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mwa_:m which were acclimated and transferred to Mormon Spring, none survived the
arsher environment; whereas those trans _ i
harsher ransferred from Mormon to Preston Spring
_..u_mmqm:mmm in the physical properties (especially temperature and oxygen) of the
various springs and each population's apparently different resistance to these factors
coupled with the extended period of isolation, prompted examination of the taxonoms
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TABLE 1. Temperature and minimum dissolved oxygen values of the spring source in waters
eontaining Crenlchithys baileyi. Data from Hubbs and Hettler (1964) and personal obseroation.

SFRING ' TEMPERATURE (°C) QXYGEN {ppm}
PRESTON BIG 21.0 3.3
MORMON 370 0.7
HOT CREEK 31.3 1.6
MQON RIVER 33.3 -
NIKO 26.3 3.0
CRYSTAL 26.0-27.0 1.6-3.0
ASH HEADPOOL 35.9 2.4
CUTFLOW CREEK ™- ) 34.0 2.1-2.86
MOAPA HEADWATER SPRINGS 30.0-31.1 4.0-5.8
TAYLOR {(=HOME} : 31.0 5.7

of various populations of C. baileyi. The need for such an investigation was made urgent
by the recent loss of the Hiko Spring population due to exotic fish introductions.
Largemouth bass (Micropterus salmoides) apparently were introduced into Hiko Spring
in February 1965 (B, L. Wilson, pers. cornm.). Shortfin mollies (Poecilia mexicana) and
mosquite fish (Gambusia affinis) were introduced into Hiko in January or February
1965. Shortfin mollies, mosquitofish, and largemouth bass increased in abundance
through 1965, By February 1966, springfish were rare, and were extinct in June 1967, Part
of the Crenichthys decline also is attributable to a parasite, Lernaed, that probably was
introduced along with the exotic fishes. Crenichthys baileyi of Hot Creek Spring were
thought to have been extirpated in the early 1970’s when largemouth bass entered the
spring from Dacey Reservoir, where they had been introduced as game fish. Fortunately,
arecently discovered group of the springfish from Hot Creck survived because they were
isolated by dense emergent vegetation from the main pool area. Exotic species (Poecilia
mexicana, P. reticulata, Gambusia affinis, and Cichlasoma nigrofasciatum) have been
introduced into other springs inhabited by Crenichthys baileyi (Deacon and Bradlev
1972, Hlubbs and Deacon 1964). Establishment of exotic species has resulted in depressed
activity cycles and reduced population numbers of C. baileyi in these springs (Deacon.
and Wilson 1967, Deacon et al, 1964). Exotic species also have been indicated as sources
of Lernaea {Copepoda) and Contracaecum (Nematoda) that parasitize Crenichthys
baileyi in Moapa River headwater springs (Wilson et al. 1966). The current status of each
population will be treated in later sections.™™ Tl Nl
The published material relating to this species usually has centered around the fish’s
ability to inhabit seemingly hostile environments (Hubbs and Hettler 1864) and their
resulting activity patterns (Deacon and Wilson 1967, Hubbs et al. 1967). Kopec (1949)
reported on aspects of early life history of C. baileyi. Relative v\._m:ﬂmﬂmm::os hasbeen
afforded the taxonomy of this species despite the suggestion by work on other
eyprinodonts in the southwestern United States that subspecific status might be
warranted for certain populations (Miller 1948). Reider {1971} compared the
morphology of four spring populations of Crenichthys baileyi. However, his failure to
examine specimensfromotherspringsortoseparatedatabysexhamperedinterpretations
of his results and no attempt at describing distinet populations was made.

MATERIALS AND METHODS. During the course of this study we attempted to examine
specimens of Crenichthys baileyi from every locality where they exist or have historically existed.
Specifically, we based our study on series of 30 aduit fish from the following springs: Preston Big,
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Fig. 3. Comparison of least bony interorbital width in populations of Crenichthys baitey
See text for explanation of figure.

Type Material.—-Holotype, male (UMMZ 203332), 42.3 mm SL and allotype (UMM7
203333), 36.0 mm; collected 10 Oct. 1966 by J. E. Deacon from Preston Big Spring alony
with 28 paratopotypes, UNLV F.g52 (30.0-48.7 mm).

Distribution.—The distribution of this subspecies is the northernmost limit of the
species, being restricted to springsnear the towns of Preston and Lundin White Pine Cs,
Nevada. The type Yocality of C. b. albivallis is Preston Big Spring (T 12 N, R 61 E}. The
known range of this subspecies also includes Preston Town Spring, Preston Spring =1,
Arnoldsen Spring, and Cold Spring(allinT 12 N,R61E, Sec. 12); as well as Indian Spring
{T12N,R61E,Sec 2} and Lund Town Spring (T 11 N, R 62 E, Sec 3).

Species Associates and Status.~The following native fishes are assaciated with € b
albivallis: Lepidomeda albivallis (in alt springs listed above), Rhinichthys osculus subsp
(in Preston Big, Preston Town, Preston #3, and Lund Town Springs), and Catastomur
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elarki intermedins (in Preston Big, Preston Town, Preston #3, Amoldsen, and Lund
Town Springs). In addition to native fishes, an exotic, Poesifia reticulata, has become
established in all springs except Preston Big. Carassins atratus have been seen in Lund
Town Spring, Crenichthys b, albivallis were abundant in Preston Big Spring during
November 1977, but were less common during an October 1979 survey. The populations
of C. b. atbivallisin Preston Town Springand Preston Spring #3are apparently reduced
pethaps because of the presence of Poecilin reticulata, Springfish were abundant jn
Amoldsen, Cold, and Indian Springs during a 1979 survey. No springfish were collected
during 1977 in Lund Town Spring, which probably never harbored a large population of
the fish (1. E. Deacon, pers. comm.),

.Ummn_.,.v:.o:.ln.ww:mnr“r_\ufwnzmc_. albivallis is a large-bodied springfish with a
relatively small head (Table 2). Adults of this subspecies are commonly 35-40 mm SL,
exceeded only by C. b. grandis. The comparatively small head is exemplified in C. b,
albivallis by possession of the shortest head length and smallest least bony interorbital
width (Figs. 2, 3).

TABLE 2. Comparison of relative head size index in populations of Crenichthys baileyi. Larger
ralues indicate g relatively lorger head to body size, See text for explanation.

Location Index value
Mormon Spring 41,14
Crystal Spring 37.16
Ash Spring 37.00
Cardy Lamb Spring 36.74
Hot Creek Spring 36.68
MVWID> Spring 36.42
Hiko Spring 32.87
Preston Big Spring 27.61

Meristics and Morphometrics.—The following values are based on 30 Crenichthys
haiteyi (10 male, 20 female) from Preston Big Spring, 30.0-48.7 mm SL. Typical fin ray
numbers: dorsal 11, anal 12 or 13, caudal 18, and left pectoral 16 (Table 3). Lateral line
scales typieally 29 and eaudal peduncle circumference scales typically 18 (Table 4). For
the following characters, in this and subsequent descriptions, the mean value is given
first, followed by the range in parentheses. Predorsal length: ¢ T717.60 (707-729), ¢
714.85 (695-747). Anal to caudal length: & 347.70 (326-367), ¢ 332.75 (314-351),
Greatest body depth: ¢ 374.30 {355-398), ¢ 350.00 {332-374). Greatest body width: ¢
115.80 (197-233), ° 200.85 (192-224). Head length: ¢ 286.10 {267:303), ¢ 277.40
(235-299). Head depth: & 255.00 (236-270), 2 240.60 (222-258). Head width; o 222.30
{214-236), ¢ 215.40 (202-238). Least bony interorbital width: ¢ 129.30 (124-139), ¢
128.75 (112-140). Snout length: s 82.20(79-85), ¢. 78.45 (65-92). Orbit length: ¢ 79.70
(84-88), ¢ 74.40 (66-83). Depressed dorsa! fin length: ¢ 224.90 (207-256), ¢ 208.85
tmm-mmov.cou..mmmamm:m_ finlength: « 228.00(214-262), ¢ 213.35(172-229). Middle ray
caudal fin length: ¢ 201.40 {187-225), ¢ 195.63 (174-222), The following vertebral
countsare based on 20 specimens (UMMZ M 123982), with frequency of each count Ziven
in parenthesis; precaudal; 11{1), 12(16), 13(3), avg. 12.1; caudal: 15(1), 16(14), 17(5), avg.
16.2; total: 27(2), 28(11), 29(6), 30(1), avg. 28.3.

Etymology.—~The name albivallis is from the Latin albus, white, and vallis, valley, in
reference to the subspecies inhabiting the White River Valley.
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Fig. 5. Comparison of snout fength In populations of Crenichthys balleyl. Sea taxt for
explanation of figure.

Species Associates and Status.—No fish species other than springfish normally exist in the springy
inhabited by C, b. thermophilus. Location on a tributary of the White River and the high water
temperature of Mormon, Hot Creek, and Moon River Springs apparently restricted these waters to
a single native fish. Largemouth bass (Micropterus sulmoides) entered Hot Creek Spring in the earhy
1970s from Dacey Reservoir, where they had been introduced as game fish, It was thought that the
bass had extirpated the springfish until personnel from the Nevada Department of Fish and Game
discovered a group of springfish separated from the main pool area by dense emergent vegetation
Hot Creek Spring was poisoned and the isclated springfish were introduced into the main pool ares
after & barrier to prohibit entry of bass was repeired. Despite the barrier, one bass, probabh
introduced by fishermnen, was observed in the main pool area In 1979. The proximity of bass to st
Creek Spring can be expected to result in additional intentional or accidental introductions in the
future. Viable populations currently exist in all springs inhabited by C. b. thermophifus. The

subspecies formerly was common in the warm outflow of Hot Creek Spring. It has been extirpated
there by largemouth bass,
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Description.—Crenichthys baileyi thermophilusis the smallest subspeciesof C. baileyi.
Adult specimens of this subspecies average near 30 mm SL. Median fins are relatively
posterior’in position, resulting in a reduced anal to caudal length. (Fig. 4).

Meristics and Morphometrics.—The following values are based on 30 Crenichthys
baileyi (20 male, 10 female) from Mormon Spring, 26.3-45.0 mm SL. Typical fin ray
numbers: dorsal 10, anal 12, caudal 18, and left pectoral 16 (Table 3). Lateral line scales
Ivpically 28 and caudal peduncle circumference scales 16 or 17 (Table 4). Predorsal
length: ¢ 728.80 (701-767), ¢ T3L1.70 (711-760). Anal to caudal length: ¢ 326.60
[303-354), ¢ 313.30 (302-326). Greatest body depth: ¢ 320.70 (292-361), ¢ 297.10
1265-316). Grealest body width: ¢ 212.85 (201-224), ¢ 211,70(200-224). Head length:
7 317.90 (299-356), ¢ 324.30 (305-342). Head depth: & 249.25 (231-274), ¢ 245.90
(234-253). Head width: ‘¢ 227.20(214-247), ® 232.40{222-253). Least bony interorbital
width: 4 147.00 {131-160}, ¢ 143.70 (129-151). Snout length: & 87.85 (74-103),
0.10(82-99). Orbitlength: ¢ 78.05(64-89), ¢ 81.20(71-93). Depressed dorsal fin length:
+ 213.20(190-229), ¢ 206.40(198-221), Depressed anal fin length: ¢ 220.70 {189-255}),

? 214,40 (197-226). Middle ray caudal fin length: ¢ 201.80 (183-214), ¢ 207.70
{197-225). The following vertebral counts are based on 20 specimens (UMMZ M 124987),
with frequency of each count given in parenthesis; precaudal: 11(2), 12(13), 13(5), avg.
12.2; candal: 15(3), 16(11), 17(5), 18(1), avg, 16.6; total: 26(1}, 27(1), 28(7), 28(11), avg.
%4

Etymology.—The name thermophilus is from the Greek therme, warm, and philos,
having an affinity for, in reference to the subspecies inhabiting warm spring waters.

Crenichthys baileyi .mnmzmmm, n. subsp. Hiko White River springfish (Fig. 9).

Diagnosts.—This subspecies differs from other C baileyi subspecies in being of large
size (adults average longer than 40 mm SL). Crenichthys b. grandis differs from C. b.
atbivallis in having a longer head (Fig. 2). Crenichthys b. grandis differs from C, b.
thermophilus and C. b, batleyi in possessing more dorsal and anal fin rays (Table 3).
Crenichthys b. grandis can be distinguished from C. b. moapae and other C. baileyi
subspecies on the basis of color. Males of C. b. grandis have much more yellow than any
other C. boileyi subspecies. The ventral surface of head and body of the malesare brilliant
lemon yellow. This color extends onto the caudal fin, becoming deep orange.

Type Material.—Holotype, male (UMMZ 203336}, 45.5 mm SL and allotype (UMMZ
2033373, 45.4 mm; collected 3-4 Jun. 1966 by J. E. Deacon from Hiko Spring along with
19 paratopotypes ASU-3942 (31.3-65.5 mm). Additional paratopotypes collected from
Hiko Spring as follows: 44, UNLV-142 (26.4-40.3 mm) collected 4 Jun. 1964 by J. E.
Deacon; 40, UMMZ 124998 (part of a collection of 1626 specimens 13.0-71.0 mm)
tollected 28 Aug. 1938 by C. L. Hubbs.

Distribution.—Crenichthys b. grandis inhabits Hiko Spring (T 48, R 80 E, Sec 14) and
Crystal Spring (T 5§, R 60 E, Sec 10), in Pahranagat Valley, Lincoln Co,, Nevada.

Species Associatesand Status.—Two native fishes, Gila robusta jordani and
Rhindchthys osculus velifer, were associated with C. b. grandis in Hiko Spring, This
springfish population became extinct in 1967 after largemouth bass, shortfin mollies, and
mosquitofish became established in Hiko Spring, Largemouth bass apparently invaded
Hiko Spring by swimming up the irrigation ditch flowing into a reservoir on the Key
Pittman Wildlife Zwswmmsgﬂ Area. Shortfin mollies and mosquitofish probably were
introduced directly into Hiko Spring. Gila robusta jordani, Rhinichthys osculus velifer,
wnd Catostomus clark intermedius were associated with C. b. grandis in Crystal Spring
iC. L. Hubbs’ field notes). Recently, Cichlasoma nigrofasciatum has become established
in Crystal Spring, resulting in reduced numbers of springfish.

" Description.—Crenichthys b. grandis is the largest subspecies of C. baileyi. Adult
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(205-287). Head width: ¢ 223.27(213-242), ¢ 228,05 (201-275). Least bony interorhital
width: ¢ 150.27 (141-162), ¢ 155.63 (136-173). Snout length: ¢ 81.82 (74-93), ¢ 788}
(68-93). Orbit length: ¢ 79.73 (66-95), ¢ 78.32 (81-90). Depressed dorsal fin length: ¢
226.27{203-261), ¢ 194.68 {174-222), Depressed anal fin length: ¢ 225.27(205-249),
1895.32 (172-219). Middle ray caudal fin length: ¢ 198.82 (178-211), ¢ 186.83(185-205).
The following vertebral counts are based on 20 specimens (ASU-5231), with frequency
of each count givenin parenthesis; precaudal; 12(11),13(8), 14(1), avg. 12.5; candal: 1561,
16(8), 17(6), avg. 16.0; total: 28(10), 29(10), avg, 28.5,

Etymology.—The name moapae, of Moapa, refers to endemism of the subspeciesin the
Moupa River system.
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count for the inability of C. baileyi from Preston Spring to survive the more poorly
oxygenated waters of Mormon Spring by comparing the gill filament number and length
in fishes from the two springs. Insignificant differences existed in gilt filament number;
however, gill filament length varied sigmificantly. Of 10 C. baileyi from Mormon Spring
{27.8-37.1 mm), the mean value of longest gill filament was 046 SL (range 040-054). Ten
C. baileyi from Preston Big Spring (32.6-40.7 mm) exhibited a mean longest gill filament
vahue of 0362 SL {.034-.042). Variation in gill surface area is apparently attributable to
evolution of C. baileyi populations in springs with different dissolved oxygen
concentrations. Deacon and Minckley (1974) attributed the survival of C. baileyi in
pootly oxygenated water to their proportionately longer gillsas compared to other desert
fishes.

Both geographic isolation and environmental factors are important considerations in
designating the five subspecies herein described. Crenichthys b. albivallis occurs in the
seven northernmost springs inhabited by the species. These springs are characterized by
cool temperatures (near 20°C}and felatively high dissolved oxygen at the spring source
{above 3 ppm). Crenichthys b. thermophilus inhabits three springs near a dry tributary
of the pluvial White River approximately 20 km southwest of Lund Town Spring, The
springs inhabited by C. b. thermophilus are warm (33.3-37.0°C) and have low dissotved
oxygen at the spring source (0.7-2.0 ppm). Over 100 km south of these springs are the
springs of Pahranagat Valley and the headwaters of the Moapa River. The Ash Spring
population has distinct meristic features, and is therefore considered separable from
other C. baileyi populations. Other Pahranagat Valley populations, Hikoand Crystal,are
considered distinct from Moapa River populations due to geographic isolation and
differences in color.

The authors are indebted to the many people who provided assistance throughout the variow
stages of this study. Particularly, Carl L. Hubbs @nd Robert R. Miller deserve acknowledgment for
the loan of musenm specimens, field notes, radiographs, and their extensive knowledge of thes
fishes. William N. Eschmeyer kindly loaned the remaining type specimens of Crenichthys baileyt.
James E. Deacon provided valuable assistance thronghout this work and reviewed the manuscript.
Clark Hubbs provided a beneficial review of an earlicr draft of this paper. Thom B, Hardy kindly
pravided tocation data and status reports for several populations, Thanks are due Carl E. Bond for
aliowing one of us (JW) to work on something besides Gila. Cynthia D. Williams typedand reviewed
drafts of this paper.
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