
 
ANT OCCUPANCY AND ANTI-HERBIVORE DEFENSE OF Cordia alliodora, A 

NEOTROPICAL MYRMECOPHYTE 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

By 
 

MATTHEW DAVID TRAGER 
 
 
 
 
 
 
 
 
 
 
 
 

A THESIS PRESENTED TO THE GRADUATE SCHOOL 
OF THE UNIVERSITY OF FLORIDA IN PARTIAL FULFILLMENT 

OF THE REQUIREMENTS FOR THE DEGREE OF 
MASTER OF SCIENCE 

 
UNIVERSITY OF FLORIDA 

 
2005 



 

 

 

Copyright 2005 
 

by 
 

Matthew David Trager 
 
 
 

 

 



 
ACKNOWLEDGMENTS 

First, I thank my graduate committee of Emilio Bruna, Heather McAuslane and 

Kaoru Kitajima for their insightful questions and for sharing their invaluable expertise 

throughout the research and writing process.  Jack Ewel graciously allowed me to work 

in the Huertos Project and also provided excellent advice on several aspects of this study.   

I wish to thank La Selva Biological Station and the Organization for Tropical 

Studies for access to the site and facilities.  Silvino Villegas and Virgilio Alvarado 

assisted with fieldwork.  Jack Longino provided difficult ant identification and imparted 

some of his substantial knowledge of the Cordia alliodora system.  Chad Tillberg shared 

data he collected on ant occupancy of C. alliodora at the site, which greatly improved 

this study.  Michael W. Gates (Systematic Entomology Laboratory, Agriculture Research 

Service, US Department of Agriculture) identified the parasitoid wasps, specimens of 

which were deposited at the US National Museum.  Meghann Bernardy assisted with the 

digital image analysis of herbivory.  Ian Fiske and Ramon Littell assisted with the mixed 

model data analysis.  Funding for this study was provided by the University of Florida’s 

Tropical Conservation and Development program and NSF Grant DEB-0309819 awarded 

to Emilio M. Bruna.  The Huertos Project was funded by NSF Award LTREB 99-75235 

and the Andrew W. Mellon Foundation.  Collection and exportation of specimens were 

conducted under Costa Rican permit DGVS-483-2004 and USDA permit 37-87383 for 

plants and plant products. 

Finally, I thank my parents for their constant encouragement and support. 

iii 



 

 

TABLE OF CONTENTS 
 
 page 

ACKNOWLEDGMENTS ................................................................................................. iii 

LIST OF TABLES............................................................................................................. vi 

LIST OF FIGURES ......................................................................................................... viii 

ABSTRACT.........................................................................................................................x 

CHAPTER 

1  INTRODUCTION ........................................................................................................1 

2  ANT SPECIES COEXISTENCE IN Cordia alliodora, A NEOTROPICAL 
MYRMECOPHYTE.....................................................................................................5 

Introduction….............................................................................................................. 5 
Methods……………. ...................................................................................................8 

Study System………….. ..................................................................................8 
Ant Community Composition...........................................................................9 
Spatial Variation in Ant Species Occupancy..................................................10 
Colony Founding and Expansion....................................................................10 

Results…………….....................................................................................................11 
Ant Community Composition.........................................................................11 
Spatial Habitat Partitioning.............................................................................12 
Colony Founding and Expansion....................................................................14 

Discussion……………...............................................................................................15 

3 HERBIVORY AND ANTI-HERBIVORE DEFENSE OF Cordia alliodora: 
HOW IMPORTANT IS ANT DEFENSE? ................................................................31 

Introduction………….................................................................................................31 
Methods……………. .................................................................................................35 

Study System…………….. ............................................................................35 
Field Survey of Herbivory ..............................................................................37 
Leaf Palatability Bioassay ..............................................................................38 

Results…………….....................................................................................................39 
Field Survey of Herbivory ..............................................................................39 
Leaf Palatability Bioassay ..............................................................................41 

iv 



 

Discussion…………...................................................................................................41 

4 CONCLUSIONS ........................................................................................................58 

LIST OF REFERENCES...................................................................................................59 

BIOGRAPHICAL SKETCH .............................................................................................67 

 
 
 

v 



 

 
LIST OF TABLES 

Table  page
 
2-1   Results of ANCOVA testing the effects of plant age on ant species richness, with 

the number of domatia on each plant (log10-transformed) included as a covariate..24 

2-2  Results of ANOVA examining the effects of plant age and the identity of the 
dominant ant species on the proportion of domatia occupied.  Proportional 
occupancy was arcsine (square root) transformed to improve normality.  Only 2- 
and 5-yr-old trees primarily occupied by either Azteca pittieri or Crematogaster 
carinata were included in this analysis (only one tree within these age groups, 
which was dominated by Cephalotes setulifer, was excluded). ...............................25 

2-3   Results of ANOVA testing the effects of plant age and the presence of the two 
numerically dominant ant species (Azteca pittieri and Crematogaster carinata) on 
the proportion of the plant occupied by the third most abundant species, Cephalotes 
setulifer.  Proportional occupancy was arcsine (square root) transformed to improve 
normality.  Only 2- and 5-yr-old trees primarily occupied by either A. pittieri or Cr. 
carinata were included in this analysis (only one tree within these age groups, 
which was dominated by Ce. setulifer, was excluded). ...........................................26 

3-1   Results of mixed model analysis testing the effects of plant age and fertilization on 
the number of leaves surrounding focal domatia. ....................................................47 

3-2  Results of mixed model analysis testing the effects of plant age and fertilization on 
the total area of leaves surrounding focal domatia...................................................48 

3-3 Results of mixed model analysis testing the effects of plant age and fertilization on 
the number of worker ants within the focal domatia................................................49 

3-4 Results of mixed model analysis testing the effects of plant age, fertilization, and 
the number of worker ants on the proportion of leaf area missing.  The number of 
ants was log10-transformed and the proportion of leaf area missing was logit-
transformed to improve the distribution for this analysis. .......................................50 

3-5 Results of mixed model analysis testing the effects of fertilization and the number 
of worker ants present on herbivory for 1-yr-old plants and 5-yr-old plants.  The 
number of ants was log10-transformed and the proportion of leaf area missing was 
logit-transformed to improve the distribution for this analysis.  Although the results 
are presented together, the analyses were conducted separately for the two ages. ..51 

vi 



 

3-6 Results of ANOVA testing the effects of plant age, leaf age and fertilization 
treatment on the leaf area consumed by one Coptocycla leprosa beetle in 24 hr, 
with trial as a random block effect. ..........................................................................52 

 

 
 

vii 



 

 

 
LIST OF FIGURES 

Figure  page
 
1-1 The inside of a Cordia alliodora domatium containing part of a Cephalotes 

setulifer colony.  Larvae and pupae are cylindrical and whitish.  Cohabiting scale 
insects are smaller, pink and attached to the wall of the domatium...........................4 

2-1  Plant age significantly affected both (A) the number of domatia on a plant and (B) 
the number of ant species present.  Means and 95% confidence intervals are shown, 
with pairwise differences (calculated with Tukeys HSD) indicated with lowercase 
letters. .......................................................................................................................27 

2-2 Proportional occupancy of domatia in different tree microhabitats varied among 
species in both (A) the 2-yr-old trees and (B) the 5-yr-old trees.  Although a 
number of other species were present in the 2-yr-old trees, including 
Pseudomyrmex fortis, none were present in either a large number of trees or a large 
number of domatia and so were not included. .........................................................28 

2-3 The two most abundant species, Azteca pittieri and Crematogaster carinata, 
differed in their occupation patterns and effects on other species.  (A) A. pittieri 
occupied relatively more domatia in trees where it was the dominant species 
compared with Cr. carinata.  This was true regardless of plant age.  (B) The 
proportional occupancy of Cephalotes setulifer was affected by the species of 
dominant ant in the tree, the age of the plant and the interaction of these two factors 
(Table 2-3)................................................................................................................29 

2-4 Stacked bar graph showing the expected occupation of the four most abundant ant 
species in the 1-yr-old trees—based upon their occurrence in the 5-yr-old trees—
and the observed occupation frequency.  All species except Azteca pittieri had 
significantly different occupation patterns than expected........................................30 

3-1 The beetle Coptocycla leprosa spends its entire life cycle on Cordia alliodora. (A) 
Late-instar larva with fecal shield, (B) pupa adhering to top of a leaf and (C) adult 
on underside of leaf. .................................................................................................53 

3-2 The number of worker ants present in focal domatia varied with plant age but 
fertilization treatment had no effect.  Boxplots show inter-quartile ranges and 
expected minimum and maximum values, with values beyond the 95% CI indicated 
by open circles.  All of the high outliers in the 1-yr-old plants were domatia 
occupied by Crematogaster carinata. ......................................................................54 

 viii



 

3-3 The number of worker ants present in focal domatia varied according to plant age 
and the identity of the ant species.  Boxplots show inter-quartile ranges and 
expected minimum and maximum values, with values beyond the 95% CI indicated 
by open circles.  Pseudomyrmex fortis was not present in any domatia from 1-yr-
old plants. .................................................................................................................55 

3-4 The proportion of leaf area missing was affected at P < 0.10 by plant age and 
fertilization treatment.  In general 1-yr-old plants experienced more proportional 
leaf damage than 5-yr-old plants, and for the 1-yr-old plants fertilization reduced 
herbivore damage. Boxplots show inter-quartile ranges and expected minimum and 
maximum values, with values beyond the 95% CI indicated by open circles. ........56 

3-5 Fertilization significantly reduced the leaf area consumed by individual Coptocycla 
leprosa beetles in the leaf palatability trials.  This was particularly true for young 
leaves, as indicated by the marginally significant (P = 0.056) interactive effect 
between fertilization and leaf age (Table 3-6). ........................................................57 

 

 ix



 

Abstract of Thesis Presented to the Graduate School 
of the University of Florida in Partial Fulfillment of the 

Requirements for the Degree of Master of Science 
 

ANT OCCUPANCY AND ANTI-HERBIVORE DEFENSE OF Cordia alliodora, A 
NEOTROPICAL MYRMECOPHYTE 

By 

Matthew David Trager 

December 2005 

Chair:  Emilio M. Bruna 
Major Department:  Interdisciplinary Ecology 

I studied patterns of ant occupancy, herbivory and anti-herbivore defense in Cordia 

alliodora (Boraginaceae) (Ruiz and Pavon) Oken, a common neotropical myrmecophyte.  

Specifically, I investigated patterns in ant community composition in 1-, 2-, and 5-yr-old 

plants and tested whether changes in ant occupancy with plant age affect the amount of 

herbivory sustained by the host plant.   

Although 11 ant species were present in the plants studied, four species—Azteca 

pittieri Forel, Cephalotes setulifer Emery, Crematogaster carinata Mayr and 

Pseudomyrmex fortis Forel—accounted for the vast majority of occupied domatia.  The 

relative abundance of these species varied according to plot-level environmental 

variation, domatia position within plants and plant age.  The two most abundant ant 

species, A. pittieri and Cr. carinata, were nearly mutually exclusive in the 5-yr-old plants 

and the interaction between these species affected the distribution and abundance of the 

third most abundant species, Ce. setulifer.  Coexistence of multiple ant species on the 

 x



 

same host plant in this system appears to be promoted by heterogeneity in nest site 

availability, competitive interactions among species, different life history strategies and 

interactions with other organisms.   

The amount of herbivore damage on leaves surrounding domatia was affected by 

random environmental variation, plant age, fertilization and the number of ants present.  

For the 5-yr-old plants, local herbivory was not affected by fertilization but was lower as 

a function of the number of workers in a domatium.  However, fertilization reduced 

herbivory and ant abundance had no effect for the 1-yr-old plants.  A palatability trial 

with a specialist herbivore, the beetle Coptocycla leprosa Boheman, showed that 

fertilized plants were less palatable regardless of plant age.  This suggests that C. 

alliodora likely has a mixed defensive strategy in which young plants are chemically 

defended or tolerant to herbivory, with the effectiveness contingent upon resource 

availability, whereas older plants appear to be defended by their resident ant colonies.      

 xi



 

CHAPTER 1 
INTRODUCTION 

 Ant-plant protection mutualisms are common throughout the tropics and have 

fascinated naturalists and ecologists for over a century (reviewed in Beattie 1985 and 

Heil and McKey 2003).  Amongst ant-plant protection mutualisms, the symbioses 

between myrmecophytes, plants that produce cavities in their stems or leaves in which 

ants nest, and their resident ants are considered to be the most specialized (Beattie 1985).  

Although there is substantial variation in myrmecophyte-ant relationships, these 

mutualisms are maintained by the reciprocal benefits afforded to both parties from 

participating in the symbiosis.  The ants receive housing and often food from the plant, 

whereas the benefits to the plants include protection from herbivores, removal of 

encroaching vegetation and, in some cases, fertilization from ant waste.  At least 400 

plant species in over 100 genera produce structures for housing ants, and at least that 

many ant species are myrmecophyte-nesting specialists (Beattie 1985, Davidson and 

McKey 1993).  Myrmecophytes have served as model systems for studying diverse topics 

in ecology and evolution, including plant defense strategies, conditional outcomes of 

interspecific interactions, the evolution and maintenance of mutualisms, trophic cascades, 

and mechanisms of species coexistence (reviewed in Bronstein 1998 and Heil and 

McKey 2003).   

 Most myrmecophyte species are occupied by more than one ant species (Fonseca 

and Ganade 1996).  Ant communities of myrmecophytes often vary temporally according 

to plant age or random variation (e.g., Alonso 1998, Palmer et al. 2000) and spatially due 
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to the interactions between habitat heterogeneity, habitat preferences and interspecific 

competition (e.g., Vasconcelos and Davidson 2000, Yu et al. 2001, Palmer 2003).  

Nesting space may be a limiting resource in these relationships (Fonseca 1999), and 

therefore ants commonly compete to maintain occupancy of a plant, often to the point of 

mutual exclusion, as the host plant grows (Janzen 1966, Davidson et al. 1989, Stanton et 

al. 2002).  Because ant species often differ dramatically in their ability to defend their 

host plants, variation in occupancy could significantly influence plant performance 

(Janzen 1975, McKey 1984, Itioka et al. 2000, Heil et al. 2001a, Bruna et al. 2004).  

Addressing the factors that affect ant community composition as myrmecophytes grow 

and the consequent effects on herbivore damage sustained by the host plant is a critical 

component of understanding the temporal dynamics of ant-plant protection relationships 

and is the focus of this study.      

Cordia alliodora is a fast-growing myrmecophytic tree common in secondary 

forests and fields throughout much of Central America and northern South America.  The 

ant associates of C. alliodora inhabit naturally hollow swellings, known as domatia, 

produced by the plants at most branch nodes (Figure 1-1).  In Costa Rica, more than ten 

different ant species have been recorded occupying the domatia of C. alliodora, including 

both specialists to that myrmecophyte and stem-nesting generalists (Wheeler 1942, 

Longino 1996, Tillberg 2004).  Unlike many other myrmecophytes, mature C. alliodora 

trees often host colonies of multiple ant species simultaneously, making this system 

particularly suitable to studies of species coexistence (Longino 1996; Tillberg 2003, 

2004).   
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The leaves of C. alliodora are eaten by a number of insect herbivores including 

lepidopteran and dipteran larvae, plant hoppers, scales and mealybugs, beetles and leaf-

cutter ants (Wheeler 1942, Flowers and Janzen 1997, Möser 2000, Tillberg 2004).  The 

high levels of herbivory and large number of insect herbivores on C. alliodora led 

Wheeler (1942) to conclude that the ant occupants provided no substantive benefit for the 

plant and, perhaps, were even parasites.  However, behavioral studies, analysis of 

herbivore damage and analyses using stable isotopes suggest that at least some of the ant 

species attack and eat herbivorous insects (Möser 2000, Tillberg 2004).    

 The objectives of this study are to describe patterns in ant occupation of C. 

alliodora and examine the importance of ants and other factors in the anti-herbivore 

defense of 1- and 5-yr-old plants.  In the second chapter I present results from a survey of 

ant occupation of C. alliodora and attempt to identify potential mechanisms of 

coexistence.  In the third chapter I describe the effects of plant age, fertilization and ant 

occupancy on the level of insect herbivory sustained by C. alliodora plants and interpret 

these results in light of plant defensive strategies.  In the fourth chapter I integrate the 

results of these studies and interpret their results with respect to the evolution and 

maintenance of the Cordia-ant relationship.         
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Figure 1-1. The inside of a Cordia alliodora domatium containing part of a Cephalotes 
setulifer colony.  Larvae and pupae are cylindrical and whitish.  Cohabiting 
scale insects are smaller, pink and attached to the wall of the domatium. 

 



 

 

CHAPTER 2 
ANT SPECIES COEXISTENCE IN CORDIA ALLIODORA, A NEOTROPICAL 

MYRMECOPHYTE 

Introduction 

 The co-occurrence of species with similar ecological requirements is ubiquitous in 

natural communities, and the mechanisms promoting coexistence are a major focus of 

ecological inquiry.  Both the intrinsic properties of organisms (e.g., behaviors and life 

history traits) and characteristics of the environment (e.g., habitat structure, disturbance 

regimes, interactions with other organisms and stochastic events) allow the persistence of 

species with overlapping resource needs (Tokeshi 1999, Chesson 2000, Amaresekare 

2003).  Because patterns of species coexistence differ across space and through time, 

single factors rarely account for the observed variation in the presence and abundance of 

species (Amarasekare 2003).  Consequently, field studies examining the composition of 

natural communities benefit greatly from the consideration of multiple, often 

complementary, mechanisms of coexistence. 

 Ant-plant symbioses are ideal model systems in which to study the patterns of 

coexistence of species with similar resource requirements (Davidson and McKey 1993, 

Bronstein 1998, Heil and McKey 2003, Palmer et al. 2003).  In specialized ant-plant 

symbioses, myrmecophytes (i.e., ant-plants) provide nesting space and food resources for 

ant inhabitants.  Ant inhabitants often provide some benefit for the plant in return, such as 

protection from herbivores, thereby maintaining the mutualism (Hölldobler and Wilson 
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1990, Bronstein 1998, Heil and McKey 2003).  Whereas space is rarely a limiting factor 

for terrestrial ant communities (Albrecht and Gotelli 2001), ants inhabiting 

myrmecophytes may face strong inter- and intra-specific competition for limited nest 

sites (Janzen 1966, Davidson et al. 1989, Fonseca and Ganade 1996, Fonseca 1999, 

Stanton et al. 2002).  Therefore, although young myrmecophytes may experience 

multiple colonization events by queens of different species or undergo a succession of ant 

species as they plant grow, mature plants are usually dominated by a single ant colony 

(Davidson et al. 1989, Longino 1991, Vasconcelos 1993, Young et al. 1997, Palmer et al. 

2000, Feldhaar et al. 2003).   

Recent studies on ant-plant relationships have provided empirical models for both 

spatial (e.g., Yu et al. 2001, Palmer 2003) and temporal (e.g., Young et al. 1997, Alonso 

1998) habitat partitioning among ant species that inhabit the same plant species.  In some 

systems, variation in host-plant characteristics, often related to underlying habitat 

heterogeneity, allows fine-scale partitioning of resources among ant species (Davidson et 

al. 1989, Longino 1989, Vasconcelos and Davidson 2000, Palmer 2003).  In more 

homogeneous conditions, coexistence may result from interspecific differences in ant life 

histories and behaviors, including trade-offs between competitive dominance and 

dispersal capability (Stanton et al. 2002), fecundity and dispersal ability (Cole 1983, 

Vasconcelos 1993, Yu and Wilson 2001, Yu et al. 2004), or interference and exploitation 

competition (Fellers 1987, Davidson 1998, Holway 1999).  Positive priority effects (the 

continued occupation of the species that colonizes first) may also allow ant species that 

are poor competitors or even poor colonizers to occupy sites following colony 
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establishment despite the presence of otherwise dominant species (Longino 1989, Palmer 

et al. 2002).   

Characteristics of the host plants and the resident ant colonies change over time as 

the plant develops and the ant colonies grow, senesce or are replaced by other species 

(Vasconcelos and Casimiro 1997, Young et al. 1997, Alonso 1998, Itino and Itioka 2001, 

Del Val and Dirzo 2003).  The mechanisms listed above are rarely manifested at one 

point in time at a single locale, but rather promote species coexistence at larger spatial 

and temporal scales (Young et al. 1997; Alonso 1998; Yu et al. 2001, 2004).  The early 

ontogeny of myrmecophytes may be particularly important for species-sorting of ant 

occupants (Davidson et al. 1989, Vasconcelos and Davidson 2000, Palmer et al. 2002).  

A comprehensive understanding of ant species coexistence in ant-plant symbioses 

therefore must encompass both differences in the life history strategies of the ant species 

and the temporal dynamics of the symbiosis.   

 Cordia alliodora is a neotropical myrmecophytic tree inhabited by several ant 

species, including both specialists and stem-nesting generalists.  Although C. alliodora 

has an extensive geographic range and is often locally abundant, little community-level 

research has been conducted on the ants that inhabit this myrmecophyte (but see Longino 

1996 and Tillberg 2004).  Here I describe patterns of ant occupation in C. alliodora 

during the course of the host plant’s ontogeny from sapling to young mature tree.  

Specifically, I investigated the following questions: 1) How does ant community 

composition change with plant age? 2) Is there spatial variation in ant species occupancy? 

3) Are there interspecific differences among ant species in colony founding and 
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expansion?  These data are then used to identify potential mechanisms that account for 

the maintenance of ant species diversity in the C. alliodora system. 

Methods 

Study System 

Cordia alliodora (Boraginaceae) is widespread and abundant in the secondary 

forests, clearings and forest edges at La Selva Biological Station (Costa Rica, Heredia 

Province, 10° 26' N, 83° 59' W), where I conducted this study.  I collected data from trees 

that were planted in three replicated, monospecific blocks as part of the Huertos Project, a 

long-term ecological study established at La Selva in 1991 in which C. alliodora was one 

of the focal tree species.  In the Huertos Project plots, single-age stands were planted in 

rows at a very high initial density (2887 trees ha-1), periodically thinned, and regularly 

weeded to prevent the establishment of other vegetation.  Each block had three adjacent 

monoculture plots of C. alliodora in 1-, 4- and 16-yr planting cycles; the results presented 

here are from 1-, 2- and 5-yr-old trees sampled evenly from all three blocks.  Within 

plots, rows were 1.73 m apart and plants were placed at 2 m intervals within rows, such 

that each individual was at the center of a hexagon 2 m from the six closest plants.  

Haggar and Ewel (1995) provide further details about the site, the planting techniques 

and the design of the Huertos Project.  Cordia alliodora individuals were common in the 

secondary forest surrounding the Huertos Project plots.       

The ant associates of C. alliodora inhabit naturally hollow cauline swellings (i.e., 

domatia) that the plants produce at most branch nodes.  Wheeler (1942) reported 44 ant 

species from C. alliodora domatia in Panama, and more than ten ant species have been 

recorded as occupants of these swollen nodes in Costa Rica (Longino 1996; Tillberg 

2003, 2004).  Most of these ant species are stem-nesting generalists with no particular 
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affinity for C. alliodora, but there are also a number of specialist ant species that are only 

found in C. alliodora (Wheeler 1942, Longino 1996, Tillberg 2004).  Unlike many other 

myrmecophytes, individual C. alliodora trees often host colonies of multiple ant species, 

making this system particularly amenable to studies on species coexistence (Longino 

1996, Tillberg 2004).   

Ant Community Composition 

I inventoried all domatia from 18 one-year-old and 18 five-year-old C. alliodora 

trees in May and June 2004.  The two ages were in adjacent plots in each of the three 

blocks.  Additionally, Tillberg (2003) determined ant occupancy from all domatia of nine 

2-yr-old trees following similar methodology in May-July 2001 and shared these data.  

The 2- and 5-yr-old-trees belonged to the same cohort but individual trees were not 

resampled because the domatia collection required felling the tree.  Trees were sampled 

evenly from three replicate blocks in the Huertos Project.  The occupation status of the 

small proportion of domatia encased in trunks or large branches was determined by 

identifying the ants passing through the entrance or by opening the domatium in the field.  

All other swollen nodes were excised from the trees and then frozen to kill ant occupants.  

I then dissected the domatia in the laboratory, recorded whether they were occupied and 

identified the ant inhabitants.  Although dead queens were common in the domatia of 1-

yr-old trees and some empty swollen nodes showed signs of past occupation, I considered 

only those domatia that contained live ants at the time of collection to be inhabited.   

I tested for relationships among the number of domatia, the proportion of domatia 

occupied and ant species richness using regression analysis.  I compared ant species 

richness among the three age classes using ANCOVA, with the number of domatia of 

each plant as the covariate.   
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Spatial Variation in Ant Species Occupancy 

To assess within-tree habitat partitioning, Tillberg (2003) classified domatia 

according to their relative vertical position on the plant for 2-yr-old trees (i.e., low-, mid- 

and high-level branches) and I classified domatia according to their relative age for the 5-

yr-old trees (i.e., younger domatia from terminal and subterminal branches vs. older 

domatia from large branches and the bole).  The domatia from higher branches of 2-yr-

old plants were similar in age and physical condition to the domatia from the terminal or 

subterminal branches of the 5-yr-old plants, making these categories somewhat 

comparable.  Because the 1-yr-old plants did not have sufficient numbers of domatia or 

the branching structure required to make such classifications, they were excluded from 

the analysis.   

I used chi-square tests to examine the frequency of species occurrence in domatia 

from different parts of the trees, with expected values for the test of within-tree habitat 

partitioning derived from the total proportion of domatia occupied by each species.  To 

examine relationships among the occupation patterns of the three most abundant species I 

performed ANOVA on the proportion of domatia they occupied in 2- and 5-yr-old trees.   

Colony Founding and Expansion 

Although there were other mature C. alliodora individuals surrounding the 

Huertos Project, I assumed that the dozens of 5-yr-old plants in the immediately adjacent 

planting were the most likely source population from which foundress queens would 

colonize the 1-yr-old plants.  Therefore, I used chi-square tests to analyze the ant 

occupation of 1-yr-old trees, with the expected values for frequency of ant occupation 

derived from the proportion of domatia occupied by each species on the 5-yr-old trees.  

These proportions were pooled across the three blocks.   
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In June 2004, I also identified the ant occupants and phase of colony development 

in the distal, most recently produced, two or three domatia from a single branch 

haphazardly selected from 5-yr-old trees (n = 60) that were not used in the whole-tree 

analysis.  I tested for interspecific differences in colonization frequency of these domatia 

using chi-square tests, for which I assumed a null hypothesis that newly produced 

domatia would have an equal likelihood of being empty, being colonized by the same 

species that occupied the nearest node down the branch, or being colonized by a different 

species.   

Although the Huertos Project replicated plant age treatments at the plot level, in 

this study I treated plants as independent replicates because ant species were patchily 

distributed among the plots and I was primarily concerned with variation in ant 

communities at the level of individual trees or domatia within trees.  Data were 

transformed to satisfy the requirements of parametric tests when appropriate.  Analyses 

were conducted with SPSS 13.0 and R 2.2.0.        

Results 

Ant Community Composition  

The whole-tree inventory included 9051 domatia (n = 664 from 1-yr-old trees, n = 

3430 from 2-yr-old trees and n = 4957 from 5-yr-old trees) in which we identified 11 ant 

species.  The four most abundant species across all plant ages, together accounting for 

over 97% of occupied domatia, were Azteca pittieri (35 trees, 3113 domatia), 

Crematogaster carinata (19 trees, 1677 domatia), Cephalotes setulifer (23 trees, 714 

domatia), and Pseudomyrmex fortis (7 trees, 235 domatia).  Others species found were 

Cephalotes multispinosus, Crematogaster curvispinosa, Wasmannia auropunctata, 
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Pachychondyla crenata, Pheidole caltrop and unidentified species of the genera 

Brachymyrmex, Pheidole and Pseudomyrmex (Tillberg 2003, pers. obs.). 

When data from plants of all three ages were pooled, ant species richness was 

positively related to the number of domatia present (R2 = 0.331, n = 45, P = 0.012).  The 

2-yr-old plants had the most domatia (Fig. 1a), and also hosted the highest richness of ant 

species (Fig. 1b), even with the number of domatia included in the model as a covariate 

(Table 1).  However, higher ant species richness in trees did not translate to higher 

proportions of occupied domatia (R2 = 0.065, n = 45, P = 0.31).  Indeed, approximately 

one-third of the domatia in the 1- and 2-yr-old trees were occupied (mean = 34.2%, std. 

dev. =  23.7% and mean = 31.1%, std. dev. = 20.2%, respectively), whereas nearly all of 

the domatia on 5-yr-old trees (mean = 94.7%, std. dev. = 5.6%) contained ants.    

Spatial Habitat Partitioning 

The presence and abundance of ant species varied among the three replicate 

Huertos Project blocks, among trees within blocks and among domatia within trees.  

Three species – A. pittieri, Cr. carinata and Ce. setulifer – were present in all three 

blocks.  Crematogaster carinata showed a highly clumped distribution, occurring in 2-yr-

old trees in all three blocks and dominating most 1- and 5-yr-old trees in the one block 

where it was most common.  Azteca pittieri was present on at least some plants of all ages 

in all blocks.  Cephalotes setulifer was present in 2- and 5-yr-old trees from all three 

plots, but was absent from 1-yr-old trees in two blocks.  Pseudomyrmex fortis was present 

in 5-yr-old trees in two of the three blocks but was not found on any of the 1-yr-old plants 

and was very uncommon in the 2-yr-old plants included in the whole-tree occupancy 

survey.  Although either A. pittieri or Cr. carinata occupied the majority of domatia on 

nearly all 5-yr-old trees, the smallest tree in this age class was completely inhabited by 
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Ce. setulifer which occupied 48 of the 49 domatia on the plant; one domatium on this tree 

was uninhabited.  

Ant species displayed non-random within-plant microhabitat occupancy in both 

the 2- and 5-yr-old plants (χP

2
P = 133.1, df = 4, P < 0.0001 and χ P

2
P = 76.81, df = 3, P < 

0.0001, respectively).  In the 2-yr-old plants, A. pittieri had a significantly higher 

habitation frequency in branches from the upper stratum of C. alliodora plants (χP

2
P = 

32.35, df = 2, P < 0.0001), whereas Cr. carinata had a higher habitation frequency for the 

lower, older branches (χP

2
P = 90.26, df = 2, P < 0.0001).  Cephalotes setulifer displayed a 

non-random pattern of occupancy in the three strata (χP

2
P = 10.43, df = 2, P = 0.005), but no 

clear directional trend was evident (Fig. 2-2a).  However, in the 5-yr-old plants, Ce. 

setulifer was significantly more common in the younger terminal or subterminal domatia 

than expected by chance (χP

2
P = 56.47, df = 1, P < 0.0001).  In these older plants, Cr. 

carinata exhibited no difference in occupation frequency in different parts of the tree (χP

2
P 

= 0, df = 1, P = 1), and both A. pittieri and P. fortis were less common than expected in 

terminal or subterminal domatia (χP

2
P = 4.64, df = 1, P = 0.033 and χ P

2
P = 15.69, df = 1, P < 

0.0001, respectively; Fig. 2-2b).   

The relationship among the occupation patterns of the two numerically dominant 

species, A. pittieri and Cr. carinata, and the third most abundant species, Ce. setulifer, 

changed substantially over the ontogeny of the symbiosis.  Azteca pittieri and Cr. 

carinata coexisted in many 1-yr-old plants and on eight of the nine 2-yr-old plants.  

However, they were mutually exclusive, with the exception of a single foundress queen 

of A. pittieri on one tree dominated by Cr. carinata, by the time trees were 5 years old.  

These two dominant ant species showed markedly different occupation strategies (Fig. 2-
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3a), with the proportion of occupied domatia differing according to tree age and species 

(Table 2-2).  When it was the dominant species, A. pittieri occupied a significantly higher 

proportion of the host plants’ domatia than when Cr. carinata was the dominant species.  

The proportion of domatia occupied by Ce. setulifer was dependent upon whether A. 

pittieri or Cr. carinata was the dominant ant species in the tree (Fig. 2-3b).  Specifically, 

trees dominated by Cr. carinata had more domatia occupied by Ce. setulifer regardless of 

tree age, and the changes in proportional occupancy of Ce. setulifer differed among trees 

dominated by the two species as the plants aged.  The significant “Plant age x Ant 

species” interaction term suggests that A. pittieri increasingly excluded Ce. setulifer as 

the plants aged, whereas Ce. setulifer occupied an increasing proportion of domatia on 

trees dominated by rC. carinata as the plants aged (Table 2-3).   

Colony Founding and Expansion 

Most ant species inhabiting C. alliodora were present on 1-yr-old trees only as 

founding queens or very small colonies.  The 2-yr-old trees were always occupied by 

multiple con- and heterospecific colonies, most of them with small numbers of workers.  

In these trees, domatia were colonized both through expansion of growing colonies and 

by establishment of new colonies by foundress queens in unoccupied domatia (Tillberg 

2003).  When the plants were 5 years old and fewer unoccupied domatia were available, 

the occupation of newly produced domatia appeared to occur primarily by colony 

expansion.  However, although almost all of the domatia of 5-yr-old trees contained ants 

from established colonies, I also found some evidence of continued attempts by mated 

queens to establish new colonies in most recently produced domatia of these older plants. 

Chi-square analysis showed that ant occupation frequency of 1-yr-old trees was 

significantly different than would be expected based on the relative abundance of the four 
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most abundant species in 5-yr-old trees (χP

2
P = 44.34, df = 3, P < 0.0001).  Chi-squared 

tests for each species showed that A. pittieri was represented proportionally in 1-yr-old 

plants, but Ce. setulifer and P. fortis were underrepresented and Cr. carinata was 

overrepresented (Fig. 2-4).   

Colonization of apical domatia in 5-yr-old trees was not random (χ P

2
P = 78, df = 2, 

P < 0.0001), and the frequency of different states of domatia habitation did not differ 

among the four most common ant species (χP

2
PBheterogeneityB = 8.17, df = 6, P = 0.23).  Rather, 

new domatia produced by plant growth were most likely to be colonized by expansion of 

the ant colony in the adjacent, more basal, domatium regardless of the species present (71 

of 93 cases).  Of the remaining apical domatia not colonized by expansion of the 

neighboring ant colony, 14 (15.1%) were inhabited by workers of species nesting 

elsewhere in the same plant or had been colonized by heterospecific queens and only 

eight (8.6%) were not yet colonized at the time of sampling.    

The parasitoid wasp Conoaxima affinis (Eurytomidae) was abundant in one of the 

three blocks, where I found 13 larvae or pupae in domatia from the 1-yr-old plants with 

paralyzed or dead A. pittieri queens.  There was never more than one larva or pupa on a 

queen.  In this plot there were only 56 domatia in which I found live A. pittieri queens, 

indicating an attack rate of 18.8% (13 of 69) on foundresses.  This may be an 

underestimate, as I frequently found domatia on 1-yr-old plants that contained only the 

legs and head capsules of queens that were presumably consumed by the wasps.   

Discussion 

The patterns of ant occupation I observed suggest that spatial heterogeneity of 

nesting space among and within plants, temporal variation in habitat characteristics 

related to changes in plant growth form, and interspecific competition among ant 
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occupants for nest space promote ant species coexistence in Cordia alliodora.  

Competition, both through preemptive discovery of resources and through physical 

conflict, is considered to be important for structuring many ant communities (Davidson 

1980, Hölldobler and Lumsden 1980, Hölldobler and Wilson 1990).  I did not examine 

behavioral interactions among the ant species in this study, but the patterns of colony 

initiation, growth and tree habitation suggest that the ant species occupying C. alliodora 

engage in competitive interactions for nesting space.  It appeared that the outcome of 

these interactions varied according to plant age, random environmental variation among 

the three blocks and differences in the life-history strategies of the most common ant 

species.   

In contrast to the conclusions of Fonseca (1999), the results of the whole-tree 

occupation analysis suggest that in the C. alliodora system the availability of nesting 

space does not limit ant colony size when the plants are 1 or 2 years old.  Indeed, more 

than 60% of the domatia were unoccupied in both 1- and 2-yr-old trees.  However, this 

was likely the result of two very different processes.  The low frequency of ant 

occupation in the 1-yr-old plants was probably due to the shorter period that the domatia 

had been available for colonization combined with the small number of domatia, which 

may make trees less attractive for colony-founding queens.  Conversely, the low 

frequency of ant occupation in the 2-yr-old plants was likely due to the superabundance 

of domatia and inability of young ant colonies to expand into available habitat.  In fact, 

the 2-yr-old plants had significantly more domatia than the 5-yr-old plants included in 

this study, despite the fact that crown volume increases as the plants age (Menalled et al. 

1998).  It is possible that younger C. alliodora plants have denser branching that 
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produces relatively more domatia compared to the tiered, open crowns typical of mature 

C. alliodora trees.  This counterintuitive pattern of domatia production may be an artifact 

of the planting design in the Huertos Project: because there was little competition for 

light among young C. alliodora plants, they displayed thick, bushy growth prior to 

dramatic increases in height accompanied by shedding of the lower branches as 

competition for light increased (J.J. Ewel, pers. comm.).   

Regardless of the generality of C. alliodora crown geometry as the plants age, in 

this study the abundance of available nesting space in 2-yr-old trees may largely explain 

why ant species richness was highest at this age.  The changes in crown structure may 

also partially explain why many of the generalist ant species found in the 2-yr-old plants 

were not present in the 5-yr-old trees.  If interspecific competition for nest sites limits 

species coexistence as the plants age, then the presence of more unoccupied domatia in 

the 2-yr-old plants may have promoted species diversity at this stage of plant 

development.  This could be particularly true when the ant colonies were small and 

unable to wage territorial wars typical of arboreal ant communities (Hölldobler and 

Lumsden 1980).  Tillberg (2003) showed that the lower branches of 2-yr-old plants were 

inhabited by a diversity of generalist ants, which presumably did not recolonize after 

these branches senesced as the plants developed the crown structure typical of mature 

trees.  Additionally, since many of the species found on 2-yr-old trees were generalist 

live-stem nesters, they may have been only opportunistic inhabitants of the younger C. 

alliodora plants and either died or moved as the plants aged and competition for nest sites 

increased (Alonso 1998, Longino 1996, Palmer et al. 2000).   
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I found evidence of within-tree habitat partitioning among ant species in both the 

2- and 5-yr-old trees.  There is little basis for comparison with other ant-plant systems 

because C. alliodora is unusual in housing multiple ant species in mature plants (but see 

Young et al. 1997 and Palmer et al. 2003).  However, many myrmecophytes can be 

occupied by multiple ant species at early stages of their development and arboreal ants in 

other systems have been shown to divide space based on the distribution of resources 

(Cole 1983, Bluthgen et al. 2004).  In the C. alliodora system, honeydew-producing 

hemipteran symbionts (Pseudococcidae and Coccidae) appear to be an important food for 

some of the ant species (Tillberg 2004).  Because these insects rely on access to plant 

vascular tissue to feed, they are likely not distributed evenly among domatia of different 

ages.  Therefore, variation in the ant-coccoid relationship may account for within-tree 

habitat selection.  Azteca pittieri was more abundant in the younger domatia in 2-yr-old 

plants but more abundant in older domatia in the 5-yr-old plants.  Pseudococcids and 

coccids were common in A. pittieri domatia, but this species does not appear to rely 

solely on honeydew for nutrition (Tillberg 2004).  Crematogaster carinata showed no 

preference for domatia microhabitat in the 5-yr-old trees, inhabited older branches more 

frequently in 2-yr-old trees, and also only rarely tended coccids and pseudococcids inside 

its domatia (Tillberg 2004).  In contrast, Ce. setulifer, which disproportionately occupied 

younger domatia, commonly tended hemipterans and the apparently depends primarily on 

plant sources of nutrients such as the concentrated fluid excreted by the coccoids 

(Tillberg 2004).  Pseudomyrmex fortis was more abundant than expected in the older 

domatia from large branches and trunks, which are not surrounded with the plant vascular 

tissue required for coccoids to feed.  The relative importance of plant or animal food 
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sources for P. fortis is unknown, but its occupation pattern suggests that honeydew-

producing coccoids may not be a primary source of nutrition.  Work in other systems has 

shown complex relationships among ants, myrmecophytes and ant-tended Hemiptera 

(Gaume et al. 1998, Lapola et al. 2005), but the importance of these interactions in most 

systems is unknown.  

The presence of a large, polydomous colony of the habitat generalist Cr. carinata 

in one of the plots apparently reduced the colonization frequency of Azteca pittieri in 1-

yr-old plants and completely prevented colonies of that otherwise dominant species from 

occurring in 5-yr-old trees.  The dominance of Cr. carinata in this plot could be 

attributable to a number of factors, but certainly this species’ mode of colonizing the 1-

yr-old trees (colony expansion from the leaf litter) allowed it to exploit the empty 

domatia prior to discovery by foundress queens of A. pittieri.  Crematogaster carinata 

displayed a markedly different occupation strategy than A. pittieri on older plants as well, 

in which the former species left significantly more domatia uninhabited on 5-yr-old trees 

where it was the numerically dominant species (Fig. 3a).  It appeared that the competitive 

interactions between the two dominant ants resulted in available habitat (uncolonized 

domatia) that Ce. setulifer was able to occupy and then successfully defend against the 

numerically dominant colonies of A. pittieri and Cr. carinata.   

Interaction with natural enemies can alter the outcome of competitive interactions, 

thereby promoting coexistence (Worthen 1989, Pacala and Crawley 1992, Tokeshi 1999, 

Chesson 2000).  The high mortality of A. pittieri queens due to attacks by the parasitoid 

wasp, C. affinis, may have mediated the success of founding queens of other species.  In 

his description of this genus, Brues (1922) stated that a congener wasp, C. aztecicida, was 
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responsible for the death of many Azteca queens colonizing Cecropia plants in Guyana.  

Yu and Davidson (1997) also found that C. aztecicida accounted for a high proportion of 

colony failures in two of the Azteca species in their study.  Although the effects of 

parasitoids on myrmecophyte ant community composition have not been tested directly, 

there is evidence that wasp abundance varies across habitats and can facilitate colony 

success of non-host species (Yu and Davidson 1997).  In my study, A. pittieri had the 

lowest proportional occupancy in the plot where C. affinis was most abundant.  This was 

also the plot where Cr. carinata was abundant in the 1-yr-old trees and was the only plot 

where founding queens of Ce. setulifer were found in domatia of 1-yr-old plants.  

Longino (1996, pers. comm.) found similar wasps killing Azteca queens in both C. 

alliodora and Cecropia species.  If attack by parasitoid wasps diminishes the 

survivorship of A. pittieri queens to the extent that it increases the availability of nesting 

habitat for other ant species, then these wasps may be an important equalizing factor in 

interspecific competition (Chesson 2000). 

Although I did not conduct the experiments necessary to test for interspecific 

trade-offs in competition and colonization or fecundity and dispersal, the observed 

patterns of ant occupation suggest that the ant species did differ in their ability to 

colonize domatia and compete with other species for nest sites.  The same two species, A. 

pittieri and C. carinata were numerically dominant at all three plant ages included in this 

study, but their proportional occupancy varied significantly between 2- and 5-yr-old 

trees.  Both P. fortis and C. setulifer occupied fewer domatia in 1-yr-old trees than 

expected based on their relative abundance in 5-yr-old trees.  This could indicate a low 

resource allocation to reproductive castes in these species paired with a higher success 
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rate of colony founding for the few queens produced, as Cole (1983) suggested for other 

species of Pseudomyrmex and Cephalotes (= Zacryptocerus) that inhabit mangrove 

islands.  Positive priority effects for young colonies of these subdominant species, 

namely the ability to resist eviction by the larger colonies of A. pittieri or Cr. carinata 

following colony establishment, may explain this phenomenon.  Workers of both C. 

setulifer and P. fortis are much larger than those of A. pittieri and Cr. carinata, which 

could result in favorable one-on-one success in conflict for the former two species, or at 

least for the aggressive P. fortis (McGlynn 2000).   Both ant species also have 

formidable, though very different, defenses: queens and major workers of Ce. setulifer 

effectively block the entrances to their domatia with their phragmotic heads, and P. fortis 

workers possess a powerful sting.  Colony size alone has proven to be a strong predictor 

of competitive outcome in other ant communities (Fellers 1987, Palmer 2004), but, as 

shown in this and other systems, morphological and behavioral adaptations of ant species 

are also important in determining the outcome of competitive interactions (Davidson 

1998, Holway 1999).    

In order to understand the effects of microhabitat occupation and ant competition 

in the context of the mutualism, it is useful to explicitly consider the life history of the 

plant that provides the resources for which the ant species presumably compete 

(Bronstein 1998, Heil and McKey 2003).  If one or more of the ant species provide 

fitness benefits for C. alliodora individuals, then selection on plant life history traits 

would favor allocation for ant-related traits (i.e., domatia production and lack of chemical 

defenses against ant-tended coccoids) at the stage where acquiring a protective ant colony 

is most beneficial and least costly (Brouat and McKey 2000).  Because the ant species 
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may affect the plant differentially, plant traits should evolve to maintain the relationship 

with the ant partners that provide the greatest net benefit (Stanton 2003).  Although 

virtually all C. alliodora plants beyond the seedling stage produce domatia at branch 

junctures, most of the 1-yr-old plants in this study were still small and had only a few 

domatia.  However, the 2-yr-old trees had a large number of domatia—significantly more 

than the 5-yr-old plants—that housed young colonies of many ant species.  If rapid plant 

growth during the first 2 years of development results in the production of more domatia, 

then the probability of mutualistic ant species, such as A. pittieri or Cr. carinata, would 

increase (Tillberg 2004).  The ant community composition data showed that as the plant 

cohorts aged, these two ant species were also competitively superior and dominated 

nearly all the trees within 5 years of establishment.  If they are indeed mutualists (see 

Chapter 3 of this thesis, Tillberg 2004), then their numerical dominance over other ant 

species likely provides significant fitness benefits for C. alliodora.  The benefits to the 

host plant afforded by mutualist ant species in turn could have affected the evolution of 

allocation for domatia production and perhaps other traits that benefit these ant species in 

particular (Brouat and McKey 2000).    

In this study, I have described the patterns of ant occupancy in C. alliodora and 

attempted to explain them through invoking the life-history characteristics of the ant 

species, changes in branching structure related to the age of the host plants, the 

differential abundance of honeydew-producing coccoids in different parts of the tree, the 

effect of parasitoid wasps attacking one of the dominant ant species, and the interaction 

of these mechanisms across space and through time.  Although coexistence and 

competition have been studied in ant-plant mutualisms, most research has focused on 
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single mechanisms that structure the relationship.  However, mutualist systems often 

involved multiple guilds of interacting species that likely vary in their interactions and 

responses to environmental variation (Stanton 2003).  As such, investigations of ant 

species coexistence in myrmecophytic hosts clearly benefit from the incorporation of 

multiple factors, and such approaches likely provide a better understanding of these 

apparently simple systems. 
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Table 2-1.  Results of ANCOVA testing the effects of plant age on ant species richness, 
with the number of domatia on each plant (log10-transformed) included as a 
covariate.   

 

------------------------------------------------------------------------------------------------------------ 

Source of variation  df  MS  F  P   

------------------------------------------------------------------------------------------------------------ 

Plant age   2  25.107  53.129         < 0.001 

No. domatia   1  4.514  9.551  0.004 

Error    41  19.375  0.473 

------------------------------------------------------------------------------------------------------------ 
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Table 2-2. Results of ANOVA examining the effects of plant age and the identity of the 
dominant ant species on the proportion of domatia occupied.  Proportional 
occupancy was arcsine (square root) transformed to improve normality.  Only 
2- and 5-yr-old trees primarily occupied by either Azteca pittieri or 
Crematogaster carinata were included in this analysis (only one tree within 
these age groups, which was dominated by Cephalotes setulifer, was 
excluded). 

 

------------------------------------------------------------------------------------------------------------ 

Source of variation  df  MS  F  P 

------------------------------------------------------------------------------------------------------------ 

Plant age   1  3.24  51.92          < 0.001 

Ant species   1  0.38  6.07  0.022 

Plant age x Ant species 1  0.10  1.63  0.215 

Error    22  0.062 

------------------------------------------------------------------------------------------------------------ 

 

 

 



 26

Table 2-3.  Results of ANOVA testing the effects of plant age and the presence of the two 
numerically dominant ant species (Azteca pittieri and Crematogaster 
carinata) on the proportion of the plant occupied by the third most abundant 
species, Cephalotes setulifer.  Proportional occupancy was arcsine (square 
root) transformed to improve normality.  Only 2- and 5-yr-old trees primarily 
occupied by either A. pittieri or Cr. carinata were included in this analysis 
(only one tree within these age groups, which was dominated by Ce. setulifer, 
was excluded). 

 

------------------------------------------------------------------------------------------------------------ 

Source of variation  df  MS  F  P 

------------------------------------------------------------------------------------------------------------ 

Plant age   1  0.009  5.43  0.029 

Ant species   1  0.080  50.53          < 0.001 

Plant age x Ant species 1  0.022  14.03  0.001 

Error    22  0.002 

------------------------------------------------------------------------------------------------------------ 
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Figure 2-1. Plant age significantly affected both (A) the number of domatia on a plant and 
(B) the number of ant species present.  Means and 95% confidence intervals 
are shown, with pairwise differences (calculated with Tukeys HSD) indicated 
with lowercase letters. 
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Figure 2-2. Proportional occupancy of domatia in different tree microhabitats varied 
among species in both (A) the 2-yr-old trees and (B) the 5-yr-old trees.  
Although a number of other species were present in the 2-yr-old trees, 
including Pseudomyrmex fortis, none were present in either a large number of 
trees or a large number of domatia and so were not included.       
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Figure 2-3. The two most abundant species, Azteca pittieri and Crematogaster carinata, 
differed in their occupation patterns and effects on other species.  (A) A. 
pittieri occupied relatively more domatia in trees where it was the dominant 
species compared with Cr. carinata.  This was true regardless of plant age.  
(B) The proportional occupancy of Cephalotes setulifer was affected by the 
species of dominant ant in the tree, the age of the plant and the interaction of 
these two factors (Table 2-3). 
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Figure 2-4. Stacked bar graph showing the expected occupation of the four most 
abundant ant species in the 1-yr-old trees—based upon their occurrence in the 
5-yr-old trees—and the observed occupation frequency.  All species except 
Azteca pittieri had significantly different occupation patterns than expected. 

 



 

CHAPTER 3 
HERBIVORY AND ANTI-HERBIVORE DEFENSE OF CORDIA ALLIODORA: HOW 

IMPORTANT IS ANT DEFENSE? 

Introduction   

The diverse chemical and physical defenses that plants have evolved in response to 

herbivory can be physiologically costly and often are produced at the expense of growth 

and reproduction (Herms and Mattson 1992, Sagers and Coley 1995, Coley et al. 2005).  

Although there are many theories explaining plant defensive strategies (reviewed in 

Coley and Barone 1996 and Stamp 2003), in general plants should produce the type and 

amount of defenses that optimize their fitness given limited resources and trade-offs in 

their allocation (Coley et al. 1985, Zangerl and Rutledge 1996).  Tropical forests often 

have exceptionally high rates of herbivory and, therefore, selection for effective anti-

herbivore defense strategies may be particularly strong for tropical plants (Coley and 

Aide 1991, Coley and Barone 1996).   

Variation in anti-herbivore defenses among individuals within a plant species may 

be influenced such as age, size, genotype, season, habitat, previous herbivory and plant 

condition (Feeny 1970, McKey 1974, Ernest 1989, Mihaliak and Lincoln 1989, Bowers 

and Stamp 1993).  Additionally, nutrient availability can affect both the evolution of 

defensive strategies of species and the ability of individual plants to synthesize deterrent 

chemicals or continue growth despite herbivore damage (Coley et al. 1985, Nichols-

Orians 1991, Bryant et al. 1992, Folgarait and Davidson 1995, Wilkens et al. 1996, 

Strauss and Agrawal 1999).  Determining the net costs or benefits of chemical anti-

herbivore defense can allow the formulation of testable predictions regarding the 
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distribution of herbivore damage among and within plants (McKey 1974, Zangerl and 

Rutledge 1996).  Conversely, studying patterns of herbivory in experimental or natural 

systems can elucidate the effects of plant characteristics and environmental variation on 

the production and relative importance of different types of anti-herbivore defense (Coley 

et al. 1985, Ernest 1989, Coley et al. 2005). 

Myrmecophytes (ant-plants) are particularly interesting subjects with which to 

examine plant defense strategies (Folgarait and Davidson 1994, 1995; Dyer et al. 2001, 

Heil and McKey 2003).  In these systems, plants provide nesting space and often food for 

ant occupants, which in turn usually protect the plants from herbivory and encroaching 

vegetation (reviewed in Davidson and McKey 1993, Bronstein 1998 and Heil and McKey 

2003).  The degree of protection afforded by the ants varies among ant-plant partnerships 

(Vasconcelos and Casimiro 1997, Itioka et al. 2000, Nomura et al. 2000, Heil et al. 

2001a), and within systems according to environmental factors and individual plant and 

ant characteristics (Koptur 1985, Michelangeli 2003, Fáveri and Vasconcelos 2004).  

Most myrmecophyte species can be occupied by multiple ant species (Fonseca and 

Ganade 1996, Alonso 1998, Bruna et al. 2005), which range in their ability to defend the 

plant from herbivorous insects from very efficient to completely ineffective (Janzen 

1966, McKey 1984, Heil et al. 2001a, Bruna et al. 2004).  Identifying this variation in 

partner quality and determining the effects on the host plant are important aspects of 

understanding the evolution and maintenance of ant-plant mutualisms involving guilds of 

ant occupants (Stanton 2003).  

Because the defensive ability of ant symbionts varies, it could benefit plant 

performance to increase production of chemical or other defenses when the ants do not 
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prevent herbivory.  Conversely, in circumstances where ants do provide effective anti-

herbivore defense, allocation for ant-related traits should increase and allocation for other 

defenses should decrease.  Housing and provisioning ants may bear substantial costs for 

the plant, and in some ant-plant systems the plants only make these investments when the 

benefits of defensive ants are realized (Heil et al. 1997, Heil et al. 2001b, Dyer et al. 

2001).  For example, work on Piper cenocladum, has shown that experimental removal of 

defensive ants resulted in reduced investment by the host plant in food bodies for ants 

and increased production of defensive chemicals.  This finding supports the idea of a 

trade-off between alternative defensive strategies at the level of individual plants of 

myrmecophytic species, with the allocation to different defenses contingent upon both 

resource availability and presence of ant defenders (Dyer et al. 2001, 2004).   

In addition to ant presence, nutrient availability also affects the defensive 

mechanisms of at least some ant-plants.  Myrmecophytes that feed resident ants depend 

on light and soil resources for both the production of food bodies and the synthesis of 

defensive chemicals.  Some work has shown that abundant resources may break the 

apparent trade-off between these two investments in anti-herbivore defense (Dyer et al. 

2004).  Indeed, Folgarait and Davidson (1994) found that in Cecropia, higher light levels 

resulted in increased production of both food bodies for ants and carbon-based defensive 

chemicals, suggesting that defense-related traits may co-vary and correlate with plant 

growth when resources are abundant.  However, work on the same species of Cecropia 

found that nutrient augmentation increased the production of food bodies, but 

concentrations of carbon-based chemical defenses were significantly higher under low 

nutrient treatments (Folgarait and Davidson 1995).  For myrmecophyte species that do 
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not produce food bodies, nutrient availability could directly affect the rate of leaf damage 

and total losses to herbivory through either the production of defensive chemicals or 

variation in tolerance and resilience to leaf damage.  The production of domatia, usually 

associated with plant growth in general, is a key component of myrmecophyte growth 

(Brouat and McKey 2000) and may be an important indirect effect of nutrient availability 

in species that do not provision ant occupants.        

  Seedlings and very young individuals of myrmecophytic species usually are not 

colonized by ants or house only very small colonies (Feldhaar et al. 2003, Dejean 2004).  

This has led to the suggestion that young myrmecophytes may be more reliant upon 

chemical and physical defenses than older individuals that are protected by mutualist ant 

colonies.  Nomura et al. (2001) found that myrmecophytic species of Macaranga 

produced more chemical defenses as saplings prior to ant occupation than as ant-occupied 

adults.  However, even small individuals of some myrmecophyte species may be 

protected by mutualistic ants (Schupp 1986, Itino and Itioka 2001).  Furthermore, young 

individuals of fast-growing myrmecophytes may have high tolerance to herbivory, 

allocating more resources to growth than to defense (Del Val and Dirzo 2003).     

Determining the relative importance of ant defenders for preventing herbivory as 

myrmecophytes grow from seedlings to mature plants is critical to understanding the 

evolution and ecology of ant-plant mutualisms (Bronstein 1998, Heil and McKey 2003).  

Additionally, nutrient availability is known to be important for the anti-herbivore defense 

of several myrmecophytic species and should be considered in any examination of 

potential trade-offs or ontogenetic shifts in plant defensive strategies.  The primary 

objective of this study was to investigate how the presence and identity of ant occupants, 
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plant age, and nutrient availability affect herbivory of Cordia alliodora, a common 

neotropical myrmecophyte.  Cordia alliodora is occupied by a diversity of ant species, 

which are non-randomly distributed among plant ages (Chapter 2, this thesis) and likely 

vary in their ability to deter herbivores, making this an ideal system to investigate the 

sources of inter-plant variation in herbivory and anti-herbivore defense by ants (Stanton 

2003).   

Methods 

Study System 

Cordia alliodora (Boraginaceae) is widespread and abundant in the secondary 

forests, clearings and forest edges at La Selva Biological Station (Costa Rica, Heredia 

Province, 10° 26' N, 83° 59' W), where I conducted this research.  I studied trees planted 

in monospecific plots as part of the Huertos Project, a long-term ecological study 

established at La Selva in 1991 in which C. alliodora was one of the focal tree species.  

In each of the three replicated blocks of the Huertos Project, single-age stands of C. 

alliodora were planted in rows at a very high initial density (2887 trees ha-1), periodically 

thinned, and regularly weeded to prevent the establishment of other vegetation.  Each 

block had three adjacent plots of trees in 1-, 4- and 16-yr planting cycle; the results 

presented here are from 1- and 5-yr-old trees sampled evenly from all three blocks.  In 

each plot, parallel rows were offset and placed 1.73 m apart, with plants placed at 2 m 

intervals within rows, such that each individual was at the center of a hexagon 2 m from 

the six closest plants.  Haggar and Ewel (1995) provide further details about the site, the 

planting techniques and the design of the Huertos Project.  The plots included in this 

study were divided into fertilized and unfertilized treatments.  The nutrient-supplemented 
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plants received a liquid fertilizer of urea and NO3- (31% N volume:volume) every two 

weeks, totaling 320 kg*ha-1*y-1 (Silver et al. 2005).    

The domatia inhabited by the ant associates of C. alliodora are naturally hollow 

cauline swellings that the plants produce at most branch nodes.  In Costa Rica, C. 

alliodora is most commonly occupied by the specialist ants Azteca pittieri and 

Cephalotes setulifer, as well as several generalist live stem inhabiting ants including 

species of Crematogaster, Pseudomyrmex, Cephalotes and Pheidole (Wheeler 1942, 

Longino 1996, Tillberg 2004).  Stable isotope and behavioral studies suggest that A. 

pittieri and C. carinata, the two most abundant ant species occupying C. alliodora in the 

Huertos Project plots at La Selva, patrol the plant regularly and consume insect prey 

(Möser 2000, Tillberg 2004).  In contrast, the isotopic profile of Cephalotes setulifer 

indicates that this species subsists primarily on honeydew secreted from coccoid 

hemipterans (Coccidae and Pseudococcidae) that cohabit the domatia they occupy 

(Tillberg 2004).  However, the relative effects of occupation by different ant species on 

the amount of leaf damage sustained by their host plants are unknown.  

The leaves of C. alliodora are eaten by a number of generalist and specialist insect 

herbivores (Wheeler 1942, Flowers and Janzen 1997, Möser 2000, Rojas et al. 2001, 

Tillberg 2004).  Many of the resident ant species also tend honeydew-producing 

Hemiptera inside the domatia, which could negatively affect plant performance (Möser 

2000, Tillberg 2004).  The most abundant and most damaging insect herbivore present on 

the trees at the Huertos Project plantings of C. alliodora was the tortoise beetle 

Coptocycla leprosa (Chrysomelidae: Cassidini; Fig. 3-1).  This beetle spends its entire 

life cycle on C. alliodora, appears to be a specialist on the genus Cordia, and can 
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extensively defoliate the plant when population densities are high (Wheeler 1942, 

Flowers and Janzen 1997).  The chronically high levels of leaf damage and the large 

number of insect herbivores on C. alliodora led Wheeler (1942) to conclude that the ant 

occupants provided no substantive benefit to the plant. 

Field Survey of Herbivory 

To determine the effects of plant and ant factors on herbivory, I collected one 

subterminal domatium from a single haphazardly selected branch from 115 Cordia 

alliodora plants (N = 8-10 individuals from each plant age x fertilization x block 

combination).  I identified the ant species present in each domatium, counted the number 

of workers present, and collected all fully expanded leaves within 10 cm of the focal 

domatium.  I then produced digital images of these leaves with a flatbed scanner and 

measured the leaf area missing with Scion Image (v. 4.02, Scion Corporation) following 

the protocol described by O’Neal et al. (2002).  The total area of collected leaves varied 

considerably among plants, so for the analysis of herbivory I used the proportion of leaf 

area missing, logit transformed to improve the distribution for parametric tests.  Although 

measuring leaf area missing only once provides a static view of herbivore damage and 

may underestimate the impact of herbivores on longer time scales, it is nevertheless 

useful for comparisons of relative herbivore damage within species (Lowman 1984, 

Brown and Allen 1989, Coley and Barone 1996).   

To test for the effects of plant age and fertilization on the number of leaves, total 

leaf area, and the number and identity of ants in the focal domatium, I used a linear 

mixed model analysis.  Because plant age and fertilization were replicated at the level of 

the three blocks, individual plants (treated as subplots) were nested within block x plant 

age x fertilization combinations.  There were no subplot-level factors or covariates in 
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these analyses.  I also used a more complex linear mixed model procedure to test for the 

effects of plot-level variation (the block x plant age x fertilization combinations) and 

subplot-level variation (the number of worker ants on each plant) on the amount of leaf 

herbivory: 

 y BijklB = µ + b Bi B + α Bj B + β BkB + ε BijkB + γx BijklB + ε BijklB 

In this model, y BijklB indicates the measure of herbivory, b Bi B is the random block effect, α Bj B is 

the fertilization effect, β BkB is the plant age effect, ε BijkB is the whole-plot error, γx BijklB is the 

effect of the covariate ant number within individual plants and ε BijklB is the subplot (plant-

level) error.  In this analysis, individual plants were nested within the plots, which were 

defined as plant age x fertilization x block combinations.   

Because the data were not balanced, I used maximum likelihood estimation 

methods to fit the models.  The significance of the block effect, b Bi B, was determined using 

a likelihood ratio test and was treated as a random effect contributing to total variance in 

the final model rather than a fixed effect (Pinhiero and Bates 2000).  Only the main 

effects of plant age and fertilization treatment were included in the final model following 

a likelihood ratio tests showing that interactive effects did not improve the model fit 

(Pinhiero and Bates 2000).  Due to significant differences in ant occupancy and herbivory 

between 1- and 5-yr-old plants, I conducted analyses similar to the model above 

separately for the two ages.  All mixed model analyses were conducted with the lme 

program in R 2.2.0 following the protocol of Pinhiero and Bates (2000).  All P-values 

were calculated with marginal (Type III) tests for significance.   

Leaf Palatability Bioassay  

In July 2004, I tested the palatability of Cordia alliodora leaves for adult 

Coptocycla leprosa beetles with a three-factor, fully crossed laboratory trial.  The factors 
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tested in this study were plant age (1- or 5-yr-old), leaf age (young or mature, which were 

easily distinguished based on leaf color and texture) and fertilization treatment 

(unfertilized or fertilized).  Beetles were collected from 1-yr-old plants in the field and 

then starved for approximately 24 hr in the laboratory.  I then placed each of 48 randomly 

selected individuals in a breathable plastic bag for 24 hr with one freshly collected C. 

alliodora leaf.  All leaves were collected from the same plot and all had relatively little 

insect damage to control for herbivory-induced changes in palatability.  I conducted three 

trials with identical treatments and experimental procedures, with each trial containing 

six replicates of the eight treatment combinations (N=144 beetles tested).  To quantify 

herbivory I measured the initial and final leaf area with a Licor 3100 area meter.   

Because the young leaves lost area due to reduced turgor pressure over the course of the 

experiment, I used a correction factor derived from a linear regression equation based on 

the initial area to calculate their change in area due to shrinkage (y = 0.9934x - 0.7378, R2 

= 0.9988, P < 0.001).  I used a block design ANOVA to test for main and interaction 

effects of the treatments on the amount of leaf material consumed, with the trial as the 

block factor to account for random temporal effects.      

Results 

Field Survey of Herbivory 

One to 16 leaves were present within 10 cm of focal domatia (mean ± SD = 6.2 ± 

3.1), and the total leaf area before herbivory ranged from 4.6 to 310.8 cm2 (mean ± SD = 

96.9 ± 60.9 cm2).  There were no significant effects of plant age or fertilization on the 

number of leaves (Table 3-1), but the total leaf area was marginally significantly larger 

for the 5-yr-old plants (Table 3-2).  Although the leaf area varied within both ages, the 5-
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yr-old plants tended to have greater leaf area than the 1-yr-old plants (mean ± SD = 111.7 

± 65.2 cmP

2 
Pand 82.8 ± 53.2 cmP

2
P, respectively).    

Most domatia (78.3%) contained ants.  The frequency of unoccupied domatia was 

approximately twice as high for the 1-yr-old plants as for the 5-yr-old plants (28.8%, and 

14.3%, respectively).  Azteca pittieri  was the most abundant species (43.3%), followed 

by Crematogaster carinata (33.3%), Cephalotes setulifer (14.4%) and Pseudomyrmex 

fortis (8.9%).  Significantly more worker ants were present in domatia from 5-yr-old 

plants than in domatia from 1-yr-old plants, but there was no effect of fertilization on ant 

number (Table 3-3, Fig. 3-2).  The number of worker ants present also varied 

substantially according to which species occupied the plant (Fig. 3-3).  Overall, Cr. 

carinata had the most workers per domatium overall and was the only species to have 

more than founding queens and a few workers present in domatia from the 1-yr-old 

plants.   

The proportion of leaf area missing from the leaves surrounding each domatium 

ranged from 0.02 to 0.45 (mean ± SD = 0.12 ± 0.09).  The 1-yr-old plants tended to have 

higher proportion of leaf area missing, as did the plants that were not fertilized—both of 

these effects were marginally significant (P < 0.10).  The number of ants, included as a 

plant-level covariate in the model, significantly affected herbivory (Table 3-4).  Linear 

regression showed only a weak but significant negative relationship between ant number 

and herbivory (RP

2
P = 0.24, P < 0.0001), but the mixed model analysis showed that ant 

presence and abundance were clearly important when plant age and fertilization were 

included in the model.  Although the effects of age and fertilization were not statistically 

significant at the α = 0.05 level, examination of the data suggests that the 1-yr-old plants 
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experienced more proportional leaf damage than the 5-yr-old plants and that fertilization 

reduced herbivory for the younger plants (Fig. 3-4).  When the two ages were analyzed 

separately, fertilization did not significantly affect the proportion of leaf area missing for 

either, but the number of ants had a significant negative effect on herbivory for the 5-yr-

old plants (Table 3-5).          

Leaf Palatability Bioassay  

The results of the ANOVA for the leaf palatability trial showed that fertilization 

significantly affected the amount of leaf area consumed by C. leprosa, whereas leaf age 

had only a marginally significant effect and there was no effect of plant age (Table 3-6).  

Overall, the beetles consumed more material from young leaves than from mature leaves, 

and more from the leaves of unfertilized plants than from fertilized plants.  However, 

these main effects were mainly due to the high leaf area consumed from young, 

unfertilized leaves, as indicated by the marginally significant interaction effect between 

fertilization treatment and leaf age (Fig. 3-6).  None of the other interactions among 

factors were statistically significant.   

Discussion 

The relationships between different types of plant defenses are often complex and 

may vary over the ontogeny of the plant and according to resource availability and the 

efficacy of ant defense (Folgarait and Davidson 1994, 1995, Nomura et al. 2001, Del Val 

and Dirzo 2003, Dyer et al. 2004).  In this study, I investigated the patterns of herbivory 

on Cordia alliodora, a common myrmecophytic tree, in relation to plant age, fertilization 

and ant abundance.  Identifying variation in the benefits and costs associated with 

different partners in mutualist guilds and determining the consequences of such variation 

are major objectives of holistic examination of mutualism (Stanton 2003).  The presence 
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of multiple ant species in C. alliodora plants, which appear to vary in their defensive 

behavior (Tillberg 2004), provided an ideal system in which to examine the effects of 

variation in partner quality in this system.  Although I was unable to test the effects of 

different ant species on herbivory directly due to nonrandom distribution of the ants in 

the plants I sampled, I was able to infer that at least the two most abundant species, 

Azteca pittieri and Crematogaster carinata, appeared to defend the plant from insect 

herbivores.  Future work on this system could include explicit tests of interspecific 

differences in the amount of leaf damage allowed by the different ant occupants.       

The number of worker ants had no effect on the proportional leaf damage of the 1-

yr-old plants, as might be expected given the very small number of individuals present in 

domatia collected from these young plants (Table 3-5).  Young individuals of many 

tropical plants display a strategy of tolerance to herbivory rather than investment in anti-

herbivore defenses (Strauss and Agrawal 1999, Coley et al. 2005), and this may be the 

case for C. alliodora.  Del Val and Dirzo (2003) showed that leaves from young 

Cecropia peltata, another fast-growing myrmecophyte, were also more palatable to 

herbivores than leaves from older plants due to reduced investment in anti-herbivore 

defenses. However, despite high levels of leaf damage in the field, in controlled 

environments the beetle C. leprosa consumed marginally significantly less area from 

leaves taken from fertilized plants, particularly in the 1-yr-old plants (Table 3-6).  This 

result suggests that even the 1-yr-old C. alliodora plants also produced chemical defenses 

that effectively deter at least one species of specialist herbivore.  Whether these results 

extend to other herbivores is unknown. 
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By contrast, 5-yr-old trees appeared to rely on ants for anti-herbivore defense, with 

ant presence and the number of workers present in focal domatia significantly reducing 

the proportion of leaf damage in the immediate vicinity (Table 3-5).  Due to the non-

random distribution of the four ant species in this study, it was impossible to analyze the 

effects of each on leaf damage.  However, since the number of workers was significantly 

negatively related to the proportional leaf damage, the variation among the ant species in 

the number of workers present is suggestive of interspecific differences in plant defense 

(Fig. 3-3).   Azteca pittieri and Crematogaster carinata were the most abundant ant 

species in this study (together accounting for 69 of the 90 occupied domatia) and had the 

most workers per domatium (Figure 3-3), suggesting that they effectively reduced 

herbivore damage.  This result is in accordance with behavioral and stable isotopic 

studies demonstrating that A. pittieri and C. carinata attack and consume insect 

herbivores on C. alliodora plants (Möser 2000, Tillberg 2004).  Azteca pittieri and related 

Azteca species are the most abundant ants in C. alliodora throughout the range of the 

plant (Wheeler 1942, Longino 1996), and the protective effect of these specialist species 

may be a common result of occupation by these ants when they inhabit C. alliodora.  

Conversely, C. setulifer, which is another specialist inhabitant of Cordia, was only 

present in small numbers and appears to be at best a passive defender of C. alliodora 

(Tillberg 2004).  Because it is rarely the dominant ant species on older trees and appears 

to be out-competed by A. pittieri on plants where the two species co-occur (Chapter 2, 

this thesis), whether or not C. setulifer effectively defends against insect herbivores may 

not affect plant performance at the individual or population level.  Interestingly, C. 

carinata, which is only an opportunistic occupant of C. alliodora domatia, appears to 
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confer benefits to plants through reduction of herbivore damage.  This species is not 

commonly found in C. alliodora, however, and therefore this ant species probably has 

little impact on the C. alliodora-ant relationship at the population level or across the 

range of the plant. 

The results of the experimental leaf palatability trial with the specialist beetle 

herbivore, Coptocycla leprosa, corroborated those from the survey of natural herbivory in 

some ways but also differed on several important points.  In the field, leaves from 1-yr-

old plants had higher proportional leaf damage than those from 5-yr-old plants, but in the 

laboratory there was no difference between the two plant ages in leaf area consumed.  

Although the insects responsible for the leaf damage in the field are unknown, this 

difference could support the finding that ants limit C. leprosa damage in 5-yr-old trees 

because it was so abundant at the site.  Whereas in the laboratory trial there was less 

herbivory on leaves from fertilized plants regardless of plant age, in the field the 

fertilization effect was only marginally significant and appeared to have no effect at all 

for the 5-yr-old plants.  The contrast between the results of the leaf palatability trial and 

the observed patterns of leaf damage in the field suggest that the beetles do not base their 

foraging choices in nature solely on preference for the most palatable leaves.  Rather, 

they are most effective at attacking young plants that do not house large colonies of 

defending ants.   

Fertilization significantly reduced the leaf area consumed in the palatability trial 

and reduced herbivory of 1-yr-old, but not 5-yr-old, plants in the field survey of 

herbivory.  Together, these findings suggest that nutrient augmentation increases the 

production of defensive chemicals in C. alliodora, and that the relative importance of 
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these chemicals for anti-herbivore defense varies according to plant age.  Even if the 

chemical defenses of C. alliodora do not contain nitrogen, other work has shown that N 

fertilization can increase the production of carbon-based defenses (Mihaliak and Lincoln 

1985, Wilkens et al. 1996).  Relatively little is known of the secondary metabolites and 

anti-herbivore chemical defenses produced by C. alliodora.  Chen et al. (1983) described 

several triterpenoid compounds isolated from the leaves of C. alliodora that repelled 

leafcutter ants in experimental trials.  Gomez et al. (1999) found lower terpenoids in the 

leaves of a congener, Cordia curassavica, but did not find these compounds in C. 

alliodora.  Additionally, a number of secondary metabolic compounds have been isolated 

from the bark and wood of C. alliodora, including some with fungicidal or insecticidal 

properties (Moir and Thomson 1973, Stevens et al. 1973, Manners and Jurd 1977, Ioset et 

al. 2000, Vanisree et al. 2002).  However, it is unclear what role these chemicals or 

related compounds may have in plant defense against leaf herbivores.  Identifying 

defensive chemicals from C. alliodora leaves, assessing their effects on herbivory, and 

determining how their production varies with plant age and environmental factors are 

critical areas of study for fully understanding the defensive strategy of this species.            

The evolution and maintenance of ant-plant mutualisms is dependent upon net 

fitness benefits at the population level for both the ant and plant partners (Bronstein 1998, 

Heil and McKey 2003).  The primary benefit for the plants is usually protection from 

herbivory, which often has negative short- and long-term fitness consequences (Marquis 

1984, Ernest 1989, Doak 1992, Coley and Barone 1996).  In this study, I found that the 

ants reduced herbivore damage on the 5-yr-old plants but not on the 1-yr-old plants.  The 

increased nutrient availability marginally reduced herbivore damage overall but, at least 
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in the field, had no effect on herbivory of older plants (Table 3-4).  However, there was 

no evidence of distinct trade-offs in defensive mechanisms over plant ontogeny in this 

system.  Instead, it appeared that the reduction of herbivory resulting from the ant 

occupants was additive, and the palatability trial suggested that whatever chemical 

defenses C. alliodora produces were present in plants of both ages studied.  Therefore, in 

the C. alliodora-ant system, and probably other ant-plant relationships, plant growth and 

the production of domatia to house mutualist ants likely represent important investments 

in anti-herbivore defense for the plant over both evolutionary and ecological time scales 

(Brouat and McKey 2000).  This investment may not produce immediate benefits 

because the ants require time to colonize the plant and produce workers.  Therefore, 

young plants may produce defensive chemicals if adequate resources are available or may 

simply invest in rapid growth that minimizes the effects of herbivory and promotes future 

ant protection.   
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Table 3-1.  Results of mixed model analysis testing the effects of plant age and 
fertilization on the number of leaves surrounding focal domatia.   

       

------------------------------------------------------------------------------------------------------------ 

Source of variation  num. df den. df  F  P 

------------------------------------------------------------------------------------------------------------ 

Plant age   1  6  3.46  0.11 

Fertilization   1  6  1.31  0.30  

----------------------------------------------------------------------------------------------------------- 
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Table 3-2.  Results of mixed model analysis testing the effects of plant age and 
fertilization on the total area of leaves surrounding focal domatia.   

 

------------------------------------------------------------------------------------------------------------ 

Source of variation  num. df den. df  F  P 

------------------------------------------------------------------------------------------------------------ 

Plant age   1  6  5.72  0.054 

Fertilization   1  6  1.88  0.22  

------------------------------------------------------------------------------------------------------------ 
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Table 3-3.  Results of mixed model analysis testing the effects of plant age and 
fertilization on the number of worker ants within the focal domatia.   

       

------------------------------------------------------------------------------------------------------------ 

Source of variation  num. df den. df  F  P 

------------------------------------------------------------------------------------------------------------ 

Plant age   1  6  24.35  0.0026 

Fertilization   1  6  0.17  0.70  

------------------------------------------------------------------------------------------------------------ 
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Table 3-4.  Results of mixed model analysis testing the effects of plant age, fertilization, 
and the number of worker ants on the proportion of leaf area missing.  The 
number of ants was log10-transformed and the proportion of leaf area missing 
was logit-transformed to improve the distribution for this analysis.   

       

------------------------------------------------------------------------------------------------------------ 

Source of variation  num. df den. df  F  P 

------------------------------------------------------------------------------------------------------------ 

Plant age   1  6  3.90    0.096 

Fertilization   1  6  4.98    0.067  

No. ants   1  103  7.54    0.0071 

----------------------------------------------------------------------------------------------------------- 
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Table 3-5. Results of mixed model analysis testing the effects of fertilization and the 
number of worker ants present on herbivory for 1-yr-old plants and 5-yr-old 
plants.  The number of ants was log10-transformed and the proportion of leaf 
area missing was logit-transformed to improve the distribution for this 
analysis.  Although the results are presented together, the analyses were 
conducted separately for the two ages. 

 

------------------------------------------------------------------------------------------------------------ 

Plant age Source of variation num. df den. df  F  P 

------------------------------------------------------------------------------------------------------------ 

1  Fertilization  1  2  4.78    0.16  

  No. ants  1  52  0.026    0.87 

 

5  Fertilization  1  1  0.34    0.66  

  No. ants  1  50  6.53    0.014 

------------------------------------------------------------------------------------------------------------ 
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Table 3-6. Results of ANOVA testing the effects of plant age, leaf age and fertilization 
treatment on the leaf area consumed by one Coptocycla leprosa beetle in 24 
hr, with trial as a random block effect. 

       

------------------------------------------------------------------------------------------------------------ 

Source of variation  df  MS  F  P 

------------------------------------------------------------------------------------------------------------ 

Plant age   1  6.25  2.03  0.16 

Leaf age   1  10.99  3.58  0.061 

Fertilization   1  18.41  5.99  0.016 

Plant age x Leaf age  1  0.35  0.12  0.74 

Plant age x Fertilization 1  5.40  1.76  0.19 

Leaf age x Fertilization 1  11.38  3.70  0.056 

Plant age x Leaf age x 

 Fertilization  1  3.38  1.10  0.30 

Trial    2  28.02  9.11          < 0.001 

Error    134  3.08 

------------------------------------------------------------------------------------------------------------ 
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A.  

 
 
B.  

 
 
C. 

 
 
Figure 3-1. The beetle Coptocycla leprosa spends its entire life cycle on Cordia 

alliodora. (A) Late-instar larva with fecal shield, (B) pupa adhering to top of a 
leaf and (C) adult on underside of leaf. 
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Figure 3-2. The number of worker ants present in focal domatia varied with plant age but 
fertilization treatment had no effect.  Boxplots show inter-quartile ranges and 
expected minimum and maximum values, with values beyond the 95% CI 
indicated by open circles.  All of the high outliers in the 1-yr-old plants were 
domatia occupied by Crematogaster carinata. 
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Figure 3-3. The number of worker ants present in focal domatia varied according to plant 
age and the identity of the ant species.  Boxplots show inter-quartile ranges 
and expected minimum and maximum values, with values beyond the 95% CI 
indicated by open circles.  Pseudomyrmex fortis was not present in any 
domatia from 1-yr-old plants.  
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Figure 3-4. The proportion of leaf area missing was affected at P < 0.10 by plant age and 
fertilization treatment.  In general 1-yr-old plants experienced more 
proportional leaf damage than 5-yr-old plants, and for the 1-yr-old plants 
fertilization reduced herbivore damage. Boxplots show inter-quartile ranges 
and expected minimum and maximum values, with values beyond the 95% CI 
indicated by open circles.   

 



57 

 

Figure 3-5. Fertilization significantly reduced the leaf area consumed by individual 
Coptocycla leprosa beetles in the leaf palatability trials.  This was particularly 
true for young leaves, as indicated by the marginally significant (P = 0.056) 
interactive effect between fertilization and leaf age (Table 3-6). 

 



 

CHAPTER 4 
CONCLUSIONS 

 The overall objective of this study was to document the patterns of ant occupation 

in C. alliodora and to determine the effects of this variation on the amount of herbivore 

damage as the host plants aged and grew.  Addressing this question first required a 

detailed examination of patterns of coexistence among the ant species that inhabit C. 

alliodora and discussion of the mechanisms that could account for these patterns.  I then 

tested the effects of ant presence and abundance, in addition to the influence of plant age 

and fertilization, on the proportional damage of leaves surrounding focal domatia.  I 

complemented the survey of herbivory with a palatability trial using a specialist herbivore 

of C. alliodora to determine ant-free preferences for leaves from plants differing in age 

and fertilization.   

The two most abundant ant species I found inhabiting C. alliodora, A. pittieri and 

Cr. carinata, were also present in the highest numbers in the individual domatia sampled 

in the field survey of herbivory.  Because the number of worker ants had a significant 

negative effect on proportional leaf damage, I suggest that both of these species act as 

mutualists and benefit the host plant by reducing herbivory.  The other ant species found 

within C. alliodora domatia were generally subdominant at the whole-tree level and had 

fewer workers per domatium.  However, because A. pittieri and closely related species 

are ubiquitous inhabitants of C. alliodora throughout its range (Longino 1996), at the 

population level it is unlikely that that less common species are important for the 

maintenance of the mutualism. 
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