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Abstract:

The snake-eyed skink (4blepharus kitaibelii Bibron & Bory de Saint-Vincent, 1833) is the only species

of the family Scincidae in Bulgaria and the northernmost species of this family on the continent. The
present study covers material from 52 UTM squares in the entire country. The dataset (n=226) includes
90 males, 90 females and 46 juveniles. Four meristic and nine metric traits were studied, and the metric
ones were converted into 17 indices. Five climatic and geographic factors were taken into account for each
specimen. The meristic and metric traits were tested for correlation against the environmental factors. The
strongest relation was found in regard to the geographic longitude and climate zones. The rainfalls also
had an influence, yet to a smaller extent. According to the fact that these zones have a northwest-southeast
orientation, this factor partly corresponds to the geographic longitude. The main conclusion is that there
is a geographic intraspecific variability of clearly expressed zonal character.
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Introduction

The family Scincidae Grey, 1825 is the most numer-
ous lizard family in the world with a total of 1516
species (Uetz 2012). In Bulgaria there is one spe-
cies (Ablepharus kitaibelii) of this family which
is the northernmost skink species on the continent
(GruUBER 1997). An earlier study on this species fo-
cused only on its descriptive morphology and gener-
al biology (FEJERVARY 1912). Later, STEPANEK (1937)
in his study separated the main species populations
in two groups, northern and southern, and suggested
that there was an intraspecific variability in longitu-
dinal direction. He did not give a taxonomic rank of
those groups, although he described a new subspe-
cies (4. pannonicus fabichi) from the islets located
in the northeast of Crete. The same author (STEPANEK
1944) considered the northern group as 4. pannoni-
cus pannonicus, while the southern group was recog-
nised as another subspecies, A. pannonicus kitaibelii.
MERTENS (1952) considered that A. pannonicus was

an incorrect taxonomic name and the proper name of
the species should be 4. kitaibelii. Respectively, A.
p. pannonicus became A. kitaibelii fitzingeri and A.
p. kitaibelii became the nominotypical subspecies 4.
kitaibelii kitaibelii. FunN, VANCEA (1961) regarded
the populations from the Balkan Peninsula, except
those in its southernmost parts, as 4. k. fitzingeri, and
the remaining populations of the species range as 4.
k. kitaibelii — a statement which was in concordance
with the previously established scheme of longitudi-
nally directed morphological variability. According
to Funn (1970), who presented taxonomic data for
geographic differentiation of the snake-eyed skink,
the subspecies A. k. fitzingeri, A. k. stepaneki (newly
described) and A. k. kitaibelii differ by some mer-
istic and metric characters. The new subspecies by
its morphology takes a transitional place between
the other two. His data showed that the supralabi-
als and the scales around the midbody decrease in
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number from the northernmost to the southernmost
subspecies, and that the territories inhabited by these
subspecies are divided following the north—south
model. Fuan (1969) once again advocated the north-
south distribution pattern of the three subspecies
(A. k. fitzingeri, A. k. stepaneki and A. k. kitaibelii).
GRUBER (1981) examined the two groups within the
species range and assigned 4. k. fitzingeri and A. k.
stepaneki to the northern group, while the other sub-
species —to the southern group. He suggested that the
territories of Albania, South Yugoslavia and South
Bulgaria are a potential contact zone between the
two groups. EREMCHENKO, SzcErRBAK (1986) main-
tained the pattern of differentiation in north—south
direction but they did not take into account the sub-
species A. k. stepaneki. Unlike the other authors they
associated the specimens they had from Bulgaria
(three specimens from the Karakuz forest and three
specimens from Primorsko) with the nominotypical
subspecies A. k. kitaibelii, i.e. the southern group.
ScHmIDTLER (1997) divided his studied material in
two groups and introduced a scheme which partially
corresponds with the previously known patterns:
a southwestern group (Rhodos and Kos Islands,
Kusadasi, Koyecegiz, Ula and Fetiye) and a northern
group (North Asia Minor, one locality in Continental
Greece and one in Bulgaria — Ruse district). The data
presented by LiuBisavLiEvIC et al. (2002) confirmed
those from the preceding studies by other authors
and suggested that there is a geographic intraspecific
morphological variability with expressed zonality for
the snake-eyed skink on the territories of Serbia and
Macedonia. LiuisavLiEviC et al. (2002) separated
the studied specimens by sex and grouped them into
areas divided in north—south direction as follows: 4.
k. fitzingeri, A. k. fitzingeri/ A. k. stepaneki intergra-
dation zone, A4. k. stepaneki, and A. k. stepaneki/ A. k.
kitaibelii intergradation zone. On studying the phy-
logeography of the species, PouLAkAkis ef al. (2005)
revealed a new picture which did not fit in the known
concepts, since it disclosed an east-west disjunction.
Tzankov (2005) also provided data supporting this
new concept.

Patterns of morphological variation related to
the environmental factors have also been observed
in the family Scincidae. According to Brown,
THoORPE (1991), the primary cause of the large in-
traspecific within-island microgeographic variations
in color pattern, body dimensions and the scalation
of Chalcides sexlineatus Steindachner, 1891, were
the ecological conditions of the island (the combi-
nation between the latitude and the altitude-relat-
ed elements). Later BRownN et al. (1993) found an
evidence of a similar north-south geographic vari-
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ation in Chalcides viridanus (Gravenhorst, 1851)
within the island of Tenerife. The main conclusion
of their study was that the ecogenesis is the cause
for the geographic variation in the lizards. SUMNER
et al. (1999) revealed a picture which shows that
there are differences in the abundance and mor-
phology between individuals of the prickly forest
skink Gnypetoscincus geenslandiae (DE Vis, 1890)
from fragmented and continuous forests. Multiple
external factors seem to influence morphological
differentiation, such as predator press and changes
in microhabitat conditions. CHEN ef al. (2001) sug-
gested that external quantitative characters in either
of two species Scincella boettgeri (Van Denburgh,
1912) and Scincella formosensis (Van Denburgh,
1912) have rapidly changed under the operation of
differential selective pressure from some local en-
vironmental factors. In Sphenomorphus macula-
tus (BLyTH, 1853), a geographically related pattern
with expressed south-north directional gradient
was observed by Yamasaki et al. (2001). Studying
the morphological and genetic diversification of
Lamprolepis smaragdina (Lesson, 1826), SCHMITT et
al. (2000) revealed the existence of some weak geo-
graphic pattering related to latitude and longitude,
and found no geographic-associated patterning for
Mabuya multifasciata (Kuhl, 1820). OUBOTER (1986)
mentioned that different causes and environmental
factors as climate conditions influence the morphol-
ogy of near populations of Scincella (s.1.) ladacensis
(GUNTHER, 1864).

The relations between climatic and geograph-
ic parameters and morphological features have not
been studied in the snake-eyed skink. This study
aims to clarify the relations between the above-men-
tioned parameters as well as to reveal the pattern of
intraspecific variability within the eastern parts of
the Balkan Peninsula.

Material and Methods

The current study covered the whole territory of
Bulgaria. The three climatic regions, Continental-
mediterranean, Transitional-continental and
Moderate-continental (KorraLEV 2002), were equal-
ly sampled. The total number of studied specimens
coming from 52 UTM grid cells 10 x 10 km from all
over the country (Fig. 1; Appendix I) was 226 (90
males, 90 females and 46 juveniles).

The sex of the specimens was determined by
dissection. The smallest individual with fully devel-
oped reproductive organs was a male with Lcor=30.7
mm. According to the published data, the individuals
of over 32 mm of body length were stated as adults
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Fig. 1. Sampling sites and abundance

(ScumIDTLER 1997, LiuBISAVLIEVIC et al. 2002). The
lower value reported in the present study was taken
into account when the age classes were assigned.
The individuals with fully developed reproductive
organs were considered as adults. All specimens in
this study were from the collection of the National
Museum of Natural History, Bulgarian Academy of
Sciences (numbers from NMNHS101 to NMNHS284
and from NMNH287 to NMNH330). As preliminary
analyses revealed a pronounced age and sexual re-
lated dimorphism, adults were processed separately
in both sexes, while the juveniles were excluded. A
total of nine metric and four meristic traits were stat-
ed (Appendix II). The body length (Lcor) was taken
with a ruler and the other metric traits (Lcap, Lpil,
Latcap, Altcap, Pa, Pp, Pp2 and Lo) and meristic
traits were ascertained by using Stereomicroscope
SM XX of Carl Zeiss Jena (with magnification
12.5x0.63 for Lcap, Lpil, Latcap, Altcap, Pa, Pp, and
Pp2; and 12.5x2.5 for Lo). Some meristic and metric
traits (Lcor, Slab, V, D and Nuhal) were according
to data presented by ScHMIDTLER (1997), while the
others, excepting Latcap, corresponded to those in
LiuBisavLEvIC et al. (2002). The values from the mi-
crometer were converted into millimeters with accu-

racy to hundredths. The length of the tail was not in-
cluded in this study because very few specimens had
a full size tail which had not been regrown as a result
of breaking. The metric traits were converted into 17
indices (Appendix II). The standard descriptive sta-
tistics, which included mean, range and standard de-
viation, were calculated for all morphological traits.
Five climatic and geographic variables were chosen:
geographic latitude (Y) and longitude (X), altitude
(Z), geographic climatic zones (clima) and rainfalls
(mm). X, Y and Z were obtained from the specimens’
locality positions. Z values were converted into five
classes. Clima and mm were taken from KoPRALEV
(2002) and converted respectively into three and
four classes (Appendix II). Morphological traits
were tested against the continuous environmental
parameters (X and Y) with Partial linear correla-
tion (r) that measured the degree of association be-
tween two random variables, with the effect of a set
of controlling random variables removed, in order
to obtain summarised data for their influence on the
morphological traits. Respectively, the ordinal envi-
ronmental parameters (Z, clima and mm) were test-
ed against the morphological traits with Polyserial
correlation (p), designed for correlating a normally
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distributed continuous/ interval variable with an or-
dinal variable, that bins a normally distributed vari-
able. Then a Monte Carlo permutation test, based on
9999 random replicates, was run. The statistic pro-
cedures were performed with STATISTICA, Version 7
(StATSOFT INC. 2004) and Past 2.17 (HAMMER et al.
2001).

Results

In respect of the body length, the males were charac-
terised by a relatively bigger heads and longer legs
than females. The results of the descriptive statistics
are presented in Table 1.

On analysing the correlation between envi-
ronmental parameters and morphological traits the
relationship was found to be stronger in the males
than in the females. In the males, a moderate rela-
tion, respectively six, ten, eight and four statistically
significant correlations, was found with Y, X, clima
and mm (Table 2). In the females, moderate relation
was found respectively only with X.

Common statistically significant positive or
negative correlations in both sexes were found for
six traits, mostly related to insignificant body charac-
teristics with little or no explanatory power (Nuhal,
Pp2/Pp, Lpil/Lcap, Latcap/Lcap, and Lo/Lpil). Most
of the head indices in males are statistically signifi-
cantly negatively correlated with Y and clima. This
is true also for the relative length of the hind foot,
which was negatively correlated with clima, but pos-
itively correlated with X. Although most significant
correlations were with X (in both sexes), they were
better performed and had higher scores with clima.
An exception was the relative length of the pileus,
which is the only correlated (negatively) with X. The
only trait in females explained by two parameters
was the relative difference between the pileus and
head length.

Discussion

The environmental factors could influence the mor-
phology of scincid lizards and change it (OUBOTER
1986, BrowN, THORPE 1991, BrOWN et al. 1993,
SUMNER et al. 1999, ScumITT et al. 2000, CHEN et al.
2001, Yamasakl et al. 2001). Different climate con-
ditions can cause disjunction in some species as in
Scincella (s.1.) ladacensis (OUuBOTER 1986). Our re-
sults support, in a way, that conclusion, with show-
ing that some traits of 4. kitaibelii changed following
the geographic longitude in correlation to climatic
zones. CHEN et al. (2001) suggested that the external
morphology of some skinks can be changed by the
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pressure of local environmental factors. According
to SUMNER et al. (1999), the morphological differ-
entiation can begin as a result of the influence of
some microhabitat conditions. BRown, Trore (1991)
revealed a picture of latitude and altitude-related
elements with morphological traits in Chalcides
sexlineatus in a local insular population. Our study
revealed statistically significant correlations of mor-
phological traits of the snake-eyed skink mostly with
the longitude, but on a small scale also with co-vary-
ing longitude and rainfalls, and was better explained
with climate zonation. A macro-scale related pattern
in term of single (BrowN ef al. 1993, YamasAKl et al.
2001) or complex (ScHMmITT et al. 2000) geographic
gradients of morphological diversification was men-
tioned for different scincid species.

Until now studies were focused mainly on
external morphological variability of A. kitaibelii
paying attention only to its taxonomic importance
(STePANEK 1944, FunN, VancEA 1961, GRUBER 1981,
ErEmMcHENKO, SzcErRBAK 1986). Through the years
the ideas of the intraspecific variability in the snake-
eyed skink was strongly influenced by the concept of
a well expressed longitudinal gradient diversification
(Funu 1970, LiuisavLIEVIC et al. 2002). This con-
cept was inferred only by some authors (STEPANEK
1937, 1944, EREMCHENKO, SzcerBaK 1986). This
study presents a slightly expressed, but statistically
significant, correlation between the morphological
traits and climate zones. This concept is in agree-
ment with some of the previous studies (POULAKAKIS
et al. 2005, Tzankov 2005). The molecular evolu-
tionary approach preceded the morphological one
(PatTERSON 1987, Avise 2000). That is why the phy-
logeographic scheme revealed in PouLakAKIs et al.
(2005) should be recognised as primal in interpret-
ing the morphological changes over the geograph-
ic scale. The morphological variability across the
geographic longitude does not follow necessarily
the climatic zonation. This fact put to question the
previously known picture of intraspecific structure
with expressed north-south directional zonality and
suggested a new interpretation. The proposed new
scheme took into account the influence of environ-
mental factors on the snake-eyed skink’s external
morphology. Even if the differentiation tends to have
some geographic orientation and gets some statisti-
cally significant support, the relationships are slight-
ly expressed.

In general the European postglacial pathways
were already established (HEwitt 1999, 2000, 2004).
Some reptiles with common ranges in Central Europe,
such as the snake-eyed skink, seem to have their gla-
cial refugia situated most often in the southern part of
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Table 1. Descriptive statistics (n — sample size, mean =+ standard deviation, minimal and maximal values) of morpho-

logical traits (mt) for both sexes (m - males, f - females). For abbreviations see Appendix 11

mt m F mt m F
n=90 n=_85 n=90 n=2_85
A% 61.56 +2.93 66.61 +3.95 Lo/Lcor 0.03 +0.00 0.03 +0.00
54.00 - 71.00 54.00 - 74.00 0.02 -0.03 0.02 - 0.04
n =288 n=2_85 n=2389 n=2_85
D 20.00+ 0.48 20.11 £0.67 Pa/Pp+Pp2 0.48 +0.02 0.48 +0.02
19.00 - 22.00 18.00 - 23.00 0.43 -0.55 0.42 -0.54
n=89 n=_85 n=89 n=285
Slab 6.08 £ 0.46 6.09 £ 0.40 Pa/Pp 0.70 £ 0.03 70 £ 0.03
4.00 - 8.00 6.00 - 8.00 0.61-0.76 0.63 -0.77
n=_88 n=2_85 n=89 n=2_85
Nuhal 6.65+0.86 6.62 +0.95 Pp2/Pp 0.45+0.02 0.45 +0.03
4.00 - 8.00 4.00 - 9.00 0.37-0.52 0.37-0.51
n=90 n=2_85 n=89 n=2_85
Pa/Lcor 0.18 £0.01 0.16 £0.01 Lpil/Lcap 0.89 £ 0.04 0.89 +0.03
0.16 - 0.21 13.00 - 22.00 0.72 - 1.02 0.81-0.98
n=89 n=2_85 n=88 n=2_85
Pp/Lcor 0.26 £ 0.02 0.23 £0.02 Latcap/Lcap 0.69 +0.04 0.70 £ 0.04
0.22-0.29 0.20-0.30 0.53-0.76 0.60 - 0.79
n=2389 n=2_85 n=2389 n=2_85
Pp2/Lcor 0.12+0.01 0.10 £ 0.01 Altcap/Lcap 0.52+£0.04 0.53 £0.04
0.09 - 0.14 0.08 - 0.14 0.44 - 0.66 0.44 - 0.66
n=89 n=_85 n=89 n=_85
Lcap/Lcor 0.15+0.01 0.13 +£0.01 Altcap/Latcap 0.76 £ 0.06 0.76 £ 0.07
0.14-0.17 0.11-0.19 0.66 - 1.00 0.60 - 1.02
n=90 n=2_85 n=_89 n=_85
Lpil/Lcor 0.13+0.01 0.12+0.01 Lo/Lcap 0.18+0.01 0.19£0.02
0.11-0.15 0.09 - 0.17 0.15-0.22 0.15-0.30
n=_89 n=2_85 n=90 n=2_85
Latcap/Lcor 0.10 £0.01 0.09 +0.01 Lo/Lpil 0.21 £0.01 0.21 £0.02
0.08 - 0.12 0.08-0.13 0.17-0.25 0.17-0.33
n=90 n=2_85
Altcap/Lcor 0.08 +£0.01 0.07 +£0.01
0.06 - 0.11 0.05-0.11

the Balkan Peninsula, but they, e.g., Lacerta viridis
(BonME et al. 2007), Dolichophis caspius (NAGY
et al. 2010), Zamenis longissimus (MUSILOVA et al.
2010), have different lineages in southernmost part
of the peninsula and Asia Minor. Since PouLAKAKIS
et al. (2005) sampling covered only the southern part
of the distribution range of 4. kitaibelii, for now the
phylogenetic attribution of the northern populations
remains questionable.

On a global scale, the influence of the envi-
ronmental factors on the evolution of external mor-
phological traits was advocated for different lizard
families: iguanids - Anolis (Losos 2004), Sceloporus

(Ouriero et al. 2011), lacetids and teiids (ViTT, P1anka
2004). In the scincid lizards those processes are less
expressed and without a well exposed correlation
to particular environmental factors, and most prob-
ably are linked to a local scale microhabitat adaption
and characteristics (SUMNER et al. 1999, CHEN et al.
2001). This provides further fields for studying these
relationships on a local scale in order to reveal some
patterns of geographic variability in the snake-eyed
skink. A comprehensive phylogeographic study cov-
ering the species range is necessary for clearing out
the evolutionary processes and to clarify their role
and significance for the morphology of 4. kitaibelii.

221



Vergilov V., N. Tzankov

Table 2. Partial linear and polyserial correlation values of environmental parameters (for abbreviations see chapter
Material and Methods) versus morphological traits (for abbreviations see Appendix II). Values for males are in left col-
umns and those for females in the right columns. Statistically significant values are bold and italic and those shared in
both sexes are marked with grey. Respective levels of statistical significance: * - P<0.05. ** - P<(.01. *** - P<(.001

Y X Z clima mm
v 0.19 0.10 0.02 0.06 -0.13 -0.10 0.17 0.09 -0.02 0.03
D 0.00 -0.17 0.11 0.21 -0.10 -0.12 0.00 -0.25% | -0.25% | -0.10
Slab 0.21* 0.04 -0.09 -0.02 0.04 -0.02 0.12 0.11 -0.17 -0.06
Nuhal -0.03 -0.05 -0.31** -0.26* 0.23% 0.21 0.10 0.05 -0.05 0.09
Pa/Lcor -0.05 -0.04 0.21% 0.17 -0.16 -0.10 -0.14 -0.13 -0.05 0.06
Pp/Lcor -0.03 0.01 0.19 0.23* -0.12 -0.18 -0.14 -0.09 -0.09 0.02
Pp2/Lcor -0.16 -0.02 0.30** 0.16 -0.11 -0.12 -0.35%%* -0.12 0.08 0.12
Lcap/Lcor -0.31%** 0.03 0.09 -0.04 -0.02 -0.07 -0.41%** 0.00 0.33*%* | 0.12
Lpil/Lcor -0.09 0.08 -0.26* -0.20 0.15 -0.03 0.01 0.12 0.08 0.09
Latcap/Lcor -0.25* 0.02 0.26* 0.14 0.01 -0.20 -0.36** -0.08 0.06 0.12
Altcap/Lcor -0.29** | -0.00 0.08 -0.07 0.02 -0.04 -0.32%%* 0.02 0.09 0.05
Lo/Lcor -0.29** | -0.06 0.22% 0.11 0.10 -0.16 -0.42%** | -0.10 0.26* 0.06
Pa/Pp-Pp2 0.07 -0.10 -0.07 -0.08 -0.05 0.13 0.13 -0.04 -0.04 0.01
Pa/Pp -0.02 -0.13 0.04 -0.11 -0.08 0.15 0.01 -0.08 0.05 0.10
Pp2/Pp -0.20 -0.06 0.26* -0.05 -0.04 0.03 -0.34%* -0.09 0.24% | 0.24*
Lpil/Lcap 0.18 0.13 -0.40%** | -0.46*%* | 0.21 0.10 0.38%* 0.37%* | -0.18 -0.08
Latcap/Lcap -0.08 -0.02 0.25* 0.33%* -0.04 | -0.25* -0.15 -0.15 -0.06 0.01
Altcap/Lcap -0.20 -0.02 0.04 -0.08 0.05 0.02 -0.16 0.04 -0.02 -0.05
Altcap/Latcap -0.15 0.00 -0.12 -0.24* 0.06 0.16 -0.06 0.12 -0.00 -0.05
Lo/Lcap -0.13 -0.12 0.17 0.20 0.13 -0.15 -0.17 -0.14 0.08 -0.05
Lo/Lpil -0.24* -0.16 0.44*** | 0.35%** | -0.03 -0.19 -0.44*%** | -0.24 0.19 -0.02
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Appendix I

UTM grid cells (10x10 km): FM46, FM59, FN34, FN40,
FNS55, FN70, FN75, FN91, FP70, FP80, FP91, GL19,
GL28, GL39, GM48, GN04, GN26, GN32, GN41, KG86,
KH90, LG23, MF29, MG10, MG11, MG21, MG45,
MG47, MG79, MG95, MG96, MH42, MH62, MHg4,
MJ44, MJ74, MJ98, NGO7, NG16, NG17, NG45, NG54,
NG56, NG65, NG66, NG75, NH14, NH35, NH63, NJO6,
NJO8. NJ27

Appendix II

Meristic traits: V — number of ventral scales; D — number
of dorsal scales around the midbody; Slab — total number
of supralabial scales (from both sides); Nuhal — total num-
ber of nuhal scales

Metric traits: Lcor — snout-vent length (from snout of
the head to the end of the cloacal scales); Pa — fore leg
length (length of the fore leg from the base to the tip of
the longest finger); Pp — hind leg length (length of the
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hind leg from the base to the tip of the longest finger); Pp2
— hind foot length (length of the hind foot from the base
to the tip of the longest finger); Lcap — head length (from
snout of the head to the beginning of the ear canal); Lpil —
pileus length (from snout of the head to the end of pileus);
Latcap — head width (width of the head in the widest point
in jugale region); Altcap — head height (height of the head
in the midpoint between the eye and the ear); Lo — longi-
tudinal eye diameter

Indices: Pa/Lcor, Pp/Lcor, Pp2/Lcor, Lcap/Lcor, Lpil/
Lcor, Latcap/Lcor, Altcap/Lcor, Lo/Lcor, Pa/Pp+Pp2, Pa/
Pp, Pp2/Pp, Lpil/Lcap, Latcap/Lcap, Altcap/Lcap, Altcap/
Latcap, Lo/Lcap, Lo/Lpil

Z: 0-200 — 1; 200-400 — 2; 400-600 — 3; 600-800 — 4;
800-1000 -5

Clima: Continental Mediterranean — 1; Transitional con-
tinental — 2; Moderate continental — 3

Mm: 500-600 — 1; 600-700 — 2; 700-800 — 3; 800-900 — 4
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