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Speciation of troglobites:
studies in the San Antonio cave (Oaxaca, Mexico)

Horst Wilkens, Peter Junge and Thomas G. Langecker®

HUMMARY

The phylopenetically vounp species community of San Antonio Cave {{axaca,
Mexicn) exemplifies the hypothesis that speciation of troglobites can occur inclose
contact with epigean predecessors. In a subterranean creek which contioues outsde
with a rich epigean fauna, four woglobitic agquatic crustacean and one fish species
(Rlaridia reddelll, Fimelodidae) were studied, Today not a single surface spacimen
can be found in the cave waters although several epigean species are troglophilic
anclfor are the ancestors of cave forms in other parts of Mexico, The absence of cpigean
invaders s attributed o the presence of specimens of some of the more aggressive and
CArnivorous cave species close 1o the cave entrance.

Contrary to this it can be préesumed that at the beginning of the moglobitic
cvolution the cave ancestral epigean forms were regularly invading the cave. 1t is
assumed that photonegative behavior plaved a role for the initial colonization of the
cave but 1t s not of significance as a separating mechanism for che speciation process,

INTRODUCTION

The speciation ol cave andmals is still today a matter of
controversy, Concerning the initial colonization of the cave biotope,
the "relugium model” has been widely accepted in the past (Vandel,
19264). It cxplains the origin ol cave species as being derived {rom
epigean forms which have taken refuge in the cave due to environ-
mental changes, Today the view of an “active colonization™ is
gaining maore and more acceptance (Rouch & Danielopol, 1987), This
model implies that troglophilic epigean species actively invade the
subterranean biotope while still existing at the surtace.

It is generally accepted that the speciation process tollowing an
invasion requires the final interruption of the gene flow between the
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newly founded cave population and the epigean ancestor, For this,
various mechanisms are considered responsible, Above all the
extinction or geographic separation ol the ancestral form is thought
10 be most important (Barr & Holsinger, 1985). Contrary to this,
Howarth (1981, 1287) proposed that non-relictual Hawailan troglo-
bites may evelve by a process of an adaptive shift from species that
are frequent accidentals in caves. Similarly it has been found in cave
living populations of the fish Astvanax fasciafus that speciation may
cven oceur in a narrowly sympatric contact with the epigean form
{(Wilkens & Hippop, 1986).

The "San Antonio Cave' {(Cucva del Nacimiento del Rio San
Antonic) which is located in the Acatlan region of Qaxaca (Mexico)
{Reddell, 1981) is an excellent model to study speciation processes in
cave animals, This cave is characterized by a continuous aguatic
connection between the subterranean creek and the surface river
which emerges at the cave entrance. Furthermore the cave porticn is
colonized by several aquatic troglobitic species. These species all
show intermediate eve and pigment reduction (Wilkens, 1986) and
thus are supposed Lo be recent invaders with still existing epigean
ancestors. One of these is the catlish Rhamedia reddelli Miller, 1984
(Pimelodidasg), which can be derived lrom the neotropical genus
Rhardia which is widely distributed in epigean waters in Southern
Mexico and Belize (Miller, 1966, 1984; Greenfield et al., 1983,
Robertson, 1983 a, b: Mosicer, 19841,

MATERIAL AND METHODS

The Held studies in the San Antonio Cave were performed in
February 1988, Six cave fish (standard length 75 mm to 130 mm) had
been brought alive to our Hamburg laboratory, Their phototactic
behavior was investigated and compared with that of 4 specimens of
their epigean predecessor Rhiwmdia laticanda (standard length 130
mm o 155 mm) which were captured in Mexico and with six
specimens of the related surface fsh Rhamdia puatemalensis (stan-
dard length 70 mm to 110 mm) which were derived from offspring of
R. guatemalensis Irom Yucatan (Mexico). All fish were individually
tested for their choice-preterence behavior to white light of different
intensities,
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The fish were placed inte experimental tanks (25 1} subdivided

into a darkened and a lighted compariment. After seven davs of
acclimation under bright light {620 Lux at the botrom of the lighted
halfl in a light-dark cyele of 12:12 h, the time the fish spent in the
lighted compartment was recorded during a time period ol 3
minutes three times the day over 5 davs thus giving a wotal ol 30
experiments, Subsequently. the same cxperiments were perlurmed
using lower light intensities (30 Lux and 3 Lux at the botom of the
lighted half).
The authors are greatful to the “Johanna und Fritz Buch Gedachtnis-
stiftung” and the “Hanscatische Universitdtsstiftung”™ who linan-
cially supported these studies, R Stawikowski (Gelsenkirchen)
kindly determined the cichlid species.

TOPOGRAPHIC AND PHYSIOGRAPHIC DESCRIFTION

The San Antonio Cave consists of an accessible slightly sloping
main branch with a length of about 300 m. A partially explored
upper level passage is found some 300 m from the main cave
entrance. The cave creek begins at the end of the main branch
forming a little cascade between boulders of breakdown. The
breakdown prevents any further human penetration into the main
branch of the cave {Fig. 1). Fram its emergence the creek Hows for a
distance of about 320 m, and then disappears into a lower passage
and is invisible, With the exception ol a spacially limited breakdown
area, the so-called basin, the creek remains inaccessible until [t
discharges from the lront of the cave,

The creek flows between steep banks of loamy soil. During the
dry season the creek is about 0.3 m o wide, 10 cm deep and shows
rathier rapid water flow, Only two sections have less corrent. One ol
these (pool 1) is located at the base of the emergence cascade, the
second {pool 2} s formed at about 130 1m0 downstream. Absolutely
stagnant, isolated pools are situated in the upper level side branch of
the cave system. Water temperature is 22°C,

The original cave entrance is blocked by breakdown, and water
can pass only through narrow crevices. Due to this the drainage is
retarded. Rainfalls may cause a quick rise of the water level in the
cave for a short time. In February 1988 the basin was totally Nooded
for fesww days, During the rainy season, however, the water level rises
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Fig. 1 — The explored section ol the Cueva del Nacimicnto del Rio San Antanic

even higher. At least in parts, the water body totally tills the cave up
tar the ceiling. In addition to the discharge within the pool in front of
the cave, water then starts streaming oul ol a second opening in the
breakdown slope aboul 3 moabove. The increased water flow causes
a considerably sized waterfall to develop. This waterfall has over the
vears eroded the initial section ol the epigean Rio San Antonio for
some distance, lorming Lthe above mentioned pool.

SPECIES SPECTRUM AND DISTRIBUTION
(JF THE FI5SH AND CRUSTACEAN FAUNA

Cave species

- Procambaris oaxacae reddeili Hobbs, 1973 a (Cambaridae, Decapo-

cla)

Pooaxacae reddelli has lost the dark body pigmentation, The
pigmentation does not regenerate under day light conditions when
the cravlish are kepl in the laboratory, The complex eye has
regressed to a tinv dark spot located on the tip of the eve stalk. It
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consists of a reduced number of intact ommatidia (Wilkens, 1458,
The crayvlish therefore cannot merely perceive light but are still able
to visualize spproaching Higures,

P owracae reddelli is the most conspicuous among the crustacean
cave species of the San Antonio Cave. It can be found throughout the
subterranean creek svstem, but prelers passages with less current.

- Macrobrachivm villalobosi Hobbs, 1973 b (Palaemonidae, Natan-
tia)

The shrimp M, villafobost has also totally lost its dark body
pigmentation. No darkening can be ohserved when kept under day
light conditions for several months. The compound cve is reduced to
a tiny dark pigment spol on the Llip of the eve stalk. Scveral
specimens were observed to carry large eggs beneath the pleon. They
number about 15 and have a diameter of 1.0 mm., The development
takes a time of at least 3 months after which a postlarva of about 2
mm in length hatches.

In the cave M. villalobost is much rarer than P, oaxacae reddelli 1t
oceurs in stagnant pools or portions of the creek with very slow
water movement, Specimens prefer deeper water bodies as they are
tound in the upper level passage or in the pool beneath the water tall
{Fig. 1).

- Potantalpheops stvgicola Hobbs, 1973 b (Alpheidae, Decapoda)

P, stvgicola shows no body coloration when caught in the cave.
In the laboratory, however, stellate ervthrophores are developed
after some time. This is probably due to the food containing
carolinoids, The outer appearance ol the eve coincides with that of
M. villalobosi.

In the cave P stygicola did not occur in the creck but in
extremely shallow nearly or completely isolated puddles. Here it
was found associated with Antromvsis reddelli Bowman (Mysidacea).

- Rhamdia reddelli Miller, 1954 {Fimelodidac, Pisces)

The specimens of the catfish B, reddelli caught in their nataral
biotope show a light body coloration, When kept in the laboratory
they will become darkish grey, There is no considerable interindivi-
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Fig. 2 — Comparison of eye size in the epigean RBlamdio puatemalensis, the cave R
readitelli, and Lthe undescribed Cueva del Tomel cave population (Swinples from 1982,
[986, and 1988)

dual variability of pigmentation. The eves are reduced and sunk
beneath the body surface. They show a himodal size distribution,
The mean eye size is lower than that of another cave-dwelling torm
of Rhamdia (Fig, 2).

The body size of £ reddelli ranges lrom about 6.0 10 150 cm (Fig.
3} All specimens were in a good nutritional state and did not show
signs of malnutrition, as could be ohserved in the population of
cave-inhabiting Rhamdia trom the Cueva del Tunel in 1288 (Fig. 4).

In principle 8 reddelli is distributed throughout the creek of the
San Antonio Cave. However, the catlish are usually lound in larger
numbers in the sections with less rapid current {pool 1 and 2) and in
the so-called "basin™ (Fig. 1}. During the dry season the "basin' only
contains water alter an occasional rainlall. AL such Llimes 1t s
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Fig. 3 — Distribution of body size in specimens of R, reddedli and the undescribed
Cucva del Tanel cave population (Samples from February 1988]

immediately invaded by specimens of R, reddelli. Thev are probably
attracted by organic matter which is washed into it from the banks
of the subterranean creek and linally sinks 1o the bottom in this
rather slowly sireaming section. Presumably these specimens nor-
mally stay in the narrow passages between the “hasin™ and the cave
entrance {Fig, 1)

Epigean species

In the subterranean creek no epigean invaders were found. The
epigean creek adjacent to the cave entrance, however, is inhabited
by a rich fish and crustacean launa. The most common fish specics is
Astyanax fasciatus (Cuvier, 1819} (Characidae) followed by several
species of Cichlidae (Thorichrhvs ellionn Meek, 1904, Cichlasoma
fenestratum (Ginther, 1860), and an introduced Alrican Oreochromis



] H. WILKENS er al,

LWEIGHT (g)

Lz s Rreddeli{Cueva San AnfoniolC=1.31

354 o Rhamdia{Cueva del Tunel} C=09%
30

25-
20'| ™
15+ -
10+ . &
5+ "m o o cfn
] WED
G | § | ] | ] | ] 1 | 1 1

| 1
40 60 B0 100 120 140
Standard length (mm )

Fig. 4 — Body size and weight of specimens of £ reddellt [rom the San Antonio Cave
and of the undescribed Cueva del Tunel cove population {(Messurements two days
afrer sampling)

spec.) which all closely approach the submerged area of the lower
water discharge of the cave creek. Furthermore Xiphophorus helleri
Heckel, 1848, Heterandria bimaculata (Heckel, 1848), and Belonesaox
befizavus Kner, 1860 (Poeciliidae) occur. At night the active species
spectrum chanpges. Between rocky fissures the heads of some
synbranchid eel specimens of the genus Ophisternon are protruded.
The most conspicuous, however, is a great number of eved and
pigmented Rhamdia which can be observed swimming throughout
the pool. They have been determined as belonging to the species R,
guatemalensis (Miller, 1984). These lish show a maximum size of
about 200 mm standard length.
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THE PHOTOTACTIC BEHAVIOR

Cave Crustacen

Among the cave crustacean species only P. oaxacge reddelli
shows a light reaction. It is very intense and clearly photonegative,
M. villalobaosi as well as Poramalpheops styvgicola do not seem to have
a photopositive or photonegative response.

Epigean and Cave Rhamdia

The two tlested epigean species B gratemalensis and R, laticauda
as well as the cave-dwelling R. reddelli exhibit a significantly
photonegative behavior with respect to all three tested light
conditions (Fig, §), There is no correlation between the degree of
photonegative response and the used light intensities in any of the
tested groups.
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Fig. 5 — Index of light reaction in epigean and cave Rhamdia,
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The photonegative behavior ol the epigean R. laticanda differs
considerably from that of both B guaternalensis and R, reddells.
Contrary to these species, R, laricauda exhibits an extreme degree
and a low variability of scotophilic behavior. Although only a small
number of fish were available for the behavioral experiments {n = 6;
4), the photonegative response of the cave fish R, reddelli was found
to be signiflicantly decreased under high light intensities (620 Lux)
compared to its epigean predecessor B, faticauda (MAN-WHITNEY
TEST: p < 0.025),

DISCUSSION

The special bydrographic situation in the San Antonio Cawve
causes a tremendous (luctuation of living conditions and a periodic
large extension of the aquatic environment. During the dry season
the aquatic organisms mainly occur concentrated in a small, rapidly
streaming creek, whereas during the rainy season they can spread
over a slowly-moving enlarged water body,

The most remarkable phenomenon of the San Anlonio Cave
fauna, however, is its clear cut separation {rom outside although a
continuous connection is provided by the river emerging from the
cave, Not a single invading epigean specimen was found in the basin
which is close to the cave entrance. This situation is particularly
demonstrated by the troglophilic R guatemalansis which is abun-
dant outside the cave. According to Miller (1984), the epigean
predecessor to the cave fish R, reddelli is B, laticauda - a species today
obviously not occuring outside the San Antonio Cave, This has no
relevance, though, because the closely related R, guaremalensis
seems to be well adapted for the colonization of caves and is known
to be a frequent invader into the underground waters of Yucatan
{Hubbs, 1938; Wilkens, 1982). Furthermore, laboratory studies have
revealed that specimens from outside the San Antonio Cave can
successfully hybridize in the laboratory with the cave R. reddelli.

The absence of invading specimens of any epigean species might
be due to the fact that the narrow water passages near the cave
entrance are populated by specimens of the carnivorous and very
aggressive species B reddelli and P. vaxacae reddelli. These forms
probably concentrate at this place because thev have the opportuni-
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ty to feed and prey upon invading specimens, Thus, the absence of
any individual of one of the epigean species in the cave could be
caused by these aggressive species which form a kind of filter in the
enlrance region.

Consequently, the location close to the cave entrance is occupied
by large and dominating specimens whereas smaller cave fish are
tound in the more distant regions. In the food poor environment this
location is presumably very profitable,

Contrary to the situation today, epigean Rhamdia were probably
frequent invaders into the San Antonio Cave syvstem at the beginning
of their troglobitic evolution. The results on the phototactic behavior
of both f. guatemalensis and R, laricanda are in accordance with the
hypothesis that the initial colonization of caves might be supported
by a scotophilic behavior, The extremely scotophilic R, laticauda
seems to be behaviorally much more adapted to cave life than the
related epigean R, guatemalensis. The greater dependence of the
latter species on visual orientation is not only reflected by its highly
variable and rather moderately photonegative behavior but also
morphologically by its relatively greater eyes. Thus, it is not
surprising that 8. laticauda founded a series ol distinet, troglobitic
populations in Mexico whereas R, gratemalensis evolved a variety of
more or less troglophilic and morphologically slightly diflerent
populations in Yucatan (Hubbs, 1938) but ohviously no true
troglobitic form. In the sense of Howarth {1981), R. guatemalensis
mayv be characterized as a well-adapted troglophilic species which
tends to remain an opportunistic exploiter of the cave environment
but not to evolve to a troslobite.

The speciation of R. reddelll probably began under the condi-
tions of direct genelic contact between epi- and hypogean popula-
tiens, as has also been described for a cave population of the
characin Astyvanax fasciarus (Wilkens and Hippop, 1986), The final
separation and speciation of a cave-dwelling population in the San
Antonic Cave was certainly not due to factors such as an increased
photonegative behavior. Such a segregation mechanism was sugge-
sted for the Mexican cave fish Asryanax fasciatus by Breder and
Fasquin (1947). The phototactic response ol 8. reddeflli, however, is
significantly less photonegative than that of its epigean ancestor R,
laticande and exhibits a high variability (Fig. 5],

All recent studies on the phototactic behavior of cave fsh and
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their epigean relatives gave great evidence against carlier conten-
tions that an increased scotophilia is generally of significance for the
speciation of cave lish, A series of investigated cave-dwelling
populations of A, fasciatis (Romero, 1285; Langecker, 1989) as well
as the Brasilian cave fish Pimelodella kronei (Trajane, 1987) show a
greatly reduced photonegative behavior in comparison to their
eplgeun ancestars just as Rhamdia reddelli. Further evidence against
such a significance of scotophilia is given by its ditferential
expression during ontogeny. Young specimens of the Alrican cave
tish Caecobarbus geertsi and ol cave-dwelling A. faveiatus were shown
to react almost indifferently to light (Thines, 1958; Romero, 1985},
The failing of the photonegative behavior in stages when it proves to
be most useful (Thines, 1958) is not in accordance with its suggested
tunction as a separating mechanism,
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