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Science-based monitoring of wildlife is crucial for conservation and long-term sustainable population 
management. The combination of different methodological approaches such as environmental DNA 
(eDNA) analysis, camera trap records, and citizen science involvement creates an effective and 
comprehensive approach for wildlife monitoring. However, citizen science data can be biased by human 
presence and influence on the animals being observed, leading to altered behaviours or estimation of 
species distribution. On the contrary, environmental DNA and camera traps do not depend on direct 
sightings of animals, are non-invasive, and enhance verifiable records of the presence of various 
species. Furthermore, eDNA determination improves wildlife monitoring, biodiversity, and risk 
assessment since identification may be obtained from various environmental samples (e.g. water, soil 
and air samples for determining species presence, including pathogens, reservoirs and vectors of 
diseases). 

We sampled diverse forest and meadow water bodies, such as rivers, streams, ponds, and puddles in 
the south-western part of Slovenia. Our goal was to detect mammalian species present in the studied 
areas, that either use or cross these water sources using a metabarcoding approach. Then we 
compared the ability to detect mammalian species using eDNA approach, camera traps and citizen 
science app SRNA in the Rižana and Strunjan hunting grounds (near Koper, Slovenia), in 2023 and 2024. 
Camera traps were deployed to autonomously record images and videos of wildlife present in the area 
in proximity to the water bodies for a period of six months.  

Our results showed that camera traps were successful in identifying large vertebrate species (e.g. 
ungulates) and medium sized ones, such as red fox and European hare; on the contrary, they 
underestimated the diversity of small mammals. Metabarcoding of eDNA from water sources resulted 
in higher detection of mammals (and other vertebrates), but does not provide additional information 
important for species viability and condition, such as health status and population abundance (the 
number of individuals that were present at/near the water body), which was achieved by utilising 
camera traps (i.e., by REM method) and/or citizen science app. We can conclude that it is important to 
combine different detection methods/tools to obtain comprehensive and reliable estimates about local 
mammal/vertebrate biodiversity. 
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Human activities have led to widespread population declines and extinctions among terrestrial 
vertebrates. In this situation, effective monitoring is more critical than ever to track species distribution 
and guide conservation and restoration actions. Recently, environmental DNA (eDNA) metabarcoding 
has emerged as a promising and cost-effective tool for the simultaneous detection of multiple taxa. 
However, low detection rates have hindered the widespread adoption of a single substrate for 
terrestrial vertebrates eDNA surveys. Substrate selection has been shown to strongly influence 
detection success across taxa, yet few studies have compared their effectiveness. As such, most 
research in this area remains at the proof-of-concept stage, lacking empirical foundation needed for 
broader application.  

Our study aims to evaluate and compare several promising substrates—spider webs, soil and leaf 
swabs—that are cost-effective and easily collectable for large scale eDNA monitoring. Specifically, we 
examined community overlaps among substrates and their effects on vertebrate detection 
probabilities. We analysed 120 samples collected from the Landes Forest, a managed, species-poor 
temperate forest in Western France, and included additional samples from the Montpellier zoo to 
validate our detection capabilities. After sequence filtering, we identified 59 wild vertebrate taxa using 
12SV5 primers and 43 with 16Smam primers across forest samples. Leaf swabs and spider webs 
consistently and significantly yielded a higher number of taxa per sample than soil, with spider webs 
producing the highest average detections using the 12SV5 primers.  

These findings highlight eDNA metabarcoding as an efficient and cost-effective tool for monitoring 
terrestrial vertebrates, and advocate for spider webs and leaf swabs as optimal substrates for 
maximizing detection probabilities in rapid sampling contexts. Additionally, our results emphasize the 
need for further comparative studies on substrate efficiency to optimize terrestrial vertebrate detection 
through eDNA. 
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