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Since the account of the fishes of the Death Valley expedition
was published by Gilbert (1893), members of the genus
Cyprinodon throughout the arid Southwest have generally
been assigned to a single species, Cyprinodon macularius Baird
and QGirard. Except for the local biometric study by Wales
(1930), no careful comparison of the many isolated popula-
tions in this large area has been attempted, principally because
adequate series have not been available. During the last five
years, however, a large amount of material has been accumu-
lated, which, with critical study, convinces me that the forms
of the Death Valley and Colorado River systems should be
recognized as distinet species. Criteria to support this view
are presented in the pages which follow. The primary pur-
pose of this paper is to clear up the existing confusion regard-
ing the validity and range of Cyprinodon nevadensis BEigen-
mann and Eigenmann and to present diagnostic characters
which will separate this species from its very close relative,
Cyprinodon macularius. A comprehensive and detailed
analysis of the cyprinodont fishes in Death Valley and adja-
cent regions is being prepared by me for a forthcoming paper.
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Historicar, ReviEw.—With the advent of the Pacific Rail-
road surveys during the middle of the last century, the first
serious study of the fauna of the American West began. Since
this time the following species of Cyprinodon have been
described from the Colorado River basin and the Death Valley
region :

Cyprinodon macularius Baird and Girard (1853: 389), from
the Rio San Pedro, a tributary of the Rio Gila, Arizona.

Cyprinodon californiensis Girard (1859b: 157), from near
San Diego [on the desert side], California.

Cyprinodon nevadensis BEigenmann and Eigenmann (1889:
270), from Saratoga Springs in Death Valley, California.

Lucamia [= Cyprinodon] browni Jordan and Richardson
(1907 : 319), from a hot spring in northeastern Lower Cali-
fornia.

Cyprinodon diabolis Wales (1930: 68) from Devil’s Hole,
Ash Meadows, Nevada.

All of these species, with the exception of the last named,
have been considered as synonyms of C. macularius. Jordan,
Evermann, and Clark (1930: 181) and Evermann and Clark
(1931: 56), however, list C. nevadensis as a valid species, but
apparently restricted to Saratoga Springs. Schrenkeisen
(1938: 186) and Shapovalov (1941: 444) provisionally recog-
nize this species, pending further study. Only one recent
writer, Cowles (1934: 40), has questioned the currently ac-
cepted range of C. macularius, suggesting that this species is
probably restricted to the lower Colorado River drainage basin
(Salton Sea included). There can be no question that C. cali-
forniensis and C. browni (see Jordan, 1924: 23; and Hubbs,
1926: 6) are correctly placed as species in the synonymy of
C. macularius. My father and I have recently collected
thoroughly in the region from which these species have
been recorded, and all of this material, as well as that con-
tained in several earlier collections by others, is in complete
agreement with the characters of C. macularius as herein
defined.
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MAaTERIAL.—Because of the frequent difficulty of finding
many of the isolated localities from which collections of
Cyprinodon have been recorded, and in order that the reader
may appreciate the quantity of material which forms the basis
of this study, a complete list by localities of the specimens
examined has been drawn up. During the last five years
nearly all of this material, representing approximately 10,000
specimens (more than 6000 specimens of C. macularius and
about 3500 of C. nevadensis), has been carefully studied. The
abbreviations U.M.M.Z. and S.U. denote collections in the
University of Michigan Museum of Zoology and Stanford
University, respectively. The number of specimens is given
in parentheses; this number represents the total for all eollec-
tions whenever there is more than one collection from a single
locality.

SpECIFIC cOMPARISON.—AIl known populations of Cyprino-
don macularius and Cyprinodon nevadensis may be distin-
guished by the set of characters listed in Table I. It must be
stressed at the outset, however, that no single one of these
features can be relied upon to separate all populations of the
2 species. If several of the characters are used in combina-
tion, however, recognition of the species is readily accom-
plished. The reliability of the proposed criteria is discussed
in detail below.

1. The measurement of the distance between the tip of the
premaxillaries (in retracted position) and the most posterior
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TABLE 1

Oce. Papers

D1A@NOSTIC DIFFERENCES BETWEEN Two SPECIES OF Cyprinodon

Character

C. macularius

C. nevadensis

1. Prehumeral length
stepped into pre-
dorsal length (see
Table II)

2. Scales (see Pls. V-
VII

Pattern

Shape ...

Number of radii

3. Tricuspid teeth (see

4. Reach of longest
pelvie ray*
Males ..o

Females ...

5. Development of
pelvie fins* (see
Table III)

6. Male nuptial colora-
10N T s

1.3 to 1.7 (ave. 1.5)

Scale surface without
conspicuous reticula-
tions; eireuli with
erect spinelike pro-
jections

Generally about as
broad as deep; width
usually 1.1 to 1.4 in
length (ave. 1.3)

Usually 12 to 18 (ave.
15)

Central cusp broad,
spatulate; outer
cusps very much nar-
rower, more pointed.
Shaft constricted in
basal part, where
width is from % to %
width at tip

Generally to or beyond
base of anal fin;
nearly always beyond
vent

Almost always beyond
vent

Only rarely reduced;
never lacking on
either side (in young
or adults)

Body intense light blue
except over caudal
peduncle and caudal
fin, which are pale
lemon-yellow to bril-
liant yellow-orange

1.6 to 2.0 (ave. 1.8)

Scale surface densely
reticulate; cireuli
without conspicuous
spinelike projections

Usually much deeper
than broad; width
usually 1.4 to 1.6 in
length (ave. 1.5)

Usually 18 to 24 (ave.
21)

Central cusp some-
what narrower, al-
most always trun-
cate; outer cusps rel-
atively broader, more
rounded. Shaft
gradually tapering
to base where width
is more than % width
at tip

Generally about to
vent, rarely beyond,
and never to base of
anal fin

Very rarely beyond
vent

Typically reduced; one
or both frequently
absent (in adults as
well as in young)

Body intense deep blue
throughout; never
yellowish on caudal
peduncle and caudal
fin
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TABLE I—(Concluded)
Character C. macularius C. nevadensis

*

7. Humeral process

8. Position of male
dorsal fin* ..

9. Vertical bars of
females

Generally larger and
much thicker than
adjacent scales

With few exceptions,
about equidistant be-
tween caudal base
and tip of snout

Generally disrupted,
forming a discon-

Usually scarcely larger
or thicker than ad-
jacent scales

With only rare excep-
tions, nearer caudal
base than tip of
snout

Generally continuous;
no marked band; of-

tinuous lateral band
along the mid-line

ten very faint or ab-
sent

* See discussion of variability in text.
t In C. macularius, refers only to populations
(California) and El Doctoro (Sonora, Mexico).

from Salton Sea Basin

point on the margin of the humeral process, stepped into the
predorsal length, generally provides a clear-cut specific dis-
tinction (Table II). This character was measured under
the low power of the microscope using a pair of fine dividers,
and does not apply to fish less than 20 mm. in standard length.
Since the measurement involves a personal estimation (to the
nearest tenth) and requires a certain skill and experience, it
is perhaps less usable than some of the characters which follow.

2. The nature of the scales (Pls. V-VII) affords a very
dependable character for separating most populations of both
species. Whereas the scales of Cyprinodon nevadensis from
Amargosa River (particularly the Death Valley population)
closely approach those of Cyprinodon macularius, in shape
and number of radii, they can be readily distinguished by the
more trenchant character of scale pattern. This is also true
of some of the well-isolated populations of macularius, in which
the scales are irregularly shaped (tending to be deeper than
usual) and show an increase in the number of radii. This

feature of scale structure appears to be the most reliable single
criterion distinguishing the 2 species.

The circuli of Cyprinodon macularius bear erect (or sub-
erect) spinelike projections which give a toothed appearance




TABLE II
DiSTANCE BETWEEN TIP OF SNOUT AND POSTERIOR MARGIN OF HUMERAL PROCESS STEPPED INTO PREDORSAL LENGTH

1.3 14 1.5 1.6 1.7 1.8 1.9 2.0 No. Ave.

Cyprinodon macularius
Males 17 84 98 11 | | e | 210 1.45
Females ... 1 33 139 36 2 | e | e 211 1.50

Cyprinodon nevadensis
Males .. i | e | e | e 11 61 93 14 1 180 1.76
.................. 1 36 100 37 1 175 1.80

TOTALS

Cyprinodon macularius ... 18 117 237 47 2 | | 421 1.48
Cyprinodon mevadensis [P I 12 97 193 51 2 3565 1.78

S Y 4090y

stadn g *900
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to each circulus (PL VII, Fig.1). These projections may point
inward toward the focus or outward toward the distal margin
of the scale. They are particularly well developed at and near
the focus, generally diminishing distally. The interspaces
separating successive circuli are without conspicuous reticu-
lations, although near the exposed border of the scale a few
may be present. Because of halation, the projections usually
give a beaded appearance to the surface of each circulus (when
the radii are in clear focus as shown in Pl. V). By adjusting
both light and focus, the toothed nature of the circuli can be
observed under sufficiently high power. In Cyprinodon ne-
vadensis the circuli are without prominent erect processes,
and the interspaces are densely reticulated (Pl. VI, and PL
VII, Fig. 2). These striking reticulations are present in and
about the focus as well as along the free margin of the scale.
The structural markings ascribed to C. mevadensis appear to
characterize all the forms of the Death Valley system, whereas
the pattern described for C. macularius seems to be shared by
related species to the south and east of the Colorado River
basin.

The radii were counted and the proportionate measurements
were made (with dividers) on the images of mounted scales,
as magnified on a scale-reading machine.

Approximately 80 mounted scales of C. macularius and
nearly 70 of C. nevadensis (from the entire range of both
species) were studied. The number of radii overlaps widely
in the 2 species (C. macularius, 10-21; C. nevadensis, 14—
30), but the bulk of the counts show an overlap only at 18.
Only 6 out of 66 specimens of macularius gave a count greater
than 18, and only 8 out of 63 of mevadensis showed fewer
than 18.

The greatest width of the scale stepped into its greatest
length gave results which overlapped more widely, 1.0-1.6 in
C. macularius and 1.3-1.9 in C. nevadensis. Of 80 scales of
the former, 15 gave a ratio of 1.4 (and only 4 a higher value),
and of 66 of the latter 13 had a ratio of 1.4 (and only 3 were
1.3). One other measurement was made : the distance between
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the uppermost and the lowermost radius reaching the scale
margin stepped into the greatest width of the scale. The
results were : C. macularius, 1.0-2.0 (usually 1.0-1.5), average,
1.27; C. nevadensis, 0.7-1.2 (usually 0.8-1.0), average, 0.93.

The scales chosen for study were from the mid-line row; the
eighth scale posterior to the upper angle of the shoulder
girdle, generally on the right side of the body, was used, unless
the scale structure was imperfect, in which case the seventh
or ninth scale was used. All regenerated or injured scales
were disregarded, as they gave unreliable results. In enumer-
ating the radii all those developed are counted, including the

A B

F1e. 1. Mandibular teeth of 2 species of Cyprinodon. Drawn by
Grace Eager.

A. Cyprinodon macularius. Outer face of tooth from middle of lower
jaw of female, 35 mm., from Wise Ranch, near Mecca, California. Length,
0.51 mm.

B. Cyprinodon nevadensis. Outer face of tooth from middle of lower
jaw of female, 34 mm., from Saratoga Springs, Death Valley, California.
Length, 0.56 mm.

small (often minute) upper and lower ones which can be seen
only under high magnification. Fish less than 30 mm. in
standard length were not used (with a few exceptions) ; scales
taken from those between 32 and 38 mm. gave the most reliable
results.

3. The teeth (F'ig. 1), although subject to some variation,
were generally found to provide very reliable characteristies.
Those studied were taken from the middle of the lower jaw.
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Since larger specimens show frequent injuries and evidence
of wear, teeth were studied only in fish measuring less than
36 mm. in standard length.

4 and 5. The pelvic fins vary greatly not only in length but
also in number of rays (Table III). All populations of C.
nevadensis have a marked tendency toward degeneration of
these fins, whereas only one population of C. macularius ex-
hibits this trend to a noteworthy degree. It is the well-isolated
and undoubtedly long-separated Mexican form (Pl. II, Figs.
3-4) inhabiting the Sonoyta River drainage basin, and is dis-
cussed separately below. With this exception Gilbert’s state-
ment (1893: 232), that the normal number of pelvie rays in
C. macularius (including C. nevadensis) seems to be 6, is incor-
rect. Table III shows that 7 is the usual number in true
C. macularius, and that the most frequent number in C.
nevadensis is 6. There is a marked tendency in mevadensis
toward a great or even complete loss of pelvic rays. Myers
(1935 : 303) stated that macularius often lacks pelvic fins, but
he obviously referred to the Death Valley populations which
are herein assigned to nevadensis. The only other species of
Cyprinodon known to be characterized by reduced pelvies, with
these fins occasionally totally lacking, are C. diabolis Wales
(1930), which virtually never develops pelvic fins, and the
recently described Cyprinodon laciniatus (Hubbs and Miller,
1942), from the Bahamas. A cyprinodont without pelvie fins,
from Pahranagat Valley, Nevada, was described by Gilbert
(1893 : 233) as Cyprinodon macularius baileyr, but this form is
now known (Hubbs and Miller, 1941 : 1-2) to represent a dis-
tinet species of a very different genus, Crenichthys. Great
care must be taken in counting the number of pelvie rays, since
the innermost ray is often represented by a mere remnant of
cartilage. Good light and high magnification are necessary
for an accurate count.

‘When the difference in size of pelvics and in predorsal length
in the 2 species is expressed by stepping the length of the
longer fin into the latter distance, it is found that in C. macu-
larius (Sonoyta River collections excepted) the range for



TABLE III
VARIATION IN NUMBER OF PELVIC FIN-RAYS IN Two SPECIES OF Cyprinodon

0 1 2 3 4 5 6 7 8 No. Ave.
Cyprinodon macularius
Salton Sea basin, Colorado Desert, California* ... | o | o | o | .o 2 13 161 406 | 10 592 6.69
Distributaries of Colorado R., Baja California, Mexico | ... U R 4 38 151 7 200 6.81
Laguna Salada basin, Baja California, Mexico ... 3 1 2 45 142 7 200 6.72
Lerdo, lower Colorado R., Sonora, Mexieo ... | o 1 | ] 1 40 77 1 120 6.62
El Doctoro, 8. of Yuma, Sonora, Mexico . [P T 7 76 77 | .. 160 6.44
Sonoyta R. Valley, Sonora, Mexico ... 2 10 39 49 | .. 100 6.35
Santa Cruz R. basin, Gila R. system, Arizona, ..o | v | oo | | o | 1 31 177 | 11 220 6.90
Salt R. near Phoenix, Gila R. system, Arizona J— S R R 2 34 | .. 36 6.94
Gila R. below Dome, Gila R. system, Arizona ..........| ... A (R S 5 35 2 42 6.93
Cyprinodon nevadensis
Amargosa R., Death Valley, California, ... 8 1 1 2 28 145 14 1 200 5.64
Saratoga Sprs., Death Valley, California .. 2 1 | .. 9 65 211 12 | .. 300 5.71
Amargosa R., Tecopa, California, 3 3 S 5 35 140 13 1 200 5.69
Spring-fed creek, Shoshone, California ... 20 . 1 1 2 23 145 8 | ... 200 5.27
Ash Meadows region, Nevada 75 1 1 8 | 60 176 414 29 | .. 764 5.02
ToraLs
Cyprinodon Maculariug. ... | o, 1 3 5 38 437 1148 38 1670 6.70
Cyprinodon mevadensis 108 5 3 10 | 78 | 327 | 1055 76 2 || 1664 5.33

* Based on 5 separate populations in and about Salton Sea.



No. 473 Two Desert Fishes 11

males is 3.6-5.3 (average, 4.1), whereas for males of C.
nevadensis the range is 51-9.0 (only rarely less than 5.4).
For females of typical macularius, the ratios are 3.9-6.3 (aver-
age, 4.7), and for females of nevadensis, 5.9-11.0 (only rarely
less than 6.0). In the Sonoyta River populations of macularius
this ratio is 4.5-6.5 (average, 5.2) for the males, and 5.1-7.0
(average, 6.0) for the females; these ratios only slightly ap-
proach those characteristic of most populations of C. meva-
densis. Correlated with this reduction in size of the pelvies,
this form also shows the lowest pelvie ray count (Table III)
of any population of C. macularius. It further approaches
Cyprinodon mevadensis in the more posterior position of the
dorsal fin, as indicated below. In several major characters,
however, especially the nature of the scales, teeth, humeral
process, general body shape, and coloration of females, it
agrees well with Cyprinodon macularius. With little doubt it
represents a somewhat specialized derivative of that species.

In obtaining the ratios given above, 30 adults (15 of each
sex) from every population were analyzed, except in collections
of C. macularius from Rillito Creek, Gila River, and Salt River
(all in Arizona), for which the analysis had to be based on
fewer specimens; the results, however, fell well within the
expected range.

6. The color of mature males during the breeding season
(generally about April to September) presents a very striking
character which distinguishes the 2 species at a glance. It
is not known, however, whether all populations of C. macu-
lartus exhibit the color described. It is thus far known only
for populations occurring in and about the Salton Sea (includ-
ing a number of isolated springs and a western tributary),
and the isolated spring at El Doctoro, Sonora, Mexico. The
4 populations from Lower California (from distributaries
of the Colorado River and in Laguna Salada) were all taken
in January and exhibited various shades of red in place of the
yellowish nuptial color of individuals from the former regions.
‘What significance this variation may have is not yet known.
All breeding males of C. nevadensis are nearly uniform dark
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blue throughout, showing no evidence of such strongly con-
trasting colors. These observations are based on living mate-
rial, both in the field and the aquarium.

7. Generally speaking, the humeral process is larger and
thicker in macularius, and its exposed portion is usually
greater in area than are the exposed parts of adjacent scales.
The lower border of this structure commonly juts out farther
than does the corresponding region in nevadensis. The main
overlying scale in macularius is generally only slightly larger
than the bony process, rather than about twice this area. In
C. nevadensis the process is commonly smaller and thinner,
and the exposed portion is usually somewhat smaller than that
of adjacent scales (as pointed out by Eigenmann and Eigen-
mann, 1889). Although there is a general trend toward reduc-
tion in size and thickness of this process in nevadensis, certain
individuals of macularius show an almost equally reduced
humeral, so that the value of this feature in distinguishing
the species is limited.

8. As also indicated by Eigenmann and Eigenmann, the
dorsal fin is more posterior in C. nevadensis than in C. macu-
larius. Its position is best determined by using a pair of
dividers. The distance between the caudal base and the origin
of the dorsal fin is projected forward and the point reached
is noted.

In males of C. macularius (Sonoyta River populations ex-
cepted), this point usually lies on or well in advance of the
snout, although the position is quite variable (ranging from
the posterior part of the pupil to slightly beyond the tip of the
lower jaw). In males of the Sonoyta River form it usually
varies from the anterior rim of the eye to the middle of the
rostrum. In the females (all populations), the point usually
fluctuates from near the pupil to the middle of the snout, vary-
ing from the posterior border of the pupil to the tip of the
snout (uncommon).

In males of C. mevadensis the point reached is usually
scarcely beyond the anterior rim of the eye, varying to well
behind the eye. In about 20 per cent of the large males from
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Amargosa River, Death Valley, however, it varies from the
posterior margin of the rostrum to the rostral neuromasts;
in the others, from the anterior to the posterior rim of the eye;
in no individual examined did the tip of the dividers reach the
tip of the snout. In the females, in all populations of neva-
densis, the range is from well behind the eye to the anterior
border of the pupil, usually near the posterior rim of the eye.
This character was not measured on specimens less than 20 mm.
in standard length.

9. The narrow vertical bars on the sides of the females (and
immature) form a rather consistently different pattern in the
2 species. In Cyprinodon macularius these bars are charac-
teristically interrupted (Pls. I-II), so that their upper and
lower segments are mostly disconnected. This gives the im-
pression, often quite striking, of an interrupted lateral band
along the mid-line, a feature which has been pointed out by
Mellen and Lanier (1935: 253). These disjoined markings are
very prominent, due in part to the contrasting silvery back-
ground over which they lie. The specific name, meaning
spotty, suggests the nature of this coloration.

In Cyprinodon nevadensis the pattern is much more variable,
but the bars (when developed) are usually weaker and more
nearly continuous (Pls. III-IV). They are commonly much
less prominent because the background is usually brownish
(occasionally lighter, but never bright silvery). Not uncom-
monly the bars are entirely absent; usually they are con-
tinuous throughout, connected only posteriorly, or partly
(rarely completely) disconnected. In general, however, this
feature will serve to distinguish the 2 species.

In addition to these major differences there are others which
are less obvious. The body (Pls. I-IV) of Cyprinodon macu-
larius is generally more slab-sided (less thick and rounded) ;
the dorsal profile is more angular, not broadly arched; the
head is somewhat longer, and the eye larger. Over most of
its known range C. macularius has all the fins larger than
those of C. nevadensis. As already pointed out, this is par-
ticularly true of the pelvic fins, but it is generally true also of
the dorsal, anal, and caudal fins.
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The number of pores of the lateral-line system of the head
(counted on both sides) is another useful character. The 2
species show a good average difference, but overlap widely.
In 656 specimens of Cyprinodon macularius (representing all
populations), the average number of preopercular pores is
14.22 (usually 7 on each side of the head). A similar analysis
of 651 specimens of Cyprinodon nevadensis gives an average
of 12.71. The range of variability is much greater in C. macu-
larius (9-19) than in C. nevadensis (10-16). The low counts
for macularius were noted only for populations from well-
isolated springs and creeks. A similar but less marked trend is
exhibited by the number of lachrymal pores. Correlated with
this reduction in pores, these relic populations also show re-
duced pelvies (both in size of fin and number of rays), a more
posterior dorsal fin, and scale irregularities (as already men-
tioned). Such trends are found in well-isolated stocks of
Cyprinodon macularius, but in no race examined have these
trends evolved to the extent characteristic of Cyprinodon
nevadensis.

The number of scales and fin-rays in the 2 species is very
similar, although many of the counts average slightly lower in
nevadensis than in macularius.

Cyprinodon macularius Baird and Girard

Cyprinodon macularius—Baird and Girard, 1853: 389 (original deserip-
tion; Rio Gila [Arizona]). Girard, 1859a: 68, Pl. 37, Figs. 8-11
(description, based on same material from ‘‘Rio San Pedro (Rio
Gila)’’). von Miiller, 1865: 638 (record). Giinther, 1866: 301
(Rio San Pedro). Jordan and Copeland, 1876: 141 (San Pedro
River). Jordan, 1878: 432 (Rio Gila). Jordan and Gilbert, 1882:
330 (after Girard). Jordan, 1885: 835 (intermontane faunal
region). Eigenmann, 1892: 129, 142 (Colorado Desert, in south-
eastern California). Gilbert, 1893: 232-33 (in part; charaecters;
coloration; habitat; food; synonymy; springs and wells through-
out the desert region of southern California [Salton Sink], and
Arizona; Lerdo, Sonora, Mexico, on the lower Colorado River).
Evermann and Rutter, 1895: 475, 486 (in part; Girerdinus
macularius, misprinted for Cyprinodon macularius; not confined
to the Colorado River basin; literature records). Garman, 1895:
24-25 (in part; characters; comparison; ‘‘Colorado River basin
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to the Pacific Coast’’). Jordan and Evermann, 1896: 314 (range,
in part; Sonora). Jordan and Evermann, 1896-1900: 671, 674
(in part; characters in key; description after Gilbert; range).
Gilbert and Scofield, 1898: 487-88, 498 (Colorado River and springs
in the Colorado Desert, occurring only where natural drainage is
toward Colorado River; spring-fed pond at Lerdo [Sonora],
Mexico). Meek, 1904: 126 (literature records; description after
Gilbert; Basin of the Rio Colorado). Regan, 1907: 83, 85 (char-
acters in key; description; literature records; synonymy; in part;
Colorado! to Sonora and Lower California). Snyder, 1915: 586
(color; habitat; Gila River at Gila City [=Gila Bend, Maricopa
Co.] and Adonde Siding [=Adonde, Yuma Co.], Arizona; Sonoyta
River [Sonora, Mexico]; spring near Sonoyta River). Evermann,
1916: 62—63 (habitat; ecology; toleration to high temperatures; in
part; Figtree John Spring, 7 miles southwest of Mecca). Fowler,
1916: 432 (record; synonymy). Snyder, 1917: 202 (range, in
part). Thompson, 1920: 84 (along shore of Salton Sea; Fish
Springs). Thompson and Bryant, 1920: 62 (Salton Sea; Fish
Spring; streams and springs of the desert throughout southern
California and parts of Mexico). Coleman, 1929: 225, 226 (after
Evermann; tolerance of salinity ; breeding habitat; relationship with
fish and bird predators; about Salton Sea from north shore to Fish
Springs and Figtree John Spring). Clark, 1930: 553 (lower San
Felipe Creek [western tributary to Salton Sea] and Salton Sea).
Jordan, Evermann, and Clark, 1930: 181 (synonymy; in part;
range after Jordan and Evermann, 1896-1900). Evermann and
Clark, 1931: 43, 55-56 (literature records; synonymy; artesian
well at Mecca [Southern Riverside Co.]; Fish Springs; Salton Sea).
Blackwelder, 1933: 470 (range, in part; Colorado River basin).
Cowles, 1934: 40 (ecology; breeding habits; probably confined to
the lower Colorado River basin, including Salton Sea). Mellen and
Lanier, 1935: 252-53 (color; size; breeding habits; temperature
toleration; food; range). Ward, 1936: 137-38 (range, in part).
Jaeger, 1938: 74 (in part; ‘‘springs of the Salton Basin (Fish
Springs, Dos Palmos) ’’). Schrenkeisen, 1938: 186 (description;
range, in part; comparisons). Dill and Shapovalov, 1939: 317-18,
Fig. 115 (after Lanier; color; culture; Fig. 115, from Kennedy,
1916, is not C. macularius). Lanier, 1939: 190 (adaptation to high
temperature ; coloration; spawning temperature; isolated pools and
springs in the desert regions of southern California, Arizona, and
northern Mexico). Seale, 1940: 93 (Salton Sea; temperature
toleration). Hubbs and Miller, 1941: 2-3 (Colorado River sys-
tem). Shapovalov, 1941: 444 (provisionally listed from Cali-

1 Meaning Colorado Desert (Hubbs and Miller, 1941: 3).
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fornia). Dill and Woodhull, 1942: 171-72 (Salton Sink; eaten by
Elops affinis). Miller and Miller, 1942: 96-7 (range; adaptability;
coloration; notes on life history).

Cyprinodon californiensis.—Girard, 1859b: 157-58 (original description;
neighborhood of San Diego, California [probably from salt springs
in the desert, now Imperial County, according to Jordan, Evermann,
and Clark, 1930: 181]). Giinther, 1866: 301 (San Diego). Jordan
and Copeland, 1876: 141 (San Diego). Jordan, 1878: 432 (San
Diego). Jordan and Gilbert, 188la: 457 (mno locality); 1881b:
42 (San Diego). Jordan and Jouy, 1881: 13 (San Diego).
Jordan and Gilbert, 1882: 330 (after Girard; San Diego). Jordan,
1885: 835 (questionably assigned to the California shore fauna;
no locality given). Eigenmann and Eigenmann, 1888: 3—4 (re-
description based on 4 specimens from Dos Palmas Spring [on the
northwestern side of Salton Sea, Riverside County, California]).
Garman, 1895: 24 (synonym of C. macularius). Jordan'and Ever-
mann, 1896-1900: 674 (synonym of C. macularius). Regan, 1907:
85 (synonym of C. macularis). Fowler, 1916: 432 (synonym of
C. macularius). Jordan, Evermann, and Clark, 1930: 181
(synonym of C. macularius). Evermann and Clark, 1931: 55
(synonym of C. macularius).

Lucania browni—Jordan and Richardson, 1907: 319, 1 fig. (original
description; habitat; hot spring on eastern edge of the salt lake
[=Laguna Salada] in northeastern Lower California). MacDougal,
1907: 18-19 (habitat; resistance to temperature and high salinity;
same locality). Hogg, 1932: 29-30, 32-33, 1 fig. (habitat; 100
miles north of Elko, Nevada [undoubtedly erroneous]; Laguna
Salada; [fig.,, page 31, is more likely of C. nevadensis from the
Death Valley region]).

Cyprinodon browni.—Jordan, 1924: 23 (characters; comparison with
C. macularius and C. californiensis; Lucania brownt in synon-
ymy; Thermal, and wells about Indio, California). Hubbs,
1926: 6 (genus).

MATERIAL EXAMINED

ArizoNA.—Gila River, 2 miles below Dome, U.M.M.Z. No.
94863 (21); C. L. Hubbs and L. P. Schultz, Sept. 10, 1926.
Salt River, between Phoenix and Tempe, U.M.M.Z. No. 94869
(23); C. L. Hubbs and L. P. Schultz, Sept. 11, 1926. Rillito
Creek, near Tucson, S.U. No. 21267 (18); U. S. Fish Com-
mission. Monkey Spring, near Patagonia, Santa Cruz Co.,
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U.M.M.Z. No. 125050 (229); C. L. Hubbs and family, Sept.
7, 1938.

CaLtrorNTA.—Salton Sea, U.M.M.Z. No. 64212 (24); W. F.
Thompson, Jan. 31, 1920. Salton Sea at Date Palm Beach,
8 miles south of Mececa, Riverside Co., UM.M.Z. Nos. 131745
and 133169 (441); R. R. and R. G. Miller, May 25, 1939, and
July 29, 1940. Knoll Spring,> about 4 miles southwest of
Dos Palmas Spring, Riverside Co., UM.M.Z. No. 132916 (41);
R. R. and R. G. Miller, Dec. 28, 1938. Spring-fed tank, south-
east of Dos Palmas Spring, Riverside Co., UM.M.Z. Nos.
132917 and 133168 (397); R. R. and R. G. Miller, May 23,
1937, and May 24, 1939. Shoreline Spring,? just east of Dos
Palmas Spring, Riverside Co., U.M.M.Z. Nos. 132918-19 (39);
R. R. and R. G. Miller, May 22, 1937, and Dec. 29, 1938. Car-
rizo Creek, just above junction with San Felipe Creek, Im-
perial Co., UM.M.Z. No. 132920 (179) ; R. R. Miller, June 18,
1938. Wash below Harper Well, about 5 miles west of Kane
Springs, Imperial Co., U.M.M.Z. Nos. 132922-24 (360); R. R.
Miller and S. B. Ward, June 5, 1938; R. R. Miller, June 18,
1938; and R. G. Miller, June 18, 1938. San Felipe Creek, just
above junction with Carrizo Creek, Imperial Co., U.M.M.Z.
No. 132927 (200) ; R. R. and R. G. Miller, Dec. 27, 1938. San
Felipe Creek, at mouth of wash below Harper Well, Imperial
Co., U.M.M.Z. No. 132928 (150) ; R. R. Miller, June 19, 1938.
Salton Sea, east of Kane Springs, Imperial Co., UM.M.Z. No.
133029 (30) ; R. B. Cowles, June 24, 1934. Sink pool 12 miles
north-northeast of Westmoreland, Imperial Co., UM.M.Z. No.
133143 (964); R. G. Miller, Jan. 30, 1940. Artesian-fed
reservoir on Wise Ranch, about 3 miles south of Mececa, River-
side Co., U.M.M.Z. No. 133172 (320) ; R. R. and R. G. Miller,
May 25, 1939. Desert Wells, San Diego [=Colorado Desert],
S.U. No. 1039 (25); C. R. Orcutt. Fish Springs, Colorado
Desert, Imperial Co., S.U. (90) ; Stoddard and Hyatt.

Mex100.—Pozo del Tule, along northwestern edge of Laguna
Salada, about 23 miles west-southwest of Mexicali, Lower Cali-
fornia, U.M.M.Z. No. 133074 (266) ; R. G. Miller, Jan. 7, 1940.

280 named by me. Not indicated on maps.
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Pozo del Cerro Prieto, about 34 miles south of Mexicali, Lower
California, U.M.M.Z. No. 133075 (423); R. G. Miller, Jan. 8§,
1940. Rancho Agua Caliente (not the town of the same name),
3 miles southeast of Cerro Prieto, Lower California, U.M.M.Z.
No. 133140 (1340) ; R. G. Miller, Jan. 29, 1940. Laguna about
5 road miles east of Rancho Agua Caliente, Lower California,
U.M.M.Z. No. 133141 (423) ; R. G. Miller, Jan. 29, 1940. Pool
2 miles south and 3% miles east of Rancho Agua Caliente,
Lower California, U.M.M.Z. No. 133142 (1020) ; R. G. Miller,
Jan. 29, 1940. Sonoyta River Valley, 15 miles west of Sonoyta,
Sonora, UM.M.Z. No. 133243 (109) ; P. M. Blossom, April 26,
1933. La Salada, Sonoyta River Valley, 21 miles west of
Sonoyta, Sonora, U.M.M.Z. No. 138918 (57) ; Seth B. Benson,
Jan. 6, 1937. El Doctoro, Sonora, about 66 miles south of
Yuma, Arizona, UM.M.Z. No. 138919 (167); R. G. Miller,
March 7, 1940. Lerdo, on the lower Colorado River, Sonora,
S.U. Nos. 3831 and 5344 (90) ; C. H. Gilbert.

RANGE

The basin of the lower Colorado and Gila rivers and the
Salton Sea, from southern Arizona to southeastern California
and eastern Lower California, and the Sonoyta River of north-
.ern Sonora, Mexico.

Cyprinodon nevadensis Bigenmann and Bigenmann

Cyprinodon nevadensis—Eigenmann and Eigenmann, 1889: 270 (original
description; ‘“Saratoga Spring,’’ in the south arm of Death Valley,
Inyo County [=San Bernardino Co.], California). Jordan, 1924:
23 (regarded as probably not distinet from C. macularius).
Jordan, Evermann, and Clark, 1930: 181 (Death Valley; literature
record). Evermann and Clark, 1931: 21, 56 (‘‘probably mot
different from Cyprinodon macularius,’’ but listed as a valid
species; synonymy; Saratoga Springs, Death Valley). Schrenk-
eisen, 1938: 186 (questionably distinet from C. macularius).
Shapovalov, 1941: 444 (provisionally recognized).

Cyprinodon macularius (misidentification).—Gilbert, 1893: 232-33 (in
part; characters; coloration; habitat; food; Saratoga Springs in
Death Valley, Amargosa Creek, Medbury Spring [=spring-fed creek
at Shoshone, Inyo Co.], and Amargosa Desert—all in California,
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and Ash Meadows in Amargosa Desert, Nevada). Evermann and
Rutter, 1895: 475-86 (in part). Garman, 1895: 24-25 (in part;
description; range). Jordan and Evermann, 1896: 314 (range,
in part; southern Nevada). Jordan and Evermann, 1896-1900:
671, 674 (in part; characters; description; southern Nevada).
Regan, 1907: 83, 85 (in part; Nevada record only). Waring, 1915:
137 (Saratoga Springs, Death Valley). Evermann, 1916: 62-63
(in part; Saratoga Springs). Snyder, 1917: 202 (range, in part).
Thompson, 1929: 60 (Saratoga Springs). Jordan, Evermann, and
Clark, 1930: 181 (range, in part). Wales, 1930: 62, 69-70 (after
Gilbert; Ash Meadows, Nevada; stream near Shoshone, and Sara-
toga Springs, California; comparison with Cyprinodon diabolis).
Hogg,3 1932: 30, 32, 2 figs. (habitat; comparison; ‘‘Saratoga
Spring’’). Blackwelder, 1933: 469, 470 (range, in part; relic
waters of the Death Valley region). Anonymous, 1935: 17 (in
part; Saratoga Springs). Ward, 1936: 135-42, 1 fig. (habitat;
life colors; habits; aquarium use; origin of Death Valley popula-
tion; in part; Saratoga Springs). Jaeger, 1938: 74 (in part;
Mohave Desert, in and near Death Valley). Mac Donagh, 1938: 83—
84 (after Ward). Miller, 1938: 147 (association with Apocope
[= Rhinichthys] nevadensis; Amargosa River system from Ash
Meadows, Nevada, to Tecopa and Amargosa River, California).
Schrenkeisen, 1938: 186 (range, in part). Sumner and Sargent,
1940: 46 (springs of eastern California and neighboring parts of
Nevada). Curry, 1942: 105 (range, in part; Death Valley).

Cyprinodon macularius baileyi* (misidentification).—Hogg, 1932: 29,
31-32, 2 figs. (comparison; Tecopa Hot Spring5 [Inyo Co.], Cali-
fornia).

MATERIAL EXAMINED

CALIFORNIA.—Saratoga Springs (main spring pool), Death
Valley, San Bernardino Co., UM.M.Z. Nos. 132934-35 and
133159 (340) ; R. R. and R. G. Miller, June 6, 1937; R. G. and
L. B. Miller, March 20, 1937; and R. R. and R. G. Miller, May
16, 1939. Spring-fed ereek at Shoshone, Inyo Co., U.M.M.Z.
No. 132936 (657) ; R. R. and R. G. Miller, Jan. 8, 1939. Spring
about 4 mile north of Tecopa, Inyo Co., UM.M.Z. No. 132938

8 This popular article contains much unauthentic information.

4 Described from Pahranagat Valley, Nevada; =Crenichthys baileyt
(see Hubbs and Miller, 1941: 3).

5 My father and I have visited this hot spring but have never seen fish in
it. There are fish in the cooler outlet which flows into Amargosa River.
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(14) ; R. R. Miller, June 6, 1937. Amargosa River, about 8
miles-northwest of Saratoga Springs, San Bernardino Co.,
U.M.M.Z. Nos. 132939 and 133177 (1655); R. R. and R. G.
Miller, April 8, 1939, and June 4, 1939. Amargosa River at
Tecopa, Inyo Co., UM.M.Z. No. 133160 (164) ; R. R. and R. G.
Miller, May 16, 1939.

Nevapa (all in Ash Meadows, Nye Co.).—Isaac Ranch,
U.M.M.Z. No. 132899 (22); R. R. and R. G. Miller, June 6,
1937. Big Spring, U.M.M.Z. No. 132900 (17) ; R. R. and R. G.
Miller, June 5, 1937. Forest Pool, U.M.M.Z. Nos. 132902 and
132905 (203); R. R. and R. G. Miller, Jan. 8, 1939, and June
6, 1937. Spring on Tubb Ranch, U.M.M.Z. Nos. 132906 and
133153 (49); R. R. and R. G. Miller, Jan. 9, 1939; F. B.
Sumner and M. C. Sargent, April 30-May 2, 1939. Spring and
reservoir on Lovell Ranch, UM.M.Z. Nos. 132908 and 133154
(310) ; R. R. and R. G. Miller, Jan. 9, 1939; F. B. Sumner and
M. C. Sargent, May 1, 1939. King’s Spring (‘‘Point of Rocks
Spring’’ locally), spring source and outlet ditches, U.M.M.Z.
Nos. 132909-10 (533); R. R. and R. G. Miller, Jan. 10, 1939.
Eastern Spring, U.M.M.Z. No. 133189 (24) ; R. R. Miller, May
17, 1939. ‘‘Ash Meadows, Nevada,”” S.U. No. 681 (8); T. S.
Palmer, March 4, 1891.

RANGE

Springs and streams of the desert in the Amargosa River
basin, from Ash Meadows, Nye County, Nevada, to Saratoga
Springs and Amargosa River in the southeastern arm of Death
Valley, San Bernardino County, California.

LITERATURE CITED
[Anonymous]
1935 Death Valley National Monument. U. S. Dept. Int., Nat.
Park Surv., pp. i-iv, 1-32.
Bap, S. F., AND C. GIRARD
1853 Descriptions of New Species of Fishes Collected by Mr. John
H. Clark, on the U. S. and Mexican Boundary Survey,
Under Lt. Col. Jas. D. Graham. Proe. Acad. Nat. Sei.
Phila., 6: 387-90.




No. 473 Two Desert Fishes 21

BLACKWELDER, ELIOT
1933 Lake Manly: An Extinet Lake of Death Valley. Geogr. Rev.,
23 (3): 464-71, Figs. 1-4.
CLARK, HOWARD WALTON
1930 Department of Fishes. In Barton Warren Evermann, Report
of the Director of the Museum and of the Aquarium for
the Year 1929. Proc. Calif. Acad. Seci., (4) 18: 542-86.
COLEMAN, GEORGE A.
1929 A Biological Survey of Salton Sea. Calif. Fish and Game, 15:
218-27, Figs. 73-77.
CowLES, RAYMOND B.
1934 Notes on the Ecology and Breeding Habits of the Desert Min-
now, Cyprinodon macularius Baird and Girard. Copeia,
1: 40-42.
Curry, H. DoNALD
1942 Two Billion Years in Death Valley. Sat. Evening Post, 214
(50) : 16-17, 102, 105, 10 figs.
DiLL, WILLIAM A., AND LEO SHAPOVALOV
1939 California Fresh-water Fishes and Their Possible Use for
Aquarium Purposes. Calif. Fish and Game, 25: 313-24,
Figs. 113-19.
DiLL, WILLIAM A., AND CHESTER WOODHULL
1942 A Game Fish for the Salton Sea, the Ten-Pounder, Elops
affinis. Calif. Fish and Game, 28 (4): 171-74, Figs.
49-50.
E1eeENMANN, CARL H.
1892 The Fishes of San Diego. Proc. U. S. Nat. Mus., 15: 123-78,
Pls. 10-18.
EIGENMANN, CARL H., AND RosA S. EIGENMANN
1888 Cyprinodon californiensis, Girard. W. Amer. Sci., 5: 3—4.
1889 Description of a New Species of Cyprinodon. Proc. Calif.
Acad. Sei., (2) 1: 270.
EVERMANN, BARTON WARREN
1916 Fishes of the Salton Sea. Copeia, 34: 61-63.
EVERMANN, BARTON WARREN, AND HOWARD WALTON CLARK
1931 A Distributional List of the Species of Freshwater Fishes
Known to Oeccur in California. Calif. Div. Fish and
Game, Fish Bull. 35: 1-67.
EVERMANN, BARTON WARREN, AND CLOUDSLEY RUTTER
1895 The Fishes of the Colorado Basin. Bull. U. 8. Bur. Fish,,
14 (1894): 473-86.
FowLER, HENRY W.
1916 Notes on Fishes of the Orders Haplomi and Microcyprini.
Proc. Acad. Nat. Sci. Phila., 68: 415-39, Figs. 1-5.




22 Robert R. Miller Oce. Papers

GARMAN, SAMUEL

1895 The Cyprinodonts. Mem. Mus. Comp. Zool, 19: 1-179, Pls.

1-12.
GILBERT, CHARLES H.

1893 Report on the Fishes of the Death Valley Expedition Collected
in Southern California and Nevada in 1891, with Deserip-
tions of New Species. N. Amer. Fauna, 7: 229-34, Pls.
5-6.

GILBERT, CHARLES HENRY, AND NORMAN BISHOP SCOFIELD

1898 Notes on a Collection of Fishes from the Colorado Basin in

Arizona. Proe. U. 8. Nat. Mus., 20: 487-99, Pls. 36-39.
GIRARD, CHARLES

1859a Ichthyology of the Boundary. U.S. and Mex. Boundary Surv.,
2 (2): 1-85 (sep. pag.), Pls. 1-41.

1859b Ichthyological Notices. XLI-LIX. Proc. Acad. Nat. Seci.
Phila., 11: 157-61.

GUNTHER, ALBERT

1866 Catalogue of the Physostomi, Containing the Families Sal-
monidae, Percopsidae, Galaxidae, Mormyridae, Gym-
narchidae, Esocidae, Umbridae, Scombresocidae, Cypri-
nodontidae, in the Collection of the British Museum.
Cat. Fishes Brit. Mus., 6: i—xv, 1-368.

Hoga, JoHN EDpWIN

1932 Hot Water Fishes of the Desert. Nature Mag., 20: 29-33, 8

figs.
Husss, CARL L.

1926 Studies of the Fishes of the Order Cyprinodontes VI. Mate-
rials for a Revision of the American Genera and Species.
Mise. Publ. Mus. Zool. Univ. Mich., 16: 1-87, Pls. 1-4.

Husss, CARL L., AND ROBERT R. MILLER

1941 Studies of the Fishes of the Order Cyprinodontes XVII.
Genera and Species of the Colorado River System. Oce.
Papers Mus. Zool. Univ. Mich., 433: 1-9.

1942 Studies of the Fishes of the Order Cyprinodontes XVIII.
Cyprinodon laciniatus, New Species from the Bahamas.
Ibid., 458: 1-11, PL 1.

JAEGER, EpMUND C.

1938 The California Deserts. A Visitor’s Handbook. (rev. ed.)

Stanford University: Stanford Univ. Press. Pp. x+207.
JORDAN, DAVID S.

1878 A Catalogue of the Fishes of the Fresh Waters of North
America. Bull. U. 8. Geol. and Geogr. Surv., 4: 407-42.

1885 A Catalogue of the Fishes Known to Inhabit the Waters of
North America, North of the Tropic of Cancer, with




No. 473 Two Desert Fishes 23

Notes on the Species Discovered in 1883 and 1884. Rept.
U. S. Comm. Fish., 1884, pp. 787-973.
1924 A Top Minnow (Cyprinodon browni) from an Artesian Well
in California. Proc. Acad. Nat. Sci. Phila., 76: 23-24.
JorDAN, D. 8., AND HERBERT E. COPELAND
1876 Check List of the Fishes of the Fresh Waters of North
America. Bull. Buffalo Soe. Nat. Sei., 3: 133-64.
JORDAN, DAVID STARR, AND BARTON WARREN EVERMANN
1896 A Check-list of the Fishes and Fish-like Vertebrates of North
and Middle America. Rept. U. S. Comm. Fish and Fish.,
1895, App. 5: 207-584.
1896~ The Fishes of North and Middle America. Bull. U. S. Nat.
1900 Mus., 47 (4 parts) : 1-3313, Figs. 1-2, Pls. 1-392.
JORDAN, DAVID STARR, BARTON WARREN EVERMANN, AND IIOWARD WALTON
CLARK
1930 Check List of the Fishes and Fishlike Vertebrates of North
and Middle America North of the Northern Boundary of
Venezuela and Colombia. Rept. U. S. Comm. Fish., 1928,
Pt. 2: i-iv, 1-670.
JORDAN, DAVID 8., AND CHARLES H. GILBERT
1881a List of the Fishes of the Pacific Coast of the United States,
with a Table Showing the Distribution of the Species.
Proe. U. S. Nat. Mus., 3: 452-58.
1881b Notes on the Fishes of the Pacific Coast of the United States.
Ibid., 4: 29-70.
1882 Synopsis of the Fishes of North America. Bull. U. S. Nat.
Mus., 16: i-lvi, 1-1018.
JORDAN, DAVID S., AND PIERRE L. JoUY
1881 Check-list of Duplicates of Fishes from the Pacific Coast of
North America, Distributed by the Smithsonian Institu-
tion in Behalf of the United States National Museum.
Proc. U. 8. Nat. Mus,, 4: 1-18.
JORDAN, DAVID STARR, AND ROBERT EARL RICHARDSON
1907 Description of a New Species of Killifish, Lucania browni,
from a Hot Spring in Lower California. Proec. U. 8. Nat.
Mus., 33: 319-21, Fig. 1.
KENNEDY, CLARENCE HAMILTON
1916 A Possible Enemy of the Mosquito. Calif. Fish and Game, 2:
179-82, Figs. 61-64.
LANIER, ROBERT
1939 Desert Minnows. The Aquarium, 7: 190.
Mac DoNAGH, EMILIANO J.
1938 Los Peces de las aguas termales de Barreto (Cordoba) y las
etiologia de la zona. Revista del Museo de la Plata
(neuva serie), 1 (Zool.) : 45-87, Figs. 1-29, Pls. 1-2.



24 Robert R. Miller Occ. Papers

MacDovugAar, D. T.
1907 The Desert Basins of the Colorado Delta. Bull. Amer. Geog.
Soc., pp. 1-25, Figs. 1-11.
MEEK, SETH EUGENE
1904 The Fresh-water Fishes of Mexico North of the Isthmus of
Tehuantepee. Publ. Field Col. Mus, 93 (=Zool.), 5:
i-Ixii, 1-252, Figs. 1-72, Pls. 1-17, 1 map.
MELLEN, IpA M., AND ROBERT J. LANIER
1935 1001 Questions Answered About Your Aquarium. New York:
Dodd, Mead and Co., 1935. Pp. xiii + 450, Figs. 1-85.
MiLLER, ROBERT R.
1938 Record of the Fresh-water Minnow Apocope nevadensis from
Southeastern California. Copeia, 1938 (3): 147.
MILLER, ROBERT R., AND RALPH MILLER
1942 Rearing Desert Fish in Garden Pools. Aquarium Journ., 15
(10) : 96-7.
MULLER, J. W. VON
1865 Reisen in dem Vereinigten Staaten, Canada und Mexico, 3:
i-xii, 1-643, 2 maps [‘‘Die Wirbelthiere Mexicos’’ on pp.
535-643, ‘‘Pisces’’ on pp. 621-43; new species of fishes
described by Troschel].
MYERS, GEORGE S.
1935 An Annotated List of the Cyprinodont Fishes of Hispaniola,
with Deseriptions of Two New Species. Zoologica, 10
(3): 301-16, Figs. 273-79.
REGAN, C. TATE
1906-8 Pisces. Biologia Centrali-Americana, pp. i—xxxiii, 1-203,
7 maps, Pls. 1-26.
SCHRENKEISEN, RAY
1938 Field Book of Fresh-water Fishes of North America North of
Mexico. New York and London: G. P. Putnam’s Sons.
Pp. xii + 312, many figs.
SEALE, ALVIN
1940 The Fish of Hot Springs. Agquarium Journ., 13 (8): 93.
SHAPOVALOYV, LEO
1941 The Fresh-water Fish Fauna of California. Proe. Sixth Pae.
Sci. Congress, 3: 441-46.
SNYDER, JOHN OTTERBEIN
1915 Notes on a Collection of Fishes Made by Dr. Edgar A. Mearns
from Rivers Tributary to the Gulf of California. Proec.
U. 8. Nat. Mus., 49: 573-86, Fig. 1, Pls. 76-77.
1917 An Account of Some Fishes from Owens River, California.
Ivid., 54: 201-5.
SUMNER, F. B., AND M. C. SARGENT
1940 Some Observations on the Physiology of Warm Spring Fishes.
Eecology, 21: 45-54, Figs. 1-2.



No. 473 Two Desert Fishes 25

THOMPSON, DAVID G.
1929 The Mohave Desert Region, California. U. 8. Geol. Surv.
Water-Supply Paper, 578: i-xi, 1-759, Pls. 1-34, Figs.
1-20.
THoMPSON, WILL F.
1920 Investigation of the Salton Sea. Calif. Fish and Game, 6:
83-84.
THoMPSON, WILL F., AND HAROLD C. BRYANT
1920 The Mullet Fisheries of Salton Sea. Calif. Fish and Game,
6: 60-63, Figs. 23-25.
WaLEs, J. H.
1930 Biometrical Studies of Some Races of Cyprinodont Fishes from
the Death Valley Region, with Deseription of Cyprinodon
diabolis, n. sp. Copeia, 3: 61-70, Fig. 1.
WarDp, WiLLiaMm V.
1936 The Desert Fish of Death Valley. Nat. Hist. Mag., 38: 135-
42, 7 figs., 2 maps.
WARING, GERALD A.
1915 Springs of California. U. 8. Geol. Surv. Water-Supply Paper
338: 1-410, Figs. 1-4, Pls. 1-13.




Robert R. Miller

PLATE I
Cyprinodon macularius
Photographs by Clarence Flaten

Fie. 1. Adult male, 39 mm. in standard length, from Salton Sea at
Date Palm Beach, Riverside County, California.

F1a. 2. Adult female, 38 mm., from same locality.

Fig. 3. Adult male, 37 mm., from Pozo del Tule, Laguna Salada,
Lower California, Mexico.

Fie. 4. Adult female, 37 mm., from same locality.
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PLATE II
Cyprinodon macularius
Photographs by Clarence Flaten

Fie. 1. Adult male, 32 mm., from Gila River below Dome, Yuma
County, Arizona.

Fig. 2. Adult female, 34 mm., from same locality.

Fie. 3. Adult male, 37 mm., from La Salada, Sonoyta River Valley,
Sonora, Mexico.

Fig. 4. Adult female, 35 mm., from same locality.
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PLATE IIT
Typrinodon nevadensis
Photographs by Clarence Flaten

F1g. 1. Adult male, 38 mm., from Amargosa River in Death Valley,
San Bernardino County, California.

Fig. 2. Adult female, 39 mm., from same loecality.

Fie. 3. Adult male, 43 mm., from Saratoga Springs in Death Valley,
San Bernardino County, California.

Fig. 4. Adult female, 41 mm., from same locality.
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PLATE IV
Cyprinodon nevadensis
Photographs by Clarence Flaten

Fic. 1. Adult male, 42 mm., from spring-fed creek at Shoshone, Inyo
County, California.

Fic. 2. Adult female, 38 mm., from same locality.

F16. 3. Adult male, 38 mm., from Forest Pool, Ash Meadows, Nye
County, Nevada.

Fic. 4. Adult female, 35 mm., from same locality.
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PLATE V
Scales of Cyprinodon macularius x 44.3
Photographs by William C. Beckman

Fic. 1. From an adult male, 34 mm. in standard length, from Salton
Sea at Date Palm Beach, Riverside County, California.

Fig. 2. From an adult male, 33 mm., from Wise Ranch, south of Mecca,
Riverside County, California.

Fi1g. 3. From an adult male, 34 mm., from a laguna near Rancho Agua
Caliente, about 35 miles south of Mexicali, Lower California, Mexico.

Fic. 4. From an adult female, 33 mm., from La Salada, Sonoyta River
Valley, Sonora, Mexico.
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PLATE VI
Scales of Cyprinodon nevadensis x 44.3
Photographs by William C. Beckman

Fic. 1. From an adult male, 41 mm., from Saratoga Springs in Death
Valley, San Bernardino County, California.

Fia. 2. From an adult female, 30 mm., from Amargosa River at
Tecopa, Inyo County, California.

F1g. 3. From an adult male, 34 mm., from spring-fed ereek at Sho-
shone, Inyo County, California.

Fia. 4. From an adult male, 33 mm., from Lovell Ranch, Ash Meadows,
Nye County, Nevada.
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PLATE VII
Enlargements of the central region of the scales
of two species of Cyprinodon
Photographs by William C. Beckman

Fie. 1. Cyprinodon macularius. From the seale shown in Plate V,
Fig. 2. x90.

F1a. 2. Cyprinodon nevadensis. From the scale shown in Plate VI,
Fig. 3. x90.
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