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ABSTRACT

Structural adaptations of North American cichlid fishes
parallel those of many cichlid groups of the Eastern Hemisphere,
Adaptive radiation in two groups in southern Texas, U,S.,A. and
northern and eastern Héxico has involved modifications of nutritional
features, principally of the pharyngeal mill, Dentition of the Jaws
was deemed too highly variable to be taxonomically useful by early
workers, However, it was found quite conservative when ontogentic
changes, wear, and breakage were identified and excluded. Jaw denti-
tlon is s useful criterion at the generic level of taxonomy based on
the specliens studied,

Steucture and dentition of the pharyngeal mill were also highly
conservative at the specific or populational level. Again, ontogentic
change, weur, and breakage were evident, and were easily discernible,
In most iwu:tances, morpholegy of the pharyngeal mill and teeth was the
most useful tool in separation of species, and in identification of
hybrids or other questionable populations,

External morphology, with a few notable exceptions, was far
less reliable than demntitional or pharyngeal morphology in diagnoses
of taxa. Combinations of external morphological features could be
used to separate some species or populations, but variation was high
as a resul* of allometric changes with growth (size) in some charac-
teristics, highly variable about the mean in others, and remarkably

similar amoiig different species in many instances,

iii



Length of the alimentary canal, coupled with structural adapta-
tions of the predorsal area (length of head, length of jaws, and
related structures, plus body depth), served to emphasize the
parallelism among North American cichlids and those of Africa. In a
small species flock in the Cuatro Ciénegas basin, Coahuila, México,
this was especially evident, Two kinds, known to be piscivorous, had
elongated heads, strong jaws, slim, shallow bodies, and raptorial
teeth on the jaws and pharyngeal bones. One kind that feeds almost
exclusively upon mollusks, had a deeper, thicker body, short head,
relatively small dentition on the jaws, but strong, molariform teeth
on its greatly enlarged pharyngeal mill. The fourth, a detritivore,
was similar in external morphology to the last, but had oral and
pharyngeal dentition and bone structure which was delicate and unspecial~
ized., Gut length in these fishes ranged from shortest in the piscivores,
scarcely more than body length, though almost twice body length in the
molluskivore, to many times body length in the detritus feeder.
Omnivorous cichlids exhibited intermediate modifications of pharyngeal
dentition, were uniform in oral dentition, and had highly variable

lengths of the alimentary canal,

iv
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INTRODUCTION

American percoid fishes of the family Cichlidae have received
little taxonomic attention at the generic level since the times of
Regan (1905) and Meek (1904, 1908), On the basis of literature
available and specimens examined, few if more than 4 to 6 of at least
30 nominal American cichlid genera are definable, Many distinctive
forms have been placed with little quantitative support into the genus
Cichlasoma Swainson (1839), Many workers have pointed out taxonomic
difficulties with these fishes (Hubbs, 1936; Bailey, 1957; Miller and
Nelson, 1961; Miller, 1966). Recently some "species groups" or other
subcategories within "Cichlasoma" are again being sorted out (Miller,
1966),

Barly classificaticns of cichlid fishes of the Americas were
based largely upon dentition of the jaws (Regan, 1905), The highly
modified pharyngeal mill has been little used in taxonomic study of
American cichlids, but has proven invaluable in work on those of the
Eastern Hemisphere (Fryer and Iles, 1972, and citations therein), .
Proportional measurements of external body parts have been used far
less in the diagnosing of taxonomic differences of cichlid fishes than
in many other groups. This reflects at least in part the fact that
some external features are highly conservative among species oxr genera

and others are exceedingly variable. Fryer (1959a) found one African



species so variable as a result of allometric changes that different
sized individuals had been described as three distinct species,
Counts of spines and fin rays seem far more conservative in the
family, and when consistent differences are found they usually are
taxonomically meaningful (Fryer and Iles, 1972). Osteological and
soft anatomical features of American forms in general have been
ignored,

Descriptions of American cichlids have been based upon
characters that are either too general in nature to separate taxa,
or which show high individual variations, It was therefore deemed
appropriate to examine in detail a broad spectrum of characteristics
in a number of North American forms available from southern Texas,
U.S.A,, and northern and eastern Meéxico to obtain some sort of
insight into variations that might be expected, One population was
selected for intensive analyses, Similar analytical work was done
on a number cf other kinds when sample sizes and ranges of ages
(sizes) and of both sexes were available, What resulted was basically
a revision of the nominal genus Herichthys Baird and Girard (1854)
throughout the northern part of its range. Another taxon, Parapetenia
Regan (1905), originally described as a subgenus of Cichlasoma is
elevated to géneric rank, The present paper deals with variation
specifically, with nomenclatorial considerations kept at a minimum in

text and detailed in Appendix I,



MATERIALS AND METHODS

Following is a listing of Taxa present within the area of
study (Figure 1), listed from north to south in each of the two
genera proposed as valid, Those marked with an asterisk (*) were
studied intensively and represented by large samples. All others
were allocated on the basis of examination of specimens, and on the
bases of literature and consultation with R.R. Miller, University
of Michigan, S. Contreras-Balderas, Universidad Autdnoma de
Nuevo Ledn, and W. L. Minckley, Arizona State Universdty,
Appendix II provides a listing of specimens studied, Specimens
examined are in the following museums: Arizona State University
Collection of Fishes (ASU): University of Texas Natural History
Museum (TNHM); University of Michigan Museum of Zoology (UMMZ);
University of Kansas Museum of Natural History (KU); and
Universidad Auténoma de Nuevo Leon Coleccidn de Pescas (UANL).
One upstream record from the Pecos River was examined at the

University of New México (UNM).
Genus Herichihys Baird and Girard (1854)

Herichthys, n. sp., Texas cichlid¥

H. c. cyanoguttatus Baird and Girard (1854), Rio Grande cichlid*

H. ¢, carpintis (Regan, 1905), Rfo Pinuce cichlid*
Herichthys, n. sp., n. subspp.,, estuarine cichlid#*
Herichthys, n. sp., dorsal-blotch cichlid

Herichthys, n. sp., Rfo Nautla cichlid*



FIGURE 1, Distribution of collections of North American cichlids

here referred to the genera Herichthys and Parapetentia studied for

this report, Numbers for the estuarine cichlid identify the follow-
ing drainage basins: 1 = Rfo Tancochin; 2 - Rio Cucharas; 3 -

Rio Pantepec; and 4 - Rio Cazones. Distributions and discussions
of the complex within the Cuatro Cién -as basin, central Coahuila,
Meéxico (indicated by the large, darkened circle and specifically
labeled on the map), may be found later in text (pp. 55-66), and
Appendix I should be consulted for ranges of species listed above in
text, but not included here, and for more detail on the distribu-
tions and taxonomic considerations of the generic and specific
identity of kinds of cichlid fishes covered here., See text for

more information on Herichthys of the Frio-Nueces Rivers systems of

southern Texas,
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Genus Parapetenia Regan (1905)
Parapetenia, n. sp., Lugo's cichlid¥*
Parapetenia, n. sp.; caracole cichlid*
Parapetenia, n., sp., long-head cichlid*
Parapetenia, n. sp., unexpected cichlid*
Parapetenia, n. sp., speckled cichlid (?)
P, bartoni (Bean, 1892), Barton's cichlid
P, labridens (Pellegrin, 1903), R{b Verde cichlid

P, steindachneri (Jordan and Snyder, 1900), Steindachner's cichlid

Counts and Measurements

A total of 14 counts and 28 measurements of internal and
external morphological features was made, DMethods of counting and
measuring were modified from Miller (1948) and Hubbs and Lagler
(1970), insofar as was possible. Terminology for osteological
features follow those of Gregory (1933) and Fryer and Iles (1972).
To enable others to use and evaluate my techniques of counting and
measuring, each is detailed in Appendix III, and some are depicted
in Figures 2 and 3 in text,

All measurements were made on a straight line between points
with vernier calipers accurate to 0,05 mm (Figures 2-3), with the
exception of one measurement of pharyngeal teeth made with an ocular
micrometer accurate to 0,001 mm, Fish were individually tagged to

facilitate re~examination at a later date to check for possible

errors and for consistency of techniques, Measurements were made



FIGURE 2, Generalized sketch of a cichlid fish showing some counts
and measurements which were made; Appendix III details descriptions

of each measurement and count,
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FIGURE 3., Generalized sketches of bones of the pharyngeal mill of

a form of cichlid fish, genus Para etenia, showing various measure-
ments which were made; Appendix III details description of each
measurement~-A = occlusial (ventral) surfaces of longitudinally fused,
upper three epipharyngobranchial bones; B = lateral view of fused,
posteriormost basipharyngobranchial bone; C = occlusial (dorsal)
surface of bone jllustrated in "B"; and D = posterior view of bone

illustrated in "B",
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on the left side of the fish, with two exceptions: standard length
(SL) was taken on the right; and the longer of either paired fin
was measured., On occasion it was necessary to measure or count a
feature on the right if it was obviously injured or deformed on

the left side. All specimens were kept moist, which is particularly
important for accuracy in measurements of fins. All numerical data
were analysed statistically on an IBM 1130 computer. Measurements
were divided by SL to produce a simple proportion of thousandths of
SL expressed for analytical purposes as a whole number by multipli-

3

cation X 107,

Osteology

Osteological studies were made on materials prepared by
dermestid beetles, X-rayed, or dissected. Qualitative examination
of jaw teeth was done by careful manipulation of the lips and
surrounding tissues with needle-point forceps. Removal of teeth for
detailed studies was performed by use of hooked microscalpels con-
structed from standard dissecting needles, The fused basipharyngo-
branchial bones (hereafter referred to as a single bone) were removed
by deflecting the opercle anteriorly, and dissecting the musculature
anterior to the cleithrum and mesial to it until the bone was found,
The bone was dissected from musculature on each posterior ramus, and
sometimes along the posterior surface, then disarticulated from the
anterior and dorsal connections to the branchial basket, It was

then lifted gently from the oropharynx.



Removal of epipharyngobranchial bones required dissection of
musculature originating along the base of the neurocranium and from
the occipital region. They are not fused mesially, and typically
are symmetrical (Figure 3), After examination, the entire mill was
placed back into position and secured by manipulation of dissected
tissues and replacement of the opercle into a natural state. If
tooth bearing skeletal parts are to be maintained in a dried
condition, they should be socaked for a brief period in glycerin or
some form of light oil to prevent loss of teeth after a long period

of time,
Soft Anatomy

Study of soft anatomy was almost exclusively restricted to
determination of length of the alimentary tract. This was performed
by dissection or by qualitative examination under appropriate

magnification and illumination,
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VARTATION IN CHARACTERS OF SOME NORTH AMERICAN CICHLIDS

Taxonomic studies of American cichlid fishes have dealt
almost entirely with descriptions of new taxa. No in-depth
analyses of variation of their structural features have yet been
published, In African forms, Trewewas (1935) carefully defined
counts and measurements used in her studies, Fryer (1956a) discussed
allometric changes in body proportions, and Greenwood (1965) dealt
with the validity of using morphology of the pharyngeal mill in

separation of two forms of Astatorecchromis alluaudi Pellegrin,

Fryer and Iles (1972) summarized and expanded upon these and other
studies of variation within the group in the Eastern Hemisphere,
My most intensive studies were of 491 specimens comprising the

nominal form Herichthys cyanoguttatus (sensu stricto), Specimens

ranged from 24 to ca. 150 mm SL and were from a number of river
basins associated with the lowermost R{o Grande system of southern
Texas, U.S.A.,, and northern Meéxico., The form has been introduced
elsewhere, but all such populations were excluded from analyses.

In all, more than 2,500 specimens of cichlids were examined
qualitatively or quantitatively. Each character was compared and
contrasted to data collected for the "baseline" form-~the R{o Grande

cichlid,
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Dentition of the Jaws

Dentition of the jaws seemed remarkably conservative in the
fishes studied so long as newly emerged or emerging teeth were
examined, Wear, breakage, and replacement, all of which were evi-
dent in some specimens, easily explained the rejection of the
character by Meek (1904, 1908), its misinterpretation (in part by
Regan, 1905), and the mass synonymization of genera by some (in
part, Regan, 1905; Eigenmann and Bray, 1894), or resurrection of
obscure generic names (Jordan, et al., 1930).

Within and among populations of Herichth S, ontogenetic
variation seemed minimal, Teeth on the dentary bones were similar
in overall morphology to those on the Premaxillae, However,
occlusion of the jaw teeth was gquite variable, and an overbite may
produce variation in tooth shape quite different than that produced
by an underbite or equivalence of the Jaws, There seems a tendency
with age (size) for these fishes to begin with a distinct overbite,
trending through equivalence, to an underbite in very large
individuals. This, however, may be modified by state of preserva-
tion or other possible factors.

Ontogenetic variation at the intrapopulation level was
examined in a series of 63 Rio Grande cichlids and 49 Texas
cichlids; examples from the latter are illustrated in Figure 4a-d,
Changes with size (age) related principally to development of a

posterior "cusp", ranging from relatively well developed and



FIGURE 4, Newly emerged or emerging, anteriormost premaxillary

teeth of fishes of the genus Herichthys; lateral, anterior, posterior,
and cross-sectional views, left to right, respectively--A ~ D =
morphological changes with growth (size) in a series of Texas
cichlids; and E - F = morphological changes with wear in two
individuals of Texas cichlids (all specimens from the Devil's River,

Val Verde County, Texas; vertical scale is one mm).
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heavily pigmented at its tip in young (small) fish, to generally
rounded and non-pigmented in large adults, Cross-sections of tips
of the teeth range from elongate-oval in smaller fish, through
those having a minor posterior ridge in intermediate sized fish, to
awl-like in larger (old) adults, The last may reflect wear of the
posterior surface as only a few extremely large individuals were
studied, and newly emerging teeth were not found in the specimens
examined. Absolute sizes of the teeth increased with an increase
in SL, but no studies were made of relative lengths of jaw teeth of
any species.

Wear has an obvious influence on basic tooth morphology in
these fishes, effecting changes in the proximal, occlusial surface,
and also in the shape and massiveness of the posterior cusp
(Figure Lke-h), Tooth replacement in Herichthys occurs from deep
within the premaxillary bone, The tip of the emerging tooth appears
first as a small, pigmented bud, which then grows forwar® and down-
ward to penetrate the necrotic lumen of a severely worn tooth
(Figure 4h), forcing it out, It then grows downward and anteriad
into its final position (Figure Sa-b),

Proceeding from north to south within the range of the forms
of Herichthys studied, there is a distinct cline (with variations
from river to river), Herichthys in the north have a sharp pointed,
spade like tooth, with a broad, stout posterior cusp., This changes
toward a broadly spatulate premaxillary incisor, with a delicate and

discretely developed (although tiny) posterior cusp in southern



FIGURE 5, Sketches of the jaws of a specimen of Rfo Grande cichlid
from the Rio Salado, northern Coahuila, México-—A = mesial view of
premaxilla showing emerging tooth entering necrotic lumen of a worn
and broken tooth; B - C = lateral views of premaxilla and dentary
complex, respectively, showing progressive nature of incisor
morphology in former, and the sharply demarked, anterior development
of incisors on the latter; and D = dorso-anterior view of partially
articulated premaxillae and dentary complexes (vertical scale is

one cm),
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FIGURE 6, Newly emerged or emerging, anteriormost premaxillary
teeth of fishes of the genus Herichthys from various localities;
A = Rio Salado, Coahuila, Mékxico; B = Rfo Sabinas de Nuevo Ledn,
Nuevo Ledn, México; C ® Rfo San Juan, Nuevo Ledh, Mekico; D =
Rio San Fernando, Tamaulipas, México; E - H = specimens, arranged
from north to south, R{o Soto la Marina system, Tamaulipas,
Mexico; I = L = specimens, arranged from north to south, Rio
Pdnuco system, Tamaulipas, San Luis Potosi, and Vera Cruz,
México; M = Rfo Tancochin, Vera Cruz, México; N = Rfo Cucharas,
Vera Cruz, Mé&ico; 0 = Rfo Pantepec, Vera Cruz, México; and P =

Rio Nautla, Vera Cruz, Néxico (vertical scale is one mm).
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forms (Figure 6). Care must be exercised in dissection and examina-
tion of the posterior face of the teeth in more southern forms., In
many instances the posterior cusp is so fragile it is easily

broken away to produce an essentially smooth surface.

Study of 145 individuals of various species of Parapetenia
from within the region also inhabited by Herichthys indicated similar
variations in ontogeny, wear, and interspecific differences, How-
ever, dentition of the jaws of the two genera differ radically., The
sharp, canine teeth of Parapetenia (Figure 7) are quite distinct
from the incisors of Herichthys, and become obtuse and peg like with
wear, Worn teeth were easily discernible by the loss or reduction of
pigmentation of their tips, 411 Parapetenia studied had an overbite,
at least of the uppermost canines (FLgures 7a~b, 8), Very old
(large) individuals of that genus often had the anterior portions
of both premaxillary and dentary bones toothless. This suggests that
the number of germinal buds for the canines (at least) is finite, a
feature which merits further study. In no instance was a "toothless"
Herichthys found, Both genera are characterized by having only the
anteriormost teeth on the dentary developed into canines or incisors,
and by having those teeth sharply set off from the lateral, villi-

form to miniaturized cardiform, dentary teeth (Figures 5c, 7b),
Pharyngeal Bones and Teeth

The pharyngeal mill comprises a lower component consisting of

the last two basipharyngobranchial bones, greatly fused and often



FIGURE 7. Sketches of the jaws of Lugo's cichlid (A-B), genus
Parapetenia, from the Cuatro Ciéﬁegas basin, Coahuila, México, and
of newly emerged or emerging, anteriormost premaxillary teeth of
fishes of the genus Parapetenia; lateral, anterior, posterior,

and cross-sectional views, left to right, respectively--C =
Lugo's cichlid; D = caracole cichlid; E = unexpected cichlid; and
F = long-head cichlid--all from the Posos de la Becerra, Cuatro
Ciéﬁegas basin, Coahuvila, Mexico (vertical scale for A and B is

one cm, for C through F one mm).






FIGURE 8, Dorso-anterior views of partially articulated premaxillary
and dentary complexes of different sized Lugo's cichlids, genus
Parapetenia; note variable, but consistent, pronounced enlargement
of premaxillary canines, and sharp demarcation of dentary canines
from lateral teeth (all specimens from Posos de la Becerra, Cuatro

Ciénegas basin, Coahuila, México; vertical scale is one cm).
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thickened, two separate, thickened structures dorsally, comprised of
the posterior three (rarely two) epipharyngobranchial bones, variably
fused longitudinally, but not fused along their mesial borders
(Figure 3), HModifications of the base of the neurocranium for
muscle attachments and for surfaces of articulation between the

mill and the skull and anteriormost vertebrae also are evident, The
modified pharyngeal bones bear teeth., Various kinds and orientation
of these teeth, the sizes and shapes of the bones themselves, and
numbers of teeth differ from taxon tc taxon. Many differences

found in proportional measurements of cichlids that are associated
with the head and predorsal region may be attributed directly or
indirectly to morphology of the pharyngeal mill., In more general
terms, Fryer and Iles (1972) described the workings and anatomy of
this apparatus as follows:

The position of the upper and lower pharyngeal bones at
the back of the throat is such that all food must pass
between them as between a pair of millstones... On what are
the equivalents of the grinding surfaces of the millstones
teeth are implanted, whose number, size and structure differ
according to the kind of food with which they have to deal,

Both the upper and lower pharyngeal bones are moveable
but whereas the upper bones slide mostly forwards and back-
wards and to a lesser extent from side to side, the movement
of the lower bone is upward and downward, that is towards
and away from its upper partners....Movement of the upper
pharyngeal bones is effected to a large extent by muscles
which in many species originate on a pair of processes
(apophyses) which project downwards from the vertebral
column and, in most species, meet and fuse as a median peg
(apophysis)...

To facilitate movement of the upper pharyngeal bones special
facets or bosses are developed on the base of the skull.
These constitute what is somewhat confusingly called an apo-
physis (not to be confused with the vertebral apophysis just
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described) which, besides being of great functional impor-

tance, has been used as a basis for classification, for it

1s not always made up from the same skull bones...the apo-

physis is a surface on which the upper pharyngeal bones can

slide,
Dentition and morphology of the pharyngeal mill vary somewhat with
age (size) within most species. This is due largely to an absolute
increase in the number of teeth on the occlusial surface (Figure 9),
as has also been demonstrated for African cichlids by Greenwood
(1964). However, the qualitative aspect of the lower basipharyngo-
branchial bone and teeth, emphasized in my research, and the five
quantitative features measured, showed 1little allometric change
(Figure 10), The most reliable of the five characters were width
of the bone, depth of the bone and teeth, and width of the middle,
posterior pharyngeal tooth (Table 1), No ecotypy was detected in
development of the mill, teeth, or associated structures. Emerging
teeth were the same as those already emerged and presumably in use
at the time of death (Figure 9)., Alterations of the distal portions
of pharyngeal teeth were easily interpreted as to wear, breakage,
or aberrancy, when such were encountered., In addition, a number of
species with distinctive paryngeal dentition have been reared in
the laboratory or under semi-natural conditions, and individuals of
these species have retained their pharyngeal morphoiogy despite
common artificial diets (Minckley, pers. comm.; Figure 11),
Greenwood (1965) obtained different results in rearing one specimen

of an African cichlid, His results were inconclusive on the basis

of a number of factors, including the unplanned nature of the



FIGURE 9, Occlusial surfaces of the fused, posteriormost basi-
pharyngobranchial bones in various sized Rio Grande cichlids,
genus Herichthys, from the R{o San Juan system, Nuevo Leéh, México
(A - D); and similarly for various sized caracole cichlids, genus
Parapetenia, from the Cuatro Ciéﬁegas basin, Coahuila, Mexico

(E - H), showing the relatively small amount of variation with age

(size) (vertical scale is one cm),






FIGURE 10, Proportional relationships, in thousandths of SI X 103’
/
of measurements of the basipharyngobranchial bone to SL in Rio

Grande cichlids, genus Herichthys; Appendix III and Figure 2

detail description of each measurement.
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TABLE 1, Measurements of the lower basipharyngobranchial bone and
teeth of various North American cichlid fishes; thousanaths of
standard length X 103-~means are below ranges,

Fishes Maximum Width Maximum Maximum Width
and width occlusial depth depth middle
localities surface bone teeth tooth
Texas cichlid, 109-160 70~ 93 28- 48 40- 56 6,2-21,0
Rio Grande sys~- 130 77 34 45 12,5
tem, N = 66

Rio Grande cich-  109-160 63- 93 23- 48 37- 56 3.2=9.4
1id, Rio Grande 124 75 32 4y 5.1
system, N = 391

Rio Grande cich- 110-160 63~ 88 23=- i1 38- 55  3,7-5.,6
1id, Rfo Salado 123 75 32 Ly 44
basin, N = 226

Herichthys, from 106~-184 63-113 29- 93 4o- 66  3,6-19.8

Cuatro Ciénegas 128 80 35 46 6.8
basin, N = 94

Rfo Grande cich- 110-149 66- 85 27~ 39 37- 51 3,2-9.4
1id, Rfo San Juan 125 75 32 43 5.4
basin, N = 100

Rio Grande cich- 121-141 72- 85  28- 39 Lho- 49 4,3-6.4
1id, Rfo San 129 76 34 45 5.0
Fernando basin,

N =24

intergrades, Rfo  111-146 71~ 89 25~ 41 33- 50 3,8-6.8
Soto la Marina 127 77 33 43 4,9
system, N = 24

R{o Pdnuco cich-  109-147 65- 91 26~ 36 37- 48  3,5-7,1
1id, Rio Pdnuco 125 77 31 42 4,7
system, N = 56

R{o Pdnuco cich- 115-137 é7- 87 26~ 34 39- 47  3,7-6.6
1id, Rio Tames{ 124 77 30 5] 4,9
basin, N = 16
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TABLE 1, Continued

Rfo Pdhuco cich-  109-147 65- 91 26~ 36 37- 48  3,5-7.1

1id, Rfo Pdnuco 125 77 31 2 4,7
basin, N = 40
estuarine cich- 101-149 63- 90 28- 37 38- 48 3,6-6.6
1id, Vera Cruz 121 75 31 4 5.1
state, México
N = 28
estuarine cich- 127-149 82~ 90 31~ 36 42- 48  3,5-6,3
1lid, Rio Tanco- 133 84 33 4y 4,7
chin system,
N=5
estuarine cich- 116-129 72=~ 78 28- 34 41- 48 4.5-6;6
1id, Rfo Cuch- 120 75 30 42 5.6
aras systenm,

=5
estuarine cich- 101-123 63- 78 29~ 37 38~ 45  3,4-6,3
1lid, Rio Pante- 117 71 32 40 4,9
pec system, N =
14
estuarine cich- 120~126 75~ 83 30~ 32 L0- 42  5,0-6,1
1id, Rio Cazones 122 77 31 41 5.6
system, N = 4
dorsal-blotch —— ~—- ——— ——— ———
cichlid, Rfo 143 93 37 L6 3,2
Tancochin

system, N = 1

Rfo Nautla cich- 111-115 69- 73  27- 30 36- 39 4,0-5,5
1id, Rfc Nautla 113 71 28 37 4,7
system, N 2 5

Lugo's cichlid, 102-134 61-101 23~ 43 34~ 52 2,2-6,0
Cuatro Ciéhegas 116 72 30 42 3.9
basin, N = 139

caracole cich~ 111-182 69-111 31=- 63 b6~ 71 9,7-22,0
lid, Cuatro 167 87 45 68 15,7

Ciénegas basin,
N = 88




TABLE 1, Concluded
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unexpected cich- 109-127 69~ 85
1lid, Cuatro 113 75
Ciénegas basin,

N =26

long-head cich- 114-134 70- 86

lid, Cuatro 115 77
Ciénegas basin,
N =14

37" LI»LP 2.8-503
1 3.5
38- 49 7,2-13,8
38 10,1
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experiment, lack of absolute filial data, and a possibility that
lack of calcium could have been involved in hypotrophy of a
pharyngeal mill that presumably should have been large, stout, and
invested with molariform teeth.

Pharyngeal dentition provides a broad spectrum of variability

within both Herichthys and Parapetenia, These variations, however,

seem quite consistent as usable taxonomic features at the specific
level, A number of taxa of each genus are best identified by
examination of the pharyngeal mill.

Within Herichthys, the Texas cichlid may be characterized by
two mesial rows of enlarged, semi-molariform teeth on either side of
the median suture of the basipharyngobranchial bone (Figure 12a-c),
One population, isolated and perhaps differentiated or subject to
some hybridization with a form of Parapetenia within the Cuatro
Ciénegas basin, Coahuila, Mexico, will be discussed later in detail,
The species is sympatric with H. ¢. cyanoguttatus (s.s.) as far east
as the Rfo San Juan system of northeastern México (Figure 1), It is
sympatric with Rio Grande cichlids in the Frio-Nueces Rivers system
of southern Texas, where one or both may have been introduced
(Clark Hubbs, pers, comm.)., It likely was sympatric with the R{o
Grande cichlid, at least in limited numbers in the past and perhaps
now, in the mainstream Rio Grande (Robinson, 1959). The Texas and
Rfo Grande cichlids hybridize locally (Figure 13), in a pattern
suggesting secondary contact that may have occurred in relatively

recent times,



FIGURE 11, Comparisons of basipharyngobranchial bones of cichlids
reared in captivity (A - C), with specimens collected in nature

(D~ F): A = Texas cichlid, genus Herichthys, aquarium stock reared
on alfalfa pellets and commercial foods, and D = Texas cichlid
collected in nature (both from the Devil's River, Val Verde County,
Texas); B = Lugo's cichlid, genus Parapetenia, reared in presence
of diverse foods, inecluding gastropod mollusks, insects,and smaller
fishes, in a seminatural pool at ASU and E = Lugo's cichlid collected
in nature from the Cuatro Ciéhegas basin, Coahuila, Méiico; and

C = caracole cichlid, genus Parapetenia, aquarium stock reared as
"A" above, and F = caracole cichlid collected in nature from the

Cuatro Ciénegas basin, Coahuila, Mexico (vertical scale is one cm),






FIGURE 12, Basipharyngobranchial bones of Texas (a - C) and Rio

Grande cichlids (D - F), genus Herichthys; see text for discussion

(vertical scale is one cm).
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Herichthys c. cyanoguttatus occurs irom the northern limits
Just noted, eastward and southward through the Rio San Juan and Rfo
San Fernando (Figure 1), and may be characterized as having a
pharyngeal dentition consisting of a single, mesial enlarged row of
semi-molariform teeth on each side of the fused suture (Figures 9a-d,
12d-f). The posteriormost tooth of each of these rows tends to be
sharp, conical, and antrorse in orientation., This same pattern of
pharyngeal dentition persists in other forms of Herichthys ranging
southward to the Rio Nautla, Vera Crugz, México (Figure 14), the
southernmost limit of the present study, an exception being the
dorsal-blotch cichlid., This last form differs radically from others
in having the basipharyngobranchial bone invested with tiny, almost
villiform teeth, flanking a single row of mesial, sharp pointed, and
slightly enlarged teeth along the medial suture (Figure 14j). Only
one adult was avallable in collections studied,

Intergradation is indicated between the R{o Grande and Rio
Panuco cichlids in the Rfo Soto la Marina system by measurements of
the basipharyngobranchial tone (Table 1). The general conservatism
of the pharyngeal teeth prevails, however, in the overall morphological
aspect of the structure among all Herichthys studied,

Interspecific differences also occur in Parapetenia, in sizes,
shapes, and dentition of the pharyngeal mill (Table 1; Flgures 9e-h,
15)s Teeth of the lower pharyngeal bone provide a valuable tool in

sorting out various species and populations. As noted earlier, sone



FIGURE 13, Basipharyngobranchial bones of Texas cichlids, (A and
D), Rio Grande cichlids (C and E), and a putative F, hybrid, all
genus Herichthys (B): A - C from the Rio Sabinas de Nuevo Ledn,
TNHM 5,757; D from Rio San Juan at Cienguilla, Nuevo Ledn, UANL 52;
and E from Rio San Juan basin, UANL 444 (the last, D and E, implying

sympatry of the two forms; vertical scale is one cm).






FIGURE 14, Basipharyngobranchial bones of fishes of the genus
Herichthys from eastern Meéxico: A - C = Rio Soto la Marina,
Tamauilipas, México, arranged from north to south (proposed as inter-
grades between Rio Grande cichlid and Rfo Pdnuco cichlid, see text);
D - F = Rfo Panuco system, Nuevo Ledh, San Iuis Potosi, and

Vera Cruz, México, arranged from north to south (Rfo Panuco cichlid);
G - I = Estuarine cichlid-~G, Rio Tancochin, Vera Cruz, México -

H, Rio Cucharas, Verzs Cruz, México - I, Rio Pantepec, Vera Cruz,
México; J = dorsal blotch cichlid, Rfo Tancochin, Vera Cruz,

México; and X = Rio Nautla cichlid, Rio Nautla, Vera Cruz, Méﬁico.






FIGURE 15. Basipharyngobranchial bones of fishes of the genus
Parapetenia from northern and eastern Mexico: A = C = Lugo's
cichlid, Cuatro Ciéhegas basin, Céahuila, Mékico; D~-F = long-
head cichlid, Cuatro Ciénegas basin, Coahuila, México; G - I =
unexpected cichlid, Cuatro Ciéﬁegas basin, Coahuila, Méiico;

J = caracole cichlid, Cuatro Ciénegas basin, Cozhuila, México
(see also Figure 9e-h); K = Bean's cichlid, Sinaloa, Méiico:
and L = Steindachner's cichlid, la Media Luna, San Luis Potosi,

México,






ontogenetic variations were present, especially in those species
with greatly enlarged, molariform teeth as a result of the change
in absolute numbers of molars (Figure 9). Wear or aberrancy were

easily discernible,
External Morphology--Continuous Variation

Some general statements regarding growth in cichlids are
important in interpretation of relative proportions of their various
body parts. First, growth rates continuously decrease with age (size)
in these fishes, but appear to be indeterminate as in most other fish
families (Lagler, et al., 1962), Second, sexual maturity is attained
far before full growth potential is realized, which may inject
vagaries of sexual dimorphism into any measurement of external
morphology (Fryer and Iles, 1972), Third, there is a male "growth
superiority" in the group (Fryer and Iles, 1972), similar to that known
for North American sunfishes, family Centrarchidae (Hubbs and Cooper,
1925), which presents a major problem when there is an attempt to
| equate size and age. Fourth, based mostly on aquarium and semi-
natural laboratory studies, marked variabllity in growth occurs as a
result of dominance heirarchies that develop, especially in
Parapetenia (Minckley, pers, comm.). Whether the last comes into
play under natural conditions is yet unknown,

This section deals with 22 measurements, all reduced to

thousandths of SL X 10? thus expressed as whole numbers, No signifi-

cant differences were discovered among series of fish referable to
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Herichthys c. cyanoguttatus (§.§.) in any of the measurements

analysed, However, straight line measurements do not take into
account enlargement of the predorsal and head regions in older
(larger) males, which is quite evident in some examples as a
distinctive sexual dimorphism,

The relative magnitude of allometry, or absence of it, was
determined by calculation of the slope of a line of best fit
relating the character to SL (Table 2), All relationships were
assumed linear, and most appear to be so (Figures 16-20). Within
computer generation of slopes for various characters relative to
SL, an abrupt break appeared (Table 2), and those features having
a slope of less than ca. £.130 were considered isometric or
essentially isometric,

Variation resulted from negative or positive allometry,
normal or near normal variation in certain characters that were
basically isometric, and a combination of these factors. In the
relative lengths of the pelvic, pectoral, and caudal fins, breakage,
aberrancy, and wear eliminated them as useful characters (Figures 20-
21), In some features, for example body depth, despite a high
degree of allometry (Figure 16) and considerable variation about
the mean (X = 461 + 28,2), a coefficient of variation (v =5 +XX 103)
was relatively low (6.1). In other measurements, such as those of
bony structures that exhibited relatively low standard deviations
and essential isometry, v was high (g.g., length of bony orbit,

Table 2). As with means, the coefficient of variation should not
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TABLE 2. Measurements of various body parts of the Rio Grande cich~-
1id, Herichthys c¢. cyanoguttatus (mean values), calculated as
thousandths of SL X107, standard deviations of those means, coeffi-
cients of variation, and relative changes with growth (size)
expressed as slope of a line of best fit relating the proportional
data to SL; based on 491 specimens ranging from cae. 24 to 150 mm SL.

Coefficient Slope of
Character Mean Standard of line of
deviation variation TDbest fit

Length of snout 162 9.9 8.0 +,236
Greatest depth of body L6t 28.2 6.1 +,589
Interorbital width 105 10.6 10,1 +,348

Distance from posterior
margin preopercle to
ventro-posterior margin

opercular membrane 83 13.2 15,9 +,489
Basilar length of dorsal

fin 581 20.3 3¢5 +,566
Length of head 360 13.9 3.9 -.303
Dorsal origin pos-

terior margin bony orbit 125 16,7 13.4 -.386
Length of bony orbit 104 13,7 13.2 -J474
Predorsal length 329 18.5 546 =356
Depth of caudal peduncle 162 9,3 5.7 +,120
Prepelvic length 387 13,8 3.6 -.073
Width of body 195 13.4 6.9 +.129

Anal origin to caudal
base 347 16.0 4,6 +,072

Length of caudal pedun-
cle 105 6.1 5.8 +,028

Width of head 202 8.6 4,3 +,093




TABLE 2, Concluded.
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Length of upper jaw 106

Distance from bony orbit
to ventro-posterior
margin of opercular
membrane 120

Distance from preoper-
cular margin to bony

orbit 38
Basilar length of anal

fin 252
Length of middle caudal

fin-ray 300
Length of pectoral fin 276
Length of pelvic fin 301

25.6

30.4

17.3

13.8

16,7
16.7

28.0

24,1

2545

k3.9

55

5e5
5.4

9.3

+,028

-0086

“0084

"-078

»000 Y

«000

.000

1/ Not presented because of exceedingly high variation; see text for

further explanation,



FIGURE 16, Relative change in proportions of various body parts
(absolute value/SL)(lOB) in a sample of 491 Rfo Grande cichlids,

Herichthys c. cyanoguttatus, with increase in SL;variations occur

in the number of dots plotted figure to figure since on many
occasions a datum for one specimen was identical or almost identi-
cal to that for another, and some specimens were malformed due to

preservation and could not be reliably used.
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FIGURE 17, Relative change in proportions of various body parts
in a sample of 491 Rfo Grande cichlids, Herichthys c.

cyanoguttatus; see legend for Figure 16,
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FIGURE 18, Relative change in proportions of various body parts

in a sample of 491 R{o Grande cichlids, Herichthys c¢. cyanoguttatus;

see legend for Figure 16,
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FIGURE 19, Relative change in proportions of various body parts in

a sample of 491 Rio Grande cichlids, Herichthys C. cyanoguttatus;

see legend for Figure 16,
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FIGURE 20, Relative change in proportions of various body parts

in a sample of 491 Rfo Grande cichlids, Herichthys c. cyanoguttatus;

see legend for Figure 16,
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FIGURE 21. Relative change in proportions of various body parts

in a sample of 491 Rfo Grande cichlids, Herichthys c. cyanoguttatus;

see legend for Figure 16,
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be used to compare one character with another, but may be useful in
interpopulation comparisons of a given character. Thus, a triad of
factors influences variation: 1) the absolute size of the feature
being measured, expressed as a proportion of SL, reflected in a low
standard deviation for shorter measurements, and the reciprocal
relation for longer ones; 2) the degree of allometry (or lack of it)
and its influence on the overall standard deviation calculated for
the total sample of 491 fish; and 3) relationships of standard
deviation to the mean, in light of items 1 and 2 above, which
dictated apparent high variation (as indicated by the coefficient
of variation), The last occurred in features that are, in fact,
quite closely clustered about their calculated line of best fit
(Figures 16-20),

The greatest degree of negative or positive allometry rela-
tive to SL, involved features that included parts of, or were of,
the head (7 of 9 characters; Table 2), Only 5 of the remaining
13 characteristics that were isometric, essentlially so, or highly
variable, involved skull features, Based on the analyses of this
taxon, 10 of 19 features (excluding measurements of the fins, as
noted before) are indicated as valid to be used in direct compaxri-
sons of populations without consideration of allometric problems.
Allometry or isometry and variation in characters of 10 additional

populations of cichlids, including both Herichthys and Parapetenia,

from Texas and México also were examined. Data derived seemed con-
sistent with those presented in Table 2 and Figures 16-21 for

Hs c. cyanozuttatus,
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In order to compare related species, or species of similar pro-
portional features, as is the instance here, some authors have taken
allometry into consideration and have adjusted means to compensate
for different sized individuals in available samples, This procedure
i1s of minimal taxonomic value unless thorough and definitive work is
done to confirm a constant nature of variation in all species or
populations being compared or at least a reasonable percentage of the
overall number of animals available, Such consistency seems present
in the cichlid fishes studied, and the following formula for adjust-
ment of means is therefore proposed to facilitate comparisons ot

populations within the geographic area covered here:
Xy = Xp - Mxy Xq - X2),

where Xa is the adjusted mean of a character; ib is the unad justed
mean of the character; fi is the mean SL of the sample used in com-
puting the slope of the line of best fit; Xé is the mean SL for the

sample for which the mean is being adjusted; and M

xy is the slope of

the line of best fit for the character against SL.

Table 3 presents data on the 22 features examined for all
taxa of cichlids studied. Generalizations for the large sample of
Rio Grande cichlids hold true for other species and infraspecific
groups investigated, Within Herichthys, the Texas and R{o Grande
cichlids are essentially identical in external morphology. As one
moves east and south, however, R{o Grande cichlids from the Cuatro

Ciéhegas basin tend to differ markedly, as they did in the pharyngeal
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mill; this again is deferred to later discussion., The Herichthys
from the Rfo Soto la Marina have a number of characteristics that
seem indicative of intergradation between the R{o Grandean form and
the Rfo Pdnuco cichlid, H. c. carpintis, The same general pattern
evident in dentition of the jaws (Figure 6), but not so apparent in
morphology of the pharyngeal mill and teeth (Table 1; Figure 14).

The estuarine cichlid, represented by relatively few speci-
mens, comprises a complex here proposed as an undescribed species of
Herichthys, but may consist of more than one species, As a group,
they differ from the Rfo Pdnuco cichlid principally in features of
the predorsal area (Table 3)., The most geographically adjacent

population of estuarine cichlid to H. cyanoguttatus carpintis, in

the Rfo Tancochin (Figure 1), does not show a distinct pattern of
intergradation as appears present between the R{o Pdnuco and Rfo
Grande cichlids to the north., The populations of the rfos Tancochin
and Cucharas, both tributary to the large Laguna de Tamiahua,
resemble each other more than they do either the Rfo Panuco cichlid
or samples here also referred to the estuarine cichlid from the

Rfo Pantepec and Rfo Cazones (Figure 1). External morphological
features, plus the presence of the distinctive Rfo Nautla cichlid
immediately south of the Rfo Cazones populations, prompts the
decision to consider all samples from between the Rfo Pdnuco and Rio
Nautla drainages as one species. Larger samples will be necessary

prior to final taxonomic determination,
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The dorsal-blotch cichlid in the Rio Tancochin is markedly
different from the sympatric form of estuarine cichlid in many
features of external morphology (Table 3). As noted before it also
differs in a number of characters of its basipharyngobranchial
bone (Table 1; Figure 14),

The R{o Nautla form differs from estuarine cichlids in its
short predorsal length and a long snout, a deep body (also found,
however, in the Rio Pantepec form of estuarine cichlid), long anal
fin base, and narrowest basipharyngobranchial bone (Tables 1, 3).

Of the species of Parapetenia examined in detail, external
morphology substantiated the presence of two species pairs, Lugo's
and caracole cichlids, and long~head and unexpected cichlids, All
differ substantially from species of Herichthys in a number of
external features, but within each pair they are essentially
indistinguishable (Table 3), Pharyngeal teeth readily separate all
four kinds as do measurements of the bone itself (Table 1;

Figures 9e-h, 14a-j),
External Morphology--Discontinuous Variation

Unlike proportional measurements, which may experience
allometric, continuous change with growth (size), most meristic
features of American cichlid fishes occur as "normal" distributions

about a mean. Within Herichthys ¢. cyanoguttatus, standard devia-

tions exceeded a value of 1,0 in only one of the 14 features

examined (Table 4), It is notable that three of the last four
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TABLE 4, Relative variation in meristic characters among forms of
cichlid fishes referable to Herichthys c. cyanoguttatus (s.s.) from
southern Texas, U.S.A., and northern and eastern México (N = 734),

Character Mean Standard Coefficient
deviation of variation

Rays in caudal fin 17.9 0,2 1.1
Branchiostegal rays 4,9 0.1 240
Scales between lateral lines 3.9 0.1 2:6
Rays in pectoral fin 14,1 0.4 2,8
Spines in dorsal fin 16.5 0.5 3.0
Scales below lateral line 9.0 0.3 3.3
Scales in upper lateral line 19,0 0.9 4,7
Rays in pelvic fin 549 0.3 5¢5
Rays in anal fin 9.3 0.6 6.4
Rays in dorsal fin 10,9 0.7 6.4
Gill rakers on first

branchial arch 10,8 0.7 6,5
Scales above lateral line 6.9 0.5 7.3
Spines in anal fin 5.4 0.5 9,1

Scales in lower lateral line 10.4 1.0 9,6
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features listed in order of increasing coefficients of variation in
Table 4 are those which do, in the Rig Grande cichlid at least, show
some increase in number with size--number of gill rakers on the
first branchial arch and scales in the lateral lines. The relatively
high variation exhibited by spines in the anal fin (v = 9,1)
reflects some error in counting as a result of the anteriormost spine
often being rudimentary and quite difficult to find, even upon
dissection, and especially in smaller fish.

Interpopulation variation in meristic features strongly support
the conservative nature of these characters in North American cichlids
(Table 5), In only a few instances within Herichthys are means of
any characteristic substantially different, with the most variation
occurring within the complex assigned to the estuarine clealid;
possibly a result of small sample sizes. The dorsal-blotch form from
the Ri; Tancochin appears distinctive in spines and rays of the anal
fin and in scales in the upper and lower lateral lines, but the first
two characters fall within (or very nearly so) the ranges of cownts of
ad jacent populations, Its lateral line counts markedly differ from
other Herichthys. The Rig Nautla cichlid tends to have higher numbers
of spines and rays in the dorsal and anal fins than other Herichth S,
but in other features resembles its congeners (with the possible
exception of a higher number of scales in the upper lateral line),

Species of Parapetenia studied also are remarkably similar in
most meristic characters examined., They resemble Herichthys in all

but their lower numbers of anal spines, greater numbers of gill rakers,
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and greater numbers of lateral line scales., Lugo's and caracole
cichlids resemble Herichthys species in scale rows above and below
the lateral lines. The long-head and unexpected cichlids differ
from Herichthys and from the other two Parapetenia in having fewer
scales above the upper lateral line and a greater number below the

lower lateral line (Table 5),
Length of the Alimentary Canal

As noted in Table 3, length of the gut in cichlids in highly
variable, However, it has been successfully used in con junction
with other features as a taxonomic tool in classification of African
forms (Fryer and Iles, 1972), 1In Herichthys, no patterns were
evident in gut length relative to geography, foods, or probable
taxonomic relationships (Table 6). Among the Cuatro Ciéﬁegas
species of Parapetenia, however, the carnivorous forms, caracole,
long-head, and unexpected cichlids, had markedly shorter guts than
did Lugo's cichlid, which feeds almost exclusively on bottom sedi-
ments., Putative hybrids between caracole and Lugo's cichlids from
within the Cuatro Ciéﬁegas basin had mean gut lengths intermediate
to those of the suspected parental species, In all instances,
variation was quite high, as indicated by the high standard devia-
tions, Coefficients of variation were consistently greater than 10

and ranged to more than 23,
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TABLE 6. Lengths of alimentary tract

cichlid fishes; thousandths of SL X10-,

the nearest integer.
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for various North American
All data were rounded to

Lengths of alimentary tracts

Specles

or population Standard Number
Range Mean deviation of fish

Texas cichlids, Rio
Grande system 1000-3500 2410 550 19
Rio Grande cichlids,
Rio Grande system 1000-4300 2270 350 217
Herichthys spe., Cuatro
Ciénegas basin 1000-4000 2280 480 45
Lugo's cichlid, Cuatro
Ciehegas basin 2500-4500 3300 400 52
caracole cichlid, Cuatro
Cidhegas basin 1000-2500 1570 330 38
long~head cichlid,
Cuatro Ciénegas basin 1000-1400 1280 170 10
unexpected cichlid,
Cuatro Ciehegas basin 1000-2500 1600 350 26
lgbrids, Lugo's X cara-
cole cichlids, Cuatro
Ciénegas basin 1000~4000 2130 Llyy 18
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Behavior, Ecology, and Pigmentation

Behavior, ecology, and pigmentation of North and South
American cichlids are characters of the future in understanding the
true systematics of the group., Color patterns of Texas and R{B
Grande cichlids differ radically from those of the northern
Parapetenia of Cuatro Ciéﬁegas (Minckley, pers. comm.). Among the
small species flock of Parapetenia in the Cuatro Ciéﬁegas basin,
highly stereotyped attack and feeding behavior is species specific,
as are habitats and reproductive behavioral patterns. In aquaria
many of these apparently stereotyped patterns are evident, but others
seem to meld into a collague of basic cichlid activities many of
which were described by Baerends and Baerends-van Roon (1950), 1In
African cichlids ecological characteristics have been used in separa-
tion of groups (Fryer, 1965) and species (Fryer, 1956b; Greenwood,
1956; Lowe=ilcConnell, 1956, 1959). In Lake Victoria there exists
several nascent supraspecific groups which are more readily
identified by ecological than morphological criteria (Greenwood,
1956), The combined study of taxonomy and ecology provided Fryer
(1959b) the tools to thoroughly definethe evolution of cichlids in
the littoral zone of Lake Malawi (= Nyasa). lMore extensive field
work and detailed observations of American cichlids in nature and
in the laboratory are required before these powerful tools of

systematics may be applied,



CICHLIDS OF THE CUATRO CIEﬁEGAS BASIN, COAHUIILA, MEXICO

The basin of Cuatro Ciéﬁegas, central Coahuila, Meiico, is
unique for the amount of endemism exhibited in its aquatic and
terrestrial biota (Hubbs and Miller, 1965; Taylor and Minckley, 1966;
Minckley, 1969), The degree of this remarkable endemism ranges from
unique subfamilies of mollusks (Taylor, 1966), through genera of
crustaceans (Cole and Minckley, 1970, 1972; Holsinger and Minckley,
1971), species of scorpions (Williams, 1968), crustaceans (Cole and
Minckley, 1966), diverse fishes (Ninckley, 1962; Miller and Minckley,
1963; Hubbs and Miller, 1965; Miller, 1968; Minckley and Lytle,
1969), and species and subspecies of reptiles (Schmidt and Owens,
1944; Legler, 1960; Webb and Legler, 1960; McCoy, 1970), to a large
number of relict populations of organisms, related both to the north
and to the south (Milstead, 1966; McCoy and Minckley, 1969; Hubbs and
Miller, 1965). Each expedition to the area reveals new information,
new taxa, and serves to mark it further as an ancient, relatively
stable environment in northern México. The basin floor is known not
to have changed radically over at least the last 30,000¢ years
(fleyer, 1973) and may well have been about the same since middle
Tertiary times (Taylor, 1966; Miller, 1968; Minckley, 1969).

Cichlid fishes of this basin have been studied since 1958, For

years these animals displayed a confusing array, not understood by
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any workers. They have been mentioned in the literature only as
"Cichlasoma spp.,’ and Taylor and Minckley (1966) published X-ray
photographs of three of the four species of Parapetenia, As detailed
in earlier sections, two species pairc of Parapetenia are present in
the basin., Perhaps representing a small species flock comparable to

some of those of Africa., Herichthys C. cyanoguttatus, also is

present, plus some populations which may represent a divergent form
of Texas cichlid (or another new species), and hybrids among a number

of taxa present.
Drainages of the Basin

As detailed by Minckley (1969) the Cuatro Ciénegas basin has a
series of drainages, and habitats ranging from thermal springs,
through cool springs, to large (for desert regions) rivers, and back
to small creeks. All but two drainages within the basin originally
terminated in closed, barrial lakes (incorrectly termed "playa lakes"
by many workers), The entire system has suffered drastic modification,
slowly at first but now with increasing rapidity as human technology
advances. Many of the formerly isolated drainages are interconnected
by canal systems, water tables are dropping because of pumpage, and
human activities have resulted in movement of fishes from drainage
to drainage for use as bait or inadvertently in tank trucks used for
transport of water., The original drainage system, modified somewhat
from that proposed by Hinckley (1969) as a result of recent work is

depicted in Figure 22, Minckley considered the basin to have seven



FIGURE 22, Sketch map of the basin of Cuatro Ciéﬁegas, Coahuila,
Mé&ico, modified from Minckley (1969), showing surface drainage
patterns outlined in darker lines and numbered 1 - 5; arrows denote
general directions of flow, and those arrows associated with question
Marks (?) indicate possible interconnections or points of doubt as to
true boundaries of drainage systems--see text for further

explanation,
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subsystems prior to canalization, as opposed to the five mapped, Reduc-
tion results from combination of two subsystems, Minckley's numbers VI
and VII, both draining into the Rio Salado de los Nadadores (R{B Grande
system) through Puerto Salado (Figure 22). His fourth system, that
lying between numbers 2 and 3 on Figure 22, was deleted although out-
lined by a dotted line because of uncertainties as to its affinities
to the third and fifth drainages, and the distinct possibility that it
connected through subsurface channels to the northern lobe of drainage
5 (Minckley, pers. comm.). The surface waters were isolated from one
another by large dune fields (gvge, 1 -2, 2 -3, 3 = 4, and 4 - 5), by
extensive alluvial fans from montane washes (2 - 3 and in part 4 - 5),
or by travertine formations (especially 2 - 3),

As stressed by lNMinckley (1969) a complex underground system of
travertine lined channels exists beheath the floor of the basin, and
fishes are known to pass into and through these waterways, In addition,
such channels may well interconnect the basic drainages which appear
discrete from surface observation, as canals obviously do at present
(Figure 22), It is likely that canalization of the various waters of
the Cuatro Ciéﬁegas basin occurred very early in Spanish exploration
of what now is northern Mé&ico. The earliest historically documented
canal within the basin was constructed in 1898 (Lugo, in Minckley,
1969)., In the period since 1970, major cornections have been made among

drainages and construction proceeds apace with each succeeding year,
The Cichlid Fauna

The four kinds of Parapetenia of the Cuatro Ciénegas basin

(Figures 33-34) are generally sympatric in major springs and their
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outflows of drainages 1 through & (Figure 22), Herichthys is present
downstream in drainages 3 and 4 and throughout drainage 5, some of
which are obviously H. c. cyanoguttatus, but others which represent
one of three alternatives: 1) an undescribed Herichthys likely
derived from the Texas cichlid and now in secondary centact and
sympatry, or hybridizing, with the Rio Grande cichlid that invaded
the basin through canal connection; 2) Rio Grande cichlids participat~
ing in miscegenation with caracole cichlids to produce a hybrid swarm,
especially in drainage 5 and the lowermost part of drainage 4; or 3)
a combination of primary hybridization and some introgression among
Texas, Rfa Grande, and caracole cichlids,

Examination of more than 200 specimens of Herichthys~like fish
from the three drainages (3, 4, and 5; see Figure 22) detected no
tendency toward development of round, produced canine teeth, All were
consistent in having awl-like oral dentition identical to that
illustrated in Figures 4 through 6a-d. Their cxternal morphology
showed little evidence of introgression with any Parapetenia, other
than variation toward being more robust in body proportions (Table 3),
which nevertheless, fell within the range of variation of Rf; Grande
and/or Texas cichlids, Massiveness of the basipharyngobranchial
bone of these Herichthys and the broad spread of variation (Table 7)
might be interpreted as evidence for alternatives 2 and/br 3
given above, However, the most sensitive measurement used, mean
width of the largest, mesial posterior tooth, does not approach that
of the caracole cichlid, The upper range of variation for that

feature, however, is only slightly less in the Cuatro Ciéhegas fish
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TABLE 7, Comparisons of proportional measurements as thousandths of
SL)(103, of basipharyngobranchial bones and teeth of Texas, Rio
Grande, caracole cichlids, and Herichthys from Cuatro Cieénegas,
Coahuila, Mexico; data from Table 1 with ranges above means,

Fishes Maximum Width Maximun Maximum Width
and width occlusial depth depth middle
localities surface bone + teeth +tooth
Texas cichlid, 109-160 70- 93 28- 48 40~ 56 6,2-21,0
Ri0 Grande 130 77 34 45 12.5
system, N = 66
Ri® Grande cich- 110-160 63~ 88 23- 41 38- 55  3,7- 5.6
1id, Rio Salado 123 75 32 Ly L4
basin, N = 226
Herichthys, from 106-184 62-113 29- 93 40~ 66 3.6-19,8
Cuatro Cienegas 128 80 35 46 6.8
basin, N = 94
caracole cichlid, 111-182 69-111 31- 63 46- 71 9,7-22,0
Cuatro Ciehegas 167 87 45 68 15,7

basin, N = 88




61

than the mean width for the caracole Parapetenia., Of the five
proportional measurements of the basipharyngobranchial bone and
teeth, data for Herichthys from Cuatro Ciéhegas fall far nearer Texas
cichlids in mean values than toward caracole cichlids, Two of the
five measurements are intermediate between Rio Grande cichlids from
the Ris Salado (into which the Cuatro Ciéhegas waters now drain)

and the Texas form, and three of the five are only slightly extreme
as compared to Texas cichlids. The fact that three of the five
measurements for Herichthys from Cuatro Ciéhegas range higher than
those for the caracole Parapetenia may lend credence to alternative 1,
given above, A Texas cichlid progenitor may have invaded an area of
abundant molluskan foods and converged toward the caracole cichlid in
morphology of some features of its pharyngeal mill,

Figure 23 compares the width of the widest, medial posterior
tooth on the basipharyngobranchial bone for the various populations
of Herichthys and Parapetenia., For the Cuatro Ciéﬁegas Herichthys,

a bimodal pattern is indicated, This is comparable to a situation
expected if Texas and Rig Grande cichlids occurred together (since

the ranges of relative size of the tooth overlap). They are not yet
separable on the basis of other features., A similar situation would
accrue if the two forms were in secondary contact and were hybridizing,
with some blockage to complete introgression allowing both extremes

to persist in the population, The last seems most plausible because
of the weak bimodiality and is supported by qualitative features of
the pharyngeal dentition of samples from the eastern part of the

Cuatro Cienegas systen(s) (Figure 24),



FIGURE 23. Frequency distributions of width of the largest, mesial
posterior tooth on basipharyngobranchial bones of various species
or populations of North American cichlid fishes; width of tooth

expressed as thousandths of SLX103;- see text for further explanation.
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FICURE 24, Basipharyngobranchial bones of 11 Herichthys collected
from a spring-fed pool in drainage 5 of the Cuatro Ciénegas basin
(see Figure 22). Note the tooth patterns of the R{o Grande cichlid,
Texas cichlid, and possible intermediates in this single collectiong

see text for further explanation.
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Some fish from intermediate points between headsprings and
sumps of drainages 2 through 4, and individuals from upstream
localities in drainages 1 through 4, show superficial intermediacy

between Parapetenia and Herichthys in characters of the pharyngeal

mill. However, no evidence of spatulate or awl-like jaw teeth was
found, On the bases of dentition of the premaxillae and dentaries,
proportional measurements, and meristic characters, these fish
represent first generation hybrids between caracole and ILugo's
cichlids. Their pharyngeal tooth patterns are almost exactly inter=
mediate between the two proposed parental species, thereby strongly
resembling the pattern seen in Texas cichlids (Figure 25), The
incidence of such fish at various localities has increased in recent
years (Table 8)., Breakdown of isolating mechanisms allowing the two
forms to hybridize may easily be attributed to man's accelerated mod-
ification of the habitats in which they occur (Hubbs, 1955). Hany
populations now are forced into canals which drained their former
habitats in headsprings, or occur in springs greatly reduced in size
and diversity of habitat,

In no instance have morphological intermediates been found
between the long-head and unexpected cichlids, nor between either of
.those forms and Lugo's or caracole cichlids. The long-head and un-
expected Parapetenia are restricted to headsprings, on the basis of
collections, and are rare. All available specimens from more than
30 collecting trips between 1958 and 1972 number 14 and 27, respect-

ively.



FIGURE 25, Basipharyngeal bones and teeth of Lugo's cichlid (1),
caracole cichlid (D), and putative F4{ hybrids between the two
Parapetenia; all fish from drainage 3 of the Cuatro Ciéﬁegas basin,

Coahuila, México (see Figure '22),
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CONCLUSTIONS

The primary objective of this study was to evaluate charac-
teristics of North American cichlid fishes which might be useful in
future taxonomic work., It must be concluded that North American
cichlids parallel many of those of the Eastern Hemisphere in re-
stricting their adaptive radiations toward modifications of those
structures related principally to feeding. External morphology,
both proportional measurements and meristic features, are far less
valuable than dentitional or osteological characters at both generic
and specific levels, and are often essentially useless, Feeding
adaptations often are considered labile, subject to rapid change with
changes in available foods or modes of life (Gosline, 1973). How-
ever, certain families of fishes have become specialized in such
a way that changes in only a few specific features result in spec-
iation, as has occured in many groups of Cichlidae. Another excel-
lent example of this is in the livebearers, family Poeciliidae,
where sexual modifications provide essentially the only base for
their classifieation (Rosen and Bailey, 1963).

Fryer (1959b) proposed four basic types of feeding adaptations
in one monophyletic group of rock-frequenting cichlid fishes from
Lake Malawi (=Nyasa), Africa, These included algal browsers,
invertebrate predators, planktivores, and piscivores, Based upon
examination of contents of alimentary canals, morphology of the
pharyngeal mills, and on extensive observation: of the various species

in the laboratory and field by Minckley and others (pers. Comm.), four
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basic kinds of feeding adaptations seen present in Cuatro Ciéhegas
cichlids: 1) long-head and unexpected cichlids are piscivores; 2)
caracole cichlids are mollusk feeders; 3) Lugo's cichlid feeds upon
detritus; and 4) Herichthys spp. may be classed as omnivorous,

Piscivorous cichlids tend to have elongated shallow bodies,
suitable for rapid, short term propulsion in contrast to all other
kinds that are likely to be deep~-bodied, Along with this basic
modification is an elongation of the predorsal area, reflecting a
narrowing and lengthening of the anterior portion of the neuro-
cranium and elongation of the jaws, and a shortening of the gut
(Fryer and Iles, 1972). All these features may be seen in the long-
head and unexpected cichlids, Of 21 elongate, slender cichlid
species of African lakes, all but one kind was piscivorous (Greenwood,
1962), When piscivorous cichlids feed upon relatively large fishes,
the pharyngeal bones are generally used for maceration of the prey
(Keiner and Mauge, 1966; Fryer and Iles, 1972), and the almost
molariform pharyngeal teeth of the long-head cichlid relate to its
feeding mostly on relatively large pupfishes (Cyprinodon bifasciatus
Miller). The fine, grasping pharyngeal teeth of the unexpected
cichlid may relate more to its feeding upon smaller Prey, Gambusia
spp. and young cyprinids,

The invertebrate (molluskan) predator of the basin is far
deeper bodied than the piscivorous forms, and in general has a
thicker, shorter head, This again holds true for African species of

the same general feeding habits (Greenwood, 1965). The caracole
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cichlid of Cuatro Ciéﬁegas therefore fits nicely within this category
of adaptive specialization., Use or disuse of the pharyngeal mill of
mollusk feeding species may interact with genetically determined
tendencies toward hypertrophy of the complex components of the
structure (Greenwood, 1965; Fryer and Iles, 1972). This was not
substantiated by laboratory reared North American cichlids when
compared to their parental stocks (Figure 11),

Detritus feeding cichlids such as Lugo's cichlid, resemble
African zooplanktivores in morphology of their pharyngeal mills, The
basipharyngobranchial bone is small, lightly built, distinctly Y-
shaped and with long, slender posterior rami and a thin anterior
extension. The pharyngeal teeth are slender, elongate, and numerous.
The epipharyngobranchial bones also are delicate and small and ride
against a thin neurocranial apophysis. Gut length is typically
several times the body length.

Herichthys havc pharyngeal teeth ranging from variably molari-
form in the Texas cichlid, through two mesial rows of enlarged teeth
on the basipharyngobranchial bone in Rig Grande, Rio Panuco,
estuarine, and Rig Nautla cichlids, to fine, delicate teeth in the
single specimen of dorsal-blotch cichlid, Distribution of the Texas
cichlid in clearer, upstream or springhead habitats where numerous
small mollusks are present (Taylor, 1966), allowed convergence
toward the same line of feeding adaptation as the caracole cichlid,

Herichthys cyanoguttatus (sensu lato) and its coastal relatives have

remained in an intermediate state, utilizing any foods available.



Based on its pharyngeal bones, the dorsal-blotch cichlid may be a
detritivore., Nutritional adaptations in Herichthys, contrasted

with those of Parapetenia, are far less spectacular.

70
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SUMMARY

1. Dentition of the jaws seemed remarkably conservative in the
fishes studied, with ontogenetic variation being minimal., Proceeding
from north to south within the range of the forms of Herichthys
studied there is a distinct cline,with variation from river to river,
Study of the various species of Parapetenia from within the region
also inhabited by Herichthys indicated similar variations, Oral denti-
tion of the two genera differs radically, Parapetenia teeth being
canine, sharp, and conical,while those of Herichthys are incisor-like

and obtuse through truncate distally,

2, Little allometric change was found in five measurements of the
basipharyngobranchial bone and teeth, Pharyngeal dentition provides

a broad spectrum of variability within both Herichthys and Parapetenia

with a number of taxa within each genus being readily identified by

examination of the pharyngeal mill.

3. Variation within 22 external measurements on Herichthys [«

cyanoguttatus resulted from negative or positive allometry, normal

or near normal variation i-. certain characters that were basically
isometric, and a combination of these factors. The greatest degree of
allometry relative to SL, involved features that included parts of, or
were of, the head. Based on the analyses of this taxon, 10 of 19

features (excluding measurements of the fins) are indicated as valid
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to be used in direct comparisons of populations without consideration

of allometric problems.,

4, Interpopulation variation in meristic features strongly support
the conservative nature of these characters in North American

cichlids; little information of taxonomic value was obtained,

5. Length of the gut is highly variable, but in some genera may be
successfully used in conjunction with other features as a taxonomic
tool, Among Herichthys no patterns were evident in gut length relative
to geography, foods, or probable taxonomic relationships, Among the
Cuatro Ciehegas species of Parapetenia, however, length of the gut is

usable to separate species,

6.  Within Herichth S, the Texas and Rio Grande cichlids are essen-
tially identical in external morphology, but differ in their pharyngeal
teeth, Herichthys from the Ri0 Soto la Marina have a number of
characteristics that seem indicative of intergradation between the

R0 Grandean form and the Rio Panuco cichlid, H. c. carpintis.
External morphology diagnosed the Rio Panuco cichlid., The estuarine
cichlid comprised a complex here proposed as an undescribed species
of Herichthys, but may consist of more than one species, The lack of a
sufficient number of specimens of the estuarine cichlid precludes
further taxonomic decision at this time, The dorsal-blotch cichlid in
the Rio Tancochin is markedly different from the sympatric form of

estuarine cichlid in both external and pharyngeal morphological

features, The Rio Nautla form also differs from other Herichthxs.
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Of the species of Parapetenia examined, external morphology substan-
tiate the presence of two species pairs, Lugo's and caracole
cichlids, and long-head and unexpected cichlids., Pharyngeal teeth and
measurements of the basipharyngobranchial bone may be used to separate

all four forms.

7. The four kinds of Parapetenia of the Cuatro Ciénegas basin are
generally sympatric in some major springs and their outflows,
Herichthys is also present in some drainages of the basin. The
form(s) of Herichthys present may be the Rio Grande cichlid, the
Texas cichlid, or both with hybrids of the two. The R{o Grande
cichlid is likely a recent invader of the basin, moving in through
man-made canals, There is some possibility of miscegenation between

Herichthys and Parapetenia, and almost certainly hybridization between

caracole and Lugo's cichlids, genus Parapetenia, in habitats modified
by man, In no instances have intermediates been found between the
long-head and unexpected cichlids nor between either of those forms

and ILugo's or caracole cichlids, or any Herichthys.,
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A number of generic names have been applied to nominal species
of cichlid fishes from within the region from which collections were
studied, For example, the type species of Herichthys Baird and
Girard (1854) is H. cyanoguttatus Baird and Girard. This species
was transferred to Heros Heckel (1840) by Glnther (1862)., It was
then relegated to Astronotus Swainson (1839) (by placement of the species
in the subgenus Cichlasoma Swainson [1839], originally described as a
full genus) by Eigenmann and Bray (1894). Then, it was placed into the
genus Cichlasoma Swainson by Meek (1904, 1908), Regan (1905) retained

the name Herichthys for H. cyanoguttatus, placing Neetroplus carpintis

Jordan and Snyder (1900) as a junior synonym upon recognition of the’

incisor-like teeth in Herichthys. Meek (1904) recognized Neetroplus

carpintis and recorded it as sympatric with Cichlasoma (==Herichthys)

cyanoguttatum throughout much of northern México., Thus Regan recog-

nized variation in jaw dentition of Herichthys which must have been
missed by Meek, Jordan, et al. (1930) and Hubbs (1936), on the basis
of Regan's (1905) work, retained the name Herichthys for a number of

Mexican cichlids, and H. cyanoguttatus, but since the 1930s and in

some instances before, Herichthys was slipped into and out of various
synonymies, It was finally settled (along with a number of other
nominal genera) for undertermined reasons into "firm synonymy" with
Cichlasoma, since perhaps 1960, Other fishes mentioned later have
suffered similarly in their generic allocations, involving Neetroplus

Glnther (1862), Acara Heckel (1840), and Parapentenia Regan (1905),



85

Firm application of extant names to various taxa in the present
study was essentially impossible because of constraints of travel and
time, precluding access to type materials, These problems were largely
circumvented by R. R. Miller, University of Michigan, who provided
access to a manuscript by Carl L., Hubbs and the late Myron Gordon, in
which many data on types of various nominal taxa are presented, Miller
has examined many of the same fishes and he provided direct assistance.
Generic allocations are tentative with full knowledge that studies of

the many North American cichlid species may dictate future change,
GENUS HERICHTHYS BAIRD AND GIRARD (1854)

Diagnosis,--Anterior, premaxillary and dentary teecth in outer-
most row incisor-like at tips, sharp pointed to truncate, and with
posterior cusp ranging from broad and truncate in northen forms, to
delicate and obtuse in southern forms; premaxillary teeth increasing
progressively in size from posterior to anterior; teeth on dcntary
abruptly enlarged anteriorly, sharply set off from smaller, lateral,
conical teeth; inner rows of teeth on both premaxillae and dentaries
scarcely aligned, essentially villiform, and much smaller than outer
incisors; lower basipharyngobranchial bone relatively conservative,
rarely bearing molariform teeth, and if so only posteriorly in four
mesial rows; typically with sharp pointed, variable oriented dentition
(antrorse posteriorly, vertical medially, and retrorse anteriorly);
body deep, more than 45 percent of SL; head and snout short, usually
less than 40 and 13 percent, respectively, of SL; predorsal profile

convex,
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Type species,--Herichthys cyanoguttatus Baird and Girard (1854),

by monotypy, "Brownsville, Texas (fresh water)."
Referred Taxa

Scientific names of new taxa are not included in the firm belief
that such should only appear in formal publication (Blackwelder, 1967),
Only the oldest and most pertinent synonyms for each proposed taxon are
listed, Diagnoses of species and subspecies also are excluded since
those forms intensively studied are already diagnosed in text;
referred forms not extensively examined are diagnosed in papers cited
for each, or especially for a number of southern Parapetenia (see also
Miller, 1907). Figure 1 delineates the ranges for the forms specifi-
cally studied, Statements of ranges for species referred to the

genera Herichthys and Parapetenia on the basis of literature are

provided below,

Ri0 Grande cichlid,

Herichthys cyanoguttatus cyanoguttatus Baird and Girard

(Figure 26a~b)

Primary synonyms.--Herichthys cyanoguttatus Baird and Girard,

1854 (original description); Jordan, et al., 1930 (listed); and Hubbs,

1936 (comparisons, listed, locality). Herichthys cyano-guttatus,

Girard, 1859 (part, description, localities), Heros cyanoguttatus,

Clinther, 1862 (part, listed); Jordan and Gilbert, 1882 (part, listed);

Evermann and Kendall, 1894 (part, range, localities); Jordan and



’
FIGURE 26, Rio Grande cichlids, Herichthys cyanoguttatus cyanoguttatus:

A=Rifo San Juan basin, Ri,o Grande systen, Me’xico--UANL 750, SL 98.5 mm;

and B =R;{o San Fernando systen, México--UANL 684, SL 103,7xmm.
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Evermann, 1898 (part, description, range); Jordan and Snyder, 1900
(part, description, range); Evermann and Goldsborough, 1902 (part,

range, listed); and Pellegrin, 1904 (part, listed), Heros pavonaceus

Garman, 1881 (original description, "From a spring near lonclova,
Dr, Palmer [Coahuila, México]".); Jordan and Gilbert, 1882 (listed,
range); Evermann and Kendall, 1894 (listed, range); and Jordan and

Evermann, 1898 (description, range), Astronotus (Cichlasoma) cyano-

ruttatus, Eigenmann and Bray, 1894 (part, synonomized), Cichlasoma

cyanoguttatum, leek, 1904 (part, description, range), 1908 (descrip-

tion), Neetroplus carpintis, leek, 1904 (part, listed, description,

range, misidentification); Pellegrin, 1904 (part, listed, misidenti-

fication); and Regan, 1905 (part, synonomized with H, cyanoguttatus),

Cichlasoma pavonaceum, Regan, 1905 (range, description). Herichthys

pavonaceus, Jordar et al.,, 1930 (listed),

Lype locality.~--"Brownsville, Texas (fresh water).--Capt, Van

Vliet and John H. Clark."

Types.--Original 14 co-types (syntypes) Academy of Natural
Sciences of Philadelphia No. 851 (Girard, 1859, noted "Jno., H. Clark" as
the sole collector); lectotype now catalogued at UlMZ, and lectopara-

types at United States Museum of Natural History,

s
Rio Panuco cichlid,

Herichthys cyanoguttatus carpintis (Jordan and Snyder)

(Figure 27)



FIGURE 27, R{o Panuco cichlid, Herichthys cyanoguttatus carpintis.

Laguna de Ebano, Rio Tamesi~Panuco system, México--UANL 1306, SL
72.4 mm,
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Primary synonyms,--Neetroplus carpintis Jordan and Snyder,

1900 (original description); Evermann and Goldsborough, 1902 (part,
range, listed); Meek, 1904 (misidentification, part, range, descrip-
tion); Pellegrin, 1904 (listed); Jordan and Evermann, 1900 {listed,
description, range); and Jordan and Dickerson, 1908 (listed,

locality)., Cichlasoma laurae Regan, 1908 (original description,

"Tampico"), Herichthys carpintis, Jordan et al,, 1930 (listed),

Cichlasoma cyanoguttatum, Meek, 1908 (synonymized N. carpintis),

Type locality,--"laguna del Carpinte, near Tampico, Tamaulipas,

Mekico., Collected by J. O. Snyder, January 15, 1899,"

Types.--0riginal 10 co-types Stanford University Collection
of Fishes, No, 6,162; lectotype and lectoparatypes now catalogued

at California Academy of Sciences,

Intergrades,

Herichthys cyanoguttatus: cyanoguttatus X carpintis

(Figure 28)

Primary synonyms.--Heros teporatus Fowler, 1903 (original

description, "Victoria on the Victoria River, a tributary of the
Hia Soto la Marina, Tamaulipas, lexico. Coll., S. N. Rhoads.";
"Type No, 24,242, A.N.S,P., [Academy of Natural Sciences of

Philadelphia]); synonomized with H. cyanoguttatus (s.s.) by Meek

(1904; erroneously termed Heros temporatus [sic.] Fowler) and by

Jordan, et al. (1930).



FIGURE 28, Intergrade, Herichthys cyanoguttatus: cyanoguttatus X

/
carpintis., Rio Purificacidh, Rib Soto la Marina system--UANL 303,

SL 115.0 mme,
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Texas cichlid, Herichthys,n. sp.

(Figure 29)

Primary synonyms.--Herichthys cyano-guttatus, Girard, 1859

(part, description, localities), Herichthys cyanoguttatus, Giinther,

1862 (part, listed); Jordan and Gilbert, 1882 (part, listed);
Evermann and Kendall, 1894 (part, range, localities); Jordan and
Evermann, 1898 (part, description, range); Jordan and Snyder, 1900
(part, description, range); Pellegrin, 1904 (part, listed); and

Jordan et al., 1930 (part, listed, range). Astronotus (Cichlasoma)

cyanozuttatus, Eigenmann and Bray, 1894 (part, synonomized along with

H, cyanoguttatus). Cichlasoma cyanoguttatum, Meek, 1904 (part, des=

wmﬁm,m%@.N%u@gs%mMH&M%ml%h@uhlmmm

description, misidentification); Pellegrin, 1904 (part, listed,
misidentification); and Regan, 1905 (part, synonomized with He.

cyanoguttatus with which the Texas cichlid was then confused),

Type locality and types.--The type locality and type specimens

for this new form will be designated at the time of its description

in the open literature,

L4
Estuarine, dorsal-blotch, and Rio Nautla cichlids,

Herichthxsjn. SPP»
(Figures 30-32)

7
Primary synonyms.--The estuarine, dorsal-blotch, and Rio

Nautla cichlids have no known primary synonyms. General statements

of range of Herichthys cyanoguttatus, or its synonyms given above,




/
FIGURE 29, Texas cichlid, Herichthys, n. sp. Las Moras Creek, Rio

Grande system, Texas, U,S.A.--TNHM 1857, SL 97.4 mm,






FIGURE 30, Estuarine cichlids, Herichthys, n. spe.: A==R{o Tancochin
system--UMMZ 97713, SL 112,0 mm; and B= Rfo Cucharas system (trib-

utaries to Estero Tamaihua)=--UMMZ 97707, SL 80.2 mm,






FIGURE 31, Estuarine cichlids, Herichth Sy N SPe? A=Ri/o Pantepec-
Tuxpan system=--UMMZ 16759, SL 132.4 mm; and B = Rio Cazones system

(direct tributaries to the Gulf of Mexif."?)--UANL 1154, SL 115.,4 mm,
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FIGURE 32, A=Dorsal-blotch cichlid, Herichthy_-s,n. SD-y Rio Tancochin
system, Mexico--UMMZ 97713 (sorted from series of seven estuarine
cichlids--to be recatalogued at UMMZ), SL 112,0 mm; and B= Ri0 Nautla
cichlid, gerichthxs’n. SP.3 Rio Nautla system, Mexico--UMMZ 167491,

SL 80,7 mm,
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may generally include, the range of some of these forms (g,g.,

"...northeastern Mekico;" Jordan and Evermann, 1898),

Type locality and types.--The type localities and type specimens

of these new forms will be designated at the time of their description

in the open literature,

Boucourt's cichlig,

Herichthys bocourti (Vaillant and Pellegrin)

Originally described by Vaillant and Pellegrin (1902) as

Neetroplus Bocourti, this form was re~deseribed by Regan (1905), and

placed into Herichthys., It was also placed by Miller (1966) into his
"Cichlasoma, section 'Herichthys'." According to Miller the species is
distributed in Lake Izabal and in the lower Ris Polochie, Atlantic
slope, Guatemala, The type locality is Lake Izabal, Guatemala (Regan,
1905).

Pearse's cichlid, Herichthys pearsi Hubbs

This species was described by Hubbs (1936) from the "...Rio
Champoton, Campeche, 7 leagues (34 km.) east of Champoton, collected
by Creaser and Pearse on July 9, 1932,.." It ranges along the Atlantic
slope of Méiico to northern Guatemala in the Ria Usumacinta basin,

including the Rio Champoton, Campeche (Miller, 1966),

Genus Parapetenia Regan

Diagnosis.~--All premaxillary and dentary teeth in outermost

row rounded and sharp tipped unless worn, cusps absent from all Jjaw
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teeth; two anteriormost premaxillary teeth produced into canines,
markedly larger than lateral teeth; anterior 6 to 10 canines abruptly
enlarged anteriorly on both premaxillary and dentary, sharply set off
from smaller, lateral, teeth on dentary, as in Herichthys; inner rows
of teeth on both premaxillae and dentaries scarcely aligned, essen-
tially villiform, but generally more conic and canine-like than in
Herichthys; lower basipharyngobranchial bone diversely modified among
species, ranging from thickened and bearing molariform teeth, to delicate
and bearing only sharp-tipped villiform teeth, variably oriented (the
last as in many Herichthys); body depth variable, but tending to be
less than 45 percent of SL; head and snout long, usually more than 40
and 14 percent, respectively, of SL; predorsal profile concave,

This diagnosis, based on species from northern and eastern
lékico, is supplemented by the following quotation of Regan's (1905)

original description of the taxon:

Typically with larger, more obligue and more protractile
mouth than in other groups of Cichlasoma and usually with
maxillary more distinctly expressed distally; but none of
these features are constant., Upper jaw with the anterior
pair of teeth slightly enlarged in the more generalized
forms, strongly enlarged in the more specialized ones.

Lower jaw with the 3 anterior teeth on each side more or
less canine-like, with the anterior pair somewhat smaller
than the others (corresponding to the enlargement of the
anterior pair in the upper jaw) in the more generalized
forms, The anterior pair wanting, the next pair strong,

and the third pair forming very strong canines in the more
specialized forms, Scales of lateral line of the same

size as those below it on the side of the body; scales of
the thoracic region much smaller than those on the side of
the body., Dorsal XV-XIX 8-13; posterior part of the spinous
dorsal and soft fin with a scaly sheath at the base and with
short series of scales on the interradial membranes. Anal
IX-X 7-10, Caudal rounded or subtruncate,
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Parapetenia was described by Regan (1905) as a subgenus of

the genus Cichlosoma (= Cichlasoma). No type species was originally

designated, but the first species following the description was

Cichlasoma adspersunm, originally described as Acara adspersa

Glinther (1862), Jordan et al. (1930) first elevated Parapetenia to

generic rank, and designated Acara adspersum as type species,

Parapetenia adspersa is known from the Barbados Islands (Jordan et al.,

1930). rany species of this genus are Caribbean in distribution, and

poorly known; only mainland forms are included below,

Lugo's, caracole,
long-head, and unexpected cichlids, Parapetenia,n. SPP.

(Figures 33 and 34)

Primary synonyms.--In iHinckley (1962), and in most subse-

que~t papers dealing with fishes of the Cuatro Ciéﬁegas basin, these
species have been referred only to undescribed species of Cichlidae

or to "Cichlasoma spp,"

Types and type localities.~-Type specimens and type

localities for each of these four Parapetenia will be presented with
their formal descriptions in the open literature, All known speci-
mens of these four species are from the Cuatro Ciénegas basin,
Coahuila, Héxico, Type materials will be housed at UMMZ, ASU, Ku,

and UANL,



FIGURE 33, Parapetenia,n. spp. from the Cuatro Ciéﬁegas basin, R{B
Grande system, México: A Lugo's cichlid, Poso de la Becerra--
Uiz 179832, SL 94,0 mm; and Bz @aracole cichlid, same locality and

UMMZ number, to be recatalogued at UMMZ, SL 83,5 mm,







FIGURE 34, Parapetenia’n. spp. from the Cuatro Ciéhegas basin, Rio
Grande systenm, Méiico; Aiﬁ?ong-head cichlid, Posos de la Becerra--
Ui¥Z 179832, SL 95.3 mm; and B%iﬁnexpected cichlid, same locality

and UMz number, to be recatalogued at UMMZ, SL 92,1 mm,.
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Bean's cichlid, Parapetenia beani (Jordan)

Bean's cichlid, described from the Rio Presidio near
Mazatldn, lékico, as Heros beani Jordan (1888), ranges to the north
on the Pacific slope of México farther than any other cichlid species,
To my knowledge, it occurs from the Rio llayo, Sonora, southward in
lowland streams into Jalisco. A photograph of its basipharyngobranchial

btone is in Figure 15k in text,
Speckled cichlid, Paragetenia,n. SP.

-~
This form is widespread in the northern portion of the Rio
Ve rd
Panuco system, particularly in the Rio Tamesi, and had generally been

identified with Cichlasoma (= Parapetenia) steindachneri Jordan and

Snyder (1900) (see, e.g. Darnell, 1962), Its status and relationships
to other Parapetenia remain to be worked out (R, R, Miller, pers,

comm, ). Speckled cichlids are broadly sympatric with Herichthys c.

carpintis.

Barton®s cichlid, Parapetenia bartoni (Bean)

Barton's cichlid was described as Acara bartoni Bean (1892)

from "Huasteca Potosina, San Luis Potosi, Mé&ico," the name of a

region not to be confused with Huasteca Ganyon near Fonterrey, Nuevo
Ledn, Mé&ico, in the Rig San Juan basin (Ri; Grande system; Contreras
By 196?, 1969). This species seems restricted to the southern portion
of the Rio Pdhuco system, particularly to the Rio Verde of San Luis

Potosi (Meek, 1904; Contreras B,, 1969).
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Steindachner's cichlid,

Parapetenia steindachneri (Jordan and Snyder)

This species also seems a component of the unique southern
Rio Pdnuco fauna, again from the Ri0 Verde basin (described as

Cichlasoma steindachneri Jordan and Snyder, 1900). A recent collec-

tion of topotypes confirms the elongate, shallow-bodied aspect of this
fish, as illustrated by Jordan and Snyder, and duplicated by Meek

(1904) (R, R. Miller, pers. comm,).

Ri0 Verde cichlid, Parapetenia labridens (Pellegrin)

Meek (1904) illustrated this form in considerable detail,
even depicting the enlarged, canine, premaxillary and dentary teeth,
7 -~
It was described from the Rio Verde, Ri; Panuco system as Heros

(Cichlasoma) labridens Pellegrin (1903), He considered labridens

closely related to P, bartoni., However, on the basis of examination
of specimens at the University of ifichigan, and of a large collection
from la ledia Luna (a large spring complex, immediately tributary te

the Rio Verde; Miller, 1956), P, labridens and P. steindachneri may

well represent a species pair similar to the long-head and unexpected

cichlids of the Cuatro Ciéﬁegas basin,

7
Rio Negro cichlid, Parapetenia mento

(Vaillant and Pellegrin)

Vaillant and Pellegrin (1902) named this species Heros

mento from the Rio Negrc, southern Méiico, a drainage to which it
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appears restricted (Meek, 1904; iiller, 1966), Vaillant and
Pellegrin, and Meek, emphasize the enlarged canines in this form,

substantiating its identity as a Parapetenia.

Smalleye cichlid, Parapetenia uropthalmus (Gﬂnther)

This is one of the few Parapetenia found in Lake Petén,

Guatemala, from which it was described as Heros uropthalma Gunther

(1862), 1t ranges from the Rig Coatzacoalcos basin south into
British Honduras and Nicaragua, including the Yucatin Peninsula and

the offshore Isla Mujeres (Jordan, et al., 1930; Miller, 1966).

Rfs Choleteca cichlid, Parapetenia hogaboomorum

(Carr and Giovannoli)

This form, described as Cichlasoma hogaboorum Carr and

Giovannoli (1950), is a member of the comparatively impoverished
fish fauna of the Chiapas-Nicaraguan Province of Central America
(Miller, 1966), extending somewhat outside that province (as defined
by Stuart, 1964) in occurring from the lower part of the Rig

Choluteca drainage to the Pacific slope of Honduras.

Three spotted cichlid, Parapetenia trimaculata (Gﬂnther)

This widespread fish was described as Heros trimaculatus

Glinther (1869). Miller (1966) included Cichlasoma mojarra Meek

(1904), G. centrale ieek (1906), C. gordonsmithi Fowler (1922), and

C. cajali Alvarez and Gutierrez (19%2) as synonyms of P. trimaculatum.
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He outlined the range of P. trimaculatum as the Pacific slope of
Middle America from Laguna Coyuca northwest of Acapulco, México,

south through the Ri0 Lempa, El Salvador,

Salvin's cichlid, Parapetenia salvini (Glinther)

This Parapetenia was described as Heros salvini Glunther

(1862) from the Rio de Santa Isabel (= Izabal), Guatemala, occurs on
the Atlantic slope of lNiddle America from the Rio Papaloapam, Vera
Cruz, Mexico, south to the Sulphur River near Puerto, Barrios,

Guatemala (Miller, 1966),

Tenuous cichlid, Parapetenia tenuis (Meek)

Originally described from Achotal, Vera Cruz, México, as

Cichlasoma tenue Meek (1906), and said to range along the Atlantic

slope of the Isthmus of Tehuantepec (Jordan, et al., 1930), this
species seems restricted in distribution to the Rio Papaloapam basin,

on the Atlantic slope of México (Miller, 1966).

Friedrichsthal's cichlid,

Parapetenia friedrichsthali (Heckel)

This species was also described from Lake Petén, Guatemala,

as Heros friedrichsthali Heckel (184C), It now is known from along

the Atlantic slope of southern México (east of the Rio Coatzacoalcos)
to Costa Rica (Miller, 1966; Caldwell, et al., 1959). The nominal

form may be synonymous with Heros (= Parapetenia) motaguensis Ginther
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(1869) from the Atlantic slope of Guatemala in the Rio and Lago
lotagua down the Pacific drainages of Guatemala, to El Salvador and

Honduras (Hubbs, 1936; ¥iller, 1966),

lanagua cichlid, Parapetenia managuense (Gﬁnther)

The lanagua cichlid is present in the great lakes of
Nicaragua and in streams along the Atlantic coast of Costa Rica
(Rivas, in Miller, 1966). It was described from the great Lake

Fanagua, Nicaragua, as Heros managuensis Gunther (1869),

Dow's cichlid, Parapetenia dowi (Giinther)

Heros (= Parapetenia) dovvi (= dowi) Giinther (1864) occurs

from the great lakes of Nicaragua through streams on both slopes of

Honduras,

Motagua cichlid, Parapetenia motaguensis (Glinther)

The range and possible synonymy of Heros (= Parapetenia)

motaguensis Glnther (1869) are discussed above under Parapetenia

friedrichsthali,

Rrio Grijalva cichlid, Parapetenia, n, sp.

This fish, referred by Hiller (1966) to his “Cichlasoma,
section Parapetenia” is from the Rio Grande de Chiapa basin, Rio
Grijalva system, Chiapas, México, on the Atlantic slope, Diagnosis
of the species is to appear under authorship of R. R, Miller (pers.

comm, ) [
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/
Rio Comitdn cichlid, Parapetenia, n., sp,

The Rfo Comitn cichlid occurs through the Rio Comitan and
ad joining lakes in Chiapas, Méiico, in an interior stream draining
toward the Rio Usumacinta basin, Reasons for its referral to
Parapetenia, and anticipated description are the same as for the Rio

Grijalva cichlid, just above (Miller, 1966; pers. comm.).



APPENDIX II: LOCALITIES FOR SPECIMENS EXAMINED
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Rio Grande and tributaries upstrean from Jaredo: ASU 1022-

San Felipe Canal near Del Rio, Val Verde C,, Texas; ASU 3596-Pecos
River below inflow of Independence Creek, Terrell Co., Texas; ASU 3609-
Independence Creek 0,8 km from Pecos River, Terrell Co., Texas; ASU
3636~Pecos River 0.8 km above mouth, Val Verde Co., Texas; ASU 3704~
Las Moras Creek, 4.8 km S Brackettville, Kinney Co., Texas; ASU 4517~
Devil's River, at highway loop 460, Val Verde Co., Texas; TNHH 1857~
Las Moras Creek at Brackettville, Kinney Co.,, Texas; TNHM 1972-San
Felipe Creek 1,6 km E Del Rio, Val Verde Co., Texas; TNHM 3267-Dolan
Creek at Dolan Springs, Val Verde Co., Texas; TNHM 3419-Devil's River,
O.4 km ‘N Dolan Falls, Val Verde Co., Texas; TNHM 3617-Devil's River
16 km NW Del Rio, Val Verde Co., Texas; TNHM 4439~Rio Grande at Eagle
Pass, Maverick Co,, Texas; TNHI 5680-Devil's River, above head of
Devil's Lake, Val Verde Co., Texas; UANL 433-Rio San Carlos, 27 km S
Villa Acufia, Coahuila, México; UNI uncat.-Pecos River, 1.6 km B of
Sheffield, Pecos Co., Texas.

Rio Crande system downstream from laredo: TNHM 4637-Rio

Crande at Hidalgo, Hidalgo Co., Texas; TNHM 4671-Rio Grande at Roma
International bridge, Starr Co., Texas; TNHM 4673-Rio Grande, Browns-
ville, Cameron Co,, Texas; UMMZ 92113-Ri6 Grande, Fort Brownsville,
near Rio Grande mouth, Texas (co-type). |

Nueces-Frio River system, Texas: ASU 996-Nueces River,

18.4 km SSW Uvalde, Uvalde Co., Texas; ASU 1008-Rio Frio at Concon,
Uvalde Co,, Texas; ASU 2843-Nueces River at Highway 90, Uvalde Co.,,
Texas; TNHN 1326-East Nueces River at Barksdale, Real Co., Texas;

TNHN 1334-Pinto Creek, 11,2 km W Brackettville, Kinney Co,, Texas;
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TWHM 1434-Rio Frio 7 km NE Leakey, Real Co., Texas; TNHM 1640-Rio
Frio 5,6 km N Leakey, Real Co., Texas; TNHM 1987-East Nueces River
near Barksdale, Real Co., Texas; TNHM 3112-Montell Creek, 9.6 km NW
Montell, Uvalde Co,, Texas; TWHMN 8206-East Nueces River at Real-
Edwards County line, Texas,

San Antonio_and Colorado rivers of Texas (Introduced;

Kuehne, 1953; Hubbs, 1957): TNHM 246-San Marcos River, 0.8 km SE

Prairie Lea, Caldwell Co,, Texas; TNHi 2350-~Laguna Park Lake in
New Braunfels, Comal Co., Texas,

rios Salado-Sabinas basins, Héxico: ASU 329-Rie Salado de

los Nadadores 3.2 km NW Sacramento, Coahuila, MeXico; ASU 919-Rio
Salado de los Nadadores at Celemania, Coahuila, lexico; ASU 2850~
Rio Salado de los Nadadores at El Carifio, Coahuila, MeXico; ASU 2854-
be Salado de los Nadadores 4,8 km S Hermanas, Coahuila, Hexico;
TNHH 1712-R{3 Salado 12.8 km W Salinillas, Nuevo Leon, México; THHM
1735=- Rig Sabinas de Coahuila, 3,2 km S Musquiz, Coahuila, Méiico;
TNHIM 1745-Ri5 Sabinas de los Nadadores, 3.2 km NW Sacramento,
Coahuila, Mexico; TNHM 5757-Rio Sabinas de Nuevo Leon, Hexico; TNHMN
5761-Rio Salado at Laredo-Honterrey Highway, Huevo Leon, Hexico;
TNHM 5826-Rio Salado at Rodrigues, Nuevo Leoh, Mexico; TNHM 5832-
Rio Salado, 16 km W.- Anahuac, Coahuila, Mexi.co; TNHM 5841-Rio Salado
at outlet of Rio Candela, Nuevo Ledh, Mexico; TNHM 5847-Ri3 Salado
12,8 km SW Anahuac, Nuevo Ledn, México; TNHM 5989-Ri6 Salado de los
Nadadores, 3.2 km NW Sacramento, Coahuila, Meéxico; UANL 405-Ri6

Sabinas 25 km NW Ville Union, Tamaulipas, México; UANL 437- Ria
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Sabinas at Villadama, Nuevo Ledn, México; UANL 694-Rio Salado de los
Nadadores 12 km W Nadadores, Coahuila, Mexico; UANL 701-Rio Salado

de los Nadadores, 16 km W Nadadores, Coahuila, Meéxico; UANL 750-Rio
Alamo 4.4 km W Nueva Rosita, Coahuila, Mé%ico; UANL 762-Ria Sabinas,
11.7 km WSW Nueva Rosita, Coahuila, Méiico; UANL lOZ?-RiS Sabinas
at%ﬁm&C%MﬂmM&RmUmZ%&%wﬁ@nwrMMhm,%wnh,
Héxico; UMMZ 130365, UMMZ 179809-Ri3 Salado de los Nadadores at
Hermanas, Coahuila, Héxico; UMMZ 130374-Rio Salado at Honclova,
Coahuila, lekico; UNHZ 130431-Ri8 San Juan near San Juan, Coahuila,
Méﬁico; UMIZ 179818-Ri6 Salado de los Nadadores at Celemania, Coahuila,
Mé&ico; UMMZ 179844-La Polilla 4.8 km S San Juan, Coahuila, México,

Rio San Juan basin, Mexico: UANL 42-Tributary to Presa de

la Boca, 2 km NW Santiago, Nuevo Leon, Mexico; UANL 50-Rig de la Silla
2 km SE Guadalupe, Nuevo Ledn, Mexico; UANL 52—ng San Juan en
Cienguilla, Nuevo Leéh, Méiico; UANL 154-Arroyo Chapultepec, Guadalupe,
Nuevo Ledﬁ, México; UANL 176-R{5 San Juan 4 km NE Dr., Cross, Nuevo
Leon, Mexico; UANL 202-Tributary to Presa de la Boca, 7 km NE
Santiago, Nuevo Leéﬁ, México; UANL 219—Rf5 San Juan, in San Juan,
Nuevo Ledﬁ, Mexico; UANL 430-R{5 Salinas at Salinas Victoria, Nuevo
Ledn, México; UANL 433-Rio San Diego 9.4 km NNW Salinas Victoria,
Nuevo Ledi, Mé&ico; UANL 441-Ri3 Salinas at Sabinas Hidalgo, Nuevo
Ledh, lekico; UANL 44h-Rio Salinas at Ciénega de Flores, Nuevo Ledh,
lleXico; UANL 448- Ri0 Pesqueria at Highways 85 and 15, Tamaulipas,
Méiico; UANL 454-Tributary to Presa de la Boca, Nuevo Leon, Mexico;

UANL 614-Rio de la Boca, 4 km W Santiago, Nuevo Ledn, Mexico; UANL 626-
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Rio Ramos, 26 km SE Allende, Nuevo Leon, Mexico; UANL 635-Rio San
Juan at Presa Don Martiﬁ, Tamaulipas, Mexico; UANL 641—Ri; Lazarillos
7+1 km SE Allende, Nuevo Ledn, México; UANL 653-Rio Montemorelos,

1 km SE Montemorelos, Nuevo Ledn, México; UANL 660-Rio Cabezones

25 km SE liontemorelos, Nuevo Ledﬁ, Meiico; UANL 1143-Rio Pildn 4 km
de Magueyes, Tamaulipas, Meéxico.

San Fernando System, Mexico: UANL 21-Rio Pablillo near

Linares, Nuevo Leon, México; UANL 272, UANL 684-Rio San Fernando
40 km E San Fernando, Tamaulipas, México; UANL 667- Rio Camacho at
Hualahuises, Nuevo Ledn, lexico; UANL 765-Ri6 San Fernando 1 km S
San Fernando, Tamaulipas, México.

Soto la Marina system, México: UANL 284-Ris Soto la Marina,

7.8 km E Abasold, Tamaulipas, México; UANL 293-316 Pilch at Highway

101, Tamaulipas, Héxico; UANL 303—Ri; Purificacidn at Padilla,

Tamaulipas, Mexico; UANIL 846-Rio Purificacioh 38.5 km NW Cd,

Victoria, Tamaulipas; Meéxico; UANL 1138- Rio Pildn at Highway 85,

Tamaulipas, México; UANL 1146-Arroyo 7.5 km ESE of Maqueyes, Tamaulipas,
”~

Mexico,

Rios Pinuco-Tamesi system: ASU (uncat, )-la lHedia Luna,

San Luis Potosi, lMekXico; UANL 378, UANL 312-Ri8 Guayalejo 31.1 km
SE Cd, Mante, Tamaulipas, MéXico; UANL 327-El Higo, 4.6 km NE Highway
5, Vera Cruz, Meéxico; UANL 338-Tributary to Rio Temporal, 13.5 km SE
San Sebastian, Vera Cruz, Méiico; UANL 368-Ri6 Buenevista 24 km W
Potrereo del Llano, Vera Cruz, Méiico; UANL 416-Rio Guavalejo at

Llera de Canales, Tamaulipas, Méiico; UANL 866-Ri6'Guaylejo at El
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Limon, Tamaulipas, México; UANL 874~Rio Tanquilin 76,2 km S Valles,
San Luis Potosi, iéxico; UAﬁL 903-RI6 Guayalejo 29 km SE Cd, Mante,
Tamaulipas, Mé&ico; UANL 1250-Laguna de Ebafio, San Luis Potosi,
Méiico; UANL 1265-R{6 Amajaque at Tamazunchale, San Luis Potosi,
Hé&ico; UANL 1277-R{B Tanquilin at Comeca, San Luis Potosi, Meiico;
UANL 1297-R{5 Coy, S of Valles, San Luis Potosi, México; UANL 1306~
Rio Valles at Valles, San Luis Potosi, Mexico; UANL 1365-Rio Axtla

in A.M, Terrezas, San Luis Potosi, Mexico.

Estero Tancochin (part of Estero Tamiahua): UMMZ 97713-

Tributary to Estero Tamaihua E of Naranjos, Vera Crugz, México,

Estero Cacharas (part of Estero Tamathua): UMMZ 97707~

Rio Cacharas, 40 km above mouth, Vera Cruz, MeXico.

R{B Tuxpan-Pantepec system, Mexico: UMMZ 167519-Ri§

Pantepec, 32 km W of Tuxpan, Vera Cruz, Meéxico; UMMZ 191749-Ri3
Pantepec at Alamo, Vera Cruz, Mexico,

be Cazones system, Mexico: UANL 1154~Ri6 Cazones in Poza

Rica, Vera Cruz, Mexico,

e el
Rio Nautla system, Mexico: UMMZ 167491-Ixtacocoa, 6,3 km

W Martinez de la Tarre, Vera Cruz, NMexico,

Cuatro Cienegas basin Mexico (localities arranced in original

drainages as given on Figure 22 in text)s ASU 2329, ASU 2331, ASU 3673,

and ASU 7388-Rio Churince; ASU (uncat.), ASU 69k, ASU 1750, ASU 2857,
ASU 3663, ASU 4562, ASU 4584, ASU 5919, KU 7381, KU 7388, and UMMZ
17988-Laguna Churince; UMMZ 179200~Laguna San Marcos (now Dry);

ASU 1663, ASU 1732, ASU 2267, K§ 7375, KU 7430, and UMMZ 179184~
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La Angostura Canal; KU 4411 and KU 7440-Laguna Anteojo; ASU 4557 and
ASU 4559-Anteojo Canal; ASU 613, ASU 1656, ASU 2263, ASU 2264, ASU
2314, ASU 2315, ASU 4591, KU 4400, and UMMZ 179832-Posos de la
Becerra; ASU 3656, ASU 3657, ASU 3658, ASU 4745, and ASU 4746-
Lagunas de Chiqueros; ASU 4526, ASU 4537, and UMMZ 179194-Rio
Garabatal; ASU 4891-East Cold Spring; ASU 1741, ASU 2259, ASU 2260,
ASU 2274, ASU 2313, ASU 2321, ASU 2322, ASU 3689, ASU 3690, ASU
3705, ASU 4509, ASU 4529, ASU 4542, ASU 4575, ASU 4576, ASU 4585,
and ASU 4586-E1 Mojarral; ASU 3650-Juan Santos Laguna; UMMZ 17987~
Ri% Puente Chiquito; ASU 972, ASU 5992, and UMMZ 179838—Ri6 Puente
Colorado; ASU 3647 and ASU 3649-Rio Mesquites at Tierra Blanca;
ASU 961, and UMMZ 179216-Ri3 Mesquites 9 km SW Cuatro Ciehegas;
ASU 3641-Rio Mlesquites 6 km SW Cuatro Ciefiegas; ASU 3696-Rio Mesquites
2.7 km SW Cuatro Cienééas; ASU 2262, and UMMZ 179859-Rancho Tierra
Blanca; ASU 2271~ilarsh south of El Mojarral; ASU 4593~Laguna about
1 km SSW tip of San Marcos Ht.{’ASU 1681, ASU 1682, ASU 2339, ASU
2340, ASU 4491, ASU 4492, ASU 5966, and UMMZ 179180-Escobeda; ASU
1667, ASU 1668, ASU 2312, and UMMZ 179220-Laguna de Tio Candido;
ASU (uncat,), KU 7420, and UMMZ 179844-Canal from los Fresnos at
12,4 km; ASU 1672, ASU 2338, and KU 7417-Quintero Laguna; ASU 983,
and ASU 4496-Laguna de San Pablo; ASU 3682, and UMMZ 179870~Laguna

Santa Tecla.
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Snines and fin rays.--Counts include spines and soft fin-rays

of dorsal and anal fins, with posterior ray, divided to common base
and typically counted as one, counted here as two (violating recent
tradition and resulting in all my counts being one higher than other
recent data); all rays of both pectoral fins counted, necessitating
magnification, illumination, and dissection to reveal rudiments along
ventral margin, lowest count recorded; spine and all rays of both
pelvic fins counted, as above, lowest count recorded; count of caudal

fin-rays include all branched rays, plus two,

Scales.~~lembers of the family Cichlidae are characterized in
part by a disrupted lateral line (Figure 2). Counts of scales along
each pored section made separately--upper lateral-line series counted
from first pored scale in contact with cleithrum to last pored scale
in series; lower lateral series counted from anteriormost pored scale
in series; lower lateral series counted from anteriormost pored scale
to structural base caudal fin, magnification often necessary to
determine position of first pored scale lower series, especially in
Juveniles, and if end of hypural plate lay near middle last scale, or
posterior, scale included in count, otherwise excluded, Scale rows
above lateral line counted from origin dorsal fin downward and back-
ward following natural row to, but not including, pored upper lateral
line scale; scale rows between lateral lines beginning with last pored
scale upper series, ventrally to, and including first pored scale in
line with lower series; scale rows below lateral line counted upward

and posteriad from origin anal fin to first pored scale lower lateral
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line, but not including that scale--if, in continuing upward and
backward, series could be with equal propriety regarded as jogging

backward or forward, backward shift selected (see also Figure 2).

Gill rakers,--All gill rakers on first branchial arch,
including rudiments, requiring much care, considerable magnification,

and bright illumination,

Branchiostegal rays.--All rays, with anteriormost ray short,

slender, and embedded in tissue, requiring dissection, considerable

magnification, and bright illumination.

Standard length.--Distance from tip upper 1lip with mouth closed

to structural base caudal fin,

Predorsal length,--Distance from tip upper 1lip with mouth

closed to origin dorsal fin,

Prepelvic length.,--Distance from insertion pelvic fin to tip

upper lip with mouth closed,

Dorsal origin to posterior margin bony orbit.--Horizontal dis-

tance from origin dorsal fin to bony, posterior orbital rim at midline,

Anal origin to caudal base,--Distance from origin anal fin to

midline structural base caudal fin,

Greatest depth of body.-~Createst distance between dorsal and

ventral surfaces body, excluding modified vertical fin bases.
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Width of body.--Greatest width body, usually in abdominal area

about a third posterior to origin dorsal fin, measured from above.

Length of caudal peduncle,--Distance from base last ray anal

fin to midline structural base caudal fin,

Depth of caudal peduncle,--Vertical distance from dorsal to

ventral surface caudal peduncle at slenderest point,

Length of head.--Distance from tip upper jaw with mouth closed

to most posterior point on opercular membrane,

Width of head.--Greatest distance across opercles, measured

from above,

Length of upper jaw.--Distance from tip upper jaw with mouth

closed to most posterior extension,

Length of snout,--Distance between tip upper jaw with mouth

closed and anterior margin bony orbit at midline,

Length of bony orbit,--Greatest horizontal distance across

bony orbit,

Interorbital width,--Least distance between bony rims orbits,

across top of head.,

Distance from preopercular margin to bony orbit,~--Maximum dis-

tance from ventroposterior margin bony orbit to most posteriad poiat

on opercular membrane (Figure 2),
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Distance from bony orbit to ventro-posterior margin of opercular

membrane.~--Maximum distance from posterior margin bony orbit to ventro-

posterior margin opercular membrane (Figure 2),

Distance from posterior margin of preopercule to ventro~

Posterior margin opercular membrane,--Maximum distance from posterior

margin of preopercular bone to most ventro~posterior margin opercular

membrane (Figure 2).

Basilar lengths of vertical fins,--Createst distances between

origins of fins and points where membranes posterior to last ray con-

tact body surface.

Length ¢f middle caudal-ray,--Distance between structural base

caudal fin and tip shortest, mid-caudal fin-ray.

Length of pectoral fin.--Distance between middle structural base

pectoral fin and longest ray or rays; basilar starting point determined

by deflecting fin anteriad to produce marked crease.

Length of pelvic fin,--Distance between structural base fin and

tip longest ray or rays.

Width of lower pliaryngeal bone,--Greatest distance across

posterior rami ¢f fused lower pharyngeal bones (Figure 3),

Tangential length of occlusial surface of lower pharyngeal bone,--

Distance between left posterior corner occlusial surface to anteriormost
point bearing teeth, on tangential line and measured at base of teeth

(Figure 3).
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Depth of lower pharyngeal bone,~-Greatest distance between

base of center teeth on bone and deepest vertical point (Figure 3).

Depth of lower pharyngeal bone and teeth,~=Greatest distance

between occlusial surface lower pharyngeal bone and deepest vertical

point (Figure 3),

Width of posterior tooth nearest center of pharyngeal bone,--

Greatest width center most, posterior tooth, measured from above by

ocular micrometer (Figure 3).

Gut length.--Greatest length alimentary canal, measurad from

oropharynx, including stomach, to anus, following removal, uncoiling,

and gentle straightening,
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