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Long-term sampling and monitoring programs often generate by-catch of non-target taxa, which 
are rarely analysed despite their potential to reveal previously undocumented biodiversity. In this 
study, we exploited by-catch from emergence traps, originally deployed for studying emerging 
aquatic insects, to investigate Collembola diversity of the Plitvice Lakes National Park. Collembo-
la are ubiquitous and abundant soil microarthropods that inhabit numerous terrestrial and semi-
aquatic habitats. However, aside from a single previous record, they have never been systematically 
studied in the Plitvice Lakes, and their diversity remains poorly known and largely overlooked in 
Croatia.

Samples from emergence traps were collected monthly from 2007 to 2022 at two karst springs 
and two tufa barriers, yielding 1,682 Collembola specimens. A total of 41 species from 21 genera and 
eight families were identified, including one genus newly recorded for Croatia (Vertagopus) and five 
species (Desoria hiemalis (Schött, 1893), Desoria tigrina (Tullberg, 1871), Entomobrya corticalis (Nicolet, 
1842), Vertagopus cinereus (Nicolet, 1842), and Willowsia platani (Nicolet, 1842)). The order Entomobry-
omorpha dominated across sites. Springs were associated with higher specimen numbers, whereas 
tufa barriers exhibited greater species richness. Seasonal dynamics were evident, with peak abun-
dances in spring and autumn and lowest numbers during winter. Non-metric multidimensional 
scaling ordination revealed very similar Collembola composition at two spring sites, reflecting their 
similar habitat characteristics.

Although emergence traps are not specifically designed for Collembola sampling, the dataset 
provides valuable insights into community composition, diversity and seasonal patterns of this 
group. Our study demonstrates that non-standardized sampling methods and by-catch analysis 
can significantly expand knowledge of understudied arthropod groups. This is the first study on 
Collembola communities in the Plitvice Lakes National Park, which also underscores the need for 
further targeted surveys and taxonomic research of this understudied group in Croatia.
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Eterović, F., Ivković, M. & Lukić, M.: Raznolikost i dinamika Collembola (Hexapoda) na iz-
vorima i sedrenim barijerama Plitvičkih jezera, utvrđena dugoročnim praćenjem pomoću emer-
gencijskih klopki. Nat. Croat., Vol. 35, No. 1, 185-196, 2026, Zagreb.

Tijekom dugotrajnih uzorkovanja i monitoring programa često se uz ciljane prikupljaju i druge 
taksonomske grupe. Taj sakupljeni materijal često ostaje neobrađen unatoč tome što njegovo prouča-
vanje može rezultirati značajnim nalazima. U ovom istraživanju analizirali smo uzorke iz skupine 
Collembola koji su prikupljani uz pomoć emergencijskih klopki, postavljenih radi proučavan-
ja emergirajućih kukaca u Nacionalnom parku Plitvička jezera. Collembola su česti i brojni sitni 
šesteronošci koji naseljavaju brojna kopnena i poluvodena staništa. Osim jednog nalaza, skupina 
Collembla nije nikada sustavno istraživana na Plitvičkim jezerima, a njihova je raznolikost u Hr-
vatskoj slabo poznata.

Uzorkovanje emergencijskim klopkama provodilo se od 2007. do 2022. godine na dva krška izvora i 
dvije sedrene barijere. Klopke su pražnjene jednom mjesečno, čime je prikupljeno 1683 jedinki Collem-
bola. Utvrđena su ukupno 41 svojta iz 21 roda i osam porodica, uključujući prvi nalaz roda Vertagopus 
za Hrvatsku i pet novih vrsta: Desoria hiemalis (Schött, 1893), Desoria tigrina (Tullberg, 1871), Entomobrya 
corticalis (Nicolet, 1842), Vertagopus cinereus (Nicolet, 1842) i Willowsia platani (Nicolet, 1842). Red Ento-
mobryomorpha dominirao je na svim lokalitetima. Na izvorima je zabilježen veći broj jedinki, dok 
je na sedrenim barijerama utvrđena veća brojnost vrsta. Utvrđena je sezonska dinamika, s najvećim 
brojnostima u proljeće i jesen te najmanjim tijekom zime. Nemetričko višedimenzionalno skaliranje 
pokazalo je grupiranje dvaju izvorskih lokaliteta, što odražava sličnost staništa u okolici izvora.

Iako emergencijske klopke nisu posebno namijenjene uzorkovanju Collembola, dobiveni podaci 
pružaju vrijedan uvid u sastav zajednice Collembola, raznolikost i sezonsku dinamiku. Naše is-
traživanje pokazuje da nestandardizirane metode uzorkovanja i analiza taksonomskih grupa koje 
nisu primarni cilj prikupljanja mogu značajno doprinijeti poznavanju slabije istraženih skupina 
člankonožaca. U sklopu ovog istraživanja napravljen je prvi preliminarni popis vrsta Collembola 
Nacionalnog parka Plitvička jezera, te se naglašava potrebu za daljnjim ciljanim istraživanjima i 
taksonomskim studijama ove slabo istražene skupine u Hrvatskoj.

Ključne riječi: skokuni, šesteronošci, slučajno sakupljanje, neciljne skupine, emergencijske klop-
ke, sezonska dinamika

INTRODUCTION
Collembola are moderately diverse small terrestrial hexapods with nearly 9000 de-

scribed species (Bellinger et al., 2025). However, they are among the most abundant 
and widespread soil microarthropods. With densities of up to 1800 individuals per 
dm³ of forest soil (Handschin, 1955), they are important members of soil communities 
and soil food webs (Hopkin, 1997; Potapov et al., 2020). Collembola are found from the 
high Arctic to Antarctica in almost all (semi)terrestrial environments. They usually 
inhabit forest soils, meadows, marshes, tundra, deserts, but also live in tree cano-
pies, caves, on snow, and along seashores, as well as on the surface of standing water 
(Hopkin, 1997). Their ability to colonize various microhabitats poses a challenge for a 
comprehensive assessment of Collembola communities (Rusek, 2001). Therefore, nu-
merous sampling methods are used to explore their diversity and abundance.

Methods for collecting of Collembola include the use of Berlese-Tullgren funnels, 
Macfadyen extractors, flotation, pitfall traps, aspirators and hand collection, vegeta-
tion beating, air suction, malaise traps, stem eclectors, canopy fogging, sweep-net-
ting, and bark brushing (Hopkin, 1997; Potapov et al., 2020). Some methods target 
specific habitats and species, while others vary in their effectiveness. Therefore, for 
biodiversity surveys, several approaches are usually combined (Querner & Bruckner, 
2010). Some of these methods are primarily designed for sampling other arthropod 
groups. For example, malaise traps are designed for catching flying insects, while 
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canopy fogging is mostly used for the study of flying and arboreal arthropods in 
the tropics. As Collembola are ubiquitous in many different habitats, they are often 
collected by these methods as a by-catch—non-target species captured during sam-
pling. Such by-catch is often left unstudied, unreported or even discarded, although 
its analysis can provide valuable data on abundance, distribution, and diversity of 
non-targeted groups (Buchholz et al., 2011; Oberprieler et al., 2019; Spears & Ramirez, 
2015). Examples include inventory studies of Collembola by malaise traps (for an 
overview see Palacios-Vargas et al., 2022) or descriptions of new species collected by 
this method (Oliveira et al., 2019, Oliveira & Cipola, 2016).

In this paper, we focused on diversity, abundance and seasonal dynamics of Coll-
embola collected from emergence traps in the Plitvice Lakes National Park in Croatia. 
We analyzed samples from springs and tufa barriers collected once a month over a 
period of 16 years. Emergence traps are typically used to collect adult insects as they 
emerge from soil or aquatic habitats. This is the first study of Collembola collected 
using this method and the first study of this group from the Plitvice Lakes National 
Park. The only published Collembola record from the Plitvice Lakes National Park 
is a description of new species Pumilinura croatica (Smolis and Skarzynski, 2004). The 
aim of this study was to analyze Collembola material collected as a by-catch from a 
long-term monitoring project to fill the knowledge gap regarding the species diversi-
ty of Collembola in Plitvice Lakes National Park and Croatia.

MATERIAL AND METHODS

The study was carried out in the Plitvice Lakes National Park, also recognized as 
the UNESCO World Heritage Site since 1979. Sixteen cascade lakes are interconnected 
with waterfalls and tufa barriers (Fig. 1) (Bočić et al., 2023). Lake Kozjak is the largest 
and deepest lake, while the most important permanent karst springs are the springs 
of Crna rijeka, Bijela Rijeka, and the Plitvica spring (Čanjevac et al., 2023).

For a long-term monitoring project of emerging aquatic insects, emergence traps 
were used over the period of 16 years, from 2007 until 2022, except for the site spring 
of Crna rijeka, where the samples were collected between 2007-2009, and between 
2019-2022. The emergence traps were pyramid-shaped, 50 cm high, with a base area of 
45 x 45 cm (Fig. 2; Fig. 3). The frame of the emergence traps was covered with a mesh 
(mesh size 1 mm2) that extended to just above the bottom of the pyramid. The trap 
was slightly elevated from the riverbed. The plastic collecting container at the top was 
10 cm wide and 10 cm high with a 3 cm wide opening. Fixative was 2% formaldehyde 
mixed with detergent to reduce surface tension. The containers were emptied at the 
end of each month and samples were preserved in 80% ethanol.

The samples from emergence traps were collected at four different sampling 
sites, two of which are springs and two are tufa barriers: spring of Bijela rijeka (N 
44°49’57.6” E 15°33’22.6”), spring of Crna rijeka (N 44°49’50.3’’ E 15°36’38.1’’), tufa barri-
er Labudovac (N 44°52’17” E 15°35’59”) that connects lake Prošće and lake Okrugljak, 
and tufa barrier Kozjak-Milanovac (N 44°53’39” E 15°36’32”) that connects lake Kozjak 
and lake Milanovac (Fig. 1). Abbreviations used for the sampling sites are as follows: 
spring Bijela rijeka (IBR), spring Crna rijeka (ICR), Labudovac tufa barrier (BL) and 
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Kozjak-Milanovac tufa barrier (BKM). Six emergence traps (P1-P6) were placed at IBR, 
ICR, and BKM, while seven traps (P1–P7) were placed at BL.

Fig. 1. Position of the Plitvice Lakes National Park in Croatia and map of sampling sites shown on 
the plan and profile of the lakes: spring Bijela rijeka (IBR), spring Crna rijeka (ICR), Labudovac tufa 
barrier (BL) and Kozjak-Milanovac tufa barrier (BKM).

Collembola were transferred to 96% ethanol (EtOH) and sorted to morphotypes 
with Zeiss Stemi 2000-C stereoscope. Selected specimens from each morphotype were 
cleared in lactic acid and 10% KOH, and mounted on permanent microscopic slides in 
Marc Andre II medium. The slides were studied under a Nikon Labophot microscope 
with phase contrast. Identification of species was based on morphological characters 
using relevant publications: Jordana (2012) for the family Entomobryidae, Potapov 
(2001) for the family Isotomidae and Thibaud et al. (2004) for the family Hypogastruri-
dae, online keys (Bellinger et al., 2017), as well as other relevant taxonomic papers. The 
research was conducted at the Department of Biology, Faculty of Science, University of 
Zagreb, and the Croatian Natural History Museum. Cluster analysis and non-metric 
multidimensional scaling analysis (NMDS; Shepard, 1962; Kruskal, 1964) were con-
ducted using Primer 7 (Clarke & Gorley, 2015), Bray-Curtis similarity was used (Bray 
& Curtis, 1957), and data were log-transformed (Clarke & Green, 1988).
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Collected material is housed in the Collembola collection of the Croatian Natural 
History Museum. The complete dataset, encompassing sampling and identification 
data, and Collembola collection inventory numbers, is deposited at GBIF, the Glob-
al Biodiversity Information Facility, and is available at https://www.gbif.org/data-
set/6584305f-866f-462a-b43d-6cba393ebf9f (Lukić et al., 2026).

RESULTS

A total of 1682 Collembola specimens were collected, comprising 41 species be-
longing to 21 genera and eight families (Tab. 1). Out of the 41 species found, 36 were 
identified to species or genus level, while the remaining 5 were put in higher sys-
tematic categories. The most diverse family was Entomobryidae, represented by 15 
species. One new genus (Vertagopus Börner, 1906) and five new species for Croatia 
were recorded: Desoria hiemalis (Schött, 1893), Desoria tigrina (Tullberg, 1871), Entomo-
brya corticalis (Nicolet, 1842), Vertagopus cinereus (Nicolet, 1842), and Willowsia platani 
(Nicolet, 1842). Some taxa were not identified to species level due to insufficient ma-
terial, damaged specimens, or juvenile individuals. In addition, some genera require 
taxonomic revision, which hampers reliable species-level identification.

Tab. 1. Species abundance on studied locations (spring Bijela rijeka (IBR), spring Crna rijeka (ICR), 
Labudovac tufa barrier (BL) and Kozjak-Milanovac tufa barrier (BKM)).

  IBR ICR BL BKM
SYMPHYPLEONA 
1. gen. sp.   1    
Katiannidae 
2. Sminthurinus sp.     3  
Bourletiellidae 
3. Heterosminthurus sp.       2

 

Fig. 2. Pyramid-shaped emergence trap at the spring Bijela Rijeka. Photo by: M. Ivković 

  

 

Fig. 3. Pyramid-shaped emergence trap at the Kozjak-Milanovac tufa barrier. Photo by: M. 
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  IBR ICR BL BKM
PODUROMORPHA 
Hypogastruridae 
4. Ceratophysella armata (Nicolet, 1842)   2 1  
5. Ceratophysella sp.1 1      
6. Ceratophysella sp.2 1      
7. Hypogastrura socialis (Uzel, 1891) 10 163 31 13
8. Hypogastrura sp.1 3 7    
9. Hypogastrura sp.2 2   2  
10. Xenylla maritima Tullberg, 1869   12 10  
Neanuridae 
11. gen. sp. 1     2  
12. Friesea sp.   1   1
ENTOMOBRYOMORPHA 
Tomoceridae  
13. Tomocerus sp.       2
14. Tomocerus vulgaris (Tullberg, 1871)   2 23 2
Isotomidae 
15. Anurophorus laricis Nicolet, 1842     3 6
16. Desoria hiemalis (Schött, 1893) 19 1   1
17. Desoria tigrina (Tullberg, 1871) 6      
18. gen. sp.1     1  
19. gen. sp.2       1
20. gen. sp.3 8 36 20 8
21. Isotomurus sp. 270 121 37 4
22. Pseudisotoma sensibilis (Tullberg, 1877)     1  
23. Vertagopus cinereus (Nicolet, 1842) 2 10 1 10
24. Vertagopus sp. 19 57 3  
Orchesellidae  
25. Orchesella flavescens (Bourlet, 1839) 6 10 1  
26. Orchesella sp.   5    
Entomobryidae 
27. Willowsia buski (Lubbock, 1870)       4
28. Willowsia nigromaculata (Lubbock, 1873)   2 31 21
29. Willowsia platani (Nicolet, 1842)   1 10 3
30. Entomobrya corticalis (Nicolet, 1842)   2 9 1
31. Entomobrya dorsalis Uzel, 1891 288 68 9 113
32. Entomobrya sp.1 5 6   8
33. Entomobrya sp.2 23 58 6 5
34. Entomobrya sp.3 2   1  
35. Lepidocyrtus sp.1 3      
36. Lepidocyrtus sp.2   1   1
37. Lepidocyrtus sp.3       2
38. Lepidocyrtus sp.4       3
39. Lepidocyrtus sp.5   16   2
40. Lepidocyrtus sp.6     1 5
41. Lepidocyrtus sp.7   1 1 6
No. of individuals per location 668 583 207 224
No. of species per location 17 23 23 24

The four sampling sites differred in the number of species and in the composition of 
the springtail community. The order Entomobryomorpha dominated the abundance in 
all locations. March and October were the months with the highest species abundance, 
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and April was the month with the highest number of species. The lowest number of 
species and the lowest abundance were recorded in January and December (Tab. 2).

Tab. 2. Collembola species monthly occurrence.

Stupac1 month
  1 2 3 4 5 6 7 8 9 10 11 12

SYMPHYPLEONA 
1. gen. sp.                 1      
Katiannidae 
2. Sminthurinus sp.         1         2    
Bourletiellidae 
3. Heterosminthurus sp.             2          
PODUROMORPHA 
Hypogastruridae 
4. Ceratophysella armata (Nicolet, 1842)     1 1           1    
5. Ceratophysella sp.1                   1    
6. Ceratophysella sp.2                     1  
7. Hypogastrura socialis (Uzel, 1891) 1 25 151 9 2 4 1 5 4 4 3 8
8. Hypogastrura sp.1   2   1 2   4 1        
9. Hypogastrura sp.2   1 3                  
10. Xenylla maritima Tullberg, 1869 2   3   6 7     4      
Neanuridae 
11. gen. sp. 1       1       1        
12. Friesea sp.       1         1      
ENTOMOBRYOMORPHA 
Tomoceridae 
13. Tomocerus sp.                     2  
14. Tomocerus vulgaris (Tullberg, 1871)     4 7 2 5 2   2 3 2  
Isotomidae 
15. Anurophorus laricis Nicolet, 1842   1 2 3 2 1            
16. Desoria hiemalis (Schött, 1893)   17 2             1   1
17. Desoria tigrina (Tullberg, 1871)       1 2         3    
18. gen. sp.1             1          
19. gen. sp.2   1                    
20. gen. sp.3 1 4 8 12 13 5 5 4 2 13 4 1
21. Isotomurus sp. 15 36 67 24 15 21 1 12 24 47 131 39
22. Pseudisotoma sensibilis (Tullberg, 1877)       1                
23. Vertagopus cinereus (Nicolet, 1842) 1   13 7   1     1      
24. Vertagopus sp. 9 12 16 25 9 3     3 2    
Orchesellidae 
25. Orchesella flavescens (Bourlet, 1839)   1   2     2 6 3   3  
26. Orchesella sp.               5        
Entomobryidae 
27. Willowsia buski (Lubbock, 1870)               1   3    
28. Willowsia nigromaculata (Lubbock, 1873)   3 4 6 1 1 3 6 12 17   1
29. Willowsia platani (Nicolet, 1842)     1 2 2 1 4 4        
30. Entomobrya corticalis (Nicolet, 1842)   1     1 2 1 3 2   2  
31. Entomobrya dorsalis Uzel, 1891   9 23 30 18 2 3 97 109 170 15 2
32. Entomobrya sp.1 1     3 1   2 5 4   3  
33. Entomobrya sp.2 3 1 4 2 6 5 22 31 7 6 5  
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Stupac1 month
  1 2 3 4 5 6 7 8 9 10 11 12

34. Entomobrya sp.3           1 2          
35. Lepidocyrtus sp.1       2 1              
36. Lepidocyrtus sp.2             1   1      
37. Lepidocyrtus sp.3             1 1        
38. Lepidocyrtus sp.4   1       1     1      
39. Lepidocyrtus sp.5   1 1   1 1 10   3 1    
40. Lepidocyrtus sp.6   1   2   1   1     1  
41. Lepidocyrtus sp.7   1   1 2   1     3    
No. of individuals per month 33 118 303 143 87 62 68 183 184 277 172 52
No. of species per month 8 18 16 22 19 17 19 16 18 16 12 6

Springs had a higher species abundance recorded than tufa barriers. The lowest 
number of species (17) but the highest abundance (668) was recorded at the spring 
of Bijela rijeka. At the spring of Crna rijeka 583 individuals of 23 species were re-
corded. Labudovac tufa barrier also had 23 species but the lowest abundance (207). 
Kozjak-Milanovac tufa barrier had the highest number of species (24 species and 224 
individuals) (Tab. 1).

Entomobrya dorsalis Uzel, 1891 was the most numerous species at the tufa barrier 
Kozjak-Milanovac and at the spring of Bijela rijeka. At the spring of Crna rijeka, the 
most numerous species was Hypogastrura socialis (Uzel, 1891), and at tufa barrier La-
budovac it was Isotomurus sp.

The NMDS analysis (Bray–Curtis, log(X+1)) showed differences in Collembola as-
semblages among the studied sites. Samples from Bijela rijeka (IBR) and Crna rijeka 
(ICR) formed a relatively tight and partially overlapping cluster, indicating similar 
community composition and relatively consistent assemblage structure within these 
spring habitats. In contrast, samples from the Labudovac (BL) and Kozjak–Milanovac 
(BKM) tufa barriers were more dispersed, reflecting greater heterogeneity in these 
habitats. The twodimensional solution had a stress value of 0.20, which is acceptable 
for interpreting broad ecological patterns (Fig. 4).

 

Fig. 4. Non-metric multidimensional scaling analysis (NMDS) based on Collembola species 
and number of specimens recorded in individual emergence traps at the investigated locations 
(spring Bijela rijeka (IBR), spring Crna rijeka (ICR), Labudovac tufa barrier (BL) and 
Kozjak-Milanovac tufa barrier (BKM)). Emergence traps were labelled P1–P6 at IBR, ICR, 
and BKM, and P1–P7 at BL. 
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DISCUSSION

Long-term sampling and monitoring is an invaluable source of data on diversity pat-
terns and population dynamics (Henry et al., 2008; Magurran et al., 2010). The experi-
mental setup of our long-term study was focused on the diversity and seasonal patterns 
of emerging aquatic insects (Radošević et al., 2025; Dorić et al., 2023, 2024; Klarin et al., 
2024, Pozojević et al., 2023). Over 16 years, a substantial number of Collembola were 
caught as a by-catch, enabling the first insight into their diversity of the Plitvice Lakes 
National Park. We identified 41 species out of which one genus and five species are new 
for Croatia (Bogojević, 1968). In our study, we demonstrated that by-catch analyses and 
non-standardized collecting methods can be a valuable source of data on the diversity 
of non-target groups during long-term monitoring studies (Spears & Ramirez, 2015). 
Given the limited number of sampling sites and the non-standardized methodology, 
our checklist certainly represents only a fraction of the total Collembolan diversity of 
the Plitvice Lakes National Park. Newly recorded species for Croatia highlight the need 
for further systematic studies of Collembola in the Plitvice Lakes National Park, but 
also elsewhere in Croatia, where this group is still understudied.

Tufa barriers and the surfaces of springs are unusual sites for Collembola sam-
pling. Collembola collected by emergence traps might be carried to the trap by water 
currents, brought by the wind or can live on tufa and surrounding vegetation. Due 
to prolonged use, moss and tufa formed on some of the emergence traps (Fig. 3), pos-
sibly serving as a microhabitat where Collembola could live and breed, and end up 
in the trap. In order to get into the plastic container at the top of the trap, Collembola 
had to climb up the plastic mesh, either from the inside or the outside, since they are 
smaller than the mesh size. Emergence traps are therefore a selective technique for 
Collembola sampling as only those forms that readily climb up are collected, similar 
to malaise traps (Palacios-Vargas et al., 2022). This may explain why only a few indi-
viduals of the order Symphypleona have been collected during 16 years of sampling, 
although many species of this order live on the surface of the freshwater (Bretfeld, 
1999). In addition, the composition of the recorded Collembola fauna may have been 
influenced by the use of formaldehyde as a preservative. Studies have demonstrated 
that formaldehyde can significantly affect arthropod catches in pitfall traps, poten-
tially introducing bias into community composition assessments (Pekar, 2002; Jure-
ková et al., 2019; Bruckner & Ott, 2024; Tuf et al., 2025).

This study represents the only long-term systematic Collembola sampling in Cro-
atia carried out up to date. Although the sampling methodology has its limitations, 
and was not designed for Collembola sampling, this large dataset provides insight 
into the seasonal dynamics and abundances of this arthropod group. As expect-
ed, the lowest number of Collembola was collected during the cold winter months 
(January and December), both at tufa barriers and springs. Sampling sites however 
differed in the numbers of collected specimens. More Collembola were collected at 
springs than at tufa barriers. This may be due to the denser surrounding, riparian, 
and emergent vegetation at the springs, as Collembola in general prefer more humid 
and shaded habitats (Hopkin, 1997). This might especially be the case for the spring 
of Crna rijeka, which was sampled for only seven years but yielded almost the same 
number of specimens as at the spring Bijela rijeka. Spring of Crna rijeka has denser 
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canopy coverage that creates shade, while the spring of Bijela rijeka is much more 
open and illuminated (Ivković et al., 2015). A greater number of specimens at springs 
is not followed by a higher species diversity, which is recorded at the tufa barriers. 
The reason for this may be that (1) moss and tufa on barriers are inhabited by more 
numerous Collembola species, (2) water flow might drift more diverse species com-
position to the tufa barriers, or (3) more species are drifted to the traps by the wind as 
tufa barriers are more exposed to the wind than the springs. In the NMDS analysis, 
the spring sites were grouped into a single cluster, exhibiting a very similar species 
composition, in contrast to the sites on the tufa barriers. Such patterns indicate that 
the spatial arrangement of the sampling sites have contributed to differences in the 
structure of Collembola community. Longitudinal positioning of the sites from two 
springs to upper tufa barrier and lower tufa barrier in barrage lake system of Plitvice 
Lakes evidently influenced changes in community structure of Collembola due to 
geographical distance between sites. This was already noticed in several other insect 
groups, such as various Diptera families (Ivković et al., 2012, 2014; Ivanković et al., 
2019), as well as Ephemeroptera (Vilenica et al., 2017) and Plecoptera (Ridl et al., 2018).

Our study demonstrates that analyzing by-catch of the long-term sampling pro-
grams can provide valuable data for the understudied arthropod groups. Using a 
non-standardized method for Collembola sampling, we recorded species new for 
Croatia and compiled a preliminary checklist of this group for the Plitvice Lakes Na-
tional Park. Future targeted Collembola sampling, along with further identification 
of specimens collected within this study, will contribute to a more comprehensive 
checklist. The present study also underlines that Collembola are a poorly studied 
arthropod group in Croatia, highlighting tthe great potential for the discovery of 
numerous species new to the country.

ACKNOWLEDGEMENTS

This study was funded by the Public Institution Plitvice Lakes National Park 
through the project Phenology of Aquatic Insects, carried out by Department of Biol-
ogy, Faculty of Science, University of Zagreb. The authors thank the many students 
who contributed to sorting the collected material, and the reviewers for their valuable 
comments, which helped improve the manuscript.

Received October 31, 2025

REFERENCES
Bellinger, P. F., Christiansen, K. A. & Janssens, F., 2017: Checklist of the Collembola of the World. 

http://www.collembola.org
Bellinger, P. F., Christiansen, K. A. & Janssens, F., 2025: Checklist of the Collembola of the World 

(version Jan 2025). In: O. Bánki, Y. Roskov, M. Döring, G. Ower, D. R. Hernández Robles, C. A. 
Plata Corredor, T. Stjernegaard Jeppesen, A. Örn, T. Pape, D. Hobern, S. Garnett, H. Little, R. 
E. Dewalt, J. Miller, & T. Orrell, Catalogue of Life (Annual Checklist 2025). Catalogue of Life 
Foundation, Amsterdam, Netherlands. https://doi.org/10.48580/dgmv5-4kh

Bočić, N., Barudžija, U. & Pahernik, M., 2023: Geomorphological and Geological Properties of Plit-
vice Lakes Area. In: Miliša, M. & Ivković, M. (eds.) Plitvice Lakes. Springer Water, 1-16.

Bogojević, J., 1968: Catalogus faunae Jugoslaviae. Consilium academiarum scientiarum rei publicae 
socialsticae foederativae Jugoskaviae 3, 1-30.

http://www.collembola.org


195Nat. Croat. Vol. 35(1), 2026

Bray, J. R., & Curtis, J. T., 1957: An ordination of the upland forest communities of southern Wiscon-
sin. Ecological Monographs 27(4), 325-349.

Bretfeld, G., 1999: Synopses on Palaearctic Collembola: Symphypleona. Abhandlungen und Berichte 
des Naturkundemuseums Görlitz 71, 1-318.

Bruckner, A. & Ott, C., 2024: Attraction of pitfall trap preservation fluids complicates the estimation 
of Collembola density. Pedobiologia 107, 151001.

Buchholz, S. Kreuels, M., Krongshage, A., Terlutter, H. & Finch, O., 2011: Bycatches of ecological 
field studies: bothersome or valuable? Methods in Ecology and Evolution 2, 99-102.

Clarke, K. R., & Green, R. H., 1988: Statistical design and analysis for a ‚biological effects’ study. 
Marine Ecology Progress Series 46, 213-226.

Clarke, K. R., & Gorley, R. N., 2015: PRIMER v7: User Manual/Tutorial. PRIMER-E, Plymouth.
Čanjevac, I., Martinić, I., Radišić, M., Rubinić, J. & Meaški, H., 2023: Hydrology, Hydrogeology and 

Hydromorphology of the Plitvice Lakes Area. In: Miliša, M. & Ivković, M. (eds.) Plitvice Lakes. 
Springer Water, 17-64.

Dorić, V., Ivković, M., Pozojević, I., Baranov, V. & Mihaljević, M., 2023: Extreme freshwater discharge 
events exacerbated by climate change influence the structure and functional response of the chi-
ronomid community in a biodiversity hotspot. Science of the Total Environment 879, 163110.

Dorić, V., Pozojević, I., Baranov, V., Mihaljević, Z. & Ivković, M., 2024: Long-term chironomid emer-
gence at a karst tufa barrier in Plitvice Lakes National Park, Croatia. Insects 15, 51.

Handschin, E., 1955: Considérations sur la position systématique des Collemboles., Mémoires de la 
Société Royale d’Entomologie de Belgique, Tome Vingt-Septième, Volume Jublaire, 40-53.

Henry, P.Y., Lengyel, S., Nowicki, P., Julliard, R., Clobert, J., Čelik, T., Gruber, B., Schmeller, D.S., 
Babij, V. & Henle, K., 2008: Integrating ongoing biodiversity monitoring: potential benefits and 
methods. Biodiversity and conservation 17, 3357-3382.

Hopkin, S. P., 1997: Biology of the Springtails (Insecta: Collembola). Oxford University Press, New 
York, NY 322.

Ivanković, L., Ivković, M. & Stanković, I., 2019: Perennial phenology patterns and ecological traits of 
Dixidae (Insecta, Diptera) in lotic habitats of a barrage lake system. Limnologica 76, 11-18.

Ivković, M., Mičetić Stanković, V. & Mihaljević, Z., 2012: Emergence patterns and microhabitat pref-
erence of aquatic dance flies (Empididae; Clinocerinae and Hemerodromiinae) on a longitudinal 
gradient of barrage lake system. Limnologica 42, 43-49.

Ivković, M., Kesić, M., Mihaljević, Z. & Kudelá, M., 2014: Emergence patterns and ecological asso-
ciations of hematophagous black flies along oligotrophic hydrosystem. Medical and Veterinary 
Entomology 28, 94-102.

Ivković, M., Miliša, M., Baranov, V. & Mihaljević, Z., 2015: Environmental drivers of biotic traits 
and phenology patterns of Diptera assemblages in karst springs: The role of canopy uncovered. 
Limnologica - Ecology and Management of Inland Waters 54, 44-57.

Jordana, R., 2012: Synopses on Palaearctic Collembola - Capbryinae & Entomobryini. Soil Organ-
isms 84, 1-391.

Jureková, N., Raschmanová, N., Kováč, Ľ., Miklisová, D., Červená, M. & Christophoryová, J., 2019: Type 
of fixative solution in pitfall traps as a decisive factor affecting community parameters of Collembo-
la (Hexapoda) inhabiting superficial subterranean habitats. The Science of Nature 106(5), 21.

Klarin, A., Ivković, M. & Mičetić Stanković, V., 2024: The Emergence of the Family Scirtidae (Insecta: 
Coleoptera) in Lotic Karst Habitats: A Case Study over 15 Years. Insects 15, 226..

Kruskal, J. B., 1964: Multidimensional scaling by optimizing goodness of fit to a nonmetric hypoth-
esis. Psychometrika 29(1), 1-27.

Lukić, M., Eterović, F. & Ivković, M., 2026: Occurrence records of Collembola collected with emergence 
traps in Plitvice Lakes National Park, Croatia. Croatian Natural History Museum. Occurrence data-
set https://doi.org/10.71531/vkdxs9 accessed via GBIF.org on 2026-07-06.



196 EteroviÊ, F. et al.: Diversity and dynamics of Collembola at springs and tufa barriers in Plitvice Lakes

Magurran, A.E., Baillie, S.R., Buckland, S.T., Dick, J.M., Elston, D.A., Scott, E.M., Smith, R.I., Somer-
field, P.J. & Watt, A.D., 2010: Long-term datasets in biodiversity research and monitoring: assessing 
change in ecological communities through time. Trends in ecology & evolution 25(10), 574-582.

Oberprieler, S.K., Andersen, A.N. & Braby, M.F., 2019: Invertebrate by-catch from vertebrate pitfall 
traps can be useful for documenting patterns of invertebrate diversity. Journal of Insect Conser-
vation 23, 547-554.

Oliveira, F. G. D. L. & N. G. Cipola, N. G., 2016: Two new species of Salina MacGillivray (Collembola, 
Paronellidae) with rectangular mucro from South America. Revista Brasileira de Entomologia 
60(2), 128–136. https://doi.org/10.1016/j.rbe.2016.01.002

Oliveira, F. G., P. Greenslade, P., & B. C. Bellini. 2019: Four new species of Plumachaetas Salmon 
(Collembola: Entomobryoidea) from Oceania with comments on the genus and a key to species. 
Zootaxa 4706(1), 121–146. https://doi.org/10.11646/zootaxa.4706.1.5

Palacios-Vargas, J.G., Castaño- Meneses, G., Álvarez, A.G. & Ramos, A.C., 2022: Collembola (Hexa-
poda) of Malaise traps from two localities in Tlaxcala, Mexico. Dugesiana 29(2), pp.253-261.

Pekár, S., 2002: Differential effects of formaldehyde concentration and detergent on the catching 
efficiency of surface active arthropods by pitfall traps. Pedobiologia 46(6), 539-547.

Potapov, A., Bellini, B. C., Chown, S. L., Deharveng, L., Janssens, F., Kovác, L., Kuznetsova, N., 
Ponge, J. F., Potapov, M. & Querner, P., 2020: Towards a global synthesis of Collembola knowledge 
- Challenges and potential solutions. Soil Organisms 92, 161-188.

Potapov, M., 2001: Synopses on Palaearctic Collembola: Isotomidae. Abhandlungen und Berichte des 
Naturkundemuseums Görlitz 73, 1-603.

Pozojević, I., Dorić, V., Miliša, M., Ternjej, I. & Ivković, M., 2023: Defining Patterns and Rates of Nat-
ural vs. Drought Driven Aquatic Community Variability Indicates the Ongoing Need for Long 
Term Ecological Research. Biology 12, 590.

Querner, P. & Bruckner, A., 2010: Combining pitfall traps and soil samples to collect Collembola for 
site scale biodiversity assessments. Applied Soil Ecology 45, 293-297. 

Radošević, M., Perović, M., Dorić, V., Pozojević, I., Baranov, V., Kvifte, G.M., Kolcsár, L-P., Rumišek, 
M., Pont, A.C. & Ivković, M., 2025: Lessons from long-term research: Diptera species turnover 
and dominance shifts with respect to climate-driven changes. Ecological Entomology 50, 247-257.

Ridl, A., Vilenica, M., Ivković, M., Popijač, A., Sivec, I., Miliša, M. & Mihaljević, Z., 2018: Environ-
mental drivers influencing stonefly assemblages along a longitudinal gradient in karst lotic hab-
itats. Journal of Limnology 77, 412-427.

Rusek, J., 2001: Microhabitats of Collembola (Insecta: Entognatha) in beech and spruce forests and 
their influence on biodiversity. European Journal of Soil Biology 37(4), 237-244.

Shepard, R. N., 1962: The analysis of proximities: Multidimensional scaling with an unknown dis-
tance function. I. Psychometrika 27(2), 125-140.

Smolis, A. & Skarzynski, D., 2004: A new species of the genus Pumilinura Cassagnau, 1979 from Cro-
atia (Collembola: Neanuridae: Neanurinae). Zoological Institute, University of Wrocaw, Przy-
byszewskiego 63(77), 51-148.

Spears, L.R. & Ramirez, R.A., 2015: Learning to love leftovers: using by-catch to expand our knowl-
edge in entomology. American Entomologist 61(3), 168-173.

Thibaud, J. M., Schulz, H. J. & Gama Assaliano, M. M., 2004: Synopses on Palaearctic Collembola: 
Hypogastruridae. Abhandlungen und Berichte des Naturkundemuseums Görlitz 75, 1-287.

Tuf, I.H., Novotná, L. & Fryčka, P., 2025: The effect of formaldehyde solution in pitfall traps on the 
probability of catching woodlice (Isopoda, Oniscidea). ZooKeys 1225, 115-125.

Vilenica, M., Ivković, M., Sartori, M. & Mihaljević, Z., 2017: Mayfly emergence along an oligotrophic 
Dinaric karst hydrosystem: spatial and temporal patterns, and species–environment relation-
ship. Aquatic Ecology 51, 417-433.

https://doi.org/10.11646/zootaxa.4706.1.5

