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Abstract
Despite the high fragmentation of its natural habitats—grasslands with limestone rocks—a previous study revealed that the 
ant species Temnothorax nigriceps show no evidence of genetic isolation between populations separated by kilometers of 
presumably unsuitable landscape. In the present study, we hypothesized that urban anthropogenic structures might allow the 
species to nest and maintain efficient gene flow in spite of the ongoing fragmentation. To test this, we surveyed the presence 
of T. nigriceps in many putatively suitable anthropized habitats—such as stone walls, ornamental devices, or urban park 
structures—in an urban area near a continuous source of propagules from natural habitats. We found very few occurrences 
of T. nigriceps in this urban area, suggesting either a low density of nests in such habitats or difficulty in detecting them in 
anthropized environment. We discuss the importance of surrounding vegetation and water sources for nesting, especially 
in anthropized environment where temperatures on mineral surfaces can exceed those in the species’ natural habitats. We 
conclude that T. nigriceps tend to nest in the most natural-like structures, implying that urban habitats provide poor substitute 
for the species’ native environment.
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Introduction

The ant species Temnothorax nigriceps (Mayr 1855) typi-
cally inhabits sunny, xerothermic environments with sparse 
vegetation and bare rocks. Colonies consisting of a few 
dozen individuals nest in narrow rock crevices (Seifert 
2018). Despite the extensive fragmentation of its natural 
habitat due to anthropogenic activities, such as agriculture 
or urbanization (Poschlod & WallisDeVries, 2002; Poschlod 
et al. 2008), a previous study surprisingly found only lim-
ited genetic differentiation among T. nigriceps populations 
(Cordonnier et al. 2022). This pattern could be attributed 
to either high dispersal capabilities mitigating the negative 
effects of fragmentation or the species’ adaptability to utilize 
alternative, man-made nesting sites in urban areas. Another 

potential explanation is the presence of large effective popu-
lation sizes. However, the detection of local non-random 
mating suggests that this hypothesis is less likely (Cordon-
nier et al. 2022).

Habitat fragmentation is expected to impact Temnothorax 
species even at small spatial scales (e.g., Cordonnier et al. 
2023, but see Khimoun et al. 2020). Mating in these small 
ants is presumably a local event, with nuptial flights occur-
ring over short distances. For example, sexuals of Temno-
thorax nylanderi, a forest-dwelling species, fly within forests 
or at their edges, avoiding open areas (Noordijk et al. 2008). 
Though Temnothorax sexuals have been recorded more than 
100 m above ground and might be occasionally drifted over 
large areas by wind (Helms et al. 2016), it is unlikely that 
the number of T. nigriceps reproductives traversing large 
distances is sufficient to maintain gene flow between isolated 
populations.

The present study explored the hypothesis that T. nigri-
ceps utilizes secondary habitats, particularly urban areas, 
to persist and maintain gene flow despite ongoing anthro-
pogenic fragmentation. Most ant species require minimal 
resources to establish colonies, suggesting adaptability to 
various environments. Previous works have shown that T. 
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nigriceps readily nests in crevices of man-made stone walls 
in orchards or vineyards at the edge of villages (Seifert, 
2018; Suefuji and Heinze 2014), but the use of such sites in 
highly modified anthropized environments remains underex-
plored. For example, T. nigriceps might be able to use urban 
microhabitats, such as rocky elements of urban settlements. 
The utilization of these artificial structures can provide 
alternative shelter for wildlife in fragmented environments 
(Lowry et al. 2013), with some previous evidence also in 
ants (Cordonnier et al. 2019).

In this study, we investigated the capacity of T. nigri-
ceps to utilize man-made structures in urban areas, such as 
stone walls, masonry, or ornamental structures as alternative 
nesting sites. This adaptability might facilitate the species’ 
survive in small suitable patches of habitat and provide an 
explanation for the absence of genetic isolation observed 
by Cordonnier et al. (2022). If T. nigriceps is able to use 
anthropized habitats, we expect to detect its presence in 

urban settlements near its natural habitats, with the latter 
constituting a continuous source of propagules. To test this 
hypothesis, various stone structures were examined for the 
presence of T. nigriceps to establish the typology of its 
anthropogenic habitats.

Materials and methods

Study sites and sampling

Fieldwork was conducted in Kallmünz, Germany, a city 
surrounded by natural T. nigriceps habitats where the spe-
cies is densely present (48 colonies spread all around the 
city previously collected; green areas in Fig. 1; Cordonnier 
et al. 2022). The choice of Kallmünz as a study site makes, 
therefore, particular sense because of the high densities of 
nests in the direct surroundings (at a few meters from the 

Fig. 1  Map of sampling sites in Kallmünz (Germany). Each sampling 
site corresponds to one suitable mineral element (except sites 1, 2, 3, 
and 30 with resp. 10, 10, 8, and 15 elements investigated). Yellow: 
sites investigated in 2022. Blue: sites investigated in 2023. Green 
areas are natural habitats where T. nigriceps is known to occur (based 

on Cordonnier et  al. 2022) with the number of colonies previously 
collected (note that this corresponds to approx. 10 colonies sampled 
per day per person, AB pers. comm.). The sites where T. nigriceps 
has been collected (see “Results” section) are circled in red
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city center), in all directions around the city. No other site 
presenting a similar potential exposure (i.e., likely to receive 
such a propagule pressure of T. nigriceps sexuals) is known.

Within the city, we surveyed all man-made structures 
that appeared suitable for the species using the same proto-
col successfully applied in Cordonnier et al. (2022). Urban 
mineral elements, such as rocks, bridge fences, and walls 
(Figure S1 for exhaustive list) which correspond to potential 
nest sites, were carefully inspected by two people for the 
presence of nests or ant activity. Surveys were conducted 
in early June 2022 (n = 29 sites) and July 2023 (n = 25 sites; 
Fig. 1) at temperatures ranging from 21 to 31 °C. Four sites 
were revisited in both years. Each site was mapped and pho-
tographed (Fig. 1, Fig S1). For all potential mineral ele-
ments, the presence of grass and the overall texture of the 
mineral surface were recorded. To confirm the occurrence of 
the species during the sampling period, one site (number 2, 
Fig. 1) within the natural habitat was included and sampled.

In this natural site and in three urban sites (1, 3 and 30), 
more than one mineral element was visited (10 elements in 
the natural site and 10 elements in site 1, eight elements in 
site 3, and 15 elements in site 30, Fig. S2 and S3). In addi-
tion, an alternative protocol using baits (tuna and honey) was 
used on the same elements from the sites 1 to 3. Each bait 
was left in place for three hours and visited every 10 min the 
first hour and then every 20 min the last 2 h. All Temnotho-
rax ants present on the bait or within a 10 cm radius were 
collected for further analysis.

Of the total samples collected for this study, only 10 
contained one or more Temnothorax ants (seven samples in 
2022, three samples in 2023). None of these records resulted 
from baiting; all were obtained through direct searches on 
mineral surfaces, using the same method as in Cordonnier 
et al. (2022). This suggests that baiting is not an effective 
sampling method for detecting slow-moving species of the 
Temnothorax genus.

Morphological and genetic identification

Morphological characteristics of all Temnothorax individu-
als (minimum five when more individuals were collected 
per collection site) were examined using a Leica binocular 
microscope (magnification: 30x). Particular attention was 
given to femora coloration (central portions darkened in T. 
nigriceps), overall body color (brown to almost black), and 
head-mesosoma contrast (head distinctly darker than meso-
soma) (Salata & Borowiec 2013).

To confirm the identity of the species, genomic DNA was 
extracted from a single worker per sample (n = 10) using a 
CTAB method (modified from Sambrook & Russell, 2001). 
All samples were Sanger sequenced for a stretch covering 
the mitochondrial genes CO I and II including tLeu (primers 
C1-J-2183 Jerry: 5’-CAA CAT TTA TTT TGA TTT TTTGG-3´ 

/ Cw.3031: 5´-TTTGCMCTW ATC TGCCMTATT-3´). The 
25 µl PCR reaction volume consisted of 12.5 µl buffer with 
Taq DNA polymerase, 9.5 µl ddH2O, 1 µl reverse primer, 
1 µl forward primer (final concentration of 0.5 µM) and 1 µl 
DNA (2–10 ng). PCR consisted of initial denaturation at 
94 °C (4 min), 37 cycles at 94 °C (denaturation, 45 s), 50 °C 
(annealing, 45 s) and 72 °C (elongation, 60 s), and a final 
step at 72 °C (5 min). PCR products were cleaned up using 
the NucleoSpin Gel and PCR Macherey–Nagel’s Clean-
up Kit and sequencing was conducted by LCG Genomics 
GmbH (Berlin, Germany).

Phylogenetic relationships among the mitochondrial hap-
lotypes were based on sequence fragments ranging from 
799 to 1409 bp in length (Genebank accession numbers: 
[PQ672614-PQ672622]). The sequences generated in this 
study were compared with sequences obtained from Gen-
Bank, including 9 Temnothorax species present in Ger-
many and 2 Leptothorax species, covering all morphologi-
cally identified species except T. albipennis, for which no 
sequence was available. T. albipennis, along with T. nigri-
ceps (Mayr), T. tuberum (F.), and T. unifasciatus (Latr.) 
forms a group of closely related species with tendencies for 
hybridization, often co-occurring in the same habitat (Dou-
wes & Stille 1991, Salata & Borowiec 2013). Sequences 
were aligned using default options in MUSCLE v3.8.31 
(Edgar 2004) as implemented in SeaView v4.2.9 (Gouy et al. 
2010). The relationships were evaluated based on a tree con-
structed using the PhyML algorithm with the GTR distance 
without invariable sites, optimized nucleotide equilibrium 
frequencies, and tree-searching operations involving best of 
NNI and SPR.

Results

Among the 10 samples analyzed, five were identified as T. 
nigriceps based on morphological traits, which were subse-
quently confirmed by their mitochondrial DNA sequences 
(Fig. 2). This included one individual collected from the 
species’ natural habitat (sampling site 2 in Fig. 1). T. nigri-
ceps was thus sampled in only four human-made or human-
modified environments (two samples in site 3, one sample 
from site 5 and one sample from site 6, Figs. 1 and 3). The 
five other samples belonged to T. interruptus (site 4), Lep-
tothorax gredleri (site 8), L. acervorum (site 30), and uni-
dentified Temnothorax species (sites 7 and 30—morphologi-
cally similar to T. albipennis). As a result, over the 3 days of 
sampling, the targeted species was recorded only four times, 
indicating either a low density of nests in urban habitats and/
or a relatively hard detection in anthropized environments.

Among the suitable mineral elements investigated, those 
where T. nigriceps was collected probably were most similar 
to the species’ natural habitat (see example in site 2 picture, 
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Fig. 3). These collection sites, except for site 6 (Fig. 3), typi-
cally were older, unprocessed stones with rough, porous sur-
faces and associated vegetation. Two samples were collected 
within 50 m of each other at site 3 (graveyard of the city), in 
the same type of nesting material (Fig. 3).

Discussion

The rare detection of T. nigriceps suggests that it is absent 
from the urban area. The species may be highly selective in 
its habitat requirements and, therefore, may avoid nesting 
in highly transformed mineral surfaces. This result could 
be extended to other species within the genus as none of 
the records of Temnothorax or Leptothorax sp. was from 
material processed by humans. In addition, the presence of 
competing ant species in urban areas, often characterized by 
aggressive behavior and larger colony sizes, may hinder the 
establishment of Temnothorax colonies through competition 
by interference or by direct interaction (Gibb and Hochuli 
2003; Holway and Suarez 2006; Stringer et al. 2009).

Temnothorax species are generally considered predators 
or scavengers (Seifert 2018; Giannetti et al. 2022), but 
some of them can also feed on dropped-off honey dew, 
nectar of floor plants or crushed nuts (Fokuhlet al. 2012). 

In addition, species, such as T. nylanderi, exhibit a limited 
foraging range around their nest (Heinze et al., 1996). T. 
nigriceps, therefore, likely depends on microhabitats offer-
ing sufficient prey or alternative food sources. While the 
presence of suitable nesting sites is essential, the avail-
ability of adequate food resources is another critical factor 
for colony establishment and persistence in urban areas.

The low number of T. nigriceps samples collected in 
urban area during the study period may also be partly 
attributed to a low detection of the nests rather than an 
absence of the species. The relatively small colony size 
and cryptic behavior typical of Temnothorax and Lepto-
thorax species likely contribute to their low detectability 
in complex urban environments. In addition, high ambient 
temperatures (> 30 °C) may have reduced ant activity on 
overheated mineral substrates. Urban areas tend to favor 
ant species adapted to warmer, drier environments (Menke 
et al. 2011), which could influence the distribution of T. 
nigriceps within the city. The possibility of seasonal nest 
displacement in microhabitats with cooler conditions can-
not be excluded. Earlier sampling, such as in early May, 
might have yielded higher detection rates. However, the 
detection of the species in its natural habitat under similar 
high-temperature conditions suggest that the low presence 

Fig. 2  Tree obtained from the COI–COII sequences built using the 
PhyML algorithm with the GTR distance without invariable sites, 
optimized nucleotide equilibrium frequencies, and tree-searching 
operations involving best of NNI and SPR. For all sequences gener-

ated in this study, the associated morphological identification is indi-
cated in green. All other sequences are named with the species ID 
and their GenBank accession number
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of T. nigriceps in urban areas is primarily linked to its 
limited occupation of anthropogenic structures.

Consistent with the previous factors (i.e., urban areas 
providing drier and warmer shelter, and necessity to find 
food resources around the suitable nest material), cem-
eteries could represent refuges for T. nigriceps, offering a 
combination of nesting substrates, vegetation, and water 
resources. These conditions, combined with reduced 
human disturbance, may create favorable habitats for both 
the ants and their nutritional resources. The role of cem-
eteries in maintaining biodiversity within cities is known 
for a large range of taxa (Löki et al. 2019), with previous 
examples in ants (e.g., Klesniaková et al. 2016).

Based on our findings, urban habitats appear to be poor 
substitutes for the natural habitats of Temnothorax nigri-
ceps. A wide utilization of human-modified mineral ele-
ments as alternative shelters to prevent isolation and main-
tain the gene flow between fragmented populations of T. 
nigriceps is, therefore, unlikely. Punctual human-mediated 
dispersal by translocation of nesting material from natural 
habitats, or the use of other, right now unidentified types 
of habitats would be forthcoming more efficient to prevent 
the genetic isolation of the population.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00040- 024- 01009-7.
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Fig. 3  Pictures of the collection sites where Temnothorax or Lep-
tothorax individuals have been collected. Site 2 (top left) is a rock 
located in natural habitat of T. nigriceps. All the other mineral ele-

ments are located in the urban area of Kallmünz, Germany (see Fig. 1 
for the map). The species identified based on mtDNA (or morphology 
for T. albipennis) are indicated below each picture
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