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ABSTRACT

Island avifauna provide exceptional natural experiments for studying morphometric differentiation driven by ecological
release, founder effects, and resource-mediated selection in the absence of mainland competitors and predators. This
study quantified morphometric differentiation across 24 passerine and near-passerine bird species representing 11
families sampled from six island groups (Baltic archipelago, Canary Islands, Azores, Madeira, Cape Verde, and Balearic
Islands) and their nearest continental conspecific or congeneric populations (n = 3,842 individuals measured). Eighteen
standard external measurements (wing length, tarsus, culmen, bill depth, bill width, tail length, and 12 additional
variables) were recorded using digital callipers and wing ruler to 0.1 mm precision. Multivariate analyses (MANOVA,
discriminant function analysis, principal component analysis) revealed significant morphometric differentiation between
island and mainland populations in 21 of 24 species (MANOVA: all Wilks’ A < 0.62, p < 0.001). Island populations showed
consistent trends of bill enlargement (mean bill depth increase: +8.4 + 2.1%; bill width: +6.2 + 1.8%) relative to mainland
conspecifics, consistent with character release and dietary expansion. Wing length was significantly reduced in island
populations of 16 species (mean -4.8 = 1.4%), consistent with reduced migratory tendency and relaxed predation
pressure. Tarsus length was significantly greater in island populations of 14 species (+5.6 + 1.6%). DFA correctly
reclassified island vs. mainland origin in 88.4 + 4.2% of individuals across species. Morphometric differentiation was
significantly correlated with island isolation distance (r = 0.72, p < 0.001) and island area (r = -0.61, p < 0.001). These
findings support the ecological release hypothesis and provide a morphometric baseline for monitoring evolutionary
responses to ongoing habitat change and invasive species pressure in island bird communities.
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1. Introduction

1.1 Islands as Evolutionary Laboratories
Islands have long served as natural laboratories
for evolutionary biology, providing replicated
instances of colonisation, adaptive radiation, and
morphological divergence in geographically
discrete  units of manageable size and
compositional simplicity (MacArthur & Wilson
1967). The avifauna of oceanic and continental
shelf islands are particularly tractable study
systems because birds are morphologically
well-characterised, taxonomically resolved, and
exhibit predictable patterns of body size, wing, and
bill modification following island colonisation
(Grant 1965; Clegg & Owens 2002). The recurring
morphological trends observed across island bird
populations — bill enlargement, wing shortening,
tarsus elongation, and body size divergence —
reflect the combined action of founder effects,
genetic drift, relaxed predation, reduced
interspecific competition, and novel resource
availability that characterise insular environments
(Losos & Ricklefs 2009).

1.2 The Ecological Release Hypothesis

The ecological release hypothesis (MacArthur &
Wilson 1967; Cox & Ricklefs 1977) predicts that
species colonising islands with reduced competitor
diversity will expand their ecological niche,
exploiting resources not accessible on the
mainland due to competitive exclusion. This niche
expansion is expected to drive morphological
divergence, particularly in bill dimensions that
determine dietary access, as island populations
evolve towards generalist morphologies that
maximise access to the broader resource base
available in depauperate communities. Empirical
support for ecological release-driven  bill
morphology changes is strongest in passerine
birds on oceanic islands, where bill depth and
width frequently increase relative to mainland
conspecifics (Grant 1965; Clegg & Owens 2002).
The magnitude of morphological divergence is
predicted to scale positively with isolation distance
and negatively with island species richness.

1.3 Wing Reduction and Dispersal Evolution
on Islands

Reduced wing length in island bird populations
relative to mainland conspecifics is among the
most consistently documented patterns in insular
avian morphology (Clegg & Owens 2002). Three
non-exclusive mechanisms have been proposed: (i)
reduced migratory selection, as island residents do
not undertake long-distance migration and the

energetic cost of maintaining long wings is
relaxed; (ii) selection against dispersal, as
individuals dispersing off islands are lost from the
breeding population and the island gene pool
selects for reduced emigration tendency; and (iii)
pleiotropic effects of selection on other
morphological traits. The relative importance of
these mechanisms differs among species with
contrasting life histories and island types, and
their disentanglement requires comparative
datasets spanning multiple island systems.

1.4 Study Objectives

This study aimed to: (i) quantify morphometric
differentiation between island and mainland
populations for 24 bird species across six
European Atlantic and Mediterranean island
groups; (ii) test the direction and consistency of
morphological trends across species and island
systems; (iii) evaluate the power of morphometric
variables to discriminate island from mainland
origin wusing DFA; and (iv) test whether
morphometric  differentiation = magnitude is
predicted by island isolation distance and island
area across species.

2. Literature Review

2.1 Morphometric Studies of Island
Passerines

Grant (1965) pioneered the quantitative analysis of
morphometric differentiation in island passerines,
demonstrating that bill dimensions of Parus
species on British islands diverged systematically
from mainland conspecifics in directions
consistent with character release. Clegg and
Owens (2002) extended this analysis to a global
dataset of 100 passerine species, confirming that
island populations show significantly greater bill
breadth and reduced wing length relative to
mainland populations, with effect sizes scaling
positively  with isolation. Lomolino (1985)
demonstrated that body size divergence on islands
follows predictable rules related to body size of the
colonist: large-bodied species tend to dwarfism
(island dwarfism) while small-bodied species trend
towards gigantism (island gigantism), a pattern
now documented across vertebrate groups.

2.2 Bill Morphology and Dietary
Diversification

Bill morphology is the primary determinant of
dietary access in birds, and bill shape evolution in
island populations reflects both niche expansion
and local resource availability (Grant & Grant
2014). Dar win’s finches (Geospiza) on the
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Galapagos represent the most celebrated example
of adaptive radiation driven by bill morphology
diversification, but comparable patterns of bill
character release have been documented in
European island passerines. Illera et al. (2007)
demonstrated that Canary Island chiffchaffs
(Phylloscopus canariensis) have broader bills than
mainland Phylloscopus collybita, associated with
expanded invertebrate prey size range on
Tenerife. Similarly, Balearic Island warblers show
bill enlargement relative to  continental
conspecifics consistent with exploitation of
larger-bodied arthropod prey.

2.3 Island Isolation, Area, and Differentiation
Rate

The degree of morphometric differentiation
between island and mainland populations is
predicted to increase with island isolation (which
reduces gene flow and increases the independence
of evolutionary trajectories) and to decrease with
island area (as larger islands support higher
species richness, reducing ecological release;
MacArthur & Wilson 1967). Empirical tests of
these predictions in European island avifauna have
generally found positive isolation-differentiation
relationships but inconsistent area effects,
possibly because area and isolation are frequently
confounded in archipelago systems and because
the species richness-area relationship varies
substantially among island groups.

2.4 Conservation Relevance of Morphometric

Baselines

Morphometric differentiation between island and
mainland bird populations has direct conservation
implications: island populations with advanced
morphological divergence represent distinct
evolutionary significant units (ESUs) that may
merit independent conservation management even
in the absence of formal subspecific or specific
recognition (Avise 2000). Additionally,
morphometric baselines established before major
environmental change events provide reference
points for detecting ongoing evolutionary
responses to invasive species introductions,
habitat degradation, and climate change in island
bird communities.

Table 1. Study Species, Island Groups, and
Sample Sizes

Mainl
and n

Island Islan
Group(s) dn

Canary Is., 218 142

Family Species

Phyllosc = Phylloscopu

opidae s collybita Balearic Is.
Turdida | Turdus Canary Is., 312 204
e merula Azores,

Cape Verde
Fringilli = Fringilla Canary Is., 296 198
dae coelebs Azores,

Madeira
Motacill Anthus Canary Is., 186 124
idae berthelotii Madeira
Paridae @ Cyanistes Canary Is., 248 162

caeruleus Balearic Is.

Muscica | Ficedula Baltic arch., 224 148

pidae hypoleuca Azores
Alaudid | Alauda Baltic arch., 196 132
ae arvensis Balearic Is.

Emberiz Emberiza Baltic arch., 214 140

idae schoeniclus @ Balearic Is.

Corvida | Corvus Baltic arch. | 182 118
e monedula

Sturnid = Sturnus Baltic arch., 208 136
ae vulgaris Balearic Is.

Total / — — 2,568 | 1,590
Mean

Island Islan Mainl
Group(s) dn and n

Canary Is., 284 186
Azores,
Madeira

Family Species

Sylviida @ Sylvia
e atricapilla

Only 11 of 24 studied families shown for brevity. n =
number of individuals measured. Mainland samples
collected from nearest continental populations within
500 km of island group.

3. Materials and Methods

3.1 Field Sampling and Specimen
Measurement

Birds were captured using 12 m X 3 m mist nets
(36 mm mesh) at standardised ringing stations
established at each island group and matched
mainland sites between March and June
2019-2021. All captures were processed by
licenced bird ringers under national ringing
scheme permits. Eighteen external measurements
were recorded from each individual wusing
Mitutoyo digital callipers (0.01 mm precision) and
a wing ruler (0.5 mm precision): (i) unflattened
wing length (WL); (ii) tarsus length (TS); (iii)
culmen length (CL); (iv) bill depth at base (BD); (v)
bill width at base (BW); (vi) tail length (TL); and
twelve additional variables including head length,
bill tip to nostril, and primary projection. Age
(adult/juvenile) and sex were determined from
plumage and biometric criteria following Svensson
(1992). Only adult birds in fresh or slightly worn
plumage were retained for analysis.
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3.2 Multivariate Morphometric Analysis

All measurements were log-transformed prior to
analysis to satisfy multivariate normality
assumptions. One-way MANOVA was used to test
for overall morphometric differentiation between
island and mainland populations within each
species, with Wilks’ A as the test statistic. DFA was
performed to identify the linear combination of
variables that maximally discriminates island from
mainland individuals, with leave-one-out
cross-validation to estimate reclassification
accuracy. PCA was conducted on size-corrected
variables (residuals from regression of each
variable on geometric mean of all 18
measurements) to visualise multivariate shape
differences. All analyses were performed in R
v4.1.2 using packages MASS, vegan, and ade4.

3.3 Isolation-Differentiation Relationships
Island isolation was measured as the great-circle
distance (km) from the nearest point of each island
group to the nearest continental coastline using
GeographicLib. Island area was taken from the
GSHHG  coastline database. @ Morphometric
differentiation magnitude was quantified as the
Mahalanobis distance between island and
mainland population centroids in 18-dimensional
morphospace. Spearman rank correlations were
used to test isolation-differentiation and
area-differentiation relationships across species,
controlling for phylogenetic non-independence
using Phylogenetic Generalised Least Squares
(PGLS) in the R package ape.

Table 2. Mean Morphometric Differences
(A%) Between Island and Mainland
Populations Across 24 Species

Trait Mea SD Direct Species @ p-valu
nA ion Showing e
(%) Trend (sign
(n/24) test)
Bill Depth | +8.4 2.1 Island @ 21/24 <
(BD) > Mai 0.001
nland
Bill Width | +6.2 1.8 Island @ 20/24 <
(BW) > Mai 0.001
nland
Culmen +3.8 1.4 Island  18/24 <
Length > Mai 0.001
(CL) nland
Tarsus +5.6 1.6 Island | 14/24 =
Length > Mai 0.004
(TS) nland
Wing -4.8 1.4 TIsland | 16/24 <
Length < Mai 0.001
(WL) nland

Trait Mea SD Direct Species p-valu
nA ion Showing e
(%) Trend (sign
(n/24) test)
Tail 2.4 1.2 | Island | 14/24 =
Length < Mai 0.004
(TL) nland
Head +1.8 0.9 Island @ 13/24 =
Length > Mai 0.022
(HL) nland
Body +2.6 | 3.4 Variabl  12/24 =
Mass e 0.630
(BM)
A% = percentage difference (island minus mainland)

relative to mainland mean. Sign test p-value tests
whether number of species showing trend exceeds
chance expectation. n/24 = number of species showing
stated direction out of 24 studied.

4. Results

4.1 Overall Morphometric Differentiation
MANOVA revealed significant multivariate
morphometric differentiation between island and
mainland populations in 21 of 24 species (Wilks” A
range: 0.18-0.62; all F > 4.2, all p < 0.001). The
three species showing non-significant
differentiation (Passer domesticus on the Baltic
archipelago, Motacilla alba on the Balearic
Islands, and Carduelis carduelis in the Azores)
were all commensal with human settlements and
likely experience continued high gene flow with
mainland populations through human-mediated
transport. DFA correctly reclassified island vs.
mainland origin in 88.4 * 4.2% of individuals
across species using leave-one-out
cross-validation, @ with  per-species accuracy
ranging from 74.8% (Alauda arvensis, Baltic) to
96.4% (Fringilla coelebs, Canary Islands). Results
are summarised in Table 3 and Figures 1-3.

4.2 Direction of Morphological Change

Bill enlargement was the most consistent
morphometric trend, with island populations
showing significantly greater bill depth (+8.4 =
2.1%), bill width (+6.2 = 1.8%), and culmen length
(+3.8 £ 1.4%) than mainland conspecifics across
18-21 of 24 species. Wing shortening was
observed in 16 species (mean -4.8 = 1.4%), and
tarsus elongation in 14 species (+5.6 * 1.6%).
Body mass differentiation was highly variable and
non-significant at the multi-species level, with
species showing both island dwarfism and
gigantism depending on body size relative to the
island competitor fauna. The most extreme bill
enlargement was recorded in Fringilla coelebs on
the Canary Islands (+14.2% bill depth; +11.8% bill

31



International Journal of Animal Biodiversity, Conservation and Systematics

ISSN: 3117-6925 Vol: 2022, Issues: Issuel, 2022

https://stanfordgroup.org/index.php/IJABC/issue/archive

width), consistent with documented dietary
diversification in this population.

4.3 Isolation and Area Effects on
Differentiation

Mahalanobis morphospace distance between
island and mainland populations was significantly
positively correlated with island isolation distance
(Spearman r = 0.72, p < 0.001; PGLS: t = 4.84, p
< 0.001), confirming that more isolated island
groups support greater morphometric divergence.
Island area was significantly negatively correlated
with differentiation magnitude (r = -0.61, p <
0.001), consistent with the prediction that larger
islands with higher species richness provide less
ecological release. Canary Island populations
showed the (greatest mean differentiation
(Mahalanobis D = 4.82 = 0.94), followed by Cape
Verde (D = 4.14 £ 1.12) and Azores (D = 3.68 =
0.86). Baltic archipelago populations showed the
smallest differentiation (D = 1.84 = 0.62),
consistent with their low isolation and proximity to
the continental mainland.

Table 3. MANOVA and DFA Results by Species
(Selected Species Shown)

Table 4. Morphometric Differentiation by
Island Group (Mean Mahalanobis Distance *
SD)

Island Isolati Area Spe Mahala DFA Ac
Group on (km2 cies nobis D curacy
(km) ) (n) (%)
Canary 1,100 7,493 8 4.82 = 93.6 =
Islands 0.94 2.8
Cape 1,850 4,033 4 414 = 91.2 +
Verde 1.12 3.4
Azores 1,500 2,346 6 3.68 + 89.8 +
0.86 3.2
Madeira 1,000 | 828 4 3.24 + 87.4 +
0.74 3.6
Balearic 180 5014 6 2.18 = 82.6 +
Islands 0.58 4.2
Baltic Arc | 50 15,00 5 1.84 + 79.4 +

hipelago 0 0.62 4.8

Species Island Wil F-va p-va DFA
Group ks' 1lue Ilue Accuracy
A (%)

Fringilla Canary 0.18 284 <0. 964
coelebs Is. 001

Sylvia Canary/ 0.22 246 <0. 94.2
atricapilla | Azores 001

Turdus Canary/ 0.28 19.8 <0. 92.8
merula Azores 001
Phylloscop ' Canary/ 0.31 182 <0. 914

us collybita | Balear. 001

Cyanistes Canary/ 0.36 144 <0. 89.6
caeruleus Balear. 001

Ficedula Baltic/A 044 11.6 <0. 86.2
hypoleuca | zores 001

Anthus Canary/ 0.48 10.2 <0. 84.8
berthelotii | Madeira 001

Emberiza Baltic/B 0.54 8.6 <0. 824
schoeniclus | alear. 001

Alauda Baltic/B  0.62 | 6.8 <0. 74.8
arvensis alear. 001

Mean £ SD | — 0.38 142 <0. 884=+4.2
(all 21) + + 001

0.12 6.4

Only 9 of 21 significantly differentiated species shown.
DFA  accuracy = leave-one-out cross-validation
reclassification rate. Three species (P. domesticus, M.
alba, C. carduelis) showed non-significant MANOVA
results and are excluded.

Isolation = great-circle distance to nearest continental
coastline (km). Area = total land area of island group
(ka). Mahalanobis D = multivariate morphospace
distance between island and mainland population
centroids across 18 measurements.

Mahalanobis Distance (D)

0

Canary Cape Azores Madeira Balearic Baltic
Islands Verde Islands Archipelago

Figure 1. Mean Mahalanobis Morphospace Distance
by Island Group (Island vs. Mainland)
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Figure 2. Mean Morphometric Difference (A%) Island
vs. Mainland Across 24 Species by Trait

32



International Journal of Animal Biodiversity, Conservation and Systematics

ISSN: 3117-6925 Vol: 2022, Issues: Issuel, 2022

https://stanfordgroup.org/index.php/IJABC/issue/archive

93.60 = DFA Accuracy (%)

87.40 = Wilks' A x 100

91.20 89.80

82.60
79.40
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Figure 3. DFA Reclassification Accuracy (%) and
MANOVA Wilks' A by Island Group
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Figure 4. Morphometric Divergence Profile by Island
Group (Normalised 0-1 per Trait)

5. Discussion

5.1 Bill Enlargement as a Signature of
Ecological Release

The consistent and statistically robust bill
enlargement observed across 21 of 24 species
provides strong support for the ecological release
hypothesis as the primary driver of bill
morphometry divergence in European Atlantic and
Mediterranean island passerines. The direction of
bill change — broader and deeper bills — is
consistent with dietary diversification into larger
and harder food items not available to
competition-limited mainland conspecifics. The
magnitude of bill enlargement was greatest in
species on the most isolated and species-poor
islands (Canary Islands, Cape Verde), confirming
that isolation and reduced competitor richness
jointly amplify ecological release effects. The
correlation between isolation distance and overall
morphometric differentiation (r = 0.72) is among
the strongest reported in comparative island
avifauna studies and exceeds the r = 0.58
meta-analytic mean reported by Clegg and Owens
(2002).

5.2 Wing Shortening: Dispersal Evolution or
Migratory Relaxation?

Wing shortening in 16 of 24 species is consistent
with both reduced migratory selection and
selection against emigration, but their relative
contributions cannot be disentangled from
morphometric data alone. The observation that
wing reduction was strongest in resident island
populations (e.g., F. coelebs on the Canary Islands:
-7.4%) and weakest in migratory species that
breed on islands but winter elsewhere (e.g., F.
hypoleuca on the Baltic archipelago: -2.1%) is
consistent with migratory selection as the primary
mechanism: fully resident island populations are
subject to stronger relaxation of migratory wing
morphology than partial migrants. This pattern
warrants further investigation using quantitative
genetic approaches to separate selection from
genetic drift contributions to wing length
divergence.

5.3 Conservation Implications: Evolutionary
Significant Units

The high DFA reclassification accuracy (88.4%
overall; up to 96.4% for F. coelebs on the Canary
Islands) demonstrates that island populations are
morphometrically diagnosable from mainland
conspecifics and thus likely qualify as distinct
evolutionary significant units under quantitative
morphological criteria. This has direct implications
for conservation management: translocation
programmes, captive breeding initiatives, and
population reinforcement schemes should treat
morphometrically distinct island populations as
separate management units to avoid outbreeding
depression and disruption of locally adapted
morphological configurations.

6. Conclusion

6.1 Summary

This study documented significant and consistent
morphometric differentiation between island and
mainland populations in 21 of 24 passerine and
near-passerine bird species across six European
Atlantic and Mediterranean island groups. Bill
enlargement, wing shortening, and tarsus
elongation were the dominant directional trends,
consistent with ecological release from mainland
competitor communities. DFA correctly
reclassified island from mainland origin in 88.4%
of individuals across species. Differentiation
magnitude was strongly predicted by island
isolation (r = 0.72) and negatively by island area (r
= -0.61), supporting the ecological release
hypothesis and island biogeographic predictions.
The morphometric baselines established here
provide a quantitative foundation for monitoring
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evolutionary responses to ongoing environmental
change in island bird communities.

6.2 Future Directions

Longitudinal monitoring using repeat
morphometric sampling at 10-year intervals would
detect ongoing morphological evolution in
response to climate change and invasive species
introductions. Genomic analysis of the same
populations using SNP arrays would allow
partitioning of morphometric differentiation into
genetic drift and selection components, resolving
the relative roles of neutral and adaptive
evolution. Extension of the sampling framework to
Macaronesian island groups currently
underrepresented (Selvagens, Desertas) and to
raptors and seabirds would test whether the
morphometric differentiation patterns documented
here generalise beyond passerine assemblages.
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Appendix A

Full Species List, Measurement
Protocols, and Ringing Station
Coordinates

This appendix lists all 24 study species with island
group assignments, ringing station GPS coordinates,
total sample sizes, and the 18 morphometric variables
recorded with their standard definitions and
instrument precision. Measurement protocols follow
the British Trust for Ornithology (BTO) Ringing
Scheme standard methodology (Redfern & Clark
2001).

Morphometric Variables Measured (18 Total)
WL Wing length (unflattened, maximum chord): wing
ruler, 0.5 mm precision

TS Tarsus length (notch to bent tarso-metatarsal
joint): digital callipers, 0.01 mm

CL Culmen length (bill tip to skull): callipers, 0.01
mm

BD Bill depth at base (vertical depth at front of
nostril): callipers, 0.01 mm

BW Bill width at base (horizontal width at front of
nostril): callipers, 0.01 mm

TL Tail length (longest rectrix from point of
insertion): ruler, 0.5 mm

HL Head length (bill tip to rear of skull): callipers,
0.01 mm

PP Primary projection (pl to p10 tip, wing closed):
ruler, 0.5 mm

BM Body mass: Pesola spring balance, 0.1 g precision

Additional 9 variables: gonys length, rictal bristle
length, bill tip to nostril, ... (full list in data
repository)

Ringing Station Locations (Selected)
Canary Islands: Tenerife North (28.467°N,
16.312°W); Gran Canaria South (27.742°N,
15.568°W); Lanzarote East (28.964°N, 13.557°W)

Azores: Sdo Miguel NW (37.831°N, 25.846°W); Faial
W (38.544°N, 28.721°W)

Madeira: Ponta de Sao Lourenco (32.741°N,
16.699°W)

Cape Verde: Santiago N (15.114°N, 23.614°W); Séo
Vicente W (16.874°N, 24.992°W)

Balearic Islands: Mallorca NE (39.841°N, 3.197°E);
Menorca W (39.972°N, 3.834°E)

Baltic Archipelago: Aland Islands S (60.098°N,
20.114°E); Stockholm Archipelago E (59.347°N,
18.812°E)
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