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ABSTRACT

Islands often give rise to adaptive radiations, owing to the absence of mainland competitors and predators. The long-fingered bats
(Miniopterusspp.) provide an opportunity to examine this pattern, as the genus includes sister radiations on Madagascar and on
the African mainland. We measured wing elements related to flight in these two Miniopterus sister clades: one with 12 species
from Madagascar and the other with nine species from Kenya, representing a comparable area of continental Africa. Principal
component analysis revealed that Miniopterus species cluster within a narrow region of morphospace, with PC1 representing
a size gradient that explains 93.6% of the variance in seven wing measurements. A phylomorphospace analysis integrating a
resolved species phylogeny demonstrated that closely related species often occupy similar regions of morphospace, particularly
among the smaller Malagasy taxa. Euclidean distance matrices showed similar nearest, average, and farthest neighbor values
between Kenya and Madagascar, indicating strong morphological resemblance. Multivariate dispersion analysis yielded an ob-
served mean dispersion of 1.8137, which did not significantly differ from a randomized expectation (p =0.08819), suggesting that
species are not more regularly or unevenly distributed than expected by chance. These findings indicate limited shape diver-
gence in wing morphology between these two Miniopterus radiations. This work highlights the complexity of detecting adaptive
patterns and suggests the need to incorporate broader ecological and behavioral data when studying diversification in bats.

1 | Introduction and habitat use, making it a useful trait for studying evolu-

tionary diversification (Norberg and Rayner 1987; Schoeman

Adaptive radiation is a fundamental evolutionary process that
generates ecological and phenotypic diversity within rapidly
diversifying lineages, often in response to new environmental
opportunities (Schluter 2000). This process is based on common
ancestry, phenotypic traits linked to ecological niches, func-
tional advantages of the traits, and rapid speciation (Gavrilets
and Losos 2009). While niche use is difficult to directly measure,
morphological traits such as wing morphology have been shown
to be reliable proxies for ecological niche and resource use in
bats (Freeman 2000; Dumont et al. 2012). In bats, wing struc-
ture strongly influences flight performance, foraging behavior,

et al. 2015). Recent studies continue to support this approach,
demonstrating that bat wing morphology can predict forag-
ing strategy in certain insectivorous bat species (Fenton 1972;
Jeyapraba et al. 2023; Veum et al. 2025).

Insectivorous bats are broadly categorized based on how
they exploit aerial space while foraging. These categories
include open-space, clutter-edge, and narrow-space forag-
ers (Schnitzler et al. 2003; Webala et al. 2019). Open-space
foragers have long, narrow wings suited for fast and sus-
tained flight, while clutter-edge and narrow-space foragers
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have broader wings that allow for better maneuverability
in complex environments. This further supports that wing
morphology reflects the ecological niche used by bats em-
ploying different foraging strategies (Kalko et al. 2008;
Norberg and Rayner 1987; Schoeman et al. 2015). Across sub-
Saharan Africa, diverse bat families occupy different forag-
ing niches. However, Madagascar's bat fauna is less diverse
in terms of clutter-edge specialists, with families Nycteridae,
Rhinolophidae, and Megadermatidae being absent from the
island, while the clutter-edge specialist family Miniopteridae
(genus Miniopterus Bonaparte, 1837) is widespread and nota-
bly speciose on Madagascar and in sub-Saharan Africa. These
taxonomic differences provide the means to study whether
reduced competition, reflected in the absence of other clutter-
edge specialist families, may have influenced morphological
evolution in Malagasy Miniopterus, which have been shown to
represent a monophyletic group (Demos et al. 2023).

Miniopterus is a genus of medium-sized bats with a slender
body and long, narrow, and bent wings; all members of the
genus possess an elongated second phalanx of the third fin-
ger that also allows high maneuverability and greater aerody-
namic efficiency (Norberg and Rayner 1987). This elongated
second phalanx is unique among insectivorous bats, allowing
them to forage both in open spaces and in clutter-edge areas
(Norberg and Rayner 1987; Denzinger and Schnitzler 2013;
Vincent et al. 2011). There are currently 41 recognized species
in the genus Miniopterus (Mammal Diversity Database 2026),
all restricted to the Old World. Within the Afrotropical
Realm, 10 species are found in sub-Saharan Africa, 12 on
Madagascar (two of which also inhabit the Comoro islands;
Goodman et al. 2022), and one on Sao Tomé Island (Ibanez
and Juste 2019). A recent phylogeny of African Miniopterus
based on ultra-conserved elements (Demos et al. 2023) demon-
strated monophyly of Madagascar's 12 Miniopterus species,
indicating a single colonization of the island by this genus.
Furthermore, it identified a well-supported sister clade of 12
African Miniopterus that split from the Malagasy clade 9.06
Mya, diversifying in an environment with different ecologi-
cal aspects, competitors, and resources (Demos et al. 2023).
While the colonization and subsequent diversification of
Madagascar's Miniopterus suggests an adaptive radiation (e.g.,
Christidis et al. 2014), it is unclear whether they exhibit the
ecological and morphological diversification that is associated
with this process. The same-aged Malagasy and continental
African sister clades of Miniopterus offer a means to evaluate
this issue. Because the continental clade also radiated follow-
ing their split, differences in wing morphology between these
two regions might reflect differences in the ecological oppor-
tunities they subsequently encountered during the speciation
process.

This study focuses on two central questions: (1) whether di-
vergence in wing morphometrics in Malagasy Miniopterus is
consistent with patterns expected under adaptive radiation
following island colonization, and (2) whether disparity in
linear wing traits differs between the Malagasy fauna and a
mainland assemblage from a comparable area of sub-Saharan
Africa where additional clutter-edge specialist bat fami-
lies are present. Under this scenario, if adaptive divergence

is expressed through linear wing traits, the Malagasy clade
would be expected to exhibit greater morphological disparity
in these traits than the African taxa, reflecting evolutionary
responses to unoccupied ecological space and reduced inter-
specific competition.

Madagascar is known for its high levels of endemism and the
distinct evolutionary pathways taken by many of its endemic
species due to isolation and the availability of unoccupied eco-
logical niches (Goodman 2023). Unlike the African mainland,
where multiple bat families overlap and exploit clutter-edge
habitats, the extant bat fauna of Madagascar suggests that
Miniopterus may have experienced reduced competition and ex-
panded ecological opportunity. However, whether such oppor-
tunity translated into pronounced ecomorphological divergence
remains unclear. To evaluate this, we quantified and compared
wing morphology among Malagasy and sub-Saharan Africa
Miniopterus species. Continental representatives were collected
in Kenya but belong to species that are widely distributed across
sub-Saharan Africa and are treated here as representative of the
broader continental lineage. By explicitly comparing patterns of
morphological dispersion and interspecific distances across re-
gions, we assess whether divergence in linear wing morphology
is consistent with adaptive diversification through wing traits or
instead indicates a high degree of morphological conservatism.

2 | Methods

2.1 | Specimen Sampling and Morphological
Measurements

Miniopterus specimens were selected from the mammal collec-
tion of the Field Museum of Natural History (Chicago), obtained
during various expeditions between 1993 and 2019. We included
only adult individuals, which presented fully fused epiphyseal
joints, preserved originally in 10%-12% formaldehyde and then
transferred to 70% ethanol; dry specimens were excluded due to
the fragility of wing preparations and difficulty in measuring
specific wing variables. The final dataset included 206 speci-
mens spanning 21 taxonomic units: 12 species from the clade oc-
curring on Madagascar (total surface area of 587,300km?) and 9
species from Kenya (total surface area of 581,300 km?). Species
included from each region and corresponding sample sizes
are provided in Table 1. Although continental specimens were
sampled from Kenya, these taxa are widely distributed across
sub-Saharan Africa and are treated here as representatives of
the continental sister clade rather than of continental Africaasa
whole. Among the mainland samples, four putative species have
been included that are genetically distinct, substantiated by nu-
clear delimitation analyses and analyses of ultraconserved ele-
ments (Demos et al. 2023), but not yet formally described; these
are referred to herein as M. clade 4, M. clade 5, M. clade 7, and M.
clade 9 (Demos et al. 2020). It is important to note that species
included in this study do not show signs of sexual dimorphism
(McWilliam 1990; Goodman et al. 2009, 2011).

Seven morphological characters were measured for each speci-
men: tibia length (Tib), digit 2 metacarpal length (D2M), digit 3
metacarpal length (D3M), digit 3 phalanx 1 length (D3P1), digit
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TABLE1 | Miniopterus species included in the study by locality with
sample sizes.

Taxon Region n
M. africanus Kenya 19
Clade 4 Kenya 5
Clade 5 Kenya 6
Clade 7 Kenya 6
Clade 9 Kenya 5
M. fraterculus Kenya 10
M. minor Kenya 20
M. mossambicus Kenya 9
M. natalensis Kenya 10
M. aelleni Madagascar 9
M. brachytragos Madagascar 8
M. egeri Madagascar 11
M. gleni Madagascar 10
M. griffithsi Madagascar 9
M. griveaudi Madagascar 20
M. mahafaliensis Madagascar 6
M. manavi Madagascar 13
M. petersoni Madagascar 9
M. sororculus Madagascar 10
M. ambobhitrensis Madagascar 6
M. majori Madagascar 5

3 phalanx 2 length (D3P2), digit 4 metacarpal length (D4M), and
digit 5 metacarpal length (D5M) (Belinne et al. 2024; Castillo-
Figueroa 2020) although these references used different mea-
surement acronyms. All measurements were recorded to the
nearest 0.0l mm using digital calipers and were taken by the
same researcher to minimize recorder bias.

2.2 | Statistical Analyses

All analyses were conducted using R (version 4.3.1, R Core
Team 2024) and visualizations were produced using the gg-
plot2 package (Wickham 2009). Prior to analysis, non-numeric
and descriptive columns were excluded, leaving a dataset of
seven morphological variables. Standard data exploration was
performed on the raw measurements to inspect data distribu-
tions, detect potential outliers, and ensure consistency across
variables. These variables were scaled using the scale() func-
tion, and a principal component analysis (PCA) was conducted
using the prcomp() function from base R (R Core Team 2024).
PCA was performed to reduce the dimensionality of the mor-
phological dataset and identify major axes of variation. PCA
loadings and scores were extracted and stored in data frames
for subsequent analysis. Species centroids were calculated

as the mean position of individuals in morphospace, which
provided a reference point for calculating morphological dis-
tances among species.

Euclidean distance matrices were calculated using the stats
package, followed by a mean dispersion calculation to quantify
the regularity of species spacing within morphospace (R Core
Team 2024). Nearest and farthest neighbor distances were cal-
culated to evaluate morphological clustering and potential eco-
logical partitioning. Multivariate dispersion analysis (MVDISP)
was performed to assess whether patterns of morphological
variation among species reflect ecological pressures (Oksanen
et al. 2020); specifically, this analysis evaluates whether species
exhibit consistent spacing within morphospace, which may in-
dicate adaptive responses or other ecological processes influ-
encing their morphology (Shukla and Bhat 2017; Van de Perre
et al. 2024).

To assess whether the observed dispersion pattern differed
from random expectations, we generated 1000 randomized dis-
tance matrices by permuting the columns and rows of the orig-
inal distance matrix. Mean dispersion was calculated for each
randomized matrix to build a null distribution. The observed
mean dispersion was then compared to this null distribution
using a permutation test. A p-value was calculated as the pro-
portion of random dispersions that were greater or equal to the
observed dispersion, implemented in R using the package dplyr
(Wickham et al. 2026).

2.3 | Phylomorphospace Analysis

To examine the relationship between morphology and evolution-
ary history, a phylomorphospace analysis was conducted using
the phytools package (Revell 2024). As a first step, the phylo-
genetic tree generated by Demos et al. (2023) was pruned and
reformatted using the consolidatespecies() function from the
ape package in R (Paradis and Schliep 2019) to match the mor-
phological dataset. Species that were not part of the monophy-
letic sister clades formed by the Malagasy and Kenyan lineages
were removed from the analysis. Phylomorphospace integrates
a phylogenetic tree with multivariate morphological data by
projecting species centroids onto a shared morphospace. The
visualization was plotted using the phylomorphospace() func-
tion with a “fan” configuration, allowing us to assess whether
closely related species cluster together or occupy distinct regions
of morphospace.

3 | Results
3.1 | Principal Component Analysis

Principal component analysis (PCA) revealed clustering pat-
terns among Miniopterus species based on morphological
variation (Figure 1). Each species occupied a confined region
of morphospace, and no taxon was widely dispersed. The first
principal component (PC1) explained 93.6% of the variance in
seven wing measurements and primarily reflected overall size
variation among species, with larger species grouped towards
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FIGURE1 | Principal component analysis (PCA) scatterplot of Miniopterus individuals from Kenya and Madagascar based on tibia and wing mea-
surements. Kenya represents the continental African comparison. PC1 and PC2 explain 93.6% and 3.2% of the variance, respectively.

the left side of the plot. The second principal component (PC2)
accounted for an additional 3.2% of the variance.

In contrast, a PCA of species centroids explained 91.2% of the
variance on PC1 and 3.8% on PC2, reflecting slightly reduced
variation within species due to averaging. Species centroids oc-
cupied a similar region of morphospace and clustering patterns
followed a consistent trend across continental and Malagasy
species (Figure 2).

3.2 | Phylomorphospace

The phylomorphospace analysis (Figure 3) integrated morpho-
logical data overlaid on phylogenetic relationships and examined
if closely related species exhibited similar positions in morpho-
logical space. Certain closely related Malagasy species clustered
together in morphospace, particularly among the smaller taxa.
Other species occupied more distinctive positions, indicating
variation in morphological space despite shared ancestry. No

clear separation between continental and Malagasy species was
observed.

3.3 | Morphological Disparity and Dispersion

Euclidean distance matrices quantified pairwise morpholog-
ical distances among species, providing a measure of inter-
specific differentiation within morphospace. Full distance
matrices for each region are provided in Tables S1 and S2.
Summary statistics for morphological distances in Continental
and Malagasy assemblages are reported in Table S3. Nearest
neighbor Euclidean distances were low for both continen-
tal and Malagasy species, with average values of 0.8075 and
0.5588 respectively. Mean pairwise distances were compa-
rable between regions (continental: 2.6996, Madagascar:
2.7786), as were the farthest neighbor distances (continental:
5.6635, Madagascar: 6.3320). The observed mean dispersion
was 1.8137, which did not differ significantly from a random-
ized expectation (F=1.4918, p=0.08819). This indicates that
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FIGURE 2 | Principal Component Analysis (PCA) showing species centroid distribution in morphospace, categorized by locality. Malagasy spe-
cies are compared with continental African species represented by samples from Kenya. Letters correspond to the following species: M. fraterculus
(A), Clade 4 (B), M. minor (C), M. natalensis (D), Clade 5 (E), Clade 7 (F), M. africanus (G), Clade 9 (H), M. mossambicus (I), M. ambohitrensis (J), M.
brachytragos (K), M. aelleni (L), M. manavi (M), M. petersoni (N), M. mahafaliensis (O), M. griveaudi (P), M. sororculus (Q), M. majori (R), M. egeri (S),
M. griffithsi (T), and M. gleni (U). The unnamed clades are based on analyses presented in Demos et al. (2020).

species level spacing in morphospace did not deviate from a
random distribution.

4 | Discussion

4.1 | Morphological Differentiation
and Dispersion

Our analyses document comparable patterns of variation in
wing morphology among Malagasy and Kenyan Miniopterus
species, with both groups occupying similar regions of mor-
phospace. Despite occurring in an environment with fewer
clutter-edge specialist bat families, the Malagasy clade did not
exhibit greater dispersion in wing morphospace than continen-
tal taxa, suggesting that the wing traits we examined did not
differentially diverge in a competitively rarified environment.

These results indicate a high degree of morphological conser-
vatism in wing morphology. The measurements chosen all co-
vary to such a degree that 93% of all variation is accounted for
by the first principal component, often interpreted as size.

The conservative nature of wing morphology in Miniopterus, spe-
cies essentially differing mainly in size rather than size and shape,
is paralleled by comparable variation in their skull morphology. A
recent analysis of 15 log-transformed craniodental measurements
of South Asian Miniopterus species found that 88.8% of overall
variation was accounted by the first component (Kusuminda
et al. 2022). As others have noted (e.g., Monadjem et al. 2020), mor-
phological variation among Miniopterus species is largely limited
to size variation. Genetic analyses are largely responsible for the
nearly three-fold increase in recognized Miniopterus species from
2005 (14 species; Simmons 2005) to the present (41; Simmons and
Cirranello 2025).
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FIGURE3 | Phylomorphospace plot based on Principal Component Analysis (PCA) of wing morphology in Miniopterus species from Madagascar
and continental Africa, represented here by Kenyan samples. Circles represent species centroids based on PCA scores. Black lines represent evolu-
tionary relationships derived from the phylogenetic tree, and black dots indicate reconstructed ancestral nodes. Letters correspond to the following
species: M. fraterculus (A), Clade 4 (B), M. minor (C), M. natalensis (D), Clade 5 (E), Clade 7 (F), M. africanus (G), Clade 9 (H), M. mossambicus (I), M.
ambohitrensis (J), M. brachytragos (K), M. aelleni (L), M. manavi (M), M. petersoni (N), M. mahafaliensis (O), M. griveaudi (P), M. sororculus (Q), M.
majori (R), M. egeri (S), M. griffithsi (T), and M. gleni (U). The unnamed clades are based on analyses presented in Demos et al. (2020).

Using a multivariate dispersion analysis of the Euclidean
distance matrix, we found no significant deviation from ran-
dom expectations of morphological dispersion. The observed
mean dispersion (1.8137) did not differ from values generated
under a null model (p=0.08819), indicating overlap in wing
morphospace among species. Because the measured wing
traits primarily capture overall size variation, these results
on their own cannot diagnose ecological niche differentia-
tion or identify the evolutionary drivers underlying species
diversification. Instead they demonstrate that diversification
in Miniopterus has occurred without strong divergence in
wing morphology. Similar outcomes have been documented
in other Malagasy radiations, where geometric morphometric
analyses revealed variation in evolutionary tempo and mode
across traits, suggesting that adaptive patterning may depend
on the traits and methods examined (Auerbach et al. 2025).
These findings highlight that morphological conservatism in
wing dimensions does not preclude diversification along other
ecological or functional axes, which remain to be explored in
this lineage.

4.2 | Ecological Overlap and Niche Conservatism

The dominance of size variation does not contradict the ob-
served conservatism in wing morphology but rather indicates
that diversification in Miniopterus may occur primarily through
size stratification within a broadly conserved wing structure.
Adaptive radiations usually take place when species rapidly

diversify after colonizing a new environment to exploit novel
ecological niches (Schluter 2000). However, the morphological
similarities among Miniopterus species suggest that the niches
they occupy may not require significant or extreme morpholog-
ical divergence. Although both Madagascar and Kenya encom-
pass heterogeneous environments, many Miniopterus species
seem to exploit similar clutter-edge/edge-space foraging niches
within these diverse landscapes. This ecological overlap could
diminish the selective pressures for morphological divergence
with species retaining similar wing traits despite occupying
different habitats (Fenton and Bogdanowicz 2002; Norberg and
Rayner 1987; Schluter 2000).

Additionally, spatial factors such as distance to foraging re-
sources and dispersal may result in relatively restricted species
distributions which may strongly influence bat habitat use. This
could potentially outweigh the selective pressure for morpholog-
ical specialization (Rainho and Palmeirim 2011). Another con-
tributing factor could be that clutter-edge foraging habitats are
broadly available across Madagascar, which may allow species,
even in sympatry, to maintain a shared morphological outline.
This phenomenon is consistent with the concept of niche con-
servatism, where species retain certain ancestral traits that re-
main well-suited to specific environments, thus hindering the
selective pressures for major morphological shifts despite the
opportunities for diversification (Kelt et al. 2023; Losos 2010;
Ranivo and Goodman 2007). Our results suggest that even
across differing environments, wing traits among Miniopterus
do not diverge strongly.
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If Miniopterus species primarily forage in clutter-edge habi-
tats and are not strictly forest dependent (Kofoky et al. 2007;
Randrianandrianina et al. 2006), the selective pressures to
evolve distinct wing morphologies may be weak. While some
degree of adaptation may occur to optimize foraging effi-
ciency in these environments, the need for significant mor-
phological differentiation could be minimal. The clustering of
species within a narrow range in our morphospace (Figure 2)
supports this interpretation, suggesting that evolutionary
pressures to develop novel wing shapes are limited. This pat-
tern implies that consistent environmental demands may be
maintaining relatively uniform wing traits across species over
time (Losos and Ricklefs 2009). This aligns with observations
that across their Old World distribution, Miniopterus species
exhibit consistent wing morphology, suggesting that these
structures have remained evolutionarily conservative despite
members of the genus occupying a broad geographic distribu-
tion and environments. However, when multiple Miniopterus
species occur sympatrically, they are often stratified by size,
with local faunas typically consisting of one or more small spe-
cies, a medium-sized species, and a large species (Monadjem
et al. 2020). This pattern may be consistent with the evolu-
tionary pressures to reduce interspecific competition for food
resources through body size stratification, even as their wing
shapes remain similar.

4.3 | Wing Morphology as a Proxy for Ecology

We assumed the chosen wing measurements of Miniopterus
species reflect broad aspects of their flight ecology de-
spite lacking independent ecological data to test this
relationship directly. This assumption is supported by com-
parative analyses performed on New World Carollia perspicil-
lata (Phyllostomidae), which demonstrated a clear connection
between wing morphology and flight performance (Carneiro
et al. 2023). Wing length and width, determined by the rela-
tive proportions of the metacarpals and phalanges, influence
the wing's shape and its ability to maneuver in cluttered envi-
ronments (Castillo-Figueroa 2018; Dietz et al. 2006; Findley
et al. 1972). This relationship between morphological traits
and habitat use has been a recurrent theme in Neotropical
bats, where wing structure is strongly tied to foraging strat-
egy and resource use (Castillo-Figueroa 2020; Findley 1973,
1976). These dimensions contribute to wing loading and over-
all wing shape, which are critical factors in flight mechan-
ics and habitat use (Castillo-Figueroa 2020; Hedenstréom and
Johansson 2015; Swartz and Middleton 2008).

The wing metrics analyzed here are expected to reflect broad,
size-related aspects of flight ecology, rather than direct mea-
sures of foraging performance or aerodynamic specialization.
Because the linear wing measurements covary strongly, the first
principal component primarily reflects overall size, with limited
variation in shape. Our analyses assess whether diversification
is expressed as divergence in size-related wing dimensions that
could alter broad flight constraints. Consequently, while these
traits are ecologically informative, they cannot assess diversi-
fication along other ecological axes, including echolocation
behavior or trophic specialization. Although a broad spectrum
of studies involving bats suggests that wing elements should

be ecologically informative and related to resource use, we are
unaware of studies that directly evaluate the performance con-
sequences of the traits we employed in Miniopterus. However,
based on the linear measurements used here, we can state that
the wing morphology of Miniopterus is highly conserved, vary-
ing principally in size, and that the Malagasy clade has diverged
no more during their diversification than the Kenyan members
of their sister clade on continental Africa.

4.4 | Cryptic Ecological Divergence

Another possibility is that Miniopterus species exhibit cryptic
ecological divergence not detectable through wing morphology.
Differences in ear or tragus length and echolocation frequency
could play a larger role in niche partitioning than wing shape
or limb proportions (Calahorra-Oliart et al. 2021; Losos 2010;
Ramasindrazana et al. 2011). In addition, seasonal shifts in habitat
and resource use may potentially reduce direct competition, as ob-
served in other bat assemblages where intraspecific and interspe-
cific interactions change over time (Aihartza et al. 2023; Raposeira
et al. 2023). This behavioral plasticity could offer an alternative
mechanism for niche partitioning that does not necessarily depend
on specialized wing morphologies (Roeleke et al. 2018).

In addition, our analysis of morphospace included all members
of the two sister clades occurring on Madagascar and in Kenya,
respectively. It did not include partitioned analyses of the two-to-
four species that locally coexist in each region and possibly com-
pete. Miniopterus inflatus did not fall within the monophyletic
sister clade of Malagasy Miniopterus and was therefore excluded
from the analysis. It is important to mention that, of the 12 spe-
cies of Miniopterus from Madagascar analyzed herein, nine have
been described since 2007 (Goodman et al. 2010, 2011) and a few
reputedly unnamed clades have been identified. In comparison,
our Kenyan sample includes nine taxa, including several con-
firmed candidate species, from a region comparable in surface
area to Madagascar (Demos et al. 2020, 2023). Coexisting sets
of Miniopterus species are often size-stratified (e.g., Monadjem
et al. 2020), typically including one or more small species, a
medium-sized species, and a large species. This body size dif-
ferentiation may help partition the resources they exploit and
potentially reduce competition, despite similarities in their wing
morphologies. Analysis of Miniopterus relationships at a finer
spatial scale requires additional ecological information, such
as roosting behavior, temporal activity patterns, and shifts in
dietary composition (Tuneu-Corral et al. 2025), but might illu-
minate the scale of interactions affecting Miniopterus evolution.

5 | Conclusion

Based on the linear wing measurements used here, we find lim-
ited divergence in size-based wing morphology among Malagasy
Miniopterus and their continental sister clade. Interpreting these
patterns in terms of ecological divergence expressed through lin-
ear wing traits remains tentative without additional ecological
and functional data to test how these species interact with their
environments. Data on trophic habits, activity periods, echoloca-
tion, and flight performance would strengthen inference about
ecological differentiation and the processes underlying lineage
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diversification in future work. The Malagasy species provide
a valuable counterpoint to well-known island radiations that
show clear adaptive diversification. They underscore the com-
plexity of evolutionary responses to ecological opportunity and
highlight that speciation and lineage diversification can proceed
even in the absence of strong adaptive shifts in morphology.
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