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Abstract: This study aimed to test the hypothesis that Numida meleagris (guinea fowl), as a spe-
cies retaining greater flight capability than Gallus gallus domesticus (domestic chicken), exhibits
structurally reinforced wing patagia reflecting functional adaptations to more demanding bio-
mechanical requirements. A total of 15 guinea fowls (8 males, 7 females) and 14 domestic chic-
kens (7 males, 7 females), aged 6—7 months and maintained under identical husbandry and die-
tary conditions, were examined through gross anatomical dissection and morphometric analysis.
Measurements were recorded using a digital caliper at two standardized wing positions: resting
(90° elbow angle) and fully extended (135° elbow angle). These positions were selected to capture
the functional range of the propatagium during the downstroke and upstroke phases of the
wingbeat cycle. Results indicated that neither species possessed muscular or ligamentous support
for the patagium cervicale or patagium alulae. In the metapatagium, both m. serratus superficialis
pars metapatagialis and m. latissimus dorsi pars metapatagialis supported this region in chickens,
whereas only the former was present in guinea fowls. The propatagium of guinea fowls exhibited
significantly denser connective tissue fibers, which obscured the margins of the ligamentum limi-
tans cubiti. Morphometric analysis revealed that the ligamentum propatagiale was significantly
shorter in guinea fowls (P < 0.001), yet remained proportionally consistent with long-bone lengths
across wing positions in both species. The insertion thickness of the liggmentum propatagiale
was significantly greater in guinea fowls (P = 0.05 at 90°; P = 0.001 at 135°). Collectively, these
findings suggest that the reinforced propatagial architecture of N. meleagris represents a functi-
onal adaptation to sustain higher mechanical loads during active flight, offering new comparative
insights into musculoskeletal diversity and evolutionary plasticity within Galliformes.

Introduction

cies — the wing has undergone considerable evolutionary diver-
sification, making this taxon particularly suitable for comparative

Wings represent the primary apparatus for avian flight, compri-
sing a complex and functionally integrated arrangement of feat-
hers, bones, muscles, nerves, and specialized patagial integu-
mentary folds. The synergistic coordination of kinematics and
aerodynamics during wing flapping is critical for sustained flight;
consequently, any structural impairment affecting specific wing
components can lead to detrimental biomechanical and aero-
dynamic outcomes (1). Within the Galliformes — an order en-
compassing both strong fliers and predominantly terrestrial spe-

functional morphology studies.

The patagium (pl. patagia), commonly referred to as the flight
membrane, is a specialized anatomical structure formed by a
double-layered fold of integument that contributes both to
powered flight and to gliding in various avian species. The wing
patagia (patagia alae) are organized into five functionally integra-
ted subunits: the parapatagium, propatagium, metapatagium,
postpatagium, and patagium alulae (2, 3, 4) (Figure 1).
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Figure 1: Schematic illustration of patagial regions on the avian wing

Among these, the propatagium is the most extensively studied
due to its central role in generating aerodynamic lift by defining
the leading edge of the wing and maintaining appropriate cam-
ber throughout the wingbeat cycle (1, 4).

The parapatagium is a cutaneous fold extending from the cer-
vical base to the cranial margin of the propatagium, typically
supported in strongly flying birds by the m. cucullaris pars pa-
tagialis. The propatagium occupies the cranial angle between
the humerus and the antebrachium and is primarily supported
by two ligaments — the ligamentum propatagiale and the liga-
mentum limitans cubiti — as well as by the propatagial slips of
m. cucullaris capitis, m. pectoralis, m. biceps brachii, and m. del-
toideus (2, 3, 5). The metapatagium fills the caudal angle
between the trunk and the proximal humerus, providing struc-
tural support for the humeral feather tract and axillary remiges,
with stabilization from m. serratus pars metapatagialis and, in
certain species, m. latissimus dorsi pars metapatagialis (6). The
postpatagium and patagium alulae complete the wing mem-
brane, anchoring the primary and secondary remiges and the
alular digit, respectively.

Despite the wealth of descriptive literature on patagial ana-
tomy in wild birds and raptors (2, 4, 5, 7, 8), comparative
morphological and morphometric data for domestic poultry
species remain scarce. The domestic chicken (Gallus gallus do-
mesticus) is a ground-dwelling species with markedly reduced
flight capability resulting from selective breeding, whereas the
guinea fowl (Numida meleagris) is a gamebird that retains
appreciable flight ability. These two species thus represent a
functionally divergent pair within Galliformes that share com-
parable body mass ranges in their juvenile-to-adult transitional
phase, making them ideal subjects for isolating the structural
correlates of flight performance independent of phylogenetic
distance and husbandry conditions. We hypothesized that the
greater flight demands of N. meleagris would be reflected in a
more robust propatagial architecture — specifically in greater
ligament thickness and denser connective tissue organization
— compared to G. g. domesticus. The present study therefore
aimed to provide a detailed comparative morphological and
morphometric analysis of the five patagial subunits in these
two galliform species to test this hypothesis and to contribute

2| Slovenian Veterinary Research 2026 | Vol XX No X

baseline data for future biomechanical modelling and clinical
investigations

Material and methods

A total of 15 guinea fowls (Numida meleagris; 8 males, 7 fema-
les) and 14 domestic chickens (Gallus gallus domesticus; 7 ma-
les, 7 females) were utilized. All individuals were healthy adults
aged 6—7 months at the time of sampling. Birds were obtained
from a single commercial supplier to minimize variation attribu-
table to different rearing histories. Prior to the study, all animals
were housed in identical conditions under a 16:8 h light—dark
cycle at 20-22 °C with free access to a commercial layer-type
pelleted diet and water ad libitum. The body condition of each
animal was assessed by a licensed veterinarian prior to eutha-
nasia; animals showing signs of injury, parasitism, or systemic
disease were excluded. The study protocol was reviewed and
approved by the Animal Experiments Local Ethics Committee of
Aydin  Adnan  Menderes  University  (Approval No:
64583101/2020/083). All procedures complied with national le-
gislation on animal experimentation. Anatomical nomenclature
throughout this study follows the Nomina Anatomica Avium
2nd Edition(3).

Anatomical and Dissection Procedures

Prior to euthanasia by decapitation, the live body weight of
each bird was recorded using a precision balance (0.1 g), and
standard somatic measurements (body length, chest diameter,
wingspan) were obtained with a flexible measuring tape. Dis-
sections were initiated immediately after euthanasia on fresh
cadavers to prevent artefactual tissue shrinkage or hardening.
Each wing was examined systematically, proceeding from super-
ficial skin layers to the deep ligamentous and muscular ele-
ments. Morphological features of each patagial subunit and its
associated supporting structures were documented in situ be-
fore transection. Highresolution digital photographs (minimum
12 megapixels) were taken at each dissection stage to docu-
ment morphological findings. All dissections were performed
by the same investigator (E.O.Y.) to minimize inter-observer va-
riability.

Morphometric Parameters

All morphometric measurements were obtained with a digital
caliper (accuracy = 0.01 mm) at two standardized wing posi-
tions: 90° elbow angle (resting position, simulating the folded
wing during perching) and 135° elbow angle (fully extended po-
sition, approximating the downstroke phase of flight). Both an-
gles were set accurately using a goniometer fixed to the elbow
joint. Each measurement was repeated three times and the
mean value was recorded.

Body and wing measurements — body length (BL), chest diame-
ter (CD), and wingspan (WS) — were determined in accordance
with FAO Animal Production and Health Guidelines, No. 11,
2012 (9). Individual wing length (WL) at both positions was me-
asured following the methodology described by Brown et al. (4).



The length of the humerus (HL; from tuberculum dorsale to the
distal extremity) and the length of the skeleton antebrachii (AL;
from the proximal olecranon to the distal extremity) were also
recorded.

For the liggmentum propatagiale, the following parameters
were measured at both wing angles: length (LPL), origo
thickness (LPOT), mid-point thickness (LPMT), and insertion
thickness (LPIT). For the ligamentum limitans cubiti, length
(LLCL), origo thickness (LLCOT), and insertion thickness (LLCIT)
were recorded. Due to the absence of distinct borders in the /i-
gamentum limitans cubiti of N. meleagris — attributable to the
denser connective tissue matrix obscuring its margins — reliable
morphometric measurements of this ligament could not be ob-
tained in guinea fowls, and comparative data are therefore pre-
sented for G. g. domesticus only. This limitation is explicitly ack-
nowledged as a methodological constraint of the present study.

Statistical Analysis

All statistical analyses were performed using IBM SPSS Statistics
(version 21.0). Normality of data distribution was assessed with
the Shapiro—-Wilk test. Bilateral symmetry between right and
left wings was evaluated using the Paired-Samples t-test for
normally distributed variables and the Wilcoxon signed-rank
test for non-parametric data. Mean values of right and left me-
asurements were subsequently used for all index calculations
and inter-species comparisons. Inter-species and inter-sex com-
parisons were performed using the Independent-Samples t-test
for normally distributed variables and the Mann—-Whitney U
test for non-parametric variables. The threshold for statistical
significance was set at P < 0.05. Effect sizes are reported as Co-
hen's d for parametric comparisons and as rank-biserial corre-
lation (r) for non-parametric ones, to supplement P-values and
provide an indication of biological magnitude. Given the explo-
ratory and descriptive nature of this study and the limited

number of a priori comparisons, no correction for multiple
comparisons was applied; however, findings with P < 0.01 are
explicitly distinguished from those with P < 0.05 to promote
transparency. All data are presented as mean * standard devia-
tion (SD)

Results

General Body Measurements

Body measurements for all groups are summarized in Table 1.
Male G. g. domesticus exhibited disproportionately greater
body weight (3517.14 + 317.20 g) compared to all other groups,
which likely reflects the strong sexual dimorphism characteristic
of this breed. In contrast, body measurements for both sexes of
N. meleagris were more similar to those of female chickens,
suggesting a more sexually monomorphic body plan consistent
with the behavioral ecology of the species.

Parapatagium and Patagium Alulae

The parapatagium (patagium cervicale) was identified bilate-
rally in both species as a thin cutaneous fold. On the right side,
the fold was occupied by the crop (ingluvies). No macroscopic
muscular or ligamentous elements were associated with this
structure in either species, indicating that it is passively tensi-
oned in these ground-adapted galliforms and is unlikely to con-
tribute actively to flight control. Similarly, the patagium alulae
formed a simple triangular membrane between the alular digit
phalanges and the carpometacarpal bone, firmly connected to
the covering fascia, with no intrinsic muscular support identi-
fied in either species. These findings are consistent with the ge-
neral consensus that such structures are functionally vestigial
or reduced in heavy-bodied, predominantly terrestrial birds (1).

Table 1: Body and wing measurements of Gallus gallus domesticus and Numida meleagris

Gallus gallus domesticus Numida meleagris
Male &' (n=7) Female ? (n=7) Male &' (n=8) Female @ (n=7)

BW (g) 3517.14 £ 317.20 1654.71 +275.42 1290.88 £ 127.16 1258.57 £ 162.22
BL (cm) 52.5+2.18 41.71+2.02 43.13+1.89 44.07 £2.42
CD (cm) 38.57+1.46 33.5+1.87 29.19+£1.25 29.36£2.43
WS (cm) 52.29+3.75 40.21+1.52 38.00 £0.96 38.14+1.52
WL90 (cm) 13.43+1.24 10.71+0.49 10.75 +0.60 10.79+0.49
WL135 (cm) 16.86 + 0.80 13.43+0.73 13.38+0.83 13.64 £ 0.90
HL (cm) 9.10+0.42 7.61+0.34 7.61+0.08 7.66 +0.07
AL (cm) 10.24 £ 0.32 8.62 +0.32 8.14+0.13 8.14 £ 0.07

Note: Data are presented as mean + SD. BW: body weight; BL: body length; CD: chest diameter; WS: wingspan; WL90/WL135: wing length at 90°

and 135°; HL: humerus length; AL: antebrachii length
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Figure 2: Lateral view of muscles supporting the metapatagium in Gallus gallus domesticus (A) and Numida meleagris (B). a: Humeral feather
tract region; b: M. latissimus dorsi pars metapatagialis (absent in B); c: M. serratus superficialis pars metapatagialis

Figure 3: Dissected propatagium with skin layers removed in Gallus gallus domesticus (A: ventral view; C: dorsal view) and Numida meleagris (B:
ventral view; D: dorsal view). a: lig. propatagialis; b: lig. limitans cubiti; mbb: m. biceps brachii; md: m. deltoideus; mecr: m. extensor carpi
radialis; mp: m. pectoralis; mps: m. pronator superficialis; mtb: m. triceps brachii; hft: humeral feather tract region. Note the absence of distinct
borders of the lig. limitans cubiti in N. meleagris (B, D) compared to the clearly delineated structure in G. g. domesticus (A, C)
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Table 2: Interspecific comparison of ligamentum propatagiale measurements at resting (90°) and fully extended (135°) wing posi-
tions. Bold P-values indicate statistical significance

Measurement (mm) Gallus gallus domesticus (n=14) Numida meleagris (n=15) P
LPL90° 100.09 +9.56 86.47 £1.08 <0.001
LPOT 90° 12.71+1.41 12.04 £0.99 0.163
LPMT 90° 10.04 £ 0.88 10.18 +0.49 0.607
LPIT 90° 2.68 +0.46 2.72+0.21 0.050
LPL 135° 125.71 +10.07 108.48 + 1.97 <0.001
LPOT 135° 9.97+1.64 10.04 £ 0.73 0.527
LPMT 135° 7.44 £ 0.90 7.81+0.37 0.222
LPIT 135° 2.44 +£0.53 3.15+0.17 0.001

Note: Data are presented as mean * SD. Bold P-values indicate statistical significance. LPL: length; LPOT: origo thickness; LPMT: mid-point
thickness; LPIT: insertion thickness of the ligamentum propatagiale

Table 3: Sex-based comparison of ligamentum propatagiale measurements in both species

Gallus gallus domesticus Numida meleagris
Male & (n=7) Female ? (n=7) P Male &' (n=8) Female ? (n=7) P
Meas. (mm)

LPL 90° 107.9+6.8 92.27 £3.10 <0.001 86.44+1.21 86.50 +1.00 0.922
LPOT 90° 13.35+1.41 12.08 +1.17 0.920 12.27 +1.01 11.78 +0.96 0.355
LPMT 90° 10.04 +1.15 10.04 +0.61 0.988 10.12 + 0.64 10.24 +0.30 0.357
LPIT 90° 2.94+0.51 2.41+0.20 0.025 2.74+£0.18 2.70+0.26 0.452
LPL 135° 134.53 +4.65 116.89 +4.04 <0.001 108.34 +1.76 108.64 +2.33 0.780
LPOT 135° 10.89 +1.25 9.04 +1.50 0.035 10.24 +0.77 9.80 +0.65 0.254

LPMT 135° 7.78+1.01 7.10 £ 0.69 0.173 7.76 £0.32 7.87+0.43 0.298
LPIT 135° 2.87+041 2.02+0.16 0.173 3.20+0.04 3.08 £0.23 0.223

Note: Data are presented as mean + SD. Bold P-values indicate statistical significance. LPL: length; LPOT: origo thickness; LPMT: mid-point
thickness; LPIT: insertion thickness of the ligamentum propatagiale

Table 4: Bilateral symmetry analysis of ligamentum propatagiale measurements in both species

Gallus gallus domesticus Numida meleagris

Meas. (mm) Right (n=14) Left (n=14) P Right (n=15) Left (n=15) P
LPL 90° 100.43 £9.59 99.74 £9.56 0.011 86.52 +1.08 86.42 +1.12 0.413
LPOT 90° 12.49+1.32 12.93 +1.56 0.027 12.02+1.02 12.05+0.97 0.710
LPMT 90° 10.11+0.76 9.97+1.18 0.574 10.32+0.56 10.03 +0.56 0.061
LPIT 90° 2.61+0.49 2.75+0.61 0.433 2.74+0.24 2.71+0.21 0.490
LPL 135° 125.89 +9.97 125.54 +10.19 0.255 108.52 +1.95 108.44 +2.01 0.303
LPOT 135° 9.87+1.69 10.06 +1.63 0.222 10.05+0.78 10.02+0.73 0.787
LPMT 135° 7.46 £0.84 7.42+1.09 0.869 7.84 +£0.49 7.78 £0.35 0.621
LPIT 135° 2.44 +£0.52 2.44 +£0.61 0.995 3.16 £0.16 3.13+0.18 0.170

Note: Data are presented as mean + SD. Bold P-values indicate. LPL: length; LPOT: origo thickness; LPMT: mid-point thickness; LPIT: insertion

thickness of the ligamentum propatagiale
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Table 5: Sex-based comparison of ligamentum limitans cubiti measurements in Gallus gallus domesticus

Measurement (mm) Male & (n=7) Female @ (n=7) P
LLCL 90° 33.83+3.49 23.30+1.34 <0.001
LLCOT 90° 12.09 £ 0.96 9.56+1.20 0.001
LLCIT 90° 18.61 +2.60 16.87 £ 2.05 0.190
LLCL 135° 40.47 £5.41 27.62 £3.39 <0.001
LLCOT 135° 11.42 +£2.40 9.89+1.31 0.225
LLCIT 135° 24.22 +4.97 17.88 +2.53 0.011

Note: Data are presented as mean + SD. Bold P-values indicate. LLCL: ligamentum limitans cubiti length LLCOT: origo thickness; LLCIT: insertion
thickness. Measurements were not obtainable in Numida meleagris owing to the absence of distinct ligament borders

Table 6: Bilateral symmetry analysis of liggmentum limitans cubiti measurements in Gallus gallus domesticus

Measurement (mm) Right (n=14) Left (n=14) P
LLCL 90° 28.50 £ 6.09 28.62 +£6.03 0.730
LLCOT 90° 10.92 +1.87 10.72 +1.60 0.861
LLCIT 90° 17.91+2.47 17.57+2.51 0.281
LLCL 135° 34.05+7.92 34.05 +8.03 0.993
LLCOT 135° 10.79+2.11 10.52 +2.28 0.331
LLCIT 135° 21.22 £5.06 20.88 £5.02 0.157

Table 7: Comparative summary of muscular support for the propatagium across avian species. Present study results are included for direct com-
parison

m. cucullaris capitis m. pectoralis pars m. biceps brachii m. deltoideus pars
Reference pars propatagialis propatagialis pars propatagialis propatagialis Species
Baumel et al. y y v y Psittacine, Picids,
(1993) (3) Passerines
Brown et al. (1994) Bubo virginianus
4 v v v
(4)
Hudson & Galliformes
Lanzillotti N4 v N4
(1964) (10)
McGowan Gallirallus austra-
(1985) (14) 4 lis
Zhang & Yang Chrysolophus pic-
(2013) (15) 4 tus
Canova et al. Pernis apivorus,
(2015) (5) 4 4 Buteo buteo
G. g. domesticus,
Present study N v
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Table 8: Comparative summary of muscular support for the metapatagium across avian species. Present study results are included for direct

comparison
m. latissimus dorsi pars metapa- m. serratus superficialis pars me- .
Reference tagialis tapatagialis Species
McGowan (1985) (14) 4 Gallirallus australis
Razmadze et al. (2018) (8) 4 Psittacus erithacus
Brown et al. (1994) (4) v v Bubo virginianus
Zhang & Yang (2013) (15) v v Chrysolophus pictus
Buteo buteo, Pernis api-
Canova et al. (2015) (5) v v vorus
Present study — G. g. Gallus gallus domesticus
domesticus v v
Present study — N. Numida meleagris
meleagris v
Metapatagium m. pectoralis, and m. biceps brachii, before narrowing distally

A dermal fold corresponding to the metapatagium was present
in both species, extending from the trunk to the caudoproximal
humerus and filling the angle between the body wall and the
proximal third of the bone. In G. g. domesticus, both m. serratus
superficialis pars metapatagialis and m. latissimus dorsi pars
metapatagialis were identified as supporting structures of the
metapatagium and provided posterior reinforcement to the hu-
meral feather tract (Figure 2A). In N. meleagris, m. latissimus
dorsi pars metapatagialis was absent, leaving m. serratus su-
perficialis pars metapatagialis as the sole muscular support (Fi-
gure 2B). The ligamentum metapatagiale was not observed in
either species. A comparative summary of metapatagial muscle
distribution across avian species is provided in Table 8.

Propatagium and Ligamentum Propatagiale

The propatagium was present in both species as a well-defined
triangular skin fold situated between the cranial wing margin
and the fasciae of m. triceps brachii and m. extensor carpi radi-
alis. Qualitatively, the connective tissue within the propatagial
fold was markedly denser and more compact in N. meleagris
compared to G. g. domesticus, in which the fold exhibited a re-
latively loose fibrous matrix. This increased fiber density in the
guinea fowl obscured the distinct lateral borders of the liga-
mentum limitans cubiti, rendering it visible as a continuous con-
nective membrane rather than a clearly delineated ligamentous
band (Figure 3B, D). In chickens, the ligamentum limitans cubiti
originated from both m. deltoideus pars propatagialis and the
ligamentum propatagiale, forming a wide fascia extending cau-
dally to the proximal antebrachium (Figure 3A, C).

In both species, the ligamentum propatagiale constituted the
main tensioning element along the cranial border of the propa-
tagium, originating from the propatagial slips of m. deltoideus,

to insert on the carpal and alular bones. A fibrocartilaginous
structure — consistent with the sesamoid-like ossicle previo-
usly reported by Brown et al.,Hudson and Lanzillotti and Smith
etal. (4, 10, 11) — was consistently observed at the point where
the ligament crossed the distal radius in both species, sug-
gesting a conserved mechanism for reducing frictional stress at
this anatomical fulcrum.

Quantitative results for the ligamentum propatagiale are pre-
sented in Tables 2—4. Interspecific comparison revealed that the
absolute length of the ligament (LPL) was significantly greater
in G. g. domesticus than in N. meleagris at both wing positions
(P <0.001; Table 2). When LPL was normalized to humerus and
antebrachii length, however, no significant interspecific diffe-
rence was detected (data not shown), indicating that the rela-
tive geometry of the propatagial leading edge is evolutionarily
conserved between these galliform species despite differences
in absolute body size. Regarding thickness, origo (LPOT) and
mid-point (LPMT) measurements did not differ significantly
between species at either wing position; however, insertion
thickness (LPIT) was significantly greater in N. meleagris at both
90° (P = 0.050) and 135° (P = 0.001), with a moderate-to-large
effect size (Cohen's d > 0.7) at the fully extended position. This
finding is functionally relevant, as greater distal thickness im-
plies a reinforced attachment capable of withstanding higher
tensile forces during the rapid wing extension phase of the
downstroke.

Intraspecific sex-based comparisons (Table 3) revealed that
male G. g. domesticus exhibited significantly longer ligaments
and greater thickness at specific regions than females (LPL: P <
0.001; LPIT at 90°: P = 0.025; LPOT at 135°: P = 0.035). No stati-
stically significant sexual dimorphism was detected in N. mele-
agris, consistent with the reduced morphological dimorphism
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typically observed in this species. Bilateral asymmetry analysis
(Table 4) revealed a minor but statistically significant difference
in LPL between right and left wings in G. g. domesticus at 90° (P
=0.011); no asymmetry was detected in N. meleagris. The bio-
logical relevance of this slight asymmetry in chickens is uncer-
tain given the small magnitude of the difference and warrants
further investigation.

Ligamentum Limitans Cubiti

Sex-based comparisons for the ligamentum limitans cubiti in G.
g. domesticus (Table 5) demonstrated that males exhibited sig-
nificantly longer and thicker ligaments than females at both
wing positions (LLCL at 90° and 135°: P < 0.001; LLCOT at 90°: P
=0.001; LLCIT at 135°: P = 0.011). No significant bilateral asym-
metry was detected in either measurement (Table 6). As noted
above, the absence of distinct ligament borders in N. meleagris
precluded morphometric assessment of this structure in guinea
fowls; this is an acknowledged limitation that should be addres-
sed in future studies using histological sectioning or imaging
techniques.

Postpatagium

The postpatagium appeared as a narrow cutaneous fold exten-
ding from the elbow (articulatio cubiti) to the wrist (articulatio
manus) along the caudal margin of the wing in both species. It
was firmly adherent to the underlying muscular fascia of the
antebrachium and manus, anchoring both primary and secon-
dary remiges. No interspecific differences in gross morphology
were noted for this structure.

Discussion

The present study provides a comparative morphological and
morphometric analysis of wing patagia in two galliform species
that diverge substantially in their flight capabilities, thereby ad-
dressing a gap in the existing literature on poultry functional
anatomy. Our central finding — that N. meleagris exhibits a sig-
nificantly thicker distal insertion of the ligamentum propatagi-
ale and a markedly denser propatagial connective tissue matrix
compared to G. g. domesticus — is consistent with our a priori
hypothesis that the more flight-capable guinea fowl has evolved
structurally reinforced patagial elements to sustain greater bio-
mechanical demands.

The ligamentum propatagiale and ligamentum limitans cubiti
were identified as the primary tensors of the propatagium in
both species, in agreement with the foundational descriptions
of Baumel et al. (3) and Brown (2). The functional significance
of the propatagium for aerodynamic lift production is well
established: it synchronizes elbow and carpal movements, ma-
intains the camber of the wing's leading edge, and — working
in concert with the primary remiges — contributes substantially
to total lift generation (1, 4). The significantly greater insertion
thickness of the ligamentum propatagiale in N. meleagris at
both wing positions (P = 0.050 at 90°; P = 0.001 at 135°) implies
a reinforced distal attachment capable of withstanding higher
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tensile forces during the rapid extension phase of the
downstroke. According to Beaufrére (1), any structural altera-
tion at the leading edge of the wing — including increased liga-
mentous cross-sectional area — will directly influence the aero-
dynamic efficiency of lift generation. The reinforced distal at-
tachment in N. meleagris may therefore represent a structural
adaptation to the higher mechanical demands imposed during
more frequent and forceful wing strokes, consistent with this
species' capacity for burst flight and sustained low-altitude
flight to evade predators (12).

The absence of a significant interspecific difference in normali-
zed ligament length (LPL indexed to bone lengths) is no-
teworthy. Although the absolute LPL was significantly shorter in
N. meleagris, this difference disappeared when controlled for
skeletal proportions, suggesting that the relative geometry of
the propatagial leading edge is maintained at a conserved ratio
across these galliform species. This proportional consistency is
consistent with the view that the topological relationships of
patagial structures are phylogenetically constrained within the
Galliformes (2), even as absolute dimensions and material pro-
perties diverge in response to flight demands. Future studies in-
corporating geometric morphometrics or finite-element mo-
delling could test whether this conservation extends to the dis-
tribution of stress along the ligament during the wingbeat cycle.

The increased density of connective tissue fibers in the propa-
tagium of N. meleagris — sufficient to obscure the margins of
the ligamentum limitans cubiti — merits further investigation
at the histological level. Dense regular connective tissue in load-
bearing ligaments typically reflects elevated collagen fiber pac-
king and cross-linking, properties associated with higher
stiffness and tensile strength (13). The functional consequence
of this denser matrix in guinea fowls may be a stiffer propatagial
fold that maintains a more consistent wing camber during high-
speed flight maneuvers, at the potential cost of reduced passive
compliance. In contrast, the looser connective tissue matrix of
G. g. domesticus may confer greater passive compliance su-
itable for brief, low-speed escape flights but would be mecha-
nically inadequate for sustained flight. Histological sectioning
and collagen fibril density analysis are warranted in future stu-
dies to confirm these hypotheses.

The muscular architecture supporting the propatagium (Table
7) showed notable inter-specific variation that aligns with pat-
terns documented in the broader avian literature. Both species
shared m. pectoralis, m. biceps brachii, and m. deltoideus as
propatagial tensors — a configuration consistent with the fin-
dings of Hudson and Lanzillotti (10) for Galliformes — but diffe-
red in the absence of m. cucullaris capitis pars propatagialis in
both species. This pattern differs from the configuration des-
cribed by Baumel et al. (3) for psittacines, picids, and passeri-
nes, where all four muscles contribute, suggesting that the mu-
scular redundancy of the propatagial tensioning system is redu-
ced in galliforms compared to stronger-flying nongalliform
birds. As noted by Brown et al. (4), variations in accessory mu-
scular slips enable muscle-controlled variation in wing camber
during rapid adjustments in flight trajectory, and the relatively



simplified muscular support in galliforms may limit their capa-
city for fine aerodynamic control compared to raptors or passe-
rines.

The metapatagial muscular differences between species (Table
8) provide additional evidence of functional divergence. The
presence of both m. serratus superficialis pars metapatagialis
and m. latissimus dorsi pars metapatagialis in G. g. domesticus,
but only the former in N. meleagris, is an unexpected finding,
as one might predict the more flight-capable species to retain
greater muscular complexity. While classic literature (6) consi-
ders both muscles to be typical features of the avian metapa-
tagium, our results indicate that their cooccurrence is not uni-
versal across Galliformes, consistent with the phylogenetically
variable patterns compiled in Table 8. The absence of m. latissi-
mus dorsi pars metapatagialis in N. meleagris may be functio-
nally compensated by increased fascial tension from the enlar-
ged m. serratus superficialis component, or may reflect a diffe-
rent tensioning strategy for the humeral feather tract during the
upstroke. Electromyographic studies would be required to eva-
luate the functional equivalence of these alternative configura-
tions.

The present study has several limitations that should be ack-
nowledged. The sample sizes, while within the range of those
employed in comparative avian anatomy studies, are modest
and limit statistical power for detecting small-to-medium effect
sizes in secondary comparisons. The study design is cross-secti-
onal, and the observed morphological differences may reflect
developmental plasticity, genetic divergence, or a combination
of both. The inability to measure the ligamentum limitans cubiti
in N. meleagris by gross morphometry is a methodological limi-
tation; future studies should incorporate histological sectio-
ning, microcomputed tomography, or ultrasound imaging to
characterize this structure quantitatively. Finally, while we con-
trolled for age and husbandry conditions, we did not quantify
physical activity levels or flight frequency, which could indepen-
dently influence ligament morphology. Despite these limitati-
ons, the present study provides the first systematic comparative
morphometric dataset for the wing patagia of these two galli-
form species and establishes a baseline for future experimental
and biomechanical investigations.

Conclusion

This study demonstrates that two domestically reared galliform
species with contrasting flight capabilities exhibit substantial
and functionally meaningful differences in their wing patagial
architecture. The significantly greater insertion thickness of the
ligamentum propatagiale and the markedly denser connective
tissue matrix of the propatagium in N. meleagris support the
hypothesis that the structural reinforcement of the wing's le-
ading edge is associated with greater flight demand, even
within a domestically managed setting. The differential muscu-
lar support of the metapatagium further illustrates that mu-
sculoskeletal diversity within the Galliformes is more extensive

than previously recognized. These findings contribute to the
broader understanding of avian functional morphology, provide
a comparative anatomical baseline for clinical evaluation of
wing disorders in these species, and open avenues for future
biomechanical modelling of wing kinematics in galliform birds.
We recommend that subsequent studies incorporate histologi-
cal analysis, kinematic recording, and larger, phylogenetically
diverse samples to further elucidate the evolutionary and func-
tional significance of patagial variation in birds.

Acknowledgements

Disclosure statement: No potential conflict of interest was re-
ported by the author(s).

Funding: This research was supported by Aydin Adnan Mende-
res University Scientific Research Projects Fund (Project No.
VTF-21004).

Ethical statement: The study was approved by the Animal Expe-
riments Local Ethics Committee of Aydin Adnan Menderes Uni-
versity (Approval No: 64583101/2020/083). All procedures
were conducted in accordance with applicable national legisla-
tion on the use of animals in scientific research.

Data availability statement: The data supporting the findings of
this study are available from the corresponding author upon re-
asonable request.

References

1. Beaufrére, H. A review of biomechanic and aerodynamic considerations of the
avian thoracic limb. Journal of Avian Medicine and Surgery. 2009; 23(3), 173—
185. https://doi.org/10.1647/2007-023.1

2. Brown, RE. Avian Flight: Anatomy of the Propatagium and Its Mechanical and
Aerodynamic Contributions. 1992. Publication of Kansas State University.

3. Baumel, JJ, King, AS, Breazile, HE, et al. Nomina Anatomica Avium, Second
Edition, 1993. Cambridge, Massachusetts: Nuttall Ornithological Club.

4. Brown, RE. Baumel, JJ, Klemm, RD. Anatomy of the propatagium: The great
horned owl (Bubo virginianus). Journal of Morphology. 1994; 219(2), 205-224.
https://doi.org/10.1002/jmor.1052190209

5. Canova, M, Clavenzani, P, Bombardi, C, et al. Anatomy of the shoulder and
arm musculature of the common buzzard (Buteo buteo Linnaeus, 1758) and the
European honey buzzard (Pernis apivorus Linnaeus, 1758). Zoomorphology.
2015; 134, 291-308. https://doi.org/10.1007/s00435-014-0252-5

6. Nickel, R, Schummer, A, Seiferle, E. Anatomy of Domestic Birds. 1977. Berlin:
Verlag Paul Parey.

7. Canova, M, Bedoni, C, Harper, V, et al. Anatomical study of the musculus del-
toideus and musculus flexor carpi ulnaris in 3 species of wild birds. Veterinaria
Italiana. 2016; 52(1), 37—44. https://doi.org/10.12834/VetIt.70.202.2

8. Razmadze, D, Panyutina, AA, Zelenkov, NV. Anatomy of the forelimb muscula-
ture and ligaments of Psittacus erithacus (Aves: Psittaciformes). Journal of Ana-
tomy. 2018; 233(4), 496-530. https://doi.org/10.1111/joa.12866

9. FAO. Phenotypic characterization of animal genetic resources. FAO Animal
Production and Health Guidelines No. 11. 2012. Rome: Food and Agriculture
Organization of the United Nations.

Slovenian Veterinary Research 2026 | Vol XX No X |9


https://doi.org/10.12834/VetIt.70.202.2

10. Hudson, GE, Lanzillotti, P). Muscles of the pectoral limb in galliform birds.
The American Midland Naturalist. 1964; 71(1), 1-113.
https://doi.org/10.2307/2422689

11. Smith, BJ, Smith, SA, Holladay, SD. An additional bone in the carpal region
of raptorial birds. Anatomia, Histologia, Embryologia. 1993; 22(2), 105—
113. https://doi.org/10.1111/j.1439-0264.1993.tb00348.x

12. Daley, MA, Usherwood, JR. Two explanations for the compliant running pa-
radox: reduced work of bouncing and increased stability in uneven terrain. Bio-
logy Letter. 2010; 6 (3) 418—421. https://doi.org/10.1098/rsbl.2010.0175

13. Kannus, P. Structure of the tendon connective tissue. Scandinavian Journal
of Medicine and Science in Sports. 2000; 10(6), 312-320.
https://doi.org/10.1034/j.16000838.2000.010006312.x

14. McGowan, C. The wing musculature of the Weka (Gallirallus australis), a
flightless rail endemic to New Zealand. Journal of Zoology. 1985; 210, 305—346.
https://doi.org/10.1111/j.1469-7998.1985.tb05075.x

15. Zhang, Z, Yang, Y. Forelimb myology of the golden pheasant (Chrysolophus
pictus).International Journal of Morphology. 2013; 31(4), 1482-1490.
https://doi.org/10.4067/50717-95022013000400054

I. Dabanoglu, E. O. Yavas

lzvlecek:

Kljuéne besede:

10| Slovenian Veterinary Research 2026 | Vol XX No X


https://doi.org/10.4067/S0717-95022013000400054
https://doi.org/10.4067/S0717-95022013000400054



