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The Saker Falcon is a valuable and endangered raptor species whose populations have
sharply declined due to habitat destruction, illegal hunting, trafficking, and human
disturbances. Owing to its geographical position and habitat diversity, Iran represents one
of the important regions within this species’ distribution range; however, no information
has been available regarding the genetic structure of its populations in the country. This
study aimed to conduct an initial assessment of the genetic diversity and structure of Saker
Falcons in Iran using microsatellite markers. Despite extensive efforts to collect samples
nationwide, only 10 individuals were obtained from Tehran, Bushehr, Kerman, and North
Khorasan provinces, sourced from the tissue bank of the National Museum of Natural
History and Genetic Resources of Iran's Department of Environment. Based on recent
studies, eight microsatellite loci appropriate for this species were selected for this study.
The results showed that among the eight loci examined, only one locus (SSR57) exhibited
significant evidence of null alleles. Likewise, the Hardy—Weinberg equilibrium test
indicated a significant deviation only in this locus. All loci used in this study displayed
high polymorphism, with eight to twelve alleles per locus. Furthermore, the observed
heterozygosity ranged from 0.6 to 1.0, while the expected heterozygosity ranged from
0.794 to 0.939, indicating relatively high genetic diversity in Iranian Saker Falcon
populations. The overall inbreeding coefficient (FIS) was estimated at 0.084, suggesting
limited inbreeding among the analyzed samples and implying that, despite existing threats,
Iranian populations of the Saker Falcon have retained an adequate level of genetic
diversity. Additionally, bottleneck analysis provided no evidence of a recent considerable
population decline in Iran. Population structure analyses based on Bayesian inference and
maximum-likelihood approaches indicated that the samples were grouped into two distinct
genetic clusters. Given that two subspecies, F. c. cherrug and F. c. milvipes, have been
reported in Iran, these two identified genetic clusters may confirm the presence of both
subspecies within the country. This study provides a preliminary insight into the status of
genetic diversity and population structure of the Saker Falcon in Iran. Further studies based
on sampling from all regions within the distribution range of this species in Iran are
necessary.
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Introduction

Raptors, particularly the Saker Falcon, play a critical ecological role and are highly sensitive to
environmental change, making them valuable bioindicators of ecosystem health. The Saker Falcon, a
species widely distributed across the Palearctic region, including Iran, has experienced a substantial
global population decline over recent decades and is currently classified as Endangered on the IUCN
Red List. The principal threats affecting this species include habitat degradation, illegal hunting and
trade, electrocution, and depletion of prey resources. In addition, potential genetic admixture between
wild populations and captive-bred falcons that escape from breeding facilities may compromise the
genetic integrity of natural populations.

Material and Methods

Two subspecies are currently recognized in this species: the western subspecies, F. c. cherrug, and the
eastern subspecies, F. c. milvipes. Given Iran’s geographic location, the occurrence of both subspecies,
or alternatively admixed populations, is plausible. Nevertheless, precise information on the population
structure, genetic diversity, and subspecies composition of Saker Falcons in Iran remains limited, and
the possibility of hybridization has not yet been evaluated. Previous studies based on mitochondrial
markers have shown limited power in resolving population differentiation. By contrast, microsatellite
markers, owing to their high polymorphism and discriminatory capacity, provide an effective tool for
investigating population structure, gene flow, and hybrid identification. Considering the conservation
importance of the Saker Falcon in Iran and the lack of comprehensive molecular studies, the present
study aimed to examine the genetic diversity and population structure of Iranian Saker Falcons using
microsatellite markers, thereby providing a scientific basis for conservation planning. Due to
conservation limitations and restrictions on direct sampling from wild populations, muscle tissue
samples from museum-preserved Saker Falcons were used in the present study. These samples were
obtained from the National Museum of Natural History and Genetic Resources, Department of
Environment of Iran. In total, 10 samples were examined, including individuals from Tehran, Bushehr,
Kerman, and North Khorasan Provinces. Genomic DNA was extracted using a commercial Denazist
kit, and DNA quality and quantity were assessed using a NanoDrop spectrophotometer. Eight
microsatellite loci previously reported in related studies were selected for the assessment of genetic
diversity and population structure. PCR amplification was carried out in 15 pL reaction volumes using
a thermal cycling profile comprising 35 cycles. Potential genotyping errors were evaluated using
MICRO-CHECKER. Hardy-Weinberg equilibrium and linkage disequilibrium were tested using
GENEPORP.

Results

Genetic diversity indices, including the number of alleles (Na), observed heterozygosity (Ho),
expected heterozygosity (He), and the inbreeding coefficient (FIS), were calculated using FSTAT, and
allelic richness was also assessed. To examine the possibility of recent genetic bottlenecks,
BOTTLENECK software was employed, and the results were interpreted using hierarchical
Bonferroni correction. Population structure was analyzed using STRUCTURE and BAPS. The quality
of the genotypic data was high, and no evidence of common genotyping errors was detected at any of
the loci, with the exception of SSR57, for which evidence of a null allele was identified. All eight
microsatellite loci exhibited substantial polymorphism. The number of observed alleles (Na) ranged
from 8 to 12. Observed heterozygosity (Ho) ranged from 0.60 to 1.00, whereas expected
heterozygosity (He) ranged from 0.794 to 0.939. The relatively high He values indicate a favorable
level of genetic diversity in Iranian Saker Falcon populations. Analysis of Hardy-Weinberg
equilibrium revealed a significant deviation only at locus SSR57 (P= 0.0045). The overall inbreeding
coefficient (FIS) was 0.084. Allelic richness ranged from 7 to 11 alleles, further supporting the
capacity of these populations to retain genetic diversity. Bottleneck analysis yielded non-significant
results (P>0.05), suggesting the absence of a recent genetic bottleneck. The L-shaped allele frequency
distribution likewise supported demographic stability. STRUCTURE analysis indicated the highest
likelihood at K= 2, suggesting the presence of two potential genetic clusters; however, given the
limited sample size, this pattern should be interpreted with caution, and the results also tended to
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support the presence of a single genetic population. Similarly, BAPS analysis supported the existence
of two genetically distinct groups (K= 2), a finding consistent with the expected distribution of the two
recognized Saker Falcon subspecies in Iran. The findings of this study suggest that Iranian Saker
Falcon populations are genetically stable and possess sufficient genetic diversity to withstand
environmental pressures. The relatively high values of Ho, He, and allelic richness indicate substantial
genetic capacity for long-term persistence. These findings are broadly consistent with those reported in
previous studies of wild Saker Falcon populations. Comparisons of FIS and Hardy-Weinberg
equilibrium indices with those observed in related species suggest relatively low levels of inbreeding
in the populations examined. The low FIS value and the absence of significant deviations from Hardy-
Weinberg equilibrium at most loci indicate a generally favorable genetic status. The genetic
differentiation observed among populations highlights the importance of conserving local populations
and their associated genetic variation. Population structure analyses using STRUCTURE and BAPS
identified two genetic clusters among the Iranian samples, potentially corresponding to F. c. cherrug
and F. c. milvipes.

Discussion

Although the limited sample size precludes definitive conclusions, the observed genetic differentiation
underscores the need for further investigation based on larger sample sizes and broader geographic
coverage. Overall, the results indicate that Iranian Saker Falcon populations are genetically stable,
exhibit high allelic diversity, and show no evidence of a severe recent bottleneck. The genetic indices
generated in this study provide a valuable foundation for conservation planning, population
management, and the preservation of local genetic diversity. More broadly, these findings emphasize
the importance of maintaining the genetic integrity of native populations in order to safeguard the
long-term viability of the species. This study represents an important step toward clarifying the genetic
status of this valuable raptor in Iran and developing evidence-based conservation strategies.
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samples used in this study (yellow stars) across Tehran, Bushehr, Kerman, and North Khorasan provinces
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Figure 1. Agarose gel electrophoresis results showing the quality assessment of DNA extracted from Saker

Falcon samples. The intensity and clarity of the DNA bands under UV illumination indicate that the
extracted DNA was of satisfactory quality for this study
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Table 2. Genetic diversity indices and Hardy—Weinberg equilibrium (HWE) test results for the eight
microsatellite loci analyzed in the present study, including the inbreeding coefficient (FIS), observed

heterozygosity (Ho), expected heterozygosity (He) and number of alleles (Na)
HWE

Locus Na Ho He P_value Rs Fis

SSR11 7 0.9 0.856 0.2480 7 -0.052
SSR15 9 0.8 0.794 0.1441 9 -0.007
SSR45 9 0.6 0.856 0.0256 9 0.299
SSR48 11 1 0.917 1 11 -0.091
SSR53 10 1 0.9 1 10 -0.111
SSR57 10 0.6 0.939 0.0045 10 0.361
SSR63 10 0.9 0.933 0.5432 10 0.036
Fp92 8 0.7 0.9 0.0565 8 0.222

plo &S Jls j3 ¢ (P<e/+V) il Jobs 1l gxe blysul SSR57 Laié a8 by olis Syily oo)la Jols oy90)l zuls
ol 0ol Cawddy (S5 slrodly (g pduslasel o YU cuas sumd lis asl pl.bse lub HWE b il s yusS's)
2 LS yuss SSR57 ;5 «/¥$Y B SSR5E3 j5 —+/-3\Y 5l 5 39s yusiie W oSl gxdaw 13 55 (FIS) (gjuel y9yd oy
do 3l i w S jg i 5 i b wsSe) (S p  FIS e pdlie gy +/+AF Lyl odly JS (6l FIS IS lude
o Ll dgazme (gMiglivgd slagledjl b Joxe il il 4y Wlgh o dgame Cute pilde &S S > ] caslio i Ly g
CpyieS 3 SSRA8B 4 by (Ar=)Y) Jlade oy i) dg puiio V) B cdn oo b pwgS'e) )3 (Ar) U1 sle il ausls
e Slps 4 Fuwl o (Si85 a5 Las (gl Carer SUlg Baim LS b jadls opl (SSR114 by (Ar=Y) lais
Marta et al., 2012; ) cuwl b pals sbdisS plo 5 (YL Lisg slacames 0 alie sdBl b guoen 5 039
.(Padulaetal., 2023

D0 g3g gyl 43,5 bl o el 5y50 ol 5l gy me Gl &S 0y i (S8 ke 05 sl Juloo
S (P>e1-0) 351 s simnrsé (SMMy TPM JAM) g csloie oled 55 9mSy i90i] 5 415 el ol
Casl ol S0l @l cpl (¥ Jte) ol Gl Gt JolS &) Camd g o gine (taljdl sg2g pas Saimd LS
S5 by (595 989 5l smlgd g 0390 HUaTl 3)90 jlade Sl it o I Gl (wsKejer b (ol esSyl Sl &S
D o5 odaldie dlllas 3)g0 Coures jd bl



IFed . 6yloss V3 6,90 . ool Coussj Laazeo Ak

adllle 3590 UYL Cumen )3 Gyl 40,5 £93g Jlokol gl -V Jg
Table 3. Results of the bottleneck analysis for the Iranian Saker Falcon population
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Figure 3. Plot of the estimated log probability of the data [LnP(K)] across different values of K generated
by Structure Harvester



¥V OlKas g odE /... ylpl 4o (FAICO ChErTUg) 0¥ slocaras Siif jlslo g £45 (g po il

3w Joo ;3 K cllisee palie (gl odld dion Jlods! (sl —£ Jgaa
Table 4. Mean estimated log probability of the data [LnP(K)] for different values of K under the
Pritchard model

(K) Coxoz olaxi 51,55 Mean LnP(K) Delta K

K=1 4 -355.52500 NA
K=2 4 -355.47500  0.95492
K=3 4 -355.75000 NA
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