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Abstract

We aimed to provide a long-term, comprehensive description of Peregrine Falcon Falco per-
egrinus diet composition and diversity on coastal Mediterranean islands, near a major urban
area, at breeding and non-breeding seasons. We identified prey species from 87 remain sam-
ples of F. peregrinus preys year-round collected on six islands near Marseille, France (1995-
2024). Prey relative abundance, biomass, and diversity indices were calculated. Seasonal,
spatial, and temporal variations in diversity indices and prey taxa abundances were assessed
using Kruskal-Wallis tests and generalized linear models. We identified 4,483 prey individuals
across 180 species (i.e., species richness), with birds <200 g dominating the diet. Shannon di-
versity index indicated high diversity, while Pielou’s evenness suggested moderate dominance
by a few species. The most consumed taxa were insectivorous passerines (19% abundance,
4% biomass), followed by Phasianidae (15%, 15%) (mainly Common Quail Coturnix coturnix),
Apodidae (14%, 6%), Columbidae (11%, 25%), Turdidae (10%, 8%), and Sturnidae (8%, 6%)
(Common Starling Sturnus vulgaris). During the breeding season, species richness and Shan-
non diversity were higher, while evenness was lower; Apodidae, Phasianidae and Columbidae
were more consumed, and Turdidae and Sturnidae were more abundant in the non-breeding
season. Urban vicinity islands showed higher richness and Shannon index but lower evenness
than remote and uninhabited islands, with Apodidae and insectivorous passerines more abun-
dant and Phasianidae and Columbidae less abundant. Temporal trends indicated declines in
Common Quail remains over 30 years. Our 30-year study provides insights into Peregrine Fal-
con feeding ecology and highlights the high dietary diversity and trophic flexibility of Peregrine
Falcons on Mediterranean coastal islands. Temporal, seasonal, and small-scale variations in
the contribution of prey species to the diet may reflect factors related to prey ecology, , includ-
ing long-term trends in prey populations and their localised availability at or near nesting sites,
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stopover areas, and along a coastal flyway.

Keywords: Falco peregrinus, diet composition, prey remains, Mediterranean, islands, Fal-
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INTRODUCTION

The Peregrine Falcon Falco peregrinus
(hereafter referred to as “Peregrine”) is
a cosmopolitan bird-eating raptor re-
nowned for its exceptional aerial hunting
skills and its ability to exploit diverse hab-
itats (Negro & Galvan, 2018; White et al.,
2024). Its diet has been thoroughly stud-
ied throughout the world (Uttendorfer,
1952; Fischer, 2004; Ratcliffe, 2010) and
includes tens, if not hundreds of bird spe-
cies captured, depending on the season
and study areas. In fact, this last author
believes that “it is easier to list [bird] spe-
cies unlikely to be killed by Peregrines, for
these are few and include only the largest
forms”. In many areas Columbidae play
a key role in the Peregrine’s diet (review
in Valkama et al., 2005) and for instance
“in Britain the Peregrine is considered
primarily a pigeon killer” (Ratcliffe 2010),
as in other regions of Europe such as
Germany (Sommer, 1989), Poland (Rejt,
2001), Spain (Lopez-Lépez et al., 2008),
or the Netherlands (Bijlsma et al., 2018).

The Peregrine is widespread all around
the Mediterranean Sea, where it breeds
primarily on coastal cliffs. The rocky islets
adjacent to Marseille have been docu-
mented as hosting a breeding popula-
tion of Peregrines since at least the 17t
century (Bouillon-Landais, 1859). The re-
cently created (2012) Calanques National
Park (which encompasses these islands)
is actually considered a stronghold of
the Peregrine on the French Mediterra-
nean coast, with four pairs recorded on
the mainland and islands in 1994 (Bayle,
1996), growing to seven in the 2020s
(Bayle, 2015).

At the regional level, the Peregrine
is classified as vulnerable, whereas its
subspecies brookei, which breeds on the
northern part of the Mediterranean ba-
sin (Wink, 2018) - and thus on the French
Mediterranean coastline -, is classified
as endangered (CEN PACA & LPO PACA,
2020). Studying the diet of a species of
conservation interest such as the Pere-
grine can provide insights into its ecologi-
cal role, its interactions with prey commu-



nities (such as, in the case of the present
study, the impact of a possible predation
on the insular seabird colonies), prey
ecology (e.g., on the trans-Mediterra-
nean migratory bird flow), and the effects
of anthropization on prey availability and
foraging behavior (e.g., proportion of
“wild” and “urban” prey in the diet). Al-
though Peregrine diets have been studied
on Mediterranean islands such as Sardin-
ia (Schenk et al., 1982; Mocci Demartis
& Murgia, 1986), Sicily (Falcone & Sem-
inara, 1981; Leonardi & Mannino, 2007;
Bondi et al., 2023), and Crete (Pieper &
Ristow, 2002), long-term assessments
remain scarce. The archipelagos off Mar-
seille, within the Calanques National Park,
combine urban proximity, marine envi-
ronments, and protected habitats along
a major bird-flyway, spanning a gradient
from uninhabited areas to sites near ur-
ban centers, making them an ideal setting
to investigate Peregrine dietary patterns
and long-term, seasonal, and small-scale
spatial variation.

The primary objective of this study
was to provide a comprehensive descrip-
tion of the trophic composition and diver-
sity of the Peregrine diet based on prey
remains collected over a 30-year period
(1995—-2024) across islands off the coast
of Marseille. Specifically, the study aimed
to: (i) establish a detailed inventory of
prey species and quantify their contribu-
tions to overall abundance and biomass;
(ii) assess dietary diversity; and (iii) exam-
ine the effects of urban proximity, sea-
sonal variation, and long-term temporal
trends on diet composition and diversity.

Peregrine Falcon diet on Mediterranean islands

MATERIALS AND METHODS

Data collection

Study area

The islands of Marseille are located
on the north-western coast of the Med-
iterranean Sea, at the eastern limit of the
gulf of Lion, within the territory of the city
of Marseille. They are grouped into two
archipelagos: the Riou archipelago to the
south of the Calanques massif and the
Frioul archipelago to the west in the Mar-
seille harbour, with an isolated islet off the
coast, Planier (Fig. 1). The entire group of
islands is part of the Calanques National
Park. The Frioul is made up of two main
islands, Pomégues and Ratonneau, and
two smaller islets, If and Tiboulen de Ra-
tonneau. Pomeégues to the South and Ra-
tonneau to the North are connected by a
causeway built between 1822 and 1824,
against which a small marina, Port-Frioul,
is now located. The Frioul is 2 km from
the mainland and stretches over 4 km
along a northeast-southwest axis, thus
separating the Marseille harbor into two
parts. Its surface area is 191 ha, and its
maximum altitude is 86 m. The Riou ar-
chipelago, composed of about 15 islands
and islets, stretches over 7.5 km along
a northwest/southeast axis and ranges
from 80 m off the mainland at Maire to
3 km at the island of Riou. The total area
of land is 158 ha, and the highest point
reaches 191 m on Riou island. The archi-
pelago is uninhabited. Planier is a 3-ha is-
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let located offshore from the Calanques,
8.8 km west-southwest of the southwest-
ern tip of the Calanques (cap Croisette).
It is entirely occupied by a lighthouse and
its associated buildings. The tower, at the
top of which a Peregrine pair has nested
since 2019, is 72 m tall. The automated
lighthouse is still in operation, but the site
has been uninhabited since 1992.

The islands of Marseille are primarily
made up of limestone karstic formations
from the Lower Cretaceous. They are in
the driest region of France, correspond-
ing to the semi-arid bioclimatic zone.
The climate is characterized by very low
rainfall, significant sunlight, high tem-
peratures, and strong winds. This envi-
ronment supports a flora characteristic
of the transition zone between the ther-
mo-Mediterranean and meso-Mediterra-
nean climatic zones, adapted to the eco-
logical constraints of the area (notably
winds and sea spray).

Context and frequency of sampling

This study is based on an opportun-
istic sampling of prey remains collected
over a 30-year period (1995-2024) from
Peregrine territories on six islands off the
coast of Marseille, with one breeding pair
or nest monitored per island, as part of
the scientific monitoring of Peregrine re-
production conducted by the Calanques
National Park (Parc national des Calan-
gues, 2025). A total of 87 prey samples
were analyzed, each corresponding to a
distinct sampling event conducted dur-
ing a specific season and year. Of these,
36 samples were collected on Pomegues

in the Frioul archipelago; 12 on Riou, 4
on Plane, 4 on Maire, and 27 on Jarre in
the Riou archipelago; and 4 on Planier
islet (Appendix 1). Material correspond-
ing to the breeding season (February to
mid-June on the French Mediterranean
coast (LPO PACA, 2022; Audevard, n. d.);
n=71) was either collected beneath the
nests, or in the nests after fledging. The
average date of collection in the nests
was June 25 (earliest date: May 12; latest
date: August 27). In Pomegues, prey re-
mains were also simultaneously collected
from a nearby pluck site, likely used by
the male. Outside the breeding season,
from mid-June to January, samples were
collected opportunistically from roosts or
perches. Nest contents (including twigs
and pebbles) were scraped and placed
in a plastic bag. The material was sorted
later in laboratory. Samples collected be-
neath the nests, on pluck sites and roosts
or under perches were handpicked: each
element found (feather, bone, or pellet)
was picked up individually, but all remains
gathered during the same site visit were
placed together in a plastic bag.
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Figure 1. Map of the islands of Marseille with number of samples collected per island between

1995 and 2024 (n=87)

Prey identification and quantification

Numerous studies of predatory birds
worldwide report dietary proportions
based on analyses of large numbers of
pellets or prey remains. Such analyses
may be biased because some prey re-
mains are more conspicuous or persis-
tent than others (Rosenberg & Cooper,
1990). But Simmons et al. (1991) have
shown that by combining pellets and
prey remains (collected with equal ef-
fort), more accurate estimates of overall
diet can be achieved. Thus, all types of
prey items were looked for and collect-
ed during each sampling event and were
sorted later in the laboratory into three
categories: feathers, bones, and pellets.
Nest contents represented an average of

35 pluckings, bones of a minimum of 17
birds, and 18 pellets, remains collected
on the pluck site of Pomeégues an average
of 59 pluckings, bones of a minimum of 4
birds, and less than 1 pellet. Identification
of this material was performed using ref-
erence collections. Species-level identifi-
cation was pursued whenever possible;
however, some individuals (particularly
those recovered from pellets) could not
be identified to species. Age class deter-
mination was possible for some larger
species breeding on the islands (birds:
Yellow-legged Gull Larus michahellis,
Feral Pigeon Columba livia (dom.), and
Eurasian Jackdaw Coloeus monedula;
mammals: European Rabbit Oryctolagus
cuniculus, and Black Rat Rattus rattus).
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A minimum number of individuals (MNI)
was determined for each sample by
cross-checking remains. In certain genera
(e.g., Swifts Apus, Thrushes Turdus, Pipits
Anthus, Leaf Warblers Phylloscopus), a
small number of individuals (most often
extracted from pellets) could not be iden-
tified to the species level. For calculation
purposes, these individuals were distrib-
uted proportionally among the identified
species of the corresponding genus in
each sample.

Prey classification

We classified preys into 21 functional
or taxonomic groups: Turdidae, Phasiani-
dae, Rallidae, Columbidae, Apodidae,
Sturnidae, Oriolidae, Coloeus monedula,
other Corvidae, Larus michahellis, other
Laridae, shorebirds, seabirds, waterbirds,
raptors, insectivorous passerines, graniv-
orous passerine, various birds , uniden-
tified birds, mammals, and insects (see
Supplementary Material 2). C. monedula
and L. michahellis were classified sepa-
rately from other Corvidae and Laridae
due to their status as breeders in the
study area.

The average body mass of species i
(Wi, in grams) was obtained from pub-
lished data and estimates compiled from
over 150 previous studies across 26
Western Palearctic countries, covering
the diets of 30 raptor species (13 Accip-
itriformes, 8 Falconiformes, and 9 Strigi-
formes). Prey were categorized into size
classes based on average weight (Wi,) in
50 g intervals and grouped as follows:
1-50 g (small), 51-150 g (medium), 151-

400 g (large), 401-1,800 g (very large).
Bird prey were also categorized according
to their phenological status in the study
area: migratory species (species occurring
only during spring and/or autumn migra-
tion periods), summer breeders (species
breeding in the study area during spring
and summer but absent during winter),
wintering species (migratory species also
present during the winter period), and
resident species (present year-round).

Data Analysis

Indicators calculation and diet composition

Prey abundance (N) was derived
from the minimum number of individuals
(MNI) recorded per identified species or
taxon i in each sample (i.e., each sample
corresponds to a single site visit). Prey bi-
omass (B) was calculated as B, = N, x W..
Relative abundance (Pi = N, / SN and
relative biomass (R = B,/ JB)) were com-
puted for each prey species and function-
al taxonomic group, both overall and per
sample. Species richness (S), defined as
the total number of distinct species ob-
served, was calculated for the entire da-
taset and for each sample. The frequen-
cy of occurrence (F) of each species was
calculated as the proportion of samples in
which that species was present.

Diversity indices were computed using
the vegan package in R (R version 4.4.3):

e Shannon diversity index: H' =

->P.x In(P)), which captures both
species richness and evenness by



assigning equal weight to all spe-
cies. Ranges between 0 (only one
prey category consumed) and In(S)
(Shannon et Weaver, 1963).

e Pielou’s evenness index: J' = H’
/ log(S), which quantifies how
evenly individuals are distribut-
ed among species. Values range
from 0 (maximum dominance by a
few species) to 1 (maximum even-
ness, where all species are equally
abundant) (Pielou, 1966).

Effect of area, season, and year on diet com-
position and diversity

Non-parametric Kruskal-Wallis tests
were used to evaluate whether diversity
indices (species richness, Shannon index,
and Pielou’s evenness) varied between
Pomegues (island in an urban vicinity,
close to Marseille) and the other islands
more distant from the big city, and season
(breeding vs. non-breeding).

Generalised Linear Models (GLMs)
were fitted using the gimmTMB package
in R, with a binomial distribution and a
logit link, to test the effects of area, sea-
son, and year on the relative abundance
of the most frequently consumed prey
taxa. For each taxon, the response varia-
ble was the number of prey items of that
taxon versus all other taxa combined. The
models included three fixed effects: area
(2 levels: Pomegues [reference] and oth-
er islands), season (2 levels: non-breed-
ing [reference] and breeding), and year
(reference level = 1995). Model assump-

Peregrine Falcon diet on Mediterranean islands

tions were validated using diagnostic
tools from the DHARMa package, includ-
ing tests that allowed for the exclusion of
overdispersion and zero inflation in the
data. All statistical tests were conducted
using a significance threshold of p < 0.05.

RESULTS

Diet composition and diversity

The analysis of 87 samples (corre-
sponding to 87 site visits) yielded a total
of 4,483 prey individuals (Tab. 1). The
median number of prey remains (collect-
ed during one site visit) was 34 [Inter-
quartile: 8-86], and the median biomass
was 3,431 g [702-9,037]. In the cases in
which prey remains could not be identi-
fied to species level, these were classified
respectively as unidentified small passer-
ine (N=47), unidentified bird (N=6), and
unidentified locust (N=1), together repre-
senting 1.2% of the total prey abundance.
Prey species richness (S) was high, with
180 different species identified overall
and a median of 21 [6—35] species per
sample (Tab. 1). Considering all sites, pe-
riods and years, the Shannon diversity in-
dex (H' = 3.8) indicated substantial prey
diversity, although with some dominance
by a subset of species.

Pielou’s evenness index () = 0.74)
further suggested a relatively balanced
distribution of individuals among prey
species, albeit with moderate uneven-
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ness due to the predominance of a few
species.

The average weight of the prey was
100.9 g, ranging from 1 or 2 g (insects)
to 1,800 g (single Mediterranean Shag
Gulosus desmarestii). Most of the con-
sumed prey biomass consisted of prey
items weighing less than 350 g (Fig. 2).
Small-size prey contributed the most in
terms of abundance (40% out of 4,483
prey individuals), whereas medium-sized
prey contributed the most in terms of
relative biomass, accounting for 43% of
the total estimated 452 kg of consumed
biomass. The remainder of the diet con-
sisted of large-sized prey (150-400 g
classes), which represented 12% of to-
tal abundance and 33% of biomass, and
very large prey items accounting for 2% of
abundance and 14% of biomass.

Birds accounted for 99.58% of all col-
lected prey items (N = 4,465), mammals
for 0.29% (N = 13) and insects for 0.13%
(N = 6) (Tab. 2). The 10 most consumed
bird species were Common Quail Cotur-
nix coturnix (relative abundance: 15% of
total prey abundance), Common Swift
Apus apus (10%), Common Starling Stur-
nus vulgaris (7%), Song Thrush Turdus
philomelos (6%), European Turtle Dove
Streptopelia turtur (5%), Pallid Swift Apus
pallidus (4%), Feral Pigeon (3%), Europe-
an Robin Erithacus rubecula (2%), Eura-
sian Collared Dove Streptopelia decaoc-
to (2%), and Common Blackbird Turdus
merula (2%), with these species occur-
ring in 41% to 76% of samples. Togeth-
er, they accounted for 56% of the total
abundance and 54% of the total biomass.

The remainder of the diet was distribut-
ed among 173 other identified species,
with relative abundances ranging from
1.4% for Tree Pipit Anthus trivialis down
to 0.02%.

Using our functional classification, the
most consumed prey groups by number
were insectivorous passerines (19% of to-
tal prey), followed by Phasianidae (15%),
Apodidae (14%), Columbidae (11%), Tur-
didae (10%), and Sturnidae (7%) (Fig. 3).
In terms of biomass, Columbidae, Pha-
sianidae, and Turdidae contributed the
most, representing 25%, 15%, and 8% of
the total biomass, respectively. Granivo-
rous passerines, ‘various bird’, and shore-
birds accounted for 6%, 4%, and 4% of
the total prey abundance. Other bird
taxa were only marginally consumed,
each contributing less than 2% to the
total prey abundance. Strictly migratory
bird species accounted for half of relative
abundance and biomass (Fig. 4), while
wintering, breeder, and resident bird spe-
cies accounted for 19%, 15% and 8% of
relative abundance, respectively.
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Figure 2. Relative abundance and biomass of prey, by prey size class (n=4,483 prey)

Figure 3. Relative abundance and biomass of prey, by taxa (n=4,483 prey)
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Table 1. Summary of dietary and diversity indices

All samples combined
(n=87) Median [IQR] per sample
Abundance (number of preys) 4483 34 [8-86]
Biomass (g) 452166 3431 [702-9037]
Species richness S 180 21 [6-35]
Shannon index H’ 3.83 2.67 [1.79-3.08]
Pielou’s evenness J 0.74 0.91 [0.85-0.96]

IQR : interquartile

Note: Theoretical maximum values: H' = In(S) = 5.2 (i.e., maximum diversity); J' = 1 (i.e., maximum

evenness between species).

Spatial, seasonal, and temporal
variation in dietary diversity and
composition

Dietary diversity indices differed sig-
nificantly across both seasons and areas
(Tab. 3). Compared to the uninhabited
islands far from the city, Pomégues (the
island in the urban vicinity) exhibited
significantly higher species richness and
Shannon index (species richness: x> =
25.38, p < 0.001; Shannon: x> = 24.46, p <
0.001), along with significantly lower Pie-
lou’s evenness index (Pielou: x> = 5.79, p
= 0.016). This suggests that while prey di-
versity was higher in Pomegues, prey con-
sumption was more uneven, with a few
dominant species contributing dispro-
portionately. Species richness and Shan-
non index were also significantly higher
during the breeding season than in the
non-breeding season (species richness: x>
=19.44, p < 0.001; Shannon: x> =18.91, p

10

< 0.001), whereas the Pielou’s evenness
index was significantly lower (Pielou: x?
= 11.52, p < 0.001). This indicates that
a greater variety of prey was consumed
during the breeding season, but that prey
use was less evenly distributed across
species, reflecting a higher dominance by
certain prey types.

The results of our generalized linear
models, which simultaneously assess the
effects of spatial , seasonal, and temporal
factors on the relative abundance of most
consumed prey taxa in the Peregrine diet,
are presented in Supplementary Material
3.

Relative abundances of several prey
taxa differed between Pomeégues (ur-
ban vicinity) and the other islands. Pha-
sianidae (estimate 0.44 + SE 0.11) and
Columbidae (0.29 + 0.12) were signifi-
cantly more abundant whereas Apodidae
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Peregrine Falcon diet on Mediterranean islands

Table 3. Comparison of dietary diversity indices by season and area

ruc:lr:;:e‘gu:; Other islands Breedin N o n
. . (uninhabited g breeding
cinity, close remote) season season
to the city)
n=35 n=52 Kruskall-Wallis test n=70 n=17 Kruskall-Wallis test
Median Median| Median
[IQR] Median [IQR] | Chi2 df p-value | [IQR] [IQR] Chi2 df p-value
Species 26 [10 —
richness s |35[23-45] | 10[3 -25] 25384 1 <0.001 |40] 6[1-8] |19.442 1  <0.001
2 .90(|1.75
Shannon 3.01 [2.83 - 2.04 [1.04 - [2.17 —|[0.00
index H’ | 3.35] 2.85] 24.458 1 <0.001 |3.14] 2.04] 18912 1 <0.001
0.90|0.938
Pielou in- 0.89 [0.84 — | 0.94 [0.87 - [0.85 —][0.96
dex J 10.93] 0.98] 5.7939 1 0.0161 | 0.95] 1.00] 11.521 1 <0.001

and insectivorous passerine were signifi-
cantly less abundant on the uninhabited/
remote islands compared to Pomeégues
(-0.45 + 0.12; -0.47 £ 0.11).

Seasonal shifts in diet composition
were observed: Apodidae (2.69 + 0.73),
Phasianidae (3.38 + 1.01) and Columbi-
dae (1.30 + 0.52) were consumed more
during the breeding season than in the
non-breeding season, while Turdidae
(-0.73 £ 0.22) and Sturnidae (-1.13+% 0.25)
were significantly more abundant in the

non-breeding season.

The models also suggested tempo-
ral variations. The relative abundance of
Apodidae was significantly higher than in
1995 in four years of the second half of
the monitoring period (2010; 2013; 2014;
2015). Phasianidae relative abundance
showed significant declines relative to
1995 in the last decade of follow-up
(2013; 2014; 2016; 2017; 2018; 2021;
2022; 2023; 2024). Compared to 1995,
Turdidae relative abundance was signifi-
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cantly lower in 2003, 2005, 2009, 2010,
2013, and 2015.

Figure 4. Relative abundance and biomass of
bird prey, by phenological status (n=4,411 bird

prey)
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DISCUSSION

Predation on migratory birds

Our 30-year study, based on 4,483
prey remains, revealed a highly varied
diet of Peregrine in the Marseille islands,
comprising 180 species, almost exclusive-
ly birds and predominantly composed
of species weighing less than 200 g. The
most consumed species were either
strictly migratory (passing through the
islands, possibly in stopover): Common
Quail, European Turtle Dove; species
present during the winter: Song Thrush,
Common Blackbird, Common Starling,
and European Robin; summer breeder:
Common and Pallid Swifts; or resident:
Feral Pigeon and Eurasian Collared Dove.
The importance of migratory birds in the
diet of the Peregrine in the Marseille is-
lands, particularly in the breeding period
is consistent with the fact that these is-
lands are located close to a major avian
migratory pathway in the western part of
the gulf of Lion (Bon et al., 2022).

In terms of biomass, Columbidae were
the most important prey taxa in the Pere-
grine diet (25% of total biomass) and ac-
counted for 11% of total prey abundance.
The higher abundance of Columbidae
in the Peregrine diet on uninhabited or
remote islands (Riou archipelago) and
during the breeding season — which co-
incides with the spring migratory period
— observed in our study may be largely
driven by the abundance of the European
Turtle Dove, the most consumed Colum-



bidae species. These small-scale spatial
differences around Marseille likely reflect
the higher presence of this migratory
bird in non-anthropized stopover areas,
such as those surrounding the Riou ar-
chipelago, as also suggested by migratory
trajectory data (Spina et al., 2022). Over-
all, Columbidae abundance was slight-
ly higher in our study compared to the
only other available study conducted in a
comparable setting near our study area,
Porquerolles island (Port-Cros National
Park, ca. 80 km southeast) in 2004, based
on 119 prey items and 35 species (Lafont
et al., 2004). Feral Pigeon and Eurasian
Collared Dove were the second and third
most consumed Columbidae species in
our findings, reflecting the greater avail-
ability of urban Columbidae associated
with the proximity of a very large met-
ropolitan area (Marseille) in our study,
which was not the case for the study
conducted within the Port-Cros National
Park. Studies conducted on other coast-
al Mediterranean islands show similar
Columbidae abundance in the Peregrine
diet (Falcone & Seminara, 1981; Thio-
llay, 1981) or higher (Araujo et al., 1977,
Pieper & Ristow, 2002; Leonardi & Manni-
no, 2007) but the Eurasian Collared Dove
was absent from these studies conduct-
ed several decades ago or sporadically.
Consistently with a recent study in Sicily
(Bondi et al., 2023), our results highlight
the increasing importance of the synan-
thropic Eurasian Collared Dove in the Per-
egrine diet near urban areas. This species
has expanded across Western Europe and
in France in recent decades (Eraud et al.,
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2007) and its population has considerably
increased in the urbanized area of Mar-
seille within the last 50 years (Neve &
Barthélemy, 2015) while European Turtle
Dove populations have been declining at
a European level (Estrada et al., 2024). As
regional population trends from 2001-
2024 show a 54% decline for the Europe-
an Turtle Dove and a 64% increase for the
Eurasian Collared Dove (Charbonneau,
2025), a progressive shift in predation on
the European Turtle Dove to the Eurasian
Collared Dove may have occurred. This
may explain the lack of temporal trend
in overall Columbidae abundance in the
Peregrine diet in our study, with opposing
demographic trends likely offsetting each
other. The low abundance of Common
Wood Pigeon Columba palumbus in the
Peregrine diet, despite its extensive use
of the Mediterranean coastline migration
corridor (Spina et al., 2022) is consistent
with other studies (Aradjo et al., 1977;
Falcone & Seminara, 1981; Thiollay, 1981;
Pieper & Ristow, 2002; Leonardi & Man-
nino, 2007) and may indicate a choice of
this raptor for smaller Columbidae prey.
The Common Quail was the second
most important contributor to the Pere-
grine diet, with higher abundance during
the breeding season and on uninhabited,
remote islands. Since this species is a dis-
creet terrestrial bird and nocturnal mi-
grant crossing the Mediterranean at low
altitude (Kane, 1993), this pattern may
reflect the species’ preference for less an-
thropized areas during migration. This sig-
nificant predation on the Common Quail
by Peregrines in Marseille has also been
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reported on the nearby-Porquerolles is-
land (Lafont et al., 2004), but it is relative-
ly minor in studies from Sardinia, Sicily,
Crete, Tunisia, and the Balearic Islands
(Araujoetal., 1977; Thiollay, 1981; Schenk
et al., 1982; Pieper & Ristow, 2002; Leon-
ardi & Mannino, 2007; Ouni et al., 2014).
Nevertheless, our study shows a recent
decrease in Phasianidae consumption,
likely reflecting the severe decline of the
Common Quail populations, estimated at
nearly 90% in the PACA region between
2001 and 2024 (Charbonneau, 2025). Giv-
en the high contribution of the Common
Quail to the Peregrine diet in Marseille,
this trend is of particular concern.

Turdidae and Sturnidae, medium-sized
prey, represented 17% of total abun-
dance and 13% of total biomass. They
were mainly partially migratory species,
with populations passing through Mar-
seille during migration as well as winter-
ing locally (Song Thrush, Common Black-
bird, Common Starling). This explains
their higher abundance in the Peregrine
diet during the non-breeding season in
our study, reflecting the falcon’s adapta-
tion to seasonal prey availability. Consis-
tently, the Porquerolles study reported a
low contribution of these taxa during the
breeding season (Lafont et al., 2004). Our
results also suggest a decline in Turdidae
abundance over the years in the Pere-
grine diet, likely reflecting the moderate
decrease in regional populations of the
Common Blackbird, and the Song Thrush
(Charbonneau, 2025).

The higher biomass and prey diversi-
ty, together with the greater dominance
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of certain species in the diet during the
breeding season, may reflect increased
hunting activity of Peregrines when en-
ergetic demands for reproduction and
chick rearing are greatest, and opportun-
istic feeding on a wide range of spring
migratory birds, as well as targeting par-
ticularly abundant or preferred species
such as Common Quail, European Turtle
Dove, and Common Swift. In the coast-
al study area, Peregrines hunt over the
sea and benefit from the vulnerability of
weakened continental migratory birds
crossing the water. The hunting success
rate of the Peregrine varies according to
prey species (Thiollay, 1981). Prey selec-
tion appears to be related to species- or
individual-specific vulnerability factors,
such as mass, plumage patterns, flight
traits, unusual appearance or behavior,
molt or accidental feather loss, and sick-
ness or injury (White et al., 2024).Tem-
poral trends in the abundance of certain
species in the Peregrine diet, highlighted
in our study, are broadly consistent with
trends observed in the populations of
these prey species (for example Common
Quail or Turdus spp.). Thus, like for oth-
er apex predators, monitoring Peregrine
diet could also be used to quantify rela-
tive population trends of its preys.

Spatial and seasonal hunting

strategies

Although they represented less than
10% of the biomass consumed, small-
sized prey taxa such as insectivorous pas-
serines and Apodidae (<50g) were highly



abundant in the Peregrine diet, with rela-
tive abundances of 19% and 14%, respec-
tively. The abundance of Apodidae (main-
ly Common Swift and, to a lesser extent,
Pallid Swift) in the Peregrine’s diet was
higher in Pomégues (urban vicinity) than
in other islands, and much higher overall
in our study compared to previous re-
ports in the Mediterranean basin (Araujo
et al., 1977; Thiollay, 1981; Schenk et al.,
1982; Pieper & Ristow, 2002; Leonardi &
Mannino, 2007; Ouni et al., 2014), likely
due to the high local abundance of swifts
near urban habitats favorable for nest-
ing. Their abundance was higher during
the Peregrine’s breeding season, reflect-
ing the fact that they winter in Africa
(Chantler et al., 2020; Kirwan et al., 2025).
The abundance of insectivorous passer-
ines in the Peregrine diet was compara-
ble to previous studies in Porquerolles
island, Tunisia, Crete, and the Balearic
islands, but higher than in Sardinia and
Sicily (Araujo et al., 1977; Thiollay, 1981;
Schenk et al., 1982; Pieper & Ristow,
2002; Leonardi & Mannino, 2007; Ouni et
al., 2014). This group comprised 53 poor-
ly represented species, 51 of which were
migratory. Their abundance, as well as
overall species richness and Shannon di-
versity index, were higher on Pomegues.
This suggests that, compared to Riou,
Peregrines on Pomégues opportunistical-
ly predate a wider range of insectivorous
passerines, possibly including individuals
passing further north during migratory
movements. Each insectivorous passer-
ine species, however, contributed only
marginally to the overall diet, and lower
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values of Pielou indices on Pomégues in-
dicate that prey consumption was more
uneven, possibly reflecting a focus on a
few abundant species, particularly the
Common Swift. No seasonal differences
were observed ininsectivorous passer-
ine abundance, which may suggest that
Peregrines in Marseille islands also ben-
efit from the availability of synanthropic
species present during the non-breeding
season, including partial migratory or res-
ident such as the European Robin and the
Eurasian Blackcap Sylvia atricapilla.

But small-scale spatial variations in the
diet of Peregrine pairs nesting in different
areas of our study likely reflect localized
prey availability due to habitat character-
istics and migration routes, and suggest
that individual pairs on Riou archipelago
maintain relatively small, well-defined
hunting territories centered around their
nesting sites. It could also reflect indi-
vidual or pair preferences for particular
prey species, as some falcons target
very selectively specific species or class-
es of prey, likely enhancing their skill in
capturing them (White et al., 2024). For
instance, while during the whole study
the small Feral Pigeon population of the
Frioul archipelago was constant (about
a dozen pair in and around Port-Frioul),
the proportion of Feral Pigeon in the
breeding season diet of the Peregrine
on Pomegues varied greatly (data not
shown). These variations reflect shifts
in the hunting strategy of the Pomegues
Peregrine pair during certain multi-year
spans, the possibility being that in some
periods at least one of the birds left the
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Frioul to the mainland and captured Feral
Pigeons in the urban area where they are
numerous.

Predation on synanthropic birds

It is thus likely that Peregrines breed-
ing in Pomégues hunt also on the urban-
ized mainland. First, Peregrines are reg-
ularly observed in Marseille, particularly
in the Joliette port area: 54 observations
have been recorded during the 9-year
period 2016-2024 in the collaborative
database faune-paca of the local associ-
ation of the LPO (Birdlife France), includ-
ing three birds flying towards the Frioul
archipelago, one of which was carrying a
prey (Faune-PACA, 2025). The Pomégues
Peregrine breeding site is 4.7 km from the
closest mainland point, and ca. 7 km from
the Joliette port but Peregrines are able to
hunt in a radius of over 15 km (Ratcliffe,
2010; Drewitt et al., 2026). Secondly a
number of prey species of the Pomegues
Peregrine pair are rare on the Frioul ar-
chipelago but are very common on the
urbanized mainland, notably the Eurasian
Collared Dove, the Eurasian Magpie Pica
pica, and the Ring-necked Parakeet Psit-
tacula krameri (respectively 64, 10 and 7
individuals prey individuals but only 7, 9
and 0 observations recorded on the Fri-
oul archipelago during the study period
- Faune-PACA, 2025). The latter species
appeared among the prey only in 2022.
First observed in Marseille in 1996, this
introduced parrot has quickly established
a breeding population in the city, with an
estimated total population of 1,900 indi-
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viduals in 2016 (Le Louarn, 2017). It must
be expected to play an increasing role in
the diet of Marseille’s Peregrines, as al-
ready documented in England (Mak et al.,
2023; Drewitt et al., 2025).

Higher prey biodiversity in the diet of
the Pomegues Peregrine pair can be part-
ly explained by the impact of human ac-
tivities in and near the Frioul archipelago.
Thus the 2 Red-legged Partridges Alecto-
ris rufa and the Common Pheasant Pha-
sianus colchicus found among the prey
were most probably illegally released
on the islands (prior to the creation of
the Calanques National Park), and the 4
Budgerigars Melopsittacus undulatus and
the Pionus Parrot Pionus sp. could only be
captive escapes.

Predation on Mediterranean sea-
birds

Predation on Laridae and on other
seabirds was low in our study (2.6% and
0.4% of prey abundance, respectively),
although the islands of Marseille are a
breeding site for over 13,000 pairs of
Yellow-legged Gull (Soulaimana-Mattoir,
2025), ca. 550 pairs of Scopoli’s Shearwa-
ter Calonectris diomedea, ca. 40 pairs of
Yelkouan Shearwater Puffinus yelkouan,
several dozen pairs of European Storm
Petrel Hydrobates pelagicus, and ca. 65
pairs of Mediterranean Shag (Parc nation-
al des Calanques & Conservatoire du Lit-
toral, 2020; Parc national des Calanques
et al., 2020).

Yellow-legged Gulls contributed to
0.8% of the preys (12 adults and 25 pulli



at different stages of development). The
situation can be quite different in other
similar insular contexts, i.e., on islands
where Peregrine breed and which also
shelter large colonies of both shearwaters
and large gulls (genus Larus). On Lundy, a
small island located in the Bristol Chan-
nel, England, Manx Shearwater Puffinus
puffinus and European Herring Gull Larus
argentatus represent respectively 47.3%
and at least 13.8% among 520 Peregrine
prey identified during the breeding pe-
riod (Sutton & Loram, 2023). It should
be noted that all gulls were full-grown
birds, either immature or adult (Sutton
et al., 2017). The low predation on adult
gulls in the Marseille islands is likely due
to subspecies differences: F. peregrinus
brookei (known as the Mediterranean
Peregrine Falcon) is much lighter (up to
920 g for an adult female) than the nom-
inal F. peregrinus peregrinus breeding in
Lundy island (according to Wink, 2018)
which may weigh up to 1,300 g for an
adult female (Cramp & Simmons, 1980),
whereas adult Mediterranean Yellow-leg-
ged Gull L. michahellis michahellis breed-
ing on the French Mediterranean coast is
heavier (average adult male and female
combined 1160 g according to Launay,
1983) than adult Western European Her-
ring Gull L. argentatus argenteus (971 g
according to Sutton et al., 2017). This may
limit the ability for a Mediterranean Per-
egrine to overpower an adult Mediterra-
nean Yellow-legged Gull.

Procellariidae represented only 0.3%
of total prey abundance in the Peregrine
diet, similar to findings from Sardinia
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(Schenk et al., 1982; Mocci Demartis &
Murgia, 1986), whereas this taxon repre-
sented 13% and 39% of the diet in stud-
ies from Crete and Tunisia, respectively
(Pieper & Ristow, 2002; Ouni et al., 2002).
The reason for this low level of predation
remains unexplained and - although pre-
vious studies have raised concerns about
potential negative effects of Peregrine
predation on another Procellariidae en-
demic to the Mediterranean Sea, the
Balearic Shearwater Puffinus mauretani-
cus (Garda, 2009; Wynn et al., 2010) - our
results suggest a minimal impact on colo-
nial seabirds in the Marseille islands. Not
so, the Eurasian Eagle Owl Bubo bubo ,
present on these islands, whose two pairs
nesting in the Riou archipelago, prey on
35% and 5% of Yellow-legged Gull and
shearwaters, respectively (N = 1,396 prey
— Ferreira & Bayle, 2023). These findings
are particularly noteworthy as they sug-
gest that, unlike in other Mediterranean
contexts, the Peregrine Falcon is not the
principal avian predator of shearwaters in
the Marseille islands.

CONCLUSION

Despite the robustness of the long-
term dataset, certain limitations should
be acknowledged. Apart from the already
mentioned biases related to the material
studied (Rosenberg & Cooper, 1990; Sim-
mons et al. , 1991), sampling effort varied
across sites and years, which may influ-
ence the comparability of some results.
Nevertheless, the systematic identifica-
tion and quantification approach applied
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here provides a reliable overview of major
dietary patterns. This study provides one
of the most comprehensive descriptions
of the Peregrine diet in a Mediterranean
island context. The diet exhibits a broad
trophic spectrum and is characterized
by the exploitation of synanthropic and
migratory species, reflecting the trophic
flexibility of Peregrines in a highly bio-
diverse study area situated at the cross-
roads of a major metropolis, protected
coastal and island habitats, and migratory
corridors. These results provide valuable
insights into the feeding ecology of Per-
egrines and may inform the management
of islands and the conservation of local
bird communities.
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