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THE CICHLID FISH OF CUATRO CIENEGAS, MEXICO:
DIRECT EVIDENCE OF CONSPECTFICTTY AMONG
DISTINCT TROPHIC MORPHS
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The idea that different individuals
within a biological spacies may have rad-
icaliv different morphologies and disunct
feecding modes has commanded aitenuon
because of its profound implications for
evolutionary biology. 17 individuals from
a panmictic pepulation are recognized as
species Dy standard taxonomic criteria.
organismal diversity in nature may be
more apparent than real. This concern s
particularly germane to the great diversity
seen within assemblages of tropical fresh-
water fishes such as cvprinids and cich-
lids. where endemic specializations are ex-
treme [Mvers, 1960: Greenwood. 1574;
Reid. 19805 Several examples of substan-
tial dichotomeus morphological diver-
gence have been reported among sympat-
ri0 eoliections of closeiv relared nshes
tEoDperts. .: Sage and Seiander. 1073
Vrilenhoek. 1978 Turner and Grosse,
1980). The cichlids of Cuatro Cicnegas,
Mexico are particulariv interesting and
their study by Sage and Selander set a
precedent which has had a significnat im-
pact on subsequent systematic studies
(Kirkpatrick and Selander, 1979 Graves
and Rosenblatt, 1980).

Bv any phenetic criteria, the extreme
distinctiveness of svmpatric cichlids in
Cuatre Ciénegas suggests the presence of
twa discrete species. A “small tooth” form
with papilliform pharyngeal dentition feeds
on plant material and possesses a relative-
v narrow head, slender pharvngeal jaw,
and long intestine. A “large tooth” form
with molariform pharvngeal teeth feeds on
snails and has a wider head, relatively

sipuier iaw, and short intestine. The mor-
phological and trophic differentiation be-
tween these two forms exceeds that ob-
served among many closely related
biological species and preciseiv mimics the
difference: which define numerous cich-
licks in the African Great Lakes (Frver and
Ties. 1972; Further. it is this tvpe of varl-
ation that might be associated with incip-
tent macroevolutien (Greenwood. 1979}
The magnitude of differences between
these forms has thus historically caused
thern 1o be treated as two distinct species
{Tavlor and Minckley. 1666; Minckiey,
1269: LaBountv. 1974; Kornfield and
Woehn. 1073). Alternatively, on the basis
of the segregation of both types within
wiid-caugat broeds. complete electrophio-
reyic simatarine. and concordant patierns
of allozyvmic vanauen between forms. Sage
and Seiander {15751 sugeested that both
forms beiong to a single polymorphic
species. However, this evidence did not
provide a definitive test of the two species
hypothesis (Hutchinson, 1978).

We present in this article the resuits of
complementary studies of genetics and re-
nroductive biology initiated to resolve the
biclogical status of these fishes. Qur allo-
zyme rata and observations of mating in
natural populations verifv the insight of
Sage and Selander and attest to their ac-
curate electrophoretic evaluation of con-
specificity. This demonstration of sub-
stantial morphological variation within a
single species has significant implications
for ecology and conventional taxonomic
characterization.
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TaBrLe 1 Forergu plrenoivpes of frv in guerded cichlid broody,

b

Brood uf fr Phenutvpe L fafi-2 PRI o Fur
GY30 143 Mother — — 1 55
Oftspring — — | 55
Forewgn fry no. 1} — — i FF
toreign fryv na, 2 — — F¥ i O
GYV3l 34 Mother — — Fr IR 55
(Htspring — — ¥ T S5
Foreign frv no. | — — Fr FV SF
GYol 7 Mother — — e — —
Oflspring SFF ) FF FF SF
Forelen fry no. 1 hatel SE sF s 5F
Foreitn frv no. 2 o= - FI S
Phenowpes of v in bokd epe are parentally mcompatible, Relatve alivie mobiines 1 Sace and Sclander (1575

MATERIAL AND METHODS
Collections of specimens and ohserva-
tions were made in Laguna El Mojarral,
Cuatro Cienegas. Mexico in June—Jjulv
1976, 1980, and 1981, Broods of free
swimming ofispring and their female
guards were collected simultaneously dur-
ing davlight hours with fine mesh hand-
netls and spear guns. Adult fish for general
electrophoretic studies were collected with
coarse mesh handnets two hours after sun-
set when inactive fish rest on the substrate
of the laguna.
For electrophoresis. eves of adult fish

M Tris-HCE pH 7.0 wcontaimng 5 mi di-
thiothreitol and 0.3% pofvvinvipyroi-
lidone-360); cichlid frv were frozen whole
in buffer. Material was stored for up to
three weeks in a conventional freezer (—6
() while in Mexico, then transferred to an
ultracold freezer (—90 C) upon return io
the United States. Starch gel electrophe-
resis was performed as previously de-
scribed (Kornfield and Koehn, 1975; Sage
and Selander, 1973).

Since the morphological identity of re-
producing fish could not be established by
underwater observation while they were
free swimming, it was necessary tc cap-
ture individuals to determine trophic mor-
phology. Unfortunately, spawning male
cichlids were particularly sensitive to the
presence of observers in close proximity to
breeding areas and fled when approached.

To collect actvely maung pairs, we de-
signed a remotely operated trap which,
when actvated, securely captured both
maie and female fish (Smith et al.. 19811
Traps were set out in ecologically uniform
habitats where substantal breeding activ-
ity had been previousiv observed. Addi-
tonal pairs of breeding fish were collected
with the use of spear guns. The pharvn-
geal dentition of captured fish was deter-
mined in the field with an otoscope.

ResvLTs anD Discussion

Informanon oearing on the extent of
zeneuc control over trophic morphology
i~ dimired. Boin discreie morphological
wwpes developed o faboratory reared fish
capured as frv from maternaliyv guarded
broods (Sage and Selander. 19731 How-
ever, it is questionable whether all frv
within single groups are sibs; both New
and Old World cichlids may protect un-
related offspring (McKave, 1979; Ribbink
et al., 19801, Teo evaluate this possibility,
isolated groups of free swimming fry and
their guarding females were examined for
genetic compatibility at five polvmorphic
allozvme loci. Of 17 broods examined,
three contained individuals whose electro-
phoretic phenotypes indicated that they
were either unrelated to the females who
guarded them or that they had different
fathers than other individuals in their
broods {Table 1). This assessment of the
magnitude of foster parentage is clearly
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TABLE 2. Freguency extimoies of Pgi-2 (1004 tn samples of cieldids from Laguna B Marrad,
sl Looth Fawer 1ok Totat
N £ S ¥ Poaoosd Al [T
1074 KO 0.7 = 0il i3 OURY = 0u0 52 003 = 47
FORO Al LT = O 28 3.428 = Dot 58 2 S04
Poputation estmates of allele tregqueney differ symibeantiy between vears 1f = 220 F7 - JOFL Dt frone 1974 o dinee anl melander 1975

conservative since some unrelated juve-
niles mav be electrophoretcally equiva-
lent {see Hanken and Sherman, 19813
(Given the allele frequencies characteristic
of cichlids at Bl Mojarral. over one third
of all fish at that Tocality are indistinguish-
able from the normal offspring of broeds
GY30 and GY31 for the loci examined.
While it is most probable that foreign iry
become incorporated into broods by pas-
sive mixing (Lewis. 1980} it is also pos-
sible that some individuals with paternally
incompatibie phenotypes were produced
by multiple fertilization (Gross and Char-
nov, 1980:; Mckayve, 1980), Regardless, 1t
is clear that inheritance studies based on
field-collected offspring can not effectively
resolve the svstematic problem of the Cua-
tro Cienegas cichlids,

Electrophoreiic Characterisations

In the absence of breeding information.
accurate recagnition of separate gene pocis
can be achieved when svmpatric groups
exhibit evidence of independent genetic
evolution. In the cichlids of Cuatre Cié-
negas, estimates of genetic distance are
simnilar to those typical of conspecific pop-
ulations and do not differentiate the two
forms (Kornfield and kKoehn, 1973; Sage
and Selander, 1975). However, since elec-
trophoretic divergence is probably a time
dependent process (Corruccini et al., 1980),
very recently evolved species may be ex-
pected to be almost indistinguishable. In
fish, several studies have demonstrated
extreme genetic similarities between valid
biological species (Avise et al.. 1975; John-
son, 1973); African cichlids in particular
exhibit these extremes (Kornfield, 1978;
Kornfield et al., 1979).

A more convincing assessment of repro-
ductive isolation involves geographic or

temporal comparisons of gene frequencies.
Because gene pools of reproductively iso-
lated species respond independently to
populational and envirenmental process-
e, dissimilar gene frequencies are to be
expected (Futuvma and Maver, 19805
However. frequency differentation need
not be indicatve of genete solation. For
example. significant intraspecinc hetero-
geneiry has been reported among age
classes in fish {Williams et al.. 1973 Koehn
and Williams, 19781 and lizards (Tinkle
and Selander. 197 Nevertheiess, ho-
mogeneity of gene frequencies should gen-
erallv be characteristic of single species
samples regardiess of the manner in which
individuals are grouped for comparison.
Exploiting this approach. Sage and belan-
der {1973 demonstrated concordant geo-
araphic variation of gene freguencies at
several allozvme loci for the two Cuatro
Cienegas cichlids. These observauons thus
vmplied the existence of a sinele gene pool

Ve re-examined the Ireguency of four
of these ioei previousiv studied by Sage
and Selander in fish from Laguna El Mo-
jarral. At Esterase, Lactate dehydroge-
nase-3, Phosphaglucoisomeras\e'—l, and
Phosphoglucoisomerase-7, genotypic pro-
‘portions were homogenous among the
small tooth and large tooth forms, All in-
dividual genotypic ratios fit Hardy-Wein-
berg-Castle expectations. However, allele
frequencies were not temporally stable.
Between 1974 and 1980, a significant
change in frequency was observed at Pgi-2
(Table 2}

Patterns of coordinated geographic and
temporal frequency variation argue against
the two species hypothesis. However, it is
possible to remain skeptical of this conclu-
sion because of the lack of direct evidence
for reproductive isolation. In particular,
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species may have concordant patterns of

allozyme variation in response to comman
selection pressures (Borowsky, 1977) At
single loci, 1dentical patterns of geograph-
ic variation in gene frequency have been

observed among svmpatric popuiations of

reproductively isolated hshes (Johnson,
19747 and molluscs (Koehn and Mitton,
1972; Koehn et al., 1980). It is improba-
ble, of course, that such parallel selective
responses occur simultaneously at numer-
ous loct. But if reproductively isoiated
taxa are of very recent origin, differences
in allozvme frequencies may be very lim-
ited. Thus, it is essential to examine re-
praduction under natural conditions to
directly test the hivpothesis of two biolog-
ical species.

Reproductive Observations

Isolated gene pools evoive independent-
v oonly i significant gene tlow dpes not
occur between them (Crow and Kimura.,
1670, Jackson and Pounds, 1979, A lim-
ited amount of inierspecific gene exchange
can be tolerated and still maintain repro-
ductive isolation if selection is reiatively
strong. In general. though. the number of
interspecific matings in Sympatric pepu-
lations shouid approach zero.

In Cuatro Ciénegas, actively reproduc-
ing male-female cichlid pairs were iden-

tified by observing standard behaviors of

spawning and nest guarding (Baerends
and Baerends-Van Roon. 1930). A Rampie
of 33 reproductively active pairs were coi-
lected in Laguna El Mojarral during 1979,
198G, and 1981. If the two forms were
completely isolated reproductively, we
would have expected to see no matings
berween forms. Examination of the pha-
ryvngeal jaws revealed that 19 mating pairs
(57%) invelved fish with unlike trophic
morphologies {Table 3). Further, given
the relative proportion of the small tooth
cichlid in this population, the observed
number of homotvpic matings was rmuch
less than that expected under reproductive
isolation. Mixed meorphological matings
were also observed at three additional lo-
calities; Pozo de la Becerra, Laguna Chu-

rince, and Rio Mesquites. Clearly these

TABLE 3. Observed ussocialime of trophic morphol-
RN in .‘n‘f'wii wg pairs of Mexican cichiids.

Mule
Papilliform Molaviform
Female
Papilliform 13 14
11185 (1115
Molariform 5 fi
15.13) [ER R
I \puwd number of paies under the random mating hvpothess in
parenthe Note e difference in the relative frequencies of the toath

topes hetween sexes.

observations force rejection of the two
species hypothesis.

Although the data presented did not
deviate from random mating expectations
(G = 0244, d.f = 1, P > 3}, the sampie
size does not preclude limited assoriative
fnatinﬂ by morphotvpe. In fact. if almost

% 0f all matings werg completeiy assor-
tative, we would have been unable o
demonstrate this given the small sample
size. However. assortative mating iz un-
likelv. First. our field observations of nat-
ural reproduction did not reveal any ob-
vious habitat segregation. Matings in
Laguna El Mojarral cccurred on an eco-
logically monotonous substrate in close
proximity 1o one another.- Second. males
who sequentally fertilized the eggs of sep-
arate females and simultaneousiy g
two nests exhibited no mating hdelity to
tfish of their own trophic tvpe. Two of five
males whe maintained distinct nests were
mated to both small tooth and large wooth
females concurrently.

Implications

The confirmed existence of a trophically
dichotomous biological species has impli-
cations for two areas of evolutionary bi-
ology. First. the variation observed be-
tween cichlid morphs, and that recently
noted in goodeids by Turner and Grosse
(1980), forces a crifical appraisal of the
concept of adaptive radiation: trophic
polvmorphism may represent a_ viable al-
ternative evolutionary strategy. The fac-
tors controlling the origin of such a system
remain unclear. Anatomicat tlexibility




662 L RORNFIELD ET AL,

{Liem. 1980 andior competition and re-
source avaitability mayv constrain the for-
mation of trophic polvmorphisms. Need
we reevaluate the niche concept 10 accom-
modate such species (Hutchinson, 197817
Surely their ecological behavior differs
significantly from conventional taxa. For
example, simple communites composed
of trophically polvmorphic species may be
more responsive to environmental and
biotic perturbations than standard com-
munities.

Second. the range of dichotomous mor-
phological variation berween cichiid
morphs has profound svstematic impiica-
tions. Numerous species exhibit morpho-

iogical modifications of the pharvngeal .

dentition and apophysis mirroring the type
observed in Cuatre Cienegas | Greenwood.
1974, 1979 Hoogerhond and Barel. 10784
If species definitions are primarily based
on such phenetic differences. mearphology
by itseif mav be generally mappropriate
to delimit biciogical taxa or index actual
species diversity. Tt is of considerabie im-
bortance that cichlid svstematists have
begun te emphasize breeding coloration
(Barel et al.. 1977; Greenwood and Barel.
1678). Cichlid species generaliy appear o
be distinguished by unigue coleration
(Greenwood, 1974) and assortative mating
by color has recentiv heen described for a
number of taxa formeriy thought to be col-
©f morphs of single soecies (Holzbere

1978 Senroder. 1980 Marsh et ai.. 1081,
However, cofor differences, Hike morpho-
togical differences, may not be sufficient
Lo recognize reproductively isolated taxa,
In Lake Malawi, trophically equivalent
cichlids which differ significantly in
breeding coloration and body shape were
statistically indistinguishable in allele fre-
quency at three polymorphic isozvme loci
(Kornfield, 1974). Clearty resolution of
such systematic probiems will require di-
rect observations of reproductive isolation
or more sophisticated probes for genetic
continuity (e.g., Avise et al., 1979). Re-
gardiess, differentiation without specia-
tion has received only limited attention by
taxonomists. Since this situation exists in

fish, it is not unreasonable o suggest that
it may oceur in other vertebrate froups,

SUMMARY

Two discrete cichlid fishes encemic 1o
Cuatre Cienegas, Mexico differ signifi-
cantly in several morphological characters
associated with feeding specializations.
Conventional taxonomic treatment would
suggest the presence of two distinet species,
but Sage and Selander (16753 forcefully
argued for the presence of a single poly-
morphie biclogical species. Biochemical
comparisons and observations of repro-
duction in s1u conducted in 1979, 1980,
and 1981 revealed gene and genotypic
homogeneitv between the two tvpes of
fishes. A significant chanee in allele fre-
guency at Pei-2 which occurred herween
1974 and 1980 was cbserved in both forms,
Of cichlid pairs collected in the process of
maung, 57% invoived matings hetween
forms, unequivecaliv suggesting the exist-
ence of a single Mendelian populauon,

Confirmation of a trophically polvmor-
phic biological species has significant eco-
logical and svstematic implications.
Trophic polvmorphism mayv represent an
alternative strategy o adaptive radiation
and may inflale estimates of species di-
versity based solelv on pheneticallv de
fined taxa.
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