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THE TOWN of Clliltr0 Ciknegas de Carranza lies in a small, semi-isolatetl 
valley in central Coahuila, M6xic0, about 250 airline kilometers south- 
:,outheast of the Big Rent1 region of Texas. This desert basin (see 
L/linckley, in press, Fig. 2), about SO by 40 kilometers ill inajor 
c;imeilsions, is nearly e~lclosetl by steeply folded ranges oL Cretaceous 
l i inesto~~e. T h e  valley floor, of gypsum-limestone substrate, is a little 
Inore 111;1n 700 meters abo~ .e  sea level, antl the major ranges are 
pe~lerally between 1,500 and 2,000 meters high. 

Looking south across the arid basin from the maill road east of the 
town, the visitor has 110 inkling of the large number of springs, nlarshes, 
streams, sink holes, and l a g ~ ~ n a s  that support the remarkable aquatic 
biota ol' the valley. T h e  region is extraordinarily rich biologically, 
wit11 high endemism, especially among the snails, crustaceans, and 
fishes (Hubbs and Miller, 1965; Taylor, 1966; Taylor antl Minckley, 
1966; Minckley, in press). 

l ' he  primary p~u-pose of this paper is to make kno~vn the two entleinic. 
species ol' pul)fislles, genus Cypri lzot lol~.  Studies ol' their variability, 
!jopulation genetics, ecology, behavior, ant1 especially of their inter- 
specific hybridization, are in progress by others. 

T h e  two new species increase to 14 the number of fishes now recorded 
Irom t l ~ e  valley; 5 of them are endemic. Approximately 20 species are 
know~l  from this area ant1 about half of these are believed to be 
i.estrictet1 to i t  (T;tylor ant1 Minckley, 1966: 19). 

Cyprinodon bifasciatus, new species 
Fig. 1 

Drl\c,~osrs.-An elongate, rather slender, laterally  omp pressed species 
,)f  Cypr ino t lo l~  ~ v i t l l  the dorsal fin anterior in position (both sexes); 



without ; i l l  occllus on the tlol.s;il (or ;inid) fin of e i t h c ~  j~~vcn i les  or 
:~tl i~lts;  with ratller weak sexr~al tlirnorl~hisln; tile male will1 ;I very 
ilarrow tennin;11 black bantl on the c;~irelal fin, a yellowisll eye, .;inti 
4 horizontal  ours of yellow-or;~ngc spots ;llo~lg the sicles (axid  scalc 
row upl~ermost); tile irlargin of tile c;itrtl;il fin sliglitly erriarginatc 
(both sexes), with 14 (rarely 13) rays; antl typic;illy wit11 CMIO 110ri~011till 
l a ~ e r a l  dark stripes on each side (n1o1.e prono~~ncet l  in I'crn;~les ant1 
juveniles lllan in large males). 

Tuvl.:s.-Holotype, UI\INI% 15!)835, ;t 1n;itrrl.c in;ile ,1~1.5 ullrl. st;tn(l;~~.cl 
length (S.L., Fig. l), Rio Puente Colorado, ca. I1 kln. S o l  Cuatro 
(;iCneg;is (Rio Mesquites system), C;o;ihuila, AIkxico; 6 i-lpril l!)(il by 
R .  K. Wliller, Carl L. Hubbs, \V. L. I\Iincklcy, ;lnd D. K. Tir1~1;111. 
Collected with t l ~ e  holotype were 149 ll;u.atopotylIcs, UMMZ 179836, 
10-53 innl. S.1,. In atldition, the following paratyl)es were sttitlietl: 
IJMMZ 177863, 100, 21-39 111111. S.L., froni Escobetln, a hot six-ing 
I 2  km. S oC C~ra t ro  C:idnegas, I I Septeniber 1958, IY. L. Nlinckley; 
UMMZ 179197, 128, 12-28 mm. S.L., Lagttna (;llrlrince (Posos Ihnitos), 
20.3 kin. SSW oT Cuatro CiC.negas, 19 ill~grist 1960, 14'. L. Illinckley 
ct al.; 226, 7-27 mm. S.L. (UMMZ 159879), s:1inc loc;ility, 10 April 1961, 
I<. R. Miller ;inti party; UNIMZ 17!)204, 158, 10-49.5 inin. S.L., Posos 
tlc la Rccei-ra, 17 k111. S\/V of Crratro CiCnegas, 20 :lrigust 1960, 14'. 1,. 
Minckley e l  ;11.; 581, 9-49 inm. S.L. (UMMZ 179830), samc locality, 
(i April 1961, K. K. Miller ant1 I I ~ ~ L ) ] ;  UMMZ 150212, 16, 12-31 nlnl. 
:j.L., R io  Illesclt~itcs, 9.8 km. S of <:u;ltro Cikneg;~~,  21-22 A I I ~ L I S L  1960, 
\/\I. I,. Nlinckley et. al.; UMMZ lXIO(i8, 88, 29-48 mm. S.L., in ciCnegas 
;)long Kio Nlcsquites, ca. 10 ;iirline k111. due S of Cri;~tro Ciknegas, 
8 July 1961, U .  A. Branson; UbIM7. 179222, 130, 14-36 mm. S.L., Los 
Huntlidos, (i kni. KNE of l ' i o  C:;~nclitlo, 16 knl. S, 5 k ~ n .  11: 01 Cu;rt~.o 
(:iCnegas, 23 Arrgust 19(i0, 14'. L.  I\linckley antl J.  I.:. Cratltlock; UMMZ 
179857, 53, 23-39 111n1. S.L., Tierra  Blanca, ca. 12 klrl. \4TS\4i of (;r~at~.o 
CiCnegas, 8 April 1961, Wiiller, Hubbs, Mint kley, ;inel Lugo; LJNIWIZ 
186303, 176, 15-54 mm. S.L., 9.7 kln. SSMT or Cu;itl.o C:iCneg;~s (just S 
i ~ f  West Laguna o l  El Nlojarl-al), 7 April I!)(i(i, Ij\i. S. Rrown ant1 
L,es Culllum. 

DESCRIPTION.-T~~ distillcti\re body lorlll ; lr lcl  co1or;ltion a1.c illrir- 
(rated in Figlire 1. Note the anterior 1)osition o l  thc clo~.sal fin ;inel tllc 
lack of a n  occllus 011 this fin in the le~n;tlc. IJnlike   no st species of the 
genus, C. b i f n s c i n l ~ t s  sllows little sexual t l iniorl~his~n in the position of 
the dorsal [ill (see below). T h e  clcithral 111-ocess ;inel ovel.lying sc;rl)~rlan- 
scale (Miller, 1956: 1-2, fig. 1) are only sliglltly enlargetl antl arc not 
thickened, as they are in C. -i~ctriogcitlr.s. -I'he lirst tlo~,s:il ~ .ay is 1node1.- 



;~tely expanded at the base 11ut is not thickened and spine-like, as i t  is 
in C. vnricgcrt~r.r. 

Dorsal rays: 11(34), 12(66), ave. 11.66, the first two usually un- 
branchecl (in 74 out of 90; 1 had a single ~mbranched ray and 5 had 

linbranched rays); anal rays: 9(2), 10(74), 11(14), aye. 10.13, the first 
: or 2 unbranchetl; pectoral rays (both fins): 13(33), 14(108), 15(39), 
:Ire. 14.03; pelvic rays (both fins): 3(1), 6(13), 7(lG0), 8(6), ave. 6.94; 
caudal rays: 13(7), 14(78), ave. 13.92. T h e  holotype has dorsal 12 (first 
I! rays unbranched), anal 11 (first ray ~unbranchetl), pectorals 14-14, 
pelrlics 7-7, and caudal 14. 

Scales in lateral series: 24(1), 25(7), 26(60), 27(22), ave. 26.14; 
sc;tles between dorsal and pelvic fins: 10(.1), 11(85), 12(1), ave. 10.97; 
scales around caudal petluncle: 12(1), 13(3), 14(G), 15(7), 16(73), ave. 
15.64; scales around body: 24(13), 25(12), 26(47), 2i(10), 28(8), ave. 25.87. 
T h e  holotype has 2G lateral scales, 11 from dorsal to pelvic, 16 arountl 
cauclal peduncle, ancl 26 around body. T h e  preorbital region is well 
scaled. T h e  squaination between the bases of the pelvic fins is usually 
lormed ol  2 large scales arranged in tanclern order, much as in 
Floriclichthys; however, 8 of 38 males ancl females examined for this 
character have irregularities: either there are 2 basal scales or 2 asyin- 
metrical scales beyond the single, large basal one. T h e  large, rather 
regularly arranged prepelric scales usually number 14 to 16 between 
pelvic origin ancl isthmus, with a range of 12 to 17. T h e  scale structure 
i s  not clearly assignable to either the nznczllari~is or the nevnclensis 
types (Miller, 1943: 5, 7, 111s. V-VII), but  rather appears to represent 
a combination of the two. At and near the focus, the scale tends to 
resemble that of nlclcrllori~i.~, having weak spine-like projections along 
the circuli, ~vhereas the reticulate (neuadcn.ris) pattern is developetl 
between the circuli distally from the focus. 

Head pores vary as follows (both sides counted): mandibular, 0(1 l), 
2(169), ave. 1.88; preopercular, 5(1), 6(15), 7(159), 8(5), ave. 6.93; 
lachrymal, 3(17), 4(163), ave. 3.90. Holotype has 2-2 mandibular, 
7-7 preopercular, a11d 4 ~ 1  lachrymal pores. All of the pores are small. 

Gill rakers number: 23(5), 24(23), 25(31), 26(22), 27(8), 28(1), ave. 
25.09. Vertebrae (including urostyle), determined from radiographs: 
25(2), 26(25), 27(73), 28(9), ave. 26.82, typically I1 or 12 l~recauclal and 
14 to 16 caudal. Holotype has 11 + 16 = 27. 

I n  30 adults (12 from UMMZ 179830 and 18 from UMMZ 179846) 
tilere are G branchiostegal rays. 

Proportional measureinents on 39 specimens f r o ~ n  the type locality 
(Puente Coloratlo), stepped with dividers under appropriate ~nagnifi- 



cation, are given belo~v lor 21 111;iles ( incl~~t l ing the liolotyl)e), 30.9-3 I :1 
mm. S.L., ant1 18 females, Z).5-,~11.3 mm. S.1,. Except where sexual 
tiiinorphisin is marked, the tlata Lor the sexes are co~nbinetl. T h e  range 
af variation is follo~vetl by the \.slue, in parentheses, fol- the holotype 
;!nd then the average value of the measui-ement. 

In standard length: head length, 3.2-3.55 (3.25), 3.4; greatest botly 
c!epth, in males, 2.5-3.1 (2.8), 2.8, antl in lemales, "7553.3, 3.0; ca~ldal  
pecl~~ncle length, 3.4-3.85(3.5), 3 .(i; pretlorsal length, 1.9-1.97(1.95), 1.9; 
postdorsal length, 1.85-2.0(1.95), 1.95: prepe11.i~ lengtll, 1.9-1.97(1.95), 
1.9. 

In  head lengtll: head depth at o c c i p ~ ~ t ,  1 .O-1.25(1.15), 1 . 1  ; heat1 
~viclth, 1.4-1.5(1.3), 1.5; greatest botly tlepth, 0.7-0.98(0.75), 0.8; caudal 
peduncle length, 0.95-1.15(1.05), 1.05; least tleptll of petluncle in 
males, 1.7-2.05(1.9), 1.9, ant1 in I'einales, 1.!)-2.2, 2.0; bony interorbital 
rviclth, 2.35-3.3(2.65), 2.8; snout length, 2.75-3.3(3.0), 3.1; orbit length, 
2.6-3.3(3.0), 2.9; upper jaw length, 2.6-3.0(2.6), 2.8; inandible length, 
3.1-3.65(3.55), 3.3; mouth ~ ~ i d t h ,  2.55-3.1(2.7), 2.9; length of depressetl 
tlorsal fin, in males, 0.8-1.0(0.9), 0.95, and in females, 1.0-1.5, 1.0;  
length of depressed anal fin, in males, 1.25-1.35(1.25), 1.3, antl in 
females, 1.3-1.45, 1.4; pectoral lengtll, 1.15-1.33(1.25), I .2; pelvic length, 
in males, 1.75-2.1(1.9), 1.9, and in lemales, 1.9-2.15, 2.0; length of 
middle caudal rays, 1.1-1.2(1.13), 1.1. 

Length of caudal petluncle illto predorsal length, 1.75-2.1(1.8), 1 .!I; 
length of caudal fin (middle rays) into predorsal length, 1.95-2.2(1.98), 
2.0; caudal peduncle, depth into length, 1 .(i5-2.0(l.75), 1.8; pe11.i~ 
length into caudal peduncle depth, 0.85-1.1(1.0), O.!)!). 

T h e  intestine is long and much con~~oluted.  I11 an adult male 45 mm. 
S.L. froin Posos de la Becerra, this structure was appi-oxim;itely 19.1 mm. 
(stretched length) or about 4 times the stantlard lengtll. 

T h e  anterior position of the dorsal fin is tleinonstratetl by projecting 
forward (with a pair of dividers) the distance between the base of the 
caudal fin and the origin of the dorsal fin (the postdorsal distance) ant1 
~ io t ing  the point renclled by the tip of the cli~,itlers. In the same 39 fish 
used in the other measurements, the point reaches in the 21 inales 
from the rostra1 fold to beyond the tip of the lower jabv, ~~s i ia l ly  to or 
beyond the front of the upper lip; in  the 18 females, the point extends 
horn half way between the orbit and the roscral fold to just short oT 
tlie tip of the lower jaw, usually about lo the i~ostral fold or the f1.011~ 

of the upper lip. 
T h e  development of the black terminal cautlal band of the male 
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may be expressed by stepping its width into the eye, giving ratios of 
2.4-3.8 (3.2 in holotype), ave. 3.1. 

C ~ L ~ R A T I O N . - T ~ ~  life colors of C. bifusciatus were recorded for the 
series Srom Posos de la Becerra on April 6, when tlle fish were in 
breeding condition. Color pliotographs were also taken of freshly 
killed males. 

I n  tlle adult male the clorsal and anal fins are intense chalky blue to 
iriclescent turquoise, clustecl with small melanophores on the interradial 
membranes, and the distal margin (dorsal fin) or posterior half (anal 
[in) dusky to black. T h e  terminal black band on the dusky caudal fin 
is very narrow, notably less than one-hall the diameter ol the eye (see 
measurements). I n  living breeding males, the caudal peduncle ancl 
proximal half of caudal fin are lemon yellow. Pectoral and pelvic fins 
ciear, becoming dusky to black on margins. Eye intense yellow to 
yellow-orange, the pupil black and the iris watery blue. Lips purplish. 
Side of body with horizontal rows of yellow-orange to orange spots 
along the distal margins of the scales, Srom the axial row to 5 rows 
below. Ground color ol  body chalky blue to pale iridescent blue to 
silvery; lateral stripes as in the leinale (see below) but generally less 
prominent, the abdominal stripe sometimes weak or obsolescent in 
iarge fish. T h e  males, unlike those of most species of C y p ~ i ~ 7 o d o n ,  lack 
vertical bars. 

In  females, the ground color oS the body is light-blue to pale-brown 
or creamy-yellow. There are two prominent, dark brown, horizontal 
stripes along the axial scale row ancl on the side of the abdomen, 
111~s a third, fainter one on the upper side. All of the fins are clear; 
the clorsal lacks the ocellus that is typical of females (ancl juveniles) of 
rnost species of C y p r i n o d o n .  

In  juveniles, the axial lateral stripe is often disrupted into a promi- 
iient series of squarish or rectangular blotches, and each lateral stripe 
is generally more pronounced than in adults, especially larger ones. 
T h e  disrupted pattern of the axial stripe is also displayecl in females, 
but typically less prominently, and it may even be seen in preserved 
males, except very large ones. There is no  trace oE a clorsal (or anal) 
ocellus in the juvenile. 

HABITAT A N D  H A U I T S . - - T ~ ~ S  species is largely restricted to headwater 
warm springs ancl their outlets and to streams, typically in constantly 
warm water (26.7 to 34.5" C). Water chemistry is dominated by mag- 
nesium sulfate, with a high content of calcium carbonate. T h e  depth 
may vary from less tlian a meter to as much as 10 meters; the bottom is 
cjf fine, (lee]> silt ancl marl; and the current is moderate to slight. During 
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summer, when water temperatures are increased in habitats available 
10 the species, C .  bifnscintzrs expands its "winter range" either by active- 
i y  swimming or by being carried downstream. Unlike other species of 
the genus, C.  bifascintzls is very sensitive to thermal changes. 

In  contrast to the majority of species ol Cypr ino~ lo ) i ,  this species lives 
an open, active life in competition with a diversity of other fishes, 
including a characin (Astycinax {ascintrts), a catfish (Ictalurzis lzipzis), 
largemouth bass ( A l i c r o p t e ~ l ~ s  snlmoidcs), longear sunfish (Leponzis 
?tzegalotis), a darter (Etheostonta sp.), and 1 or more species of cichlicls 
(genus Cichlnsoma). As many as 13 species (representing 8 l'amilies) 
have been founcl in association with C. bifasciat~rs. T h e  young live on 
the bottom, where they move about in schools in darter-like fashion; 
with growth they come to occupy open water. Territorial males are 
aggressive, even attacking large, pretlatory fish (\l\T. L. Minckley, pers. 
comm.) . 

KELATIONSHIPS. -T~~~ immediate relationships of Cyprinodon bifas- 
ciatzis are not readily apparent. In form of body, emarginate shape ant1 
nearly fixed number of caudal fin rays, life colors, color pattern, ant1 
behavior, this species stands apart from most others of the genus. 
I believe it represents an early evolutionary stock that developed in 
the long and well-isolatecl Cuatro Ciknegas basin-perhaps as long ago 
its early Pliocene 01. even late Miocene time. Possibly it was derived 
Irom a basal stock along the ancestral line that led also to C y p r i ~ ~ o d o ~ i  
ua~ i ega tu s .  Certain resemblances between the two that may be indica- 
tive include a long pectoral fin, numerous gill rakers, generally slab- 
sidecl body, long 7-rayed pelvic fins, anterior position of dorsal fin, 
well-scalecl preorbital region, and complete head-pore system. Soine 
of these characters (e.g., gill-raker number) may, of course, have been 
indepenclently derived. 

Tha t  it hybridizes in the basin, in man-made habitats, wit11 Cyprilro- 
do11 ntrortis, next to be described, does not necessarily mean that the 
two are intimately related, since experiments (by R. K. Liu, pers. 
cornm.) have shown that distinct species ol C y p ~ i n o d o n  may be crossetl 
rather readily in the laboratory. I believe that C. bifasriatu.~ has 
occupied the Cuatro Ciknegas bols6n far longer than has C. ntj,orrrs. 

ETYMOLOGY.-The new species is named bifnscintzrs in reference to 
the two prominent lateral stripes: one along the miclsicle, from the head 
to the base of caudal fin; the other from the base of the pectoral fill to 
tlle end of the anal fin base. 
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Cyprinodon atrorus, new species 
Fig. 2 

1)1~c~osrs.-A species of CyPrinodon of typical body form (short antl 
deep), cllaracterizecl by the following combination of traits: caudal fin 
of male wit11 a very broad, jet-black terminal bancl (about as wide as 
eye); mandibular and lachrymal pores lacking, and usually only 3 to G 
(:ypically 4) preopercular pores; supraorbital canal system discontinu- 
ous (see description); female (and juvenile) with a well-developetl 
ocellus on both dorsal antl anal fins; dorsal fin of breeding male 
yellow to orange; pelvics small, 6-rayed; gill rakers 20 to 25, usually 
22 to 24; branchiostegals 5 (1 in 30 had 6). 

R ' I A T E R I A L . - H O ~ O ~ ~ ~ ~ :  UR/IMZ 130380, an adult inale 31 inm. S.L. 
(Fig. 2) from an uilspecifiecl locality (Sta. XV) S of Cuatro Cienegas, 
Coahuila, Mexico, 15 August 1939, E. G. Marsh, Jr. Paratopotypes: 
UhIMZ 130381, 575, 15-33 mm., from the same station. Paratypes: 
UMMZ 130391, 368, 16-32 mm., from another unspecified locality 
(Sta. XVI) near Cuatro Ciinegas, 28 August 1939, Marsh (6 additional 
specimens from this series, h1CZ 38004, are at Harvard)'. Non-types: 
UMMZ 179846-47, 162, 10.5-35 inm., Laguna San Pablo, about 14 
airline km. SSE of Cuatro Cienegas, 7 April 1961, R. R. Miller, C. 1,. 
F-Iubbs, l ' \ T .  L. Minckley, D. R. Tindall, and Jose Lugo G. 

1 As discussed by Hubbs antl Miller (1965: 64-65), collection X\' of Marsh ]nay 
!lave come fro111 the ~ i c i n i t y  of Rio hlesquites and his collection X\'I from near what 
is now called Rio  Puente Clliquito (see Mincklcy, in 11l.e~~). 

DESCRIPTION.-Body form ancl coloration are illustrated in Figure 2, 
~vhich shows the pronounced terminal black band on the caudal fin ol 
the inale and the well-developed ocelli on both cloi-sal and anal fins ol  
the female. T h e  cleithral process and overlying scapular scale are mod- 
erately enlarged ancl thickened. T h e  first dorsal ray is not notably 
tiifferellt from the second ray. 

Dorsal rays: 10(15), 11 (14), 12(1), ave. 10.53, the first two usually 
~~nbranchecl  (in 23 of 30; 6 hacl a single unbranched ray and 1 had 3 
~~nbranchecl  rays); anal rays: 9(1), 10(29), ave. 9.97, the first 1 (usually) 
or 2 unbranched; pectoral rays (both fins): 12(2), 13(2), 14(23), 15(30), 
16(3), ave. 14.50; pelvic rays (both fins): 5(5), 6(47), 7(8), ave. 6.05; 
tauclal rays: 14(4), 15(15), 16(11), ave. 15.23. T h e  holotype has dorsal 
10 (first 2 rays unbranchecl), anal 10 (first ray unbranched), pectorals 
12-15, pelvics 6-6, ancl cauclal 15. 

Scales in lateral series: 24(3), 25(17), 26(10), ave. 25.23; scales 
between clorsal and pelvic fins: 10(8), 11(18), 12(4), ave. 10.87; scales 
irrouncl cauclal peduncle: l(i(29), l ' i ( l) ,  ave. 16.03; scales around body: 



26(l), 28(20), 2!)(2), S O ( ' i ) ,  ave. 28:17. Tile liolotype has 25 latel-a1 scales, 
i I from dorsal to j~elvic, 16 around caudal petluricle, ant1 about 28 
;.round body. T h e  scales on the preoi-bital region extent1 tlorsally fro111 
just below the level of the middle of the pupil to the level of the top ol' 
the eye, usually reaching to the lnicltlle or the top of the p i ~ p i l  (exam- 
ination based on the 30 fish rne;lsuretl, see below). T h e  scale stl-ucttll-e 
is of the C. ~leundensis type (Miller, 1948: 111. 11). 

Head pores vary ;IS follows (both sides countetl): rnantlibul:~r, O((i0); 
j~reopercular, 4(24), 5(2), G(23), 7(7), 8(4), aye. 5.12; and laclirymal, 
0(58), 1(2), ave. 0.03. Holotype has neither nl:~ntlil)ular nor l achrym~~l  
pores and 6-8 preoperculal- pores. Tlie supraorbit;ll c;1n;11 system 
(Gosline, 1949: pl. 1, fig. l), stutliecl in 30 adults ( U M M Z  l30391), was 
continuous between pores 1 ant1 3 ;untl 6 :uncl 7 in 27,  ant1 between 1 
ancl 4 and 6 and 7 in 3. Tlie following 7 vari;~nts occurretl: the canal 
YNaS continuous between 1-1 on one sitle only in 4, between 5-7 on 
one sicle only in 2, and it was closed between (i-7 on one sitle only in  1. 
Since the pore system is not well tlevelopecl in smi~llei- fish, only S:~rgcl. 
aclults were examined for this char;~cter. In the liolotype, the sLIprit- 
orbital canal is continuous between pores 1-3 and (i-7 011 the left side, 
and between pores 1-4 ant1 6-7 on the right. 

Gill rakers number: 20(1), 21(1), 22(6), 23(1 1), 24(9), 25(2), aye. 
23.07; holotype has 23. Vertebrae (inclutling rlrostyle), tleterrnilletl l'roni 
r;~diographs: 25(1), 26(17), 27(10), ave. 26.32, tyl~ically 12 1)rec;tutlal 
;~ncl 14 caudal. Holotype has 12 + 14 = 26. 

'The branclliostegals of 30 large ;~tlults (15 of e;~cli sex) numbered 5 
in 29 and 6 in 1. 

Proportional me:~surenients of 15 males ;ultl 1.5 females from the 
series containing the holotype (UNlMZ 130380 and 130391), 26.5-31.5 
Inm. and 26.1-31.1 mm. in S.L., respectively, wei-e stel~petl ant1 the 
values expressed as in the precetling species. 

I n  standard length: head lengtll, 2.95-3.25(3.15), 3.1; gre;rtest botly 
tlepth, 2.5-2.9(2.55), 2.6 for lnales, ant1 2.8-3.0, 2.9, for females; caudal 
~)eduncle lengtll 4.0-4.(i(11.45), 4.3 for males, ;rntl 4.44.9,  4.6 for females; 
jxedorsal length, 1 .Cis-1.8(1.7), 1.75; ]>osttlorsal length, 2.0-2.25(2.1), 
2.1 for males, and 2.15-2.4, 2.3 for females; prepelvic lengtli, I .(i- 
1.8(1.75), 1.7. 

In head lengtll: lleacl depth at  occiput, 1.0-1.25(1.08), 1.1; llearl 
width, 1.35-1.5(1.45), 1.4; greatest body tleptll, 0.7-0.96(0.75), 0.8; 
c;iudal peduncle length, 1.3-1.6(1.4), 1 :I ; least clel~tll of ~ ~ e d u n c l e  in 
~nales, 1.55-1.85(1.6), 1.7, ;~nt l  in females, 1.9-2.0, 1.91; bony inte1.- 
orbital width, 2.5-3.0(2.75), 2.7; snout length, 3.2-3.55(3.5), 3.4; orbil 



length, 3.0-3.5(3.35), 3.3; upper jaw length, 2.6-3.0(2.7), 2.8; mandible 
length, 3.0-3.4(3.35), 3.2; mouth width, 2.5-3.0(2.75), 2.7; length of 
depressecl dorsal fin, in males, 0.8-1.1(1.0), 0.99, and in females, 
1 .I-1.25, 1.2; length ol depressed anal fin, in males, 1.2-1.35(1.2), 1.3, 
;:nd in lemales, 1.45-1.6, 1.5; pectoral length, 1.15-1.5(1.45), 1.4; pelvic 
length, in males, 2.55-3.2(3.0), 2.9, ancl in females, 3.0-3.5, 3.3; length 
oC middle caudal rays, 1.4-1.6(1.47), 1.5. 

Length of caudal peduncle into predorsal length, in males, 2.4- 
2.7(2.65), 2.5, and in females, 2.65-3.0, 2.8; length of caudal fin (middle 
rays) into predorsal length, in males, 2.5-2.95(2.8), 2.7, and in females, 
2.85-3.2, 3.1; caudal peduncle depth into length, 1.05-1.35(1.15), 1.2; 
pelvic length into caudal peduncle depth, 1.45-1.8(1.6), 1 . G .  

The  intestine is long and much convoluted, though evidently not as 
long as in C. bifascintzis. In  an adult male 30 mm. S.L., from the type 
locality, this structure was aplx-oxiinately 85 mm. (stretched length) 01- 

about 3 times the standard length. 
T h e  position of the dorsal fin is expressed as in the preceding species. 

hi the 14 males measured (UMMZ 130391), the point reaches from 
between the anterior llalf 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 
i t  lalls lrom just behind the orbit to just before the middle of the pupil, 
usually li-om the posterior rim of the orbit to the middle of the pupil. 

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

VARIANTS. -T~~  series lrom Laguna Sari Pablo, collected in 1961, are 
designated non-types because of certain characteristics that might incli- 
cate introgression of genes from C. Difnsciat~ls clue to past hybridization 
with that species. 

The  development of the ocelli on the dorsal and anal fins of lemales 
ancl juveniles is quite variable. Whereas these markings are consistently 
well developecl in the two type series, in the 103 juveniles and females 
I'rom San Pablo both ocelli are well developed in only 38, the anal 
ocellus is moderate to weak in 46 (including 10 adults), there is only a 
trace of this ocellus in 7 ( 1  adult), and 12 fish (1 adult) have no anal 
ocellus. C. b i fa sc ia t~~s  consistently lacks an ocellus on either fin. 

T h e  dorsal fin is also more anterior in position than it is in the type 
series. Using dividers as previously described results were as follows: 
in 20 males (19-32.5 min. in S.L.), they fell from the front of the eye 
(in 1) almost to the tip ol the snout, usually lrom the front of the orbit 



to the t ip of the rostrum; in 20 females(2O-34 mm.  S.L.), tlie) reachetl 
from just beliintl the pupil  (in 1) to the tip of the rostrunl ( I ) ,  ~ ~ s u a l l y  
horn about tlle n~idt l le  of the pupil  to the anterior lllargiil of the orbit. 

T h e  lollo~ving meristic data might also indicate variation tolvard 
C,'. bifascirrtzts: (1) c a ~ ~ d a l  rays 13-16, usually 14 or 15 (ave. 1-1.60) rather 
than usually 15 or 16 (ave. 15.23) ill the types. T h e  Sewer number 
approaches the typical count ol' 14 in C. bilnscicit~ts; (2) scales arountl 
body average 26.73 versus 28.47 (25.87 in bifclsriclllcs). 

Unti l  a carelul analysis is made 01' variation in existing pop~11;ttions 
of C. cltl.orzis, the significance o l  these traits will r e i n a h  uncertain. 

Cor .onx~~ow.-The life colors of spawning inales were noted in  the 
field and laboratory (ou~t loor  pontls at  Tempe,  Arizona). T h e  dorsal fin 
is milky yellow ~'vith a deep orange cast, its base milky )~ello~vish-orange; 
usually it has a Tzery thin black margin, especially in old nl;iles. T h e  
;inal fill is milky white ~vi t l l  a yellow to orange cast, the fin jet black 
on  the posterior +$ to 7,$ and  often on the posterior half. Pectorals 
brilliant-yellon. to yellowish-orange, wit11 a thin black nlai-gin. Pe11.ic.s 
bright lemon-yellow. Caudal fin yello~v to orange, with a broacl velvet- 
I,lack, terminal band; a lighter area is usually e ~ i d e n t  before the 
terminal band. Botly brilliant blue over pretloi-sal region and  on sitles 
t lo~vn to pectoral fins antl posteriorly to or  beyontl the tlors;~l origiil- 
i n  sexually active illales to caudal fin base and  clolvn tlle sides oTfel- 
the darker vertical bars; these bars, n l~mber ing  7 to $1, are sel~arated by 
silvery interspaces. Eye with a striking iridescent blue spot 11efo1-e or 
above the p u p i l  Belly ~ v l ~ i t e ;  the chin, gul;lr region, cheeks, antl b r e x t  
suffused with golde~i  yello~v in the illost sesually active males. T h e  hezit1 
has an  overall yello~vish cast. 

As usual in Cypl-in or lo^^, the l'einales 1ac.k the bright colors o l  the 
males. They are gray-bro~vn to black tlorsally, ant1 laterally this pig- 
nlent includes about a third of tlie sitle ant1 perhal~s  Ilalf of the cautlal 
peduncle. T h e  lorver sitles ant1 venter : I I . ~  white, with 5 to 9 (lark, 
irregular blotclles on the sitle, centering on the lateral line, continuing 
c!orsally into the dark tlorsll~n ;111tl extent ling^ :-\arial~ly tloxvn~vartl into 
rlle white ventral region. T h e  tlorsal ant1 ;inal fins are clear, or light 
gray, ~vit l l  distinct, black ocelli near tlieir pos~erior l~roxinial  ~nargins.  
T h e  pectoral, pelvic, and caudal fills lack pigment. Jrr~.eniles are intlis- 
tinguishable fro111 l'emales. 

HABITAT Ax11 H ~ ~ i ? . s . - C ? ~ p r i ~ l o ~ l o l l  (111.Orli.V lives in shallow, saline 
marshy pools that warm and cool ra1)itlly and  supl)ort a clense 91-owth 
of blue-green algae ant1 otllei- micropl~ytes over a solt, calcareous bot- 
lorn. Genei,ally there is n o  ctu-rent, ant1 water tleptll is usually less than 
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20 cm. (Nilinckley and Itzkowitz, 196'7). These habitats are generally 
peripheral to those lavoretl by C. bifasciut~rs and are characterized by 
marked variations in temperature, size, ;~ncl water chemistry. C. ntrorzis, 
like most members of the genus Cyprinodo)~, has successfully adal)ted 

a itats. itsell to such highly variable 11 b' 
Few other fishes live with this species. Not infrequently it is the sole 

lish in its ecological niche, ancl only two species have been collected 
with it. Tliese are Lz~cnnicr i~ztel.io?.is Hubbs ancl Miller (1965) ancl 
(:ambusin marshi Minckley ancl Cratltlock (in i\/linckley, 1962). Like 
the Ltrc(r7ain, C. atror1r.~ (lives into bottom vegetation (e.g., beds of 
Chnrn) ~r l len  alarmed; or it inay escape by swimming into shallow, 
~veecl-choked channels. 

REI,ATIONSHIPS.-T~~ very broad terminal black band on the caudal 
fin of the mature inale is a distinctive mark of this species. I t  is 
approachecl in this feature by Cypri77odo11 eximizis Girarcl, of the Rio 
de Sauz basin, l i io  Conchos, and certain Texas tributaries of the 
li io Grande, and by C. lalifnscinlzrs Garman of the Parras basin, 
Coahuila (see Miller, 1964). Another trait shared with C. exinaizis is 
t.he yellow to orange tlorsal fin of the breeding male, and both C. 
atrorzis and C. latifnscintzls have 5 branchiostegals. Not enough is 
known, however, about the number ancl variability of branchiostegal 
1.ays in Cyprinodon to appraise the significance of this character. The  
basic number is 6, with the rays arranged in three groups as follows: 
1 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 are only 5 branchiostegals, one of the latter 
two rays is lacking. Possession of 6 branchiostegals is evidently the 
generalizecl condition in cyprinodontoids (McXllister, 1968: 12'7-1 28). 
The  reduction to 5, like the reduced size and number of rays of the 
pelvic fins, has probably occ~~rred  intlependently several times. 

C. atrorus cliffers froin C latifnscint~~s in many features, including: 
(1) male with vertical bars rather than horizontal stripes; (2) female 
with ocelli on both dorsal and anal fins (none in latifnsciatzrs); (3) no 
lachrymal pores; (4) reducecl preopercular pores, typically 4 or 6 rather 
than 7; ancl (5) pectoral fin shorter, not extending to or beyond origin 
of pelvics. From C. eximirls the new species differs in: (1) the nlore 
numerous gill rakers, 20-25 versus 11-18; (2) lacking lachrymal pores 
(usually 4 in exinzizrs) and reduced preopercular pores (usuzilly 7 in 
eximizis); (3) having usually 14 or 15 rather than I6 or 1'7  caudal rays; 
ancl(4) the absence ol: a checkered pattern of prominent black spots and 



clashes characteristic of the basal half to t~vo-tllircls 01' the male caudal 
fin of exinzi i~s.  

Probably C. atrorzis was deri~zed from C. cxin-rius, or from a form that 
was the common ancestor of both species, at a time more recent than 
was the origin of C. bifrrscintlts clescribetl above. 

ETYMOLOGY.-The name ntro?.zrs is from the Lalin nler, black, and 
o m ,  border (with nominative suffix -~rsj ,  in reference to the conspicuous 
black terminal band on the caudal fin ol the male. 

Mi. L. Minckley contributed valuable notes on the life colors, habitat, 
ant1 behavior of the new species and Robert K. Liu also provided inlor- 
mation on their breeding colors. Ernest G, Marsh, Jr . ,  donated the type 
series. JosC Lugo G. enthusiastically aided in the field through his 
broad knowledge of the hydrology of the Cuatro Cienegas basin. Field 
work was made possible through a research grant (Proj. 1227) from the 
Horace H. Rackham School ol Graduate Studies of The  University of 
Michigan ancl from the National Science Foundation (G-12904). Grants 
to I/\'. L. Minckley (NSF GB-2461, GB-6477X) and to C. L. Hubbs 
iNSF G-15928) also contributed to the completion of this paper. A sci- 
entific collecting permit was generously issued to me by the Oficina de 
lstudios Biologicos, Direction General de Pesca e Industrias Conexas. 

Many helpful suggestions with the manuscript were made by Carl L. 
Hubbs, who recognized the tlistinctiveness of C. rrtro7.ir.r in 1939, ancl 
b y  Mi. L. Minckley. 
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