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A B S T R A C T

Species diversity is positively associated with specialisation and complexity of interaction networks and the 
delivery of related ecosystem functions. However, anthropogenic environments, such as urban areas, can have 
altered species diversity which may affect species interaction networks. For example, urban parks can be 
important for supporting bird diversity in cities, but their predatory interactions with arthropods may be weaker, 
along with reduced delivery of ecosystem functions such as insect control or pest removal. Here, in a case study 
of four sites, we compared networks of insectivorous birds and their prey from urban parks and peri‑urban 
forests, using high-throughput DNA metabarcoding of bird faecal samples. We compared prey taxonomical di
versity and composition, and network properties between the two habitats. We built predator – prey networks 
with 50 individual birds of eleven species whose faecal samples returned >100 million sequence reads of 1363 
arthropod zOTUs assigned to 489 species. We found that the diversity of prey was lower in urban parks than in 
forests, and prey composition between urban sites overlapped more and had a lower turnover, indicating a more 
homogeneous prey community, than forest sites. Urban bird – arthropod networks were less specialised, more 
nested and more functionally redundant than their forest counterparts. Our results show a loss of specialisation in 
predator – prey interactions in urban areas as a consequence of increased overlap in prey species among pred
ators. However, given the limited sample size, our reconstructed networks cannot fully characterise the local bird 
assemblages, even though the main species were sampled. Despite the limited scope of inference, the observed 
loss of specialisation could have broader implications for urban ecosystem services, such as insect control, but 
extensive further replication is needed to test these potential consequences.

Introduction

Species interactions are critical determinants of ecosystem functions, 
such as decomposition, nutrient uptake, carbon sequestration or insect 
pest control (Norris, 2012; Oliver et al., 2015). The underlying mecha
nisms are mediated by species traits and roles in ecological networks, for 
example predators and prey in trophic networks (Balvanera et al., 2006; 
Cardinale et al., 2009; Thompson et al., 2012). Not all species contribute 
equally and, in some ecosystems, rare or common species can contribute 
disproportionately to functions (Basile, 2022; Winfree et al., 2015). 
Therefore, understanding the property of species interaction networks 
can inform about the provision of ecosystem functions.

Network properties such as interaction diversity, specialisation and 
complexity are influenced by species diversity, but the consequences of 
changes in species diversity on network properties are not easily 

understood (Hooper et al., 2005; Landi et al., 2018; Larsen et al., 2005). 
For example, the loss of functions in an ecosystem not only correlates 
with the degree of specialisation and number of interactions within the 
network but also with changes in the number of species (Baiser et al., 
2011; Dunne et al., 2002). Changes in species diversity can influence 
interaction networks not only through local differences (at the level of 
alpha diversity), but also through differences in diversity between sites 
(beta diversity), and through differences in the landscape species pool 
(gamma diversity). Such changes can depend on the different environ
mental conditions, especially for anthropogenic environments 
(Aguilar-Trigueros et al., 2017; Cadotte & Tucker, 2017). However, it 
remains unclear how differences in species diversity between natural 
and anthropogenic environments affect species interactions and overall 
network properties.

Anthropogenic alteration of the environment causes homogenisation 
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of biological communities, and in urban areas this process largely de
pends on the degree of habitat heterogeneity that is preserved 
throughout the landscape including peri‑urban habitats (McKinney, 
2006; McKinney & Lockwood, 1999; Sexton & Egerer, 2026). For 
some taxa, such as birds and arthropods, urban conditions often reduce 
the occurrence of specialist species. Consequently, urban assemblages 
tend to be dominated by fewer common, highly adaptable generalist 
species, resulting in less diverse and more homogeneous assemblages 
compared to those in natural, peri‑urban habitats (Hahs et al., 2023; 
Knop, 2016; Morelli et al., 2016). Because of the erosion of urban di
versity, species networks and their specialised interactions can also be 
eroded. At the same time, urban habitats can have higher species rich
ness of certain taxonomic groups, such as trees, than natural habitats 
(Augustinus et al., 2024). In some cases, predator – prey networks, such 
as insectivorous bats and their prey, can even include more species and 
interactions in urban green areas than in the surrounding natural areas 
(Scholz et al., 2025). Hence, the linkages between species diversity and 
network properties are not easily predicted.

Understanding interactions in urban networks is important for pre
serving key functions emerging from predator - prey interactions, which 
consist of insect and pest control, and tree biosecurity. Among the main 
predators of arthropods are birds, which in urban habitats can include 
many insectivorous species (Basile et al., 2025a; Ibáñez-Álamo et al., 
2020, 2024). The diversity and predation rate of birds on arthropods 
tends to increase with urban tree canopy cover, eventually approaching 
that of forests (Basile et al., 2025b; Schillé et al., 2025). However, it is 
not clear whether those interactions are influenced by prey species di
versity and composition, and to what extent predator – prey network 
properties differ between urban and peri‑urban habitats. Studies from 
agricultural habitats, such as orchards, highlighted the role of neutral 
processes, i.e., random encounters of predators and prey that were in
dependent of prey diversity (García et al., 2024). In such cases, the 
overall interaction properties, such as specialisation or number of in
teractions, were driven by the most common bird species 
(Jiménez-Albarral et al., 2025). However, studies in different type of 
networks, such as bird pollinators, suggest that habitat conditions also 
play a role in determining the degree of interaction specialisation 
(Morrison & Mendenhall, 2020). Ultimately, understanding how bird – 
arthropod interactions differ between urban and peri‑urban habitats is 
highly relevant for tree biosecurity, due to the potential role of birds in 
decreasing herbivory rates and disrupting the spill-over of insect pests 
from cities to the surrounding natural areas (Branco et al., 2019; Mills, 
2001; Paap et al., 2017; Theodorou, 2022; Vidal & Murphy, 2018).

Here, we conducted an exploratory case study comparing bird – 
arthropod interactions in paired urban parks and forests with similar 
levels of bird diversity and abundance. We built predator – prey net
works by using high throughput DNA metabarcoding to identify birds’ 
prey from faecal samples. Our objectives were to compare: (1) the 
richness and diversity of the prey communities between habitats, (2) the 
heterogeneity of prey community composition in each habitat, and (3) 
the predator – prey network properties. As we did not measure 
arthropod availability in the two habitats, our case study focused on the 
realised diet of the bird assemblages, which is only a fraction of the 
available arthropod diversity. Thus, we assumed that, although urban
isation can alter arthropod communities, urban parks, with their het
erogeneity of habitats, can still support a wide variety of prey and 
diverse bird assemblages. Therefore, we hypothesised that richness and 
diversity of prey in the realised diet of birds would be similar between 
habitats, but that prey species composition would be different. 
Furthermore, due to the homogenisation of both predator and prey as
semblages, we hypothesised that network properties would differ be
tween habitats, with a loss of interaction specialisation in urban areas. 
Ultimately, while our case study does not allow broader generalisations, 
we aim to provide insights into what differentiates urban predator – prey 
networks from their forest counterparts.

Methods

Bird sampling

We collected faecal samples from birds in urban parks and peri‑ur
ban forests in the cities of Zurich and Lugano (Switzerland) from June to 
August 2024. In each city, we selected one urban and one forest site 
separated by ~3 km with comparable elevation and climate. Forests 
were managed for recreation with no influence of timber removal in the 
surrounding of the sampling sites, except for occasional maintenance 
operations. Urban parks were characterized by large trees and dense 
bushes alternated with open areas covered in grass. Habitat differences 
resulted in bird species composition only partly overlapping between 
urban and forest sites, although overall bird abundance and diversity 
were similar, according to previous findings from the same study areas 
(Basile et al., 2025a). We used 30 m of mist-nets and generic forest bird 
soundscape playbacks to lure and capture birds during the first and last 3 
– 4 h of daylight for a total of nine days at urban sites and fifteen days at 
forest sites (Bibby et al., 2000). We identified the species of each 
captured individual and ringed it with an alphanumeric aluminium ring 
to distinguish individuals, alongside taking several biometric variables 
such as sex, age, wing chord length, tarsus length, fat, muscle and 
weight. We then placed each bird in a single-use paper bag placed inside 
a cotton bag for a maximum of ten minutes to allow for defecation, 
before releasing it (Hoenig et al., 2022). We used sterile cotton buds and 
sterile toothpicks to collect the faecal samples and stored them in 2 mL 
screw-capped tubes filled with 1 mL of ethanol puriss. (Sigma-Aldrich). 
We collected one faecal sample from each individual of tree- and 
shrub-dwelling insectivorous and omnivorous bird species, including 
also those species that may occasionally include insects in their diet, 
such as house sparrows (Brzek et al., 2009). To assess the potential bias 
in species composition arising from species-specific behavioural differ
ences in capture probability, we compared the species composition of 
captured birds with the species composition measured at each site with 
point count surveys (Basile et al., 2025a). The comparison indicated that 
captured bird species overlapped with ~ 35% and 50% of the observed 
bird species at the forest sites of Lugano and Zurich, respectively, and 
with 60% and 80% of the observed bird species at the urban sites of 
Lugano and Zurich, respectively.

Sample preparation, DNA extraction and library preparation

We stored the faecal samples in a refrigerator at − 20 ◦C until DNA 
extraction. We dried faecal samples and then ground them with a swing 
mill (Retsch 400: Qiagen) using two 3-mm metal beads. We isolated 
DNA in four runs using the QIAamp Fast DNA Stool Mini Kit instructions 
for pathogen detection (Qiagen) in a sterile bank. We selected the 
minibarcode CFMRb, which was developed to study the arthropod diet 
of animals and amplifies a 180-basepair (bp) region of the mitochondrial 
cytochrome c oxidase gene (COI) (Jusino et al., 2019). We performed a 
polymerase chain reaction (PCR) using the forward primer LCO1490 
(Folmer et al., 1994) and the reverse primer CO1-CFMRb (Jusino et al., 
2019). We tested each sample in triplicates to account for biases of in
dividual PCR reactions (Huggett et al., 2008). The primers included the 
Illumina adapter overhang sequences, 0–3 ‘N’ spacer regions (Naik 
et al., 2023) and the CFMRb target primers (synthesized at Integrated 
DNA Technologies). Afterwards, we pooled the triplicates of each sam
ple and verified by gel electrophoresis on a 1.5% agarose gel prior to 
purification using the Agencourt AMPure XP system (Beckman Coulter) 
with 0.8x concentration. The index PCR reactions included eight nega
tive control samples of the DNA extraction and the first PCR. We sent the 
library to the Lausanne Genomic Technologies Facility (University of 
Lausanne; https://wp.unil.ch/gtf/) for sequencing on an AVITI bench
top sequencing system (Element Biosciences), where it ran on two lanes.
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Bioinformatics

Bioinformatic analysis was performed at the Genetic Diversity Center 
of the ETH Zurich using a custom pipeline. The base call files were 
reformatted into FASTQ files using the short-read aligner BBmap v39.01 
(Bushnell, 2014). The sequence analysis tool USEARCH v11.0.667 
(Edgar, 2010) was used to perform data cleaning steps. Filtered se
quences were then de-replicated with the algorithm UPARSE (Edgar, 
2013) to obtain unique amplicons and denoised using the UNOISE al
gorithm implemented in USEARCH (Edgar, 2016). Thus, we obtained 
zero-radius Operational Taxonomic Units (zOTUs, also called Amplicon 
Sequence Variant, ASV) discarding singletons and chimeras in the pro
cess. As zOTUs identify all correct amplicon sequences in the dataset 
with differences down to the single nucleotide (Callahan et al., 2017), 
one species might have more than one zOTU assigned. All zOTUs were 
then compared against the reference sequences in the MIDORI2 

database (Leray et al., 2022), predicting taxonomies with the SINTAX 
command implemented in USEARCH. SINTAX predicts taxonomy by 
using k-mer* similarity to identify the top hit in a reference database and 
provides bootstrap confidence for all ranks in the prediction (Edgar, 
2016). We set a minimum threshold of 0.85, against the commonly 
used 0.8, but the real assignments were higher and scored 0.972 for the 
phylum Arthropoda. After analysing the differences in zOTU composi
tion between the two lanes using a permutational analysis of variance 
(PERMANOVA), which showed fully overlapping results (F = 0.04, d.f. 
= 1, p = 1), we merged the samples from the two lanes.

Statistical analysis

Prey taxa filtering and preliminary composition assessment
After the taxonomic classification, we filtered out all zOTUs that 

could not be assigned to at least the taxonomic rank of family, all zOTUs 

Fig. 1. NMDS of bird – arthropod networks for each sampling site in forest (yellow) and urban (purple) habitats of the cities of Lugano (circles) and Zurich (tri
angles). Circles and triangles show individual bird samples while crosses show individual prey. Shaded polygons delineate the convex hull occupied by each network 
in the NMDS space.
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with a read count smaller than that of the negative controls, all single
tons, and all non-arthropods taxa (Deagle et al., 2019; Drake et al., 
2022). We also excluded the taxa Sarcoptiformes, Mesostigmata, Ixo
dida and Collembola that could occur in the samples from non-dietary 
inclusion such as minute-sized arthropods that can be prey of other ar
thropods or can occur on the external body part of birds (Sheppard et al., 
2005).

Before testing for differences between urban parks and forests, we 
evaluated whether the samples from the same habitat were comparable 
between the cities. Thus, we performed a permutational multivariate 
analyses of variance (PERMANOVA) on the prey communities to assess 
differences between cities nested within habitats. We compared pred
ator – prey networks using bird individuals and prey, at the four taxo
nomic ranks of zOTU, species, genera and families. We weighted prey 
occurrence by sequence read counts and scaled them using Aitchison 
distances that are based on centered log-ratio transformation adapted to 
sparse matrices including many zeros, typical of metabarcoding data 
(Aitchison et al., 2000; Martino et al., 2019). We performed PERMA
NOVAs with 1000 permutations with the R package ‘vegan’ and 
visualised the bird – arthropod networks with non-metric multidimen
sional scaling (NMDS) (Mcardle & Anderson, 2001). As we did not find 
significant differences in prey composition at all taxonomic ranks (FzOTUs 
= 1.13, p = 0.36; Fspecies = 0.91, p = 0.46; Fgenus = 1.89, p = 0.06; Ffamily =

1.14, p = 0.33), we assumed that samples of prey assemblages were 
comparable and could be further analysed (Fig. 1).

Prey diversity and composition analysis
We estimated species richness and diversity of prey in urban parks 

and peri‑urban forests with rarefaction and extrapolation techniques to 
standardise by sample coverage. We assessed the alpha and gamma di
versity of prey at four taxonomic ranks (zOTU, species, genus and 
family) employing a diversity decomposition approach based on Hill 
numbers of order q = 0, 1 and 2, which correspond to species richness, 
Shannon diversity and Simpson diversity, respectively (Chao, Chiu et al., 
2014; Chao et al., 2023). To assess the heterogeneity of prey composi
tion in each habitat, we used the same rarefaction and extrapolation 
approach to calculate beta diversity and its decomposed components of 
non-overlap and turnover metrics using Jaccard-type dissimilarities 
(Chao & Ricotta, 2019). We considered that bird assemblages could 
differ in prey species composition and number of individuals, although 
they included the same number of predator species (8) for each habitat. 
To overcome those differences, we weighted prey taxon occurrence by 
the number of zOTUs, as a proxy of abundance that is independent of 
PCR amplification bias, and compared estimates at sample coverage of 
0.9, for all diversity metrics. The overall diversity analysis was per
formed with the R package ‘iNEXT.beta3D’ (Chao et al., 2023).

Predator - prey network analysis
To compare predator – prey network attributes between habitats, we 

measured functional complementarity (FC), interaction specialization 
(H2’), niche overlap (NO), and weighted nestedness (wNODF) 
(Almeida-Neto et al., 2008; Blüthgen et al., 2006; Burgos et al., 2007; 
Devoto et al., 2012; Memmott et al., 2004). We used these indices to 
measure the network properties considering the entire bird assemblages 
and the four taxonomic ranks of prey. We measured the distribution of 
interactions across prey (FC), the selectivity of interactions between bird 
assemblages and prey (H2’), the overlap in the resource use among bird 
assemblages within habitats (NO), and the number of shared in
teractions between bird assemblages and prey (wNODF). We weighted 
data by interaction frequency to account for potential sampling bias 
(Blüthgen et al., 2006; Dormann et al., 2009). We used both sequence 
read counts or the simple frequency of zOTUs for each prey taxon for the 
analysis, but the two metrics returned almost identical results 
(Figure S1), hence we adopted only the first one.

To assess how much the observed network were specific to each 
habitat, we tested them against null models that assumed an equal 

probability of interactions for all species (Vázquez et al., 2009). We 
considered that our empirical measures could be significantly larger or 
smaller than the null models, which would indicate that some properties 
were different than expectations. For instance, an observed H2’ higher 
than the null model would indicate that some prey were selected by 
some predators more often that the expectations. In addition, we also 
looked at differences in predictions between habitats. We used z-scores 
for testing the network indices against 1000 simulated null networks 
and used a two-tailed z-test (p < α; α = 0.05).

Due to the larger size of the urban samples, we performed a sensi
tivity analysis to determine whether differences in network properties 
were driven by sample size. We downsampled urban networks randomly 
ten times and analysed them in the same way. Null models were also 
recalculated for the downsampled networks. The sensitivity analysis is 
reported in the supporting information (Figure S1) and indicated that 
sample size only marginally influenced one network index, with no in
fluence on all others. Network analyses were performed with the R 
package ‘bipartite’ (Dormann et al., 2009).

Results

We collected 18 faecal samples in forests and 32 in cities (Table 1). 
Among the most abundant bird species, we caught 18 blackcaps (Sylvia 
atricapilla), ten great tits (Parus major), and seven European robins 
(Erithacus rubecula). The initial list of prey taxa was derived from 
131,102,554 sequencing reads and included 1363 zOTUs, of which 803 
were assigned to 489 species (Fig. 2). Of those prey species, 229 were 
found in forest and 341 in urban habitats, with 81 species found in both 
habitats (Fig. 2). The predator – prey network of urban habitats included 
more prey species than its forest counterpart, though both included the 
same number of predator bird species (Fig. 3).

Rarefaction and extrapolation analysis of prey assemblages indicated 
that sample coverage differed between the two habitats - with 0.66 
(range 0.3 – 0.93) in forests and 0.81 (range 0.6 – 0.95) in urban hab
itats. Standardised estimates of alpha and gamma richness (q = 0) at 
90% of the sample coverage showed overlap between habitats for the 
taxonomic ranks of family, genus and species. In contrast, Shannon and 
Simpson diversity were significantly higher in forests (Fig. 4). Particu
larly for the species rank, the decrease with Hill numbers in alpha and 
gamma diversity of prey was more pronounced in urban habitats than in 
forests (forest: αq=0 = 236.5 ± 22 SE, αq=1 = 116.4 ± 8.7 SE, αq=2 = 37.1 
± 4.5 SE; urban: αq=0 = 272.9 ± 16.6 SE, αq=1 = 68.8 ± 4.1 SE, αq=2 =

12.7 ± 1.1 SE; forest: γq=0 = 399 ± 36.9 SE, γq=1 = 181.5 ± 13.9 SE, γq=2 
= 57 ± 6.6 SE; urban: γq=0 = 414.6 ± 22.6 SE, γq=1 = 94.5 ± 5.7 SE, γq=2 
= 15.2 ± 1.3 SE). The estimates at the zOTU rank showed only a higher 
alpha Simpson diversity in forests, whereas gamma richness of zOTUs 
was significantly higher for urban habitats. Beta diversity, including 
non-overlap and turnover, showed mostly overlapping results across Hill 

Table 1 
Bird species and number of individuals captured at each site.

Species Lugano Zurich

Common name Scientific name Forest Urban Forest Urban

Short-toed 
treecreeper

Certhia 
brachydactyla

​ 1 ​ ​

European robin Erithacus rubecula 2 1 4 ​
Eurasian jay Garrulus glandarius 2 1 ​ ​
Great tit Parus major 1 7 ​ 2
House sparrow Passer domesticus ​ ​ ​ 2
Common chiffchaff Phylloscopus 

collybita
​ ​ ​ 1

Marsh tit Poecile palustris ​ ​ 1 ​
Eurasian blackcap Sylvia atricapilla ​ 7 2 9
Euraisan wren Troglodytes 

troglodytes
​ ​ 2 ​

Common blackbird Turdus merula 2 ​ 1 1
Song thrush Turdus philomelos ​ ​ 1 ​
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numbers and between habitats (Fig. 4). Shannon beta diversity of family 
and Simpson beta diversity of species were higher in forests, while beta 
richness and Shannon beta diversity of zOTUs were higher in urban 
habitats.

Urban networks were more redundant (FC) than forest networks for 
all taxonomic ranks (Fig. 5) and both urban and forest network were 
more redundant than the null model expectations (FCurban: zspecies =

6.11, p < 0.001; FCforest: zspecies = 6.32, p < 0.001; similar p values for 
zOTU, genus and family ranks). Urban networks were also less speci
alised (H2’) than forest networks (Fig. 5). However, urban networks 
were significantly more specialised than null model expectations for 
family, genus and species ranks (H2’urban: zspecies = 4.18, p < 0.001; 
similar p values for genus and family ranks), while they were signifi
cantly less specialised for zOTUs (H2’urban: zzOTU = − 6.2, p < 0.001). For 
forest networks, the H2’ index for family was more specialised than 
expectation, whereas genus, species and zOTUs were within the null 
model expectations. Niche overlap (NO) was higher in urban than in 
forest networks for all taxonomic ranks (Fig. 5). In both urban and forest 
networks, niche overlap of prey species, genera and families was lower 
than null model expectations (NOurban: zspecies = − 8.41, p < 0.001; 
similar p values for genus and family ranks), while the niche overlap in 
prey zOTUs was within null model expectations. Niche overlap of urban 
networks was also higher than forest null networks at all taxonomic 
ranks except family. Urban networks were more nested (wNODF) than 
forest networks (Fig. 5). The comparison with null models indicated that 
urban prey families, genera and species were less nested than expecta
tions (wNODFurban: zspecies = − 2.55, p < 0.01; p < 0.05 for genus and 
family ranks), but prey zOTUs were more nested than expectations 

(wNODFurban: zzOTU = 3.67, p < 0.01). Only for the family rank, urban 
networks were similar in wNODF to forest null networks. The sensitivity 
analysis confirmed all comparisons except for functional complemen
tarity. FC was lower for the downsampled urban network, but still 
significantly higher than forest networks (Figure S1).

Discussion

In this case study, we compared predator – prey networks from urban 
parks and peri‑urban forests. Our findings indicated that the diversity of 
prey in urban parks was lower for all taxonomic ranks, despite the 
species richness was similar. Contrary to our hypothesis, the prey 
community of urban parks showed particularly lower Simpson diversity, 
which assigns more weight to highly abundant species (Chao, Gotelli 
et al., 2014). We also found that the beta diversity of prey species was 
lower in urban birds, in agreement with our hypothesis, indicating that 
their diet was more homogeneous than that of forest birds. The lower 
diversity of urban prey was also reflected by a decline in network 
properties with higher functional complementarity, niche overlap and 
number of shared interactions, and lower interaction specialisation, 
which aligned with our hypothesis. Altogether, our findings indicated 
that, within our case study, urban predator – prey network are less se
lective and more homogeneous than forest networks.

Our findings are partly expected as urbanisation decreases the di
versity of arthropods (Fenoglio et al., 2020). Thus, urban bird diets were 
more similar among individuals and sites than forest diets, in spite of 
potential geographic differences. The presence of non-native plants and 
non-native insects in urban habitats may have affected the results, as 

Fig. 2. Equidistant phylogenetic tree of prey species, with the most diverse orders in blue-shaded highlight (anticlockwise from the tree root): Araneae, Hemiptera, 
Coleoptera, Lepidoptera, Hymenoptera, Diptera. The tree was generated using NCBI taxonomy. The colours of ‘Habitat’ indicate whether the prey species was 
identified from faecal samples of birds from forest, urban or both habitats. The colours for ‘N. bird species’ indicate how many species of birds included the given prey 
in their faecal samples.
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those are known to negatively affect bird predation rates, due to 
sub-optimal habitat condition for both predators and prey (Basile et al., 
2025a; Jarrett et al., 2020; Narango et al., 2018). This may result in 
birds narrowing their choices to the most abundant prey. As birds can 
have different degrees of prey selectivity, the diversity of their prey is 
not necessarily related to the diversity of available arthropods. We 
acknowledge that some differences could have been driven by different 
availability of arthropod species between habitats, yet the standardised 
diversity estimates indicated that the diversity of prey was lower for 
urban birds. We note that we restricted the sampling to tree-dwelling, 
insectivorous species to enhance comparability between habitats.

In line with that, we found urban predator – prey networks to be less 
specialised and with more redundant interactions than forest ones. 
Higher generalisation in urban habitats has been observed for plant- 
hummingbird pollinator and plant-frugivore bird networks before 
(Maruyama et al., 2019; Schneiberg et al., 2020). However, a decrease in 
specialisation is usually driven by a loss of specialist predators, while in 
this study we found a loss of selectivity associated with lower prey di
versity even if the predator assemblage did not include true specialists 
and partly overlapped between habitats. Studies on interspecific 
competition usually found higher niche segregation among co-existing 
insectivorous birds in natural and semi-natural conditions with high 
diversity of prey (Bumelis et al., 2022; Mansor et al., 2022). That is, 
more overlap and redundancy with less prey diversity. Accordingly, 
when going from peri‑urban forests to urban areas, we found higher 
overlap and redundancy with a decline in prey diversity.

These findings suggest that in the urban habitats there was an in
crease in random prey encounters, which were likely driven by very 
abundant prey. Similar patterns have been observed in other habitats, 
where different insectivorous bird species shared a wide range of prey 
(Orłowski & Karg, 2013; Zurdo et al., 2023). Although not in urban 
conditions, similar homogenisation of predator – prey interactions have 
been observed with increasing agricultural cover for both bird and 
arthropod predators (da Silva et al., 2024; Riggi et al., 2017). However, 

some network properties were different than null model expectations, 
suggesting that the homogenisation of predator – prey interactions in 
urban habitats was milder than expected.

We acknowledge several limitations inherent to the design and 
sample size of this case study. First, our inferences are based on four sites 
and a relatively small number of faecal samples, which represents a low 
sampling effort compared to broader ecological network studies. Sec
ond, because a faecal sample represents a snapshot of an individual 
bird's diet, we could only partly characterize their entire diet and in
teractions with prey. Third, comparisons with point counts revealed an 
incomplete representation of the local bird assemblages in our mist- 
netting data, with some true specialists (such as woodpeckers) going 
entirely unsampled (Basile et al., 2025a). Consequently, we cannot 
exclude the possibility that the reconstructed networks in this study do 
not fully characterize the complexity of the underlying complete pred
ator – prey networks. While our sensitivity analysis suggests we may 
have only slightly overestimated the functional complementarity of 
urban networks due to uneven sampling between habitats, the low 
number of sites dictates that our findings cannot be generalised beyond 
this specific study system without further replication.

Neutral processes are known to drive the delivery of functions in 
several species networks. For example, pest control services in experi
mental settings tend to be driven by the most abundant predators (Mei 
et al., 2024). Similarly, crop pollination is driven by the most abun
dant pollinators under agricultural intensification (Kleijn et al., 2015). 
Therefore, the decline in specialisation that we observed in urban net
works may have broader implications for ecosystem functioning, though 
testing these outcomes was beyond the scope of this case study.

Conclusions

In conclusion, this case study provides preliminary evidence that 
urban predator – prey networks may be more homogeneous and less 
specialised than those in peri‑urban forests. However, these results must 

Fig. 3. Predator – prey networks of forest and urban habitats. Bar size and edge colours indicate the number of arthropod species included in each habitat, species of 
bird faecal sample or arthropod order.
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be interpreted with caution. To determine whether the patterns 
observed here extend beyond this specific system, future research should 
undertake greater replication across multiple urban – forest paired sites 
and include more extensive within-site dietary sampling. Changes in 
network properties may also depend on individual shift in dietary 
preferences between habitats. Although our study was not designed for 
testing this, future research could aim at collecting more samples from 
the same species in both habitats to better understand potential causes of 
shifts.

Furthermore, to disentangle the mechanisms driving these network 
shifts, future studies should directly quantify prey availability and 
incorporate measurements of habitat structure, such as canopy cover 
and microhabitat availability. Urbanisation is often studied as a gradient 
of increasing disturbance and habitat change (Sol et al., 2014), while our 
findings are from a country with a fairly nuanced urbanisation pressure. 
Therefore, future studies could expand the scope of research beyond 
comparison between habitats and to other variables describing habitat 
structure.

Fig. 4. Alpha, beta and gamma diversity of prey assemblages of forest (yellow circles) and urban (purple triangles) birds. Beta diversity is shown also with its 
Jaccard-type non-overlap and turnover metrics. Circles and triangles show mean diversity estimates and solid lines 95% confidence intervals for a standardised 
sample coverage of 90%. Horizontal dashed lines show the observed diversity values, for which the sample coverage was above 90% in some cases. Estimates are 
shown for four taxonomic ranks of prey and for different Hill numbers q = 0, 1, 2, which represent different weights that species abundances have in the diversity 
calculation and correspond to species richness (q = 0), Shannon diversity (q = 1), and Simpson diversity (q = 2).
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If the findings of this case study hold true more broadly, they support 
hypotheses from previous studies suggesting that preserving forest-like 
characteristics in urban green spaces could promote species interac
tion heterogeneity (Basile et al., 2025b; Schillé et al., 2025). Maintain
ing complex, specialised predator – prey interactions in cities might 
ultimately be important for supporting ecosystem functions such as tree 
biosecurity and insect pest control, but verifying the direct delivery of 
these functions remains a critical endeavour for future research.
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Fig. 5. Urban (purple) and forest (yellow) network indices measured for predator – prey interactions and simulated with 1000 null models. Dots and squares indicate 
the observed values for forest and urban habitats, respectively. The density curves indicate the distribution of the expected values from the null models. The black 
lines show the 95% density distribution. FC = functional complementarity; H2 = specialisation index; NO = niche overlap; wNODF = nestedness.
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Insectivore diet and abundance determine the contribution of bird species to services 
and disservices in an agricultural ecosystem. Ornithological Applications, 127(2). 
https://doi.org/10.1093/ornithapp/duaf006

Jusino, M. A., Banik, M. T., Palmer, J. M., Wray, A. K., Xiao, L., Pelton, E., Barber, J. R., 
Kawahara, A. Y., Gratton, C., Peery, M. Z., & Lindner, D. L. (2019). An improved 
method for utilizing high-throughput amplicon sequencing to determine the diets of 
insectivorous animals. Molecular Ecology Resources, 19(1), 176–190. https://doi.org/ 
10.1111/1755-0998.12951

Kleijn, D., Winfree, R., Bartomeus, I., Carvalheiro, L. G., Henry, M., Isaacs, R., Klein, A.- 
M., Kremen, C., M’Gonigle, L. K., Rader, R., Ricketts, T. H., Williams, N. M., Lee 
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