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DISCLAIMER

Recovery plans delineate reasonable actions which are believed to be required
to recover and/or protect listed species. Plans are published by the U.S.
Fish and Wildlife Service, sometimes prepared with the assistance of recovery
teams, contractors, State agencies, and others. Objectives will be attained
and any necessary funds made available, subject to budgetary and other
constraints affecting the parties involved, as well as the need to address
other priorities. Recovery plans do not necessarily represent the views nor
the official positions or approvals of any individuals or agencies (involved
in the plan formulation), other than the U.S. Fish and Wildlife Service. They
represent the official position of the U.S. Fish and Wildlife Service only
after they have been signed by the Regional Director or Director as approved.
Approved recovery plans are subject to modification as dictated by new
findings, changes in species status, and the completion of recovery tasks.




LITERATURE CITATIONS

U.S. Pish and Wildlife Service. 1993. Desert Pupfish Recovery Plan.
Phoenix, Arizona. 67 pp.

Additional copies may be purchased from:
Fish and Wildlife Reference Service:

5430 Grosvenor Lane, Suite 110
Bethesda, Maryland 20814
301/492-6403

or

1-800-582-3421

The fee for the Plan varies depending on the number of pages of the Plan.



ACKNOWLEDGMENTS

Preparation of the Desert Pupfish Recovery Plan benefitted substantially from
input by past and present members of and consultants to the Desert Fishes
Recovery Team:

W.L. Minckley, Arizona State University, Team Leader

Francisco Abarca, Arizona Game and Fish Department

Betsy C. Bolster, California Department of Fish and Game

Thomas A. Burke, U.S. Bureau of Reclamation

Jerry Burton, U.S. Fish and Wildlife Service

Gene Dahlem, U.S. Bureau of Land Management

Dean A. Hendrickson, Arizona Game and Fish Department

Lourdes Juirez-Romero, Centro Ecoldgico de Sonora

William E. Kepner, Environmental Protection Agency

Kimberly A. Nichol, California Department of Game and Fish

David L. Propst, New Mexico Department of Game and Fish

Jeff Simms, U.S. Bureau of Land Management

Jerome A. Stefferud, U.S. Forest Service

Alejandro Varela-Romero, Centro Ecolégico de Sonora




EXECUTIVE SUMMARY

Current Species Status: Listed as endangered throughout its range. Composed
of two subspecies in the U.S5.: a Colorado River form and a Quitobaquito form.
Natural populations of the Colorado River form have been extirpated from
Arizona, restricted to three natural locations in California and the non-
natural irrigation drains around the Salton Sea. The Colorado River form also
occupies certain restricted locations of the Colorado River Delta in Sonora
and Baja California, Mexico. The Quitobaquito form persists in a single,
modified spring at Organ Pipe Cactus National Monument, Arizona. Distribution
of a third, undescribed form in Rio Sonoyta of Sonora, Mexico is unknown, but
believed to be quite limited.

Habitat Requirements and Limiting Factors: Cienegas, springs, small streams
and margins of large rivers. Has tolerance for wide temperature fluctuation,
low oxygen concentrations, and high salinity. Does not cope effectively with
introduction of non-native fish. Habitat loss, habitat modification,
pollution, and competition and predation from non-native fish threaten the
species’ survival.

Recovery Objective: Downlisting of the Colorado River form (delisting of
Colorado River form is not considered feasible in the foreseeable future), and
protection of the other two subspecies (downlisting of Quitobaquito form
appears to be unattainable).

Recovery Criteria: Secure, maintain and replicate all naturally occurring
extant populations. Re-establish replicate populations in the most natural,
identifiable habitats within the probable historical range. Each replicated
population will not be considered established until the population has
persisted for a minimum of ten years. Protection and establishment of
refugium populations of Quitobaquito and Rio Sonoyta forms.

Actions Needed:

1. Protect natural populations and their habitats.

2. Re—-establish populations.

3. Establish a refugium population of Quitobaquito pupfish.
4. Develop protocol for exchange of genetic material.

5. Monitor natural and replicated populations.

6. Determine factors affecting population persistence.

7. Information and education.

Costs ~ (000’s):

Year Need 1 Need 2 Need 3 Need 46 Need 5 Need 6 Total

1994 26 30 20 8 31 7 122

1995 50 30 20 23 55 6 184

1996 45 25 20 8 56 7 161

1997 36 25 20 10 56 7 154

1998 26 25 20 10 38 7 126

1999-

2008 100 150 0 165 40 70 525

Total

Costs 283 285 100 224 276 104 1,272

Date of Downlisting: Downlisting is expected to occur in 2009 for the
subspecies C. macularius macularius, if downlisting criteria are met.

* . N
- not including acquisition costs.
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I. INTRODUCTION

The desert pupfish (Cyprinodon macularius Baird and Girard) (1853) is a small
cyprinodontid fish that once was widespresdt and abundant in portions of
southern Arizona and southeastern California, United States, and northern Baja
california and Sonora, Mexico (Miller 1943). Historical habitats varied in
size, complexity, character and permanence, and included cienegas, springs,
streams, and margins of larger lakes and rivers (Minckley 1973). The desert
pupfish has received considerable attention from behaviorists, systematists,
physiological ecologists, and geneticists but many aspects of its basic
biology remain unstudied. Although remarkably tolerant of extreme
environmental conditions (Deacon and Minckley 1974), the species is threatened
with extinction throughout its native range primarily because of habitat loss
or modification, pollution, and introductions of exotic fishes [U.S. Fish and
Wildlife Service (Service) 1986].

Naturally-occurring populations of desert pupfish are now restricted in
Arizona to Quitobaquito Springs and in California to two streams tributary to,
and a few shoreline pools and irrigation drains of, the Salton Sea. The
species is found in Mexico at scattered localities along Rio Sonoyta, on the
Colorado River Delta, and in the Laguna Salada basin. The desert pupfish is
listed as endangered by the United States (Service 1986), the International
Union for Conservation of Nature and Natural Resources {Miller 1979, IUCN
1990), and the States of Arizona (Arizona Game and Fish Department (AGFD)
1988] and California [California Department of Fish and Game (CADFG) 1980,
Bolster 1990). The Mexican government has also listed the species as
endangered [Secretaria de Desarrollo Urbano y Ecologia (SEDUE) 1991].

Description

The desert pupfish was described by Baird and Girard (1853) from specimens
collected in the San Pedro River, Arizona. The taxon now includes two
recognized subspecies, Cyprinodon m. macularius and C. m. eremus, and one
undiagnosed form which ©ccurs im the Rio Somoyta, Sonora, Mexico (McMahon and
Miller 1985, Miller and Fuiman 1987). Cyprinodon m. eremus is endemic to
Quitobaquito Springs, Organ Pipe Cactus Natiomal Monument+ Pima County,
Arizona (Miller and Fuiman 1987). All other populations are referred to C. m.
macularius. A third named subspecies, C. m. californiensis (Girard 1859,
Miller 1943, Hubbs et al. 1979) from near sam Diego, Catifornia, is no longer
recognized as valid and is now considered C. m. maculariug (Miller and Fuiman
1987). Lucania browni Jordan and Richardson (19077 froma hot spring in
northeastern Baja California was also synonomized with C. m. macularius
(Miller 1943, Minckley 1973, Miller and Fuiman 1987). _—

Analysis of allozyme variation (Turner 1983) of six desert pupfish populations
[Quitobaquito Spring, Boyce Thompson Arboretum (progeny of fish from Cienaga
de Santa Clara, Mexico) (=Santa Clara Slough) and four from the Salton Sink}
showed mean heterozygosity values within the range reported by Kornfield and
Nevo (1976) for the ecologically comparable (Miller 1981) euryhaline killifish
Aphanius dispar. The study also detected differences among the three
geographic areas and among the four Salton Sink populations, and a low level
of inter-population differentiation.

A description of Cyprinodon macularius is summarized from Baird and Girard

(1853), Miller (I943), Minckley (1973), and Moyle (1976):

The body is thickened, chubby or markedly compressed
laterally in adult males. The mouth is superior and highly
protractile, and is equipped with tricuspid jaw teeth.
Spine-like projections are characteristic of scale circuli.
The dorsal profile is smoothly rounded.
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Background coloration is silvery in females and juveniles.
The sides have narrow, vertical dark bars interrupted
laterally and giving an appearance of a disjunct lateral
band. Fins are colorless except for a dark ocellus in the
dorsal and (rarely) a dark spot on the anal fin. Mature
males in breeding condition are brightly colored with the
caudal fin and posterior portion of the caudal peduncle
yellow or orange, sometimes intense orange-red. Other fins
are dark. The body is iridescent light-to-sky blue,
especially on the dorsal surface of the head and predorsal
region.

The pupfish endemic to Quitobaquito Spring, Arizona, has been long recognized
as a distinct form (Miller 1943, Hubbs and Miller 1948, Cole 1963, Cole and
Whiteside 1965, Minckley 1973) but not formally described until recently
(Miller and Fuiman 1987). The Quitobaquito pupfish (Cyprinodon macularius
eremug) differs from other populations of C. macularius primarily as follows
(Miller and Fuiman 1987):

The males have a longer, wider and deeper head, and broader
and deeper body. Distances from the tip of the snout to the
pelvic fin insertion, and from snout to anal fin insertion
are greater in males. In females, the head is deeper,. the
body is slightly deeper, the dorsal fin base is longer, and
the depressed anal fin is shorter. The dorsal fin origin is
more posterior than for typical C. macularius, and is the '
same for males and females. Pelvic fins are reduced in siz
(as they are in other Rio Sonoyta populations) compared to
most C. macularius.

McMahon and Miller (1985) and R.R. Miller (in Minckley 1985)| concluded that
pupfish from the mainstream Rio Sonoyta differ substantially] from those in
Quitobaquito Spring, although not at more than a subspecific level. Miller
and Fuiman (1987) further note the distinctiveness of Rio Sonoyta populations
compared with Quitobaquito pupfish and considered the former an intermediate
link between C. m. macularius and C. m. eremus.

Distribution and Abundance

Historical. Desert pupfish historically occupied the Gila River basin below
about 1,500 meters (m) elevation in Arizona and Sonora, including the Gila,
Santa Cruz, San Pedro, and Salt Rivers; the lower Colorado River in Arizona
and California downstream from the vicinity of Needles to the Gulf of
California and onto its delta in Sonora and Baja California; the Rio Sonoyta
of Arizona and Sonora; Puerto Penasco, Sonora; and the endorheic Laguna Salada
basin of Baja California (Figure 1) (Minckley 1973, 1980; Miller and Fuiman
1987; Miller written communication 1993). Although collections are wanting,
suitable habitat was available and the species probably occurred as well in
the Agua Fria, Hassayampa, and Verde Rivers of Arizona. In California, it
historically occurred in springs, seeps and slow-moving streams in the Salton
Sink basin (Eigenmann and Eigenmann 1888, Evermann 1916, Thompson 1920, Jordan
1924, Coleman 1929, Jaeger 1938, Miller 1943, Black 1980b), and possibly in
the slow-moving waters along the lower Colorado River (Garman 1895, Gilbert
and Scofield 1898, Turner 1983). The Quitobaquito form occurred naturally
only in Quitobaquito Spring, Arizona. Historic collection localities are
provided in Figure 1.

Distribution of desert pupfish was widespread but probably not continuous
within its historic range. Populations occupying stable springs and headwater
habitats may have persisted for millennia and experienced relatively little
long-term change in numbers. Those occupying rivers and adjacent habitats '
almost certainly varied numerically in response to local climatic and habitat
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Figure 1. Historic collections and present distribution of desert pupfish;
open circles represent historic records, closed circles denote extant natural
populations of Cyprinodon macularius macularius, and the triangle locates

e e

Quitobaquito Spring (Cyprinodon macularius eremus).
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conditions. Small populations were found in small habitats and elsewhere
during harsh conditions, with expansion into larger habitats when
environmental conditions moderated. Populations of larger streams and rivers
likely were ephemeral, perishing when drought desiccated their habitat, and
dispersing to populate areas watered by flooding. Such a scenario, when
repeated over the evolutionary history of the species, would likely have led
to panmixia among populations within broad geographic areas.

After the Salton Sink was most recently flooded in the early 1900s by
diversion of the Colorado River, desert pupfish colonized what is now known as
the Salton Sea (Thompson and Bryant 1920). The Salton Sea, its tributary
streams and irrigation drains, supported large desert pupfish populations
until precipitous population declines, attributed especially to introductions
of exotic species (Miller and Fuiman 1987, Schoenherr 1988) began in the early
1960s (Black 1980b).

Historic abundance of pupfish at Quitobaquito remains unknown because the
habitat has been modified by impoundment and diversion by humans (Bryan 1925,
Johnson et al. 1983). Habitat likely was relatively small under pristine
conditions, and areal densities of fish probably varied little other than
seasonally under natural conditions.

Present. Natural populations of the Colorado River subspecies of desert
pupfish persist in at least a dozen locales in the United States and Mexico
(Fig. 1; Table 1, Appendix), and at least 20 and up to 24 transplanted
(non-aquarium) populations are extant (AGFD files; Bagley et al. 1991, Brown
and Abarca 1992, Table 2, Appendix). Among the last is a large stock derived
from Cienaga de Santa Clara and maintained at Dexter National Fish Hatchery,
New Mexico. Quitobaquito pupfish are in its single native habitat (Fig. 1),
one population of known genetic purity is established at Arizona State
University, several potentially mixed stocks exist (Table 2), and a number of
display or agquarium stocks are extant (AGFD files).

Arizona. Naturally occurring populations of Cyprinodon macularius
macularius have been extirpated from Arizona. HoweVer, the B as
been transplanted from Dexter National Fish Hatchery (Cienaga de Santa Clara
origin) to a number of locations within the state (Table 2). Transplant sites
included natural habitats, livestock watering tanks, constructed refugia, and
aquaria under State, Federal, or private ownership. At least 8 and as many as
12 Arizona transplant locations supported pupfish in spring 1991, with
population sizes of more than 1,000 individuals (Table 2).

A large population of Cyprinodon m. eremus is endemic to Quitobaquito Springs,
Organ Pipe Cactus National Monument (Fig. 1). Total estimated abundance in
the 0.22 hectare (Fisher 1989) pond varies annually from about 5,000 to 10,000
under normal conditions [Kynard and Garrett 1979, Bagley et al. 1991, Brown
and Abarca 1992, U.S. National Park Service (NPS) 1992]. A captive stock of
Quitobaquito pupfish is currently held at Arizona State University in Tempe

(Table 2).

Other populations presumably derived from Quitobaquito Spring, but of
questionable genetic purity because of potential genetic contamination by
other species or subspecies, were established and may persist at Bog Hole Tank
(Coronado National Forest, Santa Cruz County), Finley Tank (Audubon Society
Research Ranch near Elgin, Santa Cruz County), Arizona-Sonora Desert Museum
(near Tucson, Pima County), and Tohono Chul Park, Tucson (Table 2). These
populations should be destroyed because they all are outside the historic
range of the subspecies, are of questionable genetic purity, and threaten
recovery of downstream populations.

california. Natural populations of desert pupfish are presently
restricted in California to San Felipe Creek and its associated wetland, San
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Table 1. Summary of known natural populations now existing in the United
States and Mexico.

Cyprinodon macularius eremus

1) Quitobaquito Springs, Arizona

Cyprinodon macularius macularius

1) Salton Sink (San Felipe/San Sebastian Marsh, upper Salt Creek, and
shoreline pools and irrigation drains of Salton Sea, california);

2) El Doctor (3 localities) and Cienaga de Santa Clara (2
localities);

3) Laguna Salada, Baja California; and

4) Cerro Prieto (2 localities), Baja California, Mexico

Cyprinodon macularius ssp.

1) Rio Sonoyta, Sonora




Table 2. Summary of extant transplanted stocks of desert pupfish. Records

from

spring 1991 unless otherwise designated. Included are location,

ownership, transplant date(s), habitat type, approximate population size, and
original source of fish (AGFD and CADFG files).

Cyprinodon macularius maculariug

1.

2.

10.

11.

12.

13.

14.

AZ, Maricopa Co., Tempe; private (W.L. Minckley); 1976, 1988;
artificial (concrete) pond; <500 fish; Santa Clara Slough, Mexico.

AZ, Graham Co., Howard Well; U.S. Bureau of Land Management; 1983;
artificial stock tank supplied by drilled artesian well; status
uncertain as of March 1993; Santa Clara Slough, Mexico.

AZ, Maricopa Co., Glendale, Deer Valley High School; Glendale School
District; 1983, 1987; 1991; artificial (earthen) pond; >500 fish; Santa
Clara Slough, Mexico.

AZ, Pinal Co., Boyce Thompson Arboretum; University of Arizona; 1983,
1984, 1985; artificial (earthen) impoundment supplied in part by treated
sewage and mine water; >500 fish (contaminated by fathead minnow); Santa
Clara Slough, Mexico.

NM, Chavez Co., Dexter, National Fish Hatchery; U.S. Fish and Wildlife
Service; 1983; artificial (earthen) pond supplied by well water; >500
fish; Santa Clara Slough, Mexico.

AZ, Pima Co., Tucson, Flowing Wells Junior High School; Tucson School
District; 1986; artificial (concrete) pond; <500 fish; Santa Clara
Slough, Mexico.

Mexico, Sonora, Hermosillo, Centro Ecolégico de Sonora; State of
Sonora; 1986; artificial pond; >1,000 fish; Rio Sonoyta, Mexico.

AZ, Graham Co., Roper Lake State Park; State of Arizona; 1987;
artificial (earthen) pond supplied by spring water; status uncertain as
of March 1993; Santa Clara Slough, Mexico.

AZ, Maricopa Co., Phoenix, Desert Botanical Garden; private; 1987;
artificial (concrete) pond; <500 fish; Santa Clara Slough, Mexico.

AZ, Pima Co., Buehman Canyon; State of Arizona; 1989; natural, perennial
stream; status uncertain as of March 1993; Santa Clara Slough, Mexico.

AZ, Maricopa Co., Hassayampa River Preserve; The Nature Conservancy;
1989; artificial (earthen) impoundment supplied by quasi-natural
(modified) spring; status uncertain as of March 1993; Santa Clara Slough,
Mexico.

AZ, Maricopa Co., Glendale; private (R.Engle-Wilson); 1989; artificial
(concrete) pond; <500 fish; Santa Clara Slough, Mexico.

AZ, Pima Co., Tucson, Arizona Historical Society; private; 1989;
artificial (concrete) pond; unknown number of fish; Santa Clara
Slough, Mexico.

AZ, Graham Co., Cold Spring Seep; BLM; 1990; artificial impoundment (2
small pools); status uncertain as of March 1993; stocked with 50 fish
from Flowing Wells Jr. High School, Tucson, and 150 fish from Dexter NFH
(both Santa Clara Slough stock).



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

CA, Riverside Co., The Living Desert; private ownership; 1972; two
artificial (concrete) ponds; current number unknown; Salton Sea,
California.

CA, San Diego Co., Palm Spring, Anza-Borrego Desert State Park; 1978;
State of California; artificial (concrete) pond, current number unknown;
Salton Sea, California.

CA, San Diego Co., Visitor Center, Anza-Borrego State Park; 1979; State
of California; artificial (concrete) pond, current number unknown;
Salton Sea, California.

CA, Riverside Co., Oasis Spring Ecological Reserve; 1977, 1979; State of
California; artesian well and two earthen ponds; current number
unknown; Salton Sea, California.

CA, Riverside Co., Salton Sea State Recreation Area; 1982; State of
California; artificial (concrete) pond; current number unknown; Salton
Sea, California.

CA, Riverside Co., Simone/McCallum Pond, Thousand Palms Oasis; 1987;
private (The Nature Conservancy); natural spring/artificial (earthen)
pond; current number unknown; Salt Creek, California.

CA, Riverside Co., Visitor Center Pond, Thousand Palms Oasis; 1989;
private (The Nature Conservancy); natural spring/artificial (earthen)
pond; current number unknown; Salt Creek, California.

CA, Riverside Co., Rancho Dos Palmas; 1990; private (BLM); artificial
(earthen) pond; current number unknown; Salt Creek, California.

CA, San Diego Co., Palm Canyon, Anza-Borrego Desert State Park; State of
California; 1981; artificial (concrete) pond; current number unknown; San
Felipe Creek, California.

CA, Riverside Co., The Living Desert; private ownership; 1985, 13987;
artificial (earthen) pond; current number unknown; San Felipe Creek,
California.

Numerous captive aquarium populations (See Appendix).

Cyprinodon macularius eremus, including stocks of questionable genetic purity.

1.

AZ, Santa Cruz Co., Bog Hole; U.S. Forest Service; 1977; artificial
(earthen) impoundment on natural drainage; < 500 fish; potentially mixed
stocks.

AZ, Santa Cruz Co., Finley Tank; Audubon Society; 1978; artificial
(earthen) impoundment fed by springwater; >500 fish; potentially mixed
stocks.

AZ, Pima Co., Tucson, Arizona-Sonora Desert Museum; private; 1981;
artificial (concrete) ponds; >500 fish; potentially mixed stocks.

AZ , Pima Co., Tucson, Tohono Chul; private; 1987; artificial (concrete)
pond; <500 fish; potentially mixed stocks.

AZ, Maricopa Co., Tempe; Arizona State University; State of Arizona;
1989; artificial (concrete) pond; >500 fish; Quitobaquito Springs (Organ
Pipe Cactus National Monument), Arizona, via Arizona Game and Fish
Department.



6.

Numerous captive aquarium populations (See Appendix, AGFD files).




Sebastian Marsh, Imperial County; upper Salt Creek, Riverside County; and a
few isolated shoreline pools and irrigation drains along the Salton Sea,
Imperial and Riverside Counties., (Fig. 1; Miller and Fuiman 1987, Nichol et
al. 1991). Relatively small refugium populations have been transplanted to
Arrowweed Spring (Imperial County), Butte County Mosquito Abatement District
(Butte County), Rancho Dos Palmas, Salton Sea State Recreation Area, The
Living Desert (two populations), Thousand Palms Oasis (two locations), and
Oasis Spring Ecological Reserve (Riverside County), and Palm Spring, Palm
Canyon, and Visitor Center, located at Anza-Borrego State Park in San Diego

County (Table 2).

Mexico. Natural populations of the yet-undescribed form of desert
pupfish persist in Sonora in Rio Sonoyta (Fig. 1). Cyprinodon m. macularius
is in several spring-fed marshes in the vicinity of The village of El DOTtOr
and in Cienega de Santa Clara, Sonora. Desert pupfish in Baja California are
found on the Colorado Delta, in Laguna Salada, in an expansive wetland
associated with a geothermal powerplant at Cerro Prieto, and in a ditch
downstream of the Cerro Prieto marshland (Fig. 1; Hendrickson and
Varela-Romero 1989). A captive population of pupfish from the Rio Sonoyta was
established at Centro Ecoldégico de Sonora (CES) in Hermosillo, but a stock
obtained from Santa Clara Slough and also held there was recently extirpated.
There are no other records of desert pupfish transplants within Mexico.

Life History

Research on desert pupfish has included study of taxonomy and biogeography
(Miller 1943 and 1981, Hubbs and Miller 1948, Miller and Fuiman 1987,
Hendrickson and Varela-Romero 1989, others), physiology (e.g., Barlow 1958a,
Kinne 1960, Kinne and Kinne 1962a and b, Sweet and Kinne 1964, Lowe et al.
1967, Courtois and Hino 1979, Schoenherr and Feldmeth 1991), genetics (e.g.,
Turner 1983 and 1984; Echelle 1991, Echelle and Dowling 1992, Echelle and
Echelle 1993), and behavioral ecology (e.g., Cowles 1934, Barlow 1958b and
1961; Arnold 1972, Loiselle 1980 and 1982, Matsui 1981, McMahon 1984, McMahon
and Tash 1988). Because of this broad spectrum of examination, the desert
pupfish may be the best known member of the cyprinodontid family of fishes.

Habitat. Desert pupfish occupied a diversity of habitats ranging from
cienagas and springs to small streams and margins of larger bodies of waters.
Most habitats were shallow and had soft substrates and clear water. Abundance
of aquatic vegetation and invertebrates probably varied seasonally, with
lowest levels associated with harshest conditions.

Pupfish have an extraordinary ability to survive under conditions of high
water temperature (to 45°C, Lowe et al. 1967), low dissolved oxygen
concentration [0.1-0.4 milligrams per liter (mg/L), (Barlow 1958b)], and high
salinity [salt concentrations twice (68 grams per liter) that of seawater,
Lowe et al. 1967], which exceed tolerances of virtually all other freshwater
fishes (see also Kinne 1960, Kinne and Kinne 1962 a,b). They also survive
abrupt, absolute changes in both salinity [10-15 grams per liter (gm/L)] and
temperature (22-26°C) (Kinne 1960, Lowe and Heath 1969) that are lethal to
most fishes. In less harsh environments where a greater diversity of fishes
was found (e.g., margins of larger streams and rivers), pupfish typically
occupied water shallower than that inhabited by adults of most other species.

_Reproduction. Under conditions of abundant food and suitable temperature
(mid—-to-upper 20s °C), desert pupfish may become sexually mature as early as
six weeks of age at 1.5 centimeters (cm) total length (Moyle 1976). Although
they may breed during their first summer, most do not breed until their second
summer, when their length may have reached a maximum of 7.5 cm (Moyle 1976).
Male pupfish are usually highly aggressive during the breeding season (early
spring into winter when water temperature exceeds about 20°C). During this
period they establish, actively patrol, and defend individual territories that
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are typically in water less than 1 m deep and associated with a small
structure or incongruity on the substrate (Barlow 1961). Males in natural
habitats normally defend 1 to 2 square meters of bottom, depending on their
individual size, density of other male pupfish, and water temperature (Moyle
1976). Minimum male territory size may be 45 to 60 square cm, the density at
which population stability is achieved in aquaria (Minckley 1973).

Male breeding behaviors include territoriality and consort pair breeding (a
non-territorial system in which males show low levels of aggression)
(Kodric-Brown 1981). Territoriality occurs in large habitats with high
primary productivity, limited breeding substrates, and high population
densities. Consort-pair breeding is characteristic of populations in habitats
of low primary productivity, low population density, and abundant breeding
habitat (Kodric-Brown 1981). Because territoriality is the most common
breeding system in desert pupfish (Barlow 1958b and 1961; Cox 1966,
Kodric-Brown 1981), it is further described below.

Adult females swim in loose schools and forage inconspicuously. A female that
is ready to spawn leaves the school when attracted by a territorial male
(Cowles 1934, Barlow 1961). As the two fish move toward one another, the
female tilts head-first toward the bottom and takes a small piece of substrate
into her mouth. After resuming a horizontal position, she spits out the
material. This sequence may be repeated several times until she ceases motion
near the bottom. The male then assumes a position against and parallel to the
female, and the two fish contort together to form an "S" shape. The male’s
anal fin next cups around the vent region of the female, and she vibrates and
produces a single, relatively large [ca. 2 millimeters (mm) diameter (Constanz
1981)) egg, which is immediately fertilized. The spawning act takes less than
a minute but may be repeated in quick succession to deposit several eggs. 1In
the laboratory, female pupfish of varying size may lay 50 to more than 800
eggs in a single season (Crear and Haydock 1971). Eggs appear to be randomly
deposited within the male territory and there is no directed parental care.
However, male activities within the territory effectively exclude other
fishes, which may enhance chances for successful incubation (Minckley 1973).
Incubation time varies with water temperature, hatching in the laboratory
occurs in about 10 days at 20°C (Crear and Haydock 1971).

Growth. Growth rate is dependent upon age, habitat and environmental
conditions, and population density. 1In the laboratory, young fish derived
from the Salton Sea population exhibited optima growth at 30°C and 35 gm/L
salinity, while older individuals grew most rapidly at 22 to 26°C and about 15
gm/L salinity (Kinne 1960, Kinne and Kinne 1962a, b). Body shape varied among
fish incubated at different combinations of salinity and temperature (Sweet
and Kinne 1964). Temperature effects on size at hatch at constant (35 gm/L)
salinity were interpreted to reflect temperature and possible salinity optima
for utilization of yolk by developing embryos (Blaxter 1969).

Desert pupfish from the Salton Sea hatch at 0.4-0.5 cm total length and may
double in length within the first 8 weeks of life. Depending primarily upon
temperature, size ranges from 1.5 to 2.8 cm at 24 weeks of age, and lengths of
4.5 to 5.0 cm are attained in the laboratory by the end of the first growing
season (Kinne 1960). Maximum length [to 7.5 cm (Moyle 1976)] may be attained
by the second summer. Quitobaquito pupfish in June averaged 29.6 mm at age 1,
40.2 mm at age 2, and 48 mm at age 3 (Kynard and Garret 1979).

Life span in the wild appears highly variable; from less than a year for some
populations (Minckley 1973), two years for others (Moyle 1976), and up to
three years for Quitobaquito pupfish (Kynard and Garrett 1979). Predation by
aquatic insects, piscivorous birds, and mammals was noted by Cole and
Whiteside (1965) in Quitobaquito Spring and likely is a source of mortality
elsewhere (see Walker 1961). ’
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Foods and Feeding Habits. Larval pupfish in the laboratory begin feeding on

tiny invertebrates within a few hours to a day after hatching (Crear and
Haydock 1971) and presumably do so in the wild as well. As they grow, wild

fish become opportunistic omnivores, consuming whatever variety of algae,
plants, suitably-sized invertebrates, and detritus is available (Cox 1966 and
1972, Naiman 1979). Adult foods include ostracods, copepods, and other
crustaceans and insects, pile worms, molluscs, and bits of aquatic macrophytes
torn from available tissues. Detritus or algae are often predominant in their
diets. Pupfish at Quitobaquito Spring have been reported to eat their own
eggs and young (Cox 1972), and it has been suggested (Loiselle 1980) that
males differentially consume eggs within their territories that were
fertilized by other males. Pit digging, the active excavation of soft bottoms
in search of foods, is a pupfish behavior described in detail by Minckley and
Arnold (1969); these pits are defended when occupied. Foraging is typically a
daytime activity, and fish may move in response to daily warming from
shallower water during morning to feed in deeper places later in the day.

Co-occurring Native Fishes. The harshest habitats historically occupied by
desert pupfish had temperatures, salinities, and dissolved oxygen
concentrations so extreme that other fishes were excluded. Elsewhere in
cienegas, springs, and small streams, the Sonoran topminnow (Poeciliopsis
occidentalis) was a common co-habitant; however, it is unknown how the two
species interacted. Topminnows and pupfish also inhabited the maﬁglns of
larger rivers, where shallow depths, high temperatures, or other Qpctors
excluded adults of most species. Other fishes in desert pupfish habitats
included Gila chub (Gila intermedia), speckled dace (Rhinichthys ogculus) and
the desert sucker (Pantosteus clarki), but these typically inhabi
waters and presumably had little interaction with pupfish. Longfi

(Gila robusta) were commonly found in mainstream and deeper porti
mid-sized streams occupied peripherally by pupfish. Bonyta;l (lea elegansl,

lucius), and woundfin (Plagogterus argentigsimus) occupied the malnstream of
larger rivers. It is doubtful there was opportunity for these species, except
as larvae or early juveniles, to interact with pupfish. Longfin dace was the
only native fish with potential to have co-occurred with pupfish at
Quitobaquito Spring (Minckley 1973).

Reasons for Decline

There are many reasons for declines of desert pupfish populations. They
include habitat loss (dewatering of springs, some headwaters, and lower
portions of major streams and marshlands), habitat modification (stream
impoundment, channelization, diversion, and regulation of discharge, plus
domestic livestock grazing and other watershed uses such as timber harvest,
mining, and road construction), pollution, and interactions with non-native
species (competition for food and space, and predation) (Matsui 1981, Minckley
1985, Service 1986, Miller and Fuiman 1987).

Many historic pupfish localities have been dried by groundwater pumping
(affecting both spring and stream discharges), channel erosion or arroyo
formation (resulting in drainage of marshlands, creation of sheer banks, and
loss of lateral habitat), and water impoundment and diversion (reducing or
eliminating stream flows and natural flow regimes) (Hastings and Turner 1965,
Fradkin 1981, Rea 1983, Hendrickson and Minckley 1985). Impoundment also
creates upstream habitat unsuitable for pupfish because of increased depth and
which, because of its lentic character, is more conducive to occupation by
non-native fishes. Poor grazing practices by domestic livestock may reduce
terrestrial vegetative cover, enhance watershed erosion, exacerbate problems
of arroyo cutting, and increase sediment loads and turbidity in receiving
waters. Habitats may be further impacted by trampling where cattle feed or
drink in or adjacent to water.
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Fishes now occupying former desert pupfish habitat include mad?lnon—native
species (see Miller 1961, Minckley 1973, 1979a and b, Moyle 1976, Marsh and
Minckley 1987). These fishes pose the greatest threat to extant desert pupfish
populations (Minckley and Deacon 1968, Deacon and Minckley 1974, Schoenherr
1981 and 1988, Meffe 1985, Miller and Fuiman 1987). Pupfish do not fare well
in the presence of non-native fishes and incursions by exotics have typically
resulted in decline or extirpation of pupfish. Non-native fishes that occupy
habitats also used by pupfish [e.g., adult western mosquitofish (Gambusia
affinis), sailfin molly (Poecilia Iatipimnna), largemouth bass (Micropterus
Salmoides), and juvenile cichlids {Oreochromis ssp. amd Lilapia ssp-)i—have
proven most destructive to populations o1 native species, —Primary mechanisms
of replacement include predation and aggression (mosquitofish and largemouth
bass) and behavioral activities that interfere with reproduction (mollies and
cichlids) (Matsui 1981, Schoenherr 1988).

Interactions with introduced mosquitofish were noted early as contributory to
the decline of pupfish in the Salton Sea (Evermann 1930, Jennings 1985).
Pupfish populations declined further when sailfin molly and African cichlids
became abundant (Schoenherr 1979, 1985, and 1988, Black 1980a and b, Matsui
1981). In the Salton Sink, pupfish survive as remnant populations in tributary
streams, a few shoreline pools, and irrigation drains where actual or potential
invasion by non-native fishes (i.e., centrarchids, cichlids, ictalurids, and
poeciliids), threaten their survival.

The Quitobaquito pupfish was threatened by establishment of golden shiner
(Notemigonus crysoleucus) following unauthorized stocking in 1968 or 1969
(Minckley 1973). Eradication of the shimer and re=establishment of the pupfish
were costly in time, money, and effort. In addition, an August 5, 1993,
memorandum from the Superintendent of Organ Pipe National Monument notified the
Service that an unconfirmed species of catfish was discovered in Quitobaquito
Spring (written communication, H. Smith, Organ Pipe National Monument). The
specimen was later identified as a black bullhead (Amieurus melas) (W.L.
Minckley, ASU, pers. comm).

Pupfish populations in Mexico have been impacted by proliferation in recent
years of non-native fishes (May 1976, McMahon and Miller 1985, Miller and
Fuiman 1987, Hendrickson and Varela-Romero 1989). African cichlids, mosquito-
fish, sailfin molly, red shiner (Cyprinella lutrensig), carp (Cyprinusg carpio),
and channel catfish (Ictalurus punctatus) a Yorado—
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