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LEAFCUTTING ANT DIET SELECTION: THE ROLE OF
NUTRIENTS, WATER, AND SECONDARY CHEMISTRY'

JEROME J. HOWARD
Program in Evolutionary Ecology and Behavior, Department of Biology, University of Iowa,
ITowa City, Iowa 52242 USA

Abstract. The relationship of plant secondary chemistry, water content, and nutrient
content to the palatability of leaves to the leafcutting ant Atta cephalotes was determined
in a study of individuals from 50 woody plant species in tropical dry forest of Costa Rica.
The study took place during the yearly period of maximum leaf harvest, in the early rainy
season. The palatability of plants was determined by presenting leaf disks to ants on active
foraging trails of three ant colonies. The distribution of several classes of polar secondary
compounds in leaf samples was determined using chemical spot tests, and that of ant-
deterrent nonpolar compounds using laboratory bioassays of plant nonpolar extracts. Ni-
trogen, energy, and water availability in leaves were assessed using quantitative analyses.

Plants of high relative palatability generally lacked deterrent nonpolar extracts but did
contain hydrolyzable tannins; the opposite was true for plants of low palatability. Little or
no relationship was found to exist between plant palatability and measures of leaf nitrogen,
energy content, and moisture content, or the presence of alkaloids and condensed tannins
in leaves. No statistically significant interactions among leaf characteristics were found.
The number of leaf disks harvested by ant colonies decreased during the study period. This
decrease was unrelated to nutrient and moisture availability in leaves, but may be related
to changes in secondary chemistry over the course of the season. Although plants were not
equally palatable to all colonies tested, there was no evidence that colony-to-colony dif-
ferences in plant preferences were related to the plant characteristics studied. Overall, the
results suggest that plant secondary chemistry is the best predictor of plant species utilization
by leafcutting ants.

Key words: ant-deterrent compounds; antiherbivore defenses; Atta cephalotes; bioassay;, Costa
Rica; herbivory;, leaf palatability; nonpolar extracts; plant secondary chemistry, tropical deciduous forest;

tropical woody plants.

INTRODUCTION

Generalist insect herbivores face the challenge of se-
lecting an appropriate diet from among many plant
species that may vary in abundance and quality. All
herbivores encounter variation in nutrient availability
in plants, but generalists also encounter plants defend-
ed by a variety of chemical and physical traits, and
must evaluate each of these as well as the availability
of plant nutrients when assessing plant quality (Beck
1965, Scriber 1984). Most work on diet selection by
generalist insect herbivores has emphasized the avoid-
ance of plants containing deleterious secondary chem-
icals (Jermy 1966, Harley and Thorsteinson 1967,
Schoonhoven and Derksen-Koppers 1976). However,
nutrients may also be positive feeding stimuli for gen-
eralists (Kennedy and Booth 1951, Thorsteinson 1958,
1960, Soo Hoo and Fraenkel 1966), and interactions
between allelochemicals and nutrients in herbivore
foods have been documented (Reese 1979). Due to the
difficulty of measuring many relevant plant character-
istics in many potential resource species, few studies
have attempted to sort out the relative importance of

! Manuscript received 2 April 1986; revised 8 September
1986; accepted 10 September 1986.

different plant characteristics in diet selection by po-
lyphagous insects.

Leafcutting ants of the genus 4tta (Formicidae: At-
tini) are among the most common herbivores in neo-
tropical forests, and are among the most polyphagous
insects known. A single colony may harvest many ki-
lograms of leaf material per year (Lugo et al. 1973,
Haines 1978), and cut as many as 50 plant species in
its foraging area (Cherrett 1968, Rockwood 1976,
Shepherd 1985). Attack by leafcutting ants may sig-
nificantly reduce the fitness of individual plants (Rock-
wood 1973, Marquis 1984), and may potentially alter
the structure of neotropical forests (Gilbert 1980). The
ants use solid leaf material to culture a symbiotic fun-
gus which is the sole source of food for larvae, but adult
ants may obtain >90% of their energy requirements
by directly imbibing liquid from cut and crushed leaf
tissues (Quinlan and Cherrett 1979). Although leaf-
cutters attack many species of plants, they strongly
prefer some species over others (Rockwood 1976,
Blanton and Ewel 1985), and these preferences change
over time (Rockwood 1975, 1976). Many species are
cut only seasonally, with new leaves being preferred to
old (Fennah 1950, Rockwood 1975, 1976).

Leafcutting ants are thus important generalist her-
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bivores of the Neotropics, for which selectivity in diet
is well known. However, the basis for the preference
of some plant species over others remains obscure.
Field studies have found plant palatability or the prob-
ability of attack by leafcutting ants to be related to the
density or “‘toughness” of leaves (Cherrett 1972, Waller
1982a, b), water content (Cherrett 1972, Bowers and
Porter 1981), the presence or absence of latex systems
(Stradling 1978), and plant secondary chemistry (Wal-
ler 19825, Hubbell et al. 1984). Laboratory studies
have shown that leafcutters are capable of discrimi-
nating among leaves on the basis of nutrients and sec-
ondary chemistry (Cherrett and Seaforth 1970, Barrer
and Cherrett 1972, Littledyke and Cherrett 1975, 1976,
1978, Mudd et al. 1978). However, no general under-
standing of diet selection by leafcutting ants in nature
has emerged from this work because most studies have
so far focussed on a single plant characteristic or on a
single plant species. This level of analysis yields only
limited insights into a system in which a generalist
herbivore must choose from among many plant species,
and where it is possible that several factors may con-
tribute to such choices.

Here I report the results of an experimental field
study of the effects of water content, nutritional quality,
and secondary chemistry on the palatability of many
species of plants to the leafcutting ant Atta cephalotes
L. I determined the relationship between leaf com-
position and palatability to answer the following ques-
tions:

1) What characteristics are most important in deter-
mining the palatability of leaves of different plant
species in nature?

2) Do leafcharacteristics affect palatability in the same
way for different ant colonies?

I studied the distribution of six classes of plant sec-
ondary chemicals and measured leaf water content and
four indices of nitrogen and energy availability in in-
dividuals of 50 plant species. I determined the palat-
ability of these plants to each of three leafcutting ant
colonies during a 10-wk period, and analyzed the re-
lationship between plant chemical characteristics and
palatability during this period of time.

Some previous studies have suggested on the basis
of bioassays of crude polar and nonpolar plant extracts
that leafcutting ants are more sensitive to nonpolar
allelochemicals such as terpenoids than to polar com-
pounds such as phenolics, alkaloids, and glycosides
(Hubbell and Wiemer 1983, Hubbell et al. 1984). How-
ever, nutrients such as proteins and carbohydrates are
present in crude polar extracts, and are generally absent
from nonpolar extracts. Bioassays of crude polar ex-
tracts may thus underestimate the impact of polar al-
lelochemicals on ant behavior if nutrients and second-
ary substances both affect the palatability of plants and
plant extracts. In the present study I used bioassays to
screen nonpolar plant extracts for deterrent allelo-
chemicals, and specific chemical methods to obtain
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detailed information on the occurrence of several polar
classes of secondary chemicals in plants.

STtUuDY SITE AND NATURAL HISTORY

The field study was carried out in tropical deciduous
forest on the upper plateau of Santa Rosa National
Park, Guanacaste Province, Costa Rica, from early June
to early August 1983. The habitat consists of jaragua
grass savannah (Hyperrhenia rufa), interspersed with
patches of secondary forest. The study was centered on
one 20-ha patch of secondary forest, aged 60-80 yr (D.
Janzen, personal communication), and the surrounding
areas of pioneering vegetation. The patch has a het-
erogeneous history of disturbance, with some parts being
cleared pasture bounded by planted fencerow trees as
recently as 20 yr ago. Approximately 190 woody plant
species currently occur on the study site and =90 species
are at least locally common (S. P. Hubbell, personal
communication). Colonies of Atta cephalotes occur at
a density of 0.5-1.0 colonies/ha in and around the
study area, from areas of closed-canopy evergreen for-
est in mesic sites to highly insolated forest edge and
pioneer-stage successional habitats.

Santa Rosa experiences a prolonged dry season from
December to May, and most tree species shed their
leaves for at least part of this time. Deciduous trees
flush new leaves at the beginning of the rainy season
in May or June, and by August these leaf crops are
relativley mature. Evergreen trees usually replace a sig-
nificant fraction of their leaves during the dry season,
but continue to initiate new leaves during the rainy
season. Patterns of resource use by leafcutting ants
closely parallel seasonal changes in leaf production.
Ants forage extensively on fallen leaves and flowers
during the dry season when leaf availability is low
(Rockwood 1975, S. P. Hubbell, personal communi-
cation). Foraging on leaves peaks at the onset and end
of the rainy season when leaves are being produced or
shed, and is relatively low during the mid-rainy season
when the leaves of most trees are mature (Hubbell et
al. 1984).

Annual rainfall at Santa Rosa is between 1500-2000
mm (Janzen 1983), but the 12 mo prior to the study
were marked by reduced rainfall due to the effects of
the 1982-1983 El Nino climatic fluctuation. Only 947
mm of rain fell from 1 June 1982 through 31 May
1983, compared with 2242 mm of rain for the same
period during 1981-1982 (D. H. Janzen, personal com-
munication). Rainfall during the period of the study
appeared to be slightly less than usual, but not dra-
matically so (J. J. Howard, personal observation).

MATERIALS AND METHODS

Leaf preferences were measured during a 10-wk pe-
riod from the start of the rainy season in early June,
to mid-August 1983, when leaf harvesting activity by
leafcutting ants is at its yearly peak in Santa Rosa (Hub-
bell et al. 1984). The relative palatability of plant species
to leafcutting ants is consistent throughout this period,
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despite a decline in overall foraging activity in mid-
July and August (Hubbell et al. 1984). Three blocks of
experiments were carried out, the first at the onset of
the rains during the first 2 wk of June, the second during
the first 2 wk of July, and the third 9 wk after the start
of the rains, during the first 2 wk of August. During
each block of experiments I presented leaves from sin-
gle individuals of each of 50 plant species to three
colonies of leafcutting ants to determine palatability,
and collected samples of each plant for analysis of water
content, nutritional quality, and secondary chemistry.

Plants used in the study were the same individuals
whose leaves had been previously assayed for the pres-
ence of ant-deterrent activity by Hubbell et al. (1984),
with a few additions. I used 37 of the 42 individual
plants tested by Hubbell et al. (1984), and added in-
dividuals of eight species that had been assayed for
deterrent activity at a later date (degiphila martinicen-
sis, Cedrela odorata, Enterolobium cyclocarpum, Las-
ianthaea fruticosa, Ocotea veraguensis, Sapium thelo-
carpum, Sapranthus palanga, and Spondias mombin).
Five of the individual plants tested by Hubbell et al.
(1984) either could not be relocated or had been de-
stroyed or severely damaged by fire or trail mainte-
nance activity, and were replaced with new individuals
of the same species (Bombacopsis quinatum, Bursera
simaruba, Malvaviscus arboreus, Paullinia cururu, and
Randia echinocarpa). The 50 plant species studied rep-
resent about half of the common trees and shrubs in
the study area, and were initially selected for screening
without bias with respect to their palatability to leaf-
cutting ants. One plant, Jacquinia pungens, sheds its
leaves in the wet season, and bore leaves only during
the June block of experiments.

I selected three leafcutting ant colonies for study,
two in secondary forest (F1 and F2) and the third in a
disturbed area at the edge of the park headquarters (H).
Ant colonies were selected on the basis of their large
size and of previous experience which suggested that
they were likely to forage actively throughout the ex-
perimental period. Despite this precaution, one of the
colonies in the secondary forest became inactive in
August, and was replaced with another colony in the
same area (F3) for the August block of experiments.
Several of the plants used in the study were located in
the foraging area of the headquarters colony, but had
not been cut by that colony during three rainy seasons
of observation. None of the colonies in secondary forest
had any previous experience with the individual plants
used in the study, although conspecific plants of most
species were present within their foraging range.

Leaves were collected for palatability measurements
and chemical analyses from a single marked branch on
each plant. I used sunlit branches whenever possible,
and the same branch was sampled throughout the en-
tire experimental period. I collected leaves by cutting
terminal branchlets of small leaves, or by snapping off
the petioles of large leaves at the point where they
joined the stem. All palatability measurements were
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initiated within 30 min and completed within 2 h of
the time of collection, prior to the appearance of ob-
servable changes in palatability at =3 h postcollection.
After =3 h the absolute palatability of leaf disks de-
creases, and the relative palatability of plant species
begins to vary (J. J. Howard, personal observation).

I measured the palatability of leaves by placing small
(30-mm?) leaf disks on active foraging trails, and
counting the number of leaf disks picked up during a
15-min period. Disks were cut from leaves using a
standard hand-held paper punch. Leaf disks from 8-
10 plants at a time were randomly assigned positions
on the trail and were simultaneously presented to for-
aging ants in a ‘“‘smorgasbord” fashion (Hubbell and
Wiemer 1983, Hubbell et al. 1984). Disks removed by
ants were replaced immediately with a fresh disk of
the same species. At the end of each 15-min period the
number of disks removed was recorded, any remaining
leaf disks were removed, and the order of leaf disks on
the trail was altered. Leaf disks farthest from the en-
trance to the colony during one 15-min measurement
period were placed closest to the colony entrance for
the next measurement period. Four replicate measure-
ments of palatability were made for each plant tested
on each colony during a block of experiments.

Before and after each set of 15-min experiments I
counted the number of ants passing a fixed point on
the trail during three 1-min periods. To prevent in-
dividual ants from repeatedly visiting the smorgasbord
and inflating the palatability measurements for a single
plant species, all experiments were carried out =30 m
from the entrance to the colony. At an average walking
rate of | m/min (Lewis et al. 1974), it is unlikely that
an ant could have completed a round trip more than
once during a single test. In each experiment I included
a standard of oat flakes soaked in a 10% sucrose so-
lution, to control for variation in the number of ants
on the trail from test to test.

To determine whether observed changes in palat-
ability were produced by the methods used to collect
leaves, I compared the palatability of 20 plants used
in the study with that of conspecifics not in the study.
These tests were carried out in mid-July on the colony
in the disturbed area at the edge of park headquarters
(colony H). The conspecific plants were not attacked
by leafcutting ants earlier in the same season, and had
not been subjected to manipulative studies by other
investigators for at least 1 yr previously. Leaves from
the conspecifics were collected exactly as previously
described, and four replicate 15-min palatability tests
were run within 2 d of the tests on the plants in the
study.

Measurement of chemical characteristics

Leaf samples for chemical analysis were usually col-
lected at the same time as samples for palatability mea-
surements, and in all cases were collected within 48 h
of the tests. Samples taken after tests were completed
were collected at the same time of day as those used
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for palatability measurements. Undamaged leaves (50—
300 g) were collected by cutting terminal branchlets or
snapping off the petiole where it joined the branch.
Samples received a preliminary air drying in mesh bags,
and were then dried for 1-2 h in an oven at 40°C. All
samples were completely dried within 72 h of collec-
tion. After removing midribs and large veins, dried
samples were crushed, packed in two layers of plastic
bags, and stored in the dark until returned to Iowa.
Leaf samples were then ground to pass a 150-um mesh
sieve and were stored at —20° until analysis.

Water content of leaves was estimated for five leaves
from each collection. Intact leaves from each plant
were collected and weighed in the field. Each leaf was
then individually tagged, dried, and stored in a plant
press. Prior to reweighing in the laboratory, leaves were
redried for 12 h at 100° and stored in a desiccating jar
until cool. Water content was calculated as: (mass in
the field — mass in the laboratory)/mass in the field.

Two measures of nitrogen availability were deter-
mined for each sample: protein content and total ni-
trogen content. The protein content of leaves was de-
termined in order to provide a relevant measure of
nitrogen availability to leafcutting ants, which satisfy
immediate nutritional requirements by imbibing lig-
uid from cut and crushed leaves (Littledyke and Cher-
rett 1976, 1978). Total nitrogen content of leaves was
thought to be a more relevant measure for the fungal
mutualist of the ants, which may be able to utilize
nitrogenous secondary chemicals as nitrogen sources
(Littledyke and Cherrett 1976). Single measurements
of total nitrogen were performed on a Perkin-Elmer
clemental analyzer in the Department of Chemistry,
University of lowa. Protein content was measured in
triplicate using a modification of the Bradford assay
(S. Faeth, personal communication). Samples of leaf
powder weighing 3-5 mg each were extracted twice
with acetone to remove pigments and phenolics that
may interfere with the assay. A 1-mL aliquot of 0.1
mol/L NaOH was added to each sample; the samples
were then allowed to stand at 25° for 36-40 h. A 200-
uL aliquot of this extract was added to 5 mL of Coo-
massie brilliant blue (Biorad Corporation) and the ab-
sorbance at 595 nm was measured after 5 min. Protein
content was calculated from a calibration curve con-
structed on the same day as the assay, using bovine
serum albumin (Sigma Chemical).

Two measures of energy availability were performed
on each sample collected, to provide relevant estimates
of the availability of energy to ants and to the fungus.
Since ants obtain nutrients directly from-leaf liquids,
I estimated energy availability by determining the total
nonstructural carbohydrate of leaves. The fungus uti-
lizes large amounts of cellulose (Martin and Weber
1969), and to estimate energy availability for the fun-
gus I simply measured the dry mass of a standard-sized
piece of leaf blade (harvestable biomass). The total
nonstructural carbohydrate content of leaf samples was
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estimated in triplicate using a modification of the phe-
nol-sulfuric acid method (Southgate 1976). Samples of
leaf powder (3-5 mg each) were extracted with 10 mL
double-distilled water for 1 h at 95°. A 1 mL aliquot
of this aqueous extract was added to 1 mL of 5% (mass/
volume) phenol and 5 mL concentrated sulfuric acid,
gently mixed, and allowed to cool for one-half hour.
The absorbance was read at 490 nm, and a set of ab-
sorbance-matched 15-mL cuvettes was used to process
several samples at a time. The percent nonstructural
carbohydrate was calculated as sucrose equivalents us-
ing a calibration curve constructed on the same day as
the experiment using reagent-grade sucrose. The har-
vestable biomass of each leaf sample was estimated by
obtaining the mean dry mass of a standard-sized sec-
tion of leaf blade for each of five leaves from each
sample. After determination of water content on la-
belled, dried leaf collections, I used a hole punch to
obtain 30-mm? pieces of lamina from each leaf and
weighed the pieces using a Cahn microbalance. I mea-
sured five pieces from each leaf whenever possible, but
fewer pieces were obtained from small leaves.

Qualitative analyses for secondary chemical sub-
stances were carried out on each sample. I used well-
known qualitative methods to detect the presence or
absence in plant tissues of several classes of polar com-
pounds: tannins, alkaloids, cyanogens, and saponins.
Hubbell et al. (1984) suggested that nonpolar com-
pounds in plant lipid extracts (mostly terpenoids)
strongly influence the preference of leafcutting ants for
certain plants, and no suitable qualitative chemical test
exists for this heterogeneous group. To test plant sam-
ples for the presence of lipophilic compounds that deter
attack by leafcutters, I performed bioassays on captive
ant colonies at the University of lowa using the method
of Hubbell et al. (1984). Bioassays were carried out on
eight plants new to the survey and five plants that
replaced individuals used by Hubbell et al. (1984). The
remaining plants were assigned scores reported in Hub-
bell et al. (1984). since bioassays of new leaf collections
yielded identical scores in eight of nine plants tested
(D. F. Wiemer, personal communication).

Plant samples were extracted with chloroform, which
removes nonpolar compounds such as terpenoids, fatty
acids, and waxes, but leaves polar compounds such as
tannins, phenolics, glycosides, and most classes of al-
kaloids. Ants were presented with 60 test rye flakes
coated with the plant extract and 60 control flakes
coated with solvent only, and allowed to pick up flakes
until half of the control flakes were taken. The differ-
ential, control (C) — test (T), was analyzed using a
modified binomial test (Hubbell et al. 1984). Results
of the bioassays were scored as: C — T = 0, nonde-
terrent; 0 < C — T < 14, slightly (but not significantly)
deterrent; 14 < C — T = 23, significantly deterrent
(P < .05); C — T > 23, highly deterrent (P < .001).
For most of the plants in Hubbell et al. (1984) the
difference (control — test) obtained in laboratory bioas-
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says is known to be nearly constant for leaves collected
during the first 10 wk of the rainy season (D. F. Wie-
mer, personal communication), but complete data for
this period were not available for all 50 plant species.
I assume that the control — test difference, and thus
bioassay scores of 0-3, are constant throughout the
entire study in those plants for which this information
is unavailable.

Other qualitative analyses were performed using
standard techniques. The Feigl-Anger test for cyano-
genesis (Feigl and Anger 1966) was performed in the
field using freshly collected leaf tissue. Indicator paper
was prepared in the laboratory by soaking filter paper
in a solution of copper ethylacetoacetate and 4,4'-tetra-
methyldiaminodiphenylmethane dissolved in chloro-
form. Fresh leaf tissue was macerated and sealed in a
vial with a piece of indicator paper. In the presence of
HCN the paper turned a dark blue within a few hours.
I tested samples for the presence of saponins by shaking
52 g of leaf powder in a test tube containing 5 mL of
water. The presence of persistent foaming (>15 min)
was taken to indicate the presence of saponins (Har-
bourne 1973).

Qualitative analyses of tannins and alkaloids in sam-
ples were adapted from the procedures of Gartlan et
al. (1980). A sample of leaf powder (= | g) was extracted
for 30 min in 5 mL of 1 mol/L sulfuric acid at 95°.
The filtered extract was tested for the presence of al-
kaloids with an iodine-potassium iodide solution,
Mayer’s and Dragendorff’s reagents, and a 5% aqueous
solution of tannic acid (Cromwell 1955). The possible
presence of alkaloids is indicated by the formation of
precipitates with one or more of these solutions. Ex-
tracts that gave positive results with one or more of
the solutions were treated to remove possible false pos-
itive results by neutralizing the remainder of the acid
solution with ammonium hydroxide, and extracting
the free alkaloid bases into chloroform. The chloro-
form was evaporated off and the residue redissolved
in 1 mol/L sulfuric acid. This solution was then retested
with the four reagents, and a strong reaction with at
least two of the four was scored as indicating the pres-
ence of alkaloids. Weak reactions with at least two of
the reagents were scored as indicating the possible pres-
ence of small amounts of alkaloidal substances.

It has been suggested that hydrolyzable and con-
densed tannins differ in their biological effects on mi-
croorganisms and insects (Zucker 1983), and I elected
to test for the presence of each of these classes in plant
samples. Tannins were extracted from a second sample
of leaf powder into aqueous acid exactly as described
above. The acid extract was cooled, vigorously mixed
with 3 mL of amyl alcohol, and the layers allowed to
separate for 30 min. The upper, alcohol layer was pi-
petted off and spotted onto Whatman No. 3 MM chro-
matography paper for one-dimensional chromatogra-
phy in Forrestal solvent (30:3:10, acetic acid : HCI:
water). Visible spots at R; 0.50 and R; 0.30 indicated
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the presence of cyanidin and delphinidin condensed
tannins, and UV-fluorescent spots at R, 0.65 and R,
0.34 indicated the presence of gallo- and ellagitannins.
Samples that were positive for cyanidin and/or del-
phinidin were scored as positive for condensed tannins,
and those that were positive for gallo- and/or ellagi-
tannins were scored as positive for hydrolyzable tan-
nins (Harbourne 1973).

Statistical analysis

Analyses were performed using the SAS statistical
package at the University of lowa computing center.
Because some plant characteristics were measured
quantitatively and others qualitatively, an analysis of
covariance was used to determine the relationship of
plant characteristics to palatability. Analysis of co-
variance has a number of assumptions, which were
examined to verify that this method was appropriate
for the data set. The ANCOVA residuals were exam-
ined for normality, and a log transform of the depen-
dent variable (number of leaf disks harvested, + 1) and
was found to provide an acceptable transformation and
homogeneous residuals plot. Residuals were found to
be uncorrelated with continuous variables (covariates),
and residual variances were approximately equal among
class variables (treatments). With the exception of total
nitrogen (for which assays were unreplicated) the mea-
surement error of the continuous variables is small,
and I assume that the assumption of errorless mea-
surement of covariates is adequately met. Regressions
of the log-transformed dependent variable on the co-
variates are all linear, and show no improvement by
adding higher order terms.

An additional assumption required for interpreta-
tion of the significance of covariates (but not for AN-
COVA to test treatment effects) is that continuous vari-
ables are not highly intercorrelated (Neter et al. 1985).
The existence of high correlations among continuous
variables causes inflation in the variance of regression
coefficients and makes them unreliable. Correlation
coefficients among continuous variables were moder-
ate, but variance inflation factors for these variables
were all <2, indicating that the variables were suffi-
ciently independent of one another to include all of
them in the model (Neter et al. 1985, SAS Institute
1982).

I first ran an exploratory analysis of covariance to
test the significance of the main effects of plant char-
acteristics on palatability, and of all one-way interac-
tions of characteristics with each other and with the
month of the experiment. Because of the large number
of effects in the initial model I set a conservative sig-
nificance level of P < .01 as the minimum level for
inclusion of interactions among leaf characteristics in
subsequent analyses. All nonsignificant interactions
were dropped, and the analysis was rerun including
main effects, interactions of characteristics and month,
and other significant interactions. The main effects yield
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TABLE 1. Analysis of variance on the palatability of plants to At¢ta during three monthly blocks of experiments.
Source of variation df Sum of squares* Mean square F P
Model 147 86.22 0.58 3.32 <.001

Month 2 10.64 5.32 31.10 <.001
Species 49 58.85 1.20 6.79 <.001
Species x month 96 16.40 0.17 0.97 .5704
Error 296 52.34 0.18
Total 443 138.56
* Type IV sums of squares for effects in the model.
information on the overall importance of each char- RESULTS

acteristic during the experimental period, while inter-
actions with month yield information on the consis-
tency of these effects over time.

Although palatability measurements were organized
into four 15-min periods, measurements on a single
colony are not completely independent of one another.
In addition, the treatments (presence or absence of
secondary chemical classes) are not true experimental
treatments. For these reasons I chose to pool the four
15-min measurements on each plant on each colony
to obtain hourly totals of leaf disk harvest. This yielded
three palatability measurements per month on each
plant, and provides a relatively conservative test of the
overall relationship of palatability to plant character-
istics. Although Hubbell et al. (1984) divided the num-
ber of leaf disks taken in a choice test by the number
of oat flakes taken to obtain an index of palatability,
this produced residuals from the ANCOVA that were
difficult to normalize. Instead, I used the number of
sugar-coated oat flakes picked up during each choice
test as a covariate in the ANCOVA.

Because colony F2 was replaced with colony F3 in
August, [ tested for colony differences using two subsets
of the data (colonies H, F1, and F2 during June and
July, and colonies H and F1 during June, July, and
August). I treated each 15-min palatability measure-
ment as a separate observation in this analysis. The
model in this case contained all main effccts and all
interactions of leaf characteristics with the colonies
tested. Interactions of leaf characteristics with colony
provide information on the extent to which the effect
of leaf characteristics on palatability differs from col-
ony to colony.

Palatability measurements

Nearly 4000 leaf disks of the 50 plants were har-
vested by the four colonies of leafcutting ants tested
during the summer. An analysis of variance on leaf
disk harvest during the three experimental periods re-
vealed strong differences in palatability (leaf disks har-
vested per test) among plants and among the monthly
blocks of experiments (Table 1). The lack of a signif-
icant plant X month interaction in the overall analysis
(Table 1) indicates that plants maintained the same
approximate rank-ordering of palatability throughout
the 10-wk experimental period. The number of disks
harvested in the monthly experimental blocks de-
creased throughout the summer (Table 2), paralleling
the decrease in natural foraging of colonies observed
during this period (Hubbell et al. 1984). Despite the
decrease in leaf disks harvested, the number of ants
foraging during palatability tests was identical in June
and August, and the number of oat flakes picked up
per test increased slightly over the 10-wk study period
(Table 2). The observed decrease in leaf disks harvested
might be due to changes induced by the method of
collecting leaves from plants. However, the compari-
son of manipulated plants with nonmanipulated con-
specifics shows no consistent effect of previous leaf
collections on palatability (Table 3).

Two subsets of the data were analyzed to determine
if colonies differed in their responses to plant species
presented in palatability tests: data from colonies F1,
F2, and H in the June and July experimental blocks,
and data from colonies F1 and H in all three experi-
mental blocks. Both subsets showed a significant col-

TABLE 2. Patterns of leaf disk harvest and ant activity in hour-long experiments during three experimental periods (X + 1
sp). Entries in the same row followed by different superscript letters are significantly different (P < .05, Tukey’s HSD test).

Experimental period

June July August
Total leaf disks harvested 1991 1043 892
No. disks per species 39.82 + 38.36 21.29 £ 35.71° 18.20 = 23.39®
(n = 50) (n=49) (n = 49)
Ants per minute* 102.3 = 62.02 147.1 £ 56.7° 101.7 = 54.0°
(n=12) (n=172) (n = 54)
Oat flakes harvested 58.87 = 19.56° 67.73 + 18.942° 78.67 + 36.40°
(n=16) (n=11) (n=29)

* Ants per minute is the mean number of ants passing the bioassay site.
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TABLE 3. Analysis of variance on the effect of prior leaf
collection on the palatability of plants to Atta.

Sum of Mean
Source df squares square F P
Treatment 1 5.63 5.63 0.63  .429
Error 158 1414.28 8.95
Total 159 1419.90

ony effect, suggesting that colonies did differ from one
another (Table 4). This was partly because colony F1
consistently harvested fewer leaf disks than did the
other colonies (Fig. 1), but the significant interaction
between species and colony also suggests that individ-
ual plant species are not equally palatable to all colonies
(Table 4).

The extent of these palatability differences is re-
vealed by calculations of the proportional overlap in
leaf disk harvest between colonies (Colwell and Fu-
tuyma 1971). The proportional overlap between pairs
of colonies was =0.66 in all cases, indicating that col-
onies differed moderately in their patterns of leaf disk
harvest (Table 5).

Plant chemistry

Quantitative measures of nitrogen, energy, and
moisture availability did not vary uniformly during
the 3 mo of the experiment. One-way ANOVAs on
mean levels of the five measures during the three ex-
perimental periods revealed no significant changes in
protein and harvestable biomass (dry mass per unit
area of leaf lamina), and significant decreases in total
nitrogen, nonstructural carbohydrate, and water (Table
6). An analysis of simple correlations among the quan-
titative variables revealed only three strong correla-
tions: nitrogen content was positively correlated with
protein content (r2 = 0.37, P < .0001) and water con-
tent (r> = 0.25, P < .005), while harvestable biomass
was inversely correlated with water content (r2 = —0.54,
P < .0001).

Qualitative analyses of tannins were relatively con-
sistent throughout the experimental period. Twenty-
six plants showed spots on chromatograms indicative
of condensed or hydrolyzable tannins in at least one
of the three samples analyzed. Plants that contained
tannins generally showed tannin activity in all three
samples collected during the summer. However, plants
containing more than one structural class of tannins
often gained or lost activity of one class.

Alkaloid measures were somewhat more variable,
with plants of 24 species showing at least one strong
reaction and 10 others showing at least one weak re-
action. Only 7 of the 24 strongly active plants consis-
tently showed alkaloidal activity (at least weak reac-
tions in all three samples). Alkaloid scores tended to
increase over the experimental period in 7 plants and
decrease in 6 others, while 4 plants showed peaks in
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Fic. 1. Total number of leaf disks harvested in field ex-
periments by leafcutting ant colonies during three experi-
mental periods. ® = Colony H; O = Colony F1; O = Colony
F2; % = Colony F3.

alkaloidal activity in the July collections. Overall, al-
kaloids were most common in the July block of ex-
periments, in terms of both the number of species
showing the presence of alkaloids, and the number
showing strong alkaloid activity. Strong cyanogenesis
was detected in all collections of Paullinia cururu, and
persistent foaming indicative of saponins was detected
in all collections of Pisonia macranthocarpa.

The activity of nonpolar extracts from the 13 plants
tested was found to be highly consistent during the

TABLE 4. Analysis of variance on Atta colony responses to
palatability tests, on two subsets of the data. All P < .0001.

Sum of  Mean
Source of variation df  squares* square F
Subset 1t
Model 152 125.62 0.83 14.39
Month 1 11.71 11.71 203.86
Plant 49 80.69 1.65 28.67
Colony§ 2 7.46 3.73 15.11
Colony x plant 98 24.19 0.25 4.30
Error 1026 58.93 0.06
Total 1178  184.55
Subset 2f
Model 103 96.90 0.94 16.98
Month 2 8.97 4.40 79.35
Plant 49 64.56 1.32 23.78
Colony§ 1 10.64 10.64 42.92
Colony x plant 49 12.15 0.25 4.47
Error 1070 59.29 0.06
Total 1173 156.18

* Type IV sums of squares for model effects.

+ Colonies F1, F2, and H during the months of June and
July.

f Colonies F1 and H during the months of June, July, and
August.

§ F ratio constructed by use of [Ms (colony)] + [Ms (col-
ony x plant)]; significance determined at df (colony) and df
(colony x plant).
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TABLE 5. Similarity in preferences of leafcutting ant colonies
for individuals of 50 tropical woody plant species, calcu-
lated as proportional overlap of leaf disk harvest by colo-
nies.

Proportional
Time period Colonies overlap*
June-July H vs. Fl 0.668
H vs. F2 0.631
F1 vs. F2 0.663
June-August H vs. Fl 0.644

* See Colwell and Futuyma (1971) for formula.

study, in keeping with previous experience. Two of the
plants chosen to replace damaged or dead individuals
from the study of Hubbell et al. (1984), Bombacopsis
quinatum and Bursera simaruba, differed from the
original plants in the deterrency of their extracts. Non-
polar extracts from both of the original plants were
deterrent in laboratory bioassays, while extracts of the
replacements lacked deterrent activity. Deterrent ac-
tivity of extracts from the other three replacement plants
(Malvaviscus arboreus, Paullinia cururu, and Randia
echinocarpa) was similar to that of extracts from the
plants that they replaced.

The co-occurence of the four widespread classes of
secondary compounds was examined by contingency
table analysis. The occurrence of significantly deterrent
nonpolar extracts (C — T = 14) was independent of
the occurrence of condensed tannins and alkaloids.
However, hydrolyzable tannins occurred less often than
expected in samples with deterrent nonpolar extracts
(chi-squared = 12.6, P < .001). Hydrolyzable and con-
densed tannins co-occurred more frequently than ex-
pected (chi-squared = 7.1, P < .001), and both types
of tannins showed a negative association with alkaloids
in plant extracts (hydrolyzable tannins: chi-squared =
4.8, P < .05; condensed tannins: chi-squared = 14.0,
P < .0001).

Relationship of plant chemistry to palatability

The analysis of covariance on overall patterns of
palatability showed that leaf characteristics and the
blocking variable explained about half of the variance
in palatability (Table 7). Cyanide and saponin activity
were omitted from the analysis because only one plant

TABLE 6.
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showed activity in each case. The exploratory data
analysis found that no interactions among leaf char-
acteristics met the criterion for inclusion in the analysis
(P < .01). Only main effects and interactions of leaf
characteristics with the month of the experiment were
included in the analysis of covariance. Among the main
effects, the presence or absence of hydrolyzable tannins
in extracts and the deterrency of nonpolar extracts were
significantly correlated with the palatability of plant
samples, as was the number of oat flakes harvested
during each experiment. However, significance levels
of .05-.01 must be interpreted with caution because of
the large number of effects in the model, and hydro-
lyzable tannins cannot be considered from these results
to have a strong influence on palatability. The palat-
ability of samples that lacked deterrent nonpolar ex-
tracts (C — T =< 0) was much higher than that of sam-
ples whose nonpolar extracts were even slightly
deterrent (C — T > 0) (Fig. 2). In contrast, samples
containing hydrolyzable tannins were more palatable
than those lacking such tannins (Fig. 2).

The correlation between leaf nonstructural carbo-
hydrate content and palatability differed during the
three experimental periods (nonstructural carbohy-
drate x month interaction, Table 7), but the signifi-
cance of this effect was marginal. Separate regressions
of carbohydrate content on palatability during each
month showed that a significant, positive correlation
with palatability existed only during August. This cor-
relation explained <3% of the variance, indicating a
weak though significant relationship between nonstruc-
tural carbohydrate content and palatability.

Chemistry and colony-to-colony
differences in palatability

Although plants were not equally palatable to all
colonies (colony X species effect, Table 4), there was
little apparent relationship between the leaf character-
istics studied and colony-to-colony variation in pal-
atability. Analysis of covariance using subset 1 of the
data showed no significant interactions between colo-
nies and leaf characteristics. Results from subset 2 of
the data revealed that ant colonies differed only in their
reactions to plants containing slightly deterrent non-
polar extracts (P < .01).

Mean levels (£ 1 sp) of nutrients and water of individuals of 50 tropical woody plant species during three

experimental periods. Entries in the same row followed by different superscript letters are significantly different (P < .05,

Tukey’s HSD test).

Experimental period

June July August
Protein (% dry mass) 3.02 + 1.79° 22.53 + 1.192 2.51 + 1.782
Nitrogen (% dry mass) 3.56 + 1.38 2.71 = 0.80° 2.57 + 1.10°
Nonstruc. carbohydrate (% dry mass) 17.18 + 6.74* 18.21 + 6.562 13.87 + 5.11°
Biomass (mg/cm? leaf area) 598 + 2.56* 4,99 + 2.05° 5.71 £ 2,712
Water (% wet mass) 73.96 + 10.502 73.17 + 8.23 68.23 + 7.57°
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DiSCUSSION

This study is the first to evaluate the relative im-
portance of many plant characteristics in the diet se-
lection of a highly polyphagous insect herbivore. Pre-
vious studies involving leafcutting ants have found
several factors to be related to diet selection, but these
studies have largely been confined to a single plant

species or characteristic. These studies have not ad-
dressed the relative importance of such factors. the
possibility of interactions, or the possibility that sig-
nificant correlations between palatability and any given
plant characteristic might be due to covariance with a
third, unstudied factor. By simultaneously measuring
a number of leat characteristics and analyzing their
relationship to leaf palatability, this study provides in-

TasLE 7. Analysis of covariance on the relationship of plant chemical characteristics to leaf disk harvest in field experiments.
Sum of Mean
Source of variation df squares* square F P
Model 41 72.56 1.77 10.78 <.0001
Error 402 66.00 0.16
Total 443 138.56
Blocking variable:
Month 2 0.02 0.01 0.06 9436
Covariate controlling for number of ants:
Oat flakes 1 12.93 12.93 78.76 <.0001
Main effects of chemistry:
Nonpolar extract deterrency 3 25.62 8.54 52.01 <.0001
Alkaloids 2 0.58 0.29 1.76 1728
Hydrol. tannins 1 0.85 0.85 5.18 <.025
Condensed tannins 1 0.08 0.08 0.47 .4950
Protein 1 0.03 0.03 0.19 6664
Nitrogen 1 0.15 0.15 0.92 13371
Nonstruc. carbohydrate 1 0.44 0.44 2.70 .1009
Harvest. biomass 1 0.15 0.15 0.92 3374
Water content 1 0.01 0.01 0.01 .9067
Interactions of chemistry with month:
Month x nonpolar extract 6 0.64 0.11 0.65 .6882
Month x alkaloid 4 0.86 0.22 1.31 .2645
Month x hyd. tannin 2 0.38 0.19 1.17 3107
Month X con. tannin 2 0.80 0.40 2.43 .0893
Month x protein 2 0.19 0.09 0.57 .5647
Month x nitrogen 2 0.43 0.21 1.31 2722
Month x nonstr. carbo. 2 1.25 0.62 3.79 <.025
Month x biomass 2 0.04 0.02 0.12 .8861
Month x water 2 0.15 0.07 0.45 .6400

* Type IV sums of squares for effects in the model.
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formation on their relative importance in diet selection
by leafcutting ants.

The results of this study support the idea that avoid-
ance of certain plant secondary chemicals plays an im-
portant role in diet selection by leafcutting ants during
the period of maximum leaf harvest in nature. There
is little evidence that moisture content or nutritional
constraints are of importance during this period. The
lack of significant interactions among water content,
nutrients, and chemical defenses suggests that such in-
teractions do not play an important role during this
period. This study may not be particularly sensitive
to such interactions, in part due to the qualitative anal-
ysis of secondary chemicals used, and interactions may
well be discovered using quantitative chemical meth-
ods. However, on the basis of this study I expect their
impact on diet selection to be small relative to that of
simple patterns of secondary chemistry. Overall, the
significant relationship between secondary chemistry
and palatability in this study is consistent with the view
that avoidance of toxic secondary chemicals is the best
predictor of plant species utilization by generalist insect
herbivores (Jermy 1966, Schoonhoven and Derksen-
Koppers 1976).

Plant secondary chemistry and palatability

The correlation betwen palatability and the deter-
rency of nonpolar plant extracts is dramatic and con-
sistent throughout the experimental period, suggesting
that lipophilic secondary compounds may be the most
important chemical factor determining plant palat-
ability for leafcutting ants. Most ant-deterrent lipo-
philic compounds so far identified are derivatives of
mono-, sesqui-, di-, and triterpenes, although natural
concentrations in leaf tissues have not yet been deter-
mined in most cases (Wiemer 1985). Because of the
uncertainty about natural concentrations, there has been
some question as to whether the deterrency of these
compounds in laboratory behavioral assays is repre-
sentative of their role in natural foraging situations.
The strong correlation observed in this study between
deterrency of nonpolar extracts and plant palatability
is evidence that these compounds are indeed an im-
portant influence on leafcutting ant foraging patterns.
This is not the first study to find widespread feeding
deterrent activity against insects in nonpolar extracts
of plants (Bernays and Chapman 1977), and I suggest
that this group of chemicals has been generally under-
emphasized in ecological studies.

The low palatability of leaves containing weakly de-
terrent nonpolar extracts (0 < C — T = 13) was un-
expected, and plants characterized by this level of de-
terrency in laboratory bioassays deserve further study.
It is possible that low palatability of these plants is due
to other classes of secondary chemicals not analyzed
here (e.g., simple phenolics, amines, nonprotein amino
acids). Since thousands of individual tannins and al-
kaloids have been characterized, it is also possible that
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specific alkaloids or tannins present in these plants do
strongly influence palatability, despite the lack of a
general relationship between these chemical classes and
palatability. An alternative possibility is that some
plants contain deterrent or repellent lipids that are vol-
atile or unstable, and are lost or degraded during sam-
ple preparation and storage prior to laboratory anal-
ysis.

Plants containing hydrolyzable tannins were highly
palatable, but this in itself does not suggest that hy-
drolyzable tannins act as feeding stimulants to leaf-
cutting ants, or as behavioral cues in locating palatable
plants. The statistical significance of the correlation
between hydrolyzable tannins and palatability must be
considered marginal. In addition, plants that contained
hydrolyzable tannins generally did not show significant
deterrent activity in nonpolar extracts. It is likely that
the high palatability of plants containing hydrolyzable
tannins is a reflection of discrimination against plants
containing lipophilic deterrents. It is noteworthy that
Coley (1983) found that tannins and phenolics to be
uncorrelated with overall rates of leaf damage from all
insects in a study of lowland tropical rain forest. At
this time the role of these substances in interactions of
plants and herbivorous insects in tropical forests ap-
pears to be open to question.

Although the statistical analysis focussed only on
chemical defenses widespread in the plants investigat-
ed, two plant species contained other defenses as well.
Cyanogens and saponins were found in a single plant
each, and these two plants, Paullinia cururu and Pi-
sonia macranthocarpa are among the least palatable of
all plants tested in the study. In both cases other sec-
ondary chemical defenses were present as well, and it
is unclear which of these varied defenses might deter
leafcutting ants. At least some evidence exists to show
that saponins alone are capable of deterring and pos-
sibly killing leafcutting ants (Febvay and Kermarrec
1986).

Several classes of polar secondary compounds were
found to be unrelated to plant palatability in this study,
and previous laboratory bioassays of crude plant ex-
tracts have shown leafcutting ant feeding deterrents to
be more common in nonpolar than in polar extracts
(Hubbell et al. 1984). Why should feeding deterrency
be more closely associated with nonpolar, lipophilic
compounds than with polar compounds? I suggest that
the requirements of the ants’ fungal mutualist may be
the primary reason for discrimination against plants
containing certain lipids. Fungi are sources of potent
enzyme systems for detoxifying plant secondary chem-
icals, particularly phenolic substances (Martin 1979).
It may be that the leafcutting ant fungus is well equipped
to detoxify many nitrogenous and phenolic secondary
compounds, but is vulnerable to some classes of non-
polar compounds. Most of the lipophilic deterrents
characterized from plants avoided by leafcutting ants
are terpenoids (Wiemer 1985), and numerous terpe-
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noids are known to possess significant fungistatic or
fungitoxic activity (Stoessl 1970, 1983). Several of the
unpalatable plant species in this study contain terpe-
noids that inhibit the growth of isolated cultures of the
ant fungus (J. J. Howard, personal observation). How-
ever, the nonpolar nature of terpenoids makes them
admirably suited for penetrating insect cuticle, and ter-
penoids may also possess insecticidal properties. Fur-
ther experimentation on both ants and fungus will be
required to determine the role played by the require-
ments of the fungus in the selection of leaves by leaf-
cutting ants.

Nutrients, water content, and palatability

The overall lack of correlation between nutritional
variables and palatability found in this study is con-
sistent with the results of some previous studies of Atza
cephalotes. Hubbell and Wiemer (1983) found no cor-
relation between total nitrogen content and the palat-
ability of plants to A. cephalotes, as measured in a field
experiment. In addition, laboratory studies to date have
found little evidence to suggest that 4. cephalotes is
attracted to either nitrogen or carbohydrate fractions
isolated from plants (Cherrett and Seaforth 1970, Mudd
et al. 1978). However, A. cephalotes does respond to
pure solutions of mono- and disaccharides in the lab-
oratory (Cherrett and Seaforth 1970, Littledyke and
Cherrett 1975, 1978, Mudd et al. 1978), and the weak
correlation of nonstructural carbohydrate and palat-
ability at the end of this study suggests that nutrient
content might be of greater importance in the latter
half of the rainy season. Increased attention to nutri-
tional quality in leaf selection might be expected if
nutrients are less available in mature leaves, which
predominated at the end of the study, than in young
leaves. The increased harvest of sugar-coated oat flakes
relative to leaf disks during August is consistent with
this idea.

The lack of relationship between leaf water content
and palatability is at variance with other studies of
leafcutting ants that show either a positive (Cherrett
1972, Bowers and Porter 1981), or negative relation-
ship (Blanton and Ewel 1985) between water content
and the probability of leafcutting ant attack. Water
content might be expected to be an important con-
straint on leafcutting ants, giving the greatly reduced
rainfall in the study area in the previous year due to
the 1982-1983 El Nino climatic fluctuation. However,
the mean water content of leaves during the July ex-
perimental period (73.17 = 8.23%) was substantially
higher than that of 68 species at the same site measured
during the same period in 1978 (66.25 + 6.35%) (Jan-
zen and Waterman 1984), a year not marked by severe
drought at Santa Rosa (D. H. Janzen, personal com-
munication). It is possible that the water content of
leaves measured in this study was higher than usual
for some reason, and might still influence host plant
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selection under other circumstances, or in the dry sea-
son.

Leaf chemistry and seasonal change in
palatability

The decrease in leaf disk harvest during the 10-wk
experimental period parallels a decrease in foraging
effort by leafcutting ants over the same period of time
(Hubbell et al. 1984). These patterns are apparently
related to changes in plant quality as leaves age, as no
decreases were observed in the numbers of ants on
trails or in the harvest of sugar-coated oat flakes, which
remained constant in composition.

This study provides no immediate explanation for
decreased harvest of leaf material over time, but does
suggest that the relationship of this decrease to quan-
titative variation in plant secondary chemistry is wor-
thy of investigation. Total nitrogen, non-structural car-
bohydrate content, and water content of leaves
decreased during the study period, but were found to
be uncorrelated with palatability in the analysis of co-
variance. The qualitative analyses of plant secondary
chemistry carried out in this study do not provide suf-
ficient information to test the idea that changes in pal-
atability are related to changes in secondary chemical
profiles. Quantitative analyses of plant secondary
chemistry might well uncover differences in the con-
centrations of chemical defenses over this period of
time, which might explain observed changes in plant
palatability.

Colony-to-colony variation in palatability

Variation in the plant species preferred by leafcutting
ant colonies has been reported for both Atta cephalotes
and A. columbica (Rockwood 1976). Such variation
may exist for a variety of reasons, including genetically
determined differences in nutrient requirements or in
the ability of ants or fungus to tolerate some secondary
chemicals, physiological adaptation to different sec-
ondary chemical profiles in plants available to different
colonies, simple preference for gustatory cues in plant
species previously cut by some but not all colonies,
and chance. The present study found moderate vari-
ation in plant palatability among ant colonies, which
consistently shared only =0.66 of their preferences ac-
cording to measures of proportional overlap (Table 5).
There was, however, no clear relationship between col-
ony-to-colony differences in palatability and the plant
characteristics measured. Only plant samples contain-
ing slightly deterrent nonpolar extracts varied in pal-
atability to colonies, and only in one subset of the data.
Since only 3-5 leaf disks/h were harvested from these
plants, it is possible that this difference is in fact due
to chance variation in rates of harvest. This possibility
is supported by the observations that the effect was not
consistent in both subsets of the data, and that ant
colonies did not differ in their reactions to other non-
polar extracts. The plant characteristics evaluated in
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this study constitute an extensive, but not exhaustive,
list of possible influences on ant foraging, and further
study may establish a connection between colony-to-
colony palatability differences and other plant char-
acteristics not examined here.

Other factors related to palatability

Some insight into the effectiveness of latex systems
at deterring leafcutting ant attack may be gained by
comparing experimentally determined palatabilities
with the frequency with which intact latex-bearing
plants are attacked. Under the conditions of the choice
tests latex systems are ineffective, because leaves de-
tached from plants no longer exude latex. Five plants
studied belonged to families characterized by latex sys-
tems, but only Ficus goldmanii (Moraceae), Sapium
thelocarpum (Euphorbiaceae), and Stemmadenia obo-
vata (Apocynaceae) exude appreciable amounts oflatex
when damaged. S. obovata was found to be relatively
unpalatable, but both F. goldmanii and S. thelocarpum
ranked among the 10 most palatable plants tested.? [
have never observed leafcutting ants attacking intact
plants of either species at Santa Rosa, although senes-
cent leaves of S. thelocarpum are often harvested after
falling from the tree (J. J. Howard, personal observa-
tion). These observations suggest that latex systems
may be the primary defenses against leafcutting ant™
attack in these two species.

The experiments reported here suggest that plani_,
secondary chemistry plays an important role in deter-
mining the palatability of plant species to the leafcut-
ting ant Atta cephalotes during the period of maximum
leaf harvest. However, the leaf disk bioassays used in
this study preclude an assessment of the role of physical
impediments to leaf cutting, such as toughness and
trichome density, in determining vulnerability to leaf-
cutting ant attack. Several studies have reported that
leaf toughness is related to the probability of attack by
leafcutting ants (Cherrett 1972, Waller 19824, b), al-
though none has explicitly addressed the role of leai=*
trichomes. Further studies that address the relative in-
fluence of chemical and physical factors in diet selec- _,
tion by leafcutting ants will be of great interest.2
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