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LAND-USE AND ANT BIODIVERSITY IN CALIFORNIA’S CENTRAL VALLEY 

 

 

Abstract 

 

 

By Laura Louise Navarro 

 

University of the Pacific 

2022 

 

 

 The growing human population results in growing demand for land allocated to urban 

development and agricultural production (Godfray et al. 2010; Tilman et al. 2011; McDonnell and Hahs 

2013; Alexander et al. 2015; Erlwein and Pauleit 2021).  Changes to land allocation associated with 

agricultural and urban development will increasingly alter terrestrial ecosystems impacting biodiversity 

(Ricketts et al. 2001; McDonald et al. 2008).  Ants are an ideal organism for monitoring changes in 

biodiversity related to land-use change due to their ubiquitous nature, high diversity, and their role as 

bioindicators.  The goal of this study was to assess the diversity of the ant communities related to land-use 

change in the Central Valley, California addressing what factors may influence variability in the diversity 

of the ant communities.  The results of this study showed that native taxa richness was highest in the 

natural sites and invasive taxa richness was highest in the urban sites.  Temperature was not a major 

driver of changes in the diversity of the ant communities and an extended sampling period may provide 

more information seasonal effects on the ant communities.  Sample method had the most impact on the 

estimated diversity metrics suggesting a multimethod approach is necessary to accurately characterize 

biodiversity.  Pitfall trapping yielded the highest estimates of diversity due to the extended sampling 

period allowing for the collection of ants with different activity times.  High variability among sample 

sites was observed in this study.  Therefore, a larger sample size is recommended for future studies 

attempting to document the diversity of the ant communities in the Central Valley related to land-use 

change. 
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CHAPTER 1: INTRODUCTION 

 

The global human population is expected to continue growing and exceed 8 billion by 2030 

(worldpopulationreview.com), which will drive an increase in the demand for food and housing (Godfray 

et al. 2010; Tilman et al. 2011; McDonnell and Hahs 2013; Erlwein and Pauleit 2021).  In turn, there will 

be pressure on agricultural industries to increase food production, including increasing the allocation of 

land to agricultural production (Alexander et al. 2015).  The growing agroeconomic demand for land is 

expected to further reduce natural habitats by 50% by the year 2050 in approximately 30% of the world’s 

biodiversity hotspots (Habel et al. 2019).  Simultaneously, demand for urban development is increasing, 

with as much as 80% of people in developed countries living in urban environments and the percentage of 

people living in urban areas is projected to continue to increase (United Nations 2018).  The increase in the 

amount of people living in urban areas has brought on an increase in the size and number of cities globally 

(McDonnell and Hahs 2013).  For example, in the United States from 1990 to 2000, over 1.4 million 

hectares of natural habitat were lost to urban development (McDonald et al. 2010).  Thus, changes to land 

allocation associated with agricultural and urban development will increasingly alter terrestrial ecosystems. 

Changes in land-use have altered global patterns of biodiversity (Ricketts et al. 2001, McDonald et 

al. 2008).  Alterations to local biodiversity can change ecosystem services directly (e.g., by adding or 

removing species from the habitat) or indirectly (e.g., by modifying the behavior of the species that still 

inhabit the environment; Tilman et al. 2001).  Ecosystem services are fundamentally important to humans, 

and they include decomposition, climate regulation, and air and water filtration.  Yet, these services often 

go unacknowledged by humans (Daily 1997) even though they generate billions or trillions of dollars 

annually (Holzman 2012).  Hymenopteran insects provide some of these services such as predation of 

harmful agricultural pests, crop pollination, and nutrient cycling (Kremen et al. 2002, Del Toro et al. 2012).  

To continue to experience the benefits of these services, we must maintain local biodiversity by better 

understanding animals; where they exist, what services they provide, and how susceptible they are to 

changes in land-use thus altering their habitat.  
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Ants are the most diverse and ubiquitous group of social insects, occupying and often dominating 

most terrestrial environments in which they preform three main functional roles (Lach et al. 2010; Del Toro 

et al. 2012).  First, ants can regulate other animals in their communities by preying upon some groups while 

providing others with protection against predation (Del Toro et al. 2012).  The aggression and predatory 

behavior of some ant species can impact the invertebrate biomass of an ecosystem, thus, ants can be used 

in agricultural practices for pest management (Kaspari et al. 2011; Choate and Drummond 2011).  However, 

the mutual relationship between ants and some hemipteran insects allows for the proliferation of the 

hemipterans resulting in greater crop damage in an agricultural setting (Vega and Rust 2001; Wetterer et 

al. 2009).  Second, ground nesting ants facilitate nutrient cycling, which is an important service to the 

overall function and health of an ecosystem (Del Toro et al. 2012).  Through the formation of nests and the 

interactions with other soil fauna, ground dwelling ant species influence soil physical properties such as 

porosity and soil turnover (Briese 1982; Moutinho et al. 2003).  For example, a higher rate of ant activity 

improved crop yield due to increased soil porosity after switching from till to no-till agricultural 

management (Evans et al. 2011).  Further, ants can alter the decomposition rate of plant materials by 

preferentially selecting vegetation and altering the availability of certain environmental nutrients such as 

nitrogen (Wagner and Jones 2006, Ginzburg et al. 2008, Silva and Vasconcelos 2011).  Third, ants promote 

plant proliferation as pollinators and seed dispersers (Gómez and Zamora 1992; Lengyel et al. 2010; Del 

Toro et al. 2012). 

The ubiquity and diversity of ants makes them useful biological indicators of ecosystem functions 

and overall ecosystem health (Andersen and Sparling 1997; Andersen et al. 2002; Del Toro et al. 2012; 

Alroy 2017).  Ant diversity predicts soil microbial biomass that helps plants take up nutrients thereby 

providing information related to plant succession (Andersen and Sparling 1997).  Ant diversity mirrors the 

diversity of other insect groups in response to habitat disturbance, therefore, ants can be used to predict the 

response of other organismal groups to habitat disturbance (Alroy 2017).  Ant communities can be 

susceptible to changes in landscape (Floren et al. 2001; Vonshak and Gordon 2015; Solar et al. 2016) and 

land-use changes associated with urbanization can impact ant community composition and lead to increased 
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invasive species distributions (Carpintero et al. 2003, Vonshak and Gordon 2015, Gippet et al. 2017).  For 

example, the distance from buildings and impervious surfaces can be an influential anthropogenic 

environmental factor impacting ant distribution (Vonshak and Gordon 2015; Stahlschmidt and Johnson 

2018).  Additionally, land-use changes associated with agricultural land expansion alter ant communities 

due to reduced habitat structure, microclimatic range, and energy resources (Andersen 1995).  Agricultural 

land-use intensification can lead to homogenization of ant communities through the loss of species that rely 

on resources provided by native vegetation (Ng et al. 2021).  As the rate of urbanized and agricultural land 

expansion increases, it is essential for conservation biologists to determine the factors most influential to 

native and invasive ant species distributions.  Therefore, ants have an increasing importance as bioindicators 

in the assessment of ecosystem health in the face of climate change and increasing anthropogenic 

disturbance to terrestrial environments (Hölldobler and Wilson 1990; King et al. 1998).  

 California’s Central Valley is an agricultural region producing approximately one quarter of the 

nation’s food, including nearly half of the nation’s production of fruits and nuts, and eight percent of the 

nation’s agricultural output (ca.water.usgs.gov).  The Central Valley has undergone significant expansion 

and intensification of urbanized and agricultural land at the expense of wildlife habitat due to an increase 

in the human population (Matchett and Fleskes 2017).  For example, in the San Joaquin County from 1992-

2016, there was over 28,000 acres of natural land converted to urban and agricultural development 

(https://sjcog.org/).  The intense changes to the terrestrial environment resulting in diminishing natural 

habitat in the Central Valley are cause for more conservation efforts, including monitoring biodiversity of 

organisms susceptible to habitat disturbance.  Yet, there has not been any attempt to understand the diversity 

of the ant community within the Central Valley as it relates to land-use (e.g., natural, agricultural, and 

urban). 

 To better understand ant diversity in the Central Valley and how it interacts with land use, ant 

communities were sampled in various types of land-use and human disturbance.  Based on previous findings 

(Vonshak and Gordon 2015), the prediction was to find a higher abundance and richness of native taxa in 

the natural land-use type and abundance and richness of non-native taxa to be higher in the urban and 
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agricultural land-use types.  More generally, the prediction was to find high taxa richness of both natives 

and non-natives in the urban sites where non-natives are introduced, and some natives have adapted 

(McDonnell and Hahs 2013).  Different sample methods were predicted to yield different results.  Pitfall 

trapping was predicted to yield the highest number of taxa and highest individual abundance of those taxa 

collected due pitfall trapping introducing the least amount of bias with its extended sampling period.  Based 

on previous studies, ant activity has been shown to be highest during the summer months (July through 

early September, Vonshak and Gordon 2015).  Thus, limited variability in temperature or ant activity 

between the sample replicates in this study was predicted.  This research will be the first to describe how 

diversity in the Central Valley’s ground dwelling ant communities is affected by land-use change, these 

results will inform future decisions related to anthropogenic environmental impact. 
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CHAPTER 2: METHODS 

 

Study Sites 

This study repeatedly sampled 15 sites across three land-use types (natural, urban, and agricultural) 

within 46 square kilometers in the San Joaquin and Sacramento counties within the Central Valley of 

California (Fig. 1 and Table 1).  The sampling took place during the ants’ active season in the months of 

June through September (Vonshak and Gordon 2015, Johnson and Stahlschmidt 2020).  Sample sites (n=5 

sites per land-use type) were a minimum of 0.75 km apart (Fig. 1).  At each site, five sample plots were 

positioned, and each sample plot was 5 m², which is an effective plot size for surveying ground-dwelling 

ants (Agosti et al. 2000).  The five plots at each site were a minimum of 25 m apart (Laub et al. 2009).  

Sampling occurred between 7:00 to 13:00 PST.  Each site was sampled approximately once per month from 

June through September 2021 for a total of four sample replicates at each site.  Three different methods of 

sampling were used to ensure minimum sampling bias in diversity analysis (see Sampling Methods below).  

Land-use types were determined by each of the site’s dominant plant type.  Natural sites were 

dominated by oak trees and native grasses, agricultural sites were predominantly composed of grape vines, 

and urban parks contained large fields of cultivated lawn.  Oak-grass savanna sites were used to represent 

natural sites characterizing the least amount of anthropogenic disturbance.  The natural sites were located 

in ecological/nature reserves that were inaccessible to the general public and a minimum of 20 m from 

paved roads (Fig. 1, Table 1).  Mowing, irrigation, or any other land management practices did not occur 

in the natural sites during the entire sampling period.  Public residential parks within the city of Lodi, CA 

were selected to represent urban sites (Fig. 1, Table 1).  Plots at parks had over 50% ground cover, and 

were immediately adjacent to paved roads, sidewalks, and buildings.  In each park, mowing occurred 

weekly and sprinkler irrigation occurred several times per week.  Lodi Rules certified grape vineyards 

represented agricultural sites (Fig. 1, Table 1) and the Lodi Rules sustainable certification program 

promoted consistency among the agricultural sites.  For example, vineyards included in this study utilized 
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mechanical tilling, drip irrigation, cover crops, and followed the restrictions to chemical use outlined in the 

certification program (lodirules.org).  

Sampling Methods 

To minimize sampling bias and increase sample size, three sampling methods were used to acquire 

information on the ground dwelling ant communities.  First, pitfall traps were placed in a die formation 

within each plot for a total of 25 traps at each site (i.e., five traps per plot and five plots per site: Agosti et 

al. 2000; Banschblach et al. 2012).  Plastic cups with a diameter of 40 mm and a maximum volume capacity 

of 120 mL were placed in the ground with the rim flush to the ground surface.  Traps remained unopened 

for seven days prior to sampling to ensure that the disturbance from trap placement did not impact results.  

Then, traps were opened, and 40 mL of a 50% aqueous solution of vertebrate-safe antifreeze containing 

propylene glycol (Peak SIERRA and Prestone LowTox) was added to each trap as a killing agent due to its 

low evaporation rate.  Traps remained open for a total of 7 days, after which the samples were collected, 

and the traps were closed until the next replicate of sampling.  Once collected, the 25 plastic cups containing 

the yield of the pitfall traps were put into a bag together so that ten cups could be selected at random from 

the bag for data analysis.  Ants from the ten pitfall traps were separated from the antifreeze/debris/bycatch 

and combined to represent one pitfall sample at the particular site for the particular sample replicate.  Ants 

were then examined with a dissecting microscope and identified to the lowest taxonomic rank possible 

using available resources on morphological characteristics (Ward 2005, Fisher and Cover 2007).  In some 

cases, identification to species was possible, however, due to taxonomic uncertainties in Formicidae and 

limited information on morphological characteristics between species, the majority of the taxa found were 

identified to genus (Ward 2005, Fisher and Cover 2007).  After identification, specimens were stored in 

70% ethanol.  

Second, bait traps were used to sample ground dwelling ants.  Bait sampling and active-search 

sampling (see below) occurred simultaneously during pitfall trap placement and again at collection.  During 

bait sampling, one bait plot was positioned a minimum of 25 meters away from any pitfall plot.  Within the 

5-meter square plot baits were placed at each corner.  Two bait types were used to account for differing 
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preferences in protein/carbohydrate ratios of the ant species sampled (Stahlschmidt and Johnson 2018).  

The baits consisted of canned shredded tuna with honey and crushed short bread cookies and were placed 

directly on the ground so that any ant that visited the bait would be seen and collected using an aspirator.  

Ants were identified in the laboratory then stored in 70% ethanol.  

Third, active searching was used to ensure thorough investigation of the ground dwelling ant 

community.  After the sampling plots were established but before pitfall traps were placed/collected, a 

systematic survey for ground dwelling ants within the plot was conducted for a total of 10 minutes in each 

plot.  Ants seen during this search were collected with an aspirator and later identified then stored in 70% 

ethanol. 

Temperature 

At each site during each replicate of sampling, temperature data loggers (HOBO U23, Onset 

Computer Corp., Bourne, MA) were placed inside a white PVC pipe at ground level to capture soil surface 

temperature every hour for the duration of the pitfall trapping.  The loggers were collected during the 

collection of the pitfall traps.  Then, the hourly data was extracted and an average ground temperature for 

the duration of the pitfall trapping was calculated. 

Diversity Indices 

The following metrics were used as dependent variables to assess the variability in ant diversity.  

Total abundance (the number of individuals within a population) was used as an initial assessment of 

population size and is necessary to assess other diversity metrics such as relative abundance.  However, the 

abundance does not provide information of the actual diversity within the community in question.  In this 

study, total abundance was separated into native and invasive taxa abundance to provide more information 

on how the abundance of native and invasive taxa may be changing among the communities.  This still does 

not provide much information about the amount of different native and invasive taxa within the 

communities.  Richness, the number of unique taxa present in an area, is the simplest and most applied 

diversity metric and gives some indication of the diversity within a community but does not shed light on 

the proportional abundance of the specific attributes (Morris et al. 2014).  In this study, total taxa richness 
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was separated into two categories: native and invasive taxa richness, to assess the proportion of attributes 

within the ant communities that are introduced or native to the area.  To account for information on the 

proportion of each taxon within an ecosystem, Shannon diversity can be useful (Konopiński 2020) and it 

was used in this study.  Shannon diversity attempts to compound indices considering richness and evenness 

by multiplying the proportion of total individuals of a species in a community by the natural logarithm of 

that proportion, this product is done for each species in the community, the negative sum of these 

multiplicates produce the Shannon diversity index of the community (Shannon and Weaver 1949, Smith 

and Smith 2015).  The Shannon entropy provides uncertainty in the species identity of a sample rather than 

the number of species in the community (Jost 2006, Morris et al. 2014).  Shannon diversity is sensitive to 

the relative weight of the attributes included (equally sensitive to rare and abundant attributes) resulting in 

an index of entropy rather than diversity and cannot be used to compare across probability (Jost 2006, 

Rajaram et al. 2017).  Thus, transforming the index into true diversity (effective number of taxa) by taking 

the exponent of Shannon diversity (Jost 2006) allows one to capture the diversity concept more accurately 

as well as assess differences between communities (Jost 2006).  Evenness refers to the “equiprobability” of 

occurrence (Rajaram et al. 2017) and represents the degree to which each attribute dominates the 

community.  Evenness can shed light on how evenly abundant the attributes are within the community by 

dividing Shannon diversity by the natural log of species richness (Pielou 1966, Morris et al. 2014, Smith 

and Smith 2015).  In this study, Shannon diversity was used to calculate taxa evenness (Smith and Smith 

2015).  These diversity indices will further be referred to as the dependent variables. 

Statistical Analysis 

Linear mixed models were used to tested for the effects of land-use type and sampling method on 

the variability of the dependent variables (i.e., total ant abundance, total ant taxa richness, native taxa 

richness, invasive taxa richness, native taxa abundance, invasive taxa abundance, Shannon diversity index 

(i.e., data from the sum total of ants collected by all three sampling methods: see above), effective number 

of taxa, and taxa evenness) while accounting for temperature and serial sampling.  Specifically, sample site 

and replicate were included as random effects, land-use type and sampling method were included as fixed 
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effects, and average ground temperature was included as a covariate.  Linear mixed models were used to 

test whether that the temperature varried significantly among sites, land-use types, or sample replicate 

where sample site and replicate were included as random effects while land-use type was included as a 

fixed effect.  The function lmer in the package lme4 in RStudio was used for these test (Bates et al. 2015).  

Then, pairwise comparisons of the linear mixed models were performed to address differences in the means 

of the dependent variables among the land-use types and among sample methods using the function 

emmeans in the package emmeans in RStudio.  Percent similarity was also calculated by comparing the 

relative abundance of each taxon found in each of the land use types (Smith and Smith 2015).  
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CHAPTER 3: RESULTS 

 

Taxa of the Ant Community 

A total of 18 ground dwelling ant taxa were found in this study of which six taxa are invasive and 

the rest are native to North America (Table 2; Fig. 2, Ward 2005, Fisher and Cover 2007).  Eight taxa were 

identified to species (Linepithema humile, Tapinoma sessile, Tetramorium immigrans, Tetramorium 

simillimum, Pogonomyrmex occidentalis, Monomorium ergatogyna, Monomorium pharaonis, and 

Cardiocondyla mauritanica) while the rest were identified to genus (Table 2) due to limited access to 

information on species specific morphological information such as with the genus Myrmecosystus (Fisher 

and Cover 2007) or unresolved taxonomic discrepancies as seen in the genus Formica (Ward 2005).  

Temperature 

As predicted, the variability in average ground temperature did not differ among land-use type and 

sample replicate ( F2,11.952=3.7796, P=0.053).  Therefore, the lack of significant changes in temperature were 

not expected to have an impact on changes in the dependent variables tested. 

Land-use Type 

In contrast to my prediction, the variability in the dependent variables due to land-use type was not 

significant for many of the dependent variables tested (Table 3.1).  The native and invasive richness were 

the only variables out of all the dependent variables tested in which the variability attributed to land-use 

type was significant (Fig. 5, Table 3.1).  As predicted, the native taxa richness was highest in the natural 

land-use types while lowest was in the urban sites (Fig. 5, Table 3.1).  Also as expected, the highest invasive 

taxa richness was seen in the urban sites followed by agricultural sites and the lowest was seen in the natural 

sites (Fig. 5, Table 3.1).  The variability in all other dependent variables attributed to land-use type was not 

significant due to the variability between sample sites within each land-use type exceeding or nearly 

exceeding the variance among land-use types (see Table 3.1).  
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Sampling Method 

The various sampling methods (i.e., pitfall trapping, active sampling, and bait sampling) did yield 

different results in the variability of the numerous dependent variables tested (Figs 3-5, Table 3.2).  In fact, 

sample method was most impactful to the variability in nearly all the dependent variables tested (total taxa 

richness, native taxa richness, invasive taxa richness, Shannon diversity, effective number of taxa, taxa 

evenness, and relative abundance of the focal taxa) apart from total, native, and invasive abundance ( Table 

3.2).  Pitfall trapping yielded the highest variability and bait sampling yielded the lowest variability for: 

total taxa richness (Fig. 3a, Table 3.2), Shannon diversity (Fig. 4a, Table 3), effective number of taxa (Fig 

4b, Table 3.2), and taxa evenness (Fig. 4c, Table 3.2).  Pitfall trapping yielded the highest variability and 

active sampling yielded the lowest variability for native taxa richness (Fig. 3b, Table 3.2).  The average 

values of the diversity indices obtained by the three sample methods were significantly different except for 

total, native, and invasive ant abundance (Table 3.2). 
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CHAPTER 4: DISCUSSION 

 

The main goal of this study was to assess the ant communities of various land-use types within the 

Central Valley.  There were thirteen native taxa and five invasive taxa found in this study (Table 2).  The 

richness of the ground-dwelling ant communities found in the Central Valley was similar to the richness 

found in other regions of Northern California (Vonshak and Gordon 2015).  However, the ant communities 

in this study differed from other studies performed in the Central Valley (Stahlschmidt and Johnson 2018).  

The results of the linear mixed models showed little variability in the dependent variables among the three 

land-use types (Table 3.1).  This result is in contrast to other findings where the level of urbanization did 

have a substantial impact on the ant abundance, richness, and community composition (Vonshak and 

Gordon 2015).  The results of the linear mixed models preformed in this study showed that the variability 

among sample sites was greater than the variability between the land-use types for all the dependent 

variables accept native taxa richness and invasive taxa richness (Table 3.1).  This result suggests that an 

increase in sample size is necessary to determine if there is a true difference in the diversity indices 

calculated with land-use type or that the ant communities in this region could have different patterns of 

diversity from those of other studies.  Additionally, multiple sampling of the same sample site generally 

did not provide additional information regarding the ant communities (Fig. 6).  The results of this study 

showed that temperature did not influence the changes in diversity of the ant communities and the variability 

among sample sites was too great to conclude any changes in patterns of diversity with land-use type.  

Sample method did impact the diversity estimates of the ant communities in this study. 

Land-use Effects on Ant Communities 

 As predicted, the native taxa richness was found to be highest in the sites classified under the natural 

land-use type (Fig. 5).  This result was expected as the natural sites contained preserved habitat with native 

plant species and limited anthropogenic disturbance and similar trends have been shown in other studies 

(Vonshak and Gordon 2015).  Although the relative abundance of invasive taxa was lowest in the natural 

sites (Fig. 2b), all five invasive taxa were found in the natural land-use type indicating the distributions of 
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the invasive taxa were found to be greater than strictly urbanized environments.  This suggests that all of 

the non-native taxa found in this study were more likely to be generalists (Fig. 2b).  The presence of invasive 

taxa in the natural sites is of concern as it is a sign that invasive ants may be colonizing open niches as 

native populations decline (Diamond and Case 1986, Holway and Suarez 2006).  This result contrasts with 

other studies where the natural sites remained free of any invasive taxa (Vonshak and Gordon 2015).  

However, it should be noted that direct comparisons with other studies may show contrasting results due to 

use of different sampling techniques (Carney et al. 2003, King and Porter 2005, Vonshak and Gordon 2015).  

Additionally, it is important to consider the degree of disturbance in the natural sites in this study have 

experienced.  There is virtually no location within the Central Valley that has not received some level of 

anthropogenic disturbance and all natural habitats are fragmented in a matrix of urbanized and agricultural 

areas.  

As predicted, the urban sites contained higher invasive taxa richness compared natural sites which 

was expected due to urbanization’s association with introduction of non-natives and increased habitat 

favored by non-natives (McKinney 2006).  Although the native taxa richness was lowest in the urban land-

use types, nine native taxa were found among the urban sites suggesting that some of the native taxa are 

capable of adapting to urbanized environments (Table 2, Fig. 2b, these included: Amblyopone, Tapinoma 

sessile, Dorymyrmex, Camponotus, Formica, Monomorium ergatogyna, Pyramica and Hypoponera.  These 

results differed from previous studies in the distribution of M. ergatogyna and Formica sp., where these 

two taxa were not found in urban habitat (Vonshak and Gordon 2015).  However, the distribution of 

Camponotus sp. and Tapinoma sessile found in this study (i.e., relative abundance highest in natural sites 

but present in urban sites, Fig.7 and Table 2) supports the findings of previous studies that these two taxa 

can adapt to urban environments (Vonshak and Gordon 2015).  These urban-adapting ants may benefit from 

the resources provided in such environments, such as nesting sites in sidewalks and buildings, water from 

irrigation and food from trash waste, exotic plants, and hemipteran honeydew (Tillberg et al. 2007, Vonshak 

and Gordon 2015).  Some native species may also be capable of competing with invasives found in the 

urban land-use type (Andersen 1991, McKinney 2006).  The abundance and richness of native taxa found 
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at the urban sites suggests that at least a portion of the native ant community is capable of persisting through 

changes in habitat allowing for biodiversity to be maintained (Table 3.1, Fig. 5b).  However, the limited 

abundance and richness of native taxa in the urban land-use type suggest that native ants are being displaced 

by non-native ants as seen in other studies (Holway et al. 2002, Carpintero et al. 2003).  The native taxa not 

found in urban sites in this study included Liometopum, Myrmecocystus, Pogonomyrmex occidentalis, and 

Pheidole (Table 2, Fig. 7), these taxa can be considered “urban avoiders” possibly due to differences in 

resources such as loss of native plants for nesting and food as well as competition with invasive species, 

compared to their natural habitat (Holway and Suarez 2006, Vonshak and Gordon 2015).  These results 

differ from other studies in the distribution of Liometopum which has been previously found in urban 

environments (Vonshak and Gordon 2015).  However, the distribution of Pheidole sp. found in this study 

supports previous studies with Pheidole sp. excluded from urban habitat (Fig. 7, Vonshak and Gordon 

2015).  Again, direct comparisons with other studies should be taken cautiously as the variability in results 

due to differences in methods has not been specifically addressed as discussed above (Vonshak and 

Gordon2015). 

In this study the agricultural land-use type exhibited relatively high diversity compared to the 

natural and urban land-use types (Fig. 2b).  Agricultural sites often serve as an invasive species source 

through the importation of potted plants carrying introduced species (Holway et al. 2002).  The long history 

of agricultural production may have resulted in established introduced species from imported plants while 

the pockets of natural habitats can be a sustained source of native species (Vonshak and Gordon 2015).  

This seems to be the case with a particular agricultural site used in this study, AG1, (Table 1) where there 

were no native taxa and three invasive taxa collected throughout the entire sampling period at this site.  

Total abundance was highest in the agricultural land-use type (Fig 2a, Table 3.1) possibly due to the high 

resource availability associated with hemipteran pests on agricultural crops (Wetterer et al. 2009).  As seen 

in other studies, the natives of this study generally did not appear to be avoiding the agricultural sites except 

AG1 (Vonshak and Gordon 2015).  In fact, some of the natives showed a higher relative abundance in the 

agricultural land-use type over the natural land-use type (Fig. 7).  For example, Myrmecocystus is a native 
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genus whose presence was only detected in the agricultural land-use type in this study(Fig. 7).  Whereas 

some natives appeared to avoid agricultural; in this study, Tapinoma sessile was not present in the 

agricultural land-use type despite showing preference for agricultural sites in other studies (Vonshak and 

Gordon 2015).  

The direct comparisons of these results with other studies should be taken cautiously as the type of 

agricultural practices can vary significantly.  In this study, the agricultural sample sites were all wine grape 

vineyards that utilized similar land management practices (e.g. crop cycle, pesticide/herbicide regulations, 

irrigation practices, and tilling practices) to increase consistency in the sampling design.  This allowed for 

the assumption that variability in abiotic factors among agricultural sites would not be a driver for variability 

in diversity.  However, grape vineyards are only a small part of the Central Valley’s agricultural production 

(cawater.usgs.gov); the consistency limits the scope to which this study can address the various types of 

agricultural practices used in the Central Valley.  Continued studies should consider investigation of the 

differences in agricultural practices to understand how the ant diversity may be impacted by the different 

agricultural land management techniques that comprise the Central Valley.   

It is essential that diversity and conservation assessments utilize a multimethod approach to obtain 

accurate information on the community and ecosystem prior to implementation of management 

recommendations (Teasdale et al. 2013).  The findings of this study are in support of other literature in that 

the richness was significantly different between the sampling methods used (Agosti et al. 2000).  This can 

lead to differing outcomes of the diversity indices calculated (King and Porter 2005).  Overall, pitfall 

trapping did yield more diversity as predicted and pitfall trapping produced more variability in diversity 

compared to active sampling and bait sampling (Table 3).  Pitfall trapping introduces the least amount of 

sampling bias due to the passive method and extended sampling period (Agosti et al. 2000).  Ant behavior 

can vary quite dramatically among the different taxa within an ant community and the yield from pitfall 

trapping is likely dependent on the behavior of the workers visiting the trap (Agosti et al. 2000).  The 

richness of invasive taxa was similar with active sampling and lower than the native richness collected with 

pitfall trapping (Fig. 4).  Based on this result, utilizing only pitfall traps would have skewed the diversity 
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of the ant communities towards higher abundance and richness of the native taxa and a less accurate 

assessment of the distribution and proportion of invasive taxa within the communities sampled.   

Active sampling demonstrated that it can also offer sample bias as the consistency of the sampling 

effort must be maintained and the results are impacted by the activity times, foraging ranges, and nest 

distributions of the taxa sampled (Agosti et al. 2000).  In this study, active sampling yielded low variability 

in ant taxa richness compared to the pitfall trapping suggesting that the active sampling method produced 

the more consistency in the diversity estimates (Table 3.2).  However, similar invasive taxa richness was 

collected with active sampling and pitfall sampling (Fig. 3c, Table 3.2) showing that active sampling did 

contribute to the understanding of the invasive ant community.  

Bait sampling introduces bias in that the different food preferences and foraging behavior of the 

different ant taxa can impact which ants are sampled using this method; often bias towards one or a few 

species dominating the bait (Agosti et al. 2000, Stahlschmidt and Johnson 2018).  Previous studies have 

shown that some of the ants found in this study share similar protein carbohydrate ratio preferences (p:c) 

(Stahlschmidt and Johnson 2018), however, differences in p:c among the ant taxa were not investigated in 

this study.  Although not specifically addressed in this study, the microclimate in which the bait is placed 

may also impact the abundance and richness collected with this method (Perfecto and Vandermeer 1996, 

Stahlschmidt and Johnson 2018).  As seen in this study (Fig. 3, Table 3.2), bait sampling is often biased 

towards non-native ants as they are less likely to share baits with other species (Vonshak and Gordon 2015).  

Therefore, the use of bait sampling alone would likely skew the results to a community more dominated by 

invasive species than sampling with a combination of methods as seen in this study where taxa evenness 

obtained with bait sampling was lower than with the other two methods (Fig. 4c).  

A single sampling method will not provide an accurate assessment of the richness or relative 

abundance of ants within an ecosystem (King and Porter 2005, Agosti et al. 2000).  Rather, a combination 

of methods is necessary to accurately measure and compare the biodiversity among ecosystems.  This study 

was the first to address changes in diversity of the ant communities with land-use type in the Central Valley.  

Therefore, to accurately assess biodiversity within ant communities, ideal sample methods are necessary.  
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This study utilized only a few of the numerous techniques that exist for measuring ground dwelling ants.  

Other techniques for sampling ground dwelling ants such as soil extractions (Agosti et al. 2000) should be 

considered in future studies of the ant fauna in the Central Valley to ensure accurate representation of all 

taxa present.  Additionally, an extended sampling period is necessary to collect all taxa present in the 

communities (Fig. 6) thus, a larger sample size rather than multiple sample replicates is suggested for future 

studies.  However, to observe changes in individual taxa abundance with changes in seasonality and the 

impact those changes have to the ant community would require sampling throughout the four seasons. 
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CHAPTER 5: CONCLUSION 

 

 In this study of the ant community within the Central Valley, California, type of habitat disturbance 

was not determined to have an impact on the diversity of the ant communities as the variability in diversity 

of the ant communities observed among sample sites was greater than the variability observed among land-

use types (Table 3.1).  Therefore, an increased sample size is suggested in order to observe the general 

patterns of diversity among land-use types.  The dynamics of the ant communities with the different land-

use types suggest that environmental alterations could result in changes to available resources within a 

habitat impacting competitive ability and general behavior of some ant taxa (Fig.5, Human and Gordon 

1991).  Natural habitat is becoming scarcer in the Central Valley with land converted to agricultural and 

residential use resulting in less habitat for native taxa (Matchett and Fleskes 2017).  Additionally, invasive 

taxa are encroaching on the natural sites (Carpintero et al. 2003) which may be resulting in greater resource 

competition with natives ultimately impacting native taxa distribution.  Some natives were found in urban 

habitats and the relative abundance of the most dominant native taxa did not differ between the land-use 

types (Table 3.1) suggesting that at least some of the native taxa are capable of adaption to more urbanized 

environments.  Changes to the landscape are projected to continue within the Central Valley thus it is crucial 

to monitor the ecological community responses to these habitat changes.  Continued sampling throughout 

all four seasons can shed light on seasonality impacts to the dynamics of an ant communities.  Extended 

sample size will allow for further assessment of the impact different land-use classifications may have on 

the diversity within the ant communities.  Within the agricultural land-use type specifically, additional 

agricultural practices should be considered in future studies to better represent the diversity of the 

agricultural production within the Central Valley.  Additionally, other sample methods should be considered 

as there are numerous documented methods ideal for sampling ground-dwelling ants that were not 

addressed in this study such as soil extractions.  Further monitoring of changes to the community in addition 

to assessment of changing environmental factors will provide more information on the anthropogenic 

impact to the wildlife community we benefit from.  In this study, ant communities appear to be adapting to 
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environmental changes with both native and invasive taxa often found co-existing.  The resiliency of the 

ant community sheds light on the ability of other organisms to persist through anthropogenic impacts and 

sustain global biodiversity in the long run.  
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Figure 1.  Map of Central Valley sample sites (Google Earth).  Natural sites are golden yellow and 

labeled NAT1-NAT5.  Urban sites are grey and labeled URB1-URB5.  Agricultural sites are dark green 

and labeled AG1-AG5 (see Table 1). 

 



 29 

F
ig

u
re

 2
. 

 A
: 

V
en

n
-d

ia
g

ra
m

 c
o

m
p
ar

in
g

 t
h
e 

n
u
m

b
er

 o
f 

ta
x
a 

fo
u
n
d
 a

t 
ea

ch
 l

an
d

-u
se

 t
y
p
e 

an
d
 t

h
e 

p
er

ce
n

ta
g

e 
o
f 

ta
x

a 
sh

ar
ed

 b
et

w
ee

n
 l

an
d

-u
se

 

ty
p
es

. 
 B

: 
P

ie
 c

h
ar

ts
 o

f 
th

e 
re

la
ti

v
e 

ta
x

a 
ab

u
n
d

an
ce

 f
o
r 

ea
ch

 l
an

d
-u

se
 t

y
p
e,

 r
el

at
iv

e 
si

ze
 o

f 
p
ie

 c
h
ar

t 
in

d
ic

it
iv

e 
o

f 
th

e 
to

ta
l 

n
u
m

b
er

 o
f 

in
d

iv
id

u
al

s 

fo
u
n
d
 c

o
m

p
ar

ed
 t

o
 t

h
e 

tw
o

 o
th

er
 l

an
d

-u
se

 t
y
p
es

. 
 I

n
v
as

iv
e 

ta
x
a 

in
d
ic

at
ed

 w
it

h
 l

in
e 

p
at

te
rn

. 
 T

h
e 

ra
ti

o
s 

ab
o

v
e 

th
e 

p
ie

 c
h

ar
ts

 i
n

d
ic

at
e 

th
e 

n
u

m
b

er
 

o
f 

n
at

iv
e 

in
d

iv
id

u
al

s 
to

 t
h

e 
n

u
m

b
er

 o
f 

in
v
as

iv
e 

in
d
iv

id
u
al

s.
 



 30 

 

 

 

 

 

Figure 3.  Boxplot of the total taxa richness, native taxa richness, and invasive taxa richness found in each 

land-use type with each sample method.  As well as the pooled values by sample method.  The X’s 

represent the averages.  Pitfall traps yielded the highest total taxa richness and native taxa richness, (a, b); 

active sampling and pitfall sampling yielded the higher invasive taxa richness than bait sampling (c).  
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Figure 4.  Shannon diversity (A), effective number of taxa (B), and taxa evenness (C) found in each land-

use type with each sample method as well as the pooled values by sample method.  The X’s represent the 

averages.  Pitfall traps yielded the highest variability of Shannon diversity, effective number of taxa, and 

taxa evenness compared to the other two sample methods.  Pitfall traps yielded the highest average of 

Shannon diversity and effective number of taxa (a and b).  Pitfall and active sampling yielded similar taxa 

evenness that were higher than bait sampling (c).  
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Figure 5.  Average native taxa richness was highest in the natural land-use type (a), and average invasive 

taxa richness was highest in the urban land-use type (b). 

 

 

Figure 6.  Taxa accumulation curve found at the three different land-use types with increasing sample 

replicates, which occurred monthly through the ant’s active season. 
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Figure 7.  Relative abundance of each taxon found at each land-use type and the total abundance of each 

taxon in parenthesis.  The proportion of individual abundances found in natural sites are shown in yellow.  

The proportion of individual abundances found in the urban sites are shown in grey.  The proportion of 

individual abundances found in agricultural sites are shown in green.  Invasive taxa identified by red 

outline. 
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Table 1 

All Sample Sites Of the Three Land-use Types (NAT: Natural; URB: Urban; AG: Agricultural) Used 

During the Study Including the ID Code, Full Name Of Site, And GPS Coordinates.  
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Table 2 

All Taxa Found During Sampling With the Land-use Type Each Taxon Was Found In (NAT: Natural; 

URB: Urban; AG: Agricultural), the Sampling Method Each Taxa Was Found With, And the Total 

Number Of Individuals Found Throughout the Entire Sampling Period.  Taxa Names With an Asterisk (*) 

Indicate Invasive Species.  

 



 36 

 

T
ab

le
 3

.1
 

R
es

u
lt

s 
O

f 
th

e 
L

in
ea

r 
M

ix
ed

 E
ff

ec
ts

 M
o
d
el

; 
th

e 
V

a
ri

a
b
il

it
y 

A
tt

ri
b
u
te

d
 T

o
 L

a
n
d

-u
se

 T
yp

e 
W

it
h

 P
a
ir

w
is

e 
C

o
m

p
a

ri
so

n
s 

O
f 

M
ea

n
s.

  
T

h
e 

n
eg

a
ti

ve
 c

o
ef

fi
ci

en
ts

 I
n

d
ic

a
te

 a
 D

ec
re

a
se

 I
n
 t

h
e 

V
a
ri

a
b
il

it
y 

O
r 

M
ea

n
 W

h
er

ea
s 

a
 P

o
si

ti
ve

 C
o

ef
fi

ci
en

t 
In

d
ic

a
te

s 
a

n
 I

n
cr

ea
se

 i
n

 t
h
e 

V
a
ri

a
b
il

it
y 

O
r 

M
ea

n
. 

 



 37 

  

T
ab

le
 3

.2
 

R
es

u
lt

s 
O

f 
th

e 
L

in
ea

r 
M

ix
ed

 E
ff

ec
ts

 M
o
d
el

; 
th

e 
V

a
ri

a
b
il

it
y 

A
tt

ri
b
u
te

d
 T

o
 S

a
m

p
le

 M
et

h
o
d
 W

it
h

 P
a
ir

w
is

e 
C

o
m

p
a

ri
so

n
s 

O
f 

M
ea

n
s.

  
T

h
e 

N
eg

a
ti

ve
 C

o
ef

fi
ci

en
ts

 I
n

d
ic

a
te

 a
 D

ec
re

a
se

 I
n
 t

h
e 

V
a
ri

a
b
il

it
y 

o
r 

M
ea

n
 W

h
er

ea
s 

a
 P

o
si

ti
ve

 C
o

ef
fi

ci
en

t 
In

d
ic

a
te

s 
a

n
 I

n
cr

ea
se

 I
n

 t
h
e 

V
a
ri

a
b
il

it
y 

O
r 

M
ea

n
. 

 



 38 

REFERENCES 

 

1. Addison, P., Samways, M.J., 2000. A survey of ants (Hymenoptera: Formicidae) that forage in 

vineyards in the Western Cape Province, South Africa. African Entomology 8, . 

2. Agosti, D., Majer, J., Alonso, E., Schultz, T.R. (eds). 2000. Ants: Standard Methods for 

Measuring and Monitoring Biodiversity. Smithsonian Institution Press, Washington DC. 

3. Alexander, P., Rounsevell, M.D.A., Dislich, C., Dodson, J. R., Engström, K., Moran, D. 2015. 

Drivers for global agricultural land use change: The nexus of diet, population, yield and 

bioenergy. Global Environmental Change 35, 138-147. 

4. Alroy. J. 2017. Effects of habitat disturbance on tropical forest biodiversity. PNAS 114, 6056-

6061. 

5. Andersen, A. N. 1991. Responses of ground-foraging ant communities to three experimental fire 

regimes in a savanna forest of tropical Australia. Biotropica 23:575-585. 

6. Andersen, A. N. 1995. A classification of Australian ant communities, based on functional groups 

which parallel plant life-forms in relation to stress and disturbance. Journal of Biogeography 22, 

15-29. 

7. Andersen, A.N., Sparling, G.P. 1997. Ants as Indicators of Restoration Success: Relationship 

with Soil Microbial Biomass in the Australian Seasonal Tropics. Restoration Ecology 5(2), 109-

114. 

8. Andersen, A.N., Hoffmann, B.D., Müller, W.J., Griffiths, A.D. 2002. Using ants as bioindicators 

in land management: simplifying assessment of ant community responses. Journal of Applied 

Ecology 39, 8-17. 

9. Banschblach, V.S., Yeamans, R., Brunelle, A., Gulka, A., Holmes, M. 2012. Edge Effects on 

Community and Social Structure of Northern Temperate Deciduous Forest Ants. Hindawi 

Publishing Corporation. 



 39 

10. Bates, D., Mächler, M., Bolker, B. M., Walker, S. C. 2015. Fitting Linear Mixed-Effects Models 

Using lme4. Journal of Statistical Soft-ware. DOI 10.18637/jss.v067 

11. Bolton, B. 1979. The ant tribe Tetramoriini (Hymenoptera: Formicidae). The genus Tetramorium 

Mayr in the Malagasy region and in the New World. Bull. Br. Mus. (Nat. Hist.) Entomol. 38: 

129-181. 

12. Briese, D.T. 1982. The effect of Ants on the Soil of a Semi-arid Saltbush Habitat. Insects 

Sociaux, Paris 29, 375-386. 

13. Carney, S. E., Byerley, M. B., Holway, D. A. 2003. Invasive Argentine ants (Linepithema humile) 

do not replace native ants as seed dispersers of Dendromecon rigida (Papaveraceae) in California, 

USA. Oecologia 135, 576-582. 

14. Carpintero, S., Reyes- López, J., Reyna, L. A. 2003. Impact of human dwellings on the 

distribution of the exotic Argentine ant: a case study in the Doñana National Park, Spain. 

Biological Conservation 115, 279-289. 

15. Choate, B., Drummond, F. 2011. Ants as biological control agents in agricultural cropping 

systems. Terrestrial Arthropod Reviews 2, 157-180. 

16. Cordonnier, M., Gibert, C., Belle, A., Kaufmann, B., Escarguel, G. 2019. Multi-scale impacts of 

urbanization on species distribution within the genus Tetramorium. Landscape Ecol 34, 1937-

1948. 

17. Cordonnier, M., Belle, A., Escarguel, G., Kaufmann, B. 2020. Effects of urbanization-climate 

interactions on range expansion in the invasive European pavement ant. Basic and Applied 

Ecology 44, 46-54. 

18. Crist, E., Mora, C., Engelman, R. 2017. The interaction of human population, food production, 

and biodiversity protection. Science 356, 260-264. 

19. Császár, P., Torma, A., Gallé-Szpisjak, N., Tölgyesi, C., Gallé, R. 2018. Efficiency of pitfall traps 

with funnels and/or roofs in capturing ground-dwelling arthropods. European Journal of 

Entomology 115, 15-24. 



 40 

20. Daily, G. C. 1997. “Introduction: What Are Ecosystem Services?” Nature’s Services Societal 

Dependence on Natural Ecosystems, Island Press, Washington, DC. 

21. Daily, G.C. 2000. Management objectives for the protection of ecosystem services. 

Environmental Science and Policy 3, 333-339. 

22. Dejean, A., Jacques, H. C., Delabie, Cerdan, P., Gibernau, M., Corbara, B. 2006. Are 

myrmecophytes always better protected against herbivores than other plants? Biological Journal 

of the Linnean Society 89, 91-98. 

23. Dejean, A., Grangie, J., Leroy, C., Orivel, J. 2009. Predation and aggressiveness in host plant 

protection: a generalization using ants from the genus Azteca. Naturwissenschaften 96, 57-63. 

24. Del Toro, I., Ribbons, R. R., Pelini, S. L. 2012. The little things that run the world revisited: a 

review of ant-mediated ecosystem services and disservices (Hymenoptera: Formicidae). 

Myrmecological News 17, 133-146. 

25. Diamond, J., Case, T.J., (eds.). 1986. Overview: introductions, extinctions, exterminations, and 

invasions. Community Ecology. Harper and Row, New York, pp. 65–79. 

26. Dirzo, R., Raven, P.H. 2003. Global State of Biodiversity and Loss. The Annual Review of 

Environment and Resources 28, 137-167. 

27. Erikson, J. M. 1972. The Displacement of Native Ant Species by the Introduced Argentine Ant 

Iridomyrmex humilis mayr*. Psych 

28. Erlwein, S., Pauleit, S. 2021. Trade-Offs between Urban Green Space and Densification: 

Balancing Outdoor Thermal Comfort, Mobility, and Housing Demand. Urban Planning 6(1). 5-

19. 

29. Evans, T. A., Dawes, T. Z., Ward, P. R., Lo, N. 2011. Ants and termites increase crop yield in a 

dry climate. Nature Communications 2:262. 

30. Fisher, B. L., Cover, S. P. Ants of North America a Guide to the Genera. 2007. University of 

California Press. 



 41 

31. Floren, A., Freking, A., Biehl, M., Linsenmair, K. E. 2001. Anthropogenic disturbance changes 

the structure of arboreal tropical ant communities. Ecography 24, 547-554. 

32. Foley, J. A., Ramankutty, N., Brauman, K. A., Cassidy, E. S., Gerber, J. S., Johnston, M., Muller, 

N. D., O’Connell, C., Ray, D. K., West, P. C., Balzer, C., Bennett, E. M., Carpenter, S. R., Hill, 

J., Monfreda, C., Polasky, S., Rockström, J., Seehan, J., Siebert, S., Tilman, D., Zaks, D. P. M. 

2011. Solutions for a cultivated planet. Nature 478, 337-342. 

33. Ganivet, E. 2020. Growth in human population and consumption both need to be addressed to 

reach an ecologically sustainable future. Environment, Development and Sustainability 22, 4979-

4998. 

34. Ginzburg, O., Whitford, W. G., Steinberger, Y., 2008. Effects of harvester ant (Messor spp.) 

activity on soil properties and microbial communities in a Negev Desert ecosystem. Biol Fertil 

Soils 45, 165-173. 

35. Gippet, J. M. W., Mondy, N., Diallo-Dudek, J., Bellec, A., Dunmet, A., Mistler, L., Kaufmann, 

B. 2017. I’m not like everybody else: urbanization factors shaping spatial distribution of native 

and invasive ants are species-specific. Urban Ecosystems 20, 157-169. 

36. Godfray, H. C., Beddington, J.R., Crute, I. R., Haddad, L., Lawrence, D., Muir, J. F., Pretty, J., 

Robinson, S., Thomas, S. M., Toulmin, C. 2010. Food Security: The Challenge of Feeding 9 

Billion People. Science 327, 812-818. 

37. Goehring, D. M., Daily, G. C., Şekerçioğlu, Ç. H. 2002. Distribution of ground-dwelling 

arthropods in tropical countryside habitats. Journal of Insect Conservation 6, 83-91. 

38. Gómez, J. M., Zamora, R. 1992. Pollination by ants: consequences of the quantitative effects on a 

mutualistic system. Oecologia 91, 410-418. 

39. Habel, J.C., Rasche, L., Schneider, U. A., Engler. J.O., Schmid, E., Rödder, D., Meyer, S.T., 

Trapp, N., Sos del Diego, R., Eggermont, H., Lens, L., Stork, N.E. 2019. Final countdown for 

biodiversity hotspots. Conservation Letters. 



 42 

40. Hanski, H. 2011. Habitat Loss, the Dynamics of Biodiversity, and a Perspective on Conservation. 

AMBIO 40, 248-255. 

41. Hölldobler, B., Wilson, E. O. 1990. The Ants. Harvard University Press. 

42. Holway, D. A., Lach, L., Suarez, A. V., Tsutsui, N. D., Case, T. J. 2002. The causes and 

consequences of ant invasions. Annu. Rev. Ecol. Syst. 33, 181-233. 

43. Holway, D. A., Suarez, A. V. 2006. Homogenization of ant communities in mediterranean 

California: The effects of urbanization and invasion. Biological Conservation 127,319-326. 

44. Holzman, D.C. 2012. Accounting for Nature’s Benefits The Dollar Value of Ecosystem Services. 

Environmental Heal Perspectives 120(4). 

45. Howarth, R. B., Farber, S. 2002. Accounting for the value of ecosystem services. Ecological 

Economics 41, 421-429. 

46. Human, K.G., Gordon, D.M. 1991. Behavioral interactions of the Argentine ant with native 

species. Insects soc. 46, 159-163. 

47. Human, K.G., Weiss, S., Weiss, A., Bennet, S., Gordon, D.M. 1998. Effects of Abiotic Factors on 

the Distribution and Activity of the Invasive Argentine Ant (Hymenoptera: Formicidae). 

Environmental Entomology 27, 822-833. 

48. https://www.sjcog.org/503/Farmland-Urbanization-by-Jurisdiction 

49. Johnson, D. J., Stahlschmidt, Z. R. 2020. City Limits: Heat tolerance is influenced by body size 

and hydration state in an urban ant community. Ecol Evol 10, 4944-4955. 

50. Jost, L. 2006. Entropy and diversity. OIKOS 113:2. 

51. Jumbam, K. R., Jackson, S., Terblanche, J. S., McGeoch, M. A., Chown, S. L. 2008. Acclimation 

effects on critical and lethal thermal limits of workers of the Argentine ant, Linepithema humile. 

Journal of Insect Physiology 54, 1008-1014. 

52. Kaspari, M., Yanoviak, S. P. 2009. Biogeochemistry and the structure of tropical brown food 

webs. Ecology 90, 3342-3351.  



 43 

53. Kaspari, M., Powell, S., Lattke, J., O’Donnell, S. 2011. Predation and patchiness in the tropical 

litter: do swarm-raiding army ants skim the cream or drain the bottle? Journal of Animal Ecology 

80, 818-823. 

54. Kenfack D., Tindo M. & Gueye M. 2014. Extranuptial nectaries in Carapa Aubl. 

(MeliaceaeCedreloideae). Adansonia, sér. 3, 36 (2): 335-349. 

55. King, J. R., Andersen. A.N., Cutter. A.D. 1998. Ants as bioindicators of habitat validation of the 

functional group model for Austalia’s humid tropics. Biodiversity and Conservation 7, 1627-

1638. 

56. King, J. R., Porter, S. D. 2005. Evaluation of Sampling Methods and Species Richness Estimators 

for Ants in Upland Ecosystems in Florida. Environ. Entomol. 34(6): 1566-1578. 

57. Konopiński, M. K. 2020. Shannon diversity index: a call to replace the original Shannon’s 

formula with unbiased estimator in the population genetics studies. PeerJ 8:e9391 

58. Kremen, C., Williams, N.M., Thorp. R. W. 2002. Crop pollination from native bees at risk from 

agricultural intensification. PNAS 99(26). 16812-16816. 

59. Lach, L., Parr, C. L., Abbott, K. L., Wilson, E. O., Feldhaar, H., Blüthgen, N. 2010. “Food and 

Shelter: How Resources Influence Ant Ecology”. Ant Ecology, Oxford University Press, Oxford.  

60. Laub, C.A., Youngman. R. R., Love, K., Mize, T. 2009. Using Pitfall Traps to Monitor Insect 

Activity. Virginia Cooperative Extension 444-416. 

61. Lengyel, S., Gove, A. D., Latimer, A. M. Majer, J. D., Dunn, R. R. 2010. Convergent evolution 

of seed dispersal by ants, and phylogeny and biogeography in flowering plants: A global survey. 

Perspecitves in Plant Ecology, Evolution and Systematics 12. 43-55. 

62. Loreau, M., Naeem, S., Inchausti, P., Bengtsson, J., Grime, J. P., Hector, A., Hooper, D. U., 

Huston, M. A., Raffaelli, D., Schmid, B., Tilman, D., Wardle, D. A. 2001. Biodiversity and 

Ecosystem Functioning: Current Knowledge and Future Challenges. Science 294, 804-808. 



 44 

63. Matchett, E.L., Fleskes, J.P. 2017. Projected Impacts of Climate, Urbanization, Water 

Management, and Wetland Restoration on Waterbird Habitat in California’s Central Valley. 

PLoS ONE 12(1):e0169780. 

64. McDonald, R. I., Kareiva, P., Forman, R. T. T. 2008. The implications of current and future 

urbanization for global protected areas and biodiversity conservation. Biological Conservation 

141, 1695-1703. 

65. McDonald, R. I., Forman, R. T. T., Kareiva, P. 2010. Open Space Loss and Land Inequality in 

United States’ Cities, 1990-2000. PLoS ONE 5(3): e9509. 

66. McDonnell, M. J., Hahs, A. K. 2013. The future of urban biodiversity research: Moving beyond 

the ‘low-hanging fruit’. Urban Ecosyst 14: 397-409. 

67. McKinney, M.L. 2006. Urbanization as a major cause of biotic homogenization. Biological 

Conservation 127, 247-260. 

68. Morris, K. E., Caruso, T., Buscot, F., Fischer, M., Hancock, C., Maier, T. S., Meiners, T., Müller, 

C., Obermaier, E., Prati, D., Socher, S. A., Sonnemann, I., Wäschke, N., Wubet, T., Wurst, S., 

Riling, M. C. 2014. Choosing and using diversity indices: insights for ecological applications 

from the German Biodiversity Exploratories. Ecology and Evolution 4(18): 3514-3524. 

69. Moutinho, P., Nepstad, D. C., Davidson, E. A. 2003. Influence of leaf-cutting ant nests on 

secondary forest growth and soil properties in Amazonia. Ecology 84, 1265-1276. 

70. Newell, W., Barber, T.C. 1913. The Argentine ant. USDA Bureau Entomol. Bull. 122, 1–98. 

71. Ng, K., Nowrouzi, S., Staunton, K.M., Barton, P., Driscoll, D.A. 2021. Ant community responses 

to farmland use and revegetation in a fragmented agricultural landscape. Agriculture, Ecosystems, 

and Environment, 311 (2021) 107316. 

72. Olson, D. M., Dinerstein, E., Wikramanayake, E. D., Burgess, N. D., Powell, G. V. N., 

Underwood, E. C., D’Amico, J. A., Itoua, I., Strand, H. E., Morrison, J. C., Loucks, C. J., Allnutt, 

T. F., Ricketts, T. H., Kura, Y., Lamoreux, J. F., Wettengel, W. W., Hedao, P., Kassem, K. R. 



 45 

2001. Terrestrial Ecoregions of the World: A New Map of Life on Earth. BioScience 51, 933-

938. 

73. Perfecto, I., Vandermeer, J. 1996. Microclimactic changes and the indirect loss of ant diversity in 

a tropical agroecosystem. Oecologia 108(3):577-582. 

74. Pielou , E. C. 1966. The measurement of' diversity in different types of biological collections. 

Journal of Theoretical Biology, 13, 131-44. 

75. Prasifka, J. R., Lopez, M. D., Hellmich, R. L., Lewis, L. C., and Dively, G. P. 2007. Comparison 

of pitfall traps and litter bags of sampling ground-dwelling arthropods. J. Appl. Entomol. 131(2): 

115-120. 

76. Rajaram, R., Castellani, B., Wilson, A.N. 2017. Advancing Shannon Entropy for Measuring 

Diversity in Systems. Wiley Hindawi. 

77. Ricketts, T. H., Daily, G. C., Ehrlich, P. R., Fay, J. P. 2001. Countryside Biogeography of Moths 

in a Fragmented Landscape: Biodiversity in Native and Agricultural Habitats. Conservation 

Biology 15, 378-388. 

78. Schmiegelow, F. K., Mökkönen, M. 2002. Habitat loss and fragmentation in dynamic landscapes: 

avian perspectives from the boreal forest. Ecological Applications 12, 375-389. 

79. Shannon, C.E., Weaver, W. 1949. The Mathematical Theory of Communication. University of 

Illinois Press, Urbana. 

80. Silva, L. V. B., Vasconcelos, H. L. 2011. Plant palatability to leaf-cutter ants (Atta laevigata) and 

litter decomposability in a Neotropical woodland savanna. Austral Ecology 36, 504-510. 

81. Smith, T. M., Smith, R. L. 2015. Elements of Ecology. Pearson Education Inc. 

82. Solar, R. R. C., Barlow, J., Andersen, A. N., Schoereder, J. H., Berenguer, E., Ferreira, J. N., 

Gardner, T. A. 2016. Biodiversity consequences of land-use change and forest disturbance in the 

Amazon: A multi-scale assessment using ant communities. Biological Conservation 197, 98-107. 

83. Soulard, C. E., Wilson, T. S. 2015 Recent land-use/landcover change in the Central California 

Valley. Journal of Land Use Science, 10:1, 59-80.  



 46 

84. Stahlschmidt, Z. R., Johnson, D. 2018. Moving targets: determinants of nutritional preferences 

and habitat use in an urban ant community. 2018. Urban Ecosystems 21, 1151-1158. 

85. Suarez, A. V., Bolger, D. T., Case, T. J. 1998. Effects of fragmentation and invasion on native ant 

communities in coastal southern California. Ecology 79, 2041-2056. 

86. Teasdale, L.C., Smith, A. L., Thomas, M., Whitehead, C. A., Driscoll. D. A. 2013. Detecting 

invertebrate responses to fire depends on sampling method and taxonomic resolution. Austral 

Ecology 38, 874-883. 

87. Tillberg, C. V., Holway, D. A., LeBrun, E. G., Suarez, A. V. 2007. Trophic ecology of invasive 

Argentine ants in their native and introduced ranges. PNAS 104(52), 20856-20861. 

88. Tilman, D., Fargione, J., Wolff. B., D’Antonion, C., Dobson, A., Howarth, R., Schindler, D., 

Schlesinger, W. H., Simberloff, D., Swackhamer, D. 2001. Forecasting Agriculturally Driven 

Global Environmental Change. Science 292, 281-284. 

89. Tilman, D., Balzer, C., Hill, J., Befort, B. L. 2011. Global food demand and the sustainable 

intensification of agriculture. PNAS 108, 20260-20264. 

90. Tilman, D., Isbell, F., Cowles, J. M. 2014. Biodiversity and Ecosystem Functioning. Annu. Rev. 

Ecol. Evol. Syst. 45:47, 1-93. 

91. United Nations, Department of Economic and Social Affairs, Population Division (2018). The 

World’s Cities in 2018—Data Booklet (ST/ESA/ SER.A/417). 

92. Vega, S. J., Rust. M. K. 2001. The Argentine ant—a significant invasive species in agricultural, 

urban and natural environments. Sociobiology 37: 3–25. 

93. Vonshak, M., Gordon, D. M. 2015. Intermediate disturbance promotes invasive ant abundance. 

Biological Conservation 186, 359-367. 

94. Wagner, D., Jones, J. B. 2006. The impact of harvester ants on decomposition, N mineralization, 

litter quality, and the availability of N to plants in the Mojave Desert. Soil Biology & 

Biochemistry 38, 2593-2601. 



 47 

95. Ward. P. S. 2005. A synoptic review of the ants of California (Hymenoptera:Formicidae). 

Zootaxa 936:1-68. 

96. Ward, D. F., New, T. R., Yen, A. L. 2001. Effects of pitfall trap spacing on the abundance, 

richness and composition of invertebrate catches. Journal of Insect Conservation 5, 47-53. 

97. 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. 

  



 48 

APPENDIX A: FIGURE 9 

 

 

 

 

 

 

 

Figure 9.  Cross-sectional diagram of ground temperature data logger placement at ground level inside a 

white PVC pipe.  
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