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SUMMARY

,6., surveyofant fauna on the summits(> 1,500 m) of9 Tepuies revealed the presence of28 species from
f6genera. AlIlhe genera were ofgroups widespread in lhe Neotropics and the species were eitherconspecific
with, orclosely relaled to, olhers fOllnd in lhe surrounding lowlancls. The evidence points toward recent
culonization ofTepu ¡es and possibly recent specialion by endemic ants, a few thollsand years ago.

KcyWords: Formicidae, Tcpuies, ecological hislOry, Ilylea, island biogcography ,anls, spcciation.

RESUMEN

Unmuestreocle la fauna de honnigasen lapalie más elevada (> 1.500 m) de 9 Tepuies, indicó lapresencia
de28 especies pertenecientes a 16géneros. Todos los géneros encontrados representan grupos ampliamente
distribuidos en el Neotrópico y las especies fueron coespecíficas o estrechamente relacionadascon otras que
::.e encuentran en las regiones circundantes de menoraltitucl. La evidencia tiende a indicar la existencia tanto
deuna colonización reciente de los Tepuiescomo de una posible especiación por las hOlmigas endémicas,
haceunos miles de años atrás.

PalabrasClaves: Formicidae, Tepuics, historia ecolÓgica, 1Iylea, biogeografía de islas, hormigas, especiaciÓn.
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lNTRODUCTION

The biogeography ofthe ancient Guiana Shield
and itsTepuy summits iscontroversial. A numberof

theories have been erected based upon the distribution
ofdifferenttypes oforganisms(Hoogmoed 1979).
The existence ofrelicts before topographical and
ecoJogica1 isolation set in has been one theory put
forth to explaill the endemicities ofplantspecies and
generaofthe region (Maguire 197 J). Morerecently,
as the extent of cJimatic changes during the last
glaciation were recognized, the relicthypothesis fell
into disfavor and the refuge theory took its place.
During the Wisconsonian Glaeiation the general
cJimate was much drier than it is now, exeept for
certain areas where more humid conditions reigned,
enabling the existence ofbiota that elsewhere did not
survive the adverse eli nÚte (Brown 1977, Bafrer
1979).ln a way thiswassimply amodiflcation ofthe
reljetexplanation, postu lating lhe ex istence ofseminal
ancestral fonns in elimatically bcnign rcruge arcas.

Reeently Schubert (J 987), based upon
paleoecological studies (Sehubertand Fritz 1985),
has seriously questioned the existenee ofPleistoeene
biologieal refuges. Soil from the top of one Tepuy
has been dated as beillg only about 8,000 years old
(Schubertand Fritz 1985), implying that thepresence
01' summit flora and fauna is a relatively reccnt
phenomenon. A morequanlitative surveyofplants
in sUllllnits and lowlancl showeclthat the elldemicily
Olltepuies is lower than formerly claimed, as for
example amOllg ferns and phanerogams, ollly 1010
15 % can be cOllsidered elle!emic to summits

(Steyermark 1982). A survey (Jaffe et. al. 1989) of
the ant fauna ofthree neighboring tcpuy summits
also lead the authors to suspect recent colon ization
by ants. In this study We extend the survey on ant
fauna to nine tcruies srread over all the Guayana
highshield.

METIIODS

Ants colJected during different expeditions frolll
1983 to 19890n VenezuelanTepuy surnmits 1,500
III 01' morc in altitude wcre eX<lminedami identiflcd.
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AIJeollcctions were carried out by the authors, with
some additional material provided by third persons,
and were based on at least 20 person/hours of
colJecting time ateach site, excepting Yuruani where
we coJlected foronly onehour. Studies ofcollecting
efficiency in savannas indicate that 8-10 hours of
collecting timesufficed forcapturing over75%of
the antspeeies presen tand giving reliable infoonation
on species frequency (Romero and Jaffe 1989).
Collection effort was focused on groune! foraging
species and consisted of hand eollection, use of
pitfaJl traps, baits, overtuming 10gsandstones. We
sampled the few trees presentsforarboreal ants.

Ants from thesurrounding lo:vland forests were
sampled, at the following sites: Kukenan river
vaIley; the vicinity ofSan Ignacio de Yuruani; Isla
Raton in Cañon del Diablonext to Auyan Tepui,
Canaima; forests along Akanan andAparaman rivers,
forests near Culebra in the vicinity ofMarawaka
Tepuy. Collecting methoclswere as e!escribedabove,
inclue!ing the sifting ofleaflitter and subsequent
proeessing throllgh Winklersacks. Winklersacks
were not usecl on the summits due to difficulties in

processing thewatersaturated histoso1scharacteristic.
oftepuies. Thecollecting times in the 10wland arcas
represent at least 30 man/hours per site, but the
arboreal fauna was only oecasionally sampled.

Identi ¡¡catíon of ant was performed down to the
genlls level for all samples, to the species level in
so me cases, aml to morphospecies in those genera
where recent revisions are lacking. Thus,
morphospecies are c1early e!istinct among them if
they are indicated with di fTerentnumbers, butwe do
not know ifsome 01' all ofthem occur elsewhere.

Comparisons were madewith fhe samples from each
summitand with ants from thesurrounding lowlands,
in orderto detect the presence of any summitspecies
in the lowlands.

M ultivariate analysis (parametric and non
paramctric) was carried out using the re statistical
package SYSTAT for determining the relations
betwecn species number, summit area ane!altitude of
all theTepuies. Here we presentonly the data from
the parametric analysis as theywere very similarto
those obtainee! using non-parametric methods.

TheTepuicsconsidered(Fig. 1)can be divided
into different systems of neighboring tops: 1-
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Roraima, Kukenan, and Yuruani; 11- Aparaman
tepuies group; III- Auyan; IV - Chimanta tepuies
group; V- Huaehamakari, Marawaka Norte and
Marawaka Sur. The summ itshave inelemen twea ther

conditions and in the case ofhigher tops, such as
Kukenan, the averageyearly temperature is 8°Cwith

3,700 mm ofannual preeipitation (Vareschi 1980).
Vegetation is found only in sheltered sites where
gusts and rain do noteliminate themeageramounts
ofacidie soil thataccumulates. Plantcommunities

are mostIy composed ofherbaceous and lowshrubby
vegetation withoccasional thicketsofstunted forests.
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The summitsofeach Tepuy are relatively flatand
thus, the altitudes given represent a c10se
approximation to the altitude ofmost areas on the
summit(m arange of± 200 m), exceptfor Marawaka,
which has a more irregulartopography on itssurnmit.

RESULTS

A total of 28 species fram 16 genera were

collected fram 9 sllmmits. AII ofthe generafound
are widely distribllted in the neotropics, most are
present inNew World temperatezones and many can
also be found in other parts of the world. Only
Myrmelachista andMegalomyrmexare restricted to
the Neotropics. The number of ant species and
genera in the lowlands greatly surpass the number
fOllnd on the summits and only those related to the
T epuy fauna are considered in T able l.

MlIltiple linearregression analysisshowed that

Table 1.Antspecies fOlrndon tepuyswnmitsofRoraima (a), Kukenan (b), Yuruani (e), Aparaman (d),Auyan (e), Chimarita
(f),Huachamakari (g), Marawaka Norte (h), Marawaka Sur (i) and lowlands U).Thc lowland colwnn represents acompositeofthe lowland sites; x represent the same species shared with the sununit and H." represent ants ofthe same genu..'iasthose found on the summit.
ANTSPECIES

COLLECTlNG LOCALITlES
a

bedefgh1.J

PONERlNAE
Hypoponerasp 1

x•
Hypoponera sp 2

xx •
Anochetus inermis complex

xx
Gnamptogenys gracilis

xx

MYRMICINAE Solenopsis (Diplorhoptntm) sp 1
xxx •

Solenopsis (Diplorhoptnlm) sp 2
xx •

Solenopsis (Diplorhoptnlm) sp 3
xx •

Solenopsis (Diplorhoptnlm) sp 4
x•

Megalomynnex modesllls
xx •

Pheidolesp 1
x•

Pheidolesp 2
xx

Procryptocentssp 1
x•

Acromyrmex sp 1 x x x CypllOmymtexsp (rimosus group)

xx

Crematogaster sp 1
x•

FORMICINAE Camponotlls crassus
xxxx x

Camponotus (Fanaemyrmex) sp 1
x

.
x

Camponotus (Fanaemyrlllex)sp 2
x•

Camponotus sexgutla tus
xxx x

Paratrechinasp 1
xxx

Paratrechillasp 2
x•

Myrtnelachista sp 1
x•

Myrmelacllista sp 2
x•

Braclrymynnex sp 1
xx •

Braclrymyrmex sp 2
x

PSEUDOMYRlCINAE Pseudomynnex sp (simplex group)

xx

DOLICHODERlNAE lrfdomyrmexsp 1

xx•
lridomyrmexsp 2

x•
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species richness correlates sign ificantly with both,

altitude andsummitarea (Table2); thecorrelations

maintain theirsignificance even if Auyantepuy, with

the largest summit area and the largest species

number, isexcluded from the analysis (notshown).

An inverse relationship between altitude and

speciesrichness was evident (Table 2).1 t is especially

noticeable thatthe highersummits with little vegeta ion

and large rocky areas, such as Roraima, Kukenan

and Yuruani have only one species. The Marawaka

summits, of comparable altitude but with more

vegetation, are not so depauperate and 2-4 ant

speciescould be found.

A positive relationship between summitarea and

speciesrichness was also evident. Thesummits with

the greatestnumberofspecies were also the largest,

Le. Chimanta andAuyan Tepuy.

Themostcommon species, Camponotus crassus,
is widespread throughout the neotropics (Kempf

1972) and can be found in a variety ofhabitats. The

same is'true for Camponotus sexgu tta tus, another

species collected at relatively widely separated sites.

c..sexguttatus populations found on two summits
díffered slightly in coloration from each otherand

from samples taken elsewhere in the region. Most

other ant species were only found on the summits

and nowhere else, though species with a similar

habitus werealwayscollected insamplesfrom the

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 tú be common on the summits. Leaf litter

samples from lowerforests near Kukenan andAuyan

Tepuy failed to reveal the presence ofthe summit

speciesofS (Diplorhoptrum), thoughotherspecies

ofthe same group were captured. TheMegalomyrmex
specieson Aparaman andAuyan Tepuy are c10sely

related, differing in size and coloration. Otherant

species were shared by mountain tops only in the

case ofneighboring summits: Roraima, Kukenan

and Yuruani; HuachamakariandMarawakaNorte

respectively shared the same S. (Diplorhoptrum)
species. A similar situation was also observed for

Paratrechina 1, found on both Marawaka summits,

and Iridomyrmex 1, shared by all summits oftepuy

system V. TheProcryptocerusandMyrmelachista

Table 2.Multivariateanalysis ofspecies richness vs altitudeand summit areaofthe tepuy. Model: Speciesrichness =
constant + AItitude + Surnmit Area.

Tepuy

g.

Huachamakari

e.

Auyan
d

Aparaman
[

Chimanta

c.

Yuruani

i.
Marawaka Sur

h.

MarawakaNorte
b.

lCukenan
a.

Roraima

MultipleR=0.971

species (N) AltitudeArea(Iañ2)

5

170040

14

1750750

5

180030

10

2000300

1

2300 5
2

2500140
4

2500130
1

2700 30
1

2700 40

Variable

Constant
Area
Atlitude

Coefficient

10.968
0.013

-0.004

Std.error Std.coef.tp(2 tail)

2.572

0.0004260.005
0.002

0.7316.740.001
0.001

-0.397-3.660.011
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speciescould be present in lowland areas but they are
mostIy albo real and this habitatwas only occasionally
sampled in the lowlands.

DISCUSSION

Despite ourscant knowledge ofthe Guiana Shield
ant fauna, the data show recognizable trends. The
inverse relationship between altitude and number of
antspecies in thetropics hasalready been observed
and discussed (Brown 1973), who showed that the
maximum ant species number was found at an
altitude of 800 m. In the ease of Tepuies, this
situation can be attributed to the environmental

extremes of th.e higher tops which coneeivably
makes successful occupation difficult for most
potential colonizers. ColIection ofother insectsalso
showthe same trend and insec~diversity in generai
is much loweron Tepuies than in the surrounding
forest

A directrelationship between area and diversity is
confluent with island biogeography theories
(McArthurand Wilson 1967), although in thecase
ofTepuies, part ofthe fauna is derived from the
surrounding lowland forest ratherthan some distant

montane souree. The largersummits offera greater
diversity ofhabitats and this should translate into
more opportunities for colonization. The greater
numberofspecieson Chimanta andAuyan Tepui
can be explained by theirmoderately harsh climate
conditions(less altitude), ifcompared with Kukenan
forexample, in addition totheir largersummitareas.

The higher number of species observed on
Marawaka than on Kukenan, c1espitesimilara Ititucles,
couldbeattributecl totopographical differences. The
less abruptslopes ofthe summit ofMarawaka could
l1)akethe habitable area ofthis Tepuy largerthan that
represented by the suml11it area and altitude,
explaining the difference observed inspeciesnumber.

The presence of the same ant species on
neighboring summits (e.g. Kukenan, Y uruani and
Roraima; Auyan and Chimanta; Marawaka Norte
and Marawaka Sur) hints tocolonization from other

tops. Thewinds could favor the spread ofwinged
sexual forms of an established species from one
suml11it to another, as at least the most COl11mon
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species on the summits have winged sexual forros
which are very light and easily carried by the wind.

None ofthe species collected on the summits
could be eonsidered radically different from the
lowland ant fauna, as all the genera found on the
sununits were present in thesurrounding lowlands,
nor relicts representing mostly extinct antlineages
were found. TheSolenopsis (Diplorhoptrnm) species
are interesting due to their evident closeness, and
widespread distribution in cool c1imates in other
latitudesand in other high altitudeareas(theAndes
for example). The four species could be derived
from a single ancestral species, as they are very
c10sely related (morphologically very similar) and
in factcould even be considered ass-ubspecies.The
present isolation ofthese speciescould be recent, if
we accept the existence ofepochs when the climate
allowed fora widespread distribution ofthe ancestral
species. The patchy distribution found atpresentis
coincidentwith thevicariant biogeography (Croizat
1976) assuming that the ancestral population was
splitted and isolated in distinctsub-populations due
to c limatic changes. That is, we may assume that the
ancestral species had a wide distribution in the
Guayana highland shield and thatdue topaleoclimatic
changes, the habitat ofthe specieswassplitted and
reduced to the Tepuy summits. From there on,
populations beca me isolated and started
differentiating.

Schubert (1987) proposes a model of general
aridity and savanna habitats for this region during
the cooler glacial period, having dated the last dry
period on the Tepuies about 8,000 years from
present Although Schubertand Huber(1990) point
to the existence ofalIuvial fans, tentativelydated as
Pleistocene in age, suggesting so me precipitation
and the presence of watelways and thus,providing
humid habitats.lfthe phe~lOmenon occurring after
that described by Schubert (i.e. an increase in
general humidity) was the one responsible for the
fragmentation and isolation ofthe populations of
Solenopsis (Diplorhoprum), their speciation on the
Tepuies may have started to occurabout8,000years
ago.

Our findings are apparently paItially contradictoIY
to those ofCook (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
didnot found any correlation between species number
andsummitarea. Webelieve that ifCook'sdata are

re-analyzed, eliminating migrant bird species and
applyinga multivariate analysis to the data correlating
simultaneously aItitude and area, as we did here, this
contradiction may disappear.

Inconclusion, we may use different hypothesis to
explain ourresults:
l. The actual distribution of ants on TepllY summits

can be explained qualitatively and qllantitatively
considering the Tepuies as biogeographical
islands. WeclearIy demonstrated thatthe summit
areas, isolated from the surrounding lowlands
due to theirdistinctclimate (altitllde), represent a
limitation to species numbers, tbus, controlling
colonization ofants.

2. The distriblltion ofthe fourspecies ofSolenopsis
(Diplorhoptnlln) can be explained by a putative
climatic vicariantphenomena.

3. The theory of the paradigma of the vicariant
biogeography(Rosen 1985) requiresthe existence
ofa relationship between the phylogeny ofthe
species and their biogeographic distribution.
Except for the Solenopsis species, the c1adogram
ofFormicidae (Saroni-Urbani 1989, laffe 1984)
donotmatch any areacladogram ofthe Tepuies.
This suggest a rather recent and aleatory
colonization of these mOllntain tops by ants,
supporting the concIusions ofJaffe, el. al. (1989).
Thus, ourresllltscan beexplained by twodifferent

theories,traditionally consideréd to becontradictol)'.
Thepanbiogeographic 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 ofthe ant species
diversity of the Tepuies. This duality may be
explained by assUll1ing different ages and ways of
col(u¡zation by different lineagesofants.
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