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Figure 2. Trapping methods used in this study. A., D. Pitfall trap; B., E. Ramp trap; following Bouchard et al.
(2000), with modifications; C., F. Tube trap; following Rakhshani (2018), with modifications. Schematics of the
traps were created using BioRender (BioRender 2025).

RESULTS

A total of 14,960 arthropod specimens were collected, representing 12 orders and 52 families (Table 1).
Tube traps captured 7,706 individuals from 11 orders and 45 families, pitfall traps 5,343 individuals
from 12 orders and 50 families, and ramp traps 1,911 individuals from 11 orders and 42 families
(Table 1). Concerning spiders (Araneae), 864 adult specimens representing 36 species and 18 families
were identified (Table 2). Some families exhibited trap-specific capture patterns. Tube traps captured
the only scytodids (n=2) present in the material, while no oxyopids were collected by this trap type
(n=6 in other traps). Furthermore, specimens of Dysderidae, Eresidae, Palpimanidae, Pholcidae,
Sicariidae, and Sparassidae were captured only by the combination of tube and pitfall traps (Table 2).
Tube traps collected the largest number of individuals, yielding 435 individuals representing 32 species.
Among these, three species were collected exclusively by this trap type: Evippa luteipalpis (n=2),
Cryptodrassus helvolus (n=4), and Scytodes sp. (n=2). Pitfall traps yielded 251 individuals representing
31 species, including one species found only in this trap type, Bassaniodes drangianus (n=4). Ramp traps
collected 178 individuals representing 23 species, with Chalcoscirtus karakurt recorded only in this trap
type (n=1) (Table 2). Several taxa showed clear differences in abundance among trap types, and some
differences were also observed between sampling periods and orchards, although temporal and spatial
patterns are not analyzed in detail here. For each taxon, the highest number of individuals captured
among the three trap types is underlined in Tables 1 and 2.
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Table 1. Total individuals of each arthropod order (in bold) and family collected using tube, pitfall, and ramp traps
in this study; for each taxon, the highest number is underlined. Taxa excluded from the analysis are listed in the

Materials and Methods.
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Table 2. Total number of adult individuals of each spider family (in bold) and species collected using tube, pitfall,
and ramp traps in this study; for each taxon, the highest number is underlined.

‘ Tube ‘ Pitfall Ramp

Corinnidae 8 6 2 16
Castianeira arnoldii Charitonov, 1946 8 6 2 16
Dysderidae 9 3 0 12
Dysdera sp. 9 3 0 12
Eresidae 2 1 0 3
Stegodyphus sp. 2 1 0 8
Gnaphosidae 177 143 90 410
Berlandina afghana Denis, 1958 8 1 1 10
Cryptodrassus helvolus (O. Pickard-Cambridge, 1872) 4 0 0 4
Marinarozelotes jaxartensis (Kroneberg, 1875) 10 11 0 21
Marinarozelotes lyonneti (Audouin, 1826) 8 4 3 15
Micaria ignea O. Pickard-Cambridge, 1872 10 14 9 33
Minosiella intermedia Denis, 1958 118 101 60 279
Sosticus loricatus (L. Koch, 1866) 6 3 0 9
Zelotes laetus (O. Pickard-Cambridge, 1872) 7 4 4 15
Zelotes sarawakensis (Thorell, 1890) 5 3 12 20
Zelotes scrutatus (O. Pickard-Cambridge, 1872) 1 2 1 4
Linyphiidae 14 4 6 24
sp. * 14 4 6 24
Lycosidae 123 10 8 141
Draposa oakleyi (Gravely, 1924) 929 7 7 113
Evippa luteipalpis Roewer, 1955 2 0 0 2
Wadicosa fidelis (O. Pickard-Cambridge, 1872) 22 3 1 26
Oecobiidae 3 14 16 33
Oecobius nadiae (Spassky, 1936) 2 10 15 27
Uroctea thaleri Rheims, Santos & van Harten, 2007 1 4 1 6
Oonopidae 28 12 6 46
sp. * 28 12 6 46
Oxyopidae 0 4 2 6
Oxyopes globifer Simon, 1876 0 4 2 6
Palpimanidae 3 2 0 5
Palpimanus sp. 3 2 0 5
Philodromidae 43 22 27 92
Rhysodromus medes Zamani & Marusik, 2021 0 1 1 2
Thanatus sepiacolor Levy, 1999 36 7 5 48
Thanatus vulgaris Simon, 1870 5] 10 13 28
sp. * 2 4 8 14
Pholcidae 1 2 0 3
Artema sp. 1 2 0 3
Salticidae 5 1 2 8
Chalcoscirtus karakurt Marusik, 1991 0 0 1 1
Cyrba ocellata (Kroneberg, 1875) 4 0 1 5
Plexippus paykulli (Audouin, 1826) 1 1 0 2
Scytodidae 2 0 0 2
Scytodes sp. 2 0 0 2
Sicariidae 1 2 1] 3
Loxosceles rufescens (Dufour, 1820) 1 2 0 3
Sparassidae 1 1 0 2
Eusparassus sp. 1 1 0 2
Thomisidae 5 17 13 35
Bassaniodes drangianus Zamani & Marusik, 2025 0 4 0 4
Stiphropus strandi Spassky, 1938 5) 13 13 31
Zodariidae 10 7 6 23
sp. * 10 7 6 23
Total 435 251 178 864
Families 17 17 11 18
Species 32 31 23 36

*Taxa not identified to genus level. Images available at: https://doi.org/10.5281/zenodo.19541502

Statistically significant maxima were recorded for tube traps in Araneae, Isopoda, Coleoptera,
Lycosidae, and Draposa oakleyi, and for pitfall traps in Opiliones; no significant maxima were observed
for ramp traps. Overall, Gnaphosidae and Lycosidae were the most abundant spider families, with
Minosiella intermedia and Draposa oakleyi as dominant species, most of which were captured by tube
traps (Table 2; Fig. 3F). Tube traps also yielded higher abundances of spiders overall, as well as beetles,
particularly Carabidae, and woodlice (Isopoda: Oniscidea) (Fig. 3A-C, E-F).
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Figure 3. Mean number of arthropods captured per trap day for six taxonomic groups (A-F). Bars represent
means (n = 3 per site, trap type, and sampling period); points show individual samples. Tube traps captured
significantly more individuals of A. Araneae (p < 0.001); B. Isopoda (p < 0.001); C. Coleoptera (p < 0.01);
E. Lycosidae (p < 0.01); F. Draposa oakleyi (p < 0.05). Pitfall traps captured significantly more individuals of (D)
Opiliones (p < 0.001).

Pitfall traps performed comparably to tube traps for several groups, including Gnaphosidae and
Formicidae, while collecting more harvestmen (Opiliones) than the other two trap types combined
(Fig. 3D). Individuals of only a few taxa, such as Pompilidae, Gryllotalpidae, and Oecobius nadiae were
numerically more abundant in ramp traps, and these differences were not statistically significant (Tables 1
and 2). Multivariate analysis revealed significant differences among trap types (PERMANOVA, F = 10.75,
p =0.001).
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Figure 4. Non-metric Multidimensional Scaling (NMDS) ordination plot based on Bray-Curtis dissimilarity of
arthropod family-level abundances captured by the three trap types (stress = 0.089). Each point represents a single
trap sample (n = 6 per trap type). Stars indicate the centroid (multivariate mean) of each trap type.

NMDS ordination (stress = 0.089) showed that tube traps formed a distinct cluster, while pitfall and ramp
traps partially overlapped (Fig. 4). This separation was driven by higher abundances of Isopoda,
Lycosidae, Gnaphosidae, and Coleoptera in tube traps, and greater representation of Oecobiidae and
Pompilidae in ramp traps. The partial overlap between pitfall and ramp traps reflects their shared
effectiveness for ground-active taxa.

DISCUSSION

This study represents one of the few comparative assessments of arthropod trapping methods
conducted under arid field conditions. By systematically evaluating pitfall, ramp, and tube traps
(Bouchard et al. 2000; Rakhshani 2018), we expand the understanding of sampling performance in arid
environments, confirming the general effectiveness of pitfall traps for epigeal arthropods while
revealing important limitations under extreme aridity. The Sistan region supports a diverse arthropod
assemblage (Zamani et al. 2025); however, its location within an arid to hyper-arid inland basin,
characterized by extremely hot summers, a July average temperature of 41.4°C, and prolonged '120-day
winds' (Zolfaghari et al. 2011), poses significant logistical and methodological challenges for conventional
sampling.

Pitfall traps have historically been the dominant method for surveying epigeal arthropods (Hohbein
& Conway 2018), but our results demonstrate that extreme aridity can substantially limit their
effectiveness. We observed rapid evaporation of the preservative solution, exacerbated by the absence
of rain covers and direct sunlight exposure. Wind-blown dust accumulation and occasional disturbance
by small vertebrates, including lizards and rodents, further compromised sample quality. These challenges
are consistent with reports from other arid and hyper-arid ecosystems (Saji et al. 2021; Stasiov et al.
2021; Ahmed et al. 2023), and demonstrate the need for alternative methods in such environments.
Ramp traps, originally designed for environments where digging is difficult (Bostanian et al. 1983;
Bouchard et al. 2000), provided a workable alternative under certain site conditions but were the least
productive sampling method overall. Their low-profile design offered little protection against intense
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sunlight and persistent winds, leading to partial evaporation of the preservative within 2-3 days; the
solution was therefore replenished every three days to prevent complete desiccation (Csaszar et al. 2018;
Weary et al. 2019). Despite lower overall yields, ramp traps captured higher numbers of wall spiders
and spider wasps than the other trap types, consistent with observations from forested and less-arid
systems (Work et al. 2002; Osterman et al. 2024), indicating their value as a complementary tool for
taxa less likely to encounter pitfall or tube traps. The tube trap, implemented here based on the design
of Rakhshani (2018), proved to be the most effective and environmentally resilient method overall. Its
subsurface configuration, with only a narrow slit at the soil surface, greatly reduced evaporation,
minimized dust contamination, prevented vertebrate bycatch, and enhanced stability under strong
winds. These advantages extended practical servicing intervals to 10-14 days, compared with 2-4 days
for pitfall and ramp traps, providing a significant logistical benefit in remote field settings. The extreme
conditions of the Sistan plain (high evaporation, dust-laden winds, and intense solar radiation) help
explain the underperformance of conventional traps and indicate the suitability of the tube trap for
hyper-arid environments. Nonetheless, trap dimensions and structural details remain critical, as
variations in slit geometry or burial depth can influence catches (Brennan et al. 1999; Koivula 2003).

Tube traps collected the highest number of individuals overall (n = 7,706), outperforming the other
trap types across the majority of taxonomic groups, including Isopoda, Araneae, and Coleoptera. Within
Araneae, tube traps were particularly effective in capturing Gnaphosidae and Lycosidae, and among
Coleoptera, Carabidae were most frequently collected in tube traps. Pitfall traps yielded intermediate total
catches (n = 5,343) and performed comparably to tube traps for several groups, including Formicidae and
Gnaphosidae, while capturing considerably more Opiliones than the other two trap types combined. In
contrast, ramp traps consistently collected the fewest individuals (n = 1,911) across most taxonomic
groups, although they had the highest proportions of certain taxa, including Pompilidae and Gryllotalpidae.

At the species level within Araneae, tube traps again collected the highest number of individuals
(n = 435) and species (n = 32), with catches dominated by gnaphosids and lycosids. In particular,
Minosiella intermedia was the most abundant spider species overall (n = 279) and was most frequently
collected in tube traps. Pitfall traps yielded intermediate spider catches (n = 251, 31 species) and
performed comparably to tube traps for several gnaphosid species, while capturing higher numbers of
several species, such as Thanatus vulgaris and Stiphropus strandi. Ramp traps collected the fewest spiders
overall (n = 178, 23 species), though they had the highest catches for a few species, such as Oecobius
nadiae, Zelotes sarawakensis, Thanatus vulgaris, and an unidentified species of Philodromidae.

Trophic level further influenced capture patterns: predators were well represented in tube and pitfall
traps, detritivores predominantly in tube traps, and herbivores or parasitoids in ramp traps. These
patterns are reflected in the NMDS ordination, which revealed that tube traps formed a distinct cluster,
while pitfall and ramp traps showed partial overlap, indicating that these two surface-based methods
capture more similar arthropod communities. This separation was driven primarily by the higher
abundance of Isopoda, Lycosidae, Gnaphosidae, and Coleoptera in tube traps, and the greater
representation of Oecobiidae and Pompilidae in ramp traps. These patterns reflect trait-based capture
efficiency, shaped by body size, locomotion, and microhabitat preference, rather than species-specific
responses (Topping & Sunderland 1992; Hancock & Legg 2011).

This study has several limitations that should be acknowledged. Sampling was restricted to spring,
when arthropod activity is high and extreme summer temperatures, often exceeding 45°C, make
continuous sampling impractical. This seasonal restriction limits generalizability, and future studies
should span multiple seasons to capture phenological shifts in community composition. The uniform
orchard sites may also have reduced inter-trap variability, as habitat heterogeneity is known to amplify
differences among trap types (Topping & Sunderland 1992). These results should therefore be treated as
a controlled baseline requiring further testing across seasons and habitat mosaics. Future studies should
also explore design modifications to the tube trap and evaluate its performance across different habitats
and ecosystems (Santos et al. 2007; Sereda et al. 2014). A quantitative trait-based approach incorporating
body size measurements, locomotion assays, and foraging mode classification, combined with
multivariate methods such as RLQ analysis, would further clarify trap selectivity mechanisms, while
behavioral observations and video recordings could enable the development of bias-correction factors.
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Overall, tube traps demonstrated the most consistent performance across sites and sampling periods,
capturing the greatest diversity and abundance of epigeal arthropods while offering practical
advantages in terms of DNA preservation, reduced debris accumulation, and lower field and laboratory
workload. We recommend tube traps as the primary sampling method in arid to hyper-arid
environments, supplemented by pitfall and ramp traps to reduce sampling bias and improve community-
level coverage. Proper flush-surface installation is essential for consistent capture efficiency. Future
research should optimize trap architecture, integrate microclimatic monitoring, and evaluate performance
across a wider range of dryland ecosystems.
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