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The detrimental effects of conventional farming on bird biodiversity are increasingly
documented. Despite this, the specific impacts of both organic and conventional farming
practices on bird coloration and sperm quality in natural settings remain unexplored.
This study aimed to determine whether these farming practices differentially affect body
mass, coloration intensity and sperm quality in passerine birds inhabiting agricultural
landscapes. We captured seven passerine species in hedgerows adjacent to fields farmed
organically or conventionally, within a 250-m radius representative of their breeding
home-ranges. Body mass was measured across all species, and an index of coloration
intensity, based on carotenoid (yellow/orange) and melanin (black) pigments, was
assessed in four species. Additionally, we evaluated three sperm quality parameters
(sperm density, percentage of abnormal sperm and intra-individual variance of sperm
morphology) using fresh sperm samples collected from four species in the field. We
hypothesized that birds living near conventional fields would exhibit lower body mass
due to reduced food availability. Additionally, we predicted that the more favourable
conditions associated with organic farming – such as greater food abundance and lower
exposure to pollutants – would benefit birds, leading to enhanced coloration and
improved sperm quality. Our results did not reveal any differences in body mass or col-
oration. The absence of observable effects might be due to several factors: methodologi-
cal limitations, cross-contamination between habitats or insufficient exposure to farming
practices that may hide any potential difference between the two habitats, or the intrin-
sic adaptive strategies of the species. However, subgroup analyses of three and four spe-
cies revealed a decrease in sperm density and a higher proportion of abnormal
spermatozoa in the Common Whitethroat and Common Nightingale living in conven-
tionally farmed areas, respectively. Although our sample size was limited, we believe
these findings highlight the potential negative effects of conventional farming on birds.
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Agricultural lands cover nearly 40% of the world’s
terrestrial surface and the intensification of agricul-
ture has been associated with a significant threat
to global biodiversity worldwide (Stoate
et al. 2009, Flohre et al. 2011, Karp et al. 2012,
Emmerson et al. 2016, Birdlife International 2022).
Agricultural intensification notably involves the
replacement of natural ecosystems with monocul-
tures, marked by intensive pesticide use,
over-fertilization and the alteration of natural land-
scapes, which leads to soil erosion, pollution, and a
decrease in habitat quality and biodiversity (Flohre
et al. 2011, Burns et al. 2016, Emmerson
et al. 2016, S!anchez-Bayo & Wyckhuys 2019,
Christel et al. 2021). The rate of biodiversity loss
has increased dramatically over the last century,
particularly impacting avian species, which are key
indicators of ecological health. This decline has
been linked to agricultural intensification (Stanton
et al. 2018, Rigal et al. 2023), and may be driven
by various changes in agricultural practices impact-
ing bird populations through multiple pathways.
First, the replacement of diverse crops interspersed
with grasslands by intensively cultivated crops not
only diminishes available food sources for many
species, but also reduces nesting opportunities,
subsequently increasing competition among and
within species (Beecher et al. 2002, Kragten
et al. 2011, Assandri et al. 2017). Second, the
application of chemicals such as pesticides can
directly poison birds, resulting in either immediate
lethal effects or chronic sublethal impacts on vari-
ous physiological parameters (Mineau et al. 2001,
Gibbons et al. 2015, Richard et al. 2021, Moreau
et al. 2022b, Humann-Guilleminot et al. 2023,
2024a, 2024b, 2024c).

To mitigate the impact of agriculture on biodi-
versity, several European measures have been
implemented under the Common Agricultural Pol-
icy (European Commission 2022). These include
ecological focus areas that help maintain heteroge-
neous landscapes and are extensively managed or
managed at low intensity (e.g. hedgerows, ponds,
extensive meadows), and in-production schemes
that support environmentally friendly crop produc-
tion such as organic farming (European Commis-
sion 2010, Bat!ary et al. 2015). Under European
Union regulations, organic farming strictly restricts
the use of synthetic products on crops, prompting
farmers to adopt agro-ecological methods that pro-
mote crop diversity and environmentally friendly
cultivation practices (European Commission

2018/848). Several studies have shown that
organic farming not only increases the abundance
and diversity of weeds and invertebrates, thereby
increasing the availability of food for birds, but
also enhances overall habitat quality and mini-
mizes the risk of pesticide poisoning (Chamberlain
et al. 1999, Beecher et al. 2002, Hole et al. 2005,
Gayer et al. 2021, Gong et al. 2022). Notably, a
study reported more vigorous behaviour from
birds captured in organic farming compared with
birds captured in conventional farming (Moreau
et al. 2022a, 2022b). On the contrary, agricultural
intensification has been shown to adversely affect
Corn Bunting Emberiza calandra breeding success
by decreasing the availability of invertebrate food
sources through pesticide use and inadequate for-
aging habitats (Brickle et al. 2000). Another study
found that House Sparrows Passer domesticus liv-
ing in conventional farms were lighter than birds
living in organic and integrated-production farms
(Humann-Guilleminot et al. 2024a). Furthermore,
many chemicals commonly used in conventional
agriculture, especially pesticides, can impair bird
sperm quality through direct damage to sperm
cells by inducing oxidative stress or acting as endo-
crine disruptors. These substances can lead to tes-
ticular anomalies or reduced spermatozoa
production, potentially diminishing reproductive
success (Khalil et al. 2017, Mohanty et al. 2017,
Humann-Guilleminot et al. 2019b, Moreau
et al. 2022b). Additionally, hormonal changes asso-
ciated with plumage depigmentation were
observed in male Red Avadavats Amandava aman-
dava exposed to imidacloprid and mancozeb (Pan-
dey et al. 2017).

Ornamental traits evolve under sexual selection,
revealing the quality and condition of their bearer
(Cotton et al. 2004) and their plasticity makes
their expression highly sensitive to environmen-
tally stressful factors (Hill 1995, Buchanan 2000,
Lifshitz & St Clair 2016). The two primary types
of pigments involved in the coloration of ornamen-
tal traits in vertebrates are melanin and caroten-
oids. Melanins are the most prevalent pigments
found in vertebrates, with pheomelanin producing
yellow-brown features, and eumelanin producing
grey-black features (McGraw 2005).
Melanin-based ornaments are mainly controlled by
genes, synthesized from amino acid precursors
(Badyaev & Hill 2000, McGraw 2006b), but they
can also be affected by environmental conditions
such as breeding conditions, parasite infestations
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and food quality (Fargallo et al. 2007,
McGraw 2008, Guindre-Parker & Love 2014).
The other type of pigment, carotenoids, produce
yellow, orange and red traits. They cannot be syn-
thesized in vertebrates (Schiedt 1989), but they
are acquired through diet. They can therefore pro-
vide information on foraging, carotenoid absorp-
tion and efficiency of resource allocation
(McGraw 2006a). They are involved in several
physiological functions, preserving cells and tissues
from oxidative damage, and strengthening the
immune system (Lozano 1994, Schantz
et al. 1999, Hartley & Kennedy 2004, P!erez-Rodr-
!ıguez 2009). Both melanin and carotenoids are rel-
evant for assessing the negative effects of
pesticides on physiological parameters in wildlife.
For example, exposure of Red-legged Partridges
Alectoris rufa to a herbicide led simultaneously to
an increase in eumelanic plumage (larger black
traits), to a decrease in pheomelanin expression
(smaller brown traits) and also to a decrease in
carotenoid-based ornaments (paler red beak and
eye rings; Alonso-Alvarez & Galv!an 2011).

In this study, we aimed to explore the effects of
conventional and organic farming on birds’ body
mass, birds’ coloration intensity and sperm quality
parameters in birds captured in hedgerows within
landscapes surrounded by either organically or
conventionally farmed fields. For this purpose, we
examined carotenoid-based (yellow/orange) and
melanin-based (black) coloration across four bird
species, from which we derived an index of colour
intensity. In addition, we selected sperm density,
percentage of abnormal sperm and intra-individual
variation of sperm morphology as proxies for
sperm quality in eight passerine species. The
choice of these sperm quality parameters relies on
several variables that, individually or in combina-
tion, have been demonstrated to effectively predict
the fertilizing potential of sperm across various
species (Snook 2005, Simmons & Fitzpa-
trick 2012). We opted to explore intra-individual
variation in sperm morphology, i.e. variation in
total sperm length within ejaculates of each indi-
vidual, rather than absolute measurements of
sperm components (e.g. head, midpiece) due to
the diversity in reproductive strategies among the
nine passerine species studied, which range from
low to high levels of sperm competition potentially
affecting sperm quality and size variation. First, we
hypothesized that farming practices may influence
food abundance and therefore that birds living

within conventional fields would be lighter. Sec-
ond, we predicted that organic farming could
enhance both bird coloration and sperm quality,
potentially due to a lower exposure to pollutants
or increases in food abundance and quality that
are associated with improved overall body condi-
tion, which in turn is linked to sperm quality and
coloration (Schantz et al. 1999, Helfenstein
et al. 2010, Fern!andez-Eslava et al. 2022, McDiar-
mid et al. 2022).

METHODS

Study design

The study was conducted in the Zone Atelier Plaine
& Val de S"evre (ZA-PVS), a 435-km2 Long-Term
Social-Ecological Research (LTSER) site in
central-western France (46°230N, 0°410W; see Bre-
tagnolle et al. (2018) for details on the site). Glob-
ally, the majority of the area is of typical intensive
farmland, made up of open landscapes with mainly
winter cereals and other arable crops (maize, sun-
flower, oilseed rape, pea), temporary grasslands
(such as alfalfa and clover) and permanent
meadows. The site has a rather high diversity of
types of farming system, with ca.15 farms man-
aged using conservation agricultural practices, ca.
80 farms using organic methods and ca. 300 farms
using conventional methods, of which about 50%
are mixed dairy/cereal farms. Agricultural land use
within the site has been monitored annually at the
field scale since 1994 and mapped on vector-based
shapefiles (Bretagnolle et al. 2018). Every organi-
cally farmed field has been identified (see Winter-
mantel et al. 2019), providing a very detailed
description of farming practices regarding pesticide
use at field and landscape scales.

We used this detailed knowledge to select 10
hedgerows surrounded by organically farmed land-
scapes and 10 hedgerows surrounded by conven-
tionally farmed landscapes, each with a 250-
m-radius buffer zone; the 20 hedgerows were the
same as those described in Moreau et al. (2022a).
Physical characteristics of hedgerows (such as total
length, height, top width) are similar between con-
ventional and organic farming (see Moreau
et al. 2022a for details). The percentage of organic
farming was calculated within this 250-m-radius
buffer. We chose this buffer-zone size to match
the breeding home-range size for different passer-
ine species (see below). For hedgerows defined as
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‘organic hedges’, 73–98% of the buffer area was
organically farmed, while ‘conventional hedges’
had almost no organic farming within the buffer
area (see table 1 in Moreau et al. 2022a for
details).

The breeding territories of selected species vary
significantly, spanning 0.2–8 ha, equivalent to a
radial expanse of 25–160 m (Naef-Daenzer 1994,
Naguib et al. 2001, Stoate & Szczur 2001,
Halupka et al. 2002, Stevens et al. 2002). Notably,
these breeding home-ranges are more contained
than the size of our study plots, which extend to a
250-m radius, ensuring that our analysis was con-
ducted at an appropriate scale.

Bird capture

Adult male birds were captured using mist-nets
throughout the breeding season, from 30 March
2021 to 19 July 2021. Each site typically under-
went three capture sessions, except for three con-
ventional sites, where only two sessions were
conducted due to poor weather conditions (rain
and wind). Each site was visited 1 month apart,
following the same order as during the first visit.
Only one site was visited per day. For each cap-
ture, 10 mist-nets (each 12 m long) were set up
along hedges. The nets were placed early in the
morning before sunrise until 11:30 AM and in the
evening until nightfall. They were checked every
5–10 min to ensure that any captured birds were
promptly released, minimizing their time in the
nets. In total, 28 different species were captured;
however, the focus of this study was on seven tar-
geted species: Cirl Bunting Emberiza cirlus, Com-
mon Nightingale Luscinia megarhynchos, Common
Blackbird Turdus merula, Common Whitethroat
Sylvia communis, Eurasian Blackcap Sylvia atrica-
pilla, Dunnock Prunella modularis and Great Tit
Parus major. These species were selected based on
the number of individuals caught and for which
there were sufficient amounts of data for the
assessment of birds’ body mass and coloration in
the two types of sites. At capture, males were
ringed and weighed using a spring balance
(Pesola! 500 g, accuracy: ! 5 g). Left and right
tarsus lengths were each measured twice with a
digital calliper (precision: ! 0.1 mm). Immediately
after all measurements were taken (see below),
birds were released at the capture site. Few birds
were recaptured across the season, for which only
body mass was measured again. However, the

small number of recaptures was unevenly distrib-
uted across the two farming systems (n = 11),
which prevented us from assessing intra-individual
changes over the breeding season. Only data from
birds at first capture were recorded in the
database.

Ornamental coloration

Our study examined carotenoid-based (yellow/
orange) and melanin-based (black) coloration
across four bird species: Great Tit, Cirl Bunting,
Common Blackbird and Eurasian Blackcap. We
characterized colour on different parts of each of
the four species. These parts were chosen because
they are known to play an important role in intra-
and intersexual communication and/or reflect the
physiological quality of the individual in that spe-
cies. For example, in Great Tits, individuals exper-
imentally exposed to oxidative stress have less
colourful carotenoid-based breast plumage (Hel-
fenstein et al. 2010). We therefore assessed the
yellow face lines of the Cirl Bunting, the black cap
of the Eurasian Blackcap, the yellow breast plum-
age of the Great Tit and the orange bill of the
Common Blackbird. Yellow coloration (bill or
plumage) is carotenoid-based, and black plumage
coloration is melanin-based.

Each bird was photographed twice within a
black box using a ring light for consistent lighting,
along with a standard white reference chip (Kodak
Colour Separation Guide and Grey scale, Q13/
Q14) for accurate colour calibration. The images
were processed using PhotoFiltre software, where
Red-Green-Blue (RGB) colour values were mea-
sured from three random squares within the col-
our patterns and averaged across the two images
per bird. These RGB values were then converted
to Hue-Saturation-Brightness (HSB) values using
the rgb2hsv function from the grDevice package
(Fisher 1999). Variation in light exposure assessed
from the white reference chip (Fitze & Rich-
ner 2002, Tschirren et al. 2003) was corrected to
ensure accurate colour assessment. Principal com-
ponent analysis (PCA) was then performed with
the FactoMineR package (Husson et al. 2020) to
generate a colour intensity index from the first
principal axis, which reflected 67.20% of the vari-
ance and had an eigenvalue greater than 1. The
first PCA axis was negatively correlated with the
colour parameters H (Spearman’s rank correlation
test: r = "0.83) and positively correlated with
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saturation and brightness (saturation r = 0.76,
brightness r = 0.86). The mean of the first PCA
axis values, calculated from two images per bird,
provided an index of colour intensity, with higher
scores indicating more intense coloration.

Sperm analyses

Sperm collection
We attempted to collect ejaculates from all cap-
tured bird species without previous selection.
However, sperm collection proved particularly
challenging for some species, and we were able to
retrieve ejaculates from only four bird species:
Eurasian Blackcap, Dunnock, Common White-
throat and Common Nightingale. Sperm was col-
lected by massaging the bird’s cloaca (Wolfson
1952) until we reached a minimum sample vol-
ume of 2 lL. For some birds, continuous stimula-
tion was needed to reach this amount, but the
whole sperm sample was collected in the same
5-lL capillary tube (intraMark 5 lL,
BLAUBRAND!) and within 5 min of cloacal
massage.

Immediately after sperm collection, we took a
photograph of the capillary containing the ejacu-
late placed on a millimetre paper. Ejaculate size
was then assessed using the ImageJ software as the
length of the capillary section containing
sperm 9 the squared radius of the capillary 9 p.
Upon sperm collection, we also pipetted 0.20 lL
of the ejaculate into 10–40 lL of ice-cold buffer
(10% dimethylsuphoxide: 90% newborn bovine
serum), depending on the species and the density
of the ejaculate, and the mixture was stored at
"80°C until analysis of sperm density. In addition,
a small droplet from the ejaculate was smeared
with 10% formalin on a glass slide, dried and
stored at room temperature in the dark for further
analyses of sperm morphology.

Sperm quality parameters
We assessed sperm density, percentage of abnor-
mal sperm and sperm morphology following the
protocol described in Humann-Guilleminot
et al. (2019b).

Sperm density was assessed from sperm counts
conducted using Neubauer chambers, with a depth
of 0.100 mm and a grid size of 0.0025 mm2. For
the counting process, 1 lL of the sperm sample
suspended in dimethylsulphoxide/serum was

blended with 39 lL of phosphate-buffered saline
(PBS). In cases of high sperm concentration, an
additional dilution was achieved by mixing another
microlitre of the sample with 79 lL of PBS. Then,
10 lL of the mixture was loaded into the chamber
slide. Spermatozoa were counted under a micro-
scope set to 4009 magnification with a
phase-contrast 2 annular ring setting. The counting
was focused on the nine primary squares of the
chamber outlined by triple lines. We specifically
counted sperm in 32 squares across two regions,
each bounded by triple lines, including cells along
the top and left borders while excluding those
touching the right and bottom edges. Sperm den-
sity was then determined by dividing the total cell
count by the chamber section volume of 0.004 lL
and adjusted for the dilution level. We calculated
the average sperm density from two separate mea-
surements per individual. All chambers were
cleaned with 70% ethanol and distilled water
between each use. We obtained an intra-class cor-
relation coefficient of 0.95 for the sperm counts
and a coefficient of variation of 0.28, and we used
the mean of two counts in the analyses.

Sperm morphology was assessed on each slide
containing the mixed sperm–formalin. We took
photographs of 10 intact sperm cells using a cam-
era mounted on a microscope (Zeiss!, Primo star),
at 2009 or 4009 magnification depending on the
species. Seven to 10 sperm cells per ejaculate
(mean ! standard deviation (sd) 9.78 ! 0.57)
were measured for head, midpiece, flagellum and
total length using ImageJ software (v 1.53e). For
further analyses, intra-male variation in sperm
length was assessed by calculating the sd of the
mean total sperm length.

Sperm smears were also used to assess the per-
centage of abnormal sperm based on 50 spermato-
zoa per slide randomly selected. Spermatozoa
were classified as morphologically normal or with
one or more abnormalities, i.e. abnormal head –
no head, S-shaped head, bent head, no acrosome,
burst head; with abnormal midpiece – no mid-
piece, broken midpiece; and abnormal flagellum –
no flagellum, broken flagellum, folded flagellum,
flagellum with 90° angle, coiled flagellum, double
flagellum, split flagellum (Humann-Guilleminot
et al. 2018). We obtained an intra-class correlation
coefficient of 0.81 for the two measurements and
a coefficient of variation of 0.30, and we used the
mean of two counts in the analyses.
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Statistical analyses

All statistical analyses were performed using the R
v. 4.2.2 software (R Core Team 2022).

We first investigated the effect of the two farm-
ing practices on birds’ body mass by running a lin-
ear mixed effect model (LMM) including the
log-transformed mass of birds as the dependent
variable and farming practices (organic versus con-
ventional), bird species (seven species, categorical)
and their interaction with farming practices, date
(continuous numerical values in Julian date), tar-
sus length (mean of four measurements) and ses-
sion (morning and evening, categorical) as
explanatory fixed factors. Considering the correla-
tion between birds’ body mass and tarsus length
and to limit the number of variables in each
model, we decided to use the scaled mass index
according to Peig and Green (2009) as a proxy for
birds’ body condition, instead of body mass and
tarsus length separately. We then ran an LMM
including the variation in coloration intensity
(untransformed) as the dependent variable, farm-
ing practices, bird species and its interaction with
farming practices, date and scaled mass index as
explanatory fixed factors. We conducted an analy-
sis of variance using the Anova function from the
car package, specifying a Wald v2 test and a Type
III sum of squares ANOVA. Post-hoc comparisons
between farming practices within each species
were performed using the emmeans function from
the emmeans package (Lenth 2023), with Tukey’s
honest significant difference (HSD) adjustment to
control for multiple comparisons.

We then ran three LMMs including either
log-transformed sperm density, logit-transformed
percentage of abnormal sperm or log-transformed
intra-individual variation in sperm morphology as
dependent variables and farming practices (organic
versus conventional), date (continuous numerical
values in Julian date) and scaled mass index as
explanatory fixed factors. All three models
included site identity as random intercept to
account for the non-independence of the samples
taken at the same site. We did not include the ses-
sion (morning or evening) as an explanatory fixed
factor in the models because sperm quality is
unlikely to vary over the course of a day. Due to
the low number of individuals caught within each
species in the study of farming practices’ effects on
sperm quality parameters, a full model fitting an
interaction between species and farming practices

would leave insufficient degrees of freedom.
Instead, we modelled species ID as a random
effect with both random intercepts and random
slopes for farming practices, thereby accounting
for inherent differences among species and allow-
ing each species to respond differently to farming
practices. This allows each species to have a differ-
ent baseline response (random intercept) and a dif-
ferent reaction to the change of farming practices
(random slopes). We acknowledge that combining
all species into a single model could introduce
excessive variance and potentially hide differences
in sperm quality between habitats. To address this,
we conducted subgroup analyses by running three
models for sperm quality parameters and four
models for birds’ coloration – one for each species.
In these models, we used log-transformed sperm
density (three species included), logit-transformed
percentage of abnormal sperm (four species
included) or log-transformed intra-individual varia-
tion in sperm morphology (four species included)
as dependent variables, with farming practice as
the sole explanatory variable, given the limited
sample size for each species.

All LMMs were run using the lmer function
from the R package lmerTest (Kuznetsova
et al. 2017). To avoid inflating type I error (Whit-
tingham et al. 2006, Forstmeier & Schiel-
zeth 2011), we did not apply model selection, and
therefore always report results for full models.
Modelling assumptions (normality of residuals,
normality of random effects, residuals linearity,
homogeneity of variance, collinearity of factors)
were checked by visual inspection of the residuals
using the check_model function of the performance
package (L€udecke et al. 2021). Following recom-
mendations in the American Statistical Association
statement on P-values (Wasserstein & Lazar 2016),
we do not interpret our results based on an arbi-
trary threshold for statistical significance. Instead,
we use P-values to measure the amount of statisti-
cal evidence against the null hypothesis and fur-
ther examine effect sizes (Cohen’s d ) along with
their confidence intervals to assess the strength of
the associations and the confidence we should
have in those estimates.

RESULTS

Basic descriptive statistics per species (sample
sizes, median, mean ! sd, minimum and maxi-
mum) are presented in Table S1. Sample size
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varies based on the parameters being studied due
to field constraints related to the amount of sperm
that can be collected; in some cases, the quantity
was too low to perform all the necessary analyses.

Body mass

All seven species were included in this analysis.
We found no statistical evidence that bird body
mass differed between organic and conventional
sites (v2 = 1.33, P = 0.25). However, body mass
was positively correlated with tarsus length and
varied among species (v2 = 3.97, P = 0.05;
v2 = 2236.70, P < 0.001, respectively). There was
no evidence of an interaction between site and
species (v2 = 4.13, P = 0.66). Additionally, the
date of capture (Julian date) had no effect on body

mass (v2 = 0.18, P = 0.67), but the capture ses-
sion did (v2 = 8.62, P = 0.003). Post-hoc analyses
confirmed that body mass did not differ between
sites for any species (all P-values between 0.26
and 0.71).

Ornamental colorations

We included four species in the analysis (Great
Tit, Cirl Bunting, Common Blackbird, Eurasian
Blackcap). We found no statistical evidence that
the intensity of ornamental coloration differed
between farming practices or that there was an
interaction between farming practice and species
(v2 = 0.29, P = 0.59; v2 = 1.81, P = 0.61, respec-
tively; Fig. 1a). Likewise, there was no statistical
evidence that ornamental coloration varied with

Figure 1. (a) Variation in coloration intensity in four species (Great Tit, Cirl Bunting, Common Blackbird and Eurasian Blackcap), (b)
sperm density in three species (Dunnock, Common Whitethroat and Common Nightingale), (c) percentage of abnormal sperm in four
species (Dunnock, Common Whitethroat, Common Nightingale and Eurasian Blackcap) and (d) sperm morphology in four species
(Dunnock, Common Whitethroat, Common Nightingale and Eurasian Blackcap) in relation to the type of farm. Dots represent individ-
ual values. In the boxplots, means of each parameter are represented by black diamonds and medians are represented by thick hori-
zontal bars. The lower edge of the box represents the 25th centile, while the upper edge represents the 75th centile. Whiskers
extend to 1.5 times the interquartile range. To account for inherent differences between species and the fact that each species may
respond differently to the type of farming practices, the interaction between the type of farming practices and bird species was added
in each model as random slopes and random intercepts, respectively, allowing each species to have a different baseline response
(random intercept) and a different reaction to the change of farming practices (random slopes).
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body condition or Julian date (v2 = 1.00,
P = 0.32; v2 = 0.00, P = 0.99). However, we did
find strong statistical evidence for differences in
ornamental coloration among species (v2 = 76.93,
P < 0.001). Post-hoc analyses confirmed that orna-
mental colorations did not differ between sites for
any species (all P-values between 0.06 and 0.89).

Sperm quality parameters

The analysis that included sperm density as the
response variable was conducted on three species
(Dunnock, Common Whitethroat, Common
Nightingale), whereas the analyses on the percent-
age of abnormal spermatozoa and intra-individual
variation in sperm morphology involved four spe-
cies (Dunnock, Common Whitethroat, Common
Nightingale, Eurasian Blackcap). The sample size
varied between parameters because of the limited
volume of semen we were able to collect in the
field, which prevented us from conducting all the
measurements of sperm quality. The results of the
full models combining all species did not reveal
any statistical evidence to suggest that the type of
farming practice impacted any of the studied
sperm quality parameters (refer to Table 1,
Fig. 1b–d). Additionally, sperm density declined
with date (Julian), but we also found little statisti-
cal evidence that sperm density decreased with
birds’ body condition (Table 1). Interestingly, sub-
group analyses for each species revealed some sta-
tistical evidence for a decrease in sperm density in
the Common Whitethroat and an increase in the
proportion of abnormal spermatozoa in the Com-
mon Nightingale with larger effect sizes in birds
living in conventional farming (P = 0.01 and
P = 0.02, respectively; Fig. 2). However, subgroup
analyses on intra-individual variation in sperm
morphology did not reveal any difference between
birds living in organic and conventional farming
habitats (Fig. 2).

DISCUSSION

In this field study, we explored the impact of con-
ventional and organic farming environments on
body mass, coloration intensity and sperm quality
of several passerine birds. Contrary to our predic-
tions, we observed no differences in either body
mass or the coloration of birds caught in hedge-
rows within landscapes surrounded by either
organically or conventionally farmed fields.

Previous research conducted in the same hedge-
rows in 2019 demonstrated that conventional
farming negatively affects the behaviour of passer-
ines, with birds from predominantly conventional
areas showing a reduced tendency to fly away
upon capture or to attack the handler (Moreau
et al. 2022a). In the same study, the authors did
not report any difference in birds’ body condition,
as calculated from the scaled mass index (Peig &
Green 2009), between conventional and organic
farming. This finding, like ours, suggests that food
abundance was comparable in both habitats. More-
over, both experimental and observational studies
have reported the detrimental impacts of conven-
tional food on birds’ physiology, behaviour and
reproduction, including sperm quality (Gibbons
et al. 2015, Humann-Guilleminot et al. 2019b,
Moreau et al. 2021).

We found no evidence for a difference in sperm
quality parameters between conventional and
organic farming when all species were pooled. The
lack of a relationship between farming practices
and the sexual parameters studied (coloration and
sperm quality) when combining all species might
be due to several factors. First, our relatively small
sample size may have reduced our statistical power
to detect any effects. In addition, passerines typi-
cally have a short lifespan of 2–5 years in the wild
and face significant reproductive costs (Bennett &
Owens 2002, Mourocq et al. 2016). The
life-history trade-off hypothesis suggests that,
under environmental pressures, these birds might
prioritize resources for reproduction over somatic
maintenance, given their brief lifespan and the
need to reproduce successfully (Kirkwood &
Rose 1991, Abrams & Ludwig 1995, Tazzyman
et al. 2009, Dobson & Jouventin 2010). This prior-
itization could make their reproductive traits, such
as sperm quality, more resilient to external
stressors (e.g. pesticides) at the expense of impacts
on other physiological parameters.

Interestingly, subgroup analyses revealed a
decrease in sperm density in the Common White-
throat and a higher proportion of abnormal sper-
matozoa in the Common Nightingale, both
associated with conventional farming. These two
sperm quality parameters are closely linked to fer-
tility and have been shown to be sensitive to pol-
lutant exposure (Humann-Guilleminot
et al. 2019b, 2024c, Tanga et al. 2021). A signifi-
cant feature of conventional farming is the use of
pesticides. Several studies conducted on birds,
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particularly partridges, have reported that inges-
tion of food containing one or more pesticides
may affect both physiological parameters and
reproductive success (Lopez-Antia et al. 2013,

2015a, 2015b, Moreau et al. 2021). Reduced
sperm density and increased abnormalities can
result from both direct and indirect disruptions to
spermatogenesis. Pesticides may act as endocrine

Table 1. Summary of the linear models examining the impact of farming practices on sperm density, mean percentage of abnormal
spermatozoa and intra-individual variation in sperm morphology in three to four species of birds fitted using a restricted maximum
likelihood function.

Species included

Sperm density (mean number of spermatozoa per lL of sperm; log-transformed)

Dunnock, Common Whitethroat and Common Nightingale

Fixed effects Est. ! se CI Est. mult. CI mult. t P

Intercept (organic) 30.95 ! 3.48 23.76 to 38.15 2.77e13 2.10e11–3.69e16 8.88 <0.001
Type of field: organic vs conventional "0.75 ! 0.62 "2.03 to 0.53 0.47 0.13–1.70 "1.21 0.24
Date (Julian) "0.09 ! 0.02 – 0.13 to "0.05 0.92 0.88–0.95 "4.54 <0.001
Body condition "0.27 ! 0.11 – 0.50 to "0.03 0.77 0.61–0.97 "2.35 0.03

Random effects
r2 0.69
ԏ00 site ID 0.47
ԏ00 species 1.10
ԏ11 species.farming type 0.45

Species included

Mean percentage of abnormal spermatozoa (logit-transformed)

Dunnock, Common Whitethroat, Common Nightingale and Eurasian Blackcap

Fixed effects Est. ! se CI Est. mult. CI mult. t P

Intercept (organic) "1.14 ! 1.87 "5.01 to 2.68 – – "0.62 0.55
Type of field: organic vs conventional 0.49 ! 0.39 – 0.30 to 1.29 – – 1.28 0.21
Date (Julian) "0.02 ! 0.02 "0.04 to 0.01 – – "1.48 0.15
Body condition 0.04 ! 0.04 "0.04 to 0.12 – – 1.03 0.32

Random effects
r2 0.34
ԏ00 site ID 0.09
ԏ00 species 0.11
ԏ11 species.farming type 0.31

Species included

Intra-individual variation in sperm morphology (lm; log-transformed)

Dunnock, Common Whitethroat, Common Nightingale and Eurasian Blackcap

Fixed effects Est. ! se CI Est. mult. CI mult. t P

Intercept (organic) 0.42 ! 1.84 "3.38 to 4.21 0.42 0.03–67.63 0.23 0.82
Type of field: organic vs conventional "0.07 ! 0.17 "0.43 to 0.28 0.16 0.65–1.32 "0.44 0.66
Date (Julian) "0.00 ! 0.01 "0.02 to 0.02 0.01 0.98–1.02 "0.21 0.83
Body condition 0.05 ! 0.06 "0.07 to 0.17 0.06 0.94–1.18 0.90 0.38

Random effects
r2 0.23
ԏ00 site ID 0.00
ԏ00 species 0.30
ԏ11 species.farming type 0.00

The table shows model estimates ! standard error (Est. ! se) and associated 95% confidence intervals (CI); for log-transformed
variables, the table also shows multiplicative estimates for untransformed variables (Est. mult.) and associated multiplicative confi-
dence intervals (CI mult.); t values and P values. The multiplicative estimate of the intercept corresponds to the geometric mean of
the variable.
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disruptors, interfering with hormone production
and regulation, which in turn compromises germ
cell development (Pandey et al. 2017, Liu
et al. 2025). Additionally, pesticide-induced oxida-
tive stress can directly damage spermatozoa by
affecting their cellular structures and DNA, con-
tributing to a higher proportion of abnormal sperm
(Hoshi et al. 2014, Khalil et al. 2017). However, it

is important to acknowledge that any environmen-
tal impacts – especially the impact of agricultural
practices that involve many more aspects than pes-
ticide ingestion – can affect both survival and
reproductive capacities in a complex manner.
Therefore, it is possible that conventional farming
might have a more pronounced effect on physio-
logical aspects rather than on reproductive

Figure 2. Effect sizes (Cohen’s d ) along with their 95% confidence intervals (CI) of subgroup analyses investigating the difference in
(a) sperm density, (b) percentage of abnormal spermatozoa and (c) intra-individual variation in sperm morphology in the two habitats
for each species. Sample sizes for each species captured in each habitat are indicated alongside the corresponding forest plots.
Organic farming was set as the reference in all models. Therefore, a positive Cohen’s d indicates a higher value under organic farm-
ing compared with conventional farming, while a negative value indicates a lower value. A confidence interval for Cohen’s d that does
not overlap with zero provides statistical evidence for an effect of farming practice on the parameter studied.

© 2025 The Author(s). IBIS published by John Wiley & Sons Ltd on behalf of British Ornithologists’ Union.

Sperm quality impairment in passerines and conventional farming 513

 1474919x, 2026, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ibi.70007 by K

arine M
onceau - C

ochrane France , W
iley O

nline Library on [23/03/2026]. See the Term
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline Library for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons License



outcomes, which could make it difficult to detect
a stronger effect in our study. In addition, while
farming practices may influence various physiologi-
cal traits, the specific effects on survival versus
reproduction can vary and require further
investigation.

The lack of observable effects of habitat types
on birds’ coloration and sperm quality when com-
bining all species might also stem from the mobil-
ity of the birds studied. Although the research was
conducted over a representative scale assumed to
encompass a bird’s home-range, we cannot
exclude the possibility that birds may fly beyond
the confines of the study area. Consequently, birds
living in habitats surrounded by organic fields
could potentially be exposed to substances from
conventional farming if they fly away from their
home-range, or on the contrary birds could benefit
from organic farming if they go beyond their
intensive farming habitat. This could therefore
increase the variance in our measurements, indi-
cating a potential limitation in the study’s design.
Similarly, although we included species as a ran-
dom variable in each model, the increased variance
in sperm quality parameters may be the result of
the capture of different bird species with varying
mating strategies and levels of sperm competition,
potentially leading to differences in sperm quality
between species (Birkhead 1998). Moreover, the
differences between organic and conventional habi-
tats may be less significant than anticipated.
Research has demonstrated that contamination of
untreated areas, such as organic fields, with pesti-
cides can occur through drifting from adjacent
treated fields over sometimes long distances (Bot!ıas
et al. 2016, Humann-Guilleminot et al. 2019a,
Pelosi et al. 2021, Br€uhl et al. 2024). Additionally,
hedgerows, although they are not directly treated,
can accumulate pesticides through spray drift fol-
lowing the treatment of adjacent fields (Kjær
et al. 2014). As a result, organic sites might still
encounter some pesticide contamination, although
typically at reduced levels compared with those on
conventional farms. This potential contamination
suggests that birds in habitats surrounded by
organic farming may not be completely shielded
from pesticide exposure. Conversely, it is possible
that the habitats in our study were sufficiently
favourable (e.g. presence of hedges, heterogeneous
environment), thereby reducing significant expo-
sure to detrimental conditions linked to

agriculture. This is particularly likely as the birds
were captured near hedgerows, where food sources
are typically more abundant. The presence of
hedgerows in agricultural landscapes is known to
enhance biodiversity, potentially providing a rich
food source for a variety of bird species, including
those in intensive agricultural areas (Girard
et al. 2014, Morandin et al. 2014, Garc!ıa de Le!on
et al. 2021). Consequently, any potential differ-
ences in body mass, coloration and sperm quality
among the birds might have been compensated
for, and so gone unnoticed. Lastly, as the effects of
pesticides on breeding birds are dose-dependent
(Tokumoto et al. 2013, Lopez-Antia et al. 2015b),
the levels of contamination observed in our study’s
sites may have been insufficient to influence the
fitness components we investigated.

In conclusion, to the best of our knowledge, this
study is the first to investigate coloration intensity
and sperm quality in birds captured in organic
compared with conventional agricultural systems.
Our results did not reveal any differences in body
mass and coloration intensity between birds caught
in organic versus conventional environments. How-
ever, despite the small sample sizes, our results
indicate that conventional farming may negatively
affect sperm quality through a reduction in sperm
density and an increase in the proportion of abnor-
mal spermatozoa. Previous research has demon-
strated the deleterious impact of intensive
agriculture on various physiological, reproductive
and behavioural traits in birds. The absence of
effects of the two farming systems when combin-
ing all species could stem from methodological
constraints, the dilution of effects through
cross-contamination of both habitats, under-
exposure, or the intrinsic adaptive strategies of the
species studied. Further research should aim to
expand the scope to include a broader range of
parameters related to both reproduction and sur-
vival, particularly those including somatic physio-
logical parameters, thus providing a more
complete understanding of the impacts of farming
practices on bird populations.

We would like to thank all the farmers who allowed us
free access to their fields. We are thankful to people
who assisted in bird monitoring and data collection in
the field and more specifically to Mona Moreau who
made a major contribution to field captures and data
acquisition.
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Table S1. Sample size, median, mean ! stan-
dard deviation (sd), minimum and maximum for
body mass (“BM”; g), variation in coloration inten-
sity (“Colo”; higher scores indicating more intense
coloration), sperm density (“Sp. Dens”; mean
number of spermatozoa per lL), percentage of

abnormal spermatozoa (“Perc. Abn.”) and intra-
individual variation in sperm morphology (“Intra-
var”; lm) for each species included in each
analysis.
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