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Fig 3. — Fence with traps (top panels), and five funnel traps used for
catching newts in Vlasi pond.

smaller, scattered black spots on the abromen. The The remaining indivi-
duals with intermediate characters (the hybrid group) could be further
subdivided into a phenotype leaning towards 7. macedonicus (hyb mac), a
phenotype leaning towards 7. ivanbureschi (hyb iva), and the remaining
intermediates (hyb) (Fig. 4).

RESULTS

The entire sample of 326 adults and 13 metamorphosed juveniles
(which were not analyzed for colour and body size variation) was collected
from March to July 2013. Among captured adults, 5% displayed the T.
macedonicus phenotype (mac), 15% showed the hyb mac phenotype, 45%
displayed the intermediate hybrid phenotype, 25% exhibited hyb iva
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mac hyb mac hyb hyb iva iva
Fig 4. — Recognized phenotypes in the hybrid population from Vlasi.
Abbreviations: — T. macedonicus-like, iyb mac — phenotype leaning towards 7.
macedonicus, hyb — intermediate phenotypes, hyb iva — phenotype leaning
towards 7. ivanbureschi, and iva — T. ivanbureschi-like phenotype.

characteristics, and 20% had the 7. ivanbureschi phenotype (iva). The
distribution of colour morphs per sex is largely similar (Fig. 5). The sex
ratio in adults is close to uniform but slightly female biased (149 males:
177 females, or 0.46 expressed as a proportion of males in population).
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Fig 5. — The frequency distribution of colour
phenotypes in the hybrid population Vlasi.
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The size distribution showed that males were significantly smaller than
females (SVL for males: 63.9 mm, SVL for females: 67.5 mm, Student’s t-
test, P<0.0001). We found statistically significant differences in SVL
among five phenotypes (Table 1): for females (ANOVA, SS = 586.02, df =
4, F=3.70,P <0.01) and for males (ANOVA, SS =446.0, df =4, F =3.03,
P <0.05).

Table 1. — Body size distribution in five phenotypes. Abbreviations: mac — T.
macedonicus-like, hyb mac — phenotype leaning towards 7. macedonicus, hyb
— intermediate phenotypes, hyb iva — a phenotype leaning towards T.
ivanbureschi and iva — T. ivanbureschi-like phenotype.

Females SVL
(total N=177)

N Mean SD Min Max

Mac 8 71.3 6.8 59 81
hyb mac 33 70.2 6.3 57 87
Hyb 66 66.5 6.2 51 78
hyb iva 49 67.5 6.2 49 78
Iva 21 64.8 6.8 54 82
Males SVL

(total N=149)

Mac 8 70.4 33 64 74
hyb mac 15 63.7 6.0 52 72
Hyb 80 64.1 6.6 49 81
hyb iva 34 62.9 5.7 52 73
Iva 12 61.4 4.6 54 71

The activity in adults and metamorphosed juveniles was the most
intensive in March (total of 218 individuals) and decreased in April (90
individuals). Juveniles were the least frequently documented class, with 10
records in March and 3 in April. For females and males, the dynamics of
the water entry were similar, with fluctuations in the daily number of
individuals. However, there was a decreasing trend in total number of
animals detected from March to July (Fig. 6).

For the two months with the highest detected activity (March and
April), there was a large reduction in the number of animals caught by the
fence (during the migration towards the pond) from March to April,
compared to the number of animals caught by the funnel nets in the pond

(Fig. 7).
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Fig 6. — Number of females and males (N) caught per study day between
March and July.
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Fig 7. — Total number of individuals per month (N) caught by
the fence or with traps/funnel nets.

The frequency of records for each phenotype in March and April was
the highest in March for all three hybrid class phenotypes. However, for the
mac and iva phenotypes, there was an increase of records in April (Fig. 8).
During July, the nocturnal terrestrial activity was detected, probably related
to adult individuals leaving the water (Fig. 9).
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Fig 8. — Number of individuals of each phenotype (N) caught per month.
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Fig 9. — Adult male individual photographed in situ near the pond during the night.
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DISCUSSION

Phenotypic variation

All individuals collected from the Vlasi population are Triturus
macedonicus % T. ivanbureschi hybrids, resulting from multiple generations
of interbreeding with a3:2 share of nuclear DNA from the parental species
(Wielstra et al. 2017a). Additionally, it has been shown that age, size and
growth curves of hybrid individuals from the Vlasi population do not differ
from those of their parental species (Arntzen et al. 2018). All individuals
are Fn hybrids, however, the coloration pattern reflects all spectrum of
morphologies,from individuals phenotypically recognized as Triturus ma-
cedonicus, over three classes of intermediate hybrid phenotypes, to
individuals that look like 7. ivanbureschi (Fig. 4). Among our sampled
individuals two thirds have a hybrid morphology. The remaining third show
either of the parent phenotypes (4:1 in favour of T. ivanbureschi) . Given
the 3:2 (T.m.:T.i.) ratios of nuclear genome shares from their parental
species (and T.i. predominant in mtDNA), such phenotypic distribution is
not a surprise.

Sex ratio in Vlasi population is 0.46. In Triturus newts, sex ratio is
usually 0.5, however some species with increased female fecundity such as
Triturus marmoratus can have a male-biased sex ratio (Arntzen, 2002). On
the other hand, the hybrid populations of Triturus newts can have a geneti-
cally-based female-biased sexual dimorphism (Valleé, 1959, Arntzen,
2002) which may also be the case here. Significant, female bias sexual
dimorphism in body size is common for Triturus newts, females are known
to have larger body sizes than males (Kalezi¢ & Stevanovi¢ 1980, Kalezi¢
et al. 1992, Cvetkovi¢ et al. 1997, Kalezi¢ & Porovi¢ 1998, Malmgren &
Thollesson 1999, Ivanovi¢ et al. 2024), also evident in our hybrid Vlasi
population. We also detected significant differences in body size between
colour morphotypes. Individuals of 7. macedonicus colour phenotype have
a greater mean size than individuals of 7. ivanbureschi phenotype. We did
not expect to find any differences in body size, as hybrid individuals at po-
pulation level follow the same growth rate as the parental species (Arntzen
et al. 2018), and no differences in body size between females of parental
species have been found (Vucic et al. 2020). Given the robust sample sizes,
the sampling error or genetic differentiation seem an unlikely explanation.
Still, additional studies, possibly on other hybrid populations, should be
conducted to completely rule the effects of genetic differentiation out.

Phenology

In terms of general seasonal dynamics, there is a general trend of
decline in activity from spring towards late season, as previously observed
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for newts from the Triturus cristatus complex (Arntzen 2003, 2024a). The
peak of the reproductive season in Triturus newts can greatly vary
geographically, and can be prolonged from April to Mid-June in Poland
(Kowalewski 1974) or from March to June with a peak in April in Romania
(Covaciu-Marcov et al. 2023). In Vlasi village, peak activity was detected
in March, and it somewhat reduced in April. This explosive breeding
pattern could be related to a milder climate compared to Poland and
Romania, with increased number of rainy days, temperature and end of
night frosts in March, together with an increased duration of daylight hours.
Daily fluctuations in number of animals caught, could be explained by
variations in temperature and rainfall/humidity. The frequency of terrestrial
migrations, i.e. the number of animals caught at the fence was also the most
intense in March, likely because by April the majority of animals would
have already migrated to the pond. During July, the number of animals
caught in the water was reduced and the terrestrial migrations were
observed during the night. Most adult crested newts usually leave the water
from mid-July to October (Blab & Blab 1981), or sometimes even earlier
by the end of June (Karaman 1948, von Biilow 2001). Most juveniles were
detected in March, and they seemed to enter the pond together with the
adults, as previously documented (Blab & Blab 1981, Verrell & Halliday
1985, Arntzen 2003). The second peak in the number of detected juveniles
was in July and could be related to metamorphosis and increased activity
prior to leaving the pond (Karaman 1948).

The significance of Vlasi population The data and results obtained from
the hybrid Vlasi population formed the baseline for establishing an
experimental colony of large bodied newts at the Institute for Biological
Research “SiniSa Stankovi¢” in Belgrade. This colony was used for novel
research of experimental hybridization, including the studies of viability,
survival rates, morphological variability, and growth rates of hybrid
individuals produced from experimental crossings between 7. ivanbureschi
and 7. macedonicus. The research also included F1 hybrid interbreeding
and backcrossing with parental species.

These breeding experiments revealed that hybrids differ from the
parental species in life-history traits (Vuci¢ et al. 2020, BugarCi¢ et al.
2022), morphology (Vucic¢ et al. 2018, 2019), and physiological parameters
related to oxidative stress (Proki¢ et al. 2018, Petrovi¢ et al. 2023).
Furthermore, the research and the experimental colony established 7.
ivanbureschi, T. macedonicus, and their hybrids as a model system for
evolutionary and developmental studies (Vucic et al. 2024).
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M CTPAXKUBAIE BEJIMKUX MPMOJbAKA Y CPBUIHN: YBUJL Y
XUABPUIHE NONYJAUUIE (TRITURUS IVANBURESCHI %
T. MACEDONICUS) KAO OCHOBA 3A IIPOYYABAIGE ITPOIIECA
PABMHOKABAIA U XUBPUIU3ALIUIE

MAJA AJJIVKOBUR, THJAHA BYuih, TAIA BYKOB,
AJIEKCAHJIAP YPOIIEBUR, MIJIEHA 1[BUJAHOBHH,
JbUJbAHA TOMOBWR, AHA IBAHOBUR

PE3UME

Bemuku mpmoseitu (T7iturus sp.) bamkaHckor moiryocTpBa Ayro Cy
MIPEACTABbAIM H3a30B 32 TAaKCOHOME 300T CBOjHX CIIOKCHHX oOOpasara
xubpuanzauuje U mMopdonomke BapujabuinHoctd. OBH MPMOJBLHM, KOjH
npunazaajy noponunu Salamandridae, oOyxBatajy 10 BpcTa mopesbeHUX Y
ZIBE TJIaBHE KJIajie: KPecTaCTH MPMOJBIIM M MPaMopacTH MpMoJbliu. Tokom
TO/IMHA, HANIPEAAK Y MOJIEKYJIapHUM HCTPAKUBAkbUMa j€ 3HA4ajHO yHarpe-
IO TaKCOHOMHU]jy pona Trifurus, OTKpUBajyhin KpUNTHYKE BPCTE, pasjall-
masajyhu ogHoce uaMmel)y Bpcra u pemasajyhu npobieme xubpuauzanyje.
CrnoxxeHe xuOpuaHe 30HE M3Mehy KpecTacTMX MpPMOJbaKa, MOTOTOBY Ha
Bankanckom nomyocTpBy, AoBele Cy 10 3HayajHe (peHOTHUIICKe BapHjauyje,
LITO OTeXaBa JenuMuTalujy Bpcta. Y CpOuju, MpUCyCTBO BHIIE HOABPCTA
W XUOPUIHUX TIOMyJalja je OMI0 eKCTEH3UBHO MPOYyYaBaHO, HAPOUUTO Y
pEerMoHMMa y KOjHMa je BUCOKa BapHjaOMITHOCT youeHa Mely jennHkama u
nonoBuma. OBa cTyayja je ycMepeHa Ha nomnyjauujy y ceiy Bmacu, koja ce
Hajla3u y KOHTAaKTHO] 30HH JBejY BpcTa, 1. macedonicus u T. ivanbureschi.
Hamm pesynratu cyrepunry fa XHOpuaHA TOMyIallkja MoKa3yje HHTepMe-
nujepHe (PEHOTUIICKE KapaKTEPUCTUKE W OJIp’KaBa YjeIHAueH OJHOC I0JIO-
Ba. MHTEpecaHTHO, youeHe Cy 3HauajHe pa3iuKe y BEIHMYMHHU Tena Mely
¢deHoTunoBrMa. JloaTHO, 3HAYajHE pa3iMKe y BEIMYMHU cy npumehene
m3mel)y MyXjaka M JKEHKH, U Ce30HCKa (DeHOIIoTHja yKasyje Ha omnajame



180 AJDUKOVIC, L. ET AL.: CRESTED NEWTS IN SERBIA — HYBRIDIZATION

aKTUBHOCTU TOKOM OAMHIama roauHe. OBH pe3ynTaTu JONPHHOCE HAIIEM
pasyMeBamy TUHAMUKE XUOPHIU3ALMjE U CIOKEHUX TAKCOHOMCKHX OJTHO-
ca y okBHUpYy poja Triturus Ha bankanckoM nomyoctpBy. Kao 3akibyuax,
xuOpunHa nomynauuja 7. macedonicus u T. ivanbureschi y ceny Bnacu
MoKa3yje Ppa3HOBpPCTaH oOIcer (EHOTHIICKMX Bapujaluja, IUTO je UYWUHH
BPEIHUM MOJEI-CHCTEMOM 3a CTy[Hje XHOpHAM3aIyje, OUIHKA SKUBOTHE
HCTOPHje U €BOJIYLMOHUX Ipoleca Koa MpMoJsbaka. OBaj pan moceehyjemo
[Ipod. Ap. Munomy Kanesuhy, unju je TMOHMPCKH paj Ha MPMOJbLUMA
MOCTaBHJIO TeMeJbe 3a Oyayha ncTpakuBama Ha BOJO3EMIIMMA Ha TEPHUTO-
puju OuBmie JyrocnaBuje, ykibydyjyhu u oBaj paia. HberoBa mocsehieHoct
Kao mpodecopa 1 MEHTOpa WHCIIMpPHCANA je MHOTe TeHepaluje 1a HacTaBe
pan y oBoj obnactu.



