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Tar Trown of Cuatve Cidnegas de Carvanza lies in a small, semi-isolated
valley in central Coaluila, México, about 250 airline kilometers south-
southeast of the Big Bend region of Texas, This desert hasin (sec
Minckley, in press, Fig. 2), about 30 by 40 kilometers in wmajor
dimensions, is nearly enclosed by steeply folded ranges of Cretaceous
Limestone. The valley Hoor, of gypsum-limestone substrate, is a little
more than 700 meters above sea level, and the major ranges arce

generally between 1,500 and 2,000 meters high.

Looking south across the arid hasin from the main road east of the
town, the visitor has no inkling of the large number of springs, marshes,
streams, sink holes, and lagunas that support the vemarkable aquatic
biota of the valley. The region is exwraordinarily rich 'biolog'i'caliy,
with high endemisiy, especially among the snails, crustaceans, and
fishes (Hubbs and Milier, 1965; Tavlor, 1960; Taylor and Minckley,
1966; Minckley, in press).

The primary purpose of this paper is to make known the two endemic
species of pupfishes, genus Cyprinodon. Studies of their variability,
population genetics, ecology, behavior, and especially of their inter-
specific hybridization, are in progress by others,

The two new species increase to 14 the number of fishes now recorcled
[rom the valley; 5 of them are endemic. Approximately 20 species are
known from this area and about half of these are believed to be
restricted to it (Taylor and Minckley, 1966: 19).

Cyprinodon bifasciatus, new species
Fig. 1
Discnosis.—An elongate, rather slender, laterally compressed species

of Cyprinodon with the dorsal fin anterior in position {both sexes);
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without an ocellus on the dorsal (or aval) fin of either Juveniles o
acdules; with vather weak sexual dimorphism; the male with a very
natrow terminal bDlack band on the caudal fin, a )*le()\s\-’iﬁh eye, atid
4 horizontal rows of yellow-orange spots along the sides (axial scale
vow uppermost); the margin of e candal fin slightly emarginate
(both sexes), with T4 (ravely T8 vays; and typically with two horvizontal
fateral dirk swripes on each side (move proncunced in lemules and
juveniles than in large males).

Tyrrs.~Holotype, UMMZ 179835, a mature male 445 mm. standard
tength (S.L., Fig. 1), Rio Puente Colorado, ca. 11 km. § of Cuatro
Ciénegas (Rio Mesquites system), Coahuila, México; 6 April 1961 by
R. R, Milley, Carl L. Hubbs, W, L, Minckley, and D. R. Tindall.
Collected with the holotype were 9 paratopotypes, UMMYZ 179550,
10-5% mum, 8.0, In addition, the following paratypes were studied:
UMMZ 177863, 100, 21-39 mm. SL., [rom Escobeda, a hot spring
12 lam. 8§ of Cuatro Ciédnegas, 11 September 1958, W. L. Minckley;
UMMZ 179167, 128, 12-28 nim. S.L., Laguna Churince (Posos Bouitos),
20.8 k. SSW of Cuatro Ciénegas, 19 August 1960, W. L. Minckley
et aly 226, 7-27 ., S L. (UMMZ 179879), same locality, 10 April 1961,
R. R, Miller and pavty: UMMZ 179204, 178, 10-49.5 mm. 5.L., Posos
de la Becerra, 17 kan. W of Cuatro Ciénegas, 20 August 1960, W, 1.
Minckley et al; 581, 9-49 mm. S.L. (UMMZ 179850), same locality,
6 April 1961, R.R. Miller and party; UMMZ 179212, 16, 12-51 mm.
5.L., Rio Mesquites, 9.8 k. § of Cuoatro Giénegas, 21-22 August 1960,
W. L. Minckley et. al; UMMZ 1810468, 88, 20—48 mm. S.L., in ciénegas
elong Rio Mesquites, ca. 10 airline km. due 5 of Cuatro Giénegus,
8 July 1961, B. A. Branson; UMMZ 179222, 130, 14-36 mam. 5.1, Lus
Hundidos, 6 km. ENE of Tio Candido, 16 km. S, 5 km. E of Cuatro
Ciénegas, 25 August 1960, W. L. Minckley and [. E. Craddock; UMMZ
179857, 58, 25-89 mm. S.L., Tierra Blanca, ca. 12 km. WSW of Cuatro
Ciénegas, 8 April 1961, Miller, Hubbs, Minckiey, and Lugo: UMMZ
186508, 176, 16-54 mm. 8.1, 9.7 km. 88W of Cuatro Ciénegas (just S
of West Laguna of El Mojarral), 7 April 1966, W. S. Brown and
Les Cullum.

Drscrirrion.—The distinctive body form and coloration are iltus-
irated in Figure I, Note the anterior position of the dersal fin and the
fack of an ocellus on this fin in the female. Unlike most species of the
genus, C. bifasciatus shows little sexual dimorphism in the position of
the dorsal fin (see below}, The cleithral process and overlying scapular
scale (Miller, 1956: 1-2, fig. 1} ave anly slightly enlarged and wre not
fhickened, as they arve in €. variegatus. The first dorsal vay 15 moder-
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ately expanded gt the base but is not thickened and spine-like, as it i
in C.varicgaius.

Dorsal vays: 11(34), 12(56), ave, 1166, the frst two usually un-
branched (in 74 our of 40; 1 had a single unbranched ray and 5 had
3 unbranched rays); anal vays: 9(2), 10(74), 11(14), ave. 10,13, the frst
ioor 2 unbranched; pectoval tays (both Ims) -(5’3 H—(I()S) 1559,
ave. 14.08; pelvic rays (both Ling): 3(1), G{18), 7(160), 8(6), ave. 6.94;
caudal rays: 15(7), 14(78), ave. 1842, The holc)L}-_pL has dorsal 12 (first
2 rays unbranched), anal 11 (fust ray unbranched), pectorals 14-14,
pelvics 7-7, and caudal 14,

Scales in lateral series: 24(1), 2b(7), 2660y, 27{29), ave. 20.};
scales hetween dorsal and pelvic fins: O(E) ll(%“)) 12(1), ave. 10.97;
scales around caudal peduncle: 12(1), 15(8), 14(6), 15(7), 16(73), ave.
15.64; scales avound body: 24(13), 25(12), 26(47), 27(10), 28(8), ave. 25.87,
The holotype has 26 lateral scales, 11 from dorsal to pelvic, 16 around
cawdal peduncle, and 26 around body, The preovbital vegion is well
scaled. The squamation between the hases of the pelvic fins is usually
lormed of 2 large scales mranged in tandem order, much as in
Flovidichthys; ho\\ ever, 8 of 48 males and females examined Jot this
character have 111@0111¢u1ues either there are 2 basal scales or 2 asym-
meirical scales bey ond the single, iarge basal one. The large, rather
regularly arranged prepelvic scales usually number 14 to 16 between
pelvic origin and isthmus, with a range of 12 to 17. The scale structure
Is not clearly assignable to either the macularius or the nevadensis
types (Miller, 1945: 5, 7, pls. V=VII), but rather appears to represent
a combination of the two. At and near the focus, the scale tends to
resemble that of macularius, having weak spine-like projections along
the circuli, whereas the reticulate (nevadensis) pattern is developed
between the circuli distally from the focus.

Head pores vary as follows (both sides counted): mandibular, G{11),
2(169), ave. 1.88; preopercular, 5(I), 6(15), 7(159), 8(8), ave. 6.93;
lachrymal, 3(17), 4(16%), ave. 5.90. Holotype has 2-2 mandibular,
77 preopercular, and 4—4 fachrymal pores. All of the pores are small.

Gill rakers number: 23(5), 24(28), 25(81), 26(22), 27(8), 28(1}, ave.
25.0%. Vertebrae (including wurostyle), determined from radiographs:
25(2), 26(25Y, 27(73), 28(D), ave. 26.82, typically 1] or 12 precaudal and
14 to 16 caudal. Holotype has 11 + 16 = 27,

In 80 adules (12 from UMMZ 179850 and 18 from UMMYZ 179356)
there are & branchiostegal rays.

Proportional measurements on 39 specimens from the type locality
{Puente Colorado), stepped with dividers under appropriate magnifi-
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cacion, are given below for 21 males (including the holotype), 50.9-51 A
mm. S.L., and 18 females, 29.5-41.% wmm. S.L. Except where sexual
dimorphism is marked, the data ! ‘or the sexes ave combined. The range
of variation is followed by the vadue, in parentheses, for the holotype
and then the average value of the measurement.

Int standard k—‘no‘th' head fengeh, 52-3.05 (3.25), 54, greatest bocy
depth, in males, 2.5-3.1 (2.8), 2.8, and n females, 2.75-5 “, 2.0 caudal
peduncle length, §.4-3 83( ), 8.8 predorsal length, 1.\)—1. I7(1.95), 1.9;
postdorsal length, I.bPE.()(I.J:‘J)} }.95: prepelvic length, 1.9-1.97(1.95),
1.9.

In head length: head depth at occiput, 1LO-1.25(1.15), I.1; head
width, 1.4-1.5(1.5), 1.5; greatest hody depth, 0.7-0.98(0.75), 0.5; caudal
peduncle length, 0.95-1.15(L.05), 1.05; least depth of peduncle in
males, 1.7-2.05(1.9), 1.9, and in femalces, 1.9-2.2, 2.0; bony intererbital
width, 2.35-5.5(2.65), 2.8; snout length, 2.75-%.8(5.0y, 5.1; orbit length,
2.6-5.3(5.0), 2.9; upper jaw length, 2.6-5.0(2.6), 2.8; mandible length,
3.1-8.65(3.55), 3.3; mouth width, 2.55-8.1{2.7), 2.9; length ol depr cssed
dorsal fin, in males, 0.5-1.0(G.%), 0.95, and in females, 1.0-1.5, 1.0;
length of depressed anal fin, in males, 1.25-1. 35(1 ‘)5), 1.5, and n
females, 1.3—1.45, 1.4; pectoral length, 1.15~1.35(1.2 ) .2; pelvic length,
in males, 1.75-2.1(1.9), 1.9, and in females, 1.9 2.15, 2.0; length of
niddle caundal vays, 1.1-1.2(3.15), 1.1

Length of caudal peduncle into predorsal length, 1.75-2.1(1.8), 1.9;
length of caudal fin {middle rays) into predorsal length, 1.95-2.2(1.98),
2.0; caudal peduncle, depth into length, 1.65-2.001.75), 1.8; pelvic
length into caudal peduncle depth, 0. 85-1.1{1.03, 0.94,

The intestine is long and much convoluted. In an adult male 45 mm.
5.L. from Posos de la Becerra, this structure was approximately 194 mm.
{stretched length) or about 4 times the standard lengti,

The anterior position of the dorsal fin is demonstrated by projecting
{orward (with a pair of dividers) the distance between the base of the
caudal fin and the origin of the dorsal fin (the postdorsal distance) and
noting the point reached by the tip of the dividers. In the same 39 fish
used in the other measurements, the point reaches in the 21 males
from the rostral fold to beyond the tip of the lower jaw, usually to oy
beyond the front of the upper lip; in the 18 females, the point extends
from half way hetween the orbit and the rostral fold to just short of
the tip of the Tower jaw, usually about to the rostral fold or the front
ol the upper lip.

The development of the black terminal caudal band of the male
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may be expressed by stepping its width into the eye, giving ratios of
24=5.8 (8.2 i holotype), ave. 5.1,

Cororarion—The lile colors of C. bijascieins were vecorded [or the
series [rom Posos de Lo Becerva on April 6, when the [sh were in
breeding condition. Color photographs were also taken of freshly
killed males.

In the adulr male the dorsal and anal fns are wtense chatky blue Lo
iridescent turqueise, dusted with small melanophoeres on the intervadial
membranes, and the distal margin (dorsal fn) or posterior hall (anal
i) dusky to black. The tenminal black band on the dusky caudal fin
is very narrow, notably less than one-half the diameter of the eye (see
measurements). In living breeding males, the caudal peduncle and
proximal balf of caudal An ave lemon yellow, Pectoral and pelvic hng
clear, becoming dusky to black on margins. Lye intense yellow to
yellow-orange, the pupil black and the iris watery blue. Lips purplish.
Side of hody with herizontal rows of yellow-orange to orangc spots
along the distal marging of the scaies, from the axial row to § rows
helow. Ground color of hody chalky biue to pale iridescent blue to
gilvery; lateral stripes as in the female (see below) hut generally less
prominent, the abdominal stripe sometimes weak or obsolescent in
large fish. The males, unlike those of most species of Cyprinodon, lack
vertical bars.

In females, the ground coler of the body is light-hlue to pale-brown
or creamy-vellow. There are two prominent, dark brown, horizontal
stripes along the axial scale vow and on the side of the abdomen,
plus a thivd, [ainter one on the upper side. Al of the ins ave clear;
the dorsal lacks the ocellus that is typical of females {and juveniles) of
most species of Cyprinodon.

In juveniles, the axial lateral stripe is often disrupted into a promi-
nent series of squavish or rectanguiar hlotches, and each Iateral stripe
is generally more pronounced than in adults, especially larger ones.
The disrupted pattern of the axial stripe is also displayed in females,
but typically less prominently, and it may even be seen in preserved
males, except very large ones. There is no trace of a dorsal (or anal)
ocellus in the juvenile.

HABITAT anp Flasirs.—This species is largely restricted to headwater
warm springs and their outlets and o streams, typically in constantly
warm water (26.7 to §4.5° C). Water chemistry is dominated by mag
nesitan sulfate, with a high content of calciium carbonate. The depth
may vary from less than a meter to as much ag 10 meters; the bottom 1s
of fine, deep silt and marl; and the curvent is moderate to slight. During
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summer, when water temperatares ave increased in habitats available
L the species, C. bifaseiatus expands its “winter range” either by active-
Iy swimming or by being curried downstream, Unlike other species of
the genus, C. bifascialus is very sensitive to thermal changes.

Tn contrast to the majority of species of Cyprinodon, this species lives
an open, active lile in competition with a diversity of other fshes,
including a chavacin {dstyanax fasciatus), a cathish (Feteburus hupus),
fargemouth bass (Microplerus salmoides), longear sunhsh (Lepomis
megalotis), a darter (Eiheosioma sp)), and | or move species of cichlids
(genus Cichlesoma). As many as 13 species (representing 8 families)
have been found in association with €. bifusciatus. The young live on
the bottom, where they move about in schools in darter-like fashion;
with growth they come to occupy open water. Tervitorial males are
aggressive, even attacking large, predatory fish (W, L. Minckley, pers.
comn.).

Recarionsuirs.—The immediate relationships of Cyprinodon bifas-
ciatus are not readily appavent. In form of body, emarginate shape and
nearly fixed number of caundal fin rays, life colars, color pattern, and
behavior, this species stands apart from most others of the genus.
T bhelieve it represents an early evolutionary stock that developed in
the long and well-isolated Cuatro Ciénegas basin—perhaps as long ago
as early Pliocene or even late Miocene time. Possibly it was derived
[rom a basal stock along the ancestral line that led also to Gyprinodon
variegatus. Certain resemblances between the two that may be indica-
tive include « long pectoral hn, numerous gill rakers, generally slal-
sided body, long 7-rayed pelvic fins, anterior position of dorsal fin,
wellscaled preorbital region, and complete head-pore system. Some
of these characters (e.g., gillraker number} may, of course, have been
indepenclently derived.

That ic hybridizes in the basin, in man-made habitats, with Cyprino-
don atrorus, next to be deseribed, does not necessarily mean that the
two are intimately rvelated, since experiments (by R. K. Lin, pers.
comm.) have shown that distinct species of Cyprinodon may be crossed
rather readily in the luboratory. T believe that C. bifascietus has
occupied the Cuatre Ciénegas bolson lar longer than has C. alrorus.

ETrvaorocy.—The new species is named bifascietus in reference to
the two prominent fateral stripes: one along the midside, from the head
to the base of caudal fin; the other from the base of the pectoral fin to
the end of the anal fin base.
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Cyprinodon atrorus, new species
Tig. 2

Diaonvosis—A species of Cyprinodon of typical hody lorm (short and
deepy, characterized by the following combination of traits: caudal fn
of male with a very broad, jet-black terminal band {about as wide as
eve); mandibular and Inchrymal pores lacking, and usually only 5 to 6
{typically 4) preopercular pores; supraorbital canal system discontinu-
ous (see description); lemale {and juvenile) with a well-developed
ccelius on both dorsal and anal fins; dorsal fin of breeding male
vellow to orange; pelvics small, Grayed; gill vakers 20 o 25, usually
22 to 245 hranchiostegals 5 (1 in 30 had 6).

Materian.—Holotype: UMMZ 150380, an adult male 81 mm. 5.1
(Fig. 2} from an unspecified locality (Sta. XV) S of Cualro Ciénegas,
Coahuila, Mdéxico, 15 August 1959, E. G. Marsh, Jr. Paratopotypes:
UMMZ .i?)(]i%Si, 575, 15-85 mm., from the swme station. Paratypes:
UMMZ 150891, 368, 16-32 mm., lrom another unspecified locality
{Sta. XVTY near Lm atro Ciénegas, 28 August 1959, Marsh {6 additional
specimens from this series, MCZ 38004, are at Harvard)'. Non-types:
UMMZ 17984647, 162, 10.5-85 mm., Laguna San Pable, about 14
airline km. SSE of Cuatro Gidnegas, 7 April 1961, R. R. Miller, G. 1.,
Fubbs, W. L. Minckley, D, R. Tindall, and José Lugo G.

1Az ch.scms(.d by Hubbs and Miller (1965: G4-65), collection XV of Marsh may
have come from the vicinity of Rio Mesquites and his collection NVI from near what
is now called Rio Puente Chiquito (see Minckley, in press).

Dscrirrion.—Body form and coloration are Hlustrated in Figure 2,
which shows the pronounced terminal Black band on the candal fin of
the male and the well-developed ocelli on both dorsal and anal fing of
tlre female. The cleithral precess and overlying scapular scale are mod-
erately enlarged and thickened. The first dovsal ray is not notably
different from the second ray.

Dorsal rays:  10{15), 11{14), 12(1), ave. 10.58, the first two usually
unbranched (in 23 of 30; 6 had a single unbranched ray and 1 had 3
unbranched rays); anal rays: 9(1), 10¢29}, ave, 9.97, the first | (11511&11\-’)
or 2 unbranched; 1)€Ci.’)1dl ravs {(both fing): 12(2), 13(2), 14(23), 15(30),
16(8), ave. 14.50; pe]nc rays (both fins): A(5), 6(47), 7(8), ave. G.05;
(audal vays: T4, 15(15), 16(11), ave. 15.25. The holotype has dorsal

0 (first 2 rays unbranched), agal 10 (hrst ray unbranched), peciorals
f! 2-15, pelvics 6-6, and caadal 15

Scales in lateral series: 24(8), 25(17), 26{10%, ave. 25.23; scales
between dorsal and pelvic fins: 10(8), T1{18}, 12(4), ave. 10.87; scales
sround caudal peduncie: 16293, 17(1), ave, 16.05; scales around body:
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26013, 28(203, 2942}, 30{T), ave. 2847, The holotype has 25 lateral scales,
i1 from dorsal to pelvic, 16 around caudal peduncle, and about 28
around body. The scales on the preorbital region extend dovsally from
just below the level of the widdie of che pupil to the level of the top of
the eye, usually reaching to the middle or the top of the pupil {exam-
ination based. on the 80 fish measured, see below). The scale structuve
is of the C. nevadensis type (Miller, 1948: pl. 1),

Head pores vavy as [ollows (both sides counted): mandibular, 0(60):
preopercular, 4(24), B{2), G(28), 7(7), 8(4), ave. 542; and lachrymal,
0{B8), 1(23, ave. 0.05. Holotype has neither mandibular nor fachrymal
pores and 6-8 preopercular pores. The supraorbital canal system
(Gosline, 1949 pl 1, fig. 1), stuclied in 50 adules (UMMZ 130891), was
continuous between pores 1 and § and 6§ and 7 in 27, and between |
anc 4 and 6 and 7 in 5. The [ollowing 7 variants occurred: the canal
was continuous between 1-4 on one side only in 4, between 5-7 on
cne side only in 2, and 1t was closed between 6-7 ou one side only in !,
Since the pore system is not well developed in smaller fish, only larger
adults were examined for this chavacter. In the holotype, the supra-
erbital canal is continuous between pores 1-3 and 6-7 on the lelt side,
and between pores 1—4 and 6-7 on the right.

Gill rakers number: 20(1), 211y, 22(6), 25011y, 24(9), 25(Z), ave.
25.07; holotype has 23. Vertebrae {(including urestyle). determined from
radiographs: 25(1), 26(17), 27(10%, ave. 2G6.32, typically 12 precaudal
and 14 caudal. Holotype has 12 -+ 14 = 26,

The branchiostegals of 30 large adults (15 of each sex) numbered 5
in 29 and 6 in 1.

Proportional measurements of 15 wmales and 15 females from the
series containing the helotype (UMMZ 130380 and 1505913, 26.5-51.5
mm. and 26.1-31.1 mm. in S.L., respectively, were stepped and the
values expressed as in the preceding species.

In standard length: head length, 2.95-8.25(3.15), 3.1 greatest body
depth, 2.5-2.9(2.55), 2.6 for males, and 2.8-5.0, 2.9, for females; caudzl
peduncle length 4.0-4.6(4.45), 4.3 Loy males, and 4.4-4.9, 4.6 [or females;
predorsal Tength, i.65-1.8(1. 7) 1.75; postdorsal length, 2.0-2.25(2.1),
2.1 for males, and 2.15-2.4, 2.3 for females; prepelvic length, 1.6-
1.8(1.75%, 1.7.

In head length: head depth at occiput, LO-1.25(1.08), 1.1; head
width, 1.35-1.5(1.45), 1.4; greatest body depth, 0.7-0.96(0.75), 0.8;
caudal peduncle length, 1.3-1.6(14), 14; least depth of peduncle in
males, 1.55-1.85(1L.6), 1.7, and in females, 1.9-2.0, 1.94; bony inter

Q

orbital width, 2.5-8.0(2.753, 2.7: snout length, 5.2-3.05(3.5), 5.4; orbit
o
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length, 3.0-8.5(8.85), 8.5; upper jaw length, 2. h 8.0(2.7), 2.8 mandible
length, 3.0-3.4(5.85), 3.2; mouf.h width, 25-5.0{2.75), 2.7; length of
depressed dorsal fin, in mades, (l.S—_I.i(l.{)), _).99, aned in females,
L1-1.25, 1.2; length ol depressed anal b, inomales, 1.2-1. ‘V)(l 2y, 1.5,
and in fermales, 1.45-1.6, 1.5; pectoral length, 115-1.5(1.45), 1.4; pelvic
length, in males, 2.55-3. 9(55 iy, 2.9, and in females, 3.0-5.5, 5.5; length
of middle caudal rays, 14-1.6{1.47}, 1.5,

Length of caudal peduncle inte predorsal length, in males, 24—
27(2.68), 2.5, and in females, 2.65-5.0, 2.8; length of cfmddl fin {middle
raysy into predorsal length, in males, 2.5-2.95(2.8), 2.7, and in Iunales
2.85-5.2, 3.1; caudal pedunde depth o anDLh 1‘3 1.35(1.18), 1
pelvic length into caudal peduncle depth, 1.45- (E Gy, 1.6,

The intestine 1s long and much convoluted, though evidently not as
long as in C. bifasciatus. In an adule male 30 mun. S.L., from the type
localivy, this structure was approximately 85 mm. {stretched length) o
about 8 times the standard length,

The position of the dorsal fin is expressed as in the preceding species.
In rthe 14 males measured (UMMZ 130391), the point reaches from
between the anterior hall of the pupil to the posterior half of the
rostrum, usually from the front of the eye to the front of the orbit
(in the holotype it falls near front of pupil); in the 15 females measured
it falls from just belind the orbit to just belore the middle of the pupil,
usually from the posterior rim ol the orbit to the middle of the pupil.

The size of the hroad black terminal caudal band of the male may
he expressed by stepping its width into the eye, giving ratios of 1.0-1.3
(1.01 in holotype), ave. 1.14.

Varrants.—The series from Laguna San Pablo, collected in 1961, are
cesignated non-types because of certain characteristics that might indi-
cate introgression of genes from C. bifasciains due to past hybridization
with that species.

The development of the ocelli on the dorsal and anal fins of females
and fuveniles 15 quite variable. Whereas these markings are consistently
well developed in the two type series, in the 105 juveniles and females
from San Pable hoth ocelli are well developed in only 38, the anal
oceltus is moederate to weak in 46 (incduding 1G adules), there is only a
trace of this ocellus in 7 {1 adult), and 12 fish (1 adult} have no anal
acellus. C. bifasciatus consistently lacks an ocellus on either fin.

The dorsal fin is also more anterior in position than it is in the type
series. Using dividers as previously described resulis were as IOHOW
in 200 males {19-32.5 mm. in 8.L.), they fell [rom the [ront of the eye
{in 1) almost to the tip of the snout, usually from the front of the orbit
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to the tip of the rostrum; in 20 {females(20-34 mm. S, they reached
from just hehind the pupil {(in 1) to the tip of the rostrum (V) usually
from about the middle of the pupil to the anterior margin ol the orbit,

The following meristic data might also indicate variation toward
C. bifasciatus: (1) caudal rays 13-16, usually 14 or 15 {ave. BLG0) rather
than wsually 15 or 16 (ave, 15.25) in the types, The fewer number
approaches the typicad count ol 14 in €. bifuseiatus: (2) scales around
body average 26,78 versus 28.47 (25.87 in bifascialus).

Until a careful analysis is made ol variation in existing populations
of C. atrorus, the significance of these traits will remain uncertain.

Covoration.—The life colavs of spawning males were noted in the
feld and laboratory (outdoor ponds at Tempe, Arizona). The dorsal fin
is milky yellow with a deep orange cast, its base milky yellowish-orange:
usually it has a very thin black margin, especially in old males. The
anal fin is milky white with a yellow to orange cast, the fin jet black
on the posterior 14 to 4 and often on the posterior half. Pectorals
brilliant-yellow to yellowish-orange, with a thin black margin. Pelvics
hright lemon-yellow, Caudal fin yellow to orange, with a broad velvel-
black, terminal band; a lighter avea is usually evident befeore the
terminal band. Body brilliant blue over predorsal region and on sides
down to pectoral fing and posteriorly to ov beyond the dorsal origin—
in sexually active males to caudal fin base and down the sides over
the darker vertical bars; these hars, numbering 7 to 9, ave separated by
silvery interspaces. Eye with a striking iridescent blue spot before or
above tie pupil. Belly white; the chin, gular region, cheeks, and hreast
suffused with golden yvellow in the most sexually active males. The head
has an overall yellowish cast.

As usual in Cyprinodon, the lemales lack the bright colovs of the
males. They are gray-brown to biack dorsally, and latervally this pig-
ment includes about a third of the side and perhaps half of the candal
peduncle. The lower sides and venter ave white, with 5 o 9 dark,
irvegular hlotches on the side, centering on the lateral line, continuing
dorsally into the dark dorsum and extending variably downward iito
the white ventral region. The dorsal and anal fins ave clear, or light
gray, with distinct, black ocelli near their posterior proximal margins.
The pectoral, pelvic, and caudal fins Iack pigment. Juventles are indis-
tinguishable [ron: females.

Hapirar ano Havits—Cyprinodon alroris lives 1n shallow, saline
marshy pools that warm and cool rapidly and support a dense growth
of blue-green algae and other microphytes over a soft, calcareous bot-
tom. Generally there is no current, and water depth is usnally less than
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20 e, (Minckley and Twkowit, 1967). These hubitats are generally
peripheval to those favored by €. bifaselatus and are characterized by
marked variations in emperatuve, size, and water chemistry. G. alrorus,
like most members ol the genus Gyprinodon, has suceesslully adapred
iself to such highly variable habicats,

Few other hshes live with this species, Not inlrequently it is the sole
fsh in its ecological niche, and only two species have heen collected
with it. These ave Lucanin interioris Hubbs and Miller {19GhY and
Camtbusia marshi Minckley and Craddock {(in Minckley, 1962). Like
the Lucania, C. alrorus dives into bottom vegetztion (e.g., beds ol
Charvg) when alarmed; or it may escape by swimming into shallow,
weed-choked channels.

Revartonsairs.— The very broad tenminad black band on the caudal
fin of the mature male is a distinctive mark of this species. It iy
approached in this feature by Cyprinadon exintivs Girard, of the Rio
de Sauz basin, Rio Conchos, and certain Texas tributavies of the
Ric Grande, and by C. lafifescicius Gurman of the Parras basin,
Coahuila (see Miller, 1964}, Another trait shared with C. extmius is
the yvellow to orange dorsal fin of the breeding male, and both C.
atrorus and C. latifasciatus have B branchiostegals, Not enough is
known, however, about the number and variability of branchiostegal
rays in Cyprinoden to appraise the significance ol this character. The
basic number is 6, with the rays arranged in three groups as [ollows:
P broad ray attached to the epihyal, 3 narrower ones inserted posteriorly
on the ceratohyal, and 2 slender ones attached to the anterior part of
the ceratohyal. When there ave only & branchiosteguls, one of the latter
two rays is lacking. Possession of G branchiostegals is evidently the
generalized condition in cyprinodontoids (McAilister, 1968: 127-188).
The reduction to 5, hke the reduced size and number of rays of the
pelvic fins, has prohably occurred independently several times.

G. atrorus differs from C. latifasciolus in many leatures, including:
{1y male with vertical bars rather than horizontal stripes; (2) female
with ocelli on both corsal and anal Gns (none in lalifasciatus); (3) no
Iachrymal pores; (4) reduced preopercular pores, typically 4 or 6 rather
than 7; and (5) pectoral fin shorter, not extencling to or beyond origin
of pelvics. From €. eximius the new species differs in: (1) cthe more
numerous gill rakers, 20-25 versus 11-18: (2) lacking lachrymal pores
{usually 4 in eximius) and reduced preopercular poves {usually 7 in
eximuaesy; (8) having usually 34 or 15 vather than 16 or 17 caudal rays;
and (4) the absence of a checkered pattern of prominent black spots and
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dashes characteristic of the hasal hall to owo-thirds of the male caudal
fin of eximius.

Probably C. qlrorus was derived [rom €. eximius, or lrom a lorm that
was the common ancestor of both species, at a time more vecent than
was the ovigin of O bifasciaius described above,

ErvaoLocy.~The name airorys is rom the Ladin aler, black, and
ora, border {(with nominative sullix -us), in veference (o the conspicuouy
hlack terminal band on the caudal fin ol the male.

ACENOWLEDGMENTS

W. L. Minckley contributed valuable notes on the lite colotrs, habitat,
and behavior of the new species and Robere K. Liu also provided infor-
wmation on their breeding colors. Ernest G. Mazsh, Jr., donated the type
series, José Lugo G. enthusiastically aided in the field through his
broad knowledge of the hydrology of the Cuatro Ciénegas basin. Field
work was made possible through a research grant (Proj. 1227) from the
Horace H. Rackham School of Graduate Studies of The University of
Michigan and from the National Science Foundation (G-12904). Grants
o W, L. Minckley (NSF GB-2461, GB-6477X) and o C. L. Hubbs
(NSF G-15928) also contributed to the completion of this paper. A sci-
entific collecting permit was generously issued to me by the Oficina de
istudios Biologicos, Diveccidn General de Pesca e Industrias Gonexas.

Many helpful suggestions with the manuscript were made by Carl L.
Fubbs, who recognized the distinctiveness of C. alrerus in 1939, and
hy W. L. Minckley.

LITERATURE CITED

Costine, W, A, 1949, Fhe sensory canals of the head in some cyprinodont fishes,
with particular refevence to the genus Fundidus, Oce. Pap. Mus. Zool. Uaiv,
Mich,, 518: 1-17. Fig. 1, Pls, 1-2.

Fuses, C. L., ANp R, R, Micer, 1965, Studies of cyprinedont fishes, XX, Varia-
tion in Lucania farea, its establishment in western United States, and descrip-
tion of a new species from an interior basin in Coahuila, Mdéxico., Misc. Pubil.
Mus. Zool. Univ, Mich., 127:1-104, Figs. 1-8, Pls. 1-3.

McArLsrer, D, B, 1968, Evolution of branchiosteguls and classification of tele-
ostome fishes, Bull, Natl, Mus. Ganada, 2213-xiv, 12359, Figs. 1-3, Pls. 121

afimrer, R R, 1948, The status of Gyprinodon macularius and Cyprrinedon neva-
densis, two desert fshes of western North America. Qce. Pap. Mus. Zool. Univ,
Mich., 478:1-25, Fig. 1, Pls. 1-T.

--------- 1848, The cyprinodont fishes of the Death Valley system of castern Culi-
fornia and southwestern Nevada. Misc. Publ. Mus, Zool, Univ, Mich,, 68:1-155,
Figs, 1-5, Pls, 115, Maps 1-5,



No. 659 Two New Fishes 13

196, A noew genns and specics ol cyprinodontid Bsh from San Luis Potosd,

México, with remurks on the subfumily Gyprinodontinae. Oce. Pap, Mus. Zool
Univ, Micl, 585117, Figs, 1-2, Pls. 12,

e 109G, Redesar

iption and Hlustration of Cypvinoedon leiifasciatus, an exe
tinct eyprinodontid fish from Goahuila, México. Southwestern Nat, 9:68-07,
Fig. 1.

MivokLey, W. L. 10682, Two new specics of fishes of the genus Gamibusie
{Pocciliidae) from novtlicastern México, Copeln, 1962(2):391-896, Figs. 1-6.

ws, Coubuila,

Tn press. Lovivonments of the holsdn of Cuawo  Cidn

oy
o

Univ. Texas

ico, with specinl reference to the aguatic Biota, Sci. Ser,
{1 Paso).

MwokLEY, W, L., ann M. Trzeowrrz, 1967, Ecology and cffects of indestinal gas
accwnulation in o puplish {genus Cylrrinodor), Trans. Amer. Fish, Soc.
0G:216-718.

Tavior, I3 W, 1966, A remarkable spail fauna from Gowhuila, México, Veliger,
G:152-228, Vigs, 129, Pls. 8-19.

Tavror, D, W, anp W, L, Mivekeey., 1966, New world for hiologists. Pacific Dis-
covery, 19:18-22, 9 figs.

decepted for publication Seplember 6, 1968



Cee. Papers

Robert Rush diller

-odojered Dpewag

WO GEEGAT ZININGL TS M

Houe

o

1510
2 d41070Y IR BA0qy OS5 U TRIDIDIG wopotig )y T v

M

b=

Aq yde1Borogd "968G4T ZIINN TS Tw 08

‘

A

adiy



35

Two New Iishes

J0 ATSIDAIUE $PI1AIDG
MO COSE0NET YIWIN

oty

I's

2

R

1

IO A

ur g

i

i

¢

yeins
adizoro

!

30T

e

Id

ur

J

LD

Wale

(o)
3

L 73

e

1

i).
&

‘patpnoia &

TSNS
B I EERR U T aeldy
Lol opontfdn g

L

{

HIRIIE
ed areul

O7)]

o)

f






