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ABSTRACT OF THESIS 

 

The Relationship between Food Preference and 

 Invasibility in Argentine ants 

 

 

Master of Science in Biology 

University of California, Los Angeles, 2020 

Professor Noa Pinter-Wollman, Chair 

 

Urbanization creates novel environments that constrain the availability of natural resources, like 

food, which can often be a limiting factor in determining where species may establish and 

survive. Compared to natural habitats that have supported native fauna for hundreds of years, 

urban areas provide novel habitats and food sources that native species may not be able to 

exploit. Instead, we see the proliferation of invasive species in these areas, because they can 

adapt and survive on a wide variety of food sources that most native species cannot. One 

species of concern is the Argentine ant (Linepithema humile), an invasive species that has been 

able to outcompete native ants throughout the world, by displaying plastic responses to novel 

environments. Yet, little is understood about how urbanization affects behaviors such as food 

preference, which may be disproportionately supporting invasive species in urban landscapes. 

To determine food preference in the Argentine ant, I examined the differences in food 

preference between two invasive populations of Argentine ants - from natural and from urban 

environments. Because these two habitat types provide divergent food sources, we may be able 

to uncover how urban areas skew food availability and affect preference in invasive species. 
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Introduction  

Urban habitats often have detrimental effects on the health and behavior of local wildlife 

(Fischer et al., 2015; Lee et al., 2006; Russo & Ancillotto, 2015). Urbanization affects habitat 

and wildlife both directly and indirectly, often causing rapid shifts in how animals behave within 

their local environment (Theobald et al., 1997). For example, large carnivores living near 

humans have altered their activity patterns to minimize human contact by hunting at night 

(McClennen et al., 2001; Tigas et al., 2002). The type and quality of food in a particular habitat 

plays a large role in species distributions and can differ between urban and natural 

environments (Johnson & Sherry, 2001; Layme et al., 2004) 

The food preferences of animals are constantly and heavily impacted by a variety of 

locality-specific issues that influence spatial and temporal scales, including but not limited to 

seasonality, food availability, and urbanization. The food that individuals consume might be 

restricted to what is available to them. Animals might over-consume certain nutrients because 

they are abundant in their environment (Rodewald et al., 2011). For example, raccoons in urban 

areas primarily use and choose den sites based on the availability of anthropogenic food 

resources (Prange et al., 2003, 2004). Alternatively, individuals might selectively search for 

nutrients that are scarce in their environment to balance their diet (Hasse & Lathrop, 2003). For 

example, seasonal food scarcity prompts long distance foraging in the social bee, Bombus 

vosnesenskii (Pope & Jha, 2017). Finally, animals might actively select certain foods based on 

their immediate nutritional and physiological needs. For example, peruvian spider monkeys try 

to maintain a high protein intake, despite the diversity of resources available to them (Felton et 

al., 2009).These three scenarios are not mutually exclusive. 

https://www.zotero.org/google-docs/?nNaE0s
https://www.zotero.org/google-docs/?JlFw7K
https://www.zotero.org/google-docs/?H2iXKd
https://www.zotero.org/google-docs/?LrsNST
https://www.zotero.org/google-docs/?LaBAXW
https://www.zotero.org/google-docs/?bv1tyt
https://www.zotero.org/google-docs/?2xt7W3
https://www.zotero.org/google-docs/?ecYoxp
https://www.zotero.org/google-docs/?rrkssJ
https://www.zotero.org/google-docs/?rrkssJ
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Ants are faced with nutritional challenges that often requires them to make tradeoffs of 

food selection for survival and reproduction. Ants require different ratios of Protein:Carbohydrate 

throughout the life of a colony (Dussutour & Simpson, 2008 ; Dussutour & Simpson, 2009; 

Csata & Dussutour, 2019). Ant colonies require protein for egg production and larval 

development, and carbohydrates for energy for the workers (Feldhaar et al., 2009; Lach et al., 

2010). Thus, the abundance of protein or carbohydrates can result in changes in behavior (Kay 

et al., 2010). Ants primarily obtain essential nutrients from animal tissues (protein) and insect or 

nectar secretions (carbohydrates) (Lach et al., 2010). However urban areas have impacted the 

availability of these resources in some places by providing an overabundance of 

macronutrients, including meats that raise the ants’ trophic level (Penick et al., 2015). Stable 

isotopes have been used to uncover the diets of a variety of invertebrates, including ants (Post, 

2002; Blüthgen et al., 2003; Tillberg et al., 2006; Penick et al., 2015). Although both habitat 

types (i.e.,  urban and natural) house invasive Argentine ant populations, they may differ in food 

sources, where previous work has shown an overabundance of protein sources in urban 

habitats provided by overflowing trash cans with human waste (Youngsteadt et al., 2015) 

Ants provide a great model to study what determines food preference, as they are 

sensitive to variability in the abundance of foods. Further, because ants require specific 

nutritional mixes for optimal fitness, their behaviors might be skewed by the introduction of new 

resources. Various ant species in Los Angeles occupy a wide range of habitats both urban and 

natural, that differ in food availability and access to human refuse. This would allow me to 

manipulate and observe differences in diet under experimental conditions, where foods can be 

introduced or removed, and experiences can be created. By conducting such research, I can 

further uncover the relative importance of external factors on food preference in ants. 

https://www.zotero.org/google-docs/?49XlUK
https://www.zotero.org/google-docs/?zbyFop
https://www.zotero.org/google-docs/?zbyFop
https://www.zotero.org/google-docs/?SCTC1Z
https://www.zotero.org/google-docs/?SCTC1Z
https://www.zotero.org/google-docs/?6SpdfP
https://www.zotero.org/google-docs/?6SpdfP
https://www.zotero.org/google-docs/?wapzGv
https://www.zotero.org/google-docs/?GikTAp
https://www.zotero.org/google-docs/?2DMLzm
https://www.zotero.org/google-docs/?2DMLzm
https://www.zotero.org/google-docs/?NtA6vK
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One ant species that dominates metropolitan areas in Mediterranean climates is the 

Argentine ant (Linepithema humile), an invasive species originating from South America (Newell 

& Barber, 1913; Suarez et al., 2001; Walters, 2006). Along with its high population density and 

generalist behavior, the Argentine ant outcompetes native ant species leading it to become a 

dominant species in many Californian habitats (Holway, 1999; Suarez et al., 2000; Sanders et 

al., 2001; Daane et al., 2007; Wetterer et al., 2009). These invasive ants exhibit plastic 

responses to novel resources which may have facilitated their proliferation in many places (Lach 

et al., 2010), including urban and natural habitats in California (Holway 1995). 

Argentine ants are a generalist species (Kay et al., 2010) and their ability to consume a 

wide array of foods (Feldhaar, 2014) may explain their invasive success, amongst other 

behaviors (Ingram, 2002; Holway & Suarez, 2004; Buczkowski & Bennett, 2008; Carpintero & 

Reyes-López, 2008). Past research has focused on the Argentine ants’ ability to create large 

colonies that lack intraspecific competition (Helanterä et al., 2009; Gordon & Heller, 2014) as it’s 

primary mechanism for its success. However, the diversity in type and abundance of food 

between habitats might explain how Argentine ants occupy habitat types ranging from urban 

and disturbed, to natural and undisturbed; whereas many native species require specific foods 

that only certain habitats provide (Deslippe & Savolainen, 1994; Chapman & Bourke, 2001). 

Alternatively, because invasive species show high behavioral plasticity (Wright et al., 2010) they 

can also quickly adapt to and exploit novel environments effectively (Hobbs et al., 2009), 

possibly giving them an advantage when faced with food shortages or novel resources. Thus, 

their ability to find and exploit certain resources rapidly might impact their invasive success. 

Although ants generally display a generalist strategy of regulating total diet and consumption by 

over-consuming both protein and carbohydrates (Lihoreau et al., 2015; Krabbe et al., 2019), 

they can also regulate their nutritional needs when food is patchy or temporarily unavailable 

(Grueter & Leadbeater, 2014; Lihoreau et al., 2015; Giraldeau & Caraco, 2018). Thus their food 

https://www.zotero.org/google-docs/?0vhoY0
https://www.zotero.org/google-docs/?0vhoY0
https://www.zotero.org/google-docs/?g9Q7ab
https://www.zotero.org/google-docs/?g9Q7ab
https://www.zotero.org/google-docs/?ctfybt
https://www.zotero.org/google-docs/?ctfybt
https://www.zotero.org/google-docs/?2fHVWA
https://www.zotero.org/google-docs/?ZunrCi
https://www.zotero.org/google-docs/?ypCkwj
https://www.zotero.org/google-docs/?ypCkwj
https://www.zotero.org/google-docs/?kARkXN
https://www.zotero.org/google-docs/?8mmNwF
https://www.zotero.org/google-docs/?YLjhFq
https://www.zotero.org/google-docs/?9QU3ro
https://www.zotero.org/google-docs/?KNRo43
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preferences are locality specific, as each habitat has its own environmental constraints (e.g. 

food availability, water access) (Baumberger et al., 2019; Favero et al., 2020), providing further 

evidence that ants might be heavily impacted by their recent experience.  

 To uncover how food preference of Argentine ants is affected by local conditions, I used 

both in-lab food preference tests and isotope analysis. Because food preference is highly 

impacted by the local conditions faced, I hypothesize that food preference can be determined by 

either (1) habitat type, based on the food that they are exposed to in either urban or natural 

environments (2) resource limitation which means the ants are most attracted to foods not in 

their environments (natural sites tend to have less access to processed meats) or (3) recent 

experience, meaning that the ants exploit what is is available to them at any given time. 

Studying food preference is important, because food plays a critical role in the establishment of 

invasive species (Banko et al., 2002)) and thus is an important variable to test when studying 

invasion success. 

Materials and Methods 

Defining “urban” and “natural” environments & collection sites 

To select collection sites, I used google maps to identify natural locations throughout Los 

Angeles county. I defined ‘natural’ sites as green spaces and state parks. I defined ‘urban’ as 

areas with densely concentrated housing or human infrastructure. To confirm my colony site 

choices made with google maps and to visualise the land cover in LA, I used QGIS to create a 

projected map of urban and natural land cover throughout Los Angeles County (Figure 1). GIS 

layers were obtained from online sources including: CalVeg, Los Angeles County Department of 

Regional Planning, and the LA City Planning GIS Data Portal.  

https://www.zotero.org/google-docs/?jqFBI2
https://www.zotero.org/google-docs/?NVCGyy
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I collected Argentine ants from six urban and natural locations in Southern California. 

Urban ants were collected from areas surrounding the UCLA campus and Koreatown, whereas 

natural ants were collected from the Santa Monica mountains (figure 1). 500-1000 workers were 

collected from each site (N=6 sites) during December 2018-March 2019 using an aspirator. 

After collection, ants were transported to the lab and were placed in artificial nests made from 

plastic containers.  

Figure 1: Map of field sites in Los Angeles County. Geographic data from  CalVeg, Los Angeles 

County Department of Regional Planning, and the LA City Planning GIS Data Portal was used 

to identify natural and urban land cover. Two ‘urban’ sites (botanical gardens and UCLA 

campus) are combined and represented by one point labeled UCLA due to geographic 

proximity.  
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Choice Tests 

To test the food preference of Argentine ant workers, I created a five-armed maze from 

clear tubing and fluon-coated plastic containers (figure 2). Each container had food with a 

different protein:carbohydrate ratio (table 1) and  I counted the number of ants in each container 

at certain time intervals to determine food preference. I ran one experimental trial with ants from 

each of the 6 sites within 24 hours of collection (N=6). In each trial,100 workers were 

haphazardly chosen from the 500-1000 individuals that I collected. The workers were placed 

into the central container (CC) and were allowed 5 minutes to acclimate. During these 5 

minutes, I blocked off entrances to the containers holding food, blocking their ability to explore 

the arms of the maze. After the acclimation period, I removed the tape to allow ants to explore 

the and choose food in the five-armed maze for two hours. I counted the number of ants in each 

container, both touching and not touching the food, for two hours at the following time intervals: 

For the first 30 minutes of the trial, I recorded the number of ants in each chamber every five 

minutes. After the first 30 minutes, I counted the number of ants every 30 minutes until two 

hours had elapsed. The reduction in sampling effort is based on preliminary observations that 

showed slower ant accumulation at the food after the first 30 minutes. After the trials, ants were 

aspirated back into their artificial nests.  
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Figure 2: Schematic diagram (left) and image (right) of the 5-armed maze for testing ant food 

preference 

 

Food Preparation 

Food was prepared by placing in one dish a dry mix of protein powder, egg powder, and 

sugar (table 1). In a separate bowl, I added boiling water and agar to activate the gelatinous 

properties of the agar. After about 5 minutes I mixed the dry powder with the agar. Once all the 

ingredients were mixed, I poured the liquid into a container where the solution solidified and was 

stored in the refrigerator for later use. During experiments, the food was removed from the 

refrigerator and sectioned off into 5x5cm2 squares and placed into the chambers of the 5-armed 

maze (Figure 2). I used handmade colored paper flags to denote each food type, so that the 

observer (myself and two other students) were blind to the food composition in each arm of the 

maze but could still distinguish between the choices that the ants made.   

 

Table 1: Composition  of  diets the ants were presented with in the 5-armed maze - from 

(Dussutour & Simpson, 2008b) 

Stable Isotopes  

I examined the stable isotopes of ants collected in the field during December 2018, 

following procedures from (Feldhaar et al., 2009; Penick et al., 2015; Tillberg et al., 2006) to 

https://www.zotero.org/google-docs/?do9UaU
https://www.zotero.org/google-docs/?cIODYC
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determine what ants ate in their source habitats. Approximately 50 ants of the ones collected at 

each site were frozen at -20C until preparation for isotope analysis. Specimens were prepared 

for isotope analysis by placing them in a drying oven at 50C for 48 h. After specimens were 

dried, I weighed out 0.1–1.5 mg of tissue from each sample into a 5x9 mm tin capsule using a 

laboratory scale. I pooled 5-10 ants into each sample to reach the minimum required weight 

(1mg+-0.02) and had three samples per site (N=18). The capsules were crushed using sterilized 

forceps and placed individually into a 96-well plate for shipment to the Stable Isotope Facility at 

the University of California, Davis. 

Data Analysis 

To quantify preference, I used the proportion of ants in each container defined as choice.  

The proportion of ants in each container was calculated as the number of ants on the food 

inside the chamber out of 100 ants that were originally placed in the apparatus (including ants 

that remained in the CC and did not forage). To run several analyses, I used only the last time 

point (t=120), as ant proportions were highest during the second hour of the experiment. 

To test the effects of habitat type on food preference, “Habitat Hypothesis” I compared 

the proportion of ants on each food type between the three urban and three natural sites. 

Argentine ant food preferences were analyzed with a GLM with a log link function, using the 

proportion of ants in each five food containers as the dependent factor, and food type, habitat 

type, and trial number as independent factors. 

To test the relationship between food preference and resource limitation, “Resource 

Limitation Hypothesis”, I compared the proportion of ants on each food type (1-5) to isotopic 

composition of ants throughout all six sites. To measure the strength of the association between 
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lab food preference and isotope content in ants collected from the field I used a Pearson's 

correlation test.  

To test if recent experiences affect food preference, “Recent Experience Hypothesis”, 

ants were starved for one-week. The starvation period was meant to create a recent experience 

in which ants are deprived of carbohydrates. I provided ants with water to increase survival 

throughout the one-week starvation period. After the week-long starvation period, I ran a 

second-choice test to determine if starvation impacted the ants’ food preferences.  To test the 

‘Recent Experience Hypothesis’ I compared the proportion of ants before and after starvation by 

including a ‘starvation period’ effect in the GLM detailed above.  

 

Finally, to determine if ant preference, which was measured based on the proportion of 

ants at each maze container in the last time point of the experiment, was based on the order in 

which they discovered the food, I looked at the change in number of ants throughout the entire 

experiment and calculated a spearman's correlation between the proportion of ants in each 

container during the first and last 30 minutes of the experiment. 

Analyses of all data were carried out in R version 3.6.3 for Windows (R Core Team 

(2017).  

Results  

I found that recent experience had some (non-significant) impact on ant food preference, 

and neither source habitat nor food composition had any impact on food choice. The 

generalized linear model showed no significant effect of starvation, habitat type, or food type on 

the number of ants at the food (table 2). The ants’ recent experience accounted for the largest 

shifts in food choice during laboratory tests (figure 3).  

https://www.zotero.org/google-docs/?02nhId
https://www.zotero.org/google-docs/?02nhId
https://www.zotero.org/google-docs/?02nhId
https://www.zotero.org/google-docs/?02nhId
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Variable  Estimate  Standard Error  T-value P-value 

Intercept -2.60704 1.14780 -2.271 0.0528  

Trial 

(before/after 

starvation) 

-0.13841  0.45912 -0.301 0.77 

Habitat (urban 

vs natural) 

 0.28546 0.45912 0.622 0.55 

Food (Protein vs 

Carbohydrate) 

0.03638 0.28115  0.129 0.90 

 

 

Table 2: Output of the generalized linear model testing the relationship between ant trial 

preferences against habitat type, trial (before/after starvation), and food type. 
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Figure 3: Food preference of ants from urban (left) and natural (right) environments. The 

proportion of ants at the different types of food were aggregated by high protein options (3:1, 

2:1) in pink, and high carb proportions (1:3, 1:2) in red. Grey points represent equal proportions 

of protein and carbs (1:1). Each plot shows preference data before and after experimental 

starvation. 

 

Isotope analysis showed little difference between habitat types, with some overlap 

between isotopic composition of Urban and Natural environments (Figure 4). The three samples 

from each site were very similar to one another and did not cluster by habitat type 
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(natural/urban). I did not detect a relationship between food isotope composition (C:N) of ants in 

the urban and natural sites and their food preference in the lab. When examining the correlation 

between protein preference in the lab and 15N and 13C isotopes extracted from ants collected 

in the field I did not detect a significant relationship (Pearson’s correlation results in  (table 3 and 

figure 5).  
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Figure 4: The relationship between 13C and 15N isotopes from ants collected from three urban 

and three natural environments. Habitat type is indicated by the shape and color, where green 

triangles represent natural sites, and purple circles represent urban sites. Shape shade 

difference represents unique site data. 

 

 

Figure 5: Correlations between N15 & C13 isotopes against protein bias food preference before 

and after experimental starvation. Unique site data and habitat type represented by color, where 

green is natural sites, and purple represents urban sites. 
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Variables  R-value P-value  

C13 & Pre-starvation carb 

preference 

0.3651915 0.47 

C13 & Post-starvation carb 

preference 

-0.39653  0.43 

N15 & Pre-starvation protein 

preference 

-0.253849 0.62 

N15 & Post-starvation protein 

preference 

-0.09837053 0.85 

 

Table 3: Pearson’s correlation results for relationship between isotope composition and food 

preference in the lab.  

 

The total number of ants at each container of the maze only slightly changed throughout 

experimental trials, where ants would continuously recruit to the food they visited the most 

during the first 30 minutes (figure 6). The spearman's correlation showed a strong positive, but 

not statistically significant, correlation after starvation and weak relationships in both positive 

and negative directions before starvation - with only the strongest of those being statistically 

significant (table 4). 
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Figure 6: Proportion of ants on each food type (e.g. 3:1, 2:1, etc) during experimental trials with 

the average proportion during the first 30 minutes, and the total proportion during the last 30 

minutes.  

 

 

Table 4: Spearman's correlation coefficients and p-values for the relationship between the 

proportion of ants on the 5-food types during the first 30 and last 30 minutes of the experiment.  

  

Discussion 

 

 I did not find evidence that Argentine ants from urban environments show a different 

food preference compared to workers from natural environments in Los Angeles county. 

Furthermore, workers did not prefer foods that were abundant (or unavailable) to them in their 
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environments. Instead, the ants’ food preference was most influenced by their recent 

experience during the experimental trials, i.e., by their immediate nutritional needs, due to 

starvation, and the speed at which they discovered a particular food type. 

 

 My inability to detect a statistically significant difference in food preference between ants 

from urban or natural sites may be explained by the wide range of urbanization seen throughout 

Los Angeles County. It is possible that locations which seem natural, still provide the ants with 

similar resources to those in areas that seem urban. Previous research has shown that 

urbanization in areas like Los Angeles is pushing city limits and encroaching on green spaces 

by the use of transportation (Bekele, 2005). Indeed, the isotope analysis (figure 4) revealed little 

difference between the nutrients available to ants in the areas I defined as urban or natural. In 

fact, the two sites that were closest in geography (UCLA botanical gardens and main campus) 

were among the most distinct in isotope composition, suggesting that local human activity might 

determine the nutrients that ants consume rather than larger global geographical patterns of 

urbanisation. Furthermore, the sites that were selected as urban or natural in this study 

represented environments which have been modified by humans and contain human waste, for 

example at garbage cans of picnic sites in the ‘natural’ sites.  

  

 Resource availability did not significantly affect Argentine ant food preference. While 

both habitats might present different nutrients, with urban areas often showing an 

overabundance of proteins (Hoornweg & Bhada-Tata, 2012; Penick et al., 2015), the nutrients at 

the urban and natural sites in this study were not distinct in the isotope profiles of the ants (table 

3). I did not detect a relationship between ant isotopes and food preference. This means that the 

ants’ food preferences in the lab were not affected by the lack of resources in their source 

environment. The fact that urban and natural sites did not differ in food availability, suggests that 

https://www.zotero.org/google-docs/?HRG7yk
https://www.zotero.org/google-docs/?pSm0d2
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ants in  these habitats might have access to similar resources. Although natural areas may 

provide fewer reliable protein sources than urban sites (Birnie-Gauvin et al., 2017), I still found 

evidence that protein is available in natural sites at similar levels to those at urban sites (Figure 

4). Argentine ants tend to forage at trash cans, and therefore may be eating the same human 

waste as their urban counterparts. Future research on ant diets should consider collecting 

colonies on a larger spatial scale, as individuals’ isotopic values can vary considerably both 

within and among colonies of the same species (Blüthgen et al., 2003; Tillberg et al., 2006). 

 

 The recent experience of workers was the best predictor of their food preferences.  Ants 

from both urban and natural environments increased their preference for carbohydrates after 

starvation (figure 3). This change in preference can be explained by the use of carbohydrates as 

an energy source for workers (Dussutour & Simpson, 2009). Ants after starvation are likely 

deficient in energy stores and would be expected to seek out carbohydrates to replenish these 

stores of energy to maintain their activities.  

 

I further found evidence that starved ants foraged on the food item they found first. 

Figure 6 and table 4 show that after starvation the food preference, i.e., the rank order of the 

food options, during the first 30min of the trial is maintained in the last 30min of the trial. Thus, it 

is possible that the first food the ants encounter might be where ants accumulate throughout the 

experiment because of recruitment, further supporting the recent experience hypothesis. Ants 

that were not starved spend more time looking at food, increasing the accuracy of their choices, 

whereas starved ants generally find one food choice and accumulate on it, prioritizing speed. 

Infact, previous research looking at speed-and-accuracy tradeoffs in ants, has shown that 

colonies use positive feedback to make accurate decisions for the colony that often deal with 

time-sensitive requirements, such as nutrition (Chittka et al., 2009; Hui & Pinter-Wollman, 2014). 

https://www.zotero.org/google-docs/?VdCsjs
https://www.zotero.org/google-docs/?psqxIi
https://www.zotero.org/google-docs/?LT2L3L
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Thus there is always contention between speed-and-accuracy. Further analysis of the temporal 

dynamics of arrival to the food items would be necessary to confirm this hypothesis. Indeed, 

previous research has shown that Argentine ants use recruitment to food through positive 

feedback (Flanagan et al., 2013). Consequently, ants might have strong evolutionary pressures 

to quickly choose, and use their most recent experience to make accurate choices. Future 

studies should examine the trends seen, as the type of food chosen over time could illuminate 

important aspects of Argentine ant food preference. 

 

One important aspect to consider is the effect of seasonality on ant food preference, as 

ants are highly impacted by changes in food availability, temperatures, and the presence of 

brood. Seasons have a large impact on ants’ energetic requirements (Cook et al., 2011), and 

thus food preferences of ants may change, based on whether or not the colony is producing 

brood, which require protein for survival and growth (Weeks et al., 2004; Dussutour & Simpson, 

2008a, 2009). Further, because there were no brood kept with experimental colonies during 

starvation, the ants may have not had a need for protein.  

 

It is possible that Argentine ants display good preference that is affected by locality 

rather than specialisation that emerges from large-scale geographical patterns (Segev & Foitzik, 

2019). As I’ve shown, despite the difference in source habitat, both urban and natural 

populations of Argentine ants shared similar food preferences. Ants from both environments 

preferred carbohydrates over proteins  post starvation, which is in line with the physiological 

needs of ants (carbohydrates=energy) (Dussutour & Simpson, 2009). Indeed, nutritional 

geometry theory states that social insects often have trade-offs to maintain colony fitness 

(Lihoreau et al., 2015), which means that ants are constantly making active-decisions on what 

the colony requires. Therefore, the variation among ant groups in food preference during the 

https://www.zotero.org/google-docs/?rDUAKU
https://www.zotero.org/google-docs/?aeG45p
https://www.zotero.org/google-docs/?HiWJWX
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pre-starvation trials can potentially be explained by the need to acquire either proteins or 

carbohydrates in different manners based on the locality specific constraints where they were 

collected (e.g., access to trash, human presence). 

 

 Future research could examine differences in preference between generalist native ant 

species in California and invasive ants population in food preference to reveal whether 

Argentine ants’ success as an invader is  due to their generalist behavior or to aggression, 

colony structure, unique mating system etc. Future work should take into account the effect of 

seasonality on the food preferences of ants, as it can impact colonies' lifecycle and therefore 

their nutritional needs (Dussutour & Simpson, 2009). The needs of the colony change with 

seasons both because of changes in food availability in the environment and changes in the 

presence of brood throughout the year. Such questions can be addressed by testing multiple 

colonies throughout all seasons and at different reproductive stages. Furthermore, increasing 

the sample size might reveal if the lack of observed differences in food preference between 

urban and natural environments was a result of low statistical power. Finally, future work might 

consider examining ants from extremely rural environments (e.g., national parks) with little 

human presence and strict waste management policies, to ensure that ants from ‘natural’ 

environments have minimal access to human waste.  

 

Acknowledgments 

 

I’d like to thank Noa Pinter-Wollman, Peter Nonacs, Nathan Kraft, Tessa Villaseñor, 

Melissa Carrillo, and the Pinter-Wollman lab for their numerous edits and support. 

 

 

 

 

https://www.zotero.org/google-docs/?9GVExh


 

21 
 

References  

Banko, P. C., Oboyski, P. T., Slotterback, J. W., Dougill, S. J., Goltz, D. M., Johnson, L., Laut, 

M. E., & Murray, T. C. (2002). Availability of food resources, distribution of invasive 

species, and conservation of a Hawaiian bird along a gradient of elevation. Journal of 

Biogeography, 29(5–6), 789–808. https://doi.org/10.1046/j.1365-2699.2002.00724.x 

Baumberger, K. L., Eitzel, M. V., Kirby, M. E., & Horn, M. H. (2019). Movement and habitat 

selection of the western spadefoot (Spea hammondii) in southern California. PLOS 

ONE, 14(10), e0222532. https://doi.org/10.1371/journal.pone.0222532 

Bekele, H. (2005). Urbanization and urban sprawl. Royal Institute of Tecnhology: Stockholm, 

Sweden. 

Birnie-Gauvin, K., Peiman, K. S., Raubenheimer, D., & Cooke, S. J. (2017). Nutritional 

physiology and ecology of wildlife in a changing world. Conservation Physiology, 5(1). 

https://doi.org/10.1093/conphys/cox030 

Blüthgen, N., Gebauer, G., & Fiedler, K. (2003). Disentangling a rainforest food web using 

stable isotopes: Dietary diversity in a species-rich ant community. Oecologia, 137(3), 

426–435. 

Buczkowski, G., & Bennett, G. W. (2008). Aggressive interactions between the introduced 

Argentine ant, Linepithema humile and the native odorous house ant, Tapinoma sessile. 

Biological Invasions, 10(7), 1001–1011. https://doi.org/10.1007/s10530-007-9179-9 

Carpintero, S., & Reyes-López, J. (2008). The role of competitive dominance in the invasive 

ability of the Argentine ant (Linepithema humile). Biological Invasions, 10(1), 25–35. 

Chapman, R. E., & Bourke, A. F. G. (2001). The influence of sociality on the conservation 

biology of social insects. Ecology Letters, 4(6), 650–662. https://doi.org/10.1046/j.1461-

0248.2001.00253.x 

Chittka, L., Skorupski, P., & Raine, N. E. (2009). Speed–accuracy tradeoffs in animal decision 

https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl


 

22 
 

making. Trends in Ecology & Evolution, 24(7), 400–407. 

https://doi.org/10.1016/j.tree.2009.02.010 

Cook, S. C., Eubanks, M. D., Gold, R. E., & Behmer, S. T. (2011). Seasonality Directs 

Contrasting Food Collection Behavior and Nutrient Regulation Strategies in Ants. PLOS 

ONE, 6(9), e25407. https://doi.org/10.1371/journal.pone.0025407 

Csata, E., & Dussutour, A. (2019). Nutrient regulation in ants (Hymenoptera: Formicidae): a 

review. Myrmecological News, 29, 111–124. 

https://doi.org/10.25849/myrmecol.news_029:111 

Daane, K. M., Sime, K. R., Fallon, J., & Cooper, M. L. (2007). Impacts of Argentine ants on 

mealybugs and their natural enemies in California’s coastal vineyards. Ecological 

Entomology, 32(6), 583–596. 

Deslippe, R. J., & Savolainen, R. (1994). Role of Food Supply in Structuring a Population of 

Formica Ants. Journal of Animal Ecology, 63(4), 756–764. JSTOR. 

https://doi.org/10.2307/5253 

Dussutour, A., & Simpson, S. J. (2008a). Carbohydrate regulation in relation to colony growth in 

ants. Journal of Experimental Biology, 211(14), 2224–2232. 

Dussutour, A., & Simpson, S. J. (2008b). Description of a simple synthetic diet for studying 

nutritional responses in ants. Insectes Sociaux, 55(3), 329–333. 

Dussutour, A., & Simpson, S. J. (2009). Communal nutrition in ants. Current Biology, 19(9), 

740–744. 

Favero, I. T., Favero, G. E., Choi-Lima, K. F., dos Santos, H. F., Souza-Alves, J. P., de Souza e 

Silva, J., & Feitosa, J. L. L. (2020). Effects of freshwater limitation on distribution 

patterns and habitat use of the West Indian manatee, Trichechus manatus, in the 

northern Brazilian coast. Aquatic Conservation: Marine and Freshwater Ecosystems, 

30(8), 1665–1673. 

https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl


 

23 
 

Feldhaar, H. (2014). Ant nutritional ecology: Linking the nutritional niche plasticity on individual 

and colony-level to community ecology. Current Opinion in Insect Science, 5, 25–30. 

https://doi.org/10.1016/j.cois.2014.09.007 

Feldhaar, H., Gebauer, G., & Blüthgen, N. (2009). Stable isotopes: Past and future in exposing 

secrets of ant nutrition (Hymenoptera: Formicidae). 12. 

Felton, A. M., Felton, A., Wood, J. T., Foley, W. J., Raubenheimer, D., Wallis, I. R., & 

Lindenmayer, D. B. (2009). Nutritional ecology of Ateles chamek in lowland Bolivia: How 

macronutrient balancing influences food choices. International Journal of Primatology, 

30(5), 675–696. 

Fischer, J. D., Schneider, S. C., Ahlers, A. A., & Miller, J. R. (2015). Categorizing wildlife 

responses to urbanization and conservation implications of terminology: Terminology 

and urban conservation. Conservation Biology, 29(4), 1246–1248. 

https://doi.org/10.1111/cobi.12451 

Flanagan, T. P., Pinter-Wollman, N. M., Moses, M. E., & Gordon, D. M. (2013). Fast and 

Flexible: Argentine Ants Recruit from Nearby Trails. PLOS ONE, 8(8), e70888. 

https://doi.org/10.1371/journal.pone.0070888 

Giraldeau, L.-A., & Caraco, T. (2018). Social foraging theory (Vol. 73). Princeton University 

Press. 

Grueter, C., & Leadbeater, E. (2014). Insights from insects about adaptive social information 

use. Trends in Ecology & Evolution, 29(3), 177–184. 

Hasse, J. E., & Lathrop, R. G. (2003). Land resource impact indicators of urban sprawl. Applied 

Geography, 23(2), 159–175. https://doi.org/10.1016/j.apgeog.2003.08.002 

Hobbs, R. J., Higgs, E., & Harris, J. A. (2009). Novel ecosystems: Implications for conservation 

and restoration. Trends in Ecology & Evolution, 24(11), 599–605. 

https://doi.org/10.1016/j.tree.2009.05.012 

https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl


 

24 
 

Holway, D. A. (1999). Competitive Mechanisms Underlying the Displacement of Native Ants by 

the Invasive Argentine Ant. Ecology, 80(1), 238–251. https://doi.org/10.1890/0012-

9658(1999)080[0238:CMUTDO]2.0.CO;2 

Holway, D. A., & Suarez, A. V. (2004). Colony-structure variation and interspecific competitive 

ability in the invasive Argentine ant. Oecologia, 138(2), 216–222. 

Hoornweg, D., & Bhada-Tata, P. (2012). What a waste: A global review of solid waste 

management. 

Hui, A., & Pinter-Wollman, N. (2014). Individual variation in exploratory behaviour improves 

speed and accuracy of collective nest selection by Argentine ants. Animal Behaviour, 93, 

261–266. https://doi.org/10.1016/j.anbehav.2014.05.006 

Ingram, K. K. (2002). Flexibility in nest density and social structure in invasive populations of the 

Argentine ant, Linepithema humile. Oecologia, 133(4), 492–500. 

Johnson, M. D., & Sherry, T. W. (2001). Effects of Food Availability on the Distribution of 

Migratory Warblers among Habitats in Jamaica. Journal of Animal Ecology, 70(4), 546–

560. JSTOR. 

Kay, A. D., Zumbusch, T., Heinen, J. L., Marsh, T. C., & Holway, D. A. (2010). Nutrition and 

interference competition have interactive effects on the behavior and performance of 

Argentine ants. Ecology, 91(1), 57–64. https://doi.org/10.1890/09-0908.1 

Krabbe, B. A., Arnan, X., Lannes, P., Bergstedt, C. E., Larsen, R. S., Pedersen, J. S., & Shik, J. 

Z. (2019). Using nutritional geometry to define the fundamental macronutrient niche of 

the widespread invasive ant Monomorium pharaonis. PLOS ONE, 14(6), e0218764. 

https://doi.org/10.1371/journal.pone.0218764 

Lach, L., Parr, C., & Abbott, K. (2010). Ant Ecology. OUP Oxford. 

Layme, V. M. G., Lima, A. P., & Magnusson, W. E. (2004). Effects of Fire, Food Availability and 

Vegetation on the Distribution of the Rodent Bolomys lasiurus in an Amazonian 

https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl


 

25 
 

Savanna. Journal of Tropical Ecology, 20(2), 183–187. JSTOR. 

Lee, S. Y., Dunn, R. J. K., Young, R. A., Connolly, R. M., Dale, P. E. R., Dehayr, R., Lemckert, 

C. J., Mckinnon, S., Powell, B., Teasdale, P. R., & Welsh, D. T. (2006). Impact of 

urbanization on coastal wetland structure and function. Austral Ecology, 31(2), 149–163. 

https://doi.org/10.1111/j.1442-9993.2006.01581.x 

Lihoreau, M., Buhl, J., Charleston, M. A., Sword, G. A., Raubenheimer, D., & Simpson, S. J. 

(2015). Nutritional ecology beyond the individual: A conceptual framework for integrating 

nutrition and social interactions. Ecology Letters, 18(3), 273–286. 

https://doi.org/10.1111/ele.12406 

McClennen, N., Wigglesworth, R. R., Anderson, S. H., & Wachob, D. G. (2001). The Effect of 

Suburban and Agricultural Development on the Activity Patterns of Coyotes (Canis 

Latrans). The American Midland Naturalist, 146(1), 27–36. JSTOR. 

Newell, W., & Barber, T. C. (1913). The Argentine Ant. U.S. Dept. Agric. Bureau of Entomology 

Bulletin, 122. https://www.cabdirect.org/cabdirect/abstract/19130500401 

Penick, C. A., Savage, A. M., & Dunn, R. R. (2015). Stable isotopes reveal links between 

human food inputs and urban ant diets. Proceedings of the Royal Society B: Biological 

Sciences, 282(1806), 20142608. 

Pope, N. S., & Jha, S. (2017). Seasonal Food Scarcity Prompts Long-Distance Foraging by a 

Wild Social Bee. The American Naturalist, 191(1), 45–57. https://doi.org/10.1086/694843 

Post, D. M. (2002). Using Stable Isotopes to Estimate Trophic Position: Models, Methods, and 

Assumptions. Ecology, 83(3), 703–718. https://doi.org/10.1890/0012-

9658(2002)083[0703:USITET]2.0.CO;2 

Prange, S., Gehrt, S. D., & Wiggers, E. P. (2003). Demographic Factors Contributing to High 

Raccoon Densities in Urban Landscapes. The Journal of Wildlife Management, 67(2), 

324–333. JSTOR. https://doi.org/10.2307/3802774 

https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl


 

26 
 

Prange, S., Gehrt, S. D., & Wiggers, E. P. (2004). Influences of Anthropogenic Resources on 

Raccoon (Procyon lotor) Movements and Spatial Distribution. Journal of Mammalogy, 

85(3), 483–490. https://doi.org/10.1644/1383946 

R Core Team (2017). R: A language and environment for   statistical computing. R Foundation 

for Statistical Computing,   Vienna, Austria. URL https://www.R-project.org/. (n.d.). 

Rodewald, A. D., Kearns, L. J., & Shustack, D. P. (2011). Anthropogenic resource subsidies 

decouple predator–prey relationships. Ecological Applications, 21(3), 936–943. 

https://doi.org/10.1890/10-0863.1 

Russo, D., & Ancillotto, L. (2015). Sensitivity of bats to urbanization: A review. Mammalian 

Biology, 80(3), 205–212. https://doi.org/10.1016/j.mambio.2014.10.003 

Sanders, N. J., Barton, K. E., & Gordon, D. M. (2001). Long-term dynamics of the distribution of 

the invasive Argentine ant, Linepithema humile, and native ant taxa in northern 

California. Oecologia, 127(1), 123–130. 

Segev, U., & Foitzik, S. (2019). Ant personalities and behavioral plasticity along a climatic 

gradient. Behavioral Ecology and Sociobiology, 73(6), 84. 

https://doi.org/10.1007/s00265-019-2690-z 

Suarez, A. V., Holway, D. A., & Case, T. J. (2001). Patterns of spread in biological invasions 

dominated by long-distance jump dispersal: Insights from Argentine ants. Proceedings of 

the National Academy of Sciences, 98(3), 1095–1100. 

Suarez, A. V., Richmond, J. Q., & Case, T. J. (2000). Prey selection in horned lizards following 

the invasion of Argentine ants in southern California. Ecological Applications, 10(3), 

711–725. 

Theobald, D. M., Miller, J. R., & Hobbs, N. T. (1997). Estimating the cumulative effects of 

development on wildlife habitat. Landscape and Urban Planning, 39(1), 25–36. 

https://doi.org/10.1016/S0169-2046(97)00041-8 

https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl


 

27 
 

Tigas, L. A., Van Vuren, D. H., & Sauvajot, R. M. (2002). Behavioral responses of bobcats and 

coyotes to habitat fragmentation and corridors in an urban environment. Biological 

Conservation, 108(3), 299–306. https://doi.org/10.1016/S0006-3207(02)00120-9 

Tillberg, C. V., McCarthy, D. P., Dolezal, A. G., & Suarez, A. V. (2006). Measuring the trophic 

ecology of ants using stable isotopes. Insectes Sociaux, 53(1), 65–69. 

Walters, A. C. (2006). Invasion of Argentine ants (Hymenoptera: Formicidae) in South Australia: 

Impacts on community composition and abundance of invertebrates in urban parklands. 

Austral Ecology, 31(5), 567–576. https://doi.org/10.1111/j.1442-9993.2006.01592.x 

Weeks, R. D., Wilson, L. T., Vinson, S. B., & James, W. D. (2004). Flow of Carbohydrates, 

Lipids, and Protein Among Colonies of Polygyne Red Imported Fire Ants, Solenopsis 

invicta (Hymenoptera: Formicidae). ANNALS OF THE ENTOMOLOGICAL SOCIETY OF 

AMERICA, 97(1), 6. 

Wetterer, J. K., Wild, A. L., Suarez, A. V., Roura-Pascual, N., & Espadaler, X. (2009). 

Worldwide spread of the Argentine ant, Linepithema humile (Hymenoptera: Formicidae). 

Myrmecological News, 12, 187–194. 

Wright, J. T., Byers, J. E., Koukoumaftsis, L. P., Ralph, P. J., & Gribben, P. E. (2010). Native 

species behaviour mitigates the impact of habitat-forming invasive seaweed. Oecologia, 

163(2), 527–534. 

Youngsteadt, E., Henderson, R. C., Savage, A. M., Ernst, A. F., Dunn, R. R., & Frank, S. D. 

(2015). Habitat and species identity, not diversity, predict the extent of refuse 

consumption by urban arthropods. Global Change Biology, 21(3), 1103–1115. 

https://doi.org/10.1111/gcb.12791 

https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl
https://www.zotero.org/google-docs/?kccIFl



