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Abstract 

This review presents the effects of urbanization on ant communities. We found habitat fragmentation and land cover 
changes, urban heat effect, and the pollution as the main effects of urbanization. These factors impact ant communi-
ties’ species richness, abundance, and composition. Although some research has been conducted, questions still remain 
relating to influences of urbanization on ant communities. Species richness and abundance of ant communities respond 
differently according to a range of parameters: the degree of urban disturbance, the scale on which the study is con-
ducted and community composition including species of ants with pre-adapted traits. Species richness and abundance 
of ants can increase up to an intermediate level of urbanization, from where it begins to decline. The size of the studied 
area will also influence richness. Most importantly, composition will vary, with native or non-native species becoming 
dominant and sometimes invasive. Interestingly, the modification of the composition does not always affect the species 
richness or abundance.  
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Introduction 

According to a United Nations report, more 

than half of the world’s population lived in cities in 

2014 (UN, 2015). Urban areas are the fastest grow-

ing environment and their populations are rapidly 

increasing in size. The management of this develop-

ing landscape is one of the biggest challenges for 

biodiversity conservation. 

       Over the last twenty years, there has been an 

abundance of scientific literature observing that the 

effects of urbanization impacts richness, abundance 

and diversity. Those effects have been well studied 

for different taxa like plants or birds and a less well 

studied for mammals and arthropods (McKinney, 

2008).  

This paper will review the literature on the effects 

of urbanization on a particularly common communi-

ty of arthropods: ants. The review will be divided 

into two parts. The first part will address the main 

effects of urbanization on abiotic environmental 

factors: land cover changes and fragmentation of the 

natural environment, urban heat effect, and pollution. 

The second part will review the consequences of 

these effects for biodiversity and more particularly 

on ant community abundance, species richness and 

assemblage composition. 

1 Effects of urbanization 

 

1.1 Land cover changes and habitat 
fragmentation 
 

Urbanization is a process that goes hand in 

hand with mass consumption. It has been found for 

some European cities ((Folke et al., 2016)) that land 

use for consumption (agriculture and production) 

and waste processing is between 500 to 1000 times 
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larger than the area of the actual cities. Therefore, 

land cover changes are one of the major issue of 

urbanization, creating environmental changes not 

only inside cities but also outside them. 

For that reason, the first main effect that we are go-

ing to discuss in this part of the review is land cover 

changes.  

The materials used in the construction of cities 

(e.g. concrete and steel) make the soil impervious 

and disturb natural soil processes and communities 

of fauna living in the soil. The impermeability of the 

soil is an important characteristic of urbanization that 

has an impact on the environment (Arnold & 

Gibbons, 1996). 

Urbanization doesn’t mean that there are no green 

spaces in urban landscapes, however they are mostly 

restricted to urban parks and private gardens which 

are not as rich and diverse as natural landscapes 

(Buczkowski et al., 2012). In addition, these spaces 

are often isolated from each other, further disturbing 

natural processes. 

On a large scale, this is called habitat fragmenta-

tion. The fragmentation and loss of natural habitats 

for fauna and flora are among the most important 

consequences of land cover changes. These two pro-

cesses usually happen simultaneously while urban 

landscapes are spreading. They are both deeply in-

volved in the ecological transformation resulting 

from urbanization (Liu et al., 2016 ; Fahrig, 1997). 
 

1.2   Urban heat effect 
 

The urban heat effect, also known as urban 

heat island, is the phenomenon of higher temperature 

in cities than in non-urban neighboring areas (For-

man 2014; Gago et al., 2013). It is important consid-

ering the consequences that it can have on ant com-

munities.  

It has been found that cities influence the climate 

on a small scale. In urban areas, the fluctuation of 

temperatures has three major sources: buildings, 

pavements and green spaces (Wong et al., 2011; 

Gago et al., 2013). The first two sources lead to 

higher temperatures because of the high absorption 

of solar radiation of concrete, and other similar mate-

rials used in construction. The albedo (measure of 

radiation reflection) is thus very low and the energy 

absorbed during the day is slowly released during the 

night, creating an even bigger difference between 

rural and urban areas.  
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Figure 1 : Day and night temperature in different habitats (Gip-

pet, 2017). Densely built areas are warmer than rural areas. 

Greater difference during the night. 

 

 

Furthermore, city centers with skyscrapers and 

narrow streets modify air flows and tend to concen-

trate pollutants increasing the urban heat island ef-

fect (Gago et al., 2013). 

     Two other factors of this urban heat effect are: the 

anthropogenic release of heat through the consump-

tion of fossil fuels, and the lack of evapotranspiration 

due to the impermeable surfaces (Kleerekoper et al., 

2012). All these effects combined can make the tem-

perature increase by up to 10° C in some extreme 

situations, e. g. Athens (Gago et al., 2013). 

      Nevertheless, according to researchers (Shashua-

Bar et al., 2000), parks and green areas can play a 

large role in the cooling of cities through evapotran-

spiration and shading. 
 

1.3 Pollution 
 

The third effect of urbanization that can in-

fluence biodiversity is pollution. In this review, we 

are especially interested in the chemical pollution 

which affects soil composition. 
The most well-known source of pollution in ur-

ban areas is the consumption of fossil fuels. Howev-

er, this predominantly contributes towards air pollu-

tion, which is not our main concern in this paper 

about ant communities. Human activities, especially 

in densely populated areas like urban landscapes, 

tend to create a lot of chemical pollution by the ag-

gregation of many types of pollutants (Forman, 

2014). 
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As urbanized areas grow, the concentrations of a 

variety of chemicals, metals and heavy metals like 

arsenic and mercury, as well as nitrogen, phosphorus 

and other pollutants increase as well (Steele et al., 

2010). The concentration varies between contexts 

and it is difficult to assess the long-term risks for 

biodiversity.  
Although the literature relevant to this review is 

more related to land cover changes, habitat fragmen-

tation and urban heat effect than pollution. 
 

2 Consequences of 
urbanization on ant communities  

 

Now that we have discussed the main effects 

of urbanization on the environment, we will connect 

them to their consequences on biodiversity and more 

especially ant communities.  

Papers of urban arthropod communities are par-

ticularly limited in quantity (Menke et al., 2010). 

This may be surprising considering that ants, like 

most arthropods have brief life cycles and respond 

quickly to the rapid growth of urbanization (McIn-

tyre et al., 2000). Thereby, ants could be taken as a 

good indicator for the consequences of urbanization 

for other species.  
 

2.1   Richness and scale  
 

Nevertheless, the literature does indicate that 

urbanization has consequences on species richness. 

To study the impact of urbanization on the diversity 

of the communities, some studies used the indicator 

HPD: Human Population Density (Gippet, 2017). 

This indicator can be considered as a proxy of urban-

ization.  

Most of the studies have found a correlation be-

tween species richness and HPD, but this relation is 

inconsistent, and it is not possible to identify patterns 

among the richness of studied species (McKinney, 

2008; McIntyre et al., 2000). 

Some researchers (Gippet, 2017; Gaston, 2010) 

tried to explain the relationship between HPD and 

specific richness according to a variation of scale. 

On a broad scale, for large taxonomic groups, 

there is more likely to be a positive correlation be-

tween human density and specific richness (Gippet, 

2017).  

 

However, on a small scale, using different analyt-

ical techniques, this relationship can be observed to 

be either negative or positive (Figure 2 and 3) (Gas-

ton., 2010; Lessard et al., 2005; Buczkowski et al., 

2012).  
 

 

 

 
 

Figure 2 : Specific richness in forest interior, forest edge and 

urban environment (Lessard et al. 2005). Species richness can 

be higher in urban environment than forest interior or forest 

edge. 

 

  
                

 

 

Figure 3: Ant species abundance before, during, and after con-

struction (Buczkowski et al., 2012). For each time category, 

count is the total number of baits stations where a given species 

was detected. In total, 20 species were detected in the study. 

Species richness is strongly affected during the construction. 

 

This ambiguity demonstrates that, as well as the 

analytical techniques, it is important to take the scale 

into account in order to interpret the results. Indeed, 

a positive correlation between density of human 

population and species richness on a large scale can 

hide different results on a small scale.  
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2.2 Degree of urbanization 
 

Another way to understand the consequences 

of urbanization on ant communities is to study the 

degree of urbanization. Many researchers (Connell, 

1978; Gaston, 2010 ; Sandford et al., 2009) investi-

gated the level of disturbance between cities.  

The intermediate disturbance hypothesis states 

that species richness and abundance increased with 

urbanization, until attaining a maximum at an inter-

mediate disturbance level. Above this intermediate 

level of urbanization, specific richness decreases.  

In general, above intermediate land cover changes of 

30-40%, richness and abundance declines (Sandford 

et al., 2009). Ant communities are robust when it 

comes to limited land use and slow urbanization, but 

decline when the modification of the landscape be-

come too great (Sandford et al., 2009). 

However, variation in species richness is difficult 

to explain. Indeed, there are no clear patterns to cor-

relate urbanization and species richness except for 

very high levels of urbanization (Menke et al., 2010). 
 

2.3 Communities composition 
 

Some studies (Blair, 1996; McIntyre et al., 

2000; Sandford et al., 2009) choose to concentrate 

on the assemblage composition through types of 

behaviour towards urbanization. Different response 

groups were created to better understand the impacts 

of urbanization on different taxa (Blair, 1996; McIn-

tyre et al., 2000; Sandford et al., 2009). 

Blair (1996) identified three groups “Urban 

avoiders”, “urban exploiters”, and “urban adapters”. 

McIntyre (2000) proposed a fourth response type: 

“urban tolerant species”. These groups do not have 

the same response to urbanization. This classification 

allows researchers to understand the nuances of the 

impacts of urbanization at a fine scale (inter and intra 

species), in terms of composition, richness and 

abundance. Furthermore, it allows a more relevant 

comparison between species on the impact of urban-

ization.  

A different classification is used by Sandford et 

al. (2009) for ants. They studied “services-product-

unit” (SPU): aerators, compilers, and decomposers. 

These species contribute through ecosystem services, 

to the health of the forest, and to the stability of eco-

systems. They also participate in the production and 

movement of nutriments. Sandford et al. (2009) ob-

served that the response is different for each ant 

group (Figure 4). Abundance and richness of ant 

aerators peaked at intermediate levels of develop-

ment, while abundance of decomposers decreased 

across levels of urbanization. At higher levels of 

urbanization, the abundance of aerator and compost-

er decreased, while compiler abundance increased.  
 

 

 

 
 

Figure 4 : “Ant abundance for 3 services providing units 

(aerators, decomposers, compilers) and generalist ants 

when urban development is within 60m of a site” (Sand-

ford et al., 2009). The response is different according to 

the group. 

 

 

As previously noted, the composition of ant 

communities is different between urban and rural 

areas (Gibb et al., 2002). This difference is a central 

factor which can modify richness and abundance. 

McIntyre et al. (2000) observed that ant community 

composition varies between four different types of 

land-use while species richness is similar. 

     In urban landscapes, generalists are the most 

abundant group (Vallet et al., 2010). They are capa-

ble of using a lot of different resources, and there-

fore, were the most abundant in different land-use 

types (McIntyre et al., 2000). Urban areas offer 

more food diversity which is valuable for gener-

alists because they are flexible. Therefore, 

abundance and richness of generalists can be 

negatively correlated with low urban develop-

ment, but their abundance increase with high 

level of urbanization (Sandford et al., 2009). 

Certain taxa can be found uniquely in one 

form of land use, which can explain a difference 

in community composition (McIntyre et al., 

2000) and can induce a reduction of local rich-

ness. At a larger scale, the spatial heterogeneity 

of land-use types due to habitats fragmentation, 

contributes to diversification of ant communities in 

the urban environment (McIntyre et al., 2000). 
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2.4 Urbanization and adaptation 
 

Otherwise, due to fragmentation, urban envi-

ronments modify habitats for ant communities. Over 

time, urbanization exercises a pressure on selection, 

leading to the selection of different traits (Gippet, 

2017). These variations can be morphological, phys-

iological or behavioural, either by phenotypic plas-

ticity or local adaptation (Alberti, 2015). This varia-

tion can lead to different responses toward urbaniza-

tion. It impacts some species negatively and it can be 

beneficial to others. Some species found in urban 

zone are more aggressive, and competitive. Lessard 

et al, (2005) speak about “tramp” ants. These species 

are dominant in urban habitat, and can affect native 

ant diversity through competition. Other traits have 

been found to be a key for urban success. For exam-

ple, Lundholm and Marlin (2006) have suggested 

that species inhabiting cities with tall buildings often 

have origins in cliff-like habitats. 
 

2.5 Invasive species 
 

Those who adapt can become invasive and 

sometimes their abundance can be to the detriment 

of other species. Valery et al. (2008) define an inva-

sion in the following way: “A biological invasion 

consists of a species’ acquiring a competitive ad-

vantage following the disappearance of natural ob-

stacles to its proliferation, which allows it to spread 

rapidly and to conquer novel areas within recipient 

ecosystems in which it becomes a dominant popula-

tion”. Alien species are abundant in urban environ-

ment (Vonshak et al., 2015). These non-native spe-

cies with adapted traits often responds better to the 

quick modification of urban landscapes. This can 

modify the composition and diversity of the commu-

nity (Lessard et al., 2005).  

A good illustration of invasive species is Argen-

tine ants (Linepithema humile). This species coming 

from Argentina has colonized California, Mediterra-

nean coasts and other parts of the world (David et 

al., 2006 ; Fitzgerald et al., 2012). This species are 

more likely to be dominant in urban areas due to 

several behavioural and physiological traits: super 

colonial organization, heat tolerance, alimentation 

and polygyny. The polygyny is an important trait, 

argentine ant colonies contain 16 queens for 1000 

workers and this allows them to reproduce faster 

than other ants. The colony has an omnivore diet 

which is suitable for invasive species. These ants use 

also a colony structure with multiple nests, colony 

members can thus move between nests to take full 

advantage of spatially fragmented habitats to find 

resources (Silverman et al., 2007).  In addition, their 

aggressive behavior coupled with the super colonial 

organization limit the response of native species 

(Gippet, 2017). 

     Moreover, local species can also take advantage 

of the urbanization. They will become dominant 

because of their competitive advantage such as heat 

tolerance or the capacity to adapt rapidly to new 

environments.  

     For example, the species Tapinoma sessile has 

been studied in his natural habitat and the results 

illustrate a remarkable evolution in colony social and 

spatial system between natural and urban habitats 

(Buczkowski, 2010). In urban settings, T. sessile can 

become polygymous, polydomous and can have a 

super colonial colony structure, while it is not the 

case in their natural habitats (Buczkowski, 2010). 

This species acquired some invasive traits, therefore, 

they can also be defined as invasive according to the 

earlier definition.   
 

2.6 Urban heat effect  
 

 

Furthermore, the urban heat island effect has 

also an influence on the composition of ant commu-

nities. In a study, Menke et al. (2010) created a new 

group of ants called “Drought and heat-adapted 

ants”. They found that the urban-adapted ants come 

disproportionately from species with traits which 

differ from those found in neighboring forests (Men-

ke et al., 2010). These species tend to originate from 

drier and warmer climates. These kinds of changes in 

the assemblage composition will not necessarily 

affect species richness or abundance (figure 5 and 6). 

 

 

 
 

Figure 5 : Total specific richness of different environ-

ments (industrial, business, residential, park, agriculture, 

greenway, forest) (Menke et al. 2010). The richness varia-

tion can be subtle even between urban and non-urban 

habitats. 
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Figure 6: “Average (± SE) number of native forest habitat 

and open habitat specialist species found in each urban 

land-use habitat. Solid line represents equal numbers of 

forest and open habitat specialist species” (Menke et al., 

2010). 

 

However, this parameter is essential when it 

comes to the consequences of urbanization on ant 

communities and it has to be taken into account.  

The heat effect hypothesis on ants is not well 

documented but it might bring us a greater principle. 

Those arthropods that manage to succeed in urban 

landscapes may be more successful at moving with 

further urban expansion and at apprehending future 

climate modification (Menke et al., 2010). 

Conclusion 

 

A common hypothesis is that the rapid de-

velopment of urban landscapes will result in a faunal 

homogenization, induced mostly by the loss of na-

tive species and human mediated transport of a few 

generalist and invasive species (McKinney. 2006).  

However, this may need to be more nuanced, for 

example, it has been observed that specific richness 

varies a lot with the degree of urbanization. When 

heavily urbanized environments have a strong nega-

tive correlation with richness and abundance, some 

intermediate disturbed areas can experience a peak 

of richness (Sandford et al. 2009).  

The assemblage composition is crucial to under-

standing the fluctuation in species richness and 

abundance. In fact, sometimes composition is modi-

fied within urban areas without influencing richness 

because of an equal turnover of species (Menke et al. 

2010).  

Cities may stimulate the settlement and domi-

nance of some species which are pre-adapted (heat 

tolerance, generalist diet, cliff like habitat, etc.) to 

the urban environment while slowing or diminishing 

that of others. 

These pre-adapted traits might not be the only 

reason why ant richness differs from the expected 

faunal homogenization. The spatial scale at which 

they live could be another factor. Like most inverte-

brates, many ant colonies are settled in relatively 

limited spatial territory like a tree (Yasuda and 

Koike 2009).  

      To conclude, urbanization has clear consequenc-

es on ant communities. However, our review indi-

cates that the cohabitation between a diversity of 

ants and human infrastructures is possible with the 

right urban management. Further study on ant com-

munities will be needed to find a way to adapt our 

cities to this cohabitation.  

       In addition, ants that are able to live in urban 

landscapes with elevated temperature could be a 

good indicator species for understanding future con-

sequences of global warming. 
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