections are reduced in size. Radii

are well developed in all fields of the scale. In specimens from Borax

Lake, there are typically six to nine radii in each lateral field, eight

to ten radii in the anterior field, and ten to 13 radii in the posterior

field. There are commonly 36 total radii in these scales.

Development of Lateral-line Canals

The relative development of the cephalic and body lateral-line

systems was determined by counting the number of canal pores and by

examining the completeness of the canals themselves. Effects of

allometry were mitigated by examining specimens of approximately equal

mean standard length for each population.

Among populations studied, the supratemporal canal varied both

in number of pores and in completeness. The supratemporal canal was

poorly developed in specimens from Borax Lake. Borax Lake Gila averaged

0.6 pores in the supratemporal canal. Other populations averaged 3.4 to

4.2 pores in this canal (Table 25). The supratemporal canal was

typically incomplete (i.e. the canal was wanting on the dorsal midline)



TABLE 24. FREQUENCY DISTRIBUTION OF CAUDAL PEDUNCLE CIRCUMFERENCE SCALE COUNTS IN POPULATIONS OF GILA

INHABITING THE ALVORD BASIN.

Caudal peduncle circumference scales

26 27 28 29 -30 31 32 33 - 34 35 36 37

OREGON

Borax Lake 3 3 8 6 4 2 2 1 29.77

Trout Creek 2 6 4 7 3 4 2 1 1 32.13

NEVADA

Bog Hot Reservoir 4 6 2 2 3 32.25
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in all populations. This canal was incomplete in all individuals

examined from Borax Lake, Thousand Creek, and Virgin Creek. Four of

five individuals from Trout Creek, Red Point School, and Bog Hot

Reservoir possessed incomplete supratemporal canals. Three of five

individuals from Serrano Pond and West Spring possessed incomplete

supratemporal canals.

The supraorbital canal was also poorly developed in specimens

from Borax Lake, which averaged 4.0 pores in this canal. Other

populations possessed a more developed supraorbital canal, averaging

8.2 to 9.4 pores (Table 25). The supraorbital canal was usually complete

(i.e. without interruptions) except in some specimens from Borax Lake,

in which the supraorbital was in two segments. The supraorbital canal

typically extends from a point even with the anterior margin of the nare

to a point approximately one-half the distance between the posterior

margin of the eye and the supratemporal canal.

The infraorbital canal was well developed and complete (i.e.

without interruptions) in nearly all specimens examined. Average

infraorbital canal pore counts ranged from 11.8 in Borax Lake specimens

to 18.2 in Trout Creek specimens (Table 25). Many of the pores near the

orbit contain ducts from the pore openings to the canal. This canal

typically extends from just anterior of the nare to the canal's juncture

with the supratemporal canal.

The preoperculomandibular canal appeared well developed but

incomplete in most specimens, with a break in the region where the

angular, dentary, and preopercle bones reach close approximation.

Average preoperculomandibular canal pore counts ranged from 11.6 in
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specimensfrom West Spring to 16.0 in specimens from Bog Hot Reservoir

(Table 25). The preoperculomandibular canal extends from a point even

to or just dorsal of the orbit midline and extends nearly to the

anterior edge of the dentary. Most of the pores in the preopercle

contain ducts from the pore openings to the canal. Pores on the dentary

are usually ductless.

Gila from Borax Lake and to a lesser extent those from West

Spring exhibit a reduction in the cephalic lateral-line system as

determined by pore counts. Borax Lake chubs averaged 30.2 cephalic

lateral-line pores on the left side of the head, whereas most other

chubs averaged at least 40 (Table 25). Isolated spring populations of

fish tend to have decreased lateral-line pore counts (Hubbs et al. 1974),

indicating reduced utility for such a sensory system in habitats such

as Borax Lake or West Spring.

The following ranges of pore counts were found in Gila inhabiting

the Alvord Basin--supratemporal canal: 0-5, supraorbital canal: 3-10,

infraorbital canal: 9-20, and preoperculomandibular canal: 10-17.

These counts are much lower than those reported for other species of

Gila. Illick (1956) reported the following ranges of pore counts, on

the left side of the head, for G. bicolor oregonensis--supratemporal

canal: 10-13, supraorbital canal: 12-15, infraorbital canal: 25-29,

and preoperculomandibular canal: 21-26; for G. b. pectinifer--

supratemporal canal: 8-12, supraorbital canal: 10-14, infraorbital

canal: 24-28, and preoperculomandibular canal: 20-25; and for other

species of Gila except G. bicolor--supratemporal canal: 6-14,

supraorbital canal: 9-22, infraorbital canal: 17-40, and



sum of mean pore counts = 30.2

sum of mean pore counts = 44.8

Serrano Pond T

SL 50.7 52.5 54.9 55.0 57.7 54.16

ST 3 5 3 4 5 4.0

SO 9 7 9 10 10 9.0

IO 18 13 16 15 18 16.0

PM 13 15 13 13 14 13.6

sum of mean pore counts = 42.6

Red Point School IT

SL 50.5 51.3 51.8 60.9 61.1 55.12

ST 4 2 3 3 5 3.4

SO 10 9 9 8 8 8.8

IO 15 14 13 14 18 14.8

PM 16 15 13 15 15 14.8

sum of mean pore counts = 41.8
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TABLE 25. PORE COUNTS IN THE LEFT SIDE CEPHALIC SENSORY CANAL
SYSTEM IN POPULATIONS OF GILA INHABITING THE ALVORD
BASIN. SL = STANDARD LENGTH OF FISH, ST = SUPRATEMPORAL
CANAL, SO = SUPRAORBITAL CANAL, IO = INFRAORBITAL CANAL,
PM = PREOPERCULOMANDIBULAR CANAL.

OREGON
Borax Lake

SL 47.6 47.8 48.8 54.1 59.2 51.50

ST 1 1 0 1 0 0.6

SO 5 3 4 5 3 4.0

IO 9 12 15 13 10 11.8

PM 13 15 14 12 15 13.8

Trout Creek T

SL 51.8 51.8 53.0 53.2 53.7 52.70

ST 5 4 4 4 3 4.0

SO 10 9 9 9' 10 9.4

IO 20 19 18 17 17 18.2

PM 13 14 13 13 13 13.2



sum of mean pore counts = 38.6

sum of mean pore counts = 44.4

sum of mean pore counts = 42.8

sum of mean pore counts = 43.6
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TABLE 25. CONTINUED

NEVADA West Spring K

SL 47.0 47.4 53.7 58.4 58.4 52.98

ST 5 2 3 4 5 3.8

SO 9 8 8 9 8 8.4

IO 16 11 14 16 17 14.8

PM 12 10 10 17 13 11.6

Bog Hot Reservoir R.

SL 47.3 49.2 51.4 51.7 52.9 50.50

ST 4 4 3 4 5 4.0

SO 8 9 10 8 8 8.6

IO 16 14 13 16 20 15.8

PM 15 16 15 17 17 16.0

Thousand Creek K

SL 44.9 47.2 49.8 51.4 54.3 49.52

ST 4 3 4 4 4 3.8

SO 9 9 8 9 9 8.8

IO 16 16 18 18 13 16.2

PM 13 15 15 14 13 14.0

Virgin Creek 51'

SL 47.9 52.8 53.4 55.5 58.4 53.60

ST 4 5 3 4 5 4.2

SO 8 9 9 - 9 6 8.2

10 14 16 19 18 15 16.4

PM 15 14 17 15 13 14.8
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preoperculomandibular canal: 13-25.

In Gila from the Alvord Basin, body lateral line development

ranges from nearly complete to obsolescent. Typically, the lateral

line is complete in the anterior one-half of the body and interrupted

in posterior sections, particularly on the caudal peduncle. Individuals

from Borax Lake exhibited the least lateral line development along the

body, averaging 13.2 pores (range 2-43) for 30 specimens. Borax Lake

chubs usually possessed an interrupted lateral line in the anterior

part of the body and usually lacked or contained but a few pores in

the posterior one-half. Thirty specimens from Trout Creek averaged

44.2 pores (range 30-66) in the lateral line along the body. Lateral-

line pore counts ranged from 20 to 61 in five specimens from Serrano

Pond, and 32 to 68 in five specimens from Red Point School.

The lateral line configuration, based on specimens from Borax

Lake with this structure moderately developed, originates at the dorsal

margin of the opercle, descends at approximately a 300 angle to below

the horizontal skeletogenous septum, then parallels the septum and

continues posteriorly to a point just anterior to the midpoint of the

dorsal fin base. At a point even with the midpoint of the dorsal fin

base, the lateral line rises until it intercepts the horizontal septum

slightly past the base of the dorsal fin. Lateral line development was

lacking on the caudal peduncle of the Borax Lake fish.

Intestine and Peritoneum

Fishes of the genus Gila of the Alvord Basin possess a simple

S-shape intestine with two loops between esophagus and anus (group one

of Kafuku 1958). As with many other cyprinids, the Alvord Basin Gila
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lack a stomach. Intestine length varied from 77 to 110% of standard

length in 41 specimens examined. Relative shortness of the intestine

was due to a smaller distance from the esophagus to the first intestinal

loop. The relative distance from the first loop of the intestine to the

anus remained approximately constant for all specimens.

Intestine length varied considerably among populations studied

(Fig. 23). Intestine length was shortest, 81.1% of standard length, in

specimens from Virgin Creek (fish examined averaged 53.36 mm standard

length). Specimens from West Spring possessed the longest intestines,

averaging 103.2% of standard length (fish averaged 54.66 mm standard

length). Average intestine length, in percent of standard length, of

other populations of Gila are as follows, with the average standard

length of fish examined given parenthetically: Borax Lake - 89.8 (42.08

mm standard length), Trout Creek - 89.0 (47.78), Serrano Pond - 99.2

(56.96), Red Point School - 91.8 (50.62), Bog Hot Reservoir - 94.66

(53.12), and Thousand Creek - 90.0 (57.86). For unknown reasons,

intestine length was less variable in populations from Nevada than in

those from Oregon. In general, the length of a fish's intestine is

well correlated with its diet. Therefore, differences in diet might

explain some of the differences in intestine length noted. Gila that

inhabit West Spring feed extensively on an endemic hydrobiid snail.

Intestines of Gila from West Spring collected during summer months

usually contained snails to the exclusion of all other foods. A

longer intestine that provides more opportunity for digestion of

tough foods would seemingly be advantageous with such a diet. Diet

of other chub populations often included algae and insect material,
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Figure 23. Length of 41 intestines, in percent of standard length
(SL), in populations of Gila inhabiting the Alvord Basin.
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as discussed in the Feeding Ecology section. Overall, the intestine

length to fish length ratio is near unity in Gila from the Alvord

Basin. This value is borderline between Odum' (1970) carnivorous

fishes, with an intestine length to body length ratio less than one;

and omnivorous fishes, with an intestine length one to three times

body length.

Peritoneum color has also been correlated with foods consumed.

Smith (1966) noted that herbivorous fishes possessed a black

peritoneum. Most populations of Gila from the Alvord Basin possess

a peritoneum that is dusky to mostly dark in color owing to profuse

black speckling. However, a lighter colored peritoneum was found

in specimens from Trout Creek. The dark speckles on the peritoneum

of most Trout Creek fish are tiny and not numerous enough to yield

a dark appearance. The darkest peritoneum was found in specimens

from Serrano Pond. The peritoneum was uniformly dark in specimens

from Serrano Pond to the extent that individual speckles could not

be discerned. This darker peritoneum appears well correlated to

a diet that contains a predominance of diatoms (see Table 9).

Gill Rakers

The average number of gill rakers in populations examined

ranged from approximately 16 in Gila from Borax Lake to 21 in the

Bog Hot Reservoir population (Table 26). Typically, Gila from the

Alvord Basin possess approximately 20 gill rakers. However, reduced

average gill raker number occurs in the Virgin Creek population

(7 = 17.2) and especially in the Borax Lake population (7 = 15.9).



TABLE 26. CHARACTERISTICS OF GILL RAKERS IN POPULATIONS OF GILA INHABITING THE ALVORD BASIN.

OREGON

Borax Lake

Trout Creek

Serrano Pond

Red Point School

NEVADA

West Spring

Bog Hot Reservoir

Thousand Creek

Virgin Creek

13 14
Frequency of Gill Rakers
15 16 17 18 19 20 21 22

Y Number of
Gill Rakers

T Length of
Longest Raker
(Thous of SL)

Fc Standard
Length of

Fish

1 1 7

2

2

2

2

1

1

5

1

4

2

1

2

1

1

2

2

2

6

3

1

5

3

4

5

2

2

4

3

1

2

2

2

4

1

15.9

19.9

20.4

19.0

19.5

20.8

19.4

17.2

9.6

12.3

10.8

12.4

12.8

13.7

12.2

10.0

49.70

75.14

54.20

51.12

53.53

51.50

58.88

51.93
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Gill rakers are usually short, especially on the lower limb where

they often appear as mere bumps. Average length of longest gill raker

ranged from near ten thousandths of standard length in Gila from Borax

Lake and Virgin Creek to approximately 14 thousandths of standard

length in Gila collected from Bog Hot Reservoir.

Pharyngeal Teeth and Arch

Fishes of the genus Gila of the Alvord Basin typically possess

five pharyngeal teeth on the left arch and four teeth on the right

(Table 27). Occasionally, the teeth on the left arch are reduced in

number, resulting in a 4-4 formula. Several specimens exhibited a

5-5 formula. The 4-5 formula occurred only in a single individual. No

significant differences were noted among populations except for the

relatively high number of 4-4 counts in chubs from Serrano Pond.

The shape of arch and teeth were examined in detail in fishes

from Borax Lake and Trout Creek. In Borax Lake specimens, the tips of

all teeth except the anteriormost are hooked at a right angle or

greater. The fourth and fifth teeth are especially well-hooked.

Grinding surfaces are weakly developed and occupy approximately one-

third the length of the tooth. The lower limb of the arch is

constricted below the last tooth and then expanded so that it appears

nearly spatulate and then tapers to a blunt point. The upper limb

shield is moderately expanded. In Trout Creek specimens, all teeth

except the anteriormost one are hooked, although seldom to a right

angle. Grinding surfaces are moderately developed and occupy one-third

to one-half of the tooth. The lower limb of the arch is not notably

constricted below the last tooth, but does broaden somewhat before



TABLE 27. FREQUENCY DISTRIBUTION OF PHARYNGEAL TOOTH FORMULAE IN

POPULATIONS OF GILA INHABITING THE ALVORD BASIN.

Pharyngeal Tooth Formulae
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OREGON

Borax Lake

Trout Creek

Serrano Pond

Red Point School

NEVADA

West Spring

Bog Hot Reservoir

Thousand Creek

Virgin Creek

4-4 5-4 4-5 5-5

1

5

1

1

1

1

9

9

5

7

9

6

9

9

1

2
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before tapering to a blunt point. The upper limb shield is moderately

expanded.

Vertebrae

Little variation was noted in numbers of total vertebrae among

populations of Gila inhabiting the Alvord Basin. Modal numbers of

total vertebrae were 37 in Gila from Borax Lake, 37 or 38 in Gila from

Trout Creek, Red Point School, and West Spring; and 38 in Gila from

Serrano Pond, Bog Hot Reservoir, Thousand Creek, and Virgin Creek (Table

28). These modal counts are one to four fewer vertebrae than has been

reported for Gila bicolor (Bills 1977, Hubbs et al. 1974) and seven to

12 fewer vertebrae than has been reported for other species of Gila

(see section IX and Holden and Stalnaker 1970, Suttkus and Clemmer 1977).

Counts of precaudal and caudal vertebrae exhibited considerable

variation, but their implications are tenuous considering the difficulty

in identifying the first caudal vertebrae due to the slow gradation of

pleural ribs to haemal canal in vertebrae of these fish.

Comparative Skull Osteology

The following skull bones were examined in Borax Lake and Trout

Creek specimens and in Gila bicolor collected from Home Creek, Catlow

Basin, Oregon: lachrymal the remainder of the suborbital series, and

the supraethmoid. These bones were chosen for study since they are

diagnostic for subgenera of Gila (Uyeno 1961).

The lachrymal bone, considered the first suborbital (SO ), is

fairly constant within species of Gila and generally does not change

shape with age (hyena 1961). In Borax Lake specimens, the lachrymal is



TABLE 28. FREQUENCY DISTRIBUTION OF VERTEBRAL COUNTS IN POPULATIONS OF GILA INHABITING THE ALVOED BASIN.

Precaudal Vertebrae
18 19 20 21 22 15

Caudal Vertebrae
16 17 18 19 20 36

Total Vertebrae
37 38 39 40 R.

OREGON
'9 37.2

Borax Lake 16 5 18.9 3 14 13 18.3 3 18

37.6

Trout Creek 8 19 3 19.8 1 9 17 3 17.7 13 16 1

37.7
Serrano Pond 5 11 4 21.0 2 4 12 2 16.7 1 6 12 1

37.6
Red Point School 2 8 10 21.4 1 15 4 16.2 1 9 8 2

NEVADA
10 9 1 37.6

West Spring 7 12 1 20.7 6 12 2 16.8

10 5 37.9

Bog Hot Reservoir 3 2 9 5 1 20.0 2 18 17.9 3 2

11 3 37.9
Thousand Creek 2 10 7 1 20.4 3 6 9 2 17.5 6

12 2 1 37.9

Virgin Creek 14 6 20.3 1 10 6 2 1 17.6 1 4
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longer than high (Fig. 24). The anterodorsal edge is nearly straight

and longer than the posterodorsal edge. The anterior edge is short.

The ventral and posterior edges are rough and very thin. In Trout Creek

specimens, the lachrymal is shorter than in Borax Lake chubs (Fig. 24).

The length of this bone is only slightly greater than its height in

Trout Creek specimens. The anterodorsal edge is nearly straight and is

longer than the posterodorsal edge. The anterior and posterior edges

are longer than in Borax Lake specimens. The ventral edge of the

lachrymal is straighter and thicker than in Borax Lake specimens. In

Gila bicolor from Home Creek the height of the lachrymal is almost equal

to its length. The anterodorsal distance is variable in Gila bicolor

examined. This is caused by a poorly defined boundary between anterior

and anterodorsal edges in many specimens. In some individuals the

anterodorsal edge therefore appears longer than the posterodorsal edge,

and in others the reverse is true (as in Fig. 24). In other respects,

the shape of the lachrymal seemed relatively stable within populations

examined. Uyeno (1961) described the lachrymal in fishes in the genus

Gila subgenus Gila (e.g. G. atraria) as having an anterodorsal edge

shorter than the posterodorsal edge. In contrast he found that fishes

in the genus Gila subgenus Siphateles (e.g. G. bicolor) possessed an

anterodorsal edge that was longer than the posterodorsal. The Gila

from the Alvord Basin agree with the subgenus Siphateles in this

character.

The suborbital bone series is greatly reduced in specimens from

Borax Lake. Suborbital two is somewhat reduced (Fig. 24), SO3 is

greatly reduced, and the remaining suborbital bones appear as mere
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fragments. There is little basal development in SO2, and none in the

remainder of the series. In contrast, specimens from Trout Creek

exhibited a well-developed suborbital series. Five or six distinct

suborbital bones, each with significant basal development, were present

in Trout Creek specimens. The infraorbital canal was well-defined in

these specimens, but could hardly be identified in the suborbitals of

Borax Lake specimens. The suborbital series was also well developed in

Gila bicolor. Significant basal development was present in all bones.

The supraethmoid of Borax Lake specimens is notably long and

slender (Fig. 25). In particular, the central part of this bone is much

narrower in Borax Lake specimens than in others examined. Its length

is approximately four times its narrowest width and approximately 1.6

times its greatest width. The supraethmoid of Trout Creek specimens is

also longer than wide (Fig. 25). However, the length is only

approximately 1.2 times its greatest width. In Gila bicolor, the

supraethmoid is wider than in the Alvord Basin Gila examined (Fig. 25).

Nonetheless, the length of the supraethmoid is slightly greater than

its width in Gila bicolor. In fishes of the genus Gila subgenus Gila

Uyeno (1961) reported that the supraethmoid is wider than long whereas

in the genus Gila subgenus Siphateles the bone is longer than wide. The

supraethmoid of the Alvord Basin Gila is most similar to those of the

subgenus Siphateles, although it is considerably narrower than the

supraethmoid in Gila bicolor.

Coloration

It is well known that a fish's color can vary in relation to,
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Figure 24. Comparison of left lachrymal and second suborbital bones
from Gila 46.1 mm standard length from Borax Lake (Alvord

Basin), 47.1 mm standard length from Trout Creek (Alvord
Basin), and 47.6 mm standard length from Home Creek (Catlow
Basin, Oregon).
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Figure 25. Comparison of supraethmoid bones in dorsal view from Gila
46.1 mm standard length from Borax Lake (Alvord

Basin),54.7mm standard length from Trout Creek (Alvord Basin),
and 49.2 mm standard length from Home Creek (Catlow Basin,
Oregon).
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among other things, the color of their background and lighting

conditions (Nikolsky 1963). However, this phenomenon has been poorly

documented in North American Cyprinidae. Perhaps the best example of

a cyprinid's color varying with background and water conditions occurs

with speckled dace, Rhinichthys osculus. Speckled dace typically

inhabit clear streams of gravel bottom where the fish are silver

in color and covered with dark speckles or blotches. However,

speckled dace that inhabit turbid waters often lose their darker

markings. Holden and Stalnaker (1975) noted that speckled dace

collected from turbid stretches of the Colorado River were almost

entirely silvery, lacking speckles or blotches. Similarly, speckled

dace from the Moapa River, a turbid stream of southern Nevada,

usually lack dark markings (Williams 1978).

Color variation among Gila inhabiting different habitats in

the Alvord Basin is pronounced. These color differences can best

be attributed to clarity of the water and type of bottom substrate.

In general, Gila that inhabit clear, gravel bottom habitats in the

Alvord Basin are dark in color on the dorsal one-half of their body

with silver belly, whereas those inhabiting turbid habitats with

silt bottoms are much lighter in color, usually light green dorsally

and silver to white ventrally. The contrasting colors of individuals

from different regions of Trout Creek is striking. Trout Creek

headwaters are in canyons of the Trout Creek Mountains where the

creek is fast flowing, relatively clear, and with a rocky bottom.

As Trout Creek flows into the arid Alvord Basin floor, flow decreases

turbidity increases greatly (a silver object disappears one cm
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below the surface), and bottom substrate changes from rock to silt.

Gila from the upstream canyon area of the creek are very dark,

nearly black, dorsally; with golden sides possessing some black

speckles; and a silver belly. Gila from sections of Trout Creek

in the basin floor are lighter in color, exhibiting light green

on the dorsal part of head and body, silver sides without speckles,

and a white belly. Gila from Thousand Creek, a moderately turbid

(silver object disappears seven cm below the surface), silt-bottomed

intermittent stream, are a bright green color on the dorsal surface

of head and body, and silvery on sides and ventral surface. All

fins of Thousand Creek fish are translucent red in color except at

the tips which are white. Gila inhabiting West Spring (water

transparent, gravel substrate) are very dark olive green dorsally,

a bronze color on the dorsal one-half of the sides and silver on

the ventral one-half of the body and belly. Chubs from Borax Lake

(water transparent, firm silt and rock bottom) are dark olive green

dorsally with a black stripe on the dorsal ridge. Sides of Borax

Lake chubs are mostly silver with purple iridescence and numerous

black speckles, especially dense on the dorsal one-half of the body.

The ventral surface is silver in color. Gila from Serrano Pond are

very dark in color, almost black on the dorsal surface, owing to

dense speckling on the dorsal one-half of their body. The ventral

one-half of the body is silver with reduced speckling. Serrano Pond

is a spring-fed pond of only slightly turbid water and dense aquatic

vegetation. No red color was noted in fins except in those of fishes

from Thousand Creek.
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Tuberculation

Tubercles were restricted to males in all populations except that

two temales, 71.9 and 80.2 mm standard length, from Serrano Pond

possessed weak tubercles on pectoral fins, head, and the anterior one-

half of the body. All other females, including larger specimens from

Serrano Pond, lacked tubercles.

In males from Borax Lake, nuptial tubercles occur on the head,

body, and paired fins. Numerous very small tubercles are present along

the entire length of the body, more noticeably on the anterior one-half.

On the moderately twisted pectoral fins, tubercles occur on the dorsal

surfaces of the first seven or eight (occasionally nine) rays. The

outermost rays are moderately thickened. Tubercles are borne along

most of the length of the first (outermost) six rays. They are

strongest on outermost rays and smaller, blunter, and fewer on inner

rays. Each tubercle is restricted to a single ray segment, where it

arises from a rounded base to form a strong prominent apex. Tubercles

on the body occur one per scale. Tubercles present on the pelvic fins

are considerably smaller, blunter, and fewer than those on the pectoral

fins.

In males from Serrano Pond, tubercles were present on the pectoral

fins, the anterior one-half of the body and the head. No tubercles were

found on pelvic or vertical fins. Tubercles were strongest on the first

three pectoral rays, weaker on the fourth and fifth rays; and absent on

suceeding rays. The first four pectoral rays were moderately thickened.

The shape of tubercles is as described for those on Borax Lake specimens.

Males collected from Red Point School in August possessed
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exceptionally strong prominent tubercles. Tubercles occurred on the

anterior one-half of the body, the head, and the twisted pectoral fins.

As with the Serrano Pond fish, no tubercles were present on the pelvic

or vertical fins although membrane thickening was noticeable among the

rays on the pelvic and anal fins in Red Point School specimens.

Tubercles were present on the first six rays, being strongest on the

first four. Tubercles occur one per pectoral ray segment as described

for Borax Lake specimens.

In Nevada populations, tubercles were examined in males of Bog Hot

Reservoir and Thousand Creek. These specimens differed from those

described above in that tubercles were present on pectoral pelvic,

dorsal, and anal fins, the head, and the entire length of the body.

Tubercles were lacking only on the caudal fin. Typically, tubercles

were present on the first ten pectoral rays, the first seven pelvic rays

(lacking on the innermost), and all dorsal and anal rays. Tubercles

were strongest on the rays of the pectoral fins. The shape of

tubercles is essentially that reported above for Borax Lake chubs.

Tubercles were usually absent on males shorter than 43.0 mm

standard length. Exceptions included West Spring where males as small

as 41.0 mm standard length possessed tubercles and Borax Lake where

males as small as 28.6 mm standard length were highly tuberculate:

Sexual Dimorphism

Sexual dimorphism was apparent in many characters. Nuptial

tubercles were present only on males, except for two females from

Serrano Pond that possessed weak tubercles. Spawning condition in males

was accompanied by twisting of the pectoral fins, thickening of the
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outermost pectoral fin rays, and occasional thickening of the membrane

between rays in the dorsal and anal fins.

Average length of females was longer than males in all populations.

Most chubs longer than 60 mm standard length were females. In

collections examined, the three longest males were 82.0, 65.0, and 61.2

mm standard length. The three longest females measured 119.5, 114.1,

and 112.6 mm standard length.

Males were easily distinguished from females by the relative

length of their fins. All fins, except possibly the caudal which was

not measured, were much longer in males (Tables 11-18). For example,

the pelvic fins of males typically reach to or past the origin of the

anal fin; whereas in females, the pelvic fins usually do not reach the

anus. Anal to caudal length was usually greater in males than in

females. This may be the result of the larger anal fin of males.

Predorsal length was slightly greater in females than in males

and the caudal peduncle was slightly deeper in males. Little or no

sexual dimorphism was noted in other mensurable characteristics.



DISTINCT QUALITIES OF THE BORAX LAKE CHUB

Analysis of morphometric, meristic and osteological characters

indicate that the Gila inhabiting Borax Lake are well differentiated

from other populations of Gila in the Alvord Basin.

The Borax Lake chub is a dwarf form, reaching maturity at 30 to

35 mm standard length. Typical adult size is 33 to 50 mm standard

length. Adult chubs from other Alvord Basin populations are usually

45 to 90 mm standard length, with those from isolated springs smaller

than those from the larger creek habitats. Proportions of the head are

diagnostic in Borax Lake chubs. The head is notably long, deep, and

wide. The region of the head anterior of the orbit is particularly

elongated in specimens from Borax Lake. This is observable by these

fish possessing the longest snout length and snout to nostril length

among populations studied. Orbit length of the Borax Lake chub is also

greatest among those examined. The jaw of the Borax Lake chub is long

and the mouth is quite oblique. Other distinctive morphological

properties of Borax Lake specimens include a long predorsal distance

and a narrow caudal peduncle.

The Borax Lake chub exhibited the lowest pectoral fin ray counts.

Chubs from Borax Lake are modal at 13, whereas all other chubs in the

Alvord Basin are modal at 14 or 15. Scale size in Borax Lake specimens

is slightly larger than in other chubs of the Alvord Basin. Caudal

peduncle scale counts were approximately 2.5 scales less than in other

populations. Borax Lake specimens possess an obsolescent lateral line,

which exhibits the least development of the fishes examined. Cephalic

lateral line development is concordant with body lateral line

156
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development. The supratemporal and supraorbital canals are weakly

developed and exhibit reduced pore number. The modal number of total

vertebrae is 37, one less than in most other populations. Gill rakers

are reduced in size and number in Borax Lake specimens. Gill rakers

averaged 15.9 in Borax Lake chubs, 17.2 in chubs from Virgin Creek,

and 19.0 to 20.8 in chubs of other Alvord Basin populations.

Skull osteology exhibited differences between chubs of Borax Lake

and Trout Creek, the only Alvord Basin populations for which these

characters were examined. The elongated head of the Borax Lake chubs

was exemplified in the long lachrymal and long supraethmoid. The

supraethmoid was quite narrow in Borax Lake specimens. In chubs from

Borax Lake, the suborbital bone series was greatly reduced.

Chubs from Borax Lake possess a prominent constriction of the

lower limb of the pharyngeal arch below the last tooth. Tips of

pharyngeal teeth are hooked to a greater angle than in other chubs

examined.

The distinct qualities of the Borax Lake chub appear to be caused

by extended isolation in the unique Borax Lake environment. Geographic

isolation is instrumental in speciation of fishes of the arid basins of

the western United States (Miller 1948, Miller 1950). Whereas the Great

Basin has a rather depauperate ichthyofauna, many of the native fishes

are unique, to a greater or lesser degree, and exist only in one or a

few springs or in a small creek. Extensive isolation and subsequent

evolution of native fishes occurred when large pluvial lakes that

covered the basins' valleys 10,000 to 40,000 years ago receded (Hubbs

and Miller 1948, Hubbs et al. 1974). As the pluvial lakes desiccated,
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the fishes became isolated in remaining permanent water, such as

springs or creeks. Thus the chubs of the Alvord Basin are now

represented by relict populations inhabiting the remnant waters of the

basin. Benson (1978) presents the following chronology of pluvial lake

level fluctuations in the western Great Basin: extreme high levels

25,000 to 22,000 and 13,500 to 11,000 years before present (YBP), a

moderate high level 20,000 to 15,000 YBP, a low level 40,000 to 25,000

YBP, and an extreme low level 9,000 to 5,000 YBP. A general trend of

desiccation has continued for the past 5,000 years. Thus, fish

populations within the Alvord Basin have probably been isolated from

each other for 7,000 to 10,000 years. Since isolation, salt deposits

have elevated Borax Lake approximately 10 m above the surrounding land,

adding another isolating mechanism in addition to the arid condition of

the Alvord Basin.

The waters of Borax Lake provide a unique aquatic habitat. Borax

Lake is a relatively shallow and very clear 4.1 ha natural lake that

receives water from several thermal springs. Water from most of these

springs issue from a fault into the lake at 35 to 40°C resulting in

lake temperatures that vary from approximately 17 to 35°C depending on

season, weather, and distance from the spring sources. Typically, water

in the lake is 30 to 32°C, providing the hottest habitat for fish in

Oregon. The water of the lake is slightly alkaline (pH near 7.3) and

specific conductance is 2410. A complete chemical composition of Borax

Lake water can be found in Mariner et al. (1974, 1975).

Many morphometric and meristic characters in fishes have been

correlated with environmental conditions. For example, in their
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extensive studies of Great Basin fishes, Hubbs et al. (1974) noted that

fishes from isolated springs were often reduced in size, possessed

proportionately larger anterior parts, and dorsal fins that were set

farther posteriorly than in fishes from other habitats. Many

researchers have correlated developmental temperature with a number of

meristic elements (Bailey and Gosline 1955, Morris 1977, Taning 1952).

In general, fishes inhabiting warmer habitats possess lower meristic

counts (Barlow 1961, Weisel 1955). Therefore, the dwarf size of the

Borax Lake chubs and their lower pectoral fin ray counts among other

characters could be accounted for in the fishes inhabiting isolated

warm spring waters. This is not to say that such characters are not

genetically based. Hubbs (1926) recognized that morphological

variations result in functional differences. These functional

differences are influential due to their survival value (Hubbs 1926,

Morris 1977). For example, the large jaws and oblique mouth of the

Borax Lake chubs would seem to be advantageous when consuming midwater

or surface foods. It should also be noted that some characteristics of

the Borax Lake chub are not as would be predicted by habitation in a

thermal spring. The narrow caudal peduncle is notable in this respect.

Fishes from isolated springs usually possess a large thick caudal

peduncle (Hubbs et al. 1974).

Although the Borax Lake chub possesses a wealth of distinctive

features, other chub populations in the Alvord Basin have been isolated

for an equally long time and possess distinct traits. Chubs from West

Spring, for example, are notable in their long intestine and wide least

bony interorbital distance. Despite unique qualities in most
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populations, the Borax Lake population appears to be the only

specifically separable one. All other populations are herein referred

to Gila alvordensis, diagnosed by Hubbs and Miller (1972). The type

locality of G. alvordensis is Trout Creek. The Borax Lake chub is

described as a new species, G. boraxobius, and compared to G.

alvordensis by Williams and Bond (1980). The holotype of G. boraxobius

is illustrated in Figure 26.
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Figure 26. Male holotype of Gila boraxobius, 50.6 mm standard length
(from Williams and Bond 1980).
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SUBGENERIC PLACEMENT OF ALVORD BASIN GILA

Fishes of the genus Gila Baird and Girard have had a complex and

often tortuous taxonomic history. Cyprinid fishes of western North

America currently referred to the genus Gila have been placed in the

genera: SnyderichthYs, Siphateles, Siboma, Tigoma, Rutilus, Leuciscus,

Squalius, Algansea, among others, at various times, La Rivers (1962)
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lists an extensive and interesting synonomy of Nevada fishes of the

genus Gila and (now subgenus) Siphateles. Currently, the approximately

17 species of Gila reCognized as valid are placed into three subgenera,

Gila, Siphateles, and Snyderichthys (Uyeno 1961). Gila copei is the

only representative in the subgenus Snyderichthys. Gila bicolor with

its myriad of subspecies constitute Siphateles, and all the remaining

species are placed in the subgenus Gila. When Hubbs and Miller (1972)

diagnosed G. alvordensis from Trout Creek they noted closest agreement

with Siphateles, "but with scales much reduced in size and more

embedded, and with radii all around, much as in Rhinichthys and

Relictus." Uyeno (1961) defined the subgenus Siphateles on the

following characters, among others: black peritoneum; a pharyngeal

tooth formula of 4-4, 5-4, or 5-5; the width of the supraethmoid is

shorter than its length; and the color of the body is not silvery.

Fishes of the subgenus Gila possess a black peritoneum, two rows of

pharyngeal teeth on each arch, a supraethmoid wider than long, and a

body not silvery like G. copei of Snyderichthys (Uyeno 1961). Gila

copei possesses a dusky to white peritoneum two rows of pharyngeal

teeth on each arch, a supraethmoid about as wide as long, and a silvery

color in life (Uyeno 1961).
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Alvord Basin fishes of the genus Gila possess a dark peritoneum,

a single row of teeth on each pharyngeal arch, a narrow and long

supraethmoid and a wide range of body coloration. These characters,

with the occasional exception of body color, agree with those of

Siphateles.

This study has shown several important differences between Gila

(Siphateles) bicolor and the Alvord Basin Gila. The supraethmoid of

Alvord Basin Gila is much narrower. Gila from the Alvord Basin

typically possess one to four fewer vertebrae than in G. bicolor. The

cephalic lateral-line system is greatly reduced in the Alvord Basin

Gila. Dorsal, anal, and pectoral fin ray numbers are also reduced.

Scales of Alvord Basin Gila are smaller in size and more deeply embedded,

when compared to those of G. bicolor. Radii are present in all fields

of the scales of Alvord Basin Gila, whereas radii occur only in the

anterior field and occasionally in the lateral field of the scales in

G. bicolor. Such differences are probably explainable in the long period

of time, at least since the Pliocene, that Gila in the Alvord Basin have

been isolated from Gila of adjacent basins (Hubbs and Miller 1942b).

Many differences noted are ones of degree rather than nature. For

example, whereas vertebral numbers are one to four fewer in Alvord Basin

Gila than in G. bicolor, they are seven to 12 fewer than in other

species of Gila. Also, some of these characters, such as fin ray

number and reduction in cephalic sensory system, are valuable in

specific separation but are not herein considered of subgeneric value.

I therefore refer Alvord Basin fishes of the genus Gila to the subgenus

Siphateles.



CONSERVATION OF THE NATIVE ALVORD BASIN FISHES

Native fishes of the Alvord Basin consist of Gila boraxobius, G.

alvordensis, and two undescribed subspecies of cutthroat trout, Salmo

clarki subspp.

Habitat of Gila boraxobius includes Borax Lake, two small adjacent

pools, the southwest outflow creek from Borax Lake, and Lower Borax Lake.

Currently, two major threats exist for G. boraxobius, geothermal

development of aquifers that feed Borax Lake and associated surface

disturbances, and the destruction of Borax Lake outflows and lake

margins by a local rancher. Both the 65 ha parcel of private land

containing Borax Lake and the U.S. Bureau of Land Management holdings

have been leased for geothermal development. Recent prices paid by

oil comparies for geothermal leases indicate that the Borax Lake area

is probably the most important geothermal site in the Alvord Known

Geothermal Resource Area. Surface disturbance of Borax Lake and

outflow creeks by the local rancher have resulted in the drying of

Lower Borax Lake and a lowering of the water level in Borax Lake and

the southwest outflow creek by approximately seven to ten centimeters.

The naturally restricted range of the species and threats from

geothermal development caused the American Fisheries Society to list

the Borax Lake chub as threatened in 1979 (Deacon et al. 1979). By

May 1980, leasing of surrounding land by the U.S. Bureau of Land

Management and the surface disturbance of the lake itself caused

scientists from Oregon State University and the U.S. Fish and Wildlife

Service to initiate emergency listing of the species on the federal

Endangered and Threatened Species List. On 28 May 1980, a notice
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appeared in the Federal Register proclaiming the Borax Lake chub

an Endangered Species. However, the future of Borax Lake and the

chub appear uncertain. In addition to the endemic fish species,

other qualities of the Borax Lake area are impressive. An amazing

assemblage of habitat types, including greasewood flats, thermal

springs, thermal lake, marsh, cool water ponds, mud flats, and salt

flats occur in the immediate vicinity (Williams and Holm 1979).

More than 20 separate springs, ranging from 35 to 100°C occur in

the area. These hot springs are among the most interesting and

unusual in Oregon (R.W. Castenholz, pers. comm.). A rare species

of lizard, Crotaphytus wislizeni, and many species of rare or

uncommon birds such as snowy plover, black-necked stilt, Forster's

tern, black-crowned night heron American avocet, long-billed

curlew, and swans frequent the area (Green 1978, Williams and Hoye

1979). The invertebrate and botanical components of the area are

poorly known (but see Kierstead and Pogson 1976).

The status of Gila alvordensis is good in most localities.

exception is Serrano Pond which has been significantly altered in

recent years, reducing fish habitat. However, in the remaining

water, the fish are surviving and reproducing. Guppies, Poecilia

reticulata, have been introduced and are established in the

Dufurrena area of Nevada and nearby Thousand Creek Spring. The

presence of such exotics has often reduced numbers of native fishes

in isolated Great Basin habitats (Deacon et al. 1964; Williams and

Wilde, in press). Populations of Gila alvordensis in Thousand

Creek and Dufurrena Ponds #19 and #22 would be threatened by the
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further dispersal of guppies. The location of Thousand Creek Spring

and the physical conditions of the water indicate that G. alvordensis

probably occurred there in the past. Currently, the only fish

inhabitants are dense swarms of guppies.

The Alvord cutthroat trout, Salmo clarki subsp., formerly

occurred in the Virgin Creek drainage system of Nevada and the

Trout Creek system of Oregon. Unfortunately, rainbow trout, Salm°

gairdneri, were introduced into Virgin and Trout creeks in the mid-

1900's. The introduced rainbow trout have hybridized with the native

cutthroat, causing virtual elimination of the native form (Behnke

1979, Williams et al. 1980). Hybridization between native trouts

and introduced rainbow and cutthroat trouts has caused the near

extinction of native trout in many parts of the Great Basin (Behnke

and Zarn 1976).

Another undescribed subspecies of cutthroat trout occurs in

the Willow and Whitehorse drainage system (Behnke 1979). This system

is somewhat separated from the main Alvord Basin and occurs along the

eastern border of the Alvord Basin in Oregon (Snyder et al. 1964).

Good populations of this subspecies, uncontaminated by introduced

trouts, occur in both Willow and Whitehorse creeks.
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