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SUMMARY

A survey ofant fauna on the summits (>1,500 m) of 9 Tepuies revealed the presence of 28 species from
16 genera. Allthe generawere of groups widespread inthe Neotropics and the species were either conspecific
with, orclosely related to, others found in the surrounding lowlands. The evidence points toward recent

colonization of Tepuies and possibly recentspeciation by endemic ants, a few thousand yearsago.
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RESUMEN

Unmuestreode la faunade hormigasen la parte maselevada (> 1.500 m) de 9 Tepuies, indicé lapresencia
de28especiespertenecientesa 16 géneros. Todos los géneros encontrados representan grupos ampliamente
distribuidos en el Neotropicoy las especies fueron coespecificas o estrechamente relacionadascon otras que
seencuentranen lasregionescircundantesde menoraltitud. La evidenciatiendea indicar la existenciatanto
de unacolonizacién reciente de los Tepuiescomo de una posible especiacion por lashormigas endémicas,

haceunos milesde afios atras.

Palabras Claves: Formicidae, Tepuies, historia ecologica, Ilylea, biogeografia de islas, hormigas, especiacion .
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INTRODUCTION

The biogeography of the ancient Guiana Shield
and its Tepuy summiitsiscontroversial. A number of
theories havebeen erected based uponthe distribution
of differenttypes oforganisms(Hoogmoed 1979).
The existence of relicts before topographical and
ecological isolation setin hasbeen one theory put
forth to explain the endemicities of plantspeciesand
generaofthe region (Maguire 1971). Morerecently,
as the extent of climatic changes during the last
glaciation were recognized, the relicthypothesis fell
into disfavor and the refuge theory took its place.
During the Wisconsonian Glaciation the general
climate was much drier than itisnow, except for
certain areaswhere more humid conditionsreigned,
enabling the existence ofbiota thatelsewhere did not
survive the adverse climate (Brown 1977, Haffer
1979). Inaway thiswassimply amodification of the
relictexplanation, postulating theexistence of seminal
ancestral forms in climatically benignrefuge areas.

Recently Schubert (1987), based upon
paleoecological studies (Schubertand Fritz 1985),
hasseriously questioned the existence of Pleistocene
biological refuges. Soil fromthe top ofone Tepuy
hasbeen dated asbeing only about 8,000 yearsold
(Schubertand Fritz 1985), implying thatthe presence
of summit flora and fauna is a relatively recent
phenomenon. A more quantitative survey of plants
in summitsand lowland showed that the endemicity
on tepuies is lower than formerly claimed, as for
example among ferns and phanerogams, only 10to
15 % can be considered endemic to summits
(Steyermark 1982). A survey (Jaffeet. al. 1989)of
the ant fauna of three neighboring tepuy summits
alsolead the authors to suspect recentcolonization
by ants. In this study we extend the survey on ant
fauna to nine tepuies spread over all the Guayana
highshield.

METHODS

Antscollected during differentexpeditions from
1983 to 1989 on Venezuelan Tepuy summits 1,500
mor more in altitude were examined and identified.
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Allcollections were carried outby the authors, with
some additional material provided by third persons,
and were based on at least 20 person/hours of
collecting time ateach site, excepting Yuruaniwhere
we collected foronly one hour. Studies of collecting
efficiency insavannas indicate that 8-10 hours of
collecting time sufficed forcapturing over 75% of
theantspeciespresentand givingreliable information
on species frequency (Romero and Jaffe 1989).
Collection effort was focused on ground foraging
species and consisted of hand collection, use of
pitfalltraps, baits, overturning logs and stones. We
sampled the few trees presents forarboreal ants.

Ants fromthe surrounding lowland forests were
sampled, at the following sites: Kukenan river
valley; the vicinity of San Ignacio de Yuruani; Isla
Raton in Caiion del Diablo next to Auyan Tepui,
Canaima; forestsalong Akanan and Aparamanrivers,
forests near Culebra in the vicinity of Marawaka
Tepuy. Collecting methods were asdescribed above,
including the sifting of leaflitter and subsequent
processing through Winklersacks. Winklersacks
were not used on the summits due todifficulties in
processing the water saturated histosols characteristic
oftepuies. The collecting timesin the lowland areas
represent at least 30 man/hours per site, but the
arboreal fauna was only occasionally sampled.

Identification of antwasperformed down to the
genus level forall samples, to the species level in
some cases, and to morphospeciesin those genera
where recent revisions are lacking. Thus,
morphospeciesare clearly distinctamong them if
they are indicated with differentnumbers, butwe do
not know if some or all of them occur elsewhere.
Comparisons were made with the samples fromeach
summitand with ants fromthe surrounding lowlands,
in order to detect the presence of any summitspecies
inthe lowlands.

Multivariate analysis (parametric and non
parametric) wascarried out using the PC statistical
package SYSTAT for determining the relations
between speciesnumber, summitarea and altitude of
allthe Tepuies. Here we presentonly the data from
the parametric analysis asthey were very similarto
those obtained using non-parametric methods.

The Tepuiesconsidered (Fig. 1) canbe divided
into different systems of neighboring tops: I-
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Roraima, Kukenan, and Yuruani; I1I- Aparaman 3,700 mm of annual precipitation (Vareschi 1980).
tepuies group; I11- Auyan; IV- Chimanta tepuies ~ Vegetation is found only in sheltered sites where
-group; V- Huachamakari, Marawaka Norte and  gustsandraindo noteliminate the meageramounts
Marawaka Sur. The summitshave inclementweather ~ ofacidic soil thataccumulates. Plantcommunities
conditions and in the case of higher tops, suchas  are mostly composed ofherbaceousand low shrubby
Kukenan, theaverageyearly temperatureis8°Cwith  vegetation with occasional thickets of stunted forests.
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Fig. 1: Southern Venezuela showing location of Tepuy sampled. Meaning of the letters as in Table 1
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The summitsofeach Tepuy are relatively flatand
thus, the altitudes given represent a close
approximation to the altitude of most areas on the
summit(inarange of + 200 m), except forMarawaka,
which hasamore irregular topography on itssummit.

RESULTS

A total of 28 species from 16 genera were

collected from 9 summits. Allof the genera found
are widely distributed in the neotropics, most are
presentin New World temperatezonesand many can
also be found in other parts of the world. Only
Myrmelachistaand Megalomyrmex are restricted to
the Neotropics. The number of ant species and
genera in the lowlands greatly surpass the number
found on the summitsand only those related to the
Tepuy faunaare consideredinTable 1.

Multiple linear regression analysis showed that

Table1. Antspecies foundon tepuy summits o fRoraima (a), Kukenan (b), Yuruani (c), Aparaman (d), Auyan (e), Chimanta
(f), Huachamakari (g ), Marawaka Norte (h), Marawaka Sur (i) and lowlands (j). The lowland columnrepresents acomposite
of the lowland sites; x represent the same species shared with the summit and **@” represent ants of the same genus as

those found on the summit.

ANTSPECIES

C

COLLECTING LOCALITIES
d e F g & 1 7§

PONERINAE
Hypoponerasp 1
Hypoponerasp 2
Anochetus inermis complex
Gnamptogenys gracilis

MYRMICINAE
Solenopsis (Diplorhoptrum) sp 1 X X
Solenopsis (Diplorhoptrum) sp 2
Solenopsis (Diplorhoptrum) sp 3
Solenopsis (Diplorhoptrum) sp 4
Megalomyrmex modestus
Pheidolesp 1
Pheidolesp 2
Procryptocerussp !
Acromyrmex sp 1 xxx
Cyphomyrmex sp (rimosus group)
Crematogastersp 1

FORMICINAE
Camponotus crassus
Camponotus (Tanaemyrmex) sp 1
Camponotus (Tanaemyrniex) sp 2
Camponotus sexguttatus
Paratrechinasp 1
Paratrechinasp 2
Myrmelachistasp 1
Myrmelachistasp 2
Brachymyrmexsp 1
Brachymyrmexsp?2

PSEUDOMYRICINAE
Pseudomyrmex sp (simplex group)

DOLICHODERINAE
Iridomyrmexsp 1
Iridomyrmexsp 2
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b
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speciesrichness correlatessignificantly with both,
altitude and summitarea (Table 2); the correlations
maintain theirsignificance even if Auyantepuy, with
the largest summit area and the largest species
number, isexcluded fromthe analysis (notshown).

An inverse relationship between altitude and
speciesrichnesswasevident(Table 2). Itisespecially
noticeablethatthe higher summitswith little vegetaion
and large rocky areas, such as Roraima, Kukenan
and Yuruanihave only one species. The Marawaka
summits, of comparable altitude but with more
vegetation, are not so depauperate and 2-4 ant
speciescould be found.

Apositiverelationship between summitarea and
speciesrichness wasalso evident. The summits with
the greatestnumber of species were also the largest,
i.e. Chimantaand Auyan Tepuy.

The mostcommonspecies, Camponotus crassus,
is widespread throughout the neotropics (Kempf

1972) and can be found ina variety of habitats. The -

same istrue for Camponotus sexguttatus, another
speciescollected atrelatively widely separatedsites.
C. sexguttatus populations found on two summits
differed slightly in coloration fromeach otherand

from samples taken elsewhere in the region. Most
other antspecies were only found on the summits
and nowhere ¢lse, though species with a similar
habitus were always collected in samples fromthe
surrounding forests. The species of Solenopsis
(Diplorhoptrum) apparently belong to the same
species complex, all being morphologically very
similar, but with consistent interpopulation
differences. These species, when present, were
found to be common on the summits. Leaf litter
samples fromlower forests near Kukenanand Auyan
Tepuy failed to reveal the presence of the summit
speciesof S. (Diplorhoptrum), though other species
ofthe same groupwere captured. The Megalomyrmex
specieson Aparaman and Auyan Tepuy areclosely
related, differing in size and coloration. Otherant
species were.shared by mountain tgps gnly in the
case of neighboring summits: Roraima, Kukenan
and Yuruani; Huachamakari and Marawaka Norte
respectively shared the same S. (Diplorhoptrum)
species. A similar situation was also observed for
Paratrechina 1, found onboth Marawaka summits,
and /ridomyrmex 1, shared by all summits of tepuy
system V. The Procryptocerus and Myrmelachista

Table 2. Multivariate analysis of species richness vs altitude and summit area of the tepuy. Model: Species richness =

constant + Altitude + Summit Area.

Tepuy species (N) Altitude Area (km?)

g -Huachamakari 5 1700 40

€.  Auyan 14 1750 750

d  Aparaman 5 1800 30

f Chimanta 10 2000 300

c. Yuruani 1 2300 5

i. Marawaka Sur 2 2500 140

h.  MarawakaNorte 4 2500 130

b.  Kukenan 1 2700 30

a. Rorama 1 2700 L0
Multiple R =0.971

Variable Coefficient Std. error Std. coef. t p(2 tail)
Constant 10.968 2572 0.000 426 0.005
Area 0.013 0.002 0.731 6.74 0.001
Atlitude 0.004 0.001 0397 -3.66 0011

ECOTROPICOS Vol. 6(1). 1993

25



ANTSOFTHETEPUIS

speciescould be presentinlowland areasbut they are
mostly arboreal and thishabitatwas only occasionally
sampled in the lowlands.

DISCUSSION

Despite our scantknowledge ofthe Guiana Shield
antfauna, the data showrecognizable trends. The
inverse relationship between altitudeand number of
antspeciesinthe tropicshasalready been observed
and discussed (Brown 1973), who showed that the
maximum ant species number was found at an
altitude of 800 m. In the case of Tepuies, this
situation cafi-be attributed to the environmental
extremes of the higher tops which conceivably
makes successful occupation difficult for most
potential colonizers. Collection of otherinsectsalso
show the same trend and insectdiversity in general
ismuch lower on Tepuies than in the surrounding
forest.

Adirectrelationshipbetweenareaanddiversity is
confluent with island biogeography theories
(McArthurand Wilson 1967), although inthe case
of Tepuies, part of the fauna is derived from the
surrounding lowland forest rather than some distant
montane source. The larger summits offera greater
diversity of habitats and this should translate into
more opportunities for colonization. The greater
number of species on Chimantaand Auyan Tepui
canbe explained by their moderately harsh climate
conditions(lessaltitude), if compared with Kukenan
forexample,inadditiontotheir larger summitareas.

The higher number of species observed on
Marawaka than on Kukenan, despite similaraltitudes,
couldbeattributed totopographical differences. The
lessabruptslopes ofthe summitof Marawaka could
make the habitable area ofthis Tepuy largerthan that
represented by the summit area and altitude,
explaining the difference observed inspeciesnumber.

The presence of the same ant species on
neighboring summits (e.g. Kukenan, Yuruaniand
Roraima; Auyanand Chimanta; Marawaka Norte
and Marawaka Sur) hints tocolonization from other
tops. The winds could favor the spread of winged
sexual forms of an established species from one
summit to another, as at least the most common
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species on the summits have winged sexual forms
whichare very lightand easily carried by the wind.

None of the species collected on the summits
could be considered radically different from the
lowland ant fauna, as all the genera found on the
summits were presentin the surrounding lowlands,
norrelictsrepresenting mostly extinct ant lineages
were found. The Solenopsis (Diplorhoptrum) species
are interesting due to their evidentcloseness, and
widespread distribution in cool climates in other
latitudesand in other high altitude areas (the Andes
for example). The four species could be derived
from a single ancestral species, as they are very
closely related (morphologically very similar)and
in factcould even be considered assubspecies. The
presentisolation ofthese speciescould berecent, if
we accept the existence of epochs when the climate
allowed fora widespread distribution of the ancestral
species. The patchy distribution found atpresentis
coincident with the vicariantbiogeography (Croizat
1976) assuming that the ancestral population was
splitted andisolated in distinct sub-populations due
toclimatic changes. Thatis, we may assume that the
ancestral species had a wide distribution in the
Guayana highland shield andthat due to paleoclimatic
changes, the habitat ofthe species wassplitted and
reduced to the Tepuy summits. From there on,
populations became isolated and started
differentiating. :

Schubert (1987) proposes a model of general
aridity and savanna habitats forthisregion during
the cooler glacial period, having dated the lastdry
period on the Tepuies about 8,000 years from
present. Although Schubertand Huber(1990) point
tothe existence ofalluvial fans, tentatively dated as
Pleistocene in age, suggesting some precipitation
and the presence of waterwaysand thus, providing .
humid habitats, Ifthe phenomenon occurring after
that described by Schubert (i.e. an increase in
general humidity) was the one responsible for the
fragmentation and isolation of the populations of
Solenopsis (Diplorhoprumy), their speciationonthe
Tepuiesmay have started to occurabout 8,000 years
ago.

Ourfindingsareapparently partially contradictory
tothose of Cook (1974), who studied the avifauna of
the Tepuies. Cook found, as we did, a negative
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correlation between species numberand altitude but

did not foundany correlationbetween speciesnumber

and summitarea. Webelieve thatif Cook’sdataare

re-analyzed, eliminating migrantbird speciesand
applying amultivariateanalysisto the data correlating
simultaneously altitude and area, as we did here, this
contradiction may disappear.

Inconclusion, we may use differenthypothesisto
explain ourresults:

1. Theactual distribution ofants on Tepuy summits
canbe explained qualitatively and quantitatively
considering the Tepuies as biogeographical
islands. Weclearly demonstrated that the summit
areas, isolated from the surrounding lowlands
due to theirdistinctclimate (altitude), representa
limitation to species numbers, thus, controlling
‘colonization of ants.

2. Thedistributionofthe fourspeciesof Solenopsis
(Diplorhoptrum) canbe explained by a putative
climatic vicariantphenomena.

3. The theory of the paradigma of the vicariant
biogeography (Rosen 1985) requiresthe existence
ofarelationship betweenthe phylogeny of the
species and their biogeographic distribution.
Exceptforthe Solenopsis species, thecladogram
of Formicidae (Baroni-Urbani 1989, Jaffe 1984)
do notmatch anyarea cladogramofthe Tepuies.
This suggest a rather recent and aleatory
colonization of these mountain tops by ants,
supporting the conclusions ofJafte, et. al. (1989).
Thus, ourresultscanbe explained by two different

theories, traditionally considered tobe contradictory.

The panbiogeographic method (Croizat 1976) may

explain the distribution ofthe Solenopsis species,

whereas the theory of island biogeography

(MacArthur and Wilson 1967) explains the

dependence on area and altitude of the ant species

diversity of the Tepuies. This duality may be
explained by assuining differentages and ways of
colouizationby differentlineages of ants.

ACKNOWLEDGEMENTS

Acknowledgementsto Dr. O. Huber forsending
us ants collected from Chimanta Tepuy and to

ECOTROPICOS Vol. 6 (1). 1993

Aimara Dominquez for preparing ant specimens.
We thank Dr. P. Ward for fruitful criticisms on
earlier versions of this manuscript.

REFERENCES

Baroni-Urbani, C. 1989. Phylogeny and behavioural
evolution inants with adiscussion of the role of behaviour
in evolutionary processes. Ethology Ecology and
Evolution1:137-168.

Brown, K. 1977. Geographical patterns of evolution in
neotropical forest Lepidoptera, p 118-160.Jn: Descimon
H (ed) Biogeographie et Evolution en Amerique Tropi-
cal. Publication de Laboratoire de Zoology, Ecole
Science Naturele.

Brown, W. 1973. A comparisonofthe Hyleanand Congo-
West African rain forest ant faunas, p. 161-186. In:
Meggers,B.J., Ayensu,

E. S. and Duckworth, W. D. (eds.), Tropical Forest
Ecosystems in Africa and South America, a Review.

. Smithsonian, Washington.

Cook, R E. 1974. Origin ofthe highland avifauna of southern
Venezuela. Systematic Zoology 23:257-264.

Croizat, L. 1976. Biogeografia analitica y sintética
(panbiogeografia) de las Americas. Boletinde 1a Aca-
demia de Ciencias Fisicas, Matematicas y Naturales
(Venezuela), XV and XVI.

Haffer,J. 1979. Quatemary biogeography of tropicallowland
South America. In Duellman W E (ed) The South
American Herpetofauna: Its Origin, Evplution and
Dispersal: Museum of Natural History, University of
KansasMonographs 7:107-139.

Hoogmoed, M. 1979. The herpetofauna of the Guianan
Region.InDuellman W E (ed) op. cit. 7:241-268.
Jaffe, K. 1984. Negentropy and the evolution of chemical
recruitment inants. Journal of Theoretical Biology 106:

587-604.

Jaffe,K.,H. Romeroand J. Lattke. 1989. Mirmecofauna de
los Tepuyes Marahauaka y Huachamakare. Acta
Terramaris 1:33-37

Kempf, W. 1972. Catalogo abreviado das formigas da
regiao Neotropical. Studia Entomologica 15:3-344.

MacArthur, R.H. and E.O. WilSon. 1967. The theory of
islandbiogeography. Monographsin Population Biology,
Princeton University Press,

Maguire,B.1971. On the floraofthe Guayana Highland, p.
63-78.In: Stem, W. L. (ed.) Adaptive Aspects of Insular
Evolution. Washington University Press.

Romero, H.and K. Jaffe. 1989. A comparison of methods for

27



ANTSOFTHETEPUIS

sampling ants in savannahs. Biotropica21,234-237.

Rosen, D.E.1985.Geological hierarchiesand biogeographic
congruence in the Caribbean. Annales of the Missouri
Botanical Garden, 72: 630-659.

Schubert, C. 1987. Climatic changes during the last glacial
maximum in northern South Americaand the Caribbean:
areview, Interciencia 13:128-137,

Schubert, C. and P. Fritz. 1985. Radiocarbon ages ofpeat,
GuayanaHighlands'(V enczuela). Naturwissenschaften
72:427-429

28

Schubert, C.and O. Huber. 1990. The Gran sabana: Pano-
ramaofaRegion. Cuadernos Lagoven, Caracas.

Steyermark, J. 1982. Relationships of some Venezuelan
forest refuges with lowland tropical floras. p. 182-220.
In:Prance, G.T. (ed.), Biological Diversification in the
Tropics, Columbia University Press.

Vareschi, V.1980. Vegetationsoekologieder Tropen. Ulmer
Verlag, Stuttgart.





