Ameea splendens, a New Genus and Species of Goodeid Fish N

from Western México, with Remarks on the
Classification of the Goodeidae

Ropert Rusn Miien axp Jonx Micuael Frizspooxs

A new genus and species of goodeid fish is deseribed from the Rio Ameca
basin, Pacilic slope of western México. Distinctive traits of the family,
incleding those associated with reproduction, are reviewed and the first
karyotype is given. Ameca is shown to have 2n = 26 chromosomes (mostly
metacentric), an apparently distinciive hemoglobin pattern, and an in-
ability to hybridize in the laboratory with any of five species of goodeids
tested. Rather than placing undue reliance on a few highly correlated,
intraspecilically variable eharaciers periaining to the structure of the ovary
and trophotacnine, wilization of a diversity of characters is emphasized in
discussing the classification of the family. The following synonymics are
proposed or supported: Balsadichthys = Iyodon: Lermichthys = Girar-
dinichthys; Ollentodon and Neotoca = Skiffie; and Skiffia varicgata = §,
lerntae. We suggest that Hubbsing lies along an evolutionary sequence
leading to the two species of Girardinichthys and hence should be removed

from the Goodeinae,

THE Goodeidae, a family of viviparous
eyprinodontoid fishes, is restricted 10
and probably originated in México, It is a
small group (perhaps 35 or 40 species) of
rather limited rtange that has  flowered
through adaptive radiation in a region char-
acterized by paucity or absence of primary
freshwarer fishes. Its center of abundance
lies in the Rio Lerma basin of the cool,
tropical highlands of wesiern Méxicn, where
the only other eyprinodontoid is Poeciliopiis
infans (Weolman), a poeciliid. The Lerma
fish fauna is dominated by the goodeids and
by a parallel radiation of the [freshwater
atherinid genus Chirostema (Barbour, 1966,
The systematies and evolution of the genus
Chirastoma  [Pisces; Atherinidae). Ph.D.
thesis, Tulane Univ., 1966),

Viviparity is evident in goodeids from (1)
the distinetive shoriening and crowding of
the anterior anal fin rays of the male {Fips.
I, 2} and the slight separation of these rays
from the rest of the fin; {2) the development,
in all but ane species, of wophotaeniae (Fig,
5). transitary rectal processes of the embryo
and newborn fish that are associated with
nutrition and respiration (Hubbs and Tur-

ner, 1939, and references cited therein; Tur
ner, 1946; Mendoza, 1956, 19652); and (%)
the presence of an organ presumed w be
functional in copulation (see p. 8). These
three feazures, and probably the redimentary
anteriormost anal ray (Turner ef al, 1962
figs. 1-15, and fig. 2 herein) and the differ.
ential fusion of basal segments in anal rays
-7 (Turmer #f al, 1962:575, figs. 6, 15), dis-
tinguish goodeids from all mher livebearers
of the suborder Cyprinodontoidei.

Most members of the family inhabit the
highlands of the Mesa Central (Wess, 1964:
1248, fig. 8). or live on disrupted sepments
of this platcaw, ar elevations between about
915 and 2130 m. However, in the faunally
unsaturated waters of the Pacfic slope in
Jalisto and Colima the genus flyedon (sensu
late, ser below) descends wo as low as 180 m.
Goodeids occupy a variety of habitats: warm
springs. large and small lakes (warm or cold)
that may be clear to wrbid, swiftly-fowing
to sluggish streams, alkaline ponds, marshes,
roadside ditches, and canals. Most probably
do not regularly inhabit depths greater than
about hall a meter and prefer quict or slowly-
moving water. The species vary in length
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Fig. 1. Ameca splendens, new genus and species, photographed by W. L. Brudon. A, male para-
topolype, UMME 172228, 75.0 mm SL; B, female paratopotype, UMME 172220, 81.5 mm.

from about 25 o 200 mm, but most are ot
much over 75-100 mm long.

A variety of trophic adaplations has pro-
duced a diversity of nutritional rypes, includ-
ing lilier feeders (Goodea), algal and ooze
feeders (Ilycden), carnivores (Alloophones),
and omnivores [(Xenmoloca). Correlated with
these feeding habits are variations in the
nature of the teeth, jaws, and length of
intestine  that formed the basis for early
classifications of the group (e.g., Meck, 1904).
In the last general revision (Hubbs and Tur-
ner, 1930} major emphasis was on the struc
ture of the ovary and trophoteniac. How-
EVEr, & recent intensive siudy of one spoecies
(Mendoza, 1965a) demonstirates considerable

intraspecific variability in these siructures
and indicates the need for a reappraisal of
their importance in classification.

Evaluation of evidence from a diversity
of sources—including behavioral traits, bio-
chemistry, hybridization data, karyotype anal-
ysis, and comparative osteology—is needed o
reach firmer conclusions about the origin and
interrelationships of this remarkable family.
We find these fishes to be admirably suited
for experimental work, and studies involving
comparative behavior, hybridization tests,
isolating mechanisms, and karvology are
being pursued in our experimental aguarium
{acility.

In this comribution we describe a3 new
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Fig. 2. Anal fin and supposts of duecs silen-
dees male, from cleared and stained men
(UMMZ 172220, 680 mm SL.

genus and species and comment on the
classification of the goodeids, suggesting the
consolidation of some genera. We alio give
the first chromosome count and karyorype
for the family. The new taxon is based on
specimens in The University of Michigan
Museum of Zoology (UMME).

Ameca, n, gen.
Figs. 1-6 _
Typespedes—dmeca splendens sp. nov,
Diagnotis—A large goodeid (ta 90 mm 5L)
with bifid outer jaw teeth at all ages (inner
teeth bifid except in newborn), a broad vel-
low, werminal band on the caudal fin of the
male (Fig. 1), uwsally 30-36 (27-38) gill
rakers, 18 or 14 dormsal and 15 or 16 anal
rays (including rudimentary ray, Fig. 2), 37-
39 lateral scales, 8 (7-9) preopercular pores,
35-38 vertebrae, 5 branchiostegals, a distine
tive hemoglobin patiern (Fig. ), a diploid
chromosome number of 26 (Fig. 4), and 24
ribbon-like wropholaeniae (Fig. 5) that are
attached to the ovarian seprum.

Relationthipr.—In our present state of
knowledge of the Goodeidae, we see little
point i speculating an the generic relation-
ships of Ameca. The reader is relerred to the
discussion given below on the classilication
of the family. Ameca is well differentiaed
from the other genera as presently recog
nized; a number of these may eventally be
combined since we regard the current tax-
onomy of goodeids o be topleavy at the
generic level (see later).

Etymology~The generic name Ameca is

A

Fic. 5. Densitometer tracings of the hemo-
plobin paterns of Ameca splendens and Xero
ophorus  caplivis, Anode at leli, origin at
cxtreme right. Graduations along horfoncal axis
indicate exaey distanees between profein bands;
veriical axis vepresents the relative amoums of
the proteins.

i -

Irom the name af the river 1o which the new
genus s evidenmtly confined. The gender is
feminine.

Ameca splesdens no sp.

Types~The holotype, 2 mature male G0.5
mm 5L (UMMZ 172227), was collected by
Robert R. Miller and John T. Greenbank
on 25 March 19565, in the Rio Teunchitlin
just below Teuchitlin, near the road be-
iween Highway 70 (Amec 1w Guadalajara)
and Etzatlin, about 75 km W of Guad-
alajara, Jalisco. The allorype, an adule
female 64.0 mm SL (UMMZ 17222B), was
taken with the holotype. as were 198 para-
wopetypes, 17=90 mm SL (UMMZ 172229),
including three cleared and stained (male,
female, and juvenile). There are 19 para.
types: nine juvenile w adeli, 17-37 mm
SL (UMMZ 160912), taken by Arthur A.
Alcorn on 13 February 1948, about £ km ESE
of Teuwchitlin, and 10 adults, 46=69 mm 5L
(UMMZ 173801), collected by James A, Peters
and William B. Mclntosh on 25 April 1949,
in the Rio Ameca about 12 km E of Ameca.

Deseription.~Most of the imporant speci-
fic characters of this species are given in the
generic diagnosis. The form and coloration
of large adulis are portrayed in Fig. 1, the
embryos in Fig. 5 Proportional measure-
ments are given in Table 1. Methods of
counting and measuring are those used by
Miller (1948:5-18) except that the postorbital
length of the head was measured to the upper
angle of the opercle. For reasons given in
the discussion of anal fin suppons, the rudi-
meniary (anieriormost) anal ray (Fig. 2) i
included in the anal-ray count. The last two
clasely approximated rays in both dorsal and
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Fig. 4. Moetaphase chromesonse sprends (A, female: B, male) and C, karyelype of female dweca

splermfens,

anal fins are counted as a single ray ratler
than s Lwo Tays

Dorsal rays: 13 (10), 14 (22), the firit one
unbranched in 7 fish and the first wo
unbranched in 25; anal rays: 15 (18), 16
{14}, all rayi except the lien (rudimentary)
branched in 2 (2 male and a large [emale),
the second ray unbranched in 2¥, and the
segond and third rays unbranched in 3 (sce
alsp pp. 6=7); pectoral rays (both fins): 14
{%4), 15 (80); pelvic rays (both fins): 6 (65).
7 (1); principal caudal rays: 20 (1), 21 (6).
22 (18), 28 (6), 24 (1). The holotype has
dorszal, i, 12; anal, 5, 14; pectorals, 14-14;
pelvics, 6-6, and caudal, 22.

Scales in lateral series: 37 (8), 58 (15), 89
(9 scales between dorsal and anal fins: 14
(1% 15 (12}, 16 (13), 17 (5); predorsal scales:
22 (1), 25 (Z), 24 {9, 25 (D), 26 (G), 27 (1),
28 (1); scales around caudal peduncle: 19
{27%, 20 (4); scabes around body: 37 (1), 38 (4),
59 (5). 40 (06}, 41 (1), 42 (2}, 43 (0), 44 (1):
and prepelvic scales {b:lwt:llzﬁh'i: ImsErtion
and isthmus on midiine of abdomen): 21 (1),
22 (2), 28 (8), 24 (4), 25 (5), 26 (1), 27 (4), 28
{2). The holovype has 57 lateral scales, 16
from dorsal wo anal, 25 predorsal, 19 (9 4 10)
around peduncle, 40 around body, and 25
prepelvic scales.

Vertebral counts {including hypural com-
plex), taken from radiographs, are: 35 (9).
3G (36), 37 (11). 38 (1), based on specimens
from all localities. Of these, the precaudal
vertebrag number 15 (5), 16 (47, 17 (1}, 18

(1), and the caudal vertebrae are 19 (4), 20
(3B}, 21 (12}, Holotype, 16 -+ 20 = 36

Gill rakers: 27 (1), 28 (1), 20 009, 80 (2),
31 (4), 32 (4), 33 (5), ¥4 (10), 85 (5), 3G (B),
37 (1} 38 (1). Fish less than 40 mm 5L had
30 or lewer rakers {the smallest, 30,5 mm,
had 27) and specimens 70-82 mm long had
3 to 3B rakers. Thus gilbraker number is
correlaved with size. The holotype has 34
gill rakers. All gill rakers on the [lirst arch
were counted, without distinction boiween
upper and lower limbs.

The sensory pores and canals of the laeral.
line system on the head (Fig. 6) vary as fal.
lows (both sides counted): mandibular, 2 (2).
3 (15), 4 (49); preopercular, 7 (3), B (58), 9
{3; lachrymal, 4 {fd). The holotype has =4
mandibular and 8-8 preopercular pores. The
arrangement of canals and pores on top ol
the head shows twe main paterns (number.
ing is from Gosline, 194%:pl. I} one, in
which the supraorbital system is disrupted
between pores 2a-2h, and 4a-4b, hence with
two breaks, and the other in which there is
a third break between pores fa=6b {thess two
variants arc shown on the left side, Fig. GB).
A third, rare variant shows only one break,
begween pores Za=2b (shown on right side,
Fig. 6B), There is a tendency for the smaller
fish o have three breaks and for the larger
oncs o show two, but there are frequent
exceptions. The single break (noted only
twice in 63 fish) cccurred only in larger fish.
All of the pores are small.
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Fig. 5. MNewborn ]‘ﬂulﬁ and trophotacniae (aquarium reared) of Ameca splendens, Trophotaeniae

dissected from embryos of & female 69 mm SL.

The branchisstegals numbered 5 in 24
specimens.

The jaw weth of the evenly curved outer
row are uniformly and strongly bifid, licle
compressed anteroposterionly, curved back-
ward, and number abour 25-28 in the upper
jaw and 21-26 in the lower jaw of adulis.
They are rather firmly attached to the strong
jaws. The inmer teeth are small, bifid ai
their tips {except in newborn, in which some
or many are pegshaped or weakly comnic),
and arranged in a rather broad, irregular,
enrved band,

Dimorphism and coloralion.—Sexual di-
morphism (Fig. 1, Table 1) is marked, espe
cially in fin size {all fing larger in the male),
body depth {deeper in large males), distance

berween analfin origin and caudal-fin base
(greater in the male) and in the length of
the caudal peduncle (longer in the male).
The life colors of mature adults also readily
distinguish the sexes. In the male the outer
third of the caudal fin is brilliant yellow-
orange to deep orange followed medially by
a curving broad, black bar abour equal o
diameter of pupil, and with the basal pare of
the fin milky.white. The distal fourth of the
anal fin is alio yellow-orange to orange, as
are the pectoral and pelvic fins. The dorsal
fin is mostly dusky, but has a pamow 1o
maderate yellow or otange margin. The sides
show metallic bluish to turqueise reflections
from the scales, and the head {except top)
and abdomen are golden yellow, The back



is olivaceous brown. Females are greenish
vellow over the cawda] peduncle and entire
venter and show pale bluish reflections from
the scales over the sides; their fing are pale
watery, with no bright colors.

In preservative (ethyl alcohol) the bright
yellow to orange colors of the males and the
more subtle yellow-greens of the females fade
rapidly, leaving brownish-black pigment pat-
terns overlying the light bull of the dermis.
The brightly colored margins on the cavdal,
dorsal, and anal fing of live males are rep
resented in preserved specimens by clear
areas (#¢¢ Fig, 1A). The subterminal biack
bar on the caudal fin remains distinct while
the remainder of the caudal fin, as well as
the other median fing, appears dusky (im-
mature and young males) o very dark (large
males), The paired [ins are relatively pale
in both sexes and in the young. In large
males a midlateral concentration of pigment
appears as & prominent dark band which
extends posteriorly from the upper edge of
the operche w the base of the caudal fin; in
small males this band is bess distingt ante-
riorly where it is olien broken up intg a
series of immegular, poorly defined spots. The
bedy and median fins of females are con-
spicuously spotted (Fig. 1B). Spots on large
females are arranged in 7-11 fairly distine
rows on the side of the body and in one or
more bands on the membranes of the median
finz, but such a patern is not always ap-
parent in small females. There are B-16
large blotches on the side of the caudal
peduncle in females of all ages and abio in
small males: cerain of these spots have
doubtless persisted from birth, We readily

COIELA, 1971, NO. 1
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Fi[;. G. Laieralline systcm oo the head of an adult doveca :P.":r:ld'::u. dinwing Ay manditnslar,
lachrymal, and preopercular canals and pores and (18 the ml.u'lnrhill! SYELC; sCTnb i.agmmm;tit;.

distinguish the young of Ameca splendens
from those of 15 other goodeid species by
the pattern of spotiing (Fig. 5). A large spot
at the base of the cavdal fin and ibe con-
spicugus Tow of from two to seven (usually
four or five) spots below the midside of the
caudal peduncle forward o above the pelvic
fins are characteristic for newborn yvoung of
this specics,

Amal fin rays and supporis,—As mentioned
earlier, the [ivst anal ray of goodeids is
typically rudimentary in males and olien so
in females, There is a one-lo-one Correspon-
dence between the rays and the basal supports
—the wypical condivon in teleosts (Lindsey,
1955:38)—with the rudimentary anteriormost
ray of the adult male (Fig. 2} unsegmented
(but the ray is segmented, as well as bilaveral
though unbranched, in the juvenile). This
element would ordinarily be missed in re-
eording anal rays because it can only be scen
by .careful dissection, dearing and siaining.
or on radiographs. For this reason, anal ray
counts in goodeids, especially of males, have
probably been recorded as 1 fewer than the
actual number of rays (following the method
of counting recommended by Hubbs and
Lagler, 1958:21}, We include chis rudimen-
wary ray in our counts of 4. splendens,

The firit 4 pierygiophores (in both sexes)
lack medial radials—i.c., these apparently are
basals = fused proximal and medial radials),
The next 10 prerygiophores (numbers 5-14)
have medial radials. The penultimate piery-
giophore is a basal, and the last one (number
16) is apparently a highly medificd basal.
Each prerygiophore has a distal radial which
fexcept for the anwriormedt ray) fiis into
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Tamr [, PFrorormiosal MUssvResiexTs, 18 THOUSADTHS OF STaxpsrd Lesens, or duera splenedens,
(Holatype and Allotype Incleded with the 18 Larger Adulis, Based on UMMZ 192275-129970 )

Larger Adulis Emaller Adulss
Alraduaremant Hadctype & B Males 1 Femalm 8 Males 5 Females
Standard length, mm BlE 65607 (38.1) M.2-B14 (628 200422 (353) 30.0-453 (370

Fredorsal length 52 SOE-G02 (350)  ST6-G15 (507)  S7I-0588 (A70) DO7-5BO[57E)
Prepelvic length Sl4 444517 (307 S01-552 (51%p  40M-505 (3001 400-503 (500)
Apal origin to cavdal base 303 320402 (390) B60-300 (372}  365-358 388y 8F5-307 (sE)
Baody, greatess depth e BE3-400 (367)  3B0-5GG (35E)  B10-B41 (324)  0D-38§ (403
Width 1583 170-189 (082} 1G7-106 (178)  150-166(060)  150-160 (156)
Head Bength 288 EV0-200 (355) 271284 (277)  273-205 (286)  281-290 (354)
Depth 218 I98=218 {200y PO5=212 (303) 200214 (206) 197-307 (200}
Width 180 IT2-181 {177} DG3-179 (071}  DGG-1TG(171) DG0-168 (169
Caudal peduncle bength 280 LE0-300 (200} BET-ZU1(2TT) ZBO-2D1 (26T)  ZE2-290 (2a7)
Least depth 145 142-154 (149}  137-156 (144)  137-142 {135}  151-141 (186)
Interorbital, least bony width 114 LIO-109 {114)  107-108 (108)  110=114 {110}  JO5=100 (107)
Preorbisal widih 45 4146 (43 BG4 (40) 8741 (83) 5540 (B
Postorbital length pae 18126 (122  107-108(104)  D11-020(116)  DDO=121 (114)
Sooust bengih i g2-84 (8% B50-91 (BT} B1-BG (B4) T6-85 (B1)
Orhit length B BO-54 (BN W37 (95) B5-03 90 B2-07 (BE)
Mantl width 4 7i-92 (B5) To-0 [79) T5-E2 (BO) T6-BZ (B0
Mandibbe lenglh i) Gi=79 (7% Gl-581 (75} 60-76  (66) 65 (61)
Dorsal fin, basl length 205 I96-205 (208}  VEI=DT6 (06 DGS-1DZ{17%) 158-181 (163
Depressed length 54 320-304 (344) 241-253 (M47)  250-200 (272  22A-340 (239)
Anal fin, basal lengtl 102 102=07 (10} S2=002 (5G) BO3=R00 (006 =104 (98)
Depressed length 193 186-300 (190} BMG=170{156)  DG5-D81 (17Z) 132-1G68 (158)
Middle caudal mays, length 179 174=185 (161} 160=178 (1700  DO2-204 (195  151-203 (191)
Pecioral length 218 208-220 (215)  190=-202 (157) 196-213 (204)  192-208 (197)
Pelvie length 154 199-154 (147) 130145 (138) 139154 (146)  137-148 (141)

the base between the two halves of the cor
responding ray. All but the first two rays
of the male anal fin are tvpically branched.
However, branching wvaries from ihat in
which all Lot the anteriormost ray are
branched 1o that in which ravs 1=3 are un-
branched. The branched condition may be
primitive [Turner ef al, 1952:576).

With respect 1o bifurcation of anal fin rays
and consolidation of basal segments (Fig. 2),
this species may be regarded as rather gen-
eralized, for it typically has all but rays 2 and
5 branched (occasionally all bur the redi-
mentary one, or all but rays 1-58) and there
is little sepmenmt consolidation. In thess
characiers, Ameca rather closely resembles
Atgeniobius (Turner et al, 1962:fig. 1), con-
sidered by mose stucdents of the family to be
the most primitve genus.

Reproductive biology—Unlike their vivip-
arous relatives, the Poeciliidae, male goodeids
lack spermatophores and the females do not
store sperm for the ferilization of more than
one brood. Thus cach new camplement of
developing cpgs must be ferilized separanely.

The egps are extremely small and contain
very lintle yolk, and the embryos are retained
in the ovarian [ollicles wnril the yolk is
virtually alsorbed. They are then evacuared
mito  the intra-ovarian cavity, where they
remain for several weeks. The ovary func-
tigns as a nulritive organ, producing secre
tions that are discharged inte the intra.
ovarian cavily and absorbed the cm
{Turner, 1933, h}l L

Brood intervals average about 504% longer
in goodeids than in poeciliids—approximately
4555 versus 25-35 days. In A. splendens,
under the less than optimal conditions of
aguarium life, the average brood interval has
been 54 days (range 44=78) and the average
brood size 7 young (range 1-17), as based on
37 broods from 12 females. Sixty-nine young,
representing 10 broods from 5 females, aver
age 14 mm in wowal length an birth (range
11=17 mm),

Anempts to hybridize 4. splendens by
forced reciprocal matings (I8 pairs) with
five species of goodeids (Characodon lateralis,
Xenoloca variata, X. eiseni, X. sp., Xeno-
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ophorus caplivas) have consistently failed,
plavsibly because of differences in chromo-
some number and morphology but possibly
alio because of behavieral blocks. Artificial
Insemination was not attempled,

In the male, the swollen area between the
anus and the genital opening is much wider
than Jong, turgid basally and constricied
clistally, with the posterior margin concave;
the structure s weakly to moderately waled
laterally, the scales scarcely encroaching on
the ventral surfage anterolaterally,

Mohsen {19612, b)) described and ligured a
copulatory organ in Skiffia lermre Meek that
also oocurs in all four of the recognized sub-
families of the Goodeidas (Mohsen, 1965).
It i not yer known juit how this internal
muscular organ operates, but Molsen be-
lieves that i may eject a jet of semen or be
everted and applied 1o the genital pore of
the female. Dr. Guillermo Mendoza advises
us that he is attempting to determine how
the organ functions.

Im view of the above and gur general lack
of knowledge of the method of insemination
in goodeids, we feel that the erm gone
podium, as applied to poeciliids and some
other livebearers, may not be applicable 1o
the male anal fin in this family.

Crary—As in other goodeids the sinple,
median ovary of A, splendens is formed by
the union of right and leflt organs whose
fused walls are represented by a prominent
septum, The dual orvigin of the ovary s
apparent singe the two halves are not com-
pletely united anteriorly, thereby giving the
entire struciure a slightly bilobed appear
ance. Eggs may be found throughout the
length of the ovary in juvenile females or
in ferales with embryos less than 2 mm long.
However, in adult [emales with embryos well
beyond the tail-bud stage, the ovigerous tissue
occurs primarily in the anterior one.third of
the ovarian septum and wall. The sepium
remains thickened posteriorly but contains
i large number of longitudinal blood vessels
rather than ova. Since the trophotacnine are
actached o the highly vascular, posterior
iwoethirds of the seprom, it i asumed that
this section of the septum is the site of
circulatory exchange that takes place be-
tween the female and the developing voung
throughout their embryogeny. Because it is
much thinner than the septum, the ovarian
wall is sufliciently transparent o rencder
visibble the encased ova and embryos.

The greatly thickened septum is entire and

attached dorsally and ventrally except at the
posterior end, where the two lateral compan-
ments merge into 3 common birth canal,
The septum may be highly convoluted, mod-
erately folded, or vertical, depending on the
volume occupied by the embryos, The sep-
tum of an ovary containing tail-bud stage
embryos that are 1-2 mm long i3 [olded
extensively; however, the seplum may be
practically straight in an ovary bearing near-
term embryos 14=16 mm long. Evidently the
sepial folds disappear as the ovary i3 stretched
by the growing embryos

Trophoigeniae.—In A. splendens the
wrophotagniae consist of 2-5 (usually four)
favened, ribbondike structures extending
posteriorly from a common base around the
perianal lip (Fig. 5). Termini number fram
two 1o 10 but counts bevween four and seven
are most frequent. Similarly, the length of
the wrophotaeniae varies; they may be [airly
short in tailbud stage embryos, reaching
maximum length in half-developed embiryos,
and shorr again in young nearing birth, A
conspicucus sheath which separates the inter
nal vascularized vssue from the exiernal
epithelium is present in the rophotaeniae of
young cmbryos, present or absent in hali-
grown ones, and wsually absent in those near
birth.

Taxenomic criteria for phylopenetic ases.
ment in the Goodeidae erccted by Hubhbs
and Turner (19359 on the basis of the arruc
ture ¢f the ovary and iroplotacniac indicate
that 4. splendens belongs to the subfamily
Coodeinae, since the ovigerous tisue s prie
marily confined to the ovarian wall and
seprtum. However, other characiers related
1o the nature of the median sepium and the
number, length, and histological type of
trophotacniae ar¢ much too variable o per-
mit the asignment of this species 10 any one
of the seven phyletic lines proposed for the
subfamily by the above authors. It position
in the family must awair the accumulation of
data from diverse disciplines from all mem-
bers of the Goodeidae.

Karyology—Teruya Uyeno, of Nippon
Luther Shingaku Daigaku, Tokyve, Japan,
and the second author recently initiated a
study of chromosomes in the Goodeidac
which helps to corroborate the validity of
Ameca, Karyoiype analyses of 35 specics,
representing all of the currently recognized
genera, have revealed a disunctive chromg.
somme number and configuration for Ameca
splendens (Fig. 4). The diploid number is
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26, comprising 22 large metacentric, 2 small
submetacentric, and 2 small acroceniric chro-
moseimes, a karyotype ths far not ebserved
in any other goodeid. Diplaid numbers in
other species include 24 (1), 26 (2), 28 (1),
50 (2), 36 (1), 16 (2}, and 48 (25),

Hiochemistry —Comparison of the multiple
Lemoglobins of a number of cyprinodontoid
lishes (48 poeciliids, 8 goodeids, 7 cyprine-
dontids) by Huddle (1967, Multiple hemo-
globing in the systematics and genetics of
poecilitd fishes. Ph.D. thesis, Univ, Mich.,
1967} showed the Goodeidae to have more
Iractions (&) than the other two families
{5=7). Among the goodeids wested by Huddle,
only Amece displayed a variance frem the
high uniformity found ameng the other
seven species (Fig. 3). Electrophoresis was
a medification of the Omstein-Davis tech-
nique (unpubl. paper entitled “Disc Elec
wophoresis,” available from Distillation
Produces Inc, Rochester, N, Y.) in acrylamide
vubes at a pH of 9.0,

Feeding adaptations and habits.—The in.
testine i5 long and greamtly convoluted.
Within the anterior two-thirds of its length
it is coiled counterclockwise, followed by
reverie (clockwise) coiling. In a female, 78
mm 5L, there were four complete counter
clotkwise coils and three complete clockwise
coils, In this specimen, and in a male 69 mm
long, the intestine measured about 4.5 times
the standard length of the fish,

A long. coiled gut and lack of a digrete
stomach in the embryos, juveniles, and aduls
suggest that A. splendens is herbivorous. Gut
contents of field-preserved specimens revealed
a predominance of pennate diatoms and
filamentous algae, mostly Ulotrichales, Zyg-
nematales, and Oedogoniales. The sparse
animal material included such items as mos-
quite  larvae, copepods, and oligochaetes.
Although thest may have been adventitiously
ingested along with vegetation, laboratory
stocks of A. splendens readily feed on live
brine shrimp, Daphuia, worms, and small
insects. These observations could indicae
that A. splendens is an emnivors; however,
the gut comtents of fishes with similar Eut
morphology often merely reflect the relative
abundance of available plant and animal
foexd,

Habitat—The Rie Teuchitlin, the type
locality of the new species, rises in large
springs near Teuchitlin and, shorily below,
forms a stream that averages 6 m wide and
up o 1.2 m (but generally less than 1 m)

deep, flowing over a bottom that is mastly
deep mud and silt but with some sand, gravel,
volcanic rocks, and boulders, It is heavily
utilized for irrigation, drinking water, and
washing, with much pollution by man and
livestock. Fishes were extraordinarily pro-
lific, a short haul readily filling a 4.5 m scine.
Vegetation comprised a broad-leaved Pota-
magelon (locally abundant), water hyacinth,
and Ceralophyllunt, with green alga on the
rocks. In the main channel the cutrent was
moderite; where the stream expands below
i stone bridge 1o form a pool aboutr 21.5 %
I8 m in major dimensions, it becomes more
pendlike, open and shallow, with no or linle
current. When the type collection was made
the water was almast continueously muddied
by cantle, pigs, and horses wading or being
bathed in the stream. At 1100 hr on 25
March 1955, the air and water were 26.1° C;
on § April 1965, ar 1700 hr they were 32.2°
and 257, respectively; and on 5 May 1966,
air and water were 27 and 28° C at noon,
Where sampled, the river is perhaps 15 km
above its confluence with the Rio Ameca:
the Jatter flows 1o the Pacific, north of Pueno
Vallarta, =fter descending into a deep bar-
ranca perhaps 90 km below the town of
Ameca (as seen from the air on 3 March
1957). The elevation at Teuchitlin read
15311 m on our altimeter,

Specimens of Ameca have been seen by us
from only one other locality, the Rio Ameca
about 12 km east of Ameca, where James A,
Peters and William B. Melntosh obizined 10
adults in 1949 with a 1.8 % 1.2 m seine. The
water was described as muddy, the vegetation
water hyacinths and rushes, the bowem sand
and mud, the current slow, and the water
depih 1.2 m,

Associates,—Eleven species representing
five families have been taken with the new
genus. Cyprinidae: Alganses, Hybopsis, and
Notropis; lctaluridae:  Jetalurus  dugesi
(Bean); Goodeidae: Chapalichthys, Goodea,
Skiffia, Zoogonelicus quitzeoensis  (Bean),
and Xerofocs; Poeciliidae: Poeciliopsis in-
fans; and Atherinidae: Chirostoma jordani
Woolman. The fish fauna of the Rio Ameca
basin in the plaweas region (generally above
814 m), which extends below Ameca, Jalisco,
at lease as far as Los Mesquites (314 km §
ol Abuacatlin, Nayarit, is very different
from that below the barranca, where, to our
knowledge, no cyprinids, goodeids, or ather-
inids (Chivortoma) have been taken. Ap-
parenily only the genus Poeeiliopns eccurs
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in both arcas, with P. infons above and P,
virigea Miller both above and below (Miller,
PRG0), the latter not sympatric with irfans
At Loa Mesquites Clyde Barbour (i 1969)
obtained two minnows (Adlganses, Hybopais)
and two cyprinodontoids (F. infans and
Xenodoval. The plateaw segpment of the fish
fauna is derived from that of the Rio Lerma
basim, just 1o the east; hydpographic connee
tigns between these two drainages were prob-
ably broken during Fleisiooene time.

Etymalogy—The speciflic name, of Latin
derivation, means bright (shining) or glow-
ing, in reference Lo the sinking life colors
of the new species.

CLASSIFICATION OF THE GOODEIDAE

Althgugh much remaing o be learned
regarding the interrelationships of the poo-
deids, some consolidation of currently recop
mized genera and specics seems  delinioely
called for im the light of recent work, cspe
cially the penetrating study by Mendoza
{(1965a) of the ovary and trophotaeniae of
“Characedon” eireni, Convergent adaptive-
ness, in particular, has clowded the iner
prewation of phyletic lines,

Currently, 20 genera and 32 specics are
vecogmized  in the taxonomic  literature
{(Hubbs and Turner, 193%; de Buen, 1941,
1942 Turpner, 1946: Alvarer and MNavarro,
1957; Alvarez, 1950, 1963; Alvares and Corids,
1962; Romero, 1967). Hubbs and Turner
delimied four phyledc lines, of which two,
the Ataeniobinae and the Characodentinae,
are monolypic:  Ateeniobins toweri (Meck)
is regarded as the most primitve goodeid by
Hubbs and Turner, and Charecodon laleralis
Giinther is probably rather specialized as
indicated particularly by the few chromo-
somes (M), all of which are metacentric.
These two genera are the most removed,
geographically, from the main range of the
family, the Rio Lerma basin, Alaeniobius
lives off the easiern edge of the Mexican
Flateaun in headwaters of the Atlantic-drain-
ing Fio Pdnuco, in San Luis Potosi (Gregg.
1956, A distributional survey of the fishes of
San Luis Potosf, México. Ph.D. thesis, La.
Spare Univey; Miller, 18956); Cheracodon is
isolated by a broad expanss of arid high-
lands far o the north of the Rie Lerma
where it lives in streams and springs near
the city of Durango and, formerky, in springs
of the enclosed basin of Parras, Coahuila
(Miller, 19G1:388). The remainder of the
goodeids are assigned 1w two other phyledic

limes, the Goodeinae and the Girardinich-
thyinae, To what exient the sublamily clas-
wification of Hubbs and Turner is natural
needs further soudy,

Generic consolidation.—In recommending
the following consolidation of pencra we are
not trying to compensate for our evection
of a new one, Nearly 20 vears ago the senior
author had the epportunity 1o identily the
Inrge collection of goodeids waken by the lae
L. L, Turner in 1938, and most af the follow-
ing proposals stem from a systematic survey
of the family made then,

Balsadichibys, wpespecies Goadea whiler
Meek, was compared originally (Hubbs, 1926:
19} only with Geodes, from which we agres
it should be separated generically. However,
in their family revision, Hubbs and Turner
(1939:63) showed that Balsadichthys is in-
timately related 1o Myodon, not enly on
morpholegical grounds but because B. xan-
fiesi Hubbs and Turner and I furcidens
(Jordan and Gilbert) readily and frequenly
hybridize in nature. Hubbs and Turner
concluded that “lc i not at all improbable
thar it will be found expedient 1o synonymize
Dhalendichifeys with Hyedon. © . " We concur
and herewith formally propose that Balsa-
dichibiys be placed in the synonymy of fye
don. To separate these species generically an
the basis of differences in the number and
strength of implantation of the jaw e,
and hence on adaptations for feeding, would
be to return o the demonsirably outmoded
earlier classifications of the Goodeidae (sce
Hubbs and Turner, 1939:10-11).

Lermichthys was originally compared only
with the very different genus Characedon
(Hubbs, 1926:18). Subsequenily, it was shown
thar Lermichihys is a close relative of, and
perhaps derived from, Girardinichthys
(Hubbs and Turner, 1959:54-36, 68-64).
Both are monotypic, We feel that the many
resemblances between the two species (see
Alvarez and Mavarro, 1957, regarding the
name G wiwgpares) justily synonymizing Ler-
mickihys with Givardinichthys, Both show
striking sexual dimorphism in dorsal and
anal fin rays and in number of verchrae,
and the pores of the supraorbital, mandib-
ular, preopercular, and lachrymal canals are
entirely replaced by pit organs [Gosline,
1949:9, and observaiions by us),

In their accoumt of the genus Skiffia,
Hubbs and Turmer (1539:69) wrote: “Largely
on the basis of superficial characters, we se1
2 species of Skiffia apart in distinet genera,



MILLER AND FITISIMONS—A MNEW GOODEID FISH 11

Ollentoden and Neotocs, . . " Their separa:
tion of Ollentodon (p. 70) is based on the
nature of the inner jaw teeth, larger dorsal
fin, relative length of the median posterior
trophotaenia, and coloration. In our judg-
ment, strongly influenced by Mendoza's
recent work, these are not adequate differ
ences for peneric separation. Neoleca s
recognized generically (p. 710 on the basis
of the development and nature of the jaw
teeth, less transverse mouth, a shorter inces
ting, length of the median trophotaenia,
nature of the inner pelvic rays, relative
development of the anal pouch and anterior
anil lobe of the male, convex versus concave
{medially) genital opening of the male, and
sirikingly different coloration. We regard
these 1o be excellent specific characters but
feel that more {undamental differences are
needed for generic separation. Consequently
we propose that Ollentodon and Neotoca be
regarded as synonyms of Skiffin Meck. An
ineresting similarity between Ollenfodon
and Skiffis, first pointed oot by Mendoza
(1965b), is the striking sexual dimorphism of
the dorsal fin, which, in the male, has the
anterior rays shortencd and thickensed and
separated from the remainder of the fin by
a noich. Also the species cwrrently placed
in these genera have the supraorbital canal
systern  replaced by neuromasts and lack
mandibular pores (s do Hubbsine and
Girardinichtfys), and Ollentodon and Skiffia
are further degencrate in having the pre.
opercular and lachrymal canals undeveloped.

Position of Hubbsine—The monotypic
goodeid, Hubbsina turneri de Buen (1941),
is known only from the basin of Bie Grande
de Morelia which terminates in Lago de
Cuitzeo north of Morelia, Michoacdn, It was
assigned by de Buen to the subfamily Goo-
deinae on the basis of ovarian structure. In
his study of the gestational adaprations of
this fish, Mendoza (1956:82-83) showed that
the structure of the ovary of Hubbsing agrees
with that regarded by Hubbs and Turner as
characeerizing the Goodeinae, whereas the
irophotacniae (not studied by de Buen) are
most similar to these of Characoaden, of the
Characodontinae, and Girardinichiliye (senan
Iato}, of the Girardinichihvinze. He con-
cluded that the taxenomic position of Hubk-
#ima i uwncertain. It is our view, based on
the following considerations, that Hubbsine
should be disassociated from the genera cur-
rently placed in the Goodeinae and aligned
closely with Girardinichthys, curremly as-

signed 1o the Girardinichthyinae. The mem:
bers of these genera share the following: (1)
a long dorsal fin, with 18-38 rays (31-38 in
Hubbsing, 18-24 in G. viviparus, 25-31 in
G maltiradiotws); (2) few gill rakers, 10-16;
{3 a cephalic sensory syitem lacking cevel-
opéed canals or pores in the mandibular,
lachrymal, preopercular, and supraorhital
canals, all of which are represented solely
by neuromasts. Fubbsina may vepresent the
basal pare of the line along which the thres
spocies cvolved.

Starus of Skiffia variegala —This species,
described by Meek (1902:104-05, pl. 25) from
Lago de Zirahuén in the same paper in which
he proposed the genus Skiffia (type, 5. lermae
Meek), was synonvmized with Skiffia lermae
{type locality, Lage de Pducuaro) by Regan
(190752}, an action we feel is justified at
our present level of knowledge, Meristic ancd
morphometric data overlap widely between
samples from Zirahuén and the Pitwcuaro
basin (UMME 65225, 173507; 65230, 154542,
173962; including paratypes of each). Meek
(1902: 104} believed that variegala could be
distinguished from lermar by the absence of
the black raudal bar (and other detwails of
coloration) and in being slenderer. These
characters were used by Hubbs and Turner
{1959:37) who also noved a difference in the
configuration of the trophotacniae, We find
the black bar ot the caudal base o be var
iably developed, as are other features of
coloration, and fail to confirm thae body
depth will reliably separate the two forms ac
the specific level. 'We have not examined
the trophotaeniae. Further study may indi-
cate subspecific separation, and it i con-
ceivable that determination of karyorypes
may bead 1o a reversal of our action.

The large amount of morphological over-
lap berween species and the facy that they
have not diverged greatly from one another
te form sharply segregated groups may sug-
gest that differentiation within the Goodei-
dac has occurred recemtly, perhaps mostly
since the Pliocene. Another facter i3 our
ignorance of the variability of the various
taxa, for few of these have been studied in
sufficient detail to determine limits of varia-
tion and additional species recognized in
1959 may eventually be combined (Hubbs
and Turner, 1939:8), as in Xenooplorus. An
example of dental variation is shown by our
examination of the outer row of jaw tecth
of 30 specimens of Characodon lateralis,
which gave the following resulis: conic in
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both jaws in five lish, 11-18 mm 5L; upper
conic and lower bifid in six, 22-36 mm long:
anc bifid in both jaws in 19, 36=50 mm leng.
Probably all adulis have the outer teeth bilicd
in both jaws and evidently all the young
have these tceth conic, However, the teeth
have been described az uniflosmly bifid, ex-
cepd at the sicdes of the jaw [Hubbs and
Turner, 195%52, item 77 in key). Again, the
outer tecth are conic (nos hifid) in the young
of Chapalichifiys encaustus (20 mm or less,
LY and the inner teeth may be bifid (noe
only conic) in Xenoophorus erve. It is vea-
sonable to beleve that bifid weeth have been
derived [rom conic ones and therelore to
hypothesize that those species having forked
teeth start out at birth with unicuspid teeth.
A. splendens seems o show this only for the
inner weeth, which may be conic or esentially
s in newborn young, but we expect that
when the embryvology is known the outer jaw
teeth will also be shown to begin develop
ment a3 unicuspid structores. Details such
as this need w be worked out for many
characiers {including behavioral, biochemical,
and eyialogical) before we will be in a posi-
tion o form plausible hypothesss concerning
the phylogeny of goodeids,
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