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Peck or pass? Individual-level testing of a
bird-repellent seed coating

Amal Chantoufi,>®" © Alice Baux® and Frédéric Jiguet?

Abstract

Background: Carrion crows (Corvus corone) are a major depredating species of spring crops across European agroecosystems,
especially during sowing, but limited effective non-lethal repellents are currently available.

Results: We assessed the deterrent effect of a bird-repellent seed coating, based on black pepper oleoresin (BPO) and applied to
maize seeds, on free-ranging carrion crows. Using a standardized unique-choice test design in an urban context, we recorded
the behavior of 45 ringed individuals exposed to natural, purple-dyed and purple BPO-coated maize seeds. Although color
alone had no deterrent effect, BPO-coated seeds were largely avoided. Age-related differences in habituation emerged: youn-
ger birds (<2 years) habituated to color cues over time, unlike older birds (=3 years); all age groups maintained an aversion to
BPO-treated seeds.

Conclusion: Our results underscore the relevance of chemosensory repellents for persistent deterrence and offer a novel and
replicable framework for pre-field testing of avian repellents.
© 2025 The Author(s). Pest Management Science published by John Wiley & Sons Ltd on behalf of Society of Chemical Industry.

Supporting information may be found in the online version of this article.
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1 INTRODUCTION

Conflicts between human activity and wildlife continue to pose
significant conservation challenges,”” in urban as in rural land-
scapes.>* Among these conflicts, bird crop damage stands out
as a globally prevalent issue, resulting in considerable economic
losses and complicating efforts to balance agricultural productiv-
ity with biodiversity conservation.>® Birds, especially granivorous
and omnivorous species, exploit cultivated landscapes for high-
energy food sources, frequently targeting the sowing and ripen-
ing phases of crop production.”” These interactions not only
compromise yields, but also raise ethical and practical manage-
ment challenges, particularly regarding the use of lethal control
methods.?

In Europe, corvids, including carrion crows (Corvus corone), have
emerged as significant agricultural pests.'®'! Their high cognitive
abilities, generalist diets and large home ranges allow them to
thrive in peri-urban agricultural zones, exploiting predictable sow-
ing schedules while facing minimal predator pressure.'>'® In
France and Switzerland, carrion crows are responsible for wide-
spread damage in early crop stages, particularly in maize and sun-
flower fields,'*'® and are consistently cited by farmers among the
most problematic avian species, especially during sowing.

Traditional deterrent techniques such as auditory cannons,
reflective tape and predator decoys have shown variable and
often short-lived effectiveness,'® particularly against corvids
known for their rapid learning and advanced problem-solving
skills."”'® Increasingly, research has shifted toward non-lethal

chemical repellents, particularly seed coatings, as an ethically via-
ble alternative.'™?' These deterrents operate through one or
more of three mechanisms: pre-ingestive aversion via color, odor
or taste; post-ingestive malaise; and negative aversive condition-
ing.”??* Among these, anthraquinone (AQ) and methyl anthrani-
late have shown efficacy in reducing avian seed predation
through gastrointestinal feedback and trigeminal irritation,
respectively.>?® However, despite behavioral results in species
such as red-winged blackbirds (Agelaius phoeniceus) and common
grackles (Quiscalus quiscula),”’~>° neither compound is currently
approved for use as an avian repellent in the European Union
(EV). This is due to insufficient data on environmental exposure
and non-target effects.>**' This caution is consistent with the
EU's broader decision to ban other bird-repellent seed treatments,
such as thiram and methiocarb, because of their high ecotoxico-
logical risks.>*”>* Following these withdrawals, Ziram-based for-
mulations have remained among the few authorized seed
treatments for maize in certain European countries, including
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Switzerland.>® Yet concerns persist regarding Ziram's toxicity to
aquatic organisms and granivorous birds through seed ingestion
or environmental contamination.>’

Anticipating further regulatory restrictions, there is growing
interest in seed-coating repellents based on natural compounds
that offer lower ecological and ecotoxicological risk,*® such as
pulegone, caffeine and garlic oil, with studies reporting reduced
feeding in blackbirds and starlings under laboratory condi-
tions.2%3°™*" Nonetheless, the effects of these compounds are
often species-specific, with limited studies evaluating their deter-
rent potential in corvids, despite being frequently associated with
crop depredation. Recent findings have shown that carrion crows
initially avoid colored or flavored seeds but quickly habituate,
underscoring the challenge of developing repellents that remain
effective under natural foraging conditions.' Furthermore, field
evaluations are hindered by fluctuating bird pressure, crop phe-
nology, weather conditions and landscape heterogeneity, which
complicate replication and interpretation of deterrence
results.'2942

To address these limitations, our study adopted a controlled
urban setting to evaluate the short-term deterrent effects of a
commercial seed treatment that is currently authorized in
Switzerland and designed to function via chemosensory aversion
using black pepper oleoresin (BPO). We built on earlier research,*®
involving a marked population of urban carrion crows at Jardin
des Plantes, Paris—a site where birds regularly forage near
humans and exhibit predictable daily activity patterns.

We conducted a series of sequential unique-choice tests using
maize seeds under three treatment conditions: control
(no treatment), purple-colored (food dye) and BPO-treated (which
is purple-colored). This design allowed us to isolate the effects of
color and BPO cues and evaluate the potential of the repellent
coating to reduce seed consumption by crows. We expect wild
crows that forage on maize to consume or to get used to consum-
ing colored seeds,*® but to avoid BPO-coated seeds if the coating
is effective as a repellent. Our findings, from repeated observa-
tions of marked individuals, should offer preliminary insights into
the potential of BPO seed treatment as a non-lethal bird deterrent.

2 MATERIAL AND METHODS

2.1 Study sites and population

This study was conducted in Paris, France (48.84° N, 2.36° E), in
urban parks and places where there is a continual human pres-
ence throughout the day because of recreational, transit and edu-
cational activities. The city supports a long-term monitored
population of carrion crows (Corvus corone), habituated to
humans and frequently observed foraging in open areas. Since
2015, more than 1500 individuals have been ringed at the site
as part of a long-term monitoring program led by Parisian envi-
ronmental services, aimed at assessing survival rates and move-
ment patterns.* There are several crow roosts across the city,
where crows move between foraging and roosting sites in
fission—fusion dynamics.**

The sites are the Jardin des Plantes (48.84° N, 2.36° E), a 23.5-ha
botanical garden managed by the National Museum of Natural
History, Gare de Lyon train station (48.84° N, 2.37° E) and the
esplanade Les Halles (48.86° N, 2.34° E). Ringed carrion crows
are frequently observed there exploiting food waste and urban
structures for foraging and perching. Repeated field observations
confirmed the consistent presence of individually marked birds
from the same monitored population.

2.2 Seed treatments

We tested a BPO seed coating, marketed commercially as
Ibisio®,*> which was pre-colored in purple (variety DKC 3434). To
approximate this appearance in the color-avoidance experiment,
natural untreated maize seeds (variety LG 31272) were manually
coated with food dyes. Both maize varieties were dent-flint with
similar maturity, minimizing varietal confounding. We prepared
three dye formulations: purple #1 was mixed as 8 mL of red dye
(E124 Ponceau 4R, E104 Quinoline) and 6 mL of purple
dye (E122 Carmoisine, E133 Blue FCF) per 100 g of maize seeds.
Purple #2 used 4 mL of red dye and 2 mL of purple dye with
6 mL of H,0, and purple #3 used 14 mL of red dye and 6 mL of
purple dye with 20 mL of H,O (per 100 g of seeds) (Supporting
Information, Fig. S1).

A post-treatment investigation of seed color-coat reflectance
(350-700 nm) was performed using a PSR spectroradiometer
(Spectral Evolution, Haverhill, Massachusetts). Spectra were con-
verted to violet-sensitive avian cone catches (D65, von Kries adap-
tation), and chromatic distances to BPO were computed with the
receptor-noise-limited model (4S, JND units) using pavo R pack-
age.* Purple #1 was closest to BPO (AS = 1.18; purple #2 = 143,
purple #3 =1.73), so we wused purple #1 subsequently
(Supporting Information, Fig. S2).

2.3 Experimental design

Prior to testing, we implemented a habituation phase to identify
ringed individuals from the local population that consistently con-
sumed untreated maize seeds. During this period, maize seeds
were provided ad libitum at fixed feeding spots. Only individuals
that consistently consumed offered seeds (=20 natural maize
seeds) were further included in deterrence tests to ensure reliable
behavioral responses.

2.3.1 Color-avoidance tests

From 18 November 2024 to 27 March 2025, we conducted a color-
avoidance experiment using small pools of ringed individuals
simultaneously (pre-selected during habituation). Each bird
received a single seed, either natural (N, uncolored) or artificially
colored purple (P). No minimum number of seeds per individual
bird was required. Each interaction was considered as an indepen-
dent test and assigned to the corresponding bird based on its
unique ring code.

This experiment aimed to account for potential color-driven
biases, given that BPO-treated seeds are purple. By isolating the
effect of coloration, we ensure that any potential avoidance
observed in later tests is attributable to the treatment itself.

2.3.2 BPO avoidance tests

To assess the deterrent effect of the BPO seed coating, we con-
ducted a second experimental series (27 March to 13 June 2025)
using the same protocol described above. This time, we com-
pared uncolored untreated maize (N) with maize seeds coated
in a purple BPO formulation (P). Unique-choice tests were per-
formed in the same population of ringed crows; each test offered
one seed per trial (N or P) (Fig. 1). Each consumption event was
attributed to the corresponding individual using ring identifica-
tion and each interaction was treated as an independent
observation.

During both experimental phases, we recorded a consumption
score on a binary scale, classifying seeds as either unconsumed
(0) or consumed (1). We also documented the study site (Jardin
des Plantes, Les Halles or Gare de Lyon), the date and start time,
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Figure 1. Ringed carrion crow (G516) during a unique-choice test with
natural maize at Jardin des Plantes, Paris. Photograph: M.L. Pamart.

detailed consumption scores for each seed presented, along with
its type (N/P) and experimental phase (color/BPO). Ring codes of
participating individuals were noted, and their original ringing
dates were retrieved to determine age classes. The age of the
ringed crows was determined at ringing based on palate color
and molt stage, classifying birds as 1 year old (1Y), 2 years old
(2Y) or 3 or more years old (=3Y) and allowing us to know or esti-
mate the age of the individuals involved in the experiment.

We included in the analysis only individuals that interacted with
all three seed types—natural, purple untreated and purple BPO-
treated (with a minimum of one seed in each category).

We ensured that the findings were not sensitive to this minimal
threshold by testing stricter inclusion criteria (minimum of two or
three seeds per type) (Supporting Information, Table S1).

2.4 Statistical analyses

To analyze seed consumption, we used a generalized linear mixed
model (GLMM) with a binomial error structure using the glmer
function from the Ime4 package.*” The binary response variable
was the consumption score (0 = unconsumed, 1 = consumed).
To track the individual exposure for each seed type, we generated
a variable called test_number. This index reflected the cumulative
number of times an individual bird was presented with a given
seed type (N/P), regardless of the experimental phase. For each
bird (ID_individu), trials were ordered chronologically by date
within each seed type and numbered sequentially starting from
1. We assumed that purple seeds used in color and BPO experi-
mental phases were visually equivalent and thus represented
the same stimulus across treatments.

Fixed effects included seed type (Control or Treated), experi-
mental phase (color or BPO phase), referred to as ‘treatment’, test
number (scaled) and age class of the individuals. Interaction terms
were included to examine whether the effects of seed type and
exposure differed across treatments or age groups. To account
for pseudo-replication (due to repeated observations on the same
individuals), bird ring code (/D_individu) was included as a random
effect. This also ensures that inferences are made at the popula-
tion level rather than being driven by individual preferences.

The explanatory variables included in the model were selected
with a forward stepwise procedure. Model assumptions were
checked visually using the R package DHARMa.*® All statistical
analyses were performed in R v.4.3.3 (R Core Team 2024) and
the significance level considered was 0.05.

3 RESULTS

We retained 45 individuals of the 166 tested, with age at testing
ranging from 1 to 12 years old. Individuals were further grouped
into two age classes for modeling purposes: a ‘young' group
(<2Y, n = 29) and an ‘old’ group (=3Y, n = 16). Within this moni-
tored population, birds moved between sites: individuals from
Les Halles (n = 3) were also tested at the main site (Jardin des
Plantes), and only two birds were tested exclusively at Gare
de Lyon.

3.1 Treatment-dependent seed selection

The GLMM revealed significant main effects of seed type
(y?=44.14, P<0.001), treatment (y2=69.59, P <0.001) and their
interaction (y?=52.41, P < 0.001) on the probability of maize seed
consumption by carrion crows. Under the color treatment, crows
consumed natural and purple maize at comparable rates [N:
94.5% + 1.7% standard error (SE); 95% confidence interval
(Cl) 0.9-0.97 versus P: 93.1% + 1.9% SE; 95% Cl 0.88 to 0.96,
P =0.78], indicating no color-based avoidance. By contrast, under
the BPO treatment, purple treated seeds were consumed at signif-
icantly lower rates (29.5% =+ 5.17% SE; 95% Cl 0.2 to 0.4) than nat-
ural maize (89.3% +2.98% SE; 95% Cl 0.81 to 0.94, P < 0.001) and
untreated purple maize (93.1% + 1.9% SE; 95% Cl 0.88 to 0.96,
P<0.001). These results confirm a marked—although not
complete—aversion to BPO-coated seeds, independent of seed
color (Fig. 2).

3.2 Learning trends across age

A significant interaction between age class and test number
(r?=8.69, P<0.01) revealed age-specific learning dynamics.
Younger individuals (<2Y) displayed a positive consumption trend
over repeated trials (0.051 +0.01 SE; 95% Cl 0.02 to 0.07), whereas
older individuals (=3Y) showed no significant learning slope
(—0.001 +0.01 SE; 95% ClI —0.03 to 0.03). The slope contrast was
significant (z=2.95, P=0.003), suggesting lower behavioral plas-
ticity in older birds (Fig. 3).

3.3 Learning trends across treatments

Maize seed consumption patterns over time differed significantly
between treatments (;(f =13.35, P<0.001). Whereas seed con-
sumption increased with repeated exposure under the color treat-
ment (0.060 + 0.02 SE; 95% Cl 0.02 to 0.09), no such trend was
detected under the BPO treatment (—0.010+0.01 SE; 95% Cl
—0.031 t0 0.011). This difference in learning slopes was statistically
significant (z=3.65, P=0.0003), and consistent across seed types
(Control/Treated), as the three-way interaction was not significant
(r3=0.15, P=0.69) (Fig. 4).

4 DISCUSSION

Our experimental design revealed a clear deterrent effect of the
BPO seed coating on carrion crows, whereas seed color alone
(purple dye) had no deterrent effect. In addition, habituation
dynamics were shaped by age, with younger birds showing
greater behavioral flexibility and learning over repeated trials.
Unlike traditional field trials, where repellent efficacy can be
confounded by factors such as weather, fluctuating bird pressure
and landscape structure,’'®* our experimental design offers a
controlled, individual-level approach. By using ringed individuals,
we ensured repeated measures and age tracking, while minimiz-
ing variance from unknown individuals and social foraging
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Figure 2. Predicted probability of maize seed consumption across treatments (color/BPO) and seed types (Natural = Control/Purple = Treated), as pre-
dicted by the binomial generalized linear mixed model. Error bars represent 95% confidence intervals.
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Figure 3. Predicted probability of maize seed consumption across repeated trials (test number), by age group (<2Y versus >3Y). Predictions and 95% con-
fidence intervals are derived from the binomial generalized linear mixed model. Line type encodes the estimated learning slope significance within each

age group (solid: P < 0.05; dashed: P > 0.05).

(dominant individuals may access seeds first or more frequently,
affecting consumption patterns).>® In contrast to feeding experi-
ments with captive birds,>">? this approach enhances interpret-
ability by using free-ranging individuals under semi-natural
foraging conditions.

Within this framework, color cues alone (purple dye) were inef-
fective in deterring carrion crows, supporting previous research in
which visual cues alone proved ineffective.** The here-tested BPO
coating, however, clearly drove aversion to maize seeds,
highlighting the importance of chemosensory-induced avoid-
ance over visual stimuli.>> Moreover, aversive effects of BPO per-
sisted over time, possibly due to sensory irritation, preventing

habituation. Similar dynamics have been described in condition-
ing studies.?”39%

Furthermore, our results revealed age-related differences in car-
rion crows' learning patterns with exposure. Younger individuals
(<2Y) displayed an increasing willingness to forage across
repeated trials, whereas older birds (=3Y) showed no such trend.
This pattern is consistent with earlier findings in corvids, where
neophilia and exploration decrease with age (Heinrich 1995;
Miller et al. 2015).>>% In crows, juveniles experience a period of
environmental exploration as they disperse from their parents'
territory and integrate into non-breeder flocks.>” During this
stage, increased openness to novelty likely facilitates the
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Figure 4. Predicted probability of maize seed consumption over repeated trials (test number) across treatments (color versus BPO), shown separately for
natural (Control) and purple (Treated) maize. Predictions and 95% confidence intervals are derived from the binomial generalized linear mixed model.
Lines are dashed in the BPO treatment to indicate a near-zero, non-significant slope.

discovery of new foraging and roosting sites.>® By contrast, older
territorial adults exhibit less behavioral flexibility and tend to
operate within familiar areas, thereby reducing the need for fre-
quent exploratory behavior.>®

Although our findings showed no deterrent effect from seed
coloration alone, it is important to note that the purple dye
applied to untreated seeds was not chemically identical to BPO's
coloring. Because BPO formulations include integrated coloration,
exact replication of the reflectance was not feasible. Moreover,
expanding trials to a broader range of depredating species includ-
ing other corvids, such as rooks (Corvus frugilegus) and jackdaws
(Corvus monedula) would strengthen ecological relevance.

Although field trials are a key test of repellent efficacy, our
approach offers a valuable pre-field tool for assessing behavioral
responses before large-scale testing. The strong and consistent
avoidance of BPO-coated seeds across age groups and sessions
underscores its potential as a bird repellent, particularly for
carrion crows. However, future research must address several
practical questions. Key considerations include the short- and
long-term avian safety of BPO and its persistence under field con-
ditions, including rainfall, soil moisture and seed germination. Pre-
vious studies have shown that similar chemical repellents, such as
anthraquinone, may wash off under environmental stressors, lim-
iting their field efficacy.”®° Moreover, our experiment took place
in an urban foraging context; thus, validating results in agricul-
tural landscapes with broader food availability is crucial. We also
excluded birds below a minimum seed consumption threshold
(=20 natural maize seeds), which may bias the sample toward
more responsive feeders and should be kept in mind when gener-
alizing the results.

Overall, this approach addresses key limitations commonly
associated with traditional field trials. By implementing controlled
unique-choice tests on individually identified, free-ranging birds,
we offer a replicable framework for evaluating the efficacy of
avian repellents under semi-natural conditions.
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