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ABSTRACT 

Optimal foraging theory states that foragers maximize their energy intake by minimizing 
the energy expended to collect their food. The harvester ant, Messor pergandei, 
provides a model system to study foraging energy expenditure due to their dependable 
group foraging behavior. Exploring seed preference could give us further insight into 
how their harvesting affects the surrounding vegetation and ecosystem as a whole. 
Choice trials were conducted on M. pergandei using three native seeds and one non-
native food source to determine ant foraging activity for each food type. Additionally, a 
choice trial involving Encelia seeds and bract were conducted to determine the 
preference for seed predation versus organic matter collection. Our results showed that 
Encelia and wheat had the most ant activity. For our second trial, we found that 
M.pergandei visited Encelia bract  more than Encelia seed. Our findings suggest that M. 
pregandei display a previously undocumented preference for bract and they are willing 
to forgo other food options that have higher lipid and nutrient content to collect it. This 
could provide further insight into their overall role in the desert ecosystem as they may 
be assisting Encelia in seed dispersal. 
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INTRODUCTION 

According to optimal foraging theory, 
species are expected to maximize energy 
gain while minimizing costs of foraging 
(Morehead & Feener, 1998). Optimizing 
energy efficiency is the result of important 
adaptations necessary for survival in 
extreme environmental conditions. With 
limited food resources, it is vital for foragers 
to allocate resources to a food source that 
will maximize net energy per unit feeding 
time (Bailey & Polis, 1987). Desert 
ecosystems provide an optimal study 
system to test food preference due to its 

harsh abiotic factors such as low food 
resources. Individuals that optimize 
foraging efficiency by selecting food types 
that are highly nutritious and readily 
available will have greater chance of survival.  

(Bernstein, 1974). Harvester ants have 
long been a focus of research in foraging 
ecology because they have a clear division 
of labor within the colony such that 
foragers’ behavior and morphology are 
adapted to the sole task of food collection 
(Bernstein, 1974). Harvester ants are 
generalized seed eaters, utilizing available 
plant species’ seed for food (Bernstein, 1974).  
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Deserts contain a variety of plant species 
as potential food sources. During the Fall 
there is less seed resources available. In our 
study site, Creosote, Popcorn flower and 
Brittlebush, here after referred to, 
respectively as Larrea, Cryptantha, Encelia, 
are the dominant available food sources. In 
our study site, only Larrea and Cryptantha 
had seeds present while Encelia had no 
seeds present. We harvested Larrea and 
Cryptantha from the field and Encelia from 
a garden near the study site. In an initial 
vegetation survey of our study site, we 
measured density of Larrea (0.94 ind/Ha), 
Cryptantha bunches (1.9 ind/Ha) and 
Encelia (0.04 ind/Ha). Since food options 
are limited at this time of year, Messor has 
to make important foraging choices to 
optimize energy efficiency.  

To determine how Messor foraging 
behavior is influenced by limited food 
availability, we conducted seed choice trials 
using native and non-native food options. 
We predicted that they would  harvest the 
most abundant food resource the most, 
Cryptantha. In this study we report on 
choice trials conducted on Messor 
pergandei using three native seeds: Encelia, 
Larrea, Crypthahtha, and a nonnative food 
source, wheat. During initial seed choice 
trial, we observed a pattern indicating 
preference of Encelia bract. Choice trials 
were further conducted with Encelia seeds 
and bract to determine what part of the 
diaspore ants allocate energy to retrieve. 
For both experimental trials, ant presence 
was used as a proxy for amount of seeds 
taken. 

METHODS 

2.1 Study Area  

This study was conducted November 1-6, 
2018 at Anza-Borrego Reserve in the 
Sonoran Desert located near Borrego 
Springs, California (33.2559° N, 116.3750° 
W). Anza-Borrego Reserve is a unique study 
site with land that is set aside for research 
purposes limiting disturbance from 
recreational use. This location offers an 
optimal study habitat dominated by various 
desert shrubs and cacti. The reserve hosts 
an abundant population of Messor with 
colonies scattered throughout the study 
site. Messor have two peak foraging 
seasons (April and November) in which they 
prepare for their winged reproductive 
offspring (Bernstein, 1974). Conducting our 
research in November ensured active 
foraging during their typical times of day 
(mid-morning and early evening). Colonies 
were considered active if they contained an 
established foraging path at least one meter 
from the nest entrance. We surveyed 15 
active colonies within our study site. 

2.2 Sampling Design 

We conducted choice trials between the 
hours of 8-11 AM and 4-6 PM. We used 
seeds from Larrea, Cryptantha, and Encelia. 
Dyed Triticum spp. (wheat) was used to test 
if Messor would forage a non-native seed 
that does not occur in their natural habitat. 
Absence of all seeds was used as a control 
for our seed foraging preference choice 
trials. We created five raised circular 
structures 6.2 cm in diameter and placed 
them parallel, one meter from the nest 
entrance along the foraging path (Figure 1). 
The foraging path is the chosen path to a 
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food source from the entrance of the nest. 
Within each circle we placed approximately 
one table spoon of Larrea, Cryptantha, 
Encelia, dyed wheat or nothing (control), 
ensuring each treatment occurred closest to 
the nest entrance no more than three 
times. After one ant made contact with a 
treatment, we began two minute intervals 
counting the number of present Messor 
within each circle at every interval. 

 

Figure 1: Experimental layout. Treatments were 
placed 1 meter away from ant colony and parallel to 
the foraging path. Treatments were placed in a 
random order at each colony. Each circle represents 
a treatment. Treatments were 3 different seeds 
found on the landscape, 1 exotic, and a control. 

Encelia choice trials of seed and bract 
were further conducted. We placed two 
circular structures 6.2 cm in diameter one 
meter from the entrance of the nest along 
the foraging path, also randomizing 
treatment order at each nest. We placed 
approximately one table spoon of Encelia 
seed and bract within their own circle 
(Figure 2). At one minute intervals for thirty 
minutes, we counted the number of 
present Messor within each structure.  

 

Figure 2. Encelia choice trial. Treatments were 
placed 1 meter away from ant colony and parallel to 
the foraging path. Treatments were placed in 
different circles alternating between colonies. One 
treatment consisted of Encelia bract with seeds 
removed. The other consisted of Encelia seeds only. 

2.4 Statistical Analysis  

We performed statistical analyses using 
JMP statistical software v14. We ran an 
ANOVA to test for a difference in ant 
activity among treatments (Larrea, 
Cryptantha, Encelia, dyed wheat or control). 
We then ran a pos thoc tukey HSD to 
determine which treatments differed in ant 
activity. We ran a paired t-test to determine 
if there was a difference in ant foraging 
activity between Encelia seed and bract.  

RESULTS  

In the seed choice trial, Messor foraged 
more on Encelia and wheat than the other 
treatments (N = 15, F = 10.68, p < 0.001, 
Figure 3). There was no difference in 
foraging behavior between Larrea, 
Cryptantha and nothing (control). Encelia 
was harvested by 100% of colonies 
compared to wheat, harvested by 93% of 
colonies, and Larrea and Cryptantha 
harvested by 60% of colonies (Figure 4). In 
the Encelia choice trial, there was higher 
foraging activity among bract (N = 7, t = 
2.71, p < 0.0349, Figure 5).  
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Figure 3. Total ant activity by treatment. Total 
number of Messor present in each treatment. 
Treatments were separate food sources of seed 
available on the landscape and an exotic option 
(Wheat). Ant colonies were examined for 1 hour, or 
until 1 treatment was depleted. Results are pooled 
from 15 total colonies. Error bars represent ± 1 SEM. 
Different letters represent significant differences. 

 
Figure 4. Percent colonies that harvested by 
treatment. Percent of colonies that harvested from 
each treatment. Treatments were separate food 
sources of seed available on the landscape and an 
exotic option (Wheat). 15 colonies were sampled  
in total. 

 
Figure 5. Total ant activity by treatment. Total 
number of Messor present in each treatment. One 
treatment consisted of Encelia bract with seeds 
removed. The other consisted of Encelia seeds only. 
Total of 7 colonies were sampled. Each colony was 
observed for 30 minutes. Error bars represent 
variability in colony size and ± 1 SEM. (N = 7, t = 
2.714, p < .03) 
 
DISCUSSION 

Our findings did not support our initial 
hypotheses that Cryptantha would be the 
most prominently chosen food source due 
to its high density (1.9 ind/Ha) in the study 
site. Studies have been conducted in the 
past discussing food choices of ants based 
on seed size as it relates to lipid and calorie 
content. According to Gordon (1980), the 
nutrient consumption of Messor in the Fall 
is primarily lipids, making up 71% of their 
nutrient intake. Seed characteristics that 
affect ant seed selection include relative 
abundance, nutritional quality, morphology, 
viability, and size (MacMahon, Mull, & Grist, 
2000). As shown by Table 1, Messor should 
be targeting Crypthantha in the Fall due to 
its high lipid content (Gordon 1980); 
however, our results did not support this 
claim. There was higher foraging activity 
within the Encelia treatment, despite the 
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fact that Encelia contains the second 
highest lipid content out of the three 
treatment groups. We observed the 
tendency for Messor to take all organic 
matter associated with Encelia while 
Cryptantha experienced little to no foraging 
activity. Optimal foraging theory predicts 
that foragers will optimize their energy 
intake by minimizing the amount of energy 
they expend in finding and handling their 
food (Bailey & Polis, 1987). The relatively 
moderate size and weight of the Encelia 
seed in relation to calorie and lipid content 
may explain why Messor chose Encelia over 
the other treatments (Table 1). By choosing 
Encelia, Messor would not be required to 
remove and dispose of a large husk such as 
the one attached to Larrea seeds. Although 
Cryptantha had the highest density, further 
investigation showed that it was not the 
most optimal food choice, potentially due 
to its small size. We also observed that the 
outer portion of the diaspore was awkward 
for the ant to grab and maneuver. The small 
seed and lipid content would therefore not 
be worth the energy needed to acquire it. 

The Encelia seed choice trial did not 
support our hypothesis of higher ant 
activity within the treatment. Previous 
research has shown that Messor harvest 
more biomass in leaves and stems than 
seeds and fruits; harvesting 34% biomass of 
fruit and seed and 66% biomass of stems 
and leaves (Clark & Comanor, 1973). 
However, why they harvest leaves and 
stems has not been identified. Messor is in 

the harvester ant subfamily, Myrmicinae, 
and some species in the family are known 
to harvest leaves in order to grow fungus to 
feed their larvae (Graling, 1979). It has been 
documented that some members of the 
Messor genus consume moss capsules in 
the Winter when there is no other food 
source available (Loria & Herrnstadt, 1980). 
Although Messor has never been 
documented utilizing Encelia bract to grow 
fungus, our findings show it may be possible 
that they do.  

Our study provides more information for 
the nuanced role that ants play in desert 
ecosystems. If they are not predating on 
seeds, they are alternatively playing an 
important role in seed dispersal (Gomez 
2005). In our first choice trial we observed 
Messor taking the entire Encelia diaspore 
back to their nest. By harvesting the entire 
diaspore, Encelia seed may be inadvertently 
dispersed, providing an advantage for 
future plant germination (Gordon, 1980). 
Although Messor may play an important 
role in seed dispersal, it is still unclear why 
they prefer to bring bract into the nest. In 
future studies, excavating Messor ant nests 
may help us better understand the uses of 
the Encelia bract. Messor pregandei is a 
generalist desert ant that are abundant in 
desert ecosystems. Understanding their 
food preferences and their foraging 
decisions could elucidate their role in desert 
ecosystems and vegetation cover as a 
whole.
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Table 1. Weight of ten seeds (W/10); percent composition by weight of protein (P), carbohydrate (CHO), internal 
lipid (L), and surface lipid (SL); calories per ten seeds (Cal/ 10); and calories per gram (Cal/gm) of 3 species of 
Sonoran Desert seeds. (Modified from Gordon, 1980) 
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