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ALTITUDINAL PATTERNS IN SPECIES RICHNESS OF NEOTROPICAL
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Abstract.—Treehoppers are sap-feeding insecis that vary widely in degrees of both
sociality and ant mutualism. Bascd on these life histories, treehoppers may be classified
as (1) species that are ant mutualists and that aggregate as individuals, (2) species exhibiting
parental care that are not ant mutualists. and (3) solitary species that rarely interact with
ant mutualists. We predicted the availability of ants should influence the distribution of
trechopper species that depend upon ants for protection. Because ant abundance has been
shown to decline with increasing altitude in tropical regions. we examined the elevational
distribution of treehopper species in Colombia that are obligate ant mutualists and those
trechopper species that are not. The proportion of trechopper species that are dependent
upon anis for defense declined with increasing altitude. Those species having parenial
care, that do not rely on ants for defense. were more common al higher elevations. Solitary
trechoppers, species thal only occasionally interact with ants, did not show a changing
rclationship with altitude. Thus, mutualistic ants are not only important in the evolution
of trechopper life histories but also appear to be important in determining the geographic
distribution of treehoppers.
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Sociality in trechoppers (Homoptera:
Membracidae) ranges from solitary species
to those with highlv developed parental care.
Additionally, many species rely on ant mu-
tualists for protection from natural enemies
(Wood 1984). In return, treehoppers pro-
vide ants with a source of carbohvdrates,
frec amino acids and amides, and water in
the form of honevdew (Way 1963). Thus,
trechopper sociality and ant mutualism may
allow alternative defenses against predators
{Wood 1982b). For example, aggregations
of nvmphs and young adults of many species
are lended by ants (Wood 1984). In some
of these species, parent females also guard
eges and early instars. but their survival is
still dependent on the defense provided by

ants (Wood 1977, Bristow 1983, Olmstead
1984). The size of irechopper aggregations
and the volume of honeydew produced are
important factors contributing to the con-
stancy of ant attendance (McEvoy 1979,
Fritz 1982, Wood 1982a. Cushman and
Whitham 1989).

Other treehopper specics also aggregale,
but do not interact with ant mutuahsts. In
these presocial species (species with paren-
tal care) parent females actively guard eggs
and nymphs protecting them from preda-
tors (Hinton 1976. 1977. Wood 1978,
1982b. Eberhard 1986). The benefit of ag-
gregation in these species is the effective
guarding of offspring by parent females rath-
er than the attraction of ants (Wood 1976).
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Alternatively, some trechopper species are
solitary throughout their life cycle, are rare.
and may incur lower levels of predation
simply by virtue of their crypsis. Because a
relatively small volume of honeydew is pro-
duced by solitary trechoppers. ant-trechop-
per mutualisms are relatively uncommon in
these species (Wood 1984).

Based on their level of sociality and in-
teractions with ant mutualists, trechoppers
may be classified as (1) species that are ant
mutuahsts and that form aggregations as in-
dividuals, (2) species with parental care that
are not ant mutualists, or (3) solitary species
that rarely interact with ant mutualists.

In the tropics. ant mutualisms decline with
increasing altitude in myrmecophilous an-
imals (Wood 1984) and planis (Bentley
1977a, b. Koptur 1985). This pattern re-
flects the decline in ant abundance along an
increasing elevational gradient (Janzen 1973,
Janzen etal. 1976, Bentley 1977a). The cool
air temperatures and high soil moisture of
tropical montane regions preclude ants from
exploiting these habiats (Bentley 1977a).
Koptur (1985) and Bentley (1977b) have
shown that nectary plants in areas of low
ant actvity have alternative defenses against
herbivores. Thus. the plasticity of the de-
fensive repertoire of these plants (/nga and
Bixa) permits them 1o grow in areas where
ant activity is low, In contrast. the defensive
mechanisms of treehoppers are not lahile
within species. Consequently, treehopper
species that rely solely upon ants for defense
are relatively undefended in the absence of
ants. Furthermore, the increased conspic-
uousness of individuals in aggregations
formed by ant-dependent species elevates
their risk of predation compared to species
that do not rely upon ants. Non-attended
species reduce their risk of predation in oth-
er ways. Specifically, aggregations formed
by presocial species are protected by parent
females while solitary species are cryptic.

Given the effects of altitude on ant abun-
dance and the importance of ants to some
trechopper species. we predicted a decline
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with increasing altitude in the number of
tropical trechopper species that depend upon
ants for protection. We also predicted that
species not dependent on ants for defense
should be more common at higher altitudes
in the tropics where ants are rare. We used
trechoppers to test our predictions because
they have a wide geographic distribution
and they exhibit diverse life history types
{(Wood 1982b. 1984). We chose to restricl
our study to the trechoppers of Colombia
because it has an altutudinal range of 3000
m and membracid taxonomists have made
extensive collections there.

MeTHODS

We obtained locality and altitude records
for all trechopper species [rom the literature
{(Richter 1940, 1941a. b. 1942a. b. ¢, 1943,
1945, 1955, Striimpel 1972, 1973, Striim-
pel and Striimpel 1975, 1978) and used gaz-
etteers and relief maps to determine the al-
titude of those localities for which authors
did not provide this information. We di-
vided the altitudinal gradientinto | 3 classes
of 250 m increments, from sea level 1o 3000
m and above. We found no records of tree-
hoppers collected above 4200 m in Colom-
hia.

One problem inherent 1n analvzing col-
lection data from published works is the
accuracy of locality records. For example.
workers may designate the nearest large city
as the collection site rather than a more ac-
curate locality. Because we used published
data, such errors may exist in our data sel.

We followed Metcalfand Wade (1965) for
species synonymics and Deitz (1975, 1983,
19835) for classification at the subfamily and
tribal levels. We assumed an equal error rate
in species identification across taxa relative
to life history type. We used Wood's (1976,
1977, 1984) studies of membracids as well
as those by Eberhard (1986). Ekkens (1972),
Fritz (1982). Haviland (1925). and Hinlon
(1976. 1977) 1o determine sociality and ant
mutualism for 330 (86%) of the 384 tree-
hopper species recorded from Colombia.
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Table |

The number of Irechopper species within each 250 m altitudinal class are given for Colombian

irechoppers exhibiting one of three life history 1yvpes. The number of species for which life history types was
not available or could not be inferred is also given (see lext for explanation of life history 1ypes),

No, of Species
Mo, of Anl N, of Presocal with Linknown
Dependent Species (Mo Amt Mo, of Soliuiry Life Himtory

Altude Range fin Metersd Mudpoint Species Mutualism} Specics Types Total
0-249 125 40 | e | 2 64
250499 175 6l 2 40 3 106
SO0=T49 625 T2 | 35 7 115
750-999 875 51 . 25 fy 84
10001249 1125 32 3 14 £ 55
1250=1499 1375 32 fy 11 5 54
1 500-1744 1623 5 7 8 4 24
1750-1999 1875 17 11 3 T 43
2000-2249 2125 1o 3 B 1 22
2350-2499 2375 0 3 4 | 8
2500-2749 2625 3 7 4 9 23
2750-2994 2875 8 ] 14 18 (i
3000+ 3125 1 3 7 4 15
Toal Number ol Species 156 45 129 34 184

When sociality or ant mutualism informa-
tion was not available for a particular
species, we designated the life history tvpe
on the basis of congeners for which these
data were available, In the Membracidae,
life history patterns are often invariable
within tribes. and with few exceptions, are
consistent al the generic level (Wood, per-
sonal observation). We categonized cach
specics as one of three tvpes (1) species that
aggregate as individuals and that are ant
mutualists, (2) presocial species that are not
ant mutualists, and (3) solitary species. Ap-
pendix A is a list of the treehopper genera
and includes data on level of sociality and
the presence of ant mutualism.

To control for unequal sampling cflornt
throughout Colombia, we evaluated species
richness as the proportion of species with a
particular life historv tvpe relative 10 all
species with known life history tvpes that
occur at that elevational class. Forexample,
i our data set 21 solitary species occurred
between sea-level and 250 m. Because 62
trechopper species occur in Colombia be-
tween 0 and 250 m, solitary species repre-

sent 33.87% of the trechopper species in this
clevational class. We assumed that although
some zones may be less well sampled than
others, the proportions of species approxi-
mate the relative richness of species with
different life history types. Proportional val-
ues were arcsine transformed prior to anal-
vsis,

We emploved polynomial regression
models (SAS Institute 1986) 10 describe the
relationship bewween alutude and the pro-
portion of trechopper species of cach life
history type. These models are appropriate
because there was no reason 1o assume the
relationship between species richness and
altitude was linear. This approach also made
it possible to describe the form of the re-
lanonship. We used sequential (Type 1) sums
of squares to determine the order of the
polvnomial regression that was appropriate
(Freund et al. 1986). Imitially, we used fourth
degree polynomials and retained terms sig-
nificant at 2 < .05 in the models. We ex-
amined the Studentized residuals to deter-
mine if our data met the assumptions of the
maodels.
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RESULTS AND DISCUSSION

We were able to assign hife history clas-
sification to 330 species of trechoppers in
our data sct. Of these specics. 156 (47.27%)
were dependent upon ant mutualists, 45
(13.64%) were presocial species that do not
interact with ants, and 129 (39.09%) were
solitary. The species richness of trechoppers
with cach of these three life history types
across the altitudinal gradient is given in
Table 1.

In Colombia, the proportion of trechop-
per species that depend upon ants for pro-
tection declines with increasing altitude
(Figure la). A linear model best described
the relationship(v=61.99 — 0.014x', R* =
62, P < .01). Because ants are less common
at higher elevations (Janzen 1973, Janzen
ctal. 1976, Bentley 197 7a. b, Koptur 1985).
trechoppers in these zones may be at a higher
risk of predation than thosc occurring at
lower elevations where ants are more abun-
dant. Thus, our data supported our hypoth-
¢sis that the altitudinal distribution of tree-
hoppers that depend upon ants for protection
reflects the availability of ant mutualists.

We found a significant positive relation-
ship between altitude and the proportion of
presocial trechopper species that are not ant
mutualists. A lincar model best described
the relationship (Fig. 1b:y =271 + 0.135x",
R* = .77. P < .01). Because protection of
offspring is provided by parent females rath-
er than by ant mutualists, these species are
less likely 1o be restricted to arcas where ants
are abundant. For this reason, species with
parental care arc overrepresented at higher
clevations where ants, and consequently ant-
dependent trechoppers, are rare.

Because ani-trechopper mutualisms are
not common but do occur in solitary tree-
hoppers (Wood 1984), these species should
not be restricted 1o arcas in which ant mu-
tualists are common. QOur data supported
this hypothesis since the proportion of sol-
iary species is nearly equal over the ele-
vational gradient (Fig. 1¢) and the propor-
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Fig. 1. The relationship between altitude and the

praportion of Colombian trechopper species of three
life lustory 1ypes: 1a) ageregating anl-dependent speoies.
1 b} presocial species that do nol interact with anis. and
1¢) sohtary species. Proportional values were arcsine
transformed, Solid hines represent significant regres-
sians {sce text for regression equations and explanation
of life history Lype).

tion of solitary trechopper species was not
statistically related to elevation in any ol
the models tested. Solitary species represent
on average 36.77 = 7.23% (arcsinc trans-
formed mean £1 SD) of the membracid
species at any elevation.

We have focused here upon the relation-
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ships between ants, altitude, and trechopper
life histories. Admittedly, ant mutualism is
not the only selective factor varying across
the environmental gradient. Differential
plant productivity, seasonality, and a num-
ber of other factors may also affect the el-
evational distribution of phytophagous in-
sects (Begon et al, 1986, Descimon 1986).
We assume. however, that the differing se-
lective pressures resulting from the clinal
variation in these factors are evenly im-
posed on species with all three life history
types. It appears that the decline with in-
creasing altitude in the relative nchness of
trechopper species that depend upon ants
for protection is due in large part to the
corresponding decline in the abundance of
mutualistic ants.
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Appendix A. A list of the trechopper genera reported in Colombia including the number of species, life
history type, ant mutualism, and references. Life histories were categorized as one of three 1ypes: aggregative/
ant-dependent, presocial, or solitary.

Cicnus

oo of Species

Life History Type (Reference)®

Ant Mutualism (Referencey®

Subfamily Centrotinae

Tribe Abelini
Ischnocentrus ]} Aggregative (8) Yes (B)
Subfamily Membracinae
Tribe Aconophorim
Aconophora 14 Presocial (3, 5. 8) Yos (%)
(ruavaquila 1 Presocial (8) No (8)
Trnbe Hoplophonommi
FPormia 2 Presocial (8) No (8)
Ochropepla 2 Presocial (8) Mo (8)
Hoplophorion 10 Presocial (8) No (8}
Alchisine 12 Presocial (8) No (8]
Umbonia 4 Presocial (1, 5. 6, ) No (8)
Tnbe Membracini
Aolhonora ¥ Aggregative (1, 8) Yes (8)
Tritrapidia 5 Aggregative (3) Yes (9)
Erechina 5 Presocial (8) Yes (8)
Tvlopcha i Aggregative (8) Yes (8)
Laraseyia 14 Ageregative (8) Yes (8)
Campvlenchia 2 Aggregative (8) Yes (8)
Enchoplicllun f Aggregative (8) Yes (8)
Enchenopa 8 Aggregative (8) Yes (B)
Membracis 28 Aggregative (5. 8) Yes (8)
Trbe Hypsopronni
Natocera 11 Aggregative (8) Unknown
FPhilya 4 Solitary (8) No (8)
Hypsoprora B Unknown Unknown
Sphongophioris 15 Solitary (8) Unknown
Subfamily Daminag
Darnoides 4 Unknown Unknown
Hypheodana 1 Unknown Unknown
Tribe Cymbomorphini
Cranbomorpha | Solitary (8) No {8)
Trnibe Darnini
Darnis 3 Solitary (8) Mo (8)
Hebetica ") Unknown Unknown
Sticrapelia 2 Solitary (8) No (8)
Alemeone | Solitary (8) Mo (8)
Tnbe Hyphinoini
Bubalopa 2 Unknown Unknown
Hyphinoe 2 Solitary (5. §) Mo (8)
Tomaogonia 2 Unknown Unknown
Trnbe Hemikypthim
Proterpia 1 Unknown Unknown
Atvpa | Solitary (8) No (8)
Subfamily Smuliinae
Tribe Acutalini
Acuralis 4 Solitary (8) No (8)
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Appendix A, Continoed.

Cienus o of Species Lafe History Type (Reference)® Ant Mutualism { Keferencel®
Euritca 2 Unknown Unknown
Thrasymedes 4 Solnary (8) Mo (8)

Tribe Micrutalin
Micrmtalis 9 Solitary (8) Yes (8)
Trbe Ceresim
Antenae 4 Linknown Unknown
Centrogomia 4 Solitary (9) Uinknown
Penicliropfioris 11 Solitary (9) Unknown
Hirlicia 2 Unknown Unknown
Melusinella | Lnknown Unknown
Ceresa 9 Solitary {9) No (9)
Suicrolobis 2 Solnary (9) No (9)
Pestestifiis 2 Solitary (8) No (8)
Cvpliona 8 Solitary (8) No (8)
FPappea 3 Aggregative (8) Yes (8)
Tribe Amastnm
Fanduzea 2 Aggregative (8) Yes (2. 8)
Harmoinides 3 Apgregauve (8) Yes (8)
Tyneha L Aggregative (3 Unknown
Laflemandta 1 Linknown Linknown
Aniastris T Solitary (8) Yes(l.8)
Tribe Smiliini
Telanima 1 Solitary {9) Unknown
Antianthe 3 Presocial (5, 8) Yes (8)
Tribe Tragopini
flariola 2 Presocial (3, 8) Yes (8)
Tragopa 23 Solitary (8) Yes (8)
Stilhophora P Aggregative (90 Unknown
Chelvoidea 1 Aggregative (9) Unknown
Tropdolonua 2 Aggregauve (9) Yes (9)
Tnbe Palyglyptim
Eucatoriana | Uinknown Unknown
Heramce 7 Unknown Unknown
Adippe 2 Presocial (8) Yes (8)
Dioclophara 2 LUnknown Unknown
Ennya i) Presocial (8) N (8)
Hilte 4 Presocial (3) Unknown
Polvelvptodes 3 Presocial (8) No (8)
Manirnaria [ L'nknown Unknown
Methersa | Presocial (8) Yes (8)
Polyrltyvssa | Unknown Unknown
Enivha | Presocial (5. 7, 8) Yes (7, 8)
Pelvelvpra 2 Presocial {1a, 5. 8) MNo (8)
Aphetea 3 Presocial (3, 8) Yes(l, 8)
Pharmopirora | Unknown Unknown
Subfamaly Stegaspidinae
Tnbe Stegaspidim
Bocyvditen 5 Solitary (8) No i8)
Srvlocentrus | Solitary (8) No (8)
Ovda 2 Solitary (8) Mo (8)
Lycodores 8 Solitary (8) Mo (B)
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Appendix A, Continued.

Gienius Mo, of Speoies Lafe History Type (Referenee)® Ant Mutualism (Referencel®
Stegaspls 5 Aggregative (9) Unknown
Ewwalkeria | Unknown Unknown

Subfamily Heteronotinae
Tribe Heleronotini

Nassunia 2 Ageregative (8) Yes (8)
Anchistros 2 Aggregative (%) Unknown
Heteronons 3 Aggregative (1) Yes (1, B)
Suniliorachis I Unknown Unknown
Rhovia 11 Agpregative (9) Yes
Total Number of Genera = 84 Tatal Number of Species = 384

* 1a) Eberhard 1986, 1) Ekkens 1972, 2) Fritz 1982, 3) Haviland 1925, 4) Hinton 1976. 5) Hinton 1977, 6)
Wood 1975, 7) Wood 1977, 8) Wood 1984, 9) Wood. persenal observation.



