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richness in warmer environments (Rohde 1992; Willig et 
al. 2003; Hillebrand 2004; Peters et al. 2016; Kinlock et al. 
2018). This relationship underlies multiple species–energy 
hypotheses, which posit that higher temperatures promote 
biodiversity by increasing productivity, metabolism, and 
ecological interactions (Allen et al. 2002; Evans et al. 2005; 
Clarke and Gaston 2006). However, the effects of urban-
ization on these patterns remain underexplored, particularly 
regarding how urban heat may modify latitudinal diversity 
trends. Urban areas are typically warmer than surrounding 
ecosystems due to the urban heat island effect, driven by 
increased impervious surface cover and reduced vegetation 
(Phelan et al. 2015; Deilami et al. 2018). These elevated tem-
peratures can exclude heat-sensitive species while favoring 
thermally tolerant or invasive taxa, leading to shifts in com-
munity composition and potential declines in local diver-
sity (Menke et al. 2011; Piano et al. 2017; Hamblin et al. 
2017; Frank and Just 2020). Because cities are distributed 
across diverse climatic zones, however, the effects of urban 
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Abstract
Increasing urban temperatures due to the urban heat island effect are associated with widespread biodiversity declines. 
Because cities are distributed across diverse climatic zones, the effects of urban heat on biodiversity may vary geographi-
cally. Here, we examined how urban warming influences ant communities across four U.S. cities that span 6.6° of latitude 
and differ by 4.1  °C in average summer temperature. We sampled urban ants using baits placed at the base of a single 
common tree species along an urban temperature gradient within each city. When pooling results across all cities, ant 
species richness increased towards the equator, consistent with broader macroecological trends. Within cities, however, 
ant richness consistently declined with increasing urban temperatures, regardless of latitude. In addition to temperature, 
we observed that ant richness was positively correlated with humidity and negatively correlated with impervious surface 
cover. Our findings contrast with studies of other urban arthropods, where responses to urban heat vary by latitude. The 
consistent negative effect of urban warming on ant diversity suggests that urban heat stress may be a conserved factor 
affecting biodiversity across temperate latitudes, particularly within eastern North America. While we did not detect an 
increasing sensitivity to urban warming at lower latitudes, the greater overall biodiversity in low-latitude cities implies 
that urbanization could pose a significant threat to these species-rich communities. Given the rapid expansion of urban 
areas, especially in warm regions, understanding the combined impacts of urbanization and climate change on biodiversity 
remains critical for conservation efforts.
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heat on biodiversity may vary depending on the geographic 
and environmental context of each city (Filloy et al. 2015; 
Youngsteadt et al. 2017).

The impact of urban heat on biodiversity may be influ-
enced by latitudinal variation in organisms’ thermal toler-
ances. Global analyses of thermal safety margins show that 
organisms in lower latitudes have narrower buffers between 
their upper thermal limits and ambient temperatures, mak-
ing them more vulnerable to additional warming (Deutsch 
et al. 2008; Diamond et al. 2012; Sunday et al. 2014). In 
contrast, organisms at higher latitudes experience cooler 
climates and have broader thermal safety margins, which 
may enable them to tolerate—or even benefit from—mod-
erate warming (Diamond et al. 2016; Beasley et al. 2018). 
As a result, the effects of urban warming on biodiversity are 
likely to vary with latitude, with negative impacts more pro-
nounced in warmer regions and potential benefits in cooler 
climates.

Few studies have explicitly tested how urbanization 
interacts with latitudinal biodiversity trends. Youngsteadt 
et al. (2017) examined arthropod responses to urban heat 
across mid- and high-latitude cities and found that warm-
ing had highly variable effects on arthropod abundance in 
mid-latitude cities, whereas effects were smaller and more 
consistently positive in high-latitude cities. These findings 
provide partial support for the physiological hypothesis 
that urban heat may benefit organisms in colder climates 
by shifting environmental conditions closer to their thermal 
optima. However, the study did not find strong evidence that 
urban warming has increasingly negative effects at lower 
latitudes. Similarly, Perez et al. (2022) found that urbaniza-
tion weakened the latitudinal diversity gradient in ants, with 
greater biodiversity loss in tropical cities. While this pattern 
aligns with the expectation that warming could dispropor-
tionately impact organisms in warmer climates, the study 
did not directly measure temperature, and its community 
analyses revealed that tropical urban ant assemblages were 
likely biased toward introduced and invasive species. This 
suggests that factors beyond temperature, such as habitat 
modification and species introductions, may also contrib-
ute to biodiversity changes. Therefore, further research is 
needed to isolate the effects of urban heat from other urban-
ization-related stressors, including changes in vegetation 
cover, resource availability, and the presence of invasive 
species.

Here, we examine how urban heat influences ant diver-
sity across four U.S. cities spanning 6.6° latitude (Boston, 
MA; Queens, NY; Baltimore, MD; and Raleigh, NC). Ants 
are dominant insects within urban ecosystems (Penick 2021) 
and play important roles in ecosystem processes, including 
nutrient cycling, soil aeration, predation, seed dispersal, 
and mutualistic interactions (Del Toro et al. 2012). Using 

standard baiting techniques, we sampled dominant mem-
bers of the ant community at the base of street trees located 
at hotter and cooler sites within each city. To directly assess 
the effects of urban heat, we measured temperature and 
humidity at each site along with additional environmen-
tal variables, including vegetation complexity and prey 
abundance. We predicted that ant diversity would increase 
with latitude, reflecting broader macroecological patterns, 
but that urbanization would reduce diversity within cities, 
with the strongest effects occurring in the southernmost cit-
ies where thermal safety margins are expected to be lower 
(Fig. 1).

Methods

Study sites

We sampled ants from four cities along a latitudinal gradient 
in the eastern United States: Boston, MA (latitude: 42.36; 
longitude: -71.06), Queens, New York City, NY (40.75, 
-73.87), Baltimore, MD (39.28, -76.62), and Raleigh, NC 
(35.78, -78.64). These cities span 6.6° of latitude and differ 
by 4.1 °C in average summer temperature along a north to 
south axis (Table  1). In all cities, we sampled ants at the 
base of red maple (Acer rubrum L.) street trees in residential 
zones to provide a consistent sampling habitat across latitu-
dinal and urban gradients. To identify focal trees, we used 
ARCMAP 10.0 (ESRI, Redlands, CA, USA) to overlay a 
street map with a 2 km square grid, Landsat thermal image 
(Chander et al. 2009; Meineke et al. 2013), and a municipal 
street tree inventory where available (for complete meth-
ods, see Youngsteadt et al. (2017). We divided each city 
into quadrants, randomly selected four 2  km grid squares 
per quadrant, and used a combination of GIS and on-site 
searching to identify the hottest and coldest red maple trees 
per square for a total of 32 trees per city. Permission to con-
duct the research and collect specimens was granted by the 
Raleigh Parks, Recreation, and Cultural Resources Depart-
ment, the City of Baltimore Department of Recreation and 
Parks, the New York State Department of Environmental 
Conservation (scientific collecting license #1820), the New 
York City Department of Parks and Recreation, and the 
Boston Parks and Recreation Department.

Temperature and humidity

Ambient air temperature and humidity were recorded 
at 3  h intervals (starting at 12am) using DS1923 iButton 
Hygrochron® dataloggers attached to a maple branch located 
at each site during the cold season (September 10th -March 
28th, 2013) and during the warm season (June 15th -August 
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26th, 2013). iButtons were installed and shielded with 
2.5 cm deep plastic cups to protect them from precipitation, 
although these shelters do not function as radiation shields 
(Terando et al. 2014). For our analyses, we used average 
temperature and humidity at each site, which was calculated 
as the average across all recordings. Due to iButton failure, 
data were not recorded consistently at every site, and sites 
where iButtons failed were excluded from analyses.

Habitat characteristics

We used a vegetation complexity index (VCI) to measure 
the amount and three-dimensional structure of vegetation 

by adapting the methods of Shrewsbury and Raupp (2000) 
as well as Dale and Frank (2014). We surveyed along two 
perpendicular transects centered on the focal tree at each 
site. Each transect was 9.1  m (30 ft) long and 1  m wide, 
with one transect parallel to the street and the other per-
pendicular to the street. We divided each transect into 10 
equal segments (0.9 × 1  m each, 20 segments total across 
the two transects) and assessed the presence or absence of 
vegetation within each segment using the following catego-
ries: turf, herbaceous vegetation and forbs, shrubs, under-
story trees, and overstory trees (excluding the focal tree). 
VCI was computed as the Shannon’s diversity index (H) of 
vegetation categories, where each category was a ‘species’ 
and its abundance was the number of occupied segments. 
Percent impervious surface was calculated as the number 
of segments in the lowest stratum that contained pavement 
divided by the total number of segments (i.e., 20).

To take an inventory of potential prey, we surveyed non-
ant arthropods at each site, by placing a 7.6 × 12.7 cm yel-
low sticky card (Olson Products, OH, USA) on each focal 
tree. To control for latitudinal variation in arthropod sea-
sonality across cities, we identified a start date at the lowest 
latitude and used data from two weather stations per city to 
predict when each would reach the same number of degree-
days in summer of 2012 (detailed methods described in 
Youngsteadt et al. (2017). Raleigh was sampled July 16–24; 
Baltimore July 29–August 5; Queens August 25–September 

Table 1  City characteristics
City Latitude Area 

(km2)*
Population† Summer 

average 
(°C) ‡

Boston 42.4 125 645,966 21.7
Queens 40.8 280 2,296,175 23.2
Baltimore 39.3 210 622,104 23.8
Raleigh 35.8 369 431,746 25.8
*Land area within city limits
†human population within city limits in 2013 (U.S. Census Bureau 
2013 estimates)
‡seasonal (June, July, August) air temperature normal, 1981–2010, 
at BOS, JFK, BWI, and RDU airport weather stations (Arguez et al. 
2012)

Fig. 1  Latitudinal and urban 
temperature gradients among and 
within sampled cities: Boston, 
MA; Queens, NY; Baltimore, 
MD; and Raleigh, NC. (A) 
Species richness is predicted to 
increase among cities towards 
the equator, while (B) richness 
is predicted to decrease within 
cities along an urban gradient 
depending on latitude, with 
smaller negative effects at higher 
latitudes where organisms are 
living further from their thermal 
limits
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and ensured all environmental data were complete cases. To 
assess collinearity, we calculated Variance Inflation Factors 
(VIFs), and variables with high collinearity (VIF > 10) were 
excluded from the final model, though no variables met 
this standard and all were included in the final analysis. We 
tested model significance using an ANOVA-like permuta-
tion test with 999 permutations to determine overall model 
fit and significance of individual predictors.

To test the relationship between the observed number of 
ant species per site and environmental predictor variables 
(average temperature, average humidity, vegetation com-
plexity, percent pavement, microarthropod abundance, and 
macroarthropod abundance), we used generalized linear 
models (GLMs) with a Gamma distribution and log link 
function. We performed separate tests for all cities com-
bined and then within each individual city, and we checked 
model fit using the DHARMa package in R (Hartig 2022). 
Twenty-six of the original 128 sites were excluded from 
temperature analyses due to loss or failure of iButtons, and 
sample sizes are reported in results for other comparisons 
where they differ.

Results

Ant community changes across cities

We identified a total of 287 ants representing 15 genera 
and 30 species across all cities and sites. Among the spe-
cies identified, 26 were native and four were non-native 
(Table 2). Based on extrapolation to a shared sample size 
of 50 units per city, ant species richness increased towards 
the equator from a minimum of 8 species (Boston and 
Queens) to a maximum of 28 species in our southernmost 
city (Raleigh; Fig. 2a). Species accumulation curves for the 
northern sites suggested that sampling had approached com-
pletion, whereas that at the southernmost site, Raleigh, did 
not. Mean site level richness was relatively low (median: 2; 
range: 1–10 species), but also tended to increase towards 
the equator with the highest site level richness in Baltimore 
(GLM, df = 3, p = 0.0008; post-hoc pairwise comparisons: 
Boston vs. Baltimore, p = 0.0031; Queens vs. Baltimore, 
p = 0.0134; Boston vs. Raleigh, p = 0.0134; Queens vs. 
Raleigh, p = 0.0693; Boston vs. Queens, p = 0.4403; Balti-
more vs. Raleigh, p = 0.5350; Fig. 2b).

Six ant species composed 69% of total occurrences across 
cities: Tetramorium immigrans Santschi, Monomorium 
minimum (Buckley), Lasius americanus Emery, Nylande-
ria flavipes (Smith), Tapinoma sessile (Say), and Solenop-
sis molesta (Say). Tetramorium immigrans, an introduced 
species, was the most common ant in the three northern-
most cities, and its relative abundance declined towards the 

1; and Boston September 8–14, such that each had expe-
rienced ~ 2500 degree-days at the time of sampling. Cards 
were left in place for 6 days in Raleigh and 5 days in all 
other cities. All arthropods were identified to order, and we 
summed abundance for microarthropods (Acari, Entomo-
bryomorpha, Poduromorpha, Psocoptera, and Thysanop-
tera) and macroarthropods (Coleoptera, Diptera, Hemiptera, 
Hymenoptera, and Neuroptera) for our analyses.

Ant sampling and identification

We collected ants at each site by placing baits at the base 
of each focal tree. Baits consisted of tuna fish packed in oil 
and pecan sandies crumbs laid out on four notecards per 
site. At the end of 20 min, we collected all ants present on 
notecards (top or bottom) into vials containing 70% ethanol, 
and samples were pooled across notecards. Ant species were 
recorded as either present or absent at each site, and species 
were identified using published keys (Ellison et al. 2012; 
MacGown 2020). Voucher specimens for ant species col-
lected from each city are housed at the Auburn University 
Museum of Natural History (Auburn, AL, USA).

Data analysis

All statistical analyses were performed using R v4.3.3 (R 
Core Team 2025). We used species occurrences per site for 
comparisons of ant diversity, which is a standard approach 
for sampling ant communities using baits (Ellison et al. 
2011). To test our prediction that ant richness increased 
among cities along a north-to-south axis, we computed 
rarefied richness for each city and extrapolated these to 
50 sampling units using the package ‘iNEXT’ (Chao et al. 
2014; Hsieh et al. 2016). We then tested for differences in 
site-level richness across cities using a generalized linear 
model (GLM) with a Poisson error distribution and log link 
function, appropriate for modeling count data. Post hoc 
pairwise comparisons among cities were conducted using 
estimated marginal means (EMMs) with Tukey-adjusted 
p-values using the ‘emmeans’ package in R (Lenth 2025).

To assess the effects of urban heat and other environmen-
tal factors on ant community composition, we conducted 
a distance-based redundancy analysis (db-RDA) using the 
‘vegan’ package (Oksanen et al. 2019). We extracted spe-
cies presence/absence data from our dataset and computed 
a Jaccard distance matrix to represent community dissimi-
larity. We removed samples containing no recorded species 
to avoid artifacts in distance calculations, and our environ-
mental predictors included average temperature, average 
humidity, vegetation complexity, percent pavement, micro-
arthropod abundance, and macroarthropod abundance. 
Prior to analysis, we standardized continuous predictors 
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equator. In the southernmost city, Raleigh, T. immigrans 
was present but relatively rare; instead, Monomorium mini-
mum, a native species, was the most common (Fig. 3).

Distance-based redundancy analysis (db-RDA) of 
ant communities

Environmental variables explained 19.3% of variation in ant 
assemblages among sites (ANOVA-like permutation test, 
999 permutations; df = 6, F = 3.659, P < 0.001; Fig. 4). The 
first db-RDA axis accounted for 13.1% of the total varia-
tion, and the second RDA axis accounted for an additional 
2.8% of the explained variation. The first db-RDA axis 
largely corresponded with a temperature gradient (Fig. 4a), 
and average temperature was the most significant predictor 
among all environmental variables (Table  3). In addition, 
average humidity, percent impervious surface, and microar-
thropod abundance had significant or marginally significant 
effects on ant community composition (Table  3). Occur-
rences of the pavement ant (T. immigrans), as their name 
would suggest, were highly associated with an increase in 
impervious surface (Fig. 4b).

Impact of environmental factors on ant richness

Site level measurements of average, minimum, and maxi-
mum temperatures confirmed, unsurprisingly, a general 
increase in temperature towards the equator with strong 
positive correlations among temperature metrics (Fig. S1). 
In support of the prediction that ant richness would increase 
with temperature towards the equator, site level richness 
increased significantly with average site temperature when 
results from all cities were combined (Table  4; Fig.  5a). 
Within each city, however, there was a general decrease 
in ant richness with increases in temperature, which was 
significant for Boston, Queens, and Baltimore (Table  4; 
Fig. 5b-e).

We also examined the effects of average humidity, per-
cent impervious surface, and microarthropod abundance on 
ant richness. In general, ant richness increased with humid-
ity both among and within cities (Table S1, Fig. S2) and 
decreased with percent impervious surface (Table S1, Fig. 
S3). Percent impervious surface is typically correlated with 
increased average temperature, and we found this to be true 
within each city except Raleigh (Table S2, Fig. S4). The 
results for microarthropod abundance were mixed, though 
there was a general positive relationship between microar-
thropod abundance and ant richness driven by a strong out-
lier in Raleigh (Table S1, Fig. S5).

Table 2  Ant occurrences
Species Boston Queens Baltimore Raleigh
Aphaenogaster rudis 
complex

- - 5 5

Aphaenogaster 
treatae Forel

- - - 2

Brachymyrmex depi-
lis Emery

- - 2 -

Brachymyrmex pata-
gonicus Mayr *

- - - 1

Camponotus ameri-
canus Mayr

- - 1 -

Camponotus penn-
sylvanicus (De Geer)

5 4 1 1

Crematogaster ash-
meadi Mayr

- - - 2

Crematogaster 
cerasi (Fitch)

- - 1 -

Crematogaster line-
olata (Say)

- - - 1

Forelius pruinosus 
(Roger)

- - - 1

Formica dolosa 
Buren

- - - 2

Formica incerta 
Buren

2 - 8 1

Formica pallidefulva 
Latreille

- - - 2

Formica subsericea 
Say

1 - 2 4

Lasius americanus 
Emery

6 14 11 -

Lasius neoniger 
Emery

- - - 2

Monomorium mini-
mum (Buckley)

- 5 14 15

Myrmica sp. 1 - - -
Nylanderia faisonen-
sis (Forel)

- - - 6

Nylanderia flavipes 
(Smith)*

3 9 10 1

Nylanderia sp. - 1 - -
Nylanderia vivdula 
(Nylander)

- - - 1

Pheidole bicarinata 
Mayr

- - - 5

Pheidole dentata 
Mayr

- - - 1

Pheidole tysoni Forel - - 5 2
Solenopsis invicta 
Buren*

- - - 4

Solenopsis molesta 
(Say)

5 6 2 1

Tapinoma sessile 
(Say)

- 2 6 7

Temnothorax cur-
vispinosus (Mayr)

- - 4 3

Tetramorium immi-
grans Santschi*

28 25 24 4

Total sites 32 35 33 28
*Non−native species
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biodiversity at lower latitudes (Rohde 1992; Peters et al. 
2016). However, within each city, ant diversity decreased 
with increasing urban temperatures, suggesting that the 
urban heat island effect has a consistent negative impact 
on local ant communities regardless of latitude. These find-
ings contrast with studies of other arthropods, where urban 
warming has been found to have mixed or even positive 

Discussion

The urban heat island effect is widely conserved across cit-
ies, but the effects of urban heat are predicted to vary by 
latitude. We observed a positive relationship between tem-
perature and ant diversity among cities spanning a latitudi-
nal gradient, consistent with global patterns showing higher 

Fig. 3  Prevalence of six most 
common species based on the 
percent of sites where each 
species was collected within 
each city. The pavement ant, T. 
immigrans, was found across all 
cities but was most common in 
northern cities. M. minimum and 
T. sessile both became more com-
mon towards the south, while L 
americanus and N. flavipes were 
most common in mid-latitude 
cities

 

Fig. 2  Ant species richness among cities. (A) Rarefaction curves show-
ing variation in richness among cities (dashed lines show extrapolated 
curves to 50 sampling units, and shading indicates 95% confidence 
intervals); richness increased along a latitudinal gradient with the 
highest richness in Raleigh, the southernmost city. (B) Boxplots show-

ing the median, 25–75%, and non-outlier range of site-level richness 
among cities. Site level richness increased along a latitudinal gradient 
with peak richness in Baltimore, the second southernmost city. Letters 
indicate significant differences among cities (p < 0.05)
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A prior study comparing urban and rural ant diversity also 
observed an increase in diversity toward the equator, though 
the effect was dampened in tropical cities relative to rural 
areas (Perez et al. 2022). Since our study spans only four 
temperate cities in North America, it remains uncertain 
whether urban heat effects are intensified at lower latitudes, 
particularly in the tropics. Nonetheless, the consistent pat-
terns we observed across a 6.6° latitudinal range suggest 
that even modest gradients can reveal meaningful ecologi-
cal responses to urbanization.

A key contradiction in our findings is that while rising 
temperatures toward the equator are generally associated 
with greater ant diversity, urban heat appears to have the 
opposite effect. Previous research on urban arthropods at 
the same sites examined in our study found that the effects 
of warming varied by latitude and taxonomic group. In 
Youngsteadt et al. (2017), for example, warming had posi-
tive effects on arthropod abundance in cooler cities but more 
neutral or negative effects in warmer ones, which supported 
the idea that organisms in colder climates might benefit from 
urban warming. However, our results show a consistent 
decline in ant diversity with increasing urban temperature 
across all cities, suggesting a different response pattern in 
ants. Ant communities are highly structured by temperature 
both inside and outside of cities (Kaspari et al. 2000; Retana 
and Cerdá 2000; Diamond et al. 2013, 2016; Penick et al. 
2017), and ants may be particularly sensitive to the com-
bination of thermal and habitat stressors common in urban 
environments. Outside of cities, higher temperatures often 
promote biodiversity through increased productivity, faster 
biochemical processes, and elevated speciation rates over 

effects in cooler climates (Youngsteadt et al. 2017). Con-
trary to predictions that the negative effects of urban heat 
would be strongest in low-latitude cities, we found a con-
sistent decrease in ant diversity with increasing temperature 
across all four cities. This suggests that urban heat stress 
may be a conserved factor affecting biodiversity across tem-
perate latitudes, particularly within eastern North America.

A well-established macroecological trend is the increase 
in biodiversity toward the equator (Rohde 1992; Willig et 
al. 2003; Hillebrand 2004), a pattern our study confirmed. 
Our findings support previous research indicating that 
warmer regions tend to host greater species richness. This 
trend remained evident within urban environments, suggest-
ing that despite human-induced modifications, the ancient 
overarching latitudinal diversity gradient persists in cities. 

Table 3  ANOVA-like permutation test results for CCA
Predictor df F Pr(> F)
Average temperature 1 3.91 0.002 **
Average humidity 1 1.97 0.052 ·
Vegetation complexity 1 1.40 0.153
% impervious surface 1 2.75 0.008 **
Microarthropod abundance 1 1.80 0.069 ·
Macroarthropod abundance 1 1.46 0.150

Table 4  GLM results for effects of average temperature on ant richness
City n estimate t Pr(> F)
All 101 -0.345 -2.770 0.019*
Boston 28 -0.617 -2.548 0.017 *
Queens 28 -0.533 -2.218 0.036 *
Baltimore 24 -0.359 -2.379 0.027 *
Raleigh 22 -0.165 -0.429 0.673

Fig. 4  (A) Site-level results from distance-based redundancy analy-
sis (db-RDA) showing sites along the first two canonical analysis of 
principal (CAP) coordinates. Cities are indicated by color, and points 
include a jitter function to show potentially obscured sites. (B) Spe-

cies-level results from redundancy analysis (RDA) with a Hellinger 
transformation to make points appropriate for Euclidean distance 
comparisons
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likely driven by an increase in invasive and introduced spe-
cies in urban areas. We also observed a high frequency of non-
native species in our study, though we observed the opposite 
latitudinal trend: cities at higher latitudes were dominated by 
the introduced pavement ant, Tetramorium immigrans, while 
baits in our southernmost city were dominated by two native 
species, Monomorium minimum and Tapinoma sessile. Nev-
ertheless, additional factors, such as species invasions and 
anthropogenic food availability (Penick et al. 2015; Kirchner 
et al. 2025), may play a significant role in shaping biodiversity 
patterns beyond the influence of the urban heat island effect.

Our study likely represents a conservative estimate of urban 
ant diversity due to its focus on street tree habitats and use of 
baits for ant surveys. By sampling at the base of street trees 
in areas with high impervious surface cover, we targeted envi-
ronments that typically support lower biodiversity than larger 
green spaces, such as parks or remnant forests (Savage et al. 
2015; Liu et al. 2019; Santos et al. 2019). While baiting is a 
standardized method for assessing ground-foraging ants, it 
often underestimates total species richness compared to more 
comprehensive approaches. For example, other surveys in 
Raleigh have recorded 37–54 species using pitfall traps or by 
sampling more diverse habitat types, whereas our study identi-
fied 24 species (Menke et al. 2011; Kirchner et al. 2025). We 
also focused exclusively on ground-foraging ants, though prior 
work has shown that urban trees can harbor canopy special-
ists not found in surrounding forests (Frizzo and Vasconcelos 
2013; Kirchner et al. 2025). Broader sampling across habitat 
types and vertical strata would provide a more complete pic-
ture, but our study nevertheless identified consistent patterns 

evolutionary timescales (Rohde 1992; Willig et al. 2003). In 
contrast, cities may not allow these long-term mechanisms 
to unfold. Instead, the acute effects of heat stress likely con-
strain resource availability and act as a filter, limiting which 
species can persist in hot urban habitats.

Temperature was the strongest predictor of ant spe-
cies richness, but other environmental factors also played 
important roles. Ants, like other small-bodied arthropods, 
are vulnerable to desiccation due to their high surface area-
to-volume ratio (Harrison et al. 2012). and we found that 
humidity was positively correlated with richness, suggest-
ing that water availability may buffer the effects of urban 
heat. This finding aligns with studies on other urban insects, 
such as bees, which experience greater desiccation stress in 
urban environments (Burdine and McCluney 2019). Imper-
vious surface cover was negatively associated with richness, 
though some species—such as pavement ants—appeared to 
benefit from these conditions by exploiting heat-retaining 
substrates to help incubate their brood (Moss et al. 2022; 
Dijon et al. 2023). We also found a positive association 
between insect prey abundance and richness, but this result 
was driven by a single high-abundance site in Raleigh and 
should be interpreted with caution. Still, the potential role 
of prey availability in shaping urban ant communities merits 
further study.

Beyond changes in species richness, urbanization also 
appears to shape patterns in community composition across 
latitudes., Perez et al. (2022) observed that urban ant commu-
nities in tropical cities were not only relatively species-poor 
but also distinct from their non-urban counterparts, which was 

Fig. 5  Relationships between average temperature and ant species 
richness per site. (A) Relationship across all cities, showing a signifi-
cant increase in richness with temperature; (B) relationships within 

each city showing a general decrease in richness with temperature. 
Each point represents one site, and lines indicate best fit with 95% 
confidence intervals. Significant relationships are indicated by p < 0.05
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