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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 T. macedonicus (hyb mac), a 
phenotype leaning towards T. 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 

 
Fig 3. – Fence with traps (top panels), and five funnel traps used for 
 catching newts in Vlasi pond. 
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characteristics, and 20% had the T. 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). 

 
Fig 5. – The frequency distribution of colour 
 phenotypes in the hybrid population Vlasi. 

 
Fig 4. – Recognized phenotypes in the hybrid population from Vlasi. 
Abbreviations: – T. macedonicus-like, hyb mac – phenotype leaning towards T. 
macedonicus, hyb – intermediate phenotypes, hyb iva – phenotype leaning 
towards T. ivanbureschi, and iva – T. ivanbureschi-like phenotype. 
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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 T. 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 3.3 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. 

 
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. 

 
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 T. 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 (Kalezić & Stevanović 1980, Kalezić 
et al. 1992, Cvetković et al. 1997, Kalezić & Đorović 1998, Malmgren & 
Thollesson 1999, Ivanović et al. 2024), also evident in our hybrid Vlasi 
population. We also detected significant differences in body size between 
colour morphotypes. Individuals of T. macedonicus colour phenotype have 
a greater mean size than individuals of T. 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 (Vučić 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 Bülow 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 “Siniša Stanković” 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 T. ivanbureschi 
and T. 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 (Vučić et al. 2020, Bugarčić et al. 
2022), morphology (Vučić et al. 2018, 2019), and physiological parameters 
related to oxidative stress (Prokić et al. 2018, Petrović et al. 2023). 
Furthermore, the research and the experimental colony established T. 
ivanbureschi, T. macedonicus, and their hybrids as a model system for 
evolutionary and developmental studies (Vučić et al. 2024). 
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ИСТРАЖИВАЊЕ ВЕЛИКИХ МРМОЉАКА У СРБИЈИ: УВИД У 
ХИБРИДНЕ ПОПУЛАЦИЈЕ (TRITURUS IVANBURESCHI ×  

T. MACEDONICUS) КАО ОСНОВА ЗА ПРОУЧАВАЊЕ ПРОЦЕСА 
РАЗМНОЖАВАЊА И ХИБРИДИЗАЦИЈЕ 

МАЈА АЈДУКОВИЋ, ТИЈАНА ВУЧИЋ, ТАЊА ВУКОВ,  
АЛЕКСАНДАР УРОШЕВИЋ, МИЛЕНА ЦВИЈАНОВИЋ,  

ЉИЉАНА ТОМОВИЋ, АНА ИВАНОВИЋ 

Р Е З И М Е  

Велики мрмољци (Triturus sp.) Балканског полуострва дуго су 
представљали изазов за таксономе због својих сложених образаца 
хибридизације и морфолошке варијабилности. Ови мрмољци, који 
припадају породици Salamandridae, обухватају 10 врста подељених у 
две главне кладе: крестасти мрмољци и мраморасти мрмољци. Током 
година, напредак у молекуларним истраживањима је значајно унапре-
дио таксономију рода Triturus, откривајући криптичке врсте, разјаш-
њавајући односе између врста и решавајући проблеме хибридизације. 
Сложене хибридне зоне између крестастих мрмољака, поготову на 
Балканском попуострву, довеле су до значајне фенотипске варијације, 
што отежава делимитацију врста. У Србији, присуство више подврста 
и хибридних популација је било екстензивно проучавано, нарочито у 
регионима у којима је висока варијабилност уочена међу јединкама и 
половима. Ова студија је усмерена на популацију у селу Власи, која се 
налази у контактној зони двеју врста, T. macedonicus и T. ivanbureschi. 
Наши резултати сугеришу да хибридна популација показује интерме-
дијерне фенотипске карактеристике и одржава уједначен однос поло-
ва. Интересантно, уочене су значајне разлике у величини тела међу 
фенотиповима. Додатно, значајне разлике у величини су примећене 
између мужјака и женки, и сезонска фенологија указује на опадање 
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активности током одмицања године. Ови резултати доприносе нашем 
разумевању динамике хибридизације и сложених таксономских одно-
са у оквиру рода Triturus на Балканском полуострву. Као закључак, 
хибридна популација T. macedonicus и T. ivanbureschi у селу Власи 
показује разноврстан опсег фенотипских варијација, што је чини 
вредним модел-системом за студије хибридизације, одлика животне 
историје и еволуционих процеса код мрмољака. Овај рад посвећујемо 
Проф. Др. Милошу Калезићу, чији је пионирски рад на мрмољцима 
поставило темеље за будућа истраживања на водоземцима на терито-
рији бивше Југославије, укључујући и овај рад. Његова посвећеност 
као професора и ментора инспирисала је многе генерације да наставе 
рад у овој области. 
 


