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Herbivory by wild ungulates may trigger significant impacts on vegetation, and recent studies suggest 
scale-dependent effects of population density. Yet, there is no agreement on whether impacts should 
be related to densities and about the scale of effect. Gaining knowledge on such issues would be crucial 
to target the appropriate spatial scale over which effective ungulate management should be conducted. 
Additionally, deer browsing pressure in Mediterranean forests has been understudied compared to 
temperate forests. During 2019-2023, we investigated whether multi-scale, spatiotemporal variations 
in densities of introduced fallow deer (Dama dama) and native European roe deer (Capreolus 
capreolus) drove the browsing impact on forest vegetation, within a Mediterranean protected area. 

We found no effect of deer densities on browsing at the finest, sampling plot-scale. Higher browsing 
pressure was associated with greater fallow deer densities at both the home range and study area 
scales, but not with roe deer densities. We obtained the same results when considering browsing 
pressure on forest patches as a whole and separately on the dominant woody plants in the study area 
(Quercus ilex; Phillyrea spp.). Browsing indices decreased by 75% in 2019-2023, matching the steady 
decline in fallow deer population density (─25%). Throughout the study period, fallow deer density in 
any year was unrelated to relevant culling pressure in the previous year. Conversely, the decreased 
fallow deer density was related to the increased grey wolf (Canis lupus) numbers (for which the fallow 
deer is a major prey), suggesting consumptive effects by predators achieving top-down control of deer 
impact on vegetation. 

Our study offers practical insights into population monitoring and management of wild ungulates, as 
well as their impact on natural ecosystems. First, we showed how the population density of the 
introduced deer species –but not that of the native one– was related to browsing impact on forest 
vegetation. Hence, browsing pressure by wild ungulates can be used as a surrogate for monitoring 
spatiotemporal variations in population densities, although we suggest caution in contexts with             
co-occurring species, as not all of them have the same impact. Moreover, this finding emphasises the 
major role of introduced ungulates in eliciting impacts on natural habitats, advocating proper 
management actions. Second, we identified the spatial scales at which deer densities would be more 
likely to impact forest vegetation. Third, we showed a potential example of recolonizing predators 
helping in the control of both ungulate densities and, as a consequence, their impacts on ecosystems. 
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Monitoring population density of game populations is a basic task for game managers. However, it is 
not easy to find a relatively cost-effective, simple method which can be used widely among 
practitioners. European roe deer (Capreolus capreolus) populations have been increasing in Europe 
(also in Hungary) in the last decades. However, game managers rarely perform reliable counts of their 
populations, which leads to the underestimation of their population size and under-harvesting of the 
species, causing the wastage of important natural resources. Therefore, our aim was to identify the 
most suitable, cost-effective technique for roe deer density estimation in Hungary, where the species 
mainly occupies the lowland, sparsely forested, high-visibility flat areas.  

We compared the census data obtained by: (i) the total counting in the daytime strip transect, (ii) the 
night spotlight strip transect, and (iii) the total counting of the sample areas with thermal camera from 
observation points within 0-250 m and 0-500 m ranges. The study was carried out in seven hunting 
areas. Our results supported the underestimation of roe deer populations obtained by classic methods. 
We revealed that using the thermal camera within 0-250 m and the spotlight method in the same range 
gave the statistically highest population density values without significant difference between them. 
The lowest mean value was obtained in case of the daytime strip transect, which results in 
underestimation of the population density in all cases. The thermal imaging method gave significantly 
lower values for the larger distance (250-500 m) than for the range of spotlighting (250 m). The night 
spotlight strip transect method and the counting from observation points with a thermal camera, both 
to 250 m, provided the highest values, thus they are recommended to be used for determining roe 
deer population density in open flat areas. Although they require a comparable amount of human 
resources and time, the spotlight method is well-suited for widespread use by wildlife managers due 
to the high costs of thermal cameras.  
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