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Simple Summary

Plumage abnormalities such as leucism (very pale birds) and melanism (very dark birds)
are rare in owls and often treated as curiosities, yet they can reveal important information
about genetics, habitat, and survival. In this study, we review current knowledge on color
anomalies in owls and present four new and unreported but well-documented cases from
Israel: a brood of Eurasian Eagle Owls (Bubo bubo) with two leucistic and one normally
colored fledgling, and two cases of dark-plumaged Little Owls (Athene noctua) in Northern
and Central Israel. By comparing these familial cases with published examples from other
species, we show that extreme depigmentation and putative melanistic phenotype can
arise through different mechanisms, may carry costs or benefits depending on habitat,
and are often detected thanks to careful observers and citizen science platforms. Our
work highlights that recording and analyzing such unusual individuals contributes to a
better understanding of owl ecology and color evolution and can improve monitoring and
conservation of raptors and other birds.

Abstract

Plumage anomalies in owls range from common color polymorphisms to rare, extreme
aberrations such as leucism, albinism, and melanism, yet systematic syntheses across taxa
are scarce. In this review, we collate recent genomic, ecological, and environmental research
(2017-2025) on owl plumage anomalies and combine it with new field observations from
Israel to examine how depigmentation and hyperpigmentation arise and what their eco-
logical consequences may be. We highlight the exceptional rarity of familial leucism by
presenting a brood of Eurasian Eagle Owls (Bubo bubo) from Mount Gilboa containing two
Ino and one normally colored fledgling—the first family-level record in this species and
only the second wild case of extreme depigmentation in Eurasian Eagle Owls following
a leucistic fledgling reported in Spain. We complement this with another sporadic color
anomaly in a Little Owl (Athene noctua) from the Galilee and one from Shoham, Central
Israel, both exhibiting unusually dark plumage with reduced pale spotting. Together, these
records illustrate that owls may show pronounced reductions or alterations in melanin-
based plumage coloration. However, the underlying mechanisms—including possible
melanin-synthesis defects, altered melanin deposition, and external staining—cannot al-
ways be determined from photographs or opportunistic observations alone. By integrating
these examples with broader evidence on climate, habitat, diet, and urbanization as drivers
of plumage variation, we argue that rare pigment anomalies, although individually excep-
tional, provide disproportionate insight into camouflage, signaling, fitness, and potential
bioindicator roles in owl populations facing rapid environmental change.
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1. Introduction

Owls (Strigiformes) display a wide range of plumage colors and patterns that reflect
their adaptation to nocturnal activity, cryptic roosting, and diverse environments. Beyond
this “normal” variation, they also exhibit anomalies such as leucism, albinism, melanism,
erythrism, and pattern defects, as well as well-studied color polymorphisms, where distinct
morphs co-occur within populations [1]. Although historical studies of aberrant plumages
were mostly phenotypic descriptions [2-5], most recent studies have focused on common
polymorphisms in species such as the European Barn Owl (Tyto alba; [6,7]) and Tawny Owl
(Strix aluco; [8,9]), where large sample sizes and clear morph categories allow rigorous
analysis of genomic architecture, melanin pathways, and morph-fitness [10]. In contrast,
extreme pigment anomalies that produce very pale or entirely white individuals remain
rare, scattered, and often poorly diagnosed, especially in large, cryptically colored apex
raptors, such as the Eurasian Eagle Owl (Bubo bubo; [11]).

Within this rare class of extreme anomalies, familial leucism—the occurrence of more
than one depigmented nestling within the same brood—is exceptionally unusual [12]. Most
published records of leucism or albinism in owls describe single birds, often juveniles,
with no evidence of multiple affected siblings or repeated expressions within a family line.
Even broader surveys of albinism, leucism, and melanism in Barn Owls and other species
show that such mutations are sporadic and typically appear as isolated individuals in large
monitoring datasets [13]. Against this background, the recent report of a leucistic Eurasian
Eagle Owl nestling from Spain and our observation of a brood in Israel containing two Ino
and one normally colored fledgling stand out as globally rare examples of observations of
extreme depigmentation arising within families. These records suggest that although the
underlying alleles may be present at very low frequencies, familial expression of leucism
can occur when specific genetic and environmental conditions coincide [14].

However, from a genetic perspective, color mutations may be more common than is
generally assumed, even if aberrant individuals are seldom recorded. Although aberrantly
colored individuals are rarely observed in many wild populations, the underlying muta-
tions are not necessarily rare. Most known color mutations are recessive, so when both
parents carry the mutant allele, approximately 25% of their offspring will express the aber-
rant phenotype. In species with larger broods, the probability that more than one nestling
in the same brood inherits the recessive allele from both parents is therefore non-trivial.
Moreover, several of the commonest melanin-related mutations in birds, such as brown
and Ino, are recessive and sex-linked: only males can carry these alleles without expressing
them, but such carrier males mated with normal females will transmit the mutation to
roughly half of their daughters (about 25% of all offspring), which then show the aberrant
plumage [12,15,16]. This genetic architecture implies that recessive and sex-linked color
mutations may be more widespread in wild populations than field observations alone
suggest, and that apparent “rarity” often reflects detection and reporting biases rather than
low allele frequency.

Plumage abnormalities in birds encompass hypopigmentation (albinism, leucism,
dilution, progressive graying) and hyperpigmentation (melanism), arising from defects
in melanin cell development, pigment synthesis, or deposition, with documented effects
on camouflage, thermoregulation, predation risk, and social signaling across diverse taxa,
including kingfishers and raptors [12]. Many of these conditions arise from changes in the
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amount, type, or spatial distribution of melanin, the principal pigment responsible for dark
plumage, but color abnormalities can also reflect altered expression or deposition of other
pigment classes, including carotenoid- and pteridine-based pigments that produce yellow,
orange, or red tones [15]. Albinism, typically caused by genetic mutations that disrupt
melanin synthesis, leads to a complete or near-complete absence of melanin in plumage
and often in soft tissues. Leucism usually reflects an inherited absence or malfunction of
pigment cells or pigment deposition, producing bilaterally symmetrical white patches or
overall white plumage, while eye color remains normal (Table 1). Other abnormalities,
such as dilution and progressive graying, result from reduced melanin production and
age-related loss of pigment cells, respectively, whereas diet, environmental contaminants,
injury, and disease can further modify feather color by altering pigment availability or dam-
aging developing feathers [17]. Studies of Barn Swallows (Hirundo rustica) from Chernobyl
have linked elevated frequencies of partial albinism and other depigmented phenotypes to
increased germline mutation rates and reduced fitness [18,19], but these works pre-date
the modern nomenclature that separates dilution and progressive graying from albinism
and leucism (sensu van Grouw, [12,20]). Recent work on Malachite Kingfishers (Corythornis
cristatus) has illustrated both the mechanistic classification of hypopigmentation and its
ecological consequences, providing a useful comparative framework for color aberrations
in owls [21]. Although leucistic individuals are often presumed to suffer reduced fitness
because of increased detectability or pleiotropic costs, there are notable exceptions: in a
coastal population of Southern Caracaras (Caracara plancus), pale-plumaged individuals rep-
resent a form of dilution rather than leucism. These diluted individuals appear to be locally
favored by natural selection and can attain relatively high frequencies in coastal seabird
colonies, where they may exploit ecological conditions differently from normal-colored
conspecifics [22]. Although the original study referred to these individuals as leucistic,
their phenotype is more appropriately interpreted as dilution under the mechanism-based
nomenclature of van Grouw [12]. Consequently, plumage abnormalities represent the
combined outcome of a mutation, single-gene genetic variation, developmental processes,
and environmental stressors, and their occurrence and expression can provide insights into
both individual biology and broader ecological conditions.

Across most bird species, color-aberrant individuals constitute a very small fraction
of wild populations, typically well under 1% of observed birds, which suggests that the
underlying mutations and developmental disruptions are rare and often selected against
and that strong purifying selection, together with low mutation rates, generally prevents
these pigment defects from becoming common in natural populations [23,24]. Elevated
frequencies of leucism have been linked to several non-mutually exclusive causes that
either increase the rate at which pigment defects arise or alter how strongly selection acts
against them. Leucism, from the Greek leukos (“white”), refers to a congenital absence or
malfunction of melanin-producing cells. In birds, this causes complete loss of melanin from
some or all feathers so that affected plumage is white (or shows only carotenoid colors
if present), typically in bilaterally symmetrical patterns, while the eyes remain normally
colored [16,20,25]. However, most evidence still comes from opportunistic records or
small cross-sectional samples that offer limited power to test mechanistic hypotheses.
Recent longitudinal work on Red-necked Nightjars (Caprimulgus ruficollis) has begun to
disentangle these mechanisms by showing that the probability of partial leucism increases
from juveniles to adults in both sexes, that age-related hypopigmentation is driven mainly
by progressive graying within individuals rather than selective disappearance of pale
birds, and that leucistic nightjars are on average lighter and slightly smaller than normally
pigmented conspecifics [17]. These findings indicate that some forms of leucism can arise
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through intrinsic, age-related loss of melanin in feathers, with potential links to life-history
traits such as body condition and lifespan.

Table 1. Definitions and diagnostic criteria for plumage anomaly terminology used in this review,
following the mechanism-based nomenclature proposed by van Grouw [12].

Term

Mechanism

Diagnostic Phenotype

Use in This Manuscript

Leucism

Congenital absence of
melanocytes from some or all
skin areas

Complete absence of both melanins
from affected feathers; feathers are
white or retain carotenoid color where
carotenoids are normally present.
Partial leucism comprises white
feathers mixed with normally colored
feathers, often in bilateral patches. Eyes
remain melanised.

Restrict to cases with wholly white
affected feathers; do not apply to
generally pale, cream, or brownish
owls. Spanish Eurasian Eagle Owl.

Progressive
Graying

Progressive disappearance or
declining productivity of
melanocytes after normal

juvenile plumage develops

White feathers increase through
successive molts, often initially
scattered randomly; eyes remain
normally colored.

Use only if longitudinal evidence
shows an increasing extent of white
plumage.

Albino

Heritable absence of
tyrosinase, preventing
melanin synthesis

Complete absence of melanin from
plumage, skin, and eyes; white
plumage and red/pink eyes and bare
parts.

Use only where this complete
phenotype, particularly
unpigmented eyes, is
demonstrated.

Brown

Incomplete synthesis of
eumelanin; pheomelanin
unaffected

Normally black plumage appears
brown; reddish-brown areas are
unchanged. The abnormal brown
pigment may bleach strongly in
sunlight.

Consider only where black areas are
consistently brown while
pheomelanic areas remain normal.

Ino

Incomplete synthesis of both
eumelanin and pheomelanin

Melanins are strongly reduced and
paler; black becomes pale brown,
cream, or brown; reddish-brown

becomes weak or barely visible. Eyes
and bare parts may be pinkish or paler
than normal.

Use as “probable Ino” or “Ino-like”
only when the phenotype is
compatible; otherwise call the bird
a pale-plumaged individual with a
probable melanin-synthesis
aberration. Used for Gilboa
Eurasian Eagle Owl.

Dilution

Abnormal, clumped
deposition of normally
colored melanin into feather
cells

Black becomes bluish or silvery gray;
reddish/yellowish-brown becomes buff
or cream or may remain unaffected.
Eyes are normal.

Use only for gray/silvery rather
than brownish reductions in color.

Melanism

Abnormal production and
distribution of normal
melanin

More black, dark brown, or
reddish-brown pigment; dark pattern
elements may spread beyond their
normal boundaries. The phenotype
may involve pattern change rather than
a simple overall darkening.

Used for the Shoham Little Owl
only as “putative melanism,”
pending confirmation.

External
Staining

Non-genetic, exogenous
alteration of feather color

Irregular, patchy, locally concentrated
or environmentally plausible
discoloration; not expected to follow
normal pigment patterns or persist
unchanged after molting.

Use for the Galilee dark Little Owl
where staining is considered more
likely than melanism.

In some recently founded or genetically depauperate populations, such as an inbred
Great Reed Warbler (Acrocephalus arundinaceus) population in Sweden, where 4.5% of
individuals showed progressive graying, reduced effective population size and increased
homozygosity likely expose recessive alleles affecting melanocyte function or melanin
synthesis that are normally masked in large outbred populations [23]. In other systems,
environmental mutagens appear to play a prominent role: after the Chernobyl nuclear
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accident, 13-15% of Barn Swallows in some local populations exhibited leucistic or albinistic
traits, consistent with radiation-induced damage to genes or developmental pathways
involved in pigment production [18,19]. Urban environments and industrialized landscapes
may also promote leucism/progressive graying through chronic exposure to pollutants,
altered diets, or other stressors that increase mutation rates or interfere with melanocyte
development, which would explain reports of higher frequencies of hypopigmented birds
in cities than in the surrounding countryside [19,26]. Together, these examples indicate
that leucism can arise from a combination of genetic factors (such as recessive alleles
and inbreeding) and environmental influences (including radiation, contaminants, and
nutritional stress), with local demographic and selective regimes determining whether
such pigment anomalies remain exceedingly rare or become conspicuously frequent in
particular populations.

In contrast to heritable color aberrations, pigment anomalies caused by non-genetic
factors such as dietary imbalance can be much more frequent in local populations. In
corvids, and particularly in Carrion Crows (Corvus corone) in Western Europe, wide white
bars and patches in otherwise black plumage are often associated with protein or nutrient
deficiencies that disrupt normal melanin production and may affect a substantial proportion
of individuals in some urban or human-modified environments [15,27]. For example, van
Grouw [27] notes that white feathers in black birds, including Carrion Crows, are “mostly
caused by a food problem and usually do not have a genetic cause,” and that such birds
feeding on “junk food” in cities can show extensive loss of pigment. These diet-linked
pigment aberrations illustrate that, depending on species and context, the percentage of
visibly aberrant individuals may be far higher than suggested by records of rare, heritable
mutations alone and underscore the importance of distinguishing environmental from
genetic causes when interpreting plumage anomalies.

Although our review focuses on owls, studies on color aberrations in other birds,
such as hypopigmented Malachite Kingfishers [21] and Southern Caracaras [22], offer
complementary insights into the definitions, ecological impacts, and detection biases
associated with plumage anomalies and thus provide a valuable comparative context
for interpreting our three owl case studies. The objectives of this review are twofold.
First, we synthesize recent advances (2017-2025) in owl plumage anomalies, covering
genetic mechanisms, environmental drivers, and ecological consequences across a range of
species and ecosystems. Second, we use three new field observations from Israel as focal
case studies to illustrate how different forms of pigment disruption manifest in natural
populations and to emphasize the distinction between familial and sporadic events. These
comprise: (i) a brood of Eurasian Eagle Owls from Mount Gilboa containing two Ino and
one normally colored fledgling—the first family-level record of leucism in the species;
(ii) a Little Owl from the Galilee with uniformly dark plumage and reduced pale spotting;
and (iii) a similar Little Owl near Shoham, Central Israel, since 2014. By integrating these
cases with the broader literature on color aberrations, including the leucistic Eurasian
Eagle Owl nestling reported in Spain [28] and familial leucism in Burrowing Owls (Athene
cunnicularia; [29]), we show how rare depigmented and hyperpigmented individuals can
illuminate the genetic architecture, ecological costs [30-34], and potential bioindicator value
of plumage anomalies in Strigiformes. Specifically, we ask: what types of plumage-color
aberrations have been reported in owls, which diagnoses are supported by the available
evidence, and what information is needed to distinguish heritable melanin aberrations
from environmentally induced or external plumage changes?

We follow the mechanism-based nomenclature proposed by van Grouw [12]. Accord-
ingly, color aberrations are identified, where possible, by the underlying process affecting
melanocytes, melanin synthesis, melanin deposition, or melanin type and distribution,
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rather than solely by the apparent plumage color. Where photographs or observations do
not permit a reliable diagnosis, we use descriptive terms (e.g., “pale-plumaged individual”
or “unusually dark individual”) rather than assigning a specific aberration category.

2. Scope, Sources and Terminology

This article presents a narrative review of plumage-color aberrations in owls, supple-
mented by documented observations of Eurasian Eagle Owls and Little Owls from Israel.
The evidence considered comprises peer-reviewed publications, published case reports,
available photographic documentation, and repeated field observations. Our aim is not to
derive prevalence estimates from opportunistic records but to assess how reported pheno-
types have been described and interpreted, using the mechanism-based nomenclature of
van Grouw [12]. We focus on distinguishing leucism, progressive graying, Albino, brown,
Ino, dilution, melanism, and non-genetic external staining, while retaining descriptive
terminology where available evidence does not permit a confident diagnosis.

This review is based on a protocol-guided search of the peer-reviewed literature
focusing on owl plumage anomalies and related topics (genomic architecture, melanin
pathways, environmental drivers, morph-specific fitness). An initial corpus of 450 papers
was screened; after removing duplicates, non-abstracted items, and predatory publications,
63 papers were retained and met full inclusion criteria for detailed synthesis. To be included,
studies had to (i) concern owls (Strigiformes) or, in a few comparative cases, closely related
bird taxa explicitly addressing plumage-color anomalies (e.g., leucism, albinism, melanism,
progressive graying, or documented color alterations); (ii) provide primary, peer-reviewed
data or robust quantitative/qualitative analyses rather than anecdotal notes; (iii) report
either individual-level cases (with diagnostic information on eye, bill and feather color)
or population-level patterns (frequencies, spatial or temporal trends) relevant to causes
or consequences of plumage anomalies; and (iv) present sufficient methodological detail
to allow assessment of sampling, diagnosis, and potential biases. We excluded non-peer-
reviewed items, studies lacking clear diagnostic criteria for anomalies, and papers where
plumage variation was discussed only in passing without explicit treatment of aberrant
individuals or morphs. For clarity, we summarize this screening process in a systematic
flowchart (Figure 1), showing the initial corpus, sequential exclusion steps, and final set of
studies used in the synthesis.

These studies, published between 2017 and 2025, cover a taxonomically and geograph-
ically diverse set of owls, including the Eastern Screech-Owl (Megascops asio; [10]), Barn
Owl [6,13], Tawny Owl [9], Burrowing Owl [29], Short-eared Owl (Asio flammeus; [35,36]),
Long-eared Owl (Asio otus; [37]), and several Far Eastern and Neotropical taxa (Aegolius
acadicus, [38]; Athene brama, [39]).

We organized the evidence around three main themes: (i) genetic and physiologi-
cal bases of plumage anomalies, (ii) environmental stressors and habitat-related drivers,
and (iii) adaptive significance and ecological implications of plumage anomalies. In ad-
dition, we incorporated a new observational case study of leucistic Eurasian Eagle Owls
to exemplify how rare anomalies manifest in wild populations and to illustrate practical
documentation issues.
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PRISMA Flow Diagram — Plumage Color Anomalies in Owls (Strigiformes)
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Figure 1. A PRISMA flow diagram of the literature selection process. A total of 450 publications
were screened, of which 63 met the predefined inclusion criteria and were retained for qualitative
synthesis. Eligible studies focused on owls (Strigiformes) or, in a limited number of comparative
cases, closely related avian taxa and explicitly addressed plumage-color anomalies such as leucism,
albinism, melanism, progressive graying, or other documented aberrant colorations. Included studies
provided primary, peer-reviewed data or robust quantitative or qualitative analyses, reported either
individual-level cases or population-level patterns, and contained sufficient methodological detail
to assess diagnostic criteria, sampling procedures, and potential sources of bias. Publications were
excluded if they were not peer-reviewed, lacked clear diagnostic criteria for plumage anomalies, or
mentioned plumage variation only incidentally without explicit treatment of aberrant individuals or
color morphs. The final dataset comprised 63 studies included in the qualitative review.

3. Genetic and Physiological Bases of Owl Plumage Anomalies
3.1. Genomic Architecture and Polymorphism

Genetic studies on owls have revealed that even “continuous” color variation often
has a complex genomic basis [14,40]. Research on Eastern Screech-Owls (Megascops asio) has
begun to identify genomic regions associated with plumage polymorphism, suggesting that
multiple loci and regulatory elements contribute to variations in color and pattern [10,41].
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In European Barn Owls, continuous variation in rufous-to-white coloration is underpinned
by specific genomic architectures, with melanin-related genes playing central roles [13].

Melanin-based plumage coloration is strongly linked to melanin content in the internal
organs of Barn Owls, indicating shared developmental pathways between external and
internal traits [42,43]. The differential co-expression of melanin and neurotransmitter
signaling genes in the growing feathers of white and rufous Barn Owls further shows that
plumage color arises from tightly integrated physiological networks rather than single-gene
effects [44].

Comparative genomics across owls and Accipitrids have highlighted broader evolu-
tionary patterns associated with predatory lifestyles, some of which may indirectly inform
plumage traits such as sensory adaptations and metabolic pathways that interact with
pigment production [45,46].

3.2. Rare Genetic Anomalies: Leucism, Albinism, Melanism

While polymorphism is relatively well studied, the genetic underpinnings of rare,
non-polymorphic anomalies, such as partial leucism and true albinism, are far less explored.
Albinism is defined as the complete absence of melanin from the plumage, skin and eyes
due to failure of melanin synthesis, resulting in white plumage and red or pink eyes and
bare parts. In contrast, leucism is a congenital absence of melanin-producing cells from
some or all skin areas, causing fully unpigmented (white) feathers in the affected regions
while the eyes remain melanised. In partial leucism, the bill and feet may be normally
colored or lack melanin depending on the distribution of affected skin areas; in 100%
leucism, melanin is absent from the plumage and skin, resulting in pale or pink bill and
feet [12,15,16,25]. Conversely, melanism reflects excess melanin and darker plumage.

Quantitative analyses of rare plumage mutations in Barn Owls have documented the
incidence of albinism, leucism, and melanism across large datasets, demonstrating that such
mutations are rare but detectable in systematic monitoring programs [13]. Recent genomic
work on owls and other raptors shows that pigmentation-related genes often harbor
substantial polymorphism and, in some lineages, pseudogenized copies, indicating that
the genetic substrate for variation in melanin pathways is both complex and dynamic [47].

However, the direct identification of specific causal mutations for partial leucism or
true albinism in most owl species remains a major gap. This limits our ability to disentangle
purely genetic causes from gene—environment interactions in individual cases.

4. Environmental Drivers and Stressors
4.1. Climate, Climatic Gradients, and Global Change

Environmental conditions strongly influence owl plumage. Climate change has been
associated with spatiotemporal shifts in body size and plumage coloration in Barn Owls,
suggesting that large-scale environmental gradients can drive adaptive changes or phe-
notypic plastic responses in coloration [48]. Tawny Owls show feather structural adapta-
tions across climatic gradients, reflecting their responses to temperature and precipitation
regimes [49].

Melanin-based plumage coloration in Tawny Owls is associated with exposure to novel
climatic and habitat conditions, implying that certain morphs may gain or lose fitness advan-
tages depending on the environmental context. Across a European climatic gradient, feather
structure and color polymorphism are linked to temperature and snow cover, with pale
gray morphs and more insulating feathers favored in cold, snowy, and relatively dry envi-
ronments, whereas darker brown morphs are more frequent in warmer, humid forests [9,49].
These studies indicate that ongoing climate warming, reduced snow cover, and shifts in
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forest composition represent “novel conditions” under which locally adapted gray morphs
may lose their advantage and darker morphs may become increasingly favored.

These results support the view that the environment, via climate and habitat, can
modulate both the expression and selective value of plumage traits.

4.2. Diet, Urbanization, and Other Stressors

Diet indirectly influences plumage by affecting growth and condition [50]. Color-
specific diet specialization has been linked to differences in owlet weight in polymorphic
owls, suggesting that morphs are associated with distinct trophic niches [51-53]. Urban-
ization, by altering habitat structure and prey communities, can modify the purifying
selection in Burrowing Owls, potentially affecting the prevalence of certain morphs or
anomalies [54].

Documented color alterations in Short-eared Owls in Ecuador provide concrete ex-
amples of plumage anomalies emerging in wild populations, possibly in response to local
environmental factors [35]. Individual and environmental influences on the morphology
and physiology of preen glands in Barn Owls may also affect feather quality, and thus the
appearance and durability of plumage [55].

Together, these studies show that environmental stressors, from climate and diet
to urban landscapes, can shape both typical plumage variation and the occurrence of
anomalies, even if direct causal pathways remain challenging to demonstrate [26].

4.3. Climate and Environmental Drivers of Owl Coloration

Recent comparative work has shown that melanin-based plumage redness in owls
is consistently associated with warmer climates and proximity to the equator. In Italian
Scops Owls, the frequency of dark-reddish morphs increased over the last century and
was positively related to temperature and rainfall, suggesting climate-driven shifts in
morph fitness [56]. A broader analysis across four owl genera found that darker, more
reddish species are more prevalent near the equator than polewards, indicating that pale
pheomelanic owls are better adapted to cooler climates, whereas dark pheomelanic owls
are favored in warmer regions [57]. At a global scale, owls are more frequently darker
and redder in warmer, wetter, and more vegetated areas, with temperature and tree
cover predicting plumage lightness and redness and supporting Gloger’s rule of thermal
melanism expectations [58]. Taken together, these studies imply that environmental factors
such as temperature, humidity, and vegetation interact to influence both the distribution of
color morphs within species and the evolution of plumage coloration across owl lineages
and that ongoing climate change is likely to alter the selective balance among morphs and
species differing in melanin-based pigmentation.

5. Ecological and Fitness Consequences
5.1. Polymorphisms, Camouflage, and Thermoregulation

Color polymorphisms in owls often have distinct ecological roles. Melanin-based
polymorphism in Barn Owls is associated with habitat use and exposure to moonlight,
with evidence that different morphs show differential fitness depending on ambient light,
likely via effects on hunting efficiency and predation risk [59]. In Tawny Owls, morph-
specific selection drives phenotypic divergence, with intermediate-colored females in some
populations exhibiting higher reproductive success than darker or paler morphs [60].

In owls, camouflage involves more than color polymorphism alone and operates
across both seasonal and diel contexts. Experimental and field studies on Tawny Owls
show that pale gray morphs are more cryptic than brown morphs in snowy landscapes,
reducing detection and mobbing by passerines in winter and thus yielding seasonally
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contingent camouflage benefits [61,62]. In Snowy Owls (Bubo scandiacus), the evolution of
predominantly white plumage has been interpreted as an adaptation for concealment in
snow-covered Arctic environments, with sex-specific patterning further enhancing back-
ground matching against tundra substrates [63]. Beyond terrestrial backgrounds, recent
modeling work demonstrates that the white underparts of Barn Owls can function as
nocturnal camouflage through background matching against anisotropic moonlit skies, ren-
dering hunting birds effectively invisible to rodent prey under many lunar conditions [64].
Together, these studies indicate that owl camouflage tactics integrate plumage color and
pattern with seasonal snow cover, habitat structure, and the spectral properties of daylight
versus moonlit night skies and thus that environmental change—particularly warming
winters and altered snow regimes—is likely to modify the selective value of different
camouflage strategies.

Plumage color also interacts with thermoregulation; feather adaptations across climatic
gradients in Tawny Owls suggest that structural and pigment traits can modulate heat gain
and loss, contributing to survival in diverse environments [49,65].

Taken together, these findings show that melanin-based plumage traits in owls are
shaped not only by genetic and developmental processes but also by climate, habitat and
camouflage demands and that ongoing environmental change is likely to alter the selective
landscape for both rare color anomalies and common morphs.

5.2. Social Signaling, Mating, and Survival

In polymorphic owls, plumage color is part of a broader phenotype that affects assor-
tative mating, fledging survival, weight, and immunity [66]. Some studies have shown
that size, rather than color, can drive assortative mating and survival, indicating that mul-
tiple traits combine to determine fitness and that color anomalies must be evaluated in a
multi-trait context [67,68].

The eco-evolutionary dynamics of plumage anomalies involve complex interactions
between morphology, behavior, and the environment. This complexity makes it difficult to
generalize from a single species or system.

5.3. Extreme Depigmentation: From Curiosity to Conservation Concern

Extreme depigmentation, such as partial leucism or incomplete albinism, is often
treated as a curiosity, but emerging case reports suggest that these anomalies may have
significant fitness implications in the wild. Pale individuals can suffer reduced camouflage
in daytime roosts, increased detectability by predators or mobbing birds, and potential
changes in mate choice or social interactions [60,69,70].

The recently reported leucistic Eurasian Eagle Owl from southeastern Spain, for in-
stance, was the only aberrantly colored nestling in a brood of four and suffered premature
mortality within ten months of fledging, likely reflecting the increased vulnerability associ-
ated with conspicuous plumage [28]. Such cases suggest that rare anomalies may incur sub-
stantial costs and could serve as indicators of underlying genetic or environmental stress.

Although the preceding sections have focused on patterns and mechanisms of plumage
anomalies across owls and other birds, these insights remain largely theoretical without
concrete systems in which they can be evaluated in detail. The published literature provides
a general framework: leucism and melanism can arise through rare genetic variants,
inbreeding, progressive graying, and environmental stressors, and their fitness effects are
strongly context-dependent. The three anomalous cases documented in Israel—a brood
of leucistic Eurasian Eagle Owls and two separate cases of melanistic Little Owls—offer a
unique opportunity to examine how this framework applies in real populations, to explore
whether familial versus sporadic expression aligns with different inheritance patterns,
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and to generate testable hypotheses for future genetic and ecological work. In Section 6,
we therefore shift from global synthesis to these local case studies, using them as focal
examples to illustrate and potentially challenge the broader theories outlined above.

6. Case Studies in Israel
6.1. A Brood with Two Leucistic Eurasian Eagle Owls

On June 7, 2026, a local birder (Irad Salonik) discovered three fledgling Eurasian
Eagle Owls in an abandoned quarry below Mount Gilboa in the Jezreel Valley, northern
Israel. Two fledglings exhibited very pale plumage, whereas the third showed the typical
mottled brown coloration of Eurasian Eagle Owls. Upon receiving this information, we
visited the site on June 18, 2026, confirmed the presence of all three fledglings (estimated at
approximately 70 days of age and already capable of sustained flight; [71,72]), and observed
one normally colored adult, presumably the female parent. One Ino fledgling allowed close
approach, enabling detailed photographic documentation of its plumage pattern, structure,
and eye coloration, which supported the classification of Ino rather than albinism sensu
stricto (Figure 2A-D). The coexistence of two Ino and one normally pigmented fledgling
within a single brood from apparently normally colored parents suggests a heritable
basis for the pigment anomaly, potentially involving recessive or polygenic mechanisms
affecting melanin deposition in feathers. The birds exhibited predominantly white or
very light feathers with faint residual patterning but retained normal dark irides. The
combination of extensive pale, brownish plumage and normally colored eyes in these two
young Eurasian Eagle Owls is not consistent with leucism sensu van Grouw, in which
affected feathers are completely devoid of melanin and therefore pure white, with normal
eyes and often normal bare parts, because melanocytes are absent or non-functional in the
affected areas [15,16,20,25]. Instead, the altered color—where originally black plumage
appears brown and overall melanin intensity is strongly reduced—suggests a mutation
that affects the synthesis of eumelanin and pheomelanin rather than their distribution and
thus represents a form of hypomelanism rather than leucism. The phenotype resembles
Ino-type mutations described in other birds, in which both melanins are incompletely
synthesized and remain paler than normal; if an Ino-like, recessive sex-linked mutation is
involved here, the affected nestlings would be expected to be female and to have inherited
the mutant allele from a carrier father, whereas an autosomal recessive mutation with
similar effects would imply that both parents carried the allele [15,20]. Because we lack
genetic and detailed feather structural data, we conservatively refer to these individuals as
hypomelanistic rather than leucistic, and we emphasize that incomplete melanin synthesis
and true leucism are mechanistically distinct conditions that should not be conflated or
directly compared.

The coexistence of two leucistic and one normally pigmented fledgling (Figure 3)
within the same brood from apparently typical-colored parents strongly suggests a heri-
table basis for the anomaly, potentially involving recessive alleles or polygenic effects in
pigment deposition pathways. This brood thus represents the first documented family-level
occurrence of leucism in Eurasian Eagle Owls and only the second wild record of extreme
depigmentation in this species, after the Spanish leucistic case [28].
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Figure 2. (A-D) Leucistic Eurasian Eagle Owl (Bubo bubo) fledglings in an abandoned quarry below
Mount Gilboa, Jezreel Valley, Israel, June 2026 (Photos: Ezra Hadad).

To move beyond the current, necessarily speculative interpretation of the Israeli cases,
future work should aim to validate the genetic basis of these pigment anomalies using non-
invasive sampling. In particular, feathers molted or shed at roost sites, nests, or perches used
by the leucistic Eurasian Eagle Owl brood and the melanistic Little Owl could be collected
systematically and used for DNA extraction and targeted or genome-wide sequencing.
Such samples would allow testing whether depigmentation and hyperpigmentation are
associated with specific recessive alleles, polygenic architectures, or shared pathways
known from other birds (e.g., MCIR and related melanin regulation genes [12,20]), without
the need to capture or handle the birds. Coupling genetic data from feathers with repeated
field observations of family structure and phenotypes would make it possible to distinguish
between simple Mendelian inheritance and more complex gene-environment interactions,

https://doi.org/10.3390/birds7030053


https://doi.org/10.3390/birds7030053

Birds 2026, 7, 53

13 of 21

thereby providing a robust framework for interpreting both familial and sporadic anomalies
in Eurasian Eagle Owls and Little Owls in Israel.

Figure 3. The above photographs of the leucistic individuals can be compared to that of a similar-aged
Eurasian Eagle Owl fledgling (Photo: Ezra Hadad).

6.2. Dark-Plumaged Little Owl from the Galilee

On 20 June 2026, a markedly dark Little Owl was photographed in the Galilee, Israel,
providing an additional example of hyperpigmentation in a small, partly diurnal owl
species. The individual showed an overall much darker brown-to-blackish plumage than
typical local Little Owls (Figure 4), with only faint, contrasting pale spots on the body and
wings, while retaining normally colored yellow irides and bill (Figure 5A-D). The bird was
repeatedly photographed perched and foraging in a structurally complex, shrubby habitat,
where its unusually dark plumage reduced the contrast between body and background
compared with typical conspecifics observed nearby. However, based on the available
photographs, the pattern of darkening appears irregular and locally intense, and could
plausibly result from external staining, rather than melanin-based melanism. In the absence
of capture, closer examination of feather structure, and information on eye and soft-part
color, we therefore regard this individual as a putative stained morph, and we treat a
diagnosis of true melanism as uncertain, recognizing that exogenous discoloration is a
more parsimonious explanation for the observed plumage in this case. However, we cannot
rule out a melanin-based explanation entirely, but given the visible pattern and context,
staining is more likely than heritable melanism, and we accordingly interpret this record
with caution. We therefore exclude it from our discussion of heritable melanin-based
polymorphism, while recognizing that true melanistic Little Owls may occur and should be
distinguished from such externally stained individuals when adequate diagnostic evidence
is available. This record appears to represent a sporadic anomaly rather than a known dark
morph and extends the spectrum of pigment abnormalities documented in owl populations
to include small, cavity-nesting species.

https:/ /doi.org/10.3390/birds7030053


https://doi.org/10.3390/birds7030053

Birds 2026, 7, 53 14 of 21

Figure 5. (A-D) Dark-plumaged Little Owl (Athene noctua) photographed on 20 June 2026 in the
Galilee, Israel, showing unusually dark brown-to-blackish plumage with reduced pale spotting but
normal yellow irides and bill (Photos: Eden Akiva (A,B) and Shachar Shalom (C,D)).
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6.3. Dark-Plumaged Little Owl: Probable External Staining

A dark-plumaged Little Owl was photographed at Shoham, Central Israel, during
the breeding season (Figure 6). Although the plumage appeared substantially darker than
that of typical nearby conspecifics, the available photographs do not provide sufficient
evidence to identify the phenotype as melanism. The irregular darkening may instead
reflect external staining, potentially acquired through repeated use of nest cavities or other
soiled substrates.

The photographs were obtained before the main molt period and therefore depict old
plumage, in which external discoloration may have accumulated. In addition, the owl
was not ringed or otherwise individually marked; thus, photographs obtained at the same
locality in different years cannot confirm that they show the same bird. Little Owls may
return to established breeding sites, but this site fidelity does not exclude replacement
by another individual using the same cavity or substrate. We consequently interpret this
record conservatively as probable external staining, not confirmed melanism.

Determining whether a naturally melanistic Little Owl occurs at this site would require
observations of newly molted plumage, ideally combined with individual marking, close
examination of feathers to exclude external staining, and, where feasible, genetic analysis.

Figure 6. Dark-plumaged Little Owl (Athene noctua) from Shoham, Central Israel. Left panel:
individual photographed on 19 June 2015 showing uniformly dark brown-black plumage with
reduced contrast between spotting and ground color. Right panel: the same territory-holding owl
photographed on 22 May 2020, exhibiting an essentially identical dark plumage pattern.

7. Methodological Challenges and Biases

The literature on owl plumage anomalies reveals several recurring challenges: inconsis-
tent terminology (e.g., polymorphism vs. aberration; partial albinism vs. leucism), uneven
geographic and taxonomic coverage, and reliance on observational rather than experimen-
tal data collection [1,10,73]. Most detailed studies have focused on a few model species in
Europe and North America, leaving gaps in tropical, arid, and understudied regions.

However, the available records of plumage-color aberrations are strongly shaped by
human-centric biases in detection and reporting. A large-scale survey of Internet-mined
photographs and birdwatcher reports showed that the number of aberrant individuals
documented per species increases with body size, population size and occurrence in
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human settlements, indicating that conspicuous, common and “charismatic” birds are
disproportionately represented in anomaly datasets [74]. Analyses of hypopigmented
Malachite Kingfishers in Uganda showed that a single leucistic individual accounted for a
high proportion of records on iNaturalist and eBird, highlighting how charismatic color
aberrations attract disproportionate reporting effort and create observation biases [21].

This collection bias means that apparent differences in the prevalence of leucism or
melanism among species and habitats may partly reflect variation in human attention rather
than true biological frequencies and highlights the need for cautious interpretation of op-
portunistic records and for more systematic, effort-corrected monitoring of color anomalies.

Establishing causality is difficult because plumage anomalies often co-occur with
multiple environmental and genetic factors. Studies linking climate change, diet, and
moonlight to plumage traits have largely relied on correlations and genomic associations
rather than manipulative experiments [37,49,59]. Moreover, research tends to emphasize
color, while other features, such as feather structure and ear tufts, remain less explored
despite their potential functional roles [69,75].

The Eurasian Eagle Owl case illustrates both the strengths and limitations of oppor-
tunistic observations: high-quality photographs and repeated field visits can yield robust
diagnoses of leucism and useful ecological context, yet sample sizes are small and survival
outcomes cannot easily be quantified without long-term tracking.

8. Future Directions

The synthesis presented here indicates several priorities for future research and monitoring.

Genetics of rare anomalies: Identification of specific loci and pathways underlying
partial leucism, true albinism, and other non-polymorphic anomalies across multiple owl
species using whole-genome sequencing and targeted gene analyses.

Longitudinal environmental studies: Implement multigenerational monitoring to track
how climate, pollution, habitat fragmentation, and other stressors influence the incidence
and selection of plumage anomalies over time.

Broader ecosystem coverage: Expand research beyond well-studied temperate systems
to include tropical, boreal, and arid ecosystems, where different selective regimes may
shape plumage anomalies and their adaptive value within species.

Gene-environment interactions: Move from separate genetic or environmental expla-
nations to integrative models that consider how both interact, potentially via epigenetic
mechanisms, to produce anomalous phenotypes.

Standardized classification and reporting: Develop and adopt globally consistent
terminology and diagnostic criteria (e.g., leucism, albinism, melanism, erythrism, and
pattern defects) for owls and other avian studies and integrate citizen science platforms for
reporting anomalous individuals.

Comparative work across taxa: Determining where leucism appears selectively fa-
vored (e.g., coastal Southern Caracaras) versus disfavored (e.g., most owls) could help
identify the ecological conditions under which extreme depigmentation transitions from a
liability to an adaptive solution.

Conservation applications: Evaluate whether the increased incidence of specific
anomalies can serve as bioindicators of environmental or genetic stress in owl populations,
informing conservation assessments and management decisions.

The Gilboa brood of pale Eurasian Eagle Owls and the Spanish leucistic Eurasian
Eagle Owl are individually exceptional records, but they nonetheless highlight several
broader issues. First, they illustrate that heritable pigment anomalies can occur in owls and
may segregate within family groups, pointing to underlying genetic variation in melanin
pathways and the potential for rare morphs to arise and persist in natural populations.
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Second, such conspicuous plumage can affect camouflage, mobbing, and human perception,
suggesting that color anomalies may influence individual fitness and detection in ways
that are relevant for eco-evolutionary dynamics and for interpreting monitoring data [76].
Finally, documenting these anomalies contributes to a clearer baseline for the frequency
and types of pigment defects in Strigiformes, which is important if future changes in
their incidence are to be used as indicators of environmental or genetic stress [77,78].
Systematically integrating such case studies into quantitative and genomic frameworks will
enhance our ability to understand and manage the populations of owls under accelerating
environmental changes.

9. Limitations of Case Records and Inference of Inheritance

The combined evidence from our review and case studies highlights a clear contrast
between familial and sporadic plumage anomalies in owls, with implications for their
genetic basis, detection, and ecological consequences. Familial cases, in which multiple
related individuals within a brood or family group express extreme depigmentation, are
exemplified by the Burrowing Owl family with five leucistic birds and two normally
colored birds reported from the Conata Basin, South Dakota [29], and by our Gilboa brood
of Eurasian Eagle Owls containing two Ino and one typical fledgling (this study). Similar
clustering of pale chicks has been described in Southern Caracaras, where leucism reaches
high local frequencies in coastal seabird colonies [22]. In contrast, sporadic cases involve
single aberrant individuals in otherwise typical families or populations, such as the dark-
plumaged Little Owls from the Upper Galilee and Central Israel (this study), as well as
isolated color-altered Short-eared Owls in Ecuador [35].

Most published records of aberrantly colored owls are opportunistic observations
and rarely include individual marking, pedigree information, genetic data, or systematic
surveys [13]. Consequently, an apparently isolated record cannot be assumed to be non-
heritable, because additional affected relatives may not have been detected or reported.
Conversely, the occurrence of more than one aberrantly colored nestling in a brood may
suggest a shared genetic basis but does not by itself identify the mutation involved or
establish its frequency in the wider population. We therefore distinguish only between
records with direct evidence of familial occurrence and records for which inheritance
remains unknown.

Finally, potential adaptive costs appear to differ between contexts. Familial leucism in
large, cryptically colored owls such as Eurasian Eagle Owls likely increases the visibility
of nests and roosts, with possible brood-level consequences [28], and the generally low
incidence of leucism and albinism in wild raptors [13,23]. In contrast, localized melanism
or whole-body melanism may have subtler or context-dependent effects, potentially al-
tering crypsis, thermoregulation, or signaling without necessarily incurring strong selec-
tion against the phenotype [22,31]. Together with comparative examples from Southern
Caracaras and Malachite Kingfishers [22,34], our Israeli case studies reinforce the idea that
pigment anomalies in owls should be interpreted not merely as curiosities but as natural
experiments that reveal how genetic variation, observation processes, and habitat-specific
selection interact to shape rare phenotypes in bird populations.

10. Conclusions and Recommendations

This review shows that reports of aberrant plumage in owls should not be treated as
a single biological category. Pale, reddish, or unusually dark individuals can result from
fundamentally different processes, including the congenital absence of melanocytes in leu-
cism, incomplete melanin synthesis in Ino-like or other hypomelanistic mutations, altered
melanin distribution or deposition, progressive graying, diet-related pigment loss, external

https:/ /doi.org/10.3390/birds7030053


https://doi.org/10.3390/birds7030053

Birds 2026, 7, 53

18 of 21

staining, and normal color polymorphism. These mechanisms differ in inheritance, appear-
ance, developmental timing, and potential ecological consequences; consequently, they
cannot be pooled uncritically under broad labels such as “leucism” or “color aberration.”

A central conclusion is that many owl records based solely on photographs remain
necessarily provisional. Reliable diagnosis requires documentation of the color and dis-
tribution of the altered feathers, eye and bare-part pigmentation, symmetry and stability
of the pattern across molts, evidence of staining or feather wear, and, where feasible,
close examination, ringing, feather sampling, or genetic analysis. Repeated observations
may be especially informative: stable plumage over several years can help distinguish a
persistent melanistic phenotype from transient external staining, whereas an increasing
number of white feathers over time may be consistent with progressive graying rather than
congenital leucism.

The review further indicates that infrequent observation of aberrantly colored owls
does not necessarily imply that the underlying alleles are extremely rare. Recessive muta-
tions may remain hidden in heterozygous carriers and become expressed when two carriers
mate; recessive sex-linked mutations can also produce affected female offspring when a
carrier male breeds with a normal female. Conversely, conspicuous phenotypes can be
disproportionately reported by observers, and opportunistic photographic datasets may
reflect human detection and reporting biases as much as biological prevalence.

The review finds that visually similar owl plumages may arise through distinct mech-
anisms and should not be grouped automatically as “leucism.” In particular, fully white
feathers with normally melanised eyes are required for leucism; pale brown or cream
plumage is more consistent with a melanin-synthesis aberration such as Ino or brown;
gray or silvery plumage may indicate dilution; and irregular darkening may result from
external staining rather than melanism. Because most published records lack data on eye
and bare-part color, feather condition, age, changes across molts, and genetic inheritance,
many diagnoses should remain provisional.

We therefore recommend that future owl records use conservative, mechanism-based
terminology and explicitly state diagnostic uncertainty. At minimum, reports should
provide high-quality images from several angles, information on age and sex when known,
eye and soft-part color, locality and habitat, evidence bearing on staining or feather damage,
and repeated observations of the same individual whenever possible. Integrating these
field data with genetic analyses and systematic population monitoring will be necessary to
determine the frequency, inheritance, fitness effects, and conservation relevance of pigment
anomalies in Strigiformes.
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