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Abstract

Sexual size dimorphism and morphometric variation provide valuable insights into population ecology, habitat quality, and
evolutionary processes in insects. However, morphometric data for saproxylic beetles remain limited across much of Europe,
particularly in the Carpathian Mountains of Romania, which host some of the largest contiguous forest ecosystems and are a major
biodiversity hotspot for these species, despite their high conservation importance. We investigated sexual size dimorphism patterns
and allometric relationships in two protected saproxylic beetles, Osmoderma barnabita Motschulsky, 1845 (Scarabaeidae) and
Rosalia alpina Linnaeus, 1758 (Cerambycidae), from the Putna-Vrancea Natural Park, Romania. Between 2022 and 2025, we
captured 776 Osmoderma barnabita and 268 Rosalia alpina individuals using pheromone-baited traps and measured body length,
body width, and fresh mass. Osmoderma barnabita exhibited weak male-biased sexual size dimorphism, with males slightly larger
in body length (+3.4%) and body mass (+5.0%), while body width showed no significant difference between sexes. In contrast,
Rosalia alpina displayed female-biased sexual size dimorphism across all traits, with the strongest dimorphism in body mass
(+13.2%). Standardized Major Axis regression showed positive allometry of body width relative to body length in both species,
indicating increased robustness with size. Body mass scaled isometrically with body length, with no sex-specific differences in
allometric slopes, suggesting that sexual size dimorphism reflects uniform size shifts along shared developmental trajectories.
Linear Discriminant Analysis achieved only moderate classification accuracy (63.5% for Osmoderma barnabita; 65.3% for Rosalia
alpina), reflecting substantial morphological overlap between sexes. These findings establish baseline morphometric data essential
for long-term population monitoring and conservation planning in the Eastern Carpathian forests.
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Introduction

Body size and sexual size dimorphism are key traits in
insects, integrating genetic, developmental, and envi-
ronmental influences and providing valuable insights
into population status, habitat quality, and ecologi-
cal functioning (Angilletta 2004; Chown and Gaston
2010; Fountain[lJones et al. 2015; Moretti et al. 2017;

Beukeboom 2018; Ferracini et al. 2025; Cardoso et al.
2026). Sexual size dimorphism arises from the interplay
of natural and sexual selection acting differently on males
and females (Blanckenhorn 2005; Stillwell et al. 2010).
In most insect species, sexual size dimorphism is fe-
male-biased, as fecundity selection favors larger females
capable of producing and carrying more eggs (Budecevié
et al. 2021; Zhu et al. 2025). Male-biased sexual size
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dimorphism is relatively uncommon and is generally seen
as a derived condition linked to intense sexual selection
via same-sex competition or female choice (Andersson
and Iwasa 1996; Pomfret and Knell 2006; Blanckenhorn
et al. 2007).

Coleoptera, one of the most diverse insect orders, pres-
ents substantial variation in sexual size dimorphism, rang-
ing from inconspicuous to extreme dimorphism (Kawano
2006; Bouchard et al. 2017). Female-biased sexual size
dimorphism predominates in beetles, reflecting the strong
link between female body size and reproductive output
(Teder and Tammaru 2005; Torres-Vila 2017). However,
male-biased sexual size dimorphism occurs in several
lineages where larger males or exaggerated traits such
as enlarged mandibles, horns, or elongated antennae pro-
vide advantages in mating competition or mate searching
(Andersson and Iwasa 1996; Hanks 1999; Romiti et al.
2015; Weber et al. 2023; Luiselli et al. 2025). In long-
horn beetles (Cerambycidae), larger females generally
show higher fecundity, while larger males often benefit
from increased longevity, mating opportunities, and sen-
sory efficiency (Lu et al. 2013; Torres-Vila et al. 2016;
Torres-Vila 2017). Although sexual size dimorphism
is often assumed to be species-specific, its magnitude
can vary markedly among populations, across environ-
mental gradients, and between years (Songvorawit et al.
2019; Sukhodolskaya et al. 2020; Ferracini et al. 2025;
Luiselli et al. 2025).

The diversity of dimorphism in insects is also explained
by sex-specific phenotypic plasticity, with female body size
frequently being more sensitive to environmental conditions
such as resource availability and habitat quality (Stillwell et
al. 2010; Rohner et al. 2018; Toh et al. 2022; Cordeschi et
al. 2024). In beetles, particularly xylophagous and saprox-
ylic species, adult body size is strongly shaped by larval re-
source availability, host characteristics, dead-wood quantity,
old-growth tree presence, tree diversity, and light conditions
(Michalcewicz and Ciach 2012; Ciach and Michalcewicz
2013; Lupi et al. 2015; Torres-Vila et al. 2018; Lindman
et al. 2023). Consequently, morphometric traits and sexual
size dimorphism provide a powerful and practical frame-
work for linking insect ecology, evolutionary processes, and
conservation-relevant population responses to environmen-
tal change (Chown and Gaston 2010; Kiritani 2013; Tor-
reslVila et al. 2017; Tseng et al. 2018; Hagge et al. 2021).

The saproxylic beetles Osmoderma barnabita Mot-
schulsky, 1845 (Coleoptera: Scarabaeidae) and Rosalia
alpina Linnaeus, 1758 (Coleoptera: Cerambycidae) rep-
resent complementary models for studying sexual size di-
morphism in forest-dependent insects. Rosalia alpina ex-
hibits clear sexual dimorphism, most notably in antennal
length, a trait linked to mate detection and sexual selec-
tion in longhorn beetles (Michalcewicz and Ciach 2012;
Campanaro et al. 2017), whereas Osmoderma barnabi-
ta shows only weak external sexual differentiation and
lacks conspicuous secondary sexual traits (Svensson et
al. 2011; Maurizi et al. 2017). This contrast enables com-
parative analyses of how sexual selection and ecological
constraints shape sexual size dimorphism across taxa with
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different life-history strategies. While studies on Rosalia
alpina have primarily focused on sexually dimorphic ap-
pendages (Campanaro et al. 2017; Rossi De Gasperis et
al. 2017), incorporating general morphometric traits such
as body length, body width, and mass may provide addi-
tional insights into sex-specific growth patterns and the
ecological drivers of sexual size dimorphism (Dubois et
al. 2010; Michalcewicz and Ciach 2012; Ciach and Mi-
chalcewicz 2013).

In many saproxylic beetles, sexual dimorphism in
external morphology is subtle, resulting in substantial
overlap between males and females for most morphomet-
ric traits (Hedin and Ranius 2002; Svensson et al. 2011;
Lindman et al. 2023). In Osmoderma barnabita, distin-
guishing sexes based on external features is particular-
ly difficult, as differences are generally limited to minor
size-related variation (Maurizi et al. 2017; Lindman et
al. 2023). This pattern likely reflects the combined influ-
ence of ecological constraints related to larval develop-
ment in dead wood (Lindman et al. 2023). Consequently,
sexual size dimorphism in such species might be mainly
expressed through overall body size or mass, rather than
through pronounced morphological traits, highlighting
the importance of detailed morphometric analyses to un-
derstand sex-specific growth and improve population as-
sessments in conservation efforts.

Investigating patterns of sexual size dimorphism and
subtle morphological differentiation in saproxylic beetles
is particularly important when analyzing species abun-
dance in regions of high conservation value, such as the
Eastern Carpathian Mountains, Romania (Mirea et al.
2021; Munteanu et al. 2022; Rozylowicz et al. 2024),
which provide suitable habitats for species of European
conservation concern, including Osmoderma barnabita
and Rosalia alpina (Nieto and Alexander 2010). Howev-
er, past forestry management practices, such as selective
logging and the systematic removal of veteran trees, have
simplified forest structure and caused sharp declines in
saproxylic insect communities (Brodie et al. 2019). As a
result, many saproxylic species now occur in a limited
number of forest stands, often fragmented and isolated
from larger, high-quality old-growth forest populations,
despite their broader potential distribution (Miu et al.
2020; Mirea et al. 2024). Given the high conservation val-
ue of the Eastern Carpathian Mountains and the limited
availability of detailed morphometric data for saproxylic
beetles in this region, this study aims to provide a focused
assessment of sexual size dimorphism and morphological
variation in two protected species, Osmoderma barnabita
and Rosalia alpina. By analyzing populations from rela-
tively well-preserved forest habitats, we seek to clarify
how subtle morphological differences between sexes are
expressed in species with contrasting degrees of sexual
dimorphism. Our objectives are: (1) to assess sexual size
dimorphism in body size and fresh mass; (2) to evaluate
sex-specific allometric scaling of morphometric traits;
and (3) to evaluate the potential of external morphom-
etry for sex discrimination in saproxylic beetles. More
specifically, we aim to answer the following questions:
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Do males and females differ in body size? Do morpho-
metric traits scale isometrically or allometrically with
body length, and do these scaling relationships differ be-
tween sexes? How accurately can sex be predicted using
external morphometric traits?

By answering these research questions, we advance
understanding of the ecological and evolutionary drivers
of morphological variation in saproxylic beetles and pro-
vide practical tools for monitoring and conserving spe-
cies of European concern.

Methods
Study area

We carried out the analysis in Putna-Vrancea Natural
Park (ROSAC0208 Putna-Vrancea), Romania, located
in the central and northwestern sectors of the Vrancea
Mountains (Eastern Romanian Carpathians). Putna-Vran-
cea Natural Park was established in 2004 by Government
Decision 2151 regarding establishing the protected natu-
ral area regime, while the Natura 2000 statue was award-
ed in 2022 (MMAP 2026). Land cover is currently char-
acterized by extensive forested areas, including patches
of old-growth forests. The dominant species are Fagus
sylvatica, Abies alba, and Picea abies, with beech forests
dominating the landscape. Alluvial forests of Alnus gluti-
nosa and Fraxinus excelsior are also present.

Saproxylic beetle surveys

We focused on two saproxylic beetle species of conser-
vation interest: the alpine longhorn beetle Rosalia alpina
Linnaeus, 1758 (Cerambycidae) and the hermit beetle
Osmoderma barnabita Motschulsky, 1845 (part of the
Osmoderma eremita species complex, Scarabaeidae).
Beetles were captured between 2022 and 2025 in seven
sampling sites within Putna-Vrancea Natural Park using
non-lethal windowpane flight intercept traps fitted with
a cover and a 0.5-L collection jar (Alpha Scent, Inc.,
Oregon, USA) (Table 1, Suppl. material 1). Traps were
installed at a minimum of 1.5 m height (McLaughlin et
al. 2003), and baited with a mix of pheromones (i.e., C6
diol, 3-hydroxy-2-octanone, Fuscumol acetate, Fuscu-
mol, Monochamol, +2-methylbutan-1-ol, Ethanol, De-
calactone) provided by Synergy Semiochemicals Corp.,
BC, Canada. Pheromones were selected to attract the two
species analyzed in this article, as well as other protected
saproxylic species such as Cerambyx cerdo and Lucanus
cervus (Dunn et al. 2016; Brodie et al. 2019).

Traps were inspected every 3 days to ensure that in-
sects were not harmed, and the beetles were then released
several meters away from the trap. Traps were placed
at least 50 m apart to reduce spatial autocorrelation and
recapture bias, and all individuals were marked with a
unique paint code applied to the elytra to ensure reliable
individual identification across captures and to prevent

double-counting, enabling subsequent analyses of move-
ment behavior, dispersal, home range and habitat use
(Wang 2017; Mirea et al. 2026).

Standardized photographs were taken for each live
specimen for subsequent morphometric measurements.
Each beetle was photographed with a measurement scale
in the frame. To ensure accuracy, the beetle and the scale
were placed on the same horizontal plane, and photo-
graphs were taken vertically from above with the camera
perpendicular to the dorsal surface of the insect. Images
were retaken if the beetle was not oriented horizontally,
if either the insect or the scale was out of focus, or if the
image plane was not parallel to the plane of the specimen
and scale. This procedure ensured proper alignment for
later measurement. Morphometric measurements were
obtained from the photographs using ImageJ (Schneider
et al. 2012). The measurement scale was first calibrated
within each image, after which body length and maxi-
mum body width were recorded. Body length (mm) was
measured from the anterior margin of the head, exclud-
ing the mandibles, to the elytral apex. Maximum body
width (mm) was measured across the widest part of the
elytra. Body weight (fresh mass) (g) was measured using
a precision (weighing accuracy: 0.01 g) scale. Each set
of measurements was linked to the individual’s photo ID
and field code (Suppl. material 2). Traits such as anten-
nal length were not included in our analyses, as their ac-
curate measurement under field conditions is unreliable.
Sex was determined based on species-specific external
morphological traits. For Rosalia alpina, individuals
were sexed using well-established traits of sexual dimor-
phism, including differences in antennal length and the
presence of a visible ovipositor in females (Campanaro et
al. 2017). For Osmoderma barnabita, sex determination
was based on differences in pronotum shape and the mor-
phology of the terminal abdominal segment (pygidium).
Males were identified by a more convex pronotum and
a large, distinctly convex pygidium. In contrast, females
exhibited a more rounded, smaller and less convex pygid-
ium (Maurizi et al. 2017). These features allowed consis-
tent differentiation between sexes during field handling.

Table 1. Geographic coordinates of sampling sites within
Putna-Vrancea Natural Park (Romania).

Site Site  Latitude, Elevation Number Cumulative
name ID  Longitude (m) of traps  trap-days

Babovici  S1  45.92940°N, 808 20 198
26.44988°E

Tunel S2  45.93779°N, 737 20 198
26.60981°E

Coasa S3  45.97894°N, 984 20 198
26.59350°E

Galaciuc S4 4591615°N, 677 20 198
26.65691°E

Beuca S5  45.98632°N, 1295 20 198
26.45604°E

Marului  S6  45.96302°N, 993 20 198
26.42168°E

Cucu S7  45.92119°N, 625 40 198
26.62793°E
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Data analysis

To provide an overview of size variation in the popula-
tion, descriptive statistics were computed across all in-
dividuals of both species by sex. We focused on three
morphometric traits: body length, body width, and body
weight (fresh mass).

Sexual size dimorphism (SSD) was quantified using
the Sexual Dimorphism Index (SDI), calculated as SDI
= (mean of the larger sex / mean of the smaller sex) - 1
(Lovich and Gibbons 1992). Positive SDI values indicate
female-biased dimorphism, while negative values indicate
male-biased dimorphism (Fairbairn 1997). To test for sex
differences in morphometric traits, we used non-paramet-
ric Mann-Whitney U (Wilcoxon rank-sum) tests for body
length, body width, and fresh mass (Zar 2010).

To determine whether the morphometric traits scale
isometrically or allometrically with body length, and
whether scaling patterns differ between sexes, we used
Standardized Major Axis (SMA) regression on log-trans-
formed data. SMA regression is appropriate when both
variables are measured with errors, and there is no clear
distinction between dependent/independent variables,
as is typically the case in allometric studies, where nei-
ther variable can be considered a predictor (Warton et al.
20006). Slopes were tested against isometric expectations
(b =1 for linear measurements; b = 3 for mass-length
relationships, following the cubic relationship between
mass and linear dimensions) using one-sample tests im-
plemented in the smart R package (Warton et al. 2012;
R Core Team 2024), based on 95% confidence intervals
and likelihood ratio tests. Sex-specific differences in allo-
metric slopes were assessed using likelihood ratio tests.
When slopes were homogeneous between sexes (p >
0.05), we tested for differences in elevation (intercept) to
determine whether the sexes differed in mean trait size at
a common body length (Warton et al. 2006).

To evaluate the discriminatory power of morphomet-
ric traits for sex identification, we performed Linear Dis-
criminant Analysis (LDA) using the MASS R package
(Venables and Ripley 2002; R Core Team 2024). Clas-
sification accuracy was assessed using leave-one-out
cross-validation, which provides a nearly unbiased esti-
mate of the true error rate by iteratively classifying each
observation using a discriminant function derived from
all other observations (Lachenbruch and Mickey 1968).
In LDA, prior probabilities represent the expected class
frequencies before examining measurements, influenc-
ing how the classifier assigns observations. Our sam-
ple exhibited a female-biased sex ratio for Osmoderma
barnabita, whereas for Rosalia alpina the sex ratio was
approximately balanced. The female-biased sample in
Osmoderma barnabita likely reflects pheromone-based
trapping and sex-specific dispersal rather than true popu-
lation structure (Larsson et al. 2003; Dubois et al. 2010;
Svensson et al. 2011). Thus, we specified equal prior
probabilities (0.5, 0.5) based on the general expectation
of balanced primary sex ratios in saproxylic beetles. For
Rosalia alpina, where sex ratios were approximately
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balanced, priors had minimal influence. This approach
ensured methodological consistency across species. Mul-
ticollinearity among predictors was evaluated using Vari-
ance Inflation Factors (VIF). Graphs were created using
ggplot R package (Wickham 2016; R Core Team 2024).

Results
Osmoderma barnabita

Sexual size dimorphism. A total of 776 Osmoderma
barnabita individuals were captured and measured be-
tween 2022 and 2025. The sample included 558 females
(71.9%) and 218 males (28.1%), reflecting a female-bi-
ased sex ratio typical of pheromone-baited trap captures
for this species. Males differed significantly from females
in body length (males: 3.25 £ 0.23 c¢m; females: 3.14 £
0.24 cm; Mann-Whitney U =45.342, p <0.001) and body
weight (males: 1.76 + 0.37 g; females: 1.68 = 0.41 g;
Mann-Whitney U = 52.336, p = 0.002). In contrast, no
significant difference between sexes was observed in
body width (males: 1.71 = 0.14 cm; females: 1.69 +
0.15 cm; Mann-Whitney U = 55.797, p = 0.073) (Fig. 1).

Negative SDI values confirmed that males were larger
across most traits, with the strongest dimorphism in body
weight (SDI = -0.050), followed by body length (SDI =
-0.034). Body width showed the weakest dimorphism
(SDI =-0.012), consistent with the statically non-signifi-
cant differences between sexes.

Allometric relationships. Standardized Major Axis
(SMA) regression revealed contrasting allometric pat-
terns between width-length and weight-length relation-
ships (Fig. 2). Width exhibited positive allometry relative
to length (b = 1.133, 95% CI: 1.090-1.177, R*> = 0.704),
with the slope significantly exceeding isometric expec-
tations (b = 1; p < 0.001), indicating disproportionate
increases in body width with size. In contrast, weight
scaled isometrically with length (b = 3.142, 95% CI:
2.975-3.317, R? = 0.404), with no significant deviation
from the expected cubic relationship (b = 3; p = 0.097).
Sex-specific analyses showed no significant differenc-
es in slopes or elevations between males and females
for either relationship, indicating shared allometric
trajectories across sexes.

Sex discrimination. Linear Discriminant Analysis
(LDA) using log-transformed morphometric variables
achieved moderate classification accuracy for sex identifi-
cation. Using equal prior probabilities (0.5, 0.5) to account
for trapping-induced sampling bias, leave-one-out cross-val-
idation yielded an overall classification accuracy of 63.5%,
with sensitivity (correct male identification) of 64.7% and
specificity (correct female identification) of 63.1%. Variance
Inflation Factors among predictors (1.78-3.60) were below
thresholds indicating multicollinearity (VIF <5).

The linear discriminant function was primarily
weighted by body length (coefficient: 54.2) and body
width (coefficient: -35.3), with body weight contributing
minimally (coefficient: 0.88). The distribution of LDI1
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Figure 1. Violin plots of morphometric traits by sex in Osmoderma barnabita. A. Body length; B. Body width; C. Body weight

(fresh mass). Individual data points are shown as jittered dots.
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Figure 2. Allometric relationships between log, -transformed morphometric variables in Osmoderma barnabita. A. Width-length
relationship showing positive allometry (slope = 1.133); B. Weight-length relationship showing isometric scaling (slope = 3.142).

Regression lines are shown separately for each sex.

scores (Fig. 3) showed substantial overlap between sexes,
consistent with the moderate classification accuracy.

Rosalia alpina

Sexual size dimorphism. A total of 268 Rosalia alpi-
na individuals were captured and measured during the
study period (2022-2025). The sample included 120
females (44.8%) and 148 males (55.2%), reflecting a
slightly male-biased sex ratio. Females were signifi-
cantly larger than males across all measured traits: body
length (females: 2.78 &+ 0.32 cm; males: 2.62 + 0.32 cm;

Mann-Whitney U = 11.386, p < 0.001), body width (fe-
males: 0.70+0.08 cm; males: 0.64 +0.08 cm; Mann-Whit-
ney U = 12.258, p < 0.001), and body weight (females:
0.42 = 0.15 g; males: 0.38 + 0.14 g; Mann-Whitney U =
10.546, p = 0.008) (Fig. 4).

Positive SDI values confirmed female-biased sexual
size dimorphism across all traits, with the strongest dimor-
phism in body weight (SDI = +0.132), followed by body
width (SDI =+0.091) and body length (SDI = +0.060).

Allometric relationships. Standardized Major Axis
(SMA) regression indicated that body width increased al-
lometrically with body length in Rosalia alpina (Fig. 5).
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Figure 4. Violin plots of morphometric traits by sex in Rosalia alpina. A. Body length; B. Body width; C. Body weight (fresh

mass). Individual data points are shown as jittered dots.

Width exhibited positive allometry relative to length (b =
1.081, 95% CI: 1.025-1.139, R? = 0.811), with the slope
significantly exceeding isometric expectations (b = 1; p
= 0.004). Weight scaled isometrically with length (b =
3.070, 95% CI: 2.860-3.296, R? = 0.653), with no signif-
icant deviation from the expected cubic relationship (b =
3; p=0.523). Sex-specific analyses showed no significant
differences in slopes or elevations between males and fe-
males for either relationship, indicating shared allometric
trajectories across sexes.

Sex discrimination. Linear Discriminant Analysis
(LDA) using log-transformed morphometric variables
achieved moderate classification accuracy for sex iden-
tification. Using equal prior probabilities (0.5, 0.5),
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leave-one-out cross-validation yielded an overall clas-
sification accuracy of 65.3%, with sensitivity (correct
male identification) of 62.8% and specificity (correct fe-
male identification) of 68.3%. Variance Inflation Factors
among predictors ranged from 2.97 to 6.36. The elevated
VIF for body length (6.36) indicates moderate multicol-
linearity with body width.

The linear discriminant function was primarily
weighted by body width (coefficient: -31.2), with body
length (coefficient: 10.3) and body weight (coefficient:
3.0) contributing less substantially. The distribution
of LDI scores (Fig. 6) showed considerable overlap
between sexes, consistent with the moderate classifi-
cation accuracy.
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Disscusion

This study provides the first assessment of sexual size di-
morphism and morphometric variation in two protected
saproxylic beetles, Osmoderma barnabita (Scarabaeidae)
and Rosalia alpina (Cerambycidae), from the Eastern
Carpathian Mountains of Romania. Morphometric studies
of genus Osmoderma are rare in the peer-reviewed litera-
ture, with quantitative body size data most often reported
as secondary information within ecological, conservation,
or dispersal-focused studies rather than systematic mor-
phometric investigations (Ranius and Hedin 2001; Ulrich
2007; Svensson et al. 2011; Lindman et al. 2023). Within

this limited framework, Maurizi et al., (2017) have shown
that sexual differences within the Osmoderma barnabita
are less pronounced than those observed in the Osmoder-
ma eremita. This pattern is consistent with our findings,
which reveal weak sexual size dimorphism and substan-
tial morphological overlap between males and females of
Osmoderma barnabita.

Our results indicate that Osmoderma barnabita males
are slightly larger than females in body length (+3.4%)
and body mass (+5.0%), whereas no significant sex-re-
lated differences were detected in body width. Conse-
quently, sexual size dimorphism is male-biased but of
low magnitude, as reflected by SDI values close to zero.

bulletinofinsectology.org
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Although female-biased SSD predominates across most
insect taxa, weak male-biased dimorphism is a charac-
teristic pattern within Cetoniinae beetles, being linked to
the intensity of male-male competition, even in the ab-
sence of exaggerated secondary sexual traits (Dubois et
al. 2010; Svensson et al. 2011; Vendl et al. 2016, 2018).

The weak male-biased SSD observed in Osmoderma
barnabita individuals may be related to the high quali-
ty and stability of their developmental microhabitats. In
old-growth forests, large hollow trees can provide nutri-
ent-rich larval substrates that potentially reduce develop-
mental constraints and limit sex-specific divergence in
growth patterns (Ranius and Hedin 2001; Sverdrup-Thy-
geson et al. 2010). At the same time, larger body size may
still confer advantages in both sexes, being associated
with higher fecundity in females and potentially increased
mating success in males (Toh et al. 2022). Our allometric
analyses further support this result. Positive allometry in
body width indicates that larger individuals are propor-
tionally more robust, suggesting that high habitat quality
not only allows increased body size but also promotes
structural investment, potentially linked to reproduc-
tive performance or survival (Emlen and Nijhout 2000;
Vendl et al. 2016). In contrast, the isometric relationship
between body mass and body length indicates that indi-
viduals maintain consistent body proportions and tissue
density across size classes, without becoming dispropor-
tionately heavier or lighter as size increases. This pattern
is consistent with findings reported for Holotrichia oblita
(Scarabaeidae) by Zhu et al., (2025). Importantly, males
and females exhibited identical allometric scaling rela-
tionships, characterized by similar slopes and intercepts.
This indicates that sexual size dimorphism in Osmoder-
ma barnabita arises from a uniform size shift along a
shared allometric trajectory rather than from sex-specific
differences in the scaling of body dimensions.

The LDA analysis indicated substantial overlap be-
tween male and female morphometric distributions in
our individuals. This pattern is predicted by mating
systems theory: when sexual selection operates primar-
ily on non-morphological traits (pheromone quality, be-
havioral displays), body size distributions tend to con-
verge between sexes (Larsson et al. 2003; Blanckenhorn
2005; Kawano 2006; Kishi et al. 2015). In contrast to the
weak male-biased dimorphism observed in Osmoderma
barnabita, Rosalia alpina exhibits a markedly different,
female-biased pattern of sexual size dimorphism, con-
sistent with family-level differences in which fecundity
selection favors larger female body size.

Analysis of SSD in Rosalia alpina indicates that fe-
males are significantly larger than males across all ex-
amined traits, with the strongest dimorphism expressed
in body mass (+13.2%). This pattern is consistent with
the findings of Michalcewicz and Ciach (2012), who re-
ported a statistically significant female-biased difference
of approximately 10% in elytron length. Female-biased
SSD in insects is often interpreted as a consequence of
fecundity selection, whereby larger females may achieve
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higher reproductive output through increased egg num-
ber or size. In Rosalia alpina, the observed female-biased
SSD is consistent with this general pattern; however, as
reproductive output was not directly measured in this
study, this explanation should be considered a plausible
interpretation rather than a demonstrated mechanism. Ad-
ditionally, such patterns are widespread among Ceramby-
cidae and may also be shaped by variation in the quantity
and quality of larval food resources (Teder and Tammaru
2005; Kawano 2006; Stillwell et al. 2010; Torres-Vila
2017; Rossi De Gasperis et al. 2018). Accordingly, our
results align well with documented SSD patterns across
multiple cerambycid species (Rossi De Gasperis et al.
2018; Torres-Vila et al. 2018).

To our knowledge, no studies have reported body mass
data for Rosalia alpina, making our study a novel contri-
bution that fills a gap in the species’ morphometric litera-
ture. Existing reference works, including the standardized
monitoring guidelines of Campanaro et al., (2017), com-
pile adult body length and maximum body width from
multiple sources, but do not include weight data.

Allometric analyses revealed that body width in Rosa-
lia alpina increases disproportionately with body length,
indicating positive allometry and a progressive increase
in body robustness with increasing size. This represents
a further novel contribution to the morphometric charac-
terization of the species. In contrast, body mass scaled
isometrically with body length, suggesting that individ-
uals maintain consistent body proportions and tissue
density across size classes. Importantly, no sex-specific
differences were detected in either slope or elevation for
these relationships, indicating that males and females
share a common allometric trajectory and that SSD
arises from a uniform size shift rather than sex-specific
scaling of body dimensions.

The observed isometric mass-length scaling, with an
exponent close to 3.0, is strongly supported by the com-
prehensive beetle allometry study of Zhu et al. (2025),
who have found that the 95% confidence intervals for
mass-length scaling included 3 in both sexes of Holotri-
chia oblita (Scarabaeidae). Notably, Zhu et al. (2025)
have also reported no sex-specific differences in scaling
exponents despite females being significantly heavier and
experiencing greater wing loading, a pattern that closely
parallels our findings for Rosalia alpina.

Finally, Linear Discriminant Analysis based on ex-
ternal morphometric traits achieved only moderate ac-
curacy (65%) in sex classification, reflecting substan-
tial morphological overlap between males and females.
Body width contributed most strongly to discrimination,
whereas body length and body mass played a lesser role.
The pronounced overlap in discriminant scores, togeth-
er with moderate multicollinearity among predictors,
indicates that sexual dimorphism in external body di-
mensions is weak. Consequently, morphometric mea-
surements alone, excluding sexually diagnostic traits
such as antennae length, are insufficient for reliable sex
identification in Rosalia alpina.
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Morphometric findings connect to conservation through
several mechanisms, as they reflect the environmental con-
ditions experienced during development. In saproxylic in-
sects, larval traits are influenced by the quality and avail-
ability of the substrate in which they develop (Michalcewicz
and Ciach 2012), while both microclimatic conditions and
suitability of microhabitats may further shape developmen-
tal outcomes (Landvik et al. 2016; Lindman et al. 2023).

By quantifying these patterns, we establish baseline
morphometric data on adult body size and sexual size
dimorphism for two protected saproxylic beetle species
from the Eastern Carpathian Mountains, a hotspot for
saproxylic insects. Such data are essential for long-term
population monitoring, detecting morphological and
demographic responses to environmental change, and
informing evidence-based conservation and forest man-
agement strategies. Understanding the ecological and
evolutionary factors shaping sexual size dimorphism and
associated traits is particularly important for species such
as Osmoderma barnabita and Rosalia alpina, which are
strongly dependent on old-growth forest and face ongo-
ing threats across much of their distribution (Nieto and
Alexander 2010; Seibold et al. 2015). Consequently, the
conservation of forest ecosystems is likely crucial for
sustaining viable beetle populations and for maintaining
natural patterns of morphological variation.
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