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ABSTRACT

Camera traps are extensively used to monitor medium- and large-bodied mammals, but the avian bycatch they generate remains
largely untapped in biodiversity assessments. This underuse is particularly evident in urban ecosystems, despite the growing
application of camera trapping in cities. Here, we evaluated the ecological value of bird detections obtained opportunistically
from camera traps by comparing them with standardized point count surveys conducted in 2023-2024, across the metropolitan
area of Firenze, central Italy, and explored their potential to indicate broader urban biodiversity patterns through cross-taxa rela-
tionship with mammal richness. Combining both methods, we recorded 72 bird species, with camera traps detecting two-thirds
of total richness. Bird species richness estimated from camera traps was strongly and positively correlated with richness derived
from point counts across sampling stations, indicating that camera-trap bycatch captures consistent spatial patterns in avian
diversity. Bird communities detected by the two methods showed a high degree of species overlap (70%), although modest but
significant differences in community composition were observed, reflecting method-specific detection biases. Using camera-trap
data, we detected a positive association between mammal and bird richness values across sites. This relationship was confirmed
after accounting for variation in sampling effort and seasonal effects, suggesting that local areas supporting a higher diversity of
birds also tend to support a richer mammal community. Overall, our results show that avian bycatch from camera traps provides
meaningful information on bird diversity and complements traditional survey methods, while also offering potential insights
into multi-taxon biodiversity patterns. Repurposing existing camera-trap datasets can therefore enhance the efficiency and tax-
onomic breadth of urban biodiversity monitoring programs.

1 | Introduction et al. 2023). Technological approaches have progressively com-

plemented and, in some cases, integrated traditional wildlife
The use of technology for the remote monitoring of wildlife has monitoring methodologies (Fonturbel et al. 2020). Among these
been widely adopted for several decades and has undergone tools, camera traps have become one of the most used non-
considerable development over time (Green et al. 2020; Chanev invasive techniques for biodiversity monitoring, particularly
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for terrestrial vertebrates (Burton et al. 2015). Camera trapping
has been employed predominantly to study medium- and large-
sized mammal communities worldwide, providing valuable
information on species occurrence, activity patterns, and com-
munity structure (Rovero and Zimmermann 2016), eventually
supporting conservation (Rovero and Kays 2021).

However, camera traps are inherently non-selective and are
therefore capable of recording other taxonomic groups, including
birds. Despite this, camera trapping is generally not considered
an appropriate or comprehensive method for avian monitoring,
although it has proven useful in some studies targeting specific
bird groups (Fonturbel et al. 2020). Camera traps are likely to
undersample many bird species. This limitation is particularly
evident for species that primarily fly at higher vertical layers,
inhabit the forest canopy, or exhibit elusive or highly specialized
behaviors that reduce their probability of detection by ground-
based cameras (O' Brien and Kinnaird 2008). Nevertheless,
camera traps have been used in avian studies within specific
ecological and methodological contexts, as to investigate the be-
havior of individual bird species (e.g., Ribeiro-Silva et al. 2018;
Mori et al. 2021; Viviano, Lazzeri, et al. 2025), or to detect partic-
ularly rare or cryptic species, such as certain ground-dwelling or
elusive birds for example, the critically endangered black-naped
pheasant-pigeon Otidiphaps insularis, which was lost to science
for 126 years before being rediscovered (Gregg et al. 2024). Yet,
camera traps may also be used to monitor nests, breeding colo-
nies, or sites where bird presence is already known and tempo-
rally predictable (Bird et al. 2022; Kiat et al. 2025).

Outside these targeted applications, camera-trapping surveys
frequently yield opportunistic records of bird species that are
often overlooked or excluded from analyses. In contrast, avian
communities are typically monitored using established tradi-
tional techniques such as point counts, distance sampling, direct
observations, or passive acoustic monitoring (Bibby et al. 2000;
Fraissinet et al. 2023). While these methods are specifically de-
signed to detect birds and are generally more effective, opportu-
nistic bird records obtained from camera traps may still provide
valuable ecological information, although their consistency and
comparability with traditional methods may differ. For example,
arecent study conducted in tropical forests found no correlation
between the number of species recorded by camera traps and
traditional point counts, suggesting that camera trapping has
little potential to replace standard bird survey methods in for-
ested habitats (Herndndez-Ayala et al. 2025). In another study
in forested habitats, camera traps used to assess understory bird
diversity, provided results comparable to acoustic survey meth-
ods, suggesting it can be used as a complementary method to
improve species richness estimations, at least for specific groups
(Fonturbel et al. 2020).

Opportunistic bird ancillary from camera traps may contribute
to a better understanding of local avian assemblages, especially
in specific environmental contexts where traditional monitoring
methods are difficult to apply. Urban and metropolitan environ-
ments represent one such context. In these areas, several charac-
teristics of the urban landscape can influence the effectiveness
of bird-monitoring programs. Anthropogenic noise generated
by traffic, industrial activities, and human presence may inter-
fere with acoustic surveys, reducing the detectability of vocal

species (e.g., Giuliani et al. 2024; Santos et al. 2024; Arzberger
et al. 2025). At the same time, built infrastructure can obstruct
lines of sight and limit the effectiveness of visual observations.
Consequently, obtaining comprehensive information on urban
bird assemblages may require the integration of complementary
monitoring approaches.

Beyond their effects on sampling, urban environments also shape
biodiversity patterns (Angold et al. 2006). Urbanization modifies
landscape structure and ecological processes, influencing com-
munity composition, species richness, and the distribution of
resources (e.g., Lowry et al. 2013; Herrera et al. 2021; Fraissinet
et al. 2023; Alba et al. 2025; Mori et al. 2025). Metropolitan areas
may favor a subset of urban-adapted species or attract certain
species in specific urban features, such as green spaces, artifi-
cial wetlands, or areas characterized by urban heat islands, per-
manent water availability, and predictable food resources (Mori
et al. 2025). Furthermore, cities are recognized as important
hotspots for the introduction and establishment of non-native
and invasive bird species, whether through intentional releases
or accidental introductions (Viviano, Ancillotto, et al. 2025). In
this context, camera trap records may contain important yet
underexploited information on bird species occurring in urban
and peri-urban landscapes. Although not designed for avian
surveys, these data may nonetheless offer insights into species
presence, habitat use, and community composition.

In this study, we aimed to investigate the complementarity of
camera traps and point counts in the monitoring of urban bird
communities, assessing whether their integration can improve
the completeness and reliability of biodiversity assessments in
urban environments. Specifically, our first objective was to as-
sess whether bird richness recorded as opportunistic bycatch in
camera traps correlates with bird richness estimated through
traditional point counts, testing whether camera-bycatch data
can serve as a reliable proxy for avian diversity. While simi-
lar approaches have been applied in natural landscapes, such
as monitoring understory birds in forest habitats (Fonttrbel
et al. 2020), this method remains uncommon, with limited in-
formation available, and to our knowledge it has not yet been
explored in urban environments. Our second objective was to
explore cross-taxa patterns by determining whether sites with
higher bird richness recorded by camera bycatch also exhibit
higher mammal richness, providing insights into the potential
of using bird richness as an indicator of broader urban biodiver-
sity. Together, these objectives allow us to evaluate the utility
of camera traps for multi-taxa biodiversity assessments and to
evaluate possible co-occurrence patterns of birds and mammals
in urban ecosystems.

2 | Materials and Methods
2.1 | Study Area

We conducted our study in the metropolitan area of Firenze
(central Italy), encompassing 11 municipalities (Firenze, Sesto
Fiorentino, Calenzano, Campi Bisenzio, Fiesole, Impruneta,
San Casciano Val di Pesa, Scandicci, Lastra a Signa, Empoli and
Bagno a Ripoli; Figure 1). The area is generally medium-flat
(~180ma.s.l.), with some municipalities featuring medium-hilly
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FIGURE1 | Location of the 38 camera-trap and point count stations (yellow dots) of the monitoring conducted in the metropolitan area of Firenze
(indicated by the asterisk—central Italy) between March 2023 and May 2024.

terrain above 200ma.s.l. Land cover is dominated by human
settlements, followed by urban parks and cultivated areas, in-
cluding gardens, olive groves, and vineyards. Riverine habitats
along the Arno, Mugnone, Zambra and Pesa rivers are mainly
composed of Populus nigra L., Populus tremula L., and Salix
alba L., while urban forests are dominated by Populus nigra L.,
Quercus ilex L., Q. cerris L., and Robinia pseudoacacia L. (Mori
et al. 2025).

2.2 | Camera Trapping

Camera-trap surveys were conducted across the Firenze
metropolitan area under the appropriate authorizations
(Fondazione Capellino Project “Monitoring and Mitigation of
Climate Change and Promotion of Biodiversity: the Florence
Model”, Prot. No. 26581/2023; Municipality of Calenzano, Doc.
140520/2023; Municipality of Sesto Fiorentino, Prot. Comunale
No.22101/2023), in the framework of the NRPP Project “National
Biodiversity Future Center”, Spoke 5, Urban Biodiversity. To
comply with national and European privacy regulations (Italian
Legislative Decree 196/2003 and EU Regulation 2016/679),
informative panels were installed at park entrances (see Mori
et al. 2025). Camera traps were strategically deployed along
animal paths and fence openings, while avoiding narrow trails
where incidental human captures were unavoidable (Herrera
et al. 2021). The observed variation in camera trap effort among
stations was mainly due to the premature removal of some cam-
eras. Some cameras were removed earlier either because they
were stolen or because they captured images of people in situ-
ations that raised privacy and ethical concerns, making con-
tinued monitoring at those sites inappropriate. Consequently,
deployment duration varied substantially among stations. To
further minimize disturbance and ensure privacy, cameras were
placed away from roads and never oriented toward residential
windows. In areas with potential human presence, camera
traps were installed at knee height to reduce the likelihood of

capturing identifiable images of human faces (Gelmi-Candusso
et al. 2023).

A total of 38 camera-trap stations (Browning SpecOps) were
deployed across the study area (Figure 1). The selection of the
camera-trap stations followed a standardized sampling design
based on a 1x1km grid overlaying the Firenze metropolitan
area. Sampling cells were then chosen to maximize represen-
tativeness across all size-fragmentation classes, ensuring cov-
erage of the full gradient of urban green space configurations
(Dondina et al. 2025). One camera trap was placed within each
selected cell, at an opportunistically chosen location within the
cell where a green area (e.g., an urban park, tree-lined street, or
grassy margin) was present and where the passage of a wildlife
species was considered more likely (Mori et al. 2025). Cameras
were mounted approximately 30-80cm above ground and op-
erated continuously, 24h per day, recording one 60-s video per
detection event with a 5-s delay between successive recordings.
Stations were spaced at least 800m apart to reduce spatial au-
tocorrelation and the risk of pseudoreplication (O Connell
et al. 2011). Camera traps operated year-round from March 2023
to May 2024 (mean number of working days=73 +30.15days,
standard deviation; range: 29-194 days; n=38) and remained
unattended between weekly checks, during which data were
downloaded and batteries replaced. All video recordings in
which species could not be reliably identified (4.3% of total re-
cords) were excluded from analyses. To further minimize tem-
poral pseudoreplication, detections of the same species at the
same station occurring within a 30-min interval were pooled
into a single observation (Monterroso et al. 2014).

2.3 | Point Count Surveys
To assess spatial variation in bird species composition across

camera-trap stations, we employed the point count method, a
widely used approach for monitoring avian populations and
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community structure (Ralph et al. 1995; Diefenbach et al. 2003).
During each point count, the observer records all bird species de-
tected visually or acoustically from a fixed location within a pre-
defined time interval (Ralph et al. 1995; Diefenbach et al. 2003).
At each station, point count surveys were conducted twice per
season (one at the beginning and one at the end) throughout the
year, with surveys carried out in the morning (6:00-9:00 AM)
and the evening (20:00-22:00 PM) accounting for seasonal vari-
ation in dawn and dusk. Each survey lasted 30 min; thus, each
location was sampled for 4h over the year. To reduce observer
bias and improve detection accuracy, a team of three experi-
enced observers conducted each survey during both sampling
replicates per station.

2.4 | Statistical Analyses

All analyses were conducted in R (R version 4.3.1; R Core
Team 2024). Two datasets were compiled. The first integrated
camera-trap and point-count records to characterize bird spe-
cies diversity at each station. The second, based exclusively
on camera-trap data, included all vertebrate detections, with
each event documented by date, time, site, season, species iden-
tity, and number of individuals. To quantify species richness,
defined as the number of unique species, we first calculated
site-level richness by counting the number of unique species
per site for both birds and mammals. The number of unique
trapping days per site (WorkingDays) was computed to correct
for variation in sampling effort across sites. These richness
estimates were then used to explore potential relationships
between mammal and bird diversity, allowing us to assess
cross-taxon associations in species richness within the study
area at different levels.

For the first dataset, to assess the consistency between sampling
methods, we evaluated the relationship between bird species
richness derived from camera trapping and point count surveys
across stations. Pairwise correlation between methods was quan-
tified using Pearson's correlation coefficient, retaining zero val-
ues to avoid bias associated with the exclusion of true absences
(NA). In addition, Spearman'’s rank correlation was computed as
a robustness check against potential deviations from normality.
Statistical significance was assessed using standard correlation
tests (p-value set at 0.05). Moreover, to assess whether bird com-
munity composition differed between sampling methods, we
followed the approach used by Fonturbel et al. (2020) and com-
pared assemblages detected by camera traps and point counts
using a permutational non-parametric approach. For each site
and sampling method, species occurrence data were encoded as
binary matrices (1 =presence, 0 =absence).

Differences in community composition between sampling
methods were tested using a two-way Analysis of Similarities
(ANOSIM) implemented in the vegan package in R and using
the Bray-Curtis dissimilarity index (Clarke 1993; Fonturbel
and Jiménez 2014; Fonturbel et al. 2020). The sampling method
(camera trap vs point count) was used as the grouping factor.
ANOSIM was performed with 9999 permutations to estimate
the significance of the observed R statistic. Rows containing
no species records were excluded prior to analysis to avoid un-
defined dissimilarities. The ANOSIM R statistic ranges from

—1 to +1, with values close to zero indicating little separation
between groups, higher positive values indicating increasing
compositional differentiation, and negative values indicating
that within-group dissimilarities exceed between-group dis-
similarities. In addition, following Fonttrbel et al. (2020), to
quantify overall similarity in species composition between
methods, we calculated the Serensen similarity index (QS)
based on total species richness detected by each method as fol-
lows: Q.S =2C/A+B, where A and B represent the total number
of species detected by camera traps and point counts, respec-
tively, and C is the number of species detected by both meth-
ods. The Serensen index ranges from 0 (no shared species) to 1
(identical species lists).

For the camera-trap dataset, we initially tested the relationship
between bird and mammal richness using Spearman’s rank
correlation. To further investigate these relationships while ac-
counting for overdispersion and hierarchical structure, we fitted
generalized linear mixed models (GLMMs; Zuur and Ieno 2016).
First, we explored the overall relationship between bird and
mammal species richness using a negative binomial general-
ized linear model on site-level richness values. We then fitted a
GLMM (family =negative binomial) using the glmmTMB pack-
age (Magnusson et al. 2017), including mammal species richness
as response variable, bird richness, season and sampling effort
(camera-trap working days) as covariates and site identity as a
random effect to account for repeated seasonal measurements.
All numeric predictors were scaled to facilitate model conver-
gence. In all modeling approaches, model fit was evaluated
using the Akaike Information Criterion (AIC) and the Bayesian
Information Criterion (BIC). Overdispersion was assessed using
the Pearson chi-square statistic divided by the residual degrees of
freedom. Fixed-effect parameter estimates were evaluated using
Wald z-tests, and 95% confidence intervals were calculated to as-
sess the precision of effect estimates. Predicted values for plotting
were generated by marginalizing the random effect. Graphs were
produced using ggplot2 (Wickham 2011) and ggeffects (Liidecke
et al. 2020) packages.

3 | Results

3.1 | Comparison of Bird Species Richness
Between Survey Methods

Seventytwo bird species were recorded when combining cam-
era trap and point count data. Birds were detected in 33 of the
38 sampling stations. The five stations without bird detections
were: Bagno a Ripoli, Cascine, Fonte Mezzina, Ponte all'Indiano
2 and San Casciano 2. Camera traps detected 48 species (66.6% of
total richness), whereas point counts recorded 63 species (87.5%).
Thirty-nine species were detected by both methods, while 24 spe-
cies were unique to point counts (mostly high-flying or canopy
species) and 9 species were unique to camera traps (Table S1). A
strong and statistically significant positive correlation was found
between species richness estimated using camera traps and point
count surveys across all sampling stations (Pearson's correlation:
r=0.76, t=7.10, df=36, p<0.001; 95% CI=0.58-0.87), indicat-
ing a consistent positive relationship between the two methods.
Spearman'’s rank correlation was moderate and positive (p=0.57,
p<0.001), confirming the association while accounting for
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non-normality and tied values. Overall, sites with higher species
richness opportunistically detected by camera traps also tended to
have higher richness values from point count surveys.

Bird communities sampled using camera traps and point counts
showed a high degree of species overlap, with a Serensen sim-
ilarity index of QS=0.703, indicating that approximately 70%
of species were shared between the two methods. Despite this
high similarity, ANOSIM revealed a statistically significant dif-
ference in community composition between sampling methods
(Bray-Curtis dissimilarity; R=0.107, p=0.0001, 9999 permu-
tations). The relatively low R value indicates that differences
between methods were modest in magnitude but consistent
across sites, resulting in a significant separation of assemblages.
Camera traps and point counts largely detected overlapping bird
communities while still differing in the detection of a subset of
species.

3.2 | Camera-Trap Detections and Cross-Taxon
Richness Patterns

Across 38 sampling stations, camera traps recorded a total of
7883 detections of birds and mammals during the study period.
Birds accounted for 1110 detections (14.0%), while mammals
represented the majority of records (6762 detections). An addi-
tional eleven detections involved non-target taxa (common toad
Bufo bufo, American pond slider Trachemys scripta, and Italian
wall lizard Podarcis siculus), which were excluded from subse-
quent analyses. In total, 71 species were identified, including 48
bird species and 23 mammal species. Among birds, the mallard
Anas platyrhynchos was the most frequently detected species
followed by the Eurasian blackbird Turdus merula and the song
thrush Turdus philomelos, whereas coypus Myocastor coypus
and wild boar Sus scrofa were the most commonly recorded
mammals, besides humans (Figure 2).

Birds

Mallard -

Blackbird -
SongThrush -
EurasianMagpie -
SwanGoose -
DomesticGoose -
WoodPigeon -
EgyptianGoose -
ockPigeon -
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GreyHeron -

gret-
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MuscovyDuck -
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LittleOwl -
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lackHeadedGull -
GreenWoodpecker -
SardinianWarbler -
ItalianSparrow -
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Kingfisher -
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CommonSandpiper -
NightHeron -
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Spearman’s rank correlation indicated a positive association be-
tween bird and mammal species richness (p=0.522, p=0.0007),
suggesting that stations with higher bird richness tended to
have higher mammal richness. The station with the highest
species richness, birds and mammals combined, was Empoli-
Serravalle, whereas Bagno a Ripoli exhibited the lowest values
(Figure S1). The first explorative model showed that bird rich-
ness was a significant positive predictor of mammal richness
(estimate =0.208 +0.083, z=2.495, 95% CI=0.028 to 0.397;
p=0.012; Figure 3; Table 1). Model diagnostics indicated no
overdispersion or residual structure.

In the full mixed-effects model accounting for season, sampling
effort, and site identity, mammal species richness was positively
associated with bird species richness (§=0.20+0.07 SE, p=0.004;
Table 1). Seasonal effects were not statistically significant, and
sampling effort did not influence mammal richness. Random
intercept variance indicated moderate differences among sites
(Table 1). Model diagnostics indicated no evidence of overdisper-
sion or zero inflation, supporting the adequacy of the fitted model.

4 | Discussion

4.1 | Comparison of Bird Species Richness
Between Survey Methods

Our results show that opportunistic avian detections from
camera traps can provide meaningful insights into bird
community patterns in urban environments. Bird species
richness estimated using traditional bird-focused methods,
such as point counts, was also captured, at least partially, by
camera traps. Despite methodological differences, we found
a strong and significant correlation between bird richness
derived from camera-trap bycatch and point counts, indicat-
ing that both approaches recover consistent spatial patterns

Mammals

Human -

Coypu -
Wildboar -
RedFox -
DomesticCat -
EuropeanHare -
CrestedPorcupine -
DomesticDog -
RoeDeer -
EuropeanBadger -
RedSquirrel -
StoneMarten -

Species

Hedgehog -
BlackRat -
NorwayRat -
EasternCottontail -
WoodMouse -
FallowDeer -
DomesticRabbit -
GreyWolf -
WildCat -
Polecat -
HazelDormouse -
500 1000 1500 2000
Number of Unique Detections

o-

FIGURE 2 | Number of unique detections of each species in the metropolitan area of Firenze, for both birds and mammals, captured by camera

traps during March 2023-May 2024.
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FIGURE 3 | Relationship between bird species richness and mammal species richness across study stations. Orange points represent observed
mammal richness at each station. The blue line shows the predicted trend from the generalized linear model, and the shaded area represents the 95%
confidence interval. Bird richness was scaled to match the predictor used in the model.

TABLE1 | Parameters estimated from GLMMs predicting the mammal species richness in relation to bird species richness (1) year-round, across

stations; (2) across seasons and stations while accounting for camera trap effort (Working_days): Variance of random intercepts (¢2), predictors’

coefficient estimates (), and their 95% confidence intervals (CIs).

Model Response variable Predictor B coefficient 95% CI

1 Mammal Intercept 1.679 1.496 1.861 ***
R;CZI;‘;SS Bird Richness(s) 0.208 0.027 0.397 *
2 Mammal Intercept 1.393 1.089 1.697 ***
GZRSiiC:;If;SZZ Bird Richness(s) 0.195 0.063 0.328 **

n=76 Season: Summer —0.078 —0.490 0.334

Season: Winter —0.070 —0.397 0.256

Season: Spring —0.249 —0.6550.157

Working_days(s) 0.077 —0.151 0.307

Note: The (s) indicates variables that were scaled. Asterisks mark coefficients whose CIs do not include “0”.

of species richness, in line with previous findings (Fonttrbel
et al. 2020). Thus, despite their limitations, camera traps de-
tected a remarkable portion of the local avifauna, providing a
reasonable proxy for bird community patterns in the metro-
politan area of Firenze.

Furthermore, camera traps and point counts sampled highly
similar but non-identical bird assemblages in urban envi-
ronments. The high Serensen similarity index indicates sub-
stantial overlap in species detection, suggesting that both
methods capture the core bird community present at each

site. However, ANOSIM results revealed consistent differ-
ences in community composition between methods, despite
a small effect size, in agreement with Fonturbel et al. (2020).
These differences reflect method-specific detection biases,
whereby certain species are more likely to be recorded by one
method than the other does. In our study, high-flying spe-
cies (e.g., barn swallow Hirundo rustica, common swift Apus
apus, Eurasian crag martin Ptfyonoprogne rupestris, European
bee-eater Merops apiaster, peregrine falcon Falco peregrinus)
and species strongly associated with canopy habitats (e.g.,
European goldfinch Carduelis carduelis) were not present in
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the camera-trap dataset, being detected exclusively through
point counts. This pattern is expected, as point counts re-
cord all birds seen or heard and tend to favor vocally active
and visually conspicuous species, whereas camera traps are
more effective at detecting ground-dwelling, cryptic, or less
vocal birds (e.g., Santos-Moreno et al. 2019; Viviano, Lazzeri,
et al. 2025), particularly in structurally complex urban hab-
itats. Notably, even relatively rare and elusive species, such
as the short-eared owl Asio flammeus, were detected exclu-
sively by camera traps, particularly because they are non-
vocal species which cannot be reliably recorded through point
count surveys, underscoring the value of this method for
documenting unexpected or occasional urban avifauna. The
combination of a low ANOSIM R value and a high Serensen
index suggests that the two approaches are complementary
rather than redundant (Fonttrbel et al. 2020). While either
method alone provides a reasonably accurate representation
of the bird community, their combined use enhances overall
species detection and improves community characterization.
These findings support the growing recognition that multi-
method sampling designs are particularly valuable for birds
and mammals (Campbell et al. 2008; Fonturbel et al. 2020),
especially in heterogeneous and human-modified landscapes,
where detectability varies widely across behavioral and eco-
logical guilds (Mori et al. 2025). Integrating camera traps and
point counts can therefore provide a more comprehensive and
reliable assessment of urban bird communities, with import-
ant implications for biodiversity monitoring and conservation
planning.

4.2 | Camera-Trap Detections and Cross-Taxon
Richness Patterns

Across taxa, we observed a moderate positive correlation be-
tween bird and mammal species richness across urban sites,
supported by generalized linear mixed models (GLMMs).
We found a positive relationship between bird and mammal
species-richness across camera-trap sites and seasons, suggest-
ing that local areas supporting a higher diversity of birds also
tend to support a richer mammal community. This pattern is
consistent with the idea that bird richness can act as a proxy
for overall habitat quality, reflecting structural complexity, re-
source availability, or lower levels of anthropogenic disturbance
(Alba et al. 2025; Assandri et al. 2025). In heterogeneous or well-
preserved urban and peri-urban green spaces, such conditions
may simultaneously favor both avian and mammalian assem-
blages (Mori et al. 2025).

Contrary to expectations, mammal species richness did not
differ significantly among seasons. This result suggests that, at
the spatial and temporal scale of our study, seasonal variation
in mammal detectability or activity did not translate into mea-
surable differences in species richness. Most likely, this reflects
heterogeneous sample sizes across seasons at individual sites
and the fact that most mammal species in the study area are
year-round residents (Table S2), contributing to relatively stable
spatial patterns throughout the year. For example, aside from
hibernating species such as the Western European hedgehog
Erinaceus europaeus, all other mammals were active year-round.

Alternatively, seasonal effects may be overshadowed by strong
site-level characteristics, such as habitat configuration or con-
nectivity, which were captured by the random site effect.

Avian richness derived from camera-trap bycatch may thus serve
as a useful proxy for urban habitat features, although caution is
warranted when using it as a predictor of mammal richness once
methodological and spatial factors are incorporated. Future stud-
ies could refine this approach by incorporating fine-scale habitat
descriptors, trait-based analyses distinguishing ground-associated
and arboreal bird species, or complementary passive monitoring
techniques such as acoustic recorders. Together, these approaches
would help disentangle detection effects from ecological mecha-
nisms and further enhance the potential of camera-trap surveys as
multi-taxon monitoring tools in urban ecosystems.

Beyond their methodological implications, our findings have
clear applied relevance for urban biodiversity monitoring.
Camera-trap surveys are increasingly implemented in cities
to monitor medium- and large-bodied mammals (Herrera
et al. 2021; Gelmi-Candusso et al. 2023; Mori et al. 2025),
often generating large volumes of ancillary data that remain
largely unused. Opportunistic avian bycatch extracted from
these datasets can provide a reliable, low-cost proxy of spa-
tial variation in bird species richness, particularly in urban
landscapes where suitable habitats are spatially constrained
and wildlife activity is concentrated in predictable locations.
In such contexts, green areas, riparian corridors, and semi-
natural patches may act as focal points for multiple taxa, in-
creasing local detectability by passive monitoring devices.
However, the usefulness of camera-trap bird bycatch is likely
to be context-dependent; thus, we stress that camera traps
should be regarded as a complementary rather than substitu-
tive tool for avian monitoring.

5 | Conclusions

Overall, our study highlights the potential of repurposing
camera-trap datasets to assess avian community patterns, par-
ticularly in urban environments where habitat constraints may
lead to spatially structured and predictable species assemblages.
Although we detected signals of association between bird and
mammal species richness, mammal richness may likely be
influenced by ecological and anthropogenic factors that differ
from those shaping bird communities, as well as dependent on
survey effort across sites. Nevertheless, at specific sites, concor-
dance between the two taxa may emerge where shared envi-
ronmental features simultaneously support both groups. Future
work incorporating finer-scale habitat descriptors and explicit
measures of disturbance will be necessary to disentangle these
mechanisms, better understand cross-taxon co-occurrence, and
evaluate the reliability of birds as indicators of broader verte-
brate biodiversity in urban landscapes.
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