E. Seyfi et al. / Hacettepe J. Biol. & Chem., 2025, 53 (5), 7-13

Haceltepe Journal of Biology and Chemistry
Research Article

journal homepage: https://hjbc.hacettepe.edu.tr,
Dergipark Akademik: https://dergipark.org.tr/en/pub/hjbc

Spatial and Morphological Insights into the Cryptic Pipistrellus Bat Complex in
Tirkiye

Spatial and Morphological Insights into the Cryptic Pipistrellus Bat Complex in
Tirkiye

Emin Seyfi*" , Safak Bulut? , Giil Olgun Karacan® , Sakir Onder Ozkurt*

Faculty of Arts and Sciences, Molecular Biology And Genetics, Hitit University, Corum, Turkiye.

“Faculty of Arts and Sciences, Biology, Gazi University, Ankara, Turkiye.

3Vocational School of Health Services, Medical Laboratory Techniques, Aksaray University, Aksaray, Turkiye.
“Faculty of Education, Department of Science Education, Kirsehir Ahi Evran University, Kirsehir, Turkiye.

ABSTRACT

he genus Pipistrellus includes some of the most morphologically cryptic bat species in the Palearctic region, posing challenges

for both taxonomic resolution and biodiversity monitoring. This study presents an integrative assessment of four Pipistrellus
species—P. pipistrellus, P. pygmaeus, P. kuhlii, and P. nathusii—in Tirkiye, based on fieldwork conducted between 2016 and 2025.
A series of adult individuals were captured from multiple provinces and externally measured for nine linear morphometric cha-
racters. Discriminant Function Analysis (DFA) revealed significant morphological differentiation, with the highest classification
accuracy observed for P. nathusii and P. pygmaeus, while P. pipistrellus and P. pygmaeus showed considerable overlap. In addition
to morphometric analyses, we report newly documented locality records that considerably expand the known distributional ran-
ges of P. pygmaeus and P. nathusii, particularly in central and southeastern Turkiye. These findings underscore the importance of
systematic field surveys in undersampled regions and highlight the utility of multivariate approaches for distinguishing cryptic bat
taxa. This study contributes to a more refined understanding of Pipistrellus diversity and biogeography in Turkiye and provides a
basis for future integrative taxonomic studies.
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0z

ipistrellus cinsi, Palearktik bolgedeki morfolojik olarak en kriptik yarasa tirlerinden bazilarini igerir ve hem taksonomik ¢6zim

hem de biyolojik gesitliligin izlenmesi igin zorluklar ortaya gikarir. Bu galisma, 2016 ve 2025 yillari arasinda yapilan saha ¢alis-
malarina dayanarak, Turkiye'deki dortPipistrellus tirinin (P. pipistrellus, P. pygmaeus, P. kuhlii ve P. nathusii) butincul bir deger-
lendirmesini sunmaktadir. Bir dizi yetiskin birey birden fazla ilden yakalanmis ve dokuz dogrusal morfometrik karakter igin harici
olarak o6lg¢tlmastar. Diskriminant Fonksiyon Analizi (DFA), P. nathusii ve P. pygmaeus igin gbzlemlenen en yiksek siniflandirma
dogrulugu ile 6Gnemli morfolojik farklilasmayi ortaya koyarken, P. pipistrellus ve P. pygmaeus dnemli 6lglide ortiisme gostermistir.
Morfometrik analizlere ek olarak, 6zellikle orta ve glineydogu Turkiye'de P. pygmaeus ve P. nathusii'nin bilinen dagilim alanlarini
onemli 6lglide genisleten yeni belgelenmis lokalite kayitlarini rapor ediyoruz. Bu bulgular, yeterince érneklenmemis bolgelerde
sistematik saha arastirmalarinin 6neminin altini gizmekte ve kriptik yarasa taksonlarinin ayirt edilmesinde ¢ok degiskenli yakla-
simlarin faydasini vurgulamaktadir. Bu galisma, Turkiye'deki Pipistrellus gesitliliginin ve biyocografyasinin daha iyi anlasiimasina
katkida bulunmakta ve gelecekteki bitinlestirici taksonomik ¢alismalar igin bir temel olusturmaktadir.
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INTRODUCTION

he genus Pipistrellus (Chiroptera: Vespertilionidae)
Trepresents one of the most morphologically cryptic
and taxonomically challenging groups of bats, charac-
terized by subtle external morphological characters
among closely related species. In the Palearctic region
- particularly in Europe and Anatolia - multiple cryptic
species such as Pipistrellus pipistrellus, P. pygmaeus, P.
kuhlii, and P. nathusii coexist, complicating species iden-
tification based solely on external characters. Accurate
species delimitation is crucial not only for evolutionary
biology but also for applied conservation, monitoring
programs, and ecological modeling.

Traditional morphometric approaches, based on line-
ar measurements of external anatomical characters,
have frequently been employed to distinguish morp-
hologically similar taxa. When combined with multiva-
riate statistical methods such as Discriminant Function
Analysis (DFA), these characters have proven effective
in resolving species boundaries [1-3]. For example, de-
monstrated that forearm and ear dimensions could be
highly informative in distinguishing sympatric molossid
species [2], while Schmieder et al. and Ahmad et al. [1,3]
underscored the value of integrating geometric morp-
hometrics with DFA to detect ecologically meaningful
variation.

Beyond external characters, several studies have revea-
led that cranial and skeletal features may provide even
greater resolution. By Grol, the importance of condylo-
basal length and tooth rows in the distinction between
P. pipistrellus and P. nathusii was emphasized [4], while
Sztencel-Jabtonka et al. applied three-dimensional cra-
nial morphometrics to distinguish P. pipistrellus and P.
pygmaeus with high accuracy [5]. Similarly, Herdina et
al. demonstrated that baculum morphology, as visua-
lized through microCT imaging, could effectively sepa-
rate cryptic Pipistrellus species using linear and shape-
based characters [6].

Despite these advances, the application of morphomet-
ric tools to Pipistrellus species in Tlrkiye has been limi-
ted. Previous studies have primarily reported occurren-
ce records or genetic data [7-10], with little emphasis on
coordinated morphometric analyses or spatial interpre-
tation of species records. The Anatolian region, situa-
ted at the intersection of three biogeographic zones,
is known for harboring high chiropteran diversity and

complex evolutionary histories [11]. However, there re-
mains a lack of integrated approaches that examine both
morphological and geographic variation within this group.

This study addresses this gap by combining two comple-
mentary datasets: (1) literature-based locality records of
four Pipistrellus species in Turkiye, and (2) new field re-
cords accompanied by external morphometric measure-
ments. Using Discriminant Function Analysis, we evaluate
whether morphometric characters can effectively diffe-
rentiate among species and contextualize these findings
within the spatial distribution patterns of Pipistrellus in
Tarkiye. This integrative approach offers new insights into
phenotypic divergence, cryptic diversity, and biogeograp-
hic structuring in one of the most widespread and taxono-
mically problematic bat genera.

MATERIALS and METHODS

Specimen Collection and Morphometric Measurements

A total of 242 adult individuals representing four Pipist-
rellus species (P. pipistrellus, P. pygmaeus, P. kuhlii, and P.
nathusii) were captured during fieldwork conducted in
Trkiye between 2016 and 2025. Sampling was carried out
using mist nets and harp traps at 32 localities across vari-
ous provinces in Tlrkiye, encompassing a range of elevati-
ons and habitat types. In addition to live captures, carcas-
ses encountered beneath wind turbines during turbine-
base monitoring surveys at various wind farms were also
included in the study, provided that the individuals were
sufficiently intact for morphometric analysis. Individuals
were initially identified based on external morphological
characters using regional field guides [12,13). Only adult,
non-reproductive individuals without visible damage were
selected for analysis.

Each bat was measured for nine external morphometric
characters using a digital caliper (x0.01 mm precision):
forearm length (FAL), third digit length (D3L), fifth digit
length (D5L), total body length (BL), tail length (TL), tibia
length (TIL), hindfoot length (HF), ear length (EL), and
tragus length (TRL). All measurements were taken by
the same observer to minimize measurement error. The
morphometric characters assessed in this study are visu-
ally depicted in Figure 1. Research and collection permits
were obtained from the General Directorate of Nature
Conservation and National Parks (Permit No: E-21264211-
288.04-16949914), and ethical approval was granted by
the Aksaray University Animal Experiments Ethics Com-
mittee.
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Figure 1. Locations of external morphometric measurements taken from Pipistrellus specimens, including forearm (FA), third and fifth
digits (D3L, D5L), tibia (TIL), hind foot (HF), tail (TL), total body length (BL), ear (EL), and tragus (TRL).

Statistical Analysis

Discriminant Function Analysis (DFA) was employed to
determine whether external morphometric characters
could effectively distinguish between the four Pipistrel-
lus species. Prior to analysis, all variables were tested
for normality using the Shapiro—Wilk test. Box’s M test
was used to evaluate the homogeneity of covariance
matrices. DFA was performed using IBM SPSS Statistics
25 (IBM Corp., Armonk, NY, USA), with the enter met-
hod selected to assess all variables simultaneously. Ca-
nonical discriminant functions, classification matrices,
and cross-validation accuracy were reported.

Distribution Data

Literature-based distribution records of the target spe-
cies were compiled from published sources, including
regional faunal checklists, taxonomic monographs, and
species occurrence reports [7-10]. Additionally, geore-
ferenced field sampling records collected during this
study were used to generate comparative spatial data.
Visualization of these records is provided in the Results
section (Figure 2).

RESULTS and DISCUSSION

Geographical Distribution

The four Pipistrellus species investigated in this study—P.
pipistrellus, P. pygmaeus, P. kuhlii, and P. nathusii—are
known to occur in various ecological zones across Tur-
kiye, yet the full extent of their distributions has re-
mained incompletely documented. Historical records
compiled from the literature indicate that P. pipistrellus
is the most widely distributed, with records spanning
western, central, and northern Anatolia [7,14]. P. kuhlii,
known for its synanthropic and thermophilic tenden-

cies, has been mostly recorded along the Aegean and
Mediterranean coastlines [15], while P. nathusii and P.
pygmaeus had previously been reported sporadically in
Thrace and the Marmara region [9,10].

Our fieldwork, conducted between 2016 and 2025, yi-
elded morphometric sampling data from 32 localities
across 27 provinces in Turkiye. While not all of these
represent new locality records, several of them do
contribute novel distributional data—particularly for P.
pygmaeus and P. nathusii. Notably, newly documented
presences for these cryptic species were concentrated
in the Central Anatolia and Mediterranean regions, inc-
luding the provinces of Nigde, Kirsehir, Hatay, and Ada-
na. These findings suggest that these cryptic species are
more widespread than previously recognized, and their
apparent absence from many regions may reflect un-
der-sampling rather than true range limits.

The updated distribution of the four Pipistrellus speci-
es based on new locality records obtained during the
2016-2025 fieldwork is visualized in Figure 2. Each map
presents the confirmed sampling points for one speci-
es, revealing several newly documented provinces for P.
pygmaeus and P. nathusii. These additions significantly
expand the known range of both taxa within Anatolia
and highlight the importance of systematic regional
surveys to accurately assess bat diversity in Turkiye.

Morphometric Discrimination

Discriminant Function Analysis (DFA) revealed statisti-
cally significant morphological differentiation among
the four Pipistrellus species sampled across Tirkiye.
Among the nine external morphometric characters,
third digit length (D3L), fifth digit length (D5L), total
body length (BL), and ear length (EL) contributed most

9
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Figure 2. Sampling localities of four Pipistrellus species recorded during fieldwork conducted between 2016 and 2025 in Turkiye. Each
panel shows georeferenced sites where individuals were captured and externally measured: (Top left) Pipistrellus pygmaeus; (Top
right) Pipistrellus nathusii; (Bottom left) Pipistrellus pipistrellus; (Bottom right) Pipistrellus kuhlii.

strongly to the first canonical discriminant function.
These contributions are detailed in the structure matrix
(Table 1).

Wilks’” Lambda values were statistically significant for
most characters (p < 0.05), particularly for D3L (A =
0.702, F = 33.755), D5L (A = 0.677, F = 37.920), and BL
(A=0.720, F = 30.844), suggesting strong discriminatory
power. Although Box’s M test indicated some violation
of the assumption of homogeneity of variance-covari-
ance matrices (Box’s M = 1007.237, F = 6.561, p < 0.001),
the overall model was deemed sufficiently robust for
interpretation.

Three canonical discriminant functions were generated,
with the first two explaining the majority of variance
(Function 1: 81.6%; Function 2: 13.9%). The canonical
plot (Figure 3) illustrates the spatial separation of spe-
cies clusters and highlights the degree of morphologi-
cal overlap—most notably between P. pipistrellus and
P. pygmaeus.

Classification results yielded an overall accuracy of
47.9%, with particularly high correct classification rates
for P. pygmaeus (82.6%) and P. nathusii (78.3%). Misclas-
sifications occurred most frequently between P. pipist-
rellus and the other species, consistent with their known
morphological similarity (Table 2). Cross-validation re-
sults closely mirrored the original classification matrix,
confirming the model’s moderate reliability.

This study combines morphometric and distributional
data to reassess the status and spatial extent of four Pi-
pistrellus species in Turkiye. Our findings contribute to
both the refinement of taxonomic identification thro-
ugh multivariate analysis and the geographic unders-
tanding of cryptic taxa in a biogeographically complex
region.

Geographic Distribution and Range Extension

The integration of historical literature records with new
georeferenced field data offers a more comprehensive
and accurate understanding of the distribution patterns
of Pipistrellus species in Turkiye. Among the most note-
worthy outcomes of this study are the confirmed range
expansions for P. pygmaeus and P. nathusii, two morp-
hologically cryptic species whose presence in Anatolia
has historically been under-documented.

Historically, P. pygmaeus was known only from Europe-
an Thrace and isolated records in the Balikesir-Manyas
region [9,14]. Our recent sampling, however, revealed
the species in multiple localities extending from Mugla
in southwestern Anatolia to Rize on the eastern Black
Sea coast. The species was also recorded in Edirne, Ca-
nakkale, Sakarya, Kastamonu, Samsun, and Sinop, con-
firming its widespread occurrence along temperate co-
astal regions. These findings indicate a broader ecologi-
cal association with humid and forested lowland areas
along the Aegean, Marmara, and Black Sea basins.
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Figure 3. Canonical plot of the first two discriminant functions showing species clusters and the extent of overlap among the four

Pipistrellus species.

Similarly, P. nathusii, once assumed to be primarily mig-
ratory and limited to western Tlrkiye, was detected
in new localities throughout Central Anatolia and the
eastern Mediterranean region. Confirmed records from
provinces such as Nigde, Kirsehir, Hatay, and Adana sig-
nificantly expand the known range of this species into
drier continental zones. This suggests that P. nathusii
exhibits a wider ecological tolerance than previously
believed and may utilize inland habitats either as bree-
ding grounds or migratory stopovers.

Together, these findings demonstrate the critical value
of systematic fieldwork in filling biogeographic know-
ledge gaps, particularly in understudied inland regions
of Turkiye. They also highlight the importance of incor-
porating both literature records and recent standardi-
zed sampling efforts to assess true species distributions
across heterogeneous landscapes.

These new records underscore the importance of fo-
cused fieldwork in poorly studied inland regions. The
biogeographic setting of Tirkiye—at the intersection of
the Western Palearctic, Central Asian, and Middle Eas-
tern ecozones—creates a unique zone of species mixing
and diversification [10, 11]. Our findings confirm that
species previously thought to be confined to coastal
or temperate zones may in fact have adapted to inland
or transitional habitats. This challenges earlier assump-
tions about Pipistrellus ecology in Anatolia and aligns

with calls for more intensive regional surveys [8].

Morphometric Differentiation and Taxonomic
Implications

The results of the Discriminant Function Analysis (DFA)
demonstrate that external linear morphometric cha-
racters can provide moderate discriminatory power
among closely related Pipistrellus species. While the
overall classification success was 47.9%, P. pygmaeus
(82.6%) and P. nathusii (78.3%) were correctly assigned
with high accuracy, reflecting distinctiveness in certain
traits such as ear length and digit measurements. These
results are consistent with Gager et al. and Ahmad et al.
[2,3], who reported that wing and ear metrics are key
discriminatory characters in cryptic vespertilionid taxa.

However, the considerable misclassification between P.
pipistrellus and P. pygmaeus reflects their known morp-
hological similarity. As also demonstrated by Sztencel-
Jabtonka et al. and Evin et al. [5,16], traditional external
measurements alone are often insufficient to distingu-
ish these species with confidence. More refined tools,
such as 3D geometric morphometrics or molecular bar-
coding, may be required to resolve ambiguities, particu-
larly in sympatric zones.

Interestingly, the accuracy for P. kuhlii was moderate,
which may reflect its greater morphological plasticity
across ecological gradients. This is in line with the fin-
dings of researchers who observed significant intraspe-
cific variation in P. kuhlii populations in the Mediterra-

11
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Table 1. Figure-of-merit (FOM) calculation of the sensor at different glycerol concentrations (FWHM represents full width at half

maximum of the curves).

Classification Function Coefficients

Species P. kuhlii P. nathusii P. pipistrellus P. pygmaeus
FAL 0.028 0.034 0.044 0.034
D3L 1.617 1.705 1.605 1.560
D5L 1.515 1.694 1.432 1.284
TIL 1.637 1.864 1.828 1.717
HF 3.376 2.528 2.492 2.648
TL 1.154 1.161 1.071 1.181
BL -0.114 -0.130 -0.188 -.118
EL -0.644 -0.727 -0.761 -1.075
TRL 0.832 0.178 0.070 0.096
(Constant) -104.330 -113.073 -87.647 -83.241
Fisher's linear discriminant functions
Table 2. Classification results and cross-validation accuracy rates for each species.
Predicted Group Membership
Species P. kuhlii P. nathusii P. pipistrellus  P. pygmaeus Total
P. kuhlii 43 23 14 15 95
P. nathusii 4 18 1 0 23
P. pipistrellus 11 4 51 35 101
Count P. pygmaeus 0 1 3 19 23
Original % -
P. kuhlii 453 24.2 14.7 15.8 100.0
P. nathusii 17.4 78.3 4.3 .0 100.0
P. pipistrellus 10.9 4.0 50.5 34.7 100.0
P. pygmaeus .0 4.3 13.0 82.6 100.0

nean Basin [11]. Such variation complicates taxonomic
resolution based solely on external measurements and
calls for a combined morphometric-genetic approach.
Overall, our findings highlight the importance of regi-
onal-scale morphometric analyses in clarifying species
boundaries, especially in faunistically understudied re-
gions such as Tirkiye. When supported by distributional
data, these analyses can improve species inventories
and inform conservation planning for bat assemblages
exposed to growing anthropogenic pressures.

CONCLUSION

This study provides new insights into the spatial distri-
bution and morphological differentiation of four cryptic
Pipistrellus species in Tirkiye. By integrating literature-
based records with new field data collected between
2016 and 2025, we document significant range extensi-
ons for P. pygmaeus and P. nathusii, particularly in cent-
ral and southeastern Anatolia. These findings suggest

that the actual distribution of these species has been
historically underestimated and highlight the importan-
ce of continued sampling in understudied regions.

Our morphometric analysis demonstrates that external
characters, while moderately effective in discriminating
among species, are best interpreted within a multivari-
ate framework. High classification rates for P. nathusii
and P. pygmaeus validate the use of certain external
traits, yet persistent overlap—especially between P.
pipistrellus and P. pygmaeus—emphasizes the need for
integrative approaches that combine morphology with
molecular and acoustic data.

In conclusion, this study contributes valuable data to
the taxonomy and biogeography of Turkish bats and
underscores the dynamic and still incomplete unders-
tanding of Pipistrellus diversity in the region.
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