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RESUMEN
Participacién relativade Pheidole (Hymenoptera: Formicidae) en comunidades |ocalesde hormigasde
suelo en las Américas

En 195 estudi ospublicadossobrecomunidades de hormigasde suelo delas Américas, larepresentacion
faunisticade Pheidole fue mayor que la de cualquier otro género. No se encontrd una relacion significativa
entred porcentajede la representacion faunisticay la latitud, pero su representacion fue mayor en los trépi-
cos En cultivos fructicolos se detectd un porcentaje mayor de especiesde Pheidole que en otros tipos de
habitat. Adicionalmente, e porcentajede especiesde Pheidole relaciond negativamentecon € porcentajede
especiesde Formicinae. Esteefectofue mayor quelainfluenciade lalatitud sobre Fomicinae. No seencontré
una relacién negativasignificativa entre Pheidole y otros grupos taxonémicos. Este resultado sugiereque las
especies de Pheidole pueden competir con las especies de Formicinae, o que estos dos grupos estan ubicados
en los extremos opuestosde un gradientede estrés ambiental.
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SUMMARY

Using 195 published ground ant wmmunity surveys from the Amencas, the faunal representation of
Pheidole was greater than any other genus. No significant relationship between the percent faunal repre-
sentation with latitude was found, although their representationwas much richer in the tropics. Tree crops
had significantly higher percentages of speciesof Pheidolethan did other habitat types. Furthermore, a signi-
ficant negetive rel ationshi pwasfound between the percent representationdf Pheidole and all formicines. This
effect was stronger than the relationship between formicinesand latitude. No significant negative relations
werefound for other subfamilies. This suggests that Pheidole may competestrongly with formicines, or that
these groupsare placed on oppositeendsof an enviromental stressgradient.
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INTRODUCTION

The cosmopolitan ant genus Pheidole has
apparently evolved and diversified since the
Oligocene. It has replaced members of the Do-
lichoderinae in the temperate regions and has
diversfied at high ratesin the tropics (BROWN,
1973). In the Americas, theant genus Pheidole
is the most species rich (CREIGHTON, 1950;
KemPF, 1972; WILSON, 1976), and may have
700 or more valid species (E. O. WILSON, per-
sona communication). Although it is at pre-
sent impossibleto placea name on the mgjority
o the taxa, especially in South America, spe-
cies have clear morphologica differences and
can be fairly essly separated into morphospe-
cies. Completeworker dimorphismisa charac-
teristic of Pheidole, and behaviord specializa-
tionsdof the mgor caste may be inversely pro-
portional to their representation within the
worker population of the colony (WiLsoN,
1984), although other researchershave not ob-
tained this pattern (Aras ef al., 1989; PATEL,
1990; Tsujp, 1990; LACHAUD et al., 1992). Spe-
cies o Pheidole have diversified ecologies, in-
cluding seed harvesters, general omnivores and
predators, as well as mutudistsin associations
with many plants and Homoptera (KusNezov,
1956; BRIAN, 1983; HOLLDOBLER & WILSON,
1990). Because of this, members of Pheidole
are found in nearly all types of terrestrial habi-
tats (WILSON, 1987).

Recent efforts have been madeto use spe-
cies of Pheidole as an indicator group for
comparative diversity studies (BENSON &
BRANDAO, 1987; MouTiNHO, 1991). Here, I
examine the relative contribution of Pheidole
speciesin 195 loca ground ant assemblages
of the Americas.

DATA BASE

Dataarederived fromasurvey of literature,
and a complete listing, as well as criteria used
for classifying mgjor habitat types, can be
found elsawhere (FOWLER, in press). Because
ant assemblage size varied from a dozen to
more than 100 species per assemblage, I stand-
ardized local assemblages by taking the per-
centageof Pheidoledf thetotal assemblagespe-
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cies richness. Comparisons with other taxono-
mic levels were also performed likewise. Taxo-

nomy follows CREIGHTON (1950), KEMPF
(1972) and BROWN (1973).

RESULTS AND DISCUSSION

The mean percent contribution of species
o Pheidole in locd ground ant communities,
and the mean species richness of the Formici-
nae and the assemblage as a whole (Fig. 1), re-
veal higher assemblage species richnessfrom 0
-9 ° N latitude, and a higher relative contribu-
tion of Pheidolein local assemblagesfrom0-9
® S. When examined with respect to latitude
without reference to hemisphere, the relative
contribution of species of Pheidole in loca
ground ant assemblages declined significantly
with increasing latitude (F = 26.255; P0.001)
as did mean generic (F = 9.685, P0.001) and
mean speciesrichness (F = 18.364; P0.001) of
the assemblages did (Table 1). These results
arein accord with previous studies (KUSNEZOV,
1957).

Likewise, the relative contribution of Phei-
dole in locd ground ant assemblages remained
constant, irrespectived habitat examined (F =
3.437; P 0.05), but not with respect to thetype
of sampling method employed (F = 10.745; P
0.05) (Table2). Speciesd Pheidolewere signi-
ficantly more abundant on baits than any other
sampling methodology. Thiswas probably due
to their efficient mass recruitment capabilities
(WiLson, 1987), which dlowsthem to domina-
te food resourcesand effectively exclude other
competitors. Both habitat and sampling met-
hod influenced generic and species richness
patterns of entire assemblages (Table 2). Soil
and litter samples dways had higher generic
and species richnesses, while nest counts had
thelowest (Table2). Thussampling method re-
sulted in significant heterogenity of sampled
habitats for both species and generic richness
(Table 2). Forests and closed habitats dways
had higher genericand species richnesses, whi-
le grasslandsand other open habitats had redu-
ced richnesses, resulting in significant hetero-
genity of the sampled communities (Table 2).
However, both habitat and sampling methods
were not independent o latitude (FOWLER, in
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TasLe 1. Thelatitudinal distributionof ground ant assembly species and generic richness,
and the respectiveparticipation of speciesof Pheidolein local ant
assemblagesd the Americas.

Ladistribuciénlatitudinal de riquezade especiesy géneros en comunidadeslocales de hormigasde suelo,
y la participacidnrelativa de especiesde Pheidolem comunidades
localesde hormigas en |as Ari cas.

Latitude % Pheidole Mean Genera Mesan Species N
Richness
0- 9 288 + 129 23.0 = 19.2 778 + 62.8 9
10-19 20.7 £ 140 13.7 £ 11.0 29.7 + 273 37
20-29 209 + 123 16.8 £ 93 373 + 25.7 52
30-39 121 + 98 11.2 + 59 17.1 £ 11.6 56
= 40 22 + 6.2 7.7 £+ 5.1 139 + 133 41
Mean Formicinae
] ) richness
Latitude Mean % Pheidole
North - ‘Mean sp
Y 40 L S— richmess
30-39
2029 BE_ ]
10419 )
0-9 | -
Equator ~
XEl @ -
1019 | - I
20-29 )
30-39 + 1
) 40 T
South —
T v ¥ ] L] T 111%v08 I TBEEELLT]
04 03 02 01 © 10 100

FIGUREL. Thereiativecontribution of speciesdf Pheidoleto locd ground ant communities,
and corresponding Species richnessaf Formicineants and the empire ant assemblagewith
respect to latitude. Data derived from 195 studies (FOWLER in press)

La contribucioén relativade especiesde Pheidoleen comunidades locales de hormigasde suelo, y la correspondiente riqueza de
especiesde hormigas Formicinaey de lacomunidad total con respectoalalatitud. Los datos se han extraidode 195 estudios.
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TasLe 2. Mean relative representation of Pheidole speciesin locd ground ant communities of
the Americas, and the respective mean number of generaand speciesin these communities with
respect to the habitat sampled and the type of sampling method employed.

La representacion media relativade especiesde Pheidoleen comunidadeslocalesde hormigasde sueloen lasAméricas,
y e nimeromediorespectivode géneros y especiesen estascomunidadescon relacion al habitat
delamuedray € tipode méodo de muestra empleado.

Habitat % Pheidole Total Genera Total Species
row crop 146 + 10.2 ui + 91 247 + 16.7
grass/open 125 + 113 91 + 52 71+ 147
tree crop 235 + 145 21+ 95 26+ 220
forest/closed 14.7 + 145 164+ 113 »68 + A7
Fvalue 3.437 8.907* 7.781*
Typeof sample

Litter/soil 139 £ 1.3 182+ 152 B4+ 407
Baits 22.1 + 160 22+ 87 3L1 + 3L5
Pitfalltrap 9.2 £ 85 62+ 97 26.8+ 233
Nest counts 14.3 + 111 80+ 32 L6+ 7.4
Genera 66 + 7.8 149+ 80 204+ 200
Fvadue 10.745* 9.932* 12.664*
P< 0.05

press). In the Americas, nest counts are used
extendvely in temperate areas, while baits are
used more intensively in the tropics (FOWLER,
in press), probably due to the difficulty of loca-
ting nests. Likewise, mogt studiesin the tempe-
rate regionsd the Americas have been conduc-
ted in open arid regions, while in the tropics
attention has focused upon crops and forests
(FOWLER, in press).

The percent contribution of Formicinaein
local ant assemblages demonstrated a positive
relation with increasing latitude (Fig. 2). How-

ever, nosignificant relation wasfound between
Pheidol erelative assembly participationand la-
titude (Fig. 3).

The Formicinae also presented a signifi-
cant inverse relationship with relative Phei-
dole species richness in local communities
(Fig. 4; Table 3). Furthermore, significant la-
titude X Pheidole interactions were also
found, with the later having a larger contri-
bution in local assemblage contributions:
% Formicinae= 0.267 (° Latitude) - 0.396
(% Pheidole) -0.315 (° Latitude X % Pheido-
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TaeLe 3. The relation of the percent taxonomic representation to the percent of Pheidole
in local ground ant assemblagesin the Americas. Regression modd is
% subfamily representation = intercept + slope (% Pheidole).
Larelaciondd porcentgje de representacion taxonémica con el porcentajede Pheidoleen comunidades localesde

hormigasde suelo en las Américas. H modelode regresiones
% de representacion de la subfamilia= intercecién + pendiente (% Pheidole).

Subfamily intercept Slope Fvalue r?
Ponerinae 0.061* 0.171* 8.882* 0.046
Ecitoninae 0.016* -0.016 0.419 0.274
Pseudomyrmecinae 0.005 0.039* 4.626* 0.025
Dolichoderinae 0.086* 0.027 0.264 0.001
Formicinae 0.383* -0.859* 75.615*% 0.290
Myrmicinae 0.457 0.562* 39.227* 0.176
*P < 0.05
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FIGURE2. The relative contribution of Formicineantsin loca ground ant assemblagesaf the
Americas asa function of latitude [% Formicine=-0.036 * 0.011 ° latitude; r2= 0.439;
F= 144677, P<0.00011. Lettersrefer to the type of sampling method employed: N = nest
countes; S= soil samples; L = litter samples; P = pit-fall samples; B = bait samples;
and G = genera collection techniques.

La contribucion relativade Formicinaeen comunidades|ocalesde hormigasde suelo en las Américasen funcion de la latitud
[% Formicinae=-0.036+ 0.011 * latitud r* = 0.439; F= 144.677, P < 0.00011. Lasletrasrepresentand tipo de métodode
muestra usado: N =censos de nidos; S = muestrasde suglo; L = muestras de hojarasca; P = muestrasde pit-fall; B = muestrascon
cebos; G = técnicasgenerales de recoleccion.
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FIGURE3. The relative contribution of species of Pheidolein local ground ant assemblagesof
the Americas as a function of latitude [% Pheidole = 30.585 - 0.481 ° latitude; r2 = 0.095;
F=10.115, P=0.0021. Letters refer to the type of habitat sampled: O = open; F= closed.

La contribucién relativade especiesde Pheidole en comunidades |ocalesde hormigasde sueloen lasAméricas en funcion de la
latitud {9 Pheidole = 30.585 - 0.481 ® latitud; r = 0.095; F = 10.115, P = 0.002]. Las |etrasrepresentan el tipode hibitat
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FIGURE4. The relationship between the per centage representation of speciesd Formicineand

Pheidolein ground ant assemblagesof the Americas.

La relacion entreel por centaje de especiesde Formicinae con Pheidoleen comunidades|ocales de hormigasde suelo

m lasAméricas.
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le) [r? =0.455, F= 26.202, P 0.0011 (Fig. 4).
Relative species richness of the Pseudomyr-
mecinae, Ponerinae and Myrmicmae increa-
sed with increasing representation of Pheido-
le in local assemblages (Table 3), although
these effects were less than the inverse rela-
tionship found between Formicinaeand Phei-
dole. These results suggest that Pheidole con-
tributes proportionally more to tropical
ground ant assemblages as species richness
increases as evidenced by the positive sopes
o Pheidole contribution for the Pseudomyr-
mecinae, Ponerinae and Myrmicinae (Table
3), with a corresponding strong reduction of
the Formicinae.

The negative rel ationship between Pheidole
and formicines suggedts that these may be in-
volved in interference or diffuse competition,
asfound by VESPALAINEN & SavOLAINEN (1990)
for other myrmice species in boreal European
ant communities. Another possibleexplanation
is that species richness patternsof both groups
are linked through a stress gradient, with for-
micines dominating more stressed environ-
ments, while Pheidole is more abundant in
morefavorablesectionsd thegradient. P. R. S.
MoutiNnHO (personal  communication) has
found an increasing faunal representation of
Pheidole and a corresponding declinedf formi-
cines in successional seresin the eastem Ama-
zon o Brazl, and suggedts that thisis due to
micro-climatic effects, thusreforcing the stress
gradient hypothesis. However, only experimen-
tal studiescan separate these conflictinghypot-
heses. Pattemsin contemporary ground ant as-
semblagesdo not indicate Dolichoderinaedis-
placement by Pheidole, as suggested by Brown
(1973) in evolutionary time. However, in eco-
logicd time loca exceptions may occur, espe-
cidly with exotic species, such as Linepithema
humile (Mayr) displacing Pheidole megacepha-
la to an eventual spatial equilibnumin Bermu-
da (LIEBERBURG €t al., 1975), but these cases
are exceptional in the Americas (FOWLER,
1992; FowLER € al., in press). Because the ef-
fect of Pheidole participation in local commu-
nities was even more intense than latitude on
the reduction of formicines, these results sug-
gest that in ground ant communities of the
Americas speciesd Pheidole limit the formici-
nes (KusNezov, 1956), and not theinverse dis-
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placement of the related myrmicine genus
Myrmica asfound in boreal Europe (VESPALAL
NEN & SAVOLAINEN, 1990). I nterspecificterrito-
riality could reduce the number of ecologically
distinct speciesto vauessmaller than thenum-
ber of taxonomic species in the assemblage
(Copy, 1974; PontiN, 1982), and the use of
higher taxonomic levelsin this paper are justi-
fied by the results.

Biogeographic pattems are productsof his-
toricd and ecologica factors (ENDLER, 1982),
and an understanding of the causesand conse-
guencesd therelative contributions of each is
amgor task of biogeographers. However, the-
e unexpected but robust results suggest that
our knowledge of the nutritional ecology of
American ants is,at best, fragmentary and in-
complete. Furthermore, due to poor fossl re-
cordsof New Worldants, it isat present impos-
sibleto try to separate histoncal from ecologi-
ca factors. Nevertheless, the formicines are
much more important in the higher North
American latitudes, which may be due to their
inferred Northem Hemisphere diversification
(KusNEzov, 1953; Brown, 1973). However,
given the general dominance of Pheidole in
ground ant communities of the Americas
(WiLsoN, 1987; BENsoN & BRanDAO, 1987
MouTINHO, 1991), in species rich communi-
ties, especialy in the tropics, Pheidole may
regulate ant diversity (SAmMways, 1990; AN-
DERSEN, 1992), apparently by reducing formi-
cineabundance. Although the foraging ecolo-
gies and nesting and nutritional demands of
most ant species are still unknown, these re-
sults suggest that speciesof Pheidoleand for-
micines may be using the same resources,
and open further questions which must be
necessarily resolved in carefully designed
field experiments.
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