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during summer day and night, and winter day. Our 
findings demonstrate that an oak-exotic urban wood-
land in Northern California was able to maintain a 
native ant community, and strong temporal partition-
ing within that community.
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Introduction

Anthropogenic disturbances, such as pollution, cli-
mate change, habitat modification, and invasive 
species, can decrease ant species diversity and alter 
community dynamics (Folgarait 1998; Holway 1998; 
Floren et al. 2008) and create novel ecosystems (Lach 
et al. 2010; Majer et al. 2013; Stahlschmidt and John-
son 2018). For example, unique assemblages of native 
and exotic tree species are often associated with 
urbanization (Kunick 1987; Jim 1993; Sjöman et  al. 
2012; Aronson et al. 2015; Avolio et al. 2015). Native 
ant biodiversity in northern California is strongly 
linked to urbanization; disturbed, urbanized habitats 
have lower native ant species richness but support 
higher levels of invasive ant species (Vonshak and 
Gordon 2015).

Urban habitats can alter resource availability and 
affect ants’ nutritional preferences (Stahlschmidt 
and Johnson 2018). Here we extend previous stud-
ies of the effects of urbanization on California ant 
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communities (Vonshak and Gordon 2015; Stahls-
chmidt and Johnson 2018), to ask whether Califor-
nia native ant species preferentially occupy native 
or exotic trees, and deciduous or evergreen trees. 
Urban ecosystems often contain exotic plant spe-
cies (Avolio et al. 2015) and assemblages of native 
and exotic plants vary heterogeneously across urban 
ecosystems (Aronson et al. 2015). Many ant species 
have strong associations with native host plant spe-
cies, suggesting that ants may prefer to use native 
plants due to existing coevolutionary relation-
ships (Beattie 1985; Hölldobler and Wilson 1990; 
Rosumek et al. 2009). Conversely, ants may prefer-
entially use exotic plants over native plant species 
in cases where the exotic plants harbor a higher 
abundance of honeydew-producing hemipterans 
(Lescano and Farji-Brener 2011). We studied ants’ 
occupancy patterns on native and exotic trees in an 
oak-exotic urban woodland to determine how these 
trends may extend to an urbanized ecosystem.

Ants often rely on stable populations of sap-
sucking hemipterans for honeydew (Bluthgen et al. 
2000; Davidson et  al. 2003; Styrsky and Eubanks 
2007). In seasonal forests, evergreen trees can 
play a key role in supporting populations of sap-
sucking insects (Silva et  al. 2017). Evergreen and 
deciduous plants exhibit different leaf traits (Pringle 
et  al. 2011; Piper and Fajardo 2014), and herbivo-
rous insects may prefer evergreen trees (Silva et al. 
2017). We examined ants’ occupancy patterns on 
evergreen vs. deciduous trees, as well as native vs. 
exotic trees, to determine which type of trees are 
most important to conserving ant diversity. We also 
address a knowledge gap on ants’ occupancy pat-
terns on trees in modified, urban ecosystems.

Ants may partition shared tree resources across 
niche axes. Observational studies can provide infor-
mation about how species differ in resource use, 
and can suggest which niche axes may be impor-
tant in preventing direct competition for resources 
(Hutchinson 1957; MacArthur 1958). In modified, 
urban ecosystems, the axes used for partitioning in 
a natural ecosystem may or may not be present. In a 
California urban ant community, Stahlschmidt and 
Johnson (2018) found that seasonality and species-
level differences influenced nutritional, thermal, 
and spatial niche axes. Relatively few previous stud-
ies have examined how ant communities partition 

resource use in modified ecosystems (Bestelmeyer 
2000; Carval et al. 2016).

To examine partitioning in an ant community in 
a modified ecosystem, we investigated whether ant 
species in an oak-exotic urban woodland showed 
temporal partitioning in foraging activity. In native 
ant communities in natural ecosystems, ant species 
partition foraging according to season (Fellers 1987 
1989; Stuble et al. 2013), time of day (Houadria et al. 
2015; Narendra et al. 2016), temperature (Cerda et al. 
1997; Bestelmeyer 2000), and space (Albrecht and 
Gotelli 2001; Wittman et  al. 2010). Some of these 
partitioning mechanisms may persist even in heavily 
modified agroecosystems (Bestelmeyer 2000; Carval 
et  al. 2016). The question remains whether tempo-
ral partitioning will persist in urbanized ecosystems, 
which share some types of disturbance with agroeco-
systems (e.g. higher temperatures, Oke 1973; Parida 
et al. 2008)), but may have some distinct types of dis-
turbance (e.g. high light levels at night in urban areas, 
(Hopkins et al. 2018)).

Within our study site, an oak-exotic urban wood-
land, the most common tree is Quercus agrifolia, the 
coast live oak, a native evergreen species (Kershner 
et  al. 2008). Critically, Quercus agrifolia is vulner-
able to sudden oak death (Phytophthora ramorum), a 
pathogen of concern in northern California with the 
potential to spread onto our study site (Rizzo and Gar-
belotto 2003). Oaks with symptoms of P. ramorum 
infection harbored a lower abundance of phytopha-
gous insects than asymptomatic oaks, suggesting that 
oak health may affect insect community dynamics 
(Apigian et al. 2005). Since native oaks help maintain 
biodiversity and influence ecosystem structure (Rizzo 
and Garbelotto 2003; Mahall et al. 2009; Mclaughlin 
and Zavaleta 2012), we sought to investigate whether 
ants preferentially occupy native oaks in urbanized 
ecosystems, which could lend further support for oak 
conservation.

In our study system, five common native 
ant species  (Camponotus  semitestaceus, For-
mica  moki,  Liometopum  occidentale,  Pre-
nolepis  imparis, and Tapinoma sessile)  co-occur in 
an oak-exotic urban woodland. All  five ant  species 
forage on trees and most apparently forage on aphid 
honeydew (Lynch et al. 1980; Gano and Rogers 1983; 
Holway 1999). Despite the relatively modified plant 
community at this site, the ant community is similar 
to those of nearby natural areas (Human and Gordon 
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1997). The combination of tree and ant communities 
present at our site allowed us to investigate how a rel-
atively natural, native ant community selected among 
native/exotic and deciduous/evergreen trees, and how 
this community partitioned the most heavily occupied 
trees.

We conducted seasonal surveys of ants in an 
oak-exotic urban woodland in Northern California 
to examine whether ants preferred native or exotic 
trees, and whether ants preferentially used evergreen 
or deciduous trees. We compared the presence of 
different ant species to investigate how ant species 
varied in their daily and seasonal activity. We asked 
the following questions: (1) Do ants prefer foraging 
on native evergreen trees, exotic evergreen trees, or 
native deciduous trees? (2) Within the preferred tree 
category, do ants differ in foraging activity across 
season and time of day? We predicted that ants would 
prefer native evergreen trees and that temporal parti-
tioning would persist in an urban ecosystem.

Materials and Methods

Study Site

Our study site was located in a 9.53 ha region of an 
urbanized mixed oak-exotic woodland on the Stan-
ford University campus (37.43, -122.16), (California, 
USA; Fig. 1a) (Cain and Nilan 2003). The inclusion 
of this area as part of the Stanford Arboretum led to 
the formation of an oak-exotic urban woodland inhab-
ited by different types of trees (native evergreen, 
native deciduous, and exotic evergreen; Fig.  1b). 
Urbanized features of our study site included roads, 
and paved and gravel walking paths. The woodland 
lacked brushy understory.

We surveyed ant activity on tree trunks at our 
study site. Trees were identified using maps from the 
Stanford Maps and Records office (340  Bonair  Sid-
ing Rd., Stanford, CA), which included GPS coor-
dinates, tree species, tree diameter at breast height 
(DBH), and an assessment of tree health through 
vigor ratings for each tree. The site has a mixture of 
native and exotic tree species planted over the last 
200 years; previously the site was a mixture of grass-
land and oak savanna (Cain and Nilan 2003). Of the 
trees surveyed at our study site, 51.6% were native 

evergreen, 5.1% were native deciduous, 43.2% were 
exotic evergreen, and 0.2% were exotic deciduous. 
We observed ant activity on nine species of native, 
evergreen trees, although a single species (Quercus 
agrifolia) represented 93% of observations on native, 
evergreen trees. We observed ants on two species 
of native, deciduous trees: Quercus lobata (61% of 
observations), and Quercus douglasii (39%). We 
observed ants on 23 species of exotic, evergreen trees; 
typical exotic species included Eucalyptus spp. (31% 
of observations),  Olea  europaea (22%), and  Schi-
nus molle (15%).

Data on tree health were obtained from the Stan-
ford Maps and Records Office. Tree vigor ratings 
were previously assigned by Stanford University 
arborists using industry standards to rank each tree’s 
health based on the quality of the tree’s canopy and 
wood. A tree with fresh leaves in its canopy, expand-
ing foliage, and healthy wood was considered to have 
a “good” vigor rating. A tree with an abundance of 
dying canopy foliage and peeling bark was consid-
ered to have a “poor” vigor rating. A tree with an 
appearance intermediate between good and poor was 
considered to have a “fair” vigor rating. Vigor ratings 
were collected between July 11th, 2014 and July 8th, 
2015 and were 1–3 years old at the time of ant obser-
vations. We removed all trees with a “dead” vigor rat-
ing from our dataset prior to analysis.

Common ant species, inhabiting > 10 trees in any 
one season, included Camponotus semitestaceus 
(CS), Formica moki (FM), Liometopum occidentale 
(LO), Prenolepis imparis (PI), and Tapinoma ses-
sile (TS). Rarer ant species included Crematogaster 
coarctata (CC) (1 observation), Camponotus laevig-
atus (2 observations), Camponotus vicinus (CV) (1 
observation), and Pheidole californica (PC) (1 obser-
vation). We observed Linepithema humile (LH) 18 
times total during spring, summer, and fall surveys 
in < 10 trees on the northwestern edge of the survey 
region, which adjoined a small patch of irrigated 
lawn. The rest of our field site did not appear to be 
irrigated.

Field Surveys

Four seasonal surveys, each lasting up to 2  weeks, 
were conducted in 2016–2017 during each season: 
Summer (July 29th, 2016 – August 8th, 2016), Fall 

213J Insect Behav (2021) 34:211–222



1 3

(November 12th, 2016 –November 13th), Winter 
(February 22nd, 2017 – February 26th, 2017, and 
Spring (May 12th, 2017 – May 19th, 2017). We sur-
veyed each of 876 trees twice during each season, 
once during the day and once at night, for a total of 
7008 individual tree observations. We did not survey 
on rainy days as ants were not active, and we did not 
survey in the hour before or after sunrise and sunset to 
avoid surveying at intermediate light levels. Daytime 
observations were made at all times of day, while the 
majority of nighttime observations were made in the 
first few hours after darkness fell. We recorded day/

night as a binary factor and did not consider any more 
granular distinctions within night or day. We elimi-
nated a small number of trees from the sample set that 
died between surveys for unknown reasons. For about 
20 trees, growth around the base was too dense to 
allow observation, and those trees were not included 
in our final analysis.

During each survey, we observed the bottom 2 m 
of the tree trunk for approximately 30  s—1  min. 
Observations were made by the authors and six 
research assistants. Ants were identified to species 
in the field or after observations using specimens 

Fig. 1   A map showing the location of our study site in California, USA (a), and a photo showing the typical landscape in our study 
site including native and exotic trees (b). Maps created using ArcGIS Online (Esri, 2011). Photo credit: Rebecca Nelson
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collected at the time of observation.  In some cases, 
we were able to observe ants (Liometopum occiden-
tale, Prenolepis imparis) directly tending aphids and 
harvesting honeydew. On other occasions, when ants 
were foraging inaccessibly in the tree canopy, we 
sometimes observed ants returning down the trunk 
of trees with abdomens noticeably swollen with clear 
liquid (assumed to be honeydew).

Data Analysis

All statistical tests were performed in RStudio Version 
1.2.5033. For each individual tree, we defined sea-
sonal ant presence/absence as the presence or absence 
of at least one ant on that tree in a given season 
(combining daytime and nighttime observations). To 
examine whether ants tended to occupy trees of a cer-
tain type overall, we constructed a generalized linear 
mixed model with a binomial distribution: Seasonal 
Ant Presence/Absence ~ DBH + Tree_Health + Tree_
Native + Tree_Evergreen + Tree_Native:Tree_Ever-
green + (1|Tree_Genus). Our study area included 
25 distinct tree genera, all of which contained only 
native or only exotic species. We found only one 
exotic deciduous tree present at the study site, so we 
excluded this category from analysis.

Because we found that ants tended to occupy 
native evergreen trees, we then examined whether 
ant species differed in their use of Quercus agrifo-
lia, the most abundant native evergreen tree, across 
season and day/night. We constructed a generalized 
linear mixed model with a binomial distribution: 
Ant Presence/Absence ~ Season + Day/Night + Ant 
Species + Season:Ant Species + Day/Night:Ant Spe-
cies + (1|Individual Tree). For this temporal model, 
we used the unique identifier number of each individ-
ual tree as a random effect to control for observations 
made of the same tree across time. For the temporal 
model, we included the five most abundant species: 
Camponotus semitestaceus (CS), Formica moki (FM), 
Liometopum occidentale (LO), Prenolepis imparis 
(PI), and Tapinoma sessile (TS). We excluded any ant 
species from the temporal model that we observed on 
fewer than 25 trees across all surveys on the assump-
tion that we would have been unlikely to detect tem-
poral activity patterns without a minimum number of 
observations.

We generated both the tree trait and the temporal 
partitioning models using the ‘glmmTMB’ package 

(Brooks et al. 2017). We used the Akaike Information 
Criterion (AIC) test to evaluate whether our final tem-
poral model differed significantly from models with 
the season-species interaction dropped and the day/
night-species interaction dropped respectively. We 
further compared models using the Maximum Likeli-
hood Ratio Test. We ran Dunn post-hoc tests with a 
Bonferroni correction on both the tree trait and tem-
poral models using the package “dunn.test” (Dinno 
2017). We used chi-squared tests to determine if 
occupancy of deciduous and evergreen trees differed 
within each season and used a Benjamini–Hochberg 
correction to account for multiple tests.

Results

Question 1: Do Ants Prefer to Occupy Native 
Evergreen Trees, Exotic Evergreen Trees, or Native 
Deciduous Trees?

Ants of all species tended to occupy a higher mean 
proportion of native evergreen trees (81.7% season-
ally occupied), than native deciduous (23.3%) and 
exotic evergreen trees (57.7%; Fig.  2a). Ants occu-
pied native evergreen trees significantly more often 
than native deciduous trees (Dunn test; p = 0.004), 
while ant occupation of exotic evergreen trees did 
not significantly differ from either category of native 
tree (Fig. 2a). The generalized linear mixed binomial 
model yielded a significant interaction of evergreen 
and native (GLMM; p = 0.015).

Ants were more likely to occupy healthier trees 
(Dunn Test; p = 0.09; Fig.  2b), although this trend 
was not statistically significant. Ants occupied 73.7% 
of trees with a good vigor rating, 66.5% of trees with 
a fair vigor rating, and 50.0% of trees with a poor 
vigor rating. Ants did not significantly differ in their 
seasonal occupancy of trees of differing sizes as 
measured by diameter at breast height (Dunn Test; 
p = 0.2; Fig. 2c).

Ants occupied a significantly higher proportion 
of evergreen trees than deciduous trees in every 
season (chi-squared tests, p < 0.001 for all sea-
sons, Fig.  3). The proportional difference between 
deciduous and evergreen tree occupancy was great-
est during our winter survey. During the winter, 
when deciduous trees did not have leaves, evergreen 
trees were 8.8x more likely to be occupied by ants 
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compared to deciduous trees. During fall, when 
deciduous trees were in the process of losing leaves, 
evergreen trees were 2.6x more likely to be occu-
pied by ants than deciduous trees. During spring 
and summer, when deciduous trees had leaves, ever-
green trees were 2.1 × and 3.1 × more likely to be 
occupied by ants than deciduous trees respectively.

Question 2: In Native Evergreen Trees, Do Ants 
Differ in Foraging Activity Across Season and Time 
of Day?

Ant occupation of native evergreen trees differed 
across seasons and time of day (Fig. 4). Adding an 
ant species x season interaction and an ant species x 
day/night interaction both improved the final bino-
mial generalized linear model (∆AIC of -306 and 
-154 respectively; complete model AIC = 1441). 
Different ant species were observed at different 
rates in different seasons (season:species interac-
tion, p < 0.001) as well as different times of day 
(day/night:species interaction, p < 0.001).

During summer days, Formica  moki was  the 
species most often observed, in 19.8% of trees 
(Fig.  4a). During summer nights, however, Cam-
ponotus semitestaceus was most often observed, in 
54.9% of trees (Fig.  4a). Liometopum occidentale 
exhibited weaker temporal tree occupancy pat-
terns, but occupied slightly more trees on summer 
days and nights than during other seasons (Fig. 4a-
d). Prenolepis imparis was more active during 
the night than during the day in winter and spring 
and was very active during both night and day in 
fall (Fig. 4b-d). During the fall, P. imparis was the 
most commonly observed species, both during the 
day (63.1% of trees) and during the night (65% 
of trees; Fig.  4b). Similarly, during the winter, P. 
imparis was the most commonly observed species, 
both during the day (33.1% of trees) and during the 
night (45%; Fig. 4c). During spring days, P. imparis 
was observed in 22.7% of trees and F. moki was 
observed in 22.7% of trees (Fig. 4d). During spring 
nights C. semitestaceus was the most commonly 
observed species (48.9% of trees), followed by P. 
imparis (28.4% of trees; Fig.  4d). Activity in Tap-
inoma sessile did not exhibit significant seasonal or 
daily variation. All post hoc Dunn test results are 
presented in Fig. 4.
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Discussion

Native ant species in an urbanized oak-exotic wood-
land preferentially occupy native evergreen trees, and 
temporally partition foraging activity among seasons 
and from day to night. These results indicate that tem-
poral resource partitioning persists in an urbanized 
ecosystem, building off of previous studies that found 
that ant communities maintained temporal partition-
ing in human-modified agroecosystems (Bestelmeyer 
2000; Carval et al. 2016).

Ants preferred foraging on native evergreen 
trees, suggesting that the distribution of honeydew 
resources may differ between evergreen and decidu-
ous, as well as native and exotic trees. We saw ants 
of Liometopum occidentale and Prenolepis imparis 
directly tending aphids and harvesting honeydew, 
and saw ants of P. imparis returning down the trunks 
of trees with abdomens noticeably swollen with 

clear liquid, presumably honeydew. Four of the spe-
cies we observed, C. semitestaceus, L. occidentale, 
P. imparis, and T. sessile have been demonstrated 
to forage on scale insects for honeydew (Wheeler 
1930; Gano and Rogers 1983; Hoey-Chamberlain 
et al. 2013). Our finding that ants preferred to occupy 
native trees is consistent with previous work that 
found that exotic trees may contain a lower diversity 
of honeydew producing hemipterans (Southwood 
et al. 1982).

At our field site, we observed many ant colonies 
to remain in the same place throughout the year. 
Throughout each season, ants consistently occupied 
a greater proportion of evergreen trees than decidu-
ous trees, suggesting that foraging on evergreen 
trees could provide more consistent access to food 
resources. Further work is needed to examine how 
hemipteran richness and abundance, as well as the 
nutritional quality of honeydew, vary among native 

Fig. 3   Proportion of evergreen and deciduous trees occupied 
by ants during summer, fall, winter, and spring. Deciduous 
trees mostly had leaves during the spring and summer survey, 

no leaves during the winter survey, and were in the process of 
losing leaves during the fall survey. *** represents significant 
differences, chi squared test, p < 0.001 level
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evergreen, native deciduous, and evergreen exotic 
trees as well as among seasons. Moreover, future 
research should investigate the dietary niches of these 
ant species to determine whether they are partitioning 
the same food resource. Some ant species may prefer 
foraging on evergreen native trees due to established 
ant-plant coevolutionary relationships; predator, 
pathogen and parasite avoidance; and microclimate. 
Future work should investigate whether dense ever-
green trees have a cooler and more humid microcli-
mate that may be more favorable to certain species of 
ants.

While urbanized ecosystems often have lower 
native ant species richness and more invasive ant spe-
cies (Vonshak and Gordon 2015), we observed only 
a few instances of the invasive Argentine ant Linepi-
thema humile in our surveys, perhaps due to a lack 
of consistent water availability throughout the year 
at our study site (Heller et  al. 2008). The presence 
of an intact native evergreen tree resource may help 
maintain native ant diversity throughout the season. 
We observed six of eight epigeic ant species that were 
identified in a survey at a nearby natural preserve, 
including four of the five most abundant species at 
our study site (Human and Gordon 1997).

The most common tree species in the urbanized 
woodland was Quercus agrifolia, a native, evergreen 
oak species, suggesting that this species may play 
an important role in maintaining ant biodiversity. Q. 

agrifolia is susceptible to sudden oak death (Rizzo 
and Garbelotto 2003), and the sudden oak death 
pathogen can affect insect assemblages by changing 
the distribution of honeydew-producing scale insects 
and ants (Apigian et al. 2005). All ant species occu-
pied healthier trees more often. Although we did not 
directly test the trees for the sudden oak death path-
ogen, trees assigned a poor vigor rating had peeling 
bark and dying foliage similar to the symptoms of 
sudden oak death. Future research could investigate 
how ant community dynamics vary between healthy 
woodlands and woodlands experiencing Q. agrifo-
lia mortality due to sudden oak death. For example, 
if certain ant species prefer using Q. agrifolia, their 
populations may decrease in response to decreasing 
Q. agrifolia abundance. Since Q. agrifolia appears 
to play a key role in supporting ant diversity in this 
urbanized oak-exotic woodland, sudden oak death 
may pose a serious threat to the diversity of native 
ants in this ecosystem.

Differences among species in thermal tolerance 
may account for the seasonal and day/night patterns 
we observed (Fig. 5). The most common ant species 
occupied trees during different seasons and times of 
day, suggesting that ant species may be partitioning 
their use of native evergreen trees across temporal 
scales. Prenolepis imparis  was active all day dur-
ing fall, winter, and spring, which is consistent with 
other work showing that P. imparis is more active 

Fig. 5   Differences in day/
night and seasonal activity 
among the most abundant 
species in a woodland 
ant community suggest 
temporal partitioning. Large 
circles indicate the most 
abundant ant species found 
during a specific survey; 
small circles indicate the 
second most abundant 
species
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in cooler temperatures. In other regions of North 
America, P.  imparis  is active nocturnally in warm 
months and diurnally in cold months (Talbot 1943; 
Fellers 1989). Formica moki is active only during the 
day in warmer months, which could indicate a pref-
erence for warmer temperatures. In contrast, Cam-
ponotus semitestaceus was most active during spring 
and summer nights, consistent with a previous study 
showing nocturnal activity in this species (Gano and 
Rogers 1983). These results indicate F. moki and C. 
semitestaceus are partitioning activity across day/
night during the summer. As in previous studies 
(Smith 1927; Fellers 1989; Barbani 2003), we did not 
observe strong day/night or seasonal activity patterns 
in  Liometopum occidentale  and  Tapinoma sessile. 
Cogni and Freitas (2002) suggest that thermal fluctua-
tions on daily scales influence daily turnover patterns 
in forest ants. Thus, differences in thermal tolerances 
between ant species may contribute to the observed 
patterns of temporal partitioning between ant species.

Other research has suggested that ant communities 
may be structured by a dominance-discovery tradeoff 
between species’ ability to discovery food resources 
and their ability to defend resources from other spe-
cies through behavioral dominance (Parr and Gibb 
2012). Several of the ant species we observed, includ-
ing F. moki, L. occidentale, and P. imparis, have been 
described as dominant based on bait assays (Fellers 
1987, 1989; Hoey-Chamberlain et  al. 2013; Lynch 
et al. 1980; Wittman et al. 2010). Though we did not 
offer baits, we rarely observed aggressive behavior 
such as biting or chasing when more than one spe-
cies was present on the same tree. Thus, we found no 
evidence for a dominance-discovery tradeoff (Feener 
et al. 2008). The ants we observed appeared to be for-
aging on trees for aphid honeydew, a spatially stable 
food source for which repeated discovery may not be 
needed. Parr and Gibb (2012) suggest that ant com-
munities that rely on honeydew do not demonstrate 
dominance-discovery tradeoffs. However, further 
research is needed to assess to extent to which aggres-
sive interactions occur between the ant species in our 
study system.

Our study shows that ants preferentially use native 
trees in an urbanized oak-exotic woodland commu-
nity and vary in their foraging behavior for shared 
tree resources across season and day/night axes. 
Throughout all seasons, ants consistently occupied a 
greater proportion of evergreen trees than deciduous 

trees, and this difference was greatest in the winter 
when deciduous trees lacked leaves. Preferences for 
native evergreen trees may be driven by differences 
in aphid species composition and honeydew availabil-
ity. Understanding the degree of dietary overlap could 
elucidate how the quality and availability of honey-
dew resources may influence ant community structure 
and temporal activity patterns, as in other ant com-
munities (Anjos et  al. 2017). Moreover, few studies 
have examined ant community patterns in urbanized 
ecosystems (Vonshak and Gordon 2015; Stahlschmidt 
and Johnson 2018), underscoring the need for further 
research on how urbanized ecosystems affect ant par-
titioning and ant-plant coevolutionary relationships. 
Our findings demonstrate that the native ant commu-
nity was maintained within an urbanized oak-exotic 
woodland, suggesting that modified ecosystems can 
help conserve native ant diversity.
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