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Invertebrate by-catch from vertebrate pitfall traps can be useful for 1 
documenting patterns of invertebrate diversity  2 

 3 

ABSTRACT 4 
There is a pressing need to develop simplified sampling protocols that allow invertebrates to be 5 
routinely incorporated into terrestrial faunal surveys for informing conservation planning. This 6 
study assesses the usefulness of sampling invertebrate by-catch from standard vertebrate bucket 7 
pitfall traps for documenting spatial patterns of terrestrial invertebrates. We compare among-site 8 
(N = 78) patterns of species richness and composition of ten invertebrate families (comprising ants, 9 
beetles and spiders) captured in vertebrate bucket traps with those captured in two different arrays 10 
of invertebrate-specific pitfall traps. For three families (Formicidae, Carabidae and Lycosidae) 11 
patterns of richness and composition captured in the vertebrate traps were comparable with those 12 
captured in the invertebrate-specific trap arrays. Thus, in some cases, vertebrate traps appeared to 13 
be as useful in detecting patterns of invertebrate diversity as were invertebrate-specific traps. Our 14 
findings show that sampling invertebrate by-catch from vertebrate bucket traps can be a reliable 15 
and robust simplified protocol for documenting biodiversity patterns for some key groups of 16 
terrestrial invertebrates. This simplified protocol can take terrestrial invertebrates out of the ‘too-17 
hard basket’ for biodiversity monitoring, breaking the positive-feedback loop that currently 18 
maintains ignorance of invertebrate diversity and distribution and that prevents their inclusion in 19 
conservation planning. 20 
 21 

KEYWORDS 22 
Conservation planning, faunal survey, rapid biodiversity assessment, sampling protocols, 23 
monitoring. 24 
 25 

1. INTRODUCTION 26 
Invertebrates dominate almost every terrestrial ecosystem on Earth, representing a large proportion 27 
of species diversity and playing key roles in energy flow and the provision of ecological services 28 
such as nutrient cycling, pollination, seed dispersal and herbivory (Wilson 1987, Stork 1993, 29 
Durrant 2009). Yet they are often ignored in conservation planning due to their limited taxonomic 30 
knowledge and difficulties with species identification, a poor understanding of their patterns of 31 
diversity and distribution, and the impracticability of carrying out comprehensive sampling (Taylor 32 
et al. 2018). This creates a positive-feedback loop that maintains an ignorance about invertebrate 33 
diversity and distribution: invertebrates are excluded from faunal surveys because they are so 34 
poorly known and ‘too hard’, and they remain poorly known and ‘too hard’ because they are 35 
excluded from such surveys. There is a pressing need to break this loop of ignorance so that 36 
conservation planning can be appropriately informed by invertebrate diversity. This requires the 37 
development of simple and efficient sampling protocols that can be readily incorporated into 38 
existing faunal surveys.  39 
 40 
Pitfall trapping is a standard and frequently used method for sampling ground-dwelling 41 
invertebrates (Pearsal 2007, Cheli and Corley 2010, Knapp and Ruzicka 2012, Skvarla et al. 2014, 42 
Brown and Matthews 2016), and it has been successfully used to evaluate patterns of terrestrial 43 
invertebrate diversity and composition in many ecosystems at different spatial scales (Pekár 2002, 44 
Andersen et al. 2004, Phillips and Cobb 2005). Pitfall traps are easy to deploy and at the completion 45 
of trapping can simply be capped, packed and transported to the laboratory for processing. Unlike 46 
other commonly employed trapping techniques, the use of pitfall traps requires no specialist 47 
entomological expertise (Pekár 2002), and their catches are largely independent of variation in the 48 
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efficacy of the field technician. Moreover, pitfall traps are already widely used in faunal survey for 49 
sampling ground-active vertebrates and thus are familiar to most field workers.  50 
 51 
However, the inordinate numbers of invertebrates sampled in pitfall traps and the large amount of 52 
time required to process samples remains an ongoing challenge for their inclusion in routine faunal 53 
survey. A number of studies have assessed variation in pitfall trap design to optimise capture 54 
efficiency (e.g. Luff 1975, Brennan et al. 1999, Work et al. 2002, Pearce et al. 2005), but under 55 
limited time and funds even a very efficient design of invertebrate-specific pitfall traps can be too 56 
arduous for land managers. An alternative approach is to sample invertebrate by-catch from pitfall 57 
traps routinely used for sampling vertebrates such as small mammals and reptiles. These are 58 
typically bucket-sized traps with drift fences for guiding animals into them, and they can be 59 
expected to be especially suitable for large invertebrates. The invertebrate by-catch from such traps 60 
provides manageable numbers of specimens, and has been used to detect impacts of ecosystem 61 
disturbance in a highly efficient manner (Andersen et al. 2002, Woinarski et al. 2002). However, 62 
the extent to which such by-catch provides reliable information on geographic patterns of 63 
invertebrate richness and composition is unknown. It is futile to develop simplified sampling 64 
techniques if they are ultimately unreliable.  65 
 66 
This study uses pitfall-trap data from 78 sites in the highly diverse monsoon tropics of northern 67 
Australia to determine how useful invertebrate by-catch from standard vertebrate bucket traps is 68 
for documenting biodiversity patterns of terrestrial invertebrates. We use 10 families of 69 
invertebrates comprising ants, beetles and spiders to assess similarity in patterns of species richness 70 
and composition of catches from vertebrate bucket traps with those of two different arrays of pitfall 71 
traps designed specifically for invertebrates. We use two different arrays of invertebrate-specific 72 
traps because different trapping designs are known to provide somewhat different results 73 
(Abensperg-Traun and Steven 1995, Brennan et al. 1999, Work et al. 2002), and the similarity of 74 
results from the two arrays provides an appropriate benchmark for assessing the reliability of by-75 
catch from vertebrate traps. We therefore assess the congruence in among-site patterns of 76 
invertebrate species richness and composition between the vertebrate and each of the invertebrate-77 
specific traps, compared with the congruence between the two invertebrate-specific traps. If by-78 
catch from vertebrate bucket traps shows congruent patterns of diversity with those of more 79 
intensive invertebrate-specific trapping protocols, then vertebrate traps may provide an efficient 80 
means for incorporating invertebrates into routine faunal surveys in highly biodiverse landscapes. 81 
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2. METHODS 82 

2.1. Study sites 83 
Our study used 78 long-term monitoring sites of the Three Parks Savanna Fire-Effects Plot 84 
Network (part of Australia’s previous Long Term Ecological Research Network (LTERN); 85 
http://www.ltern.org.au/) in contiguous Kakadu (32 sites) and Nitmiluk (46 sites) National Parks 86 
in the tropical savanna landscapes of Australia’s Northern Territory (Figure 1). These parks 87 
encompass three major landforms: lowland savanna woodland, the sandstone country of western 88 
Arnhem Land and Marrawal Plateaus and floodplains associated with major river systems  89 
(Finlayson and von Oertzen 2012). Our study had 37, 39 and 2 sites in each of these landforms, 90 
respectively. The climate is tropical monsoonal, with high (typically 30–40 oC) maximum 91 
temperatures throughout the year and rainfall heavily concentrated into a summer wet season. 92 
There is a gradient in mean annual rainfall from about 1440 mm in the north to 1080 mm in the 93 
south, over a distance of approximately 300 km. Collectively the two parks comprise the largest 94 
conservation reserve in northern Australia, with a combined area of approximately 22 013 km2. 95 
They support a highly diverse biota with exceptionally high conservation values (Press et al. 1995, 96 
Woinarski et al. 2007, Winderlich and Woinarski 2014). However, there has been very little 97 
sampling of the terrestrial invertebrate fauna, with only limited surveys of butterflies (Kikkawa and 98 
Monteith 1980), ants (Andersen 1991, 1993), grasshoppers (Andersen et al. 2000) and termites 99 
(Braithwaite et al. 1988) having been conducted in Kakadu, but none in Nitmiluk.  100 
 101 

2.2. Sampling 102 
Surveys of terrestrial vertebrates are routinely conducted at the LTERN sites, involving diurnal and 103 
nocturnal spot-counts for birds, baited Elliot and cage traps for small mammals, and 20-L bucket 104 
pitfall traps and associated drift fences for small mammals, amphibians and reptiles (see Woinarski 105 
et al. 2010 for details). We sampled invertebrate by-catch from the 20-L vertebrate bucket pitfall 106 
traps during surveys conducted in February–April 2014 (Kakadu National Park) and April–May 107 
2015 (Nitmiluk National Park). These months coincide with the middle and late wet-season, a time 108 
of high biological activity. All sites were visited only once throughout that time-period. Three 109 
standard dry bucket vertebrate (V) traps (300 mm diameter, 380 mm depth) were deployed in a 50 110 
m2 quadrat, buried in the ground flush with the soil service, and fitted with a 10-m drift fence 111 
designed for guiding ground-active vertebrates into the traps (Figure 2). Traps were inspected each 112 
morning and afternoon for two days, and all invertebrates observed within them were collected and 113 
stored in 70% ethanol. Specimens < 2 mm in length were not collected.  114 
 115 
We installed two different arrays of invertebrate-specific pitfall traps 10 m adjacent to each 116 
vertebrate trapping quadrat, with the two arrays separated by 10 m, for comparison with the 117 
vertebrate bucket traps. The small invertebrate-trap (SI) array consisted of 20 small (45 mm 118 
diameter, 60 mm depth) specimen containers arranged in a 5 × 4 grid with 10 m spacing between 119 
them. The larger invertebrate-trap (LI) array consisted of 10 larger (65 mm diameter, 100 mm 120 
depth) plastic containers arranged in a 5 × 2 grid, also with 10 m spacing between them (Figure 2). 121 
In both these arrays, traps were filled two-thirds with ethylene glycol and operated for 48 hours 122 
over the same period as vertebrate sampling. Installation and collection were always carried out in 123 
the morning to ensure that traps were set for an equal amount of daylight and two full nights at 124 
each site.  125 
 126 

2.3. Sample processing and selection of target taxa 127 
For each array, specimens captured were pooled across traps. All specimens were initially sorted 128 
to order or other higher taxon for ordinal-level analysis of entire invertebrate assemblages. Three 129 

http://www.ltern.org.au/
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key taxa that were consistently well represented in the traps were identified to family-level: ants 130 
(Hymenoptera), beetles (Coleoptera), and spiders (Araneae). Ten families were then selected from 131 
these taxa for species-level identification on the basis of their high abundance and diversity in 132 
samples, taxonomic tractability and broad representation of invertebrate functional diversity: 133 
Formicidae (ants), Carabidae, Staphylinidae, Curculionidae, Scarabaeidae, Tenebrionidae, Ptinidae 134 
(beetles), Lycosidae, Salticidae and Zodariidae (spiders). Species were identified using reference 135 
collections at the CSIRO Tropical Ecosystem Research Centre (TERC) in Darwin, the CSIRO 136 
Australian National Insect Collection (ANIC) in Canberra, the Queensland Museum (QM) in 137 
Brisbane, the Western Australian Museum (WAM) in Perth, the Field Museum of Natural History 138 
in Chicago, and the Zoologische Staatssammlung (ZSM) in Munich, with assistance from 139 
specialists (see Acknowledgements). While specimens at all life stages were considered for total 140 
abundances, only adults were identified to species-level. Many species could not be confidently 141 
named, and these were systematically assigned number codes. To account for potential data 142 
distortions for ant abundance due to their sociality, the number of ants was capped at 50 specimens 143 
per species per trap. Voucher specimens of all ant species are located in the TERC collection and 144 
all beetles and spiders in the ANIC, except for Carabidae, Staphylinidae and Zodariidae, which are 145 
respectively located in the ZSM, Chicago Field Museum and QM. 146 
 147 

2.4. Data analysis 148 
We used Spearman Rank correlation to assess the extent to which catches of each of the 10 target 149 
families from the vertebrate (V) traps showed congruent patterns of richness and composition with 150 
the two invertebrate-specific trapping arrays (SI and LI), along with congruence among the SI and 151 
LI arrays. The V traps collected far fewer individuals than did the SI and LI trap arrays, and 152 
therefore would be expected to catch fewer species. However, we were interested in comparative 153 
sample richness among sites rather than among trap types, and so we used sample rather than 154 
rarefied richness for our analyses. For species richness, analyses were conducted using SigmaPlot 155 
version 12.5 (Systat Software San Jose, CA, www.systatsoftware.com), and for species 156 
composition using PRIMER-E 7.0 (Clarke and Gorley 2015). For composition analysis we 157 
calculated a Bray-Curtis resemblance matrix between every pair of sites for each family based on 158 
square-root transformed abundance data (transformed so that similarities were not just driven by 159 
highly abundant species). The Bray-Curtis coefficients were zero-adjusted so that they were less 160 
erratic for samples with few individuals and defined for samples with complete absences. This was 161 
done by constructing the Bray-Curtis matrices against a dummy value of 1, which adds a pseudo-162 
species at sites where no species were recorded (Clarke et al. 2006). The strength of each pair-wise 163 
correlation was evaluated with a Mantel test under 999 permutations using the RELATE function. 164 

http://www.systatsoftware.com/
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3. RESULTS 165 

3.1. Faunal overview 166 
More than 160000 invertebrate specimens from 18 ordinal-level taxa were collected during the 167 
study, with the number from V traps (6600) representing only a fraction of those from the SI (6.8%) 168 
and LI (11.7%) arrays. Overall, catches were overwhelmingly dominated by ants (109407 169 
individuals, or 68% of the total) and springtails (34 089, 21%), with substantial numbers of mites 170 
(3658, 2.3%), hemipterans (2327, 1.5%), spiders (2134, 1.3%), flies (1921, 1.2%), beetles (1318, 171 
0.8%) and crickets (1192, 0.7%) also collected. The proportional representation of taxa was similar 172 
in the SI and LI arrays, whereas the V trap catches comprised a greater proportion of spiders, 173 
beetles, centipedes and cockroaches (S1 Table 1). A total of 36 beetle (S1 Table 2) and 30 spider 174 
(S1 Table 3) families were recorded. The combined number of these families was 43, 50, and 53 175 
in the V, SI, and LI traps, respectively.  176 
 177 
The total numbers of individuals collected for nine of the ten target families (other than ants) were: 178 
252 Carabidae; 227 Curculionidae; 34 Ptinidae; 235 Staphylinidae; 48 Scarabaeidae; 154 179 
Tenebrionidae; 653 Lycosidae; 299 Salticidae and 316 Zodariidae (S1 Tables 2‒3). These 180 
individuals comprised ~70% of total beetle and spider specimens. Only ~60% of spider specimens 181 
were adults (151 Lycosidae, 273 Salticidae and 159 Zodariidae), on which our analyses were based. 182 
The V traps caught only 10% and 16% respectively of the total number of specimens (including 183 
ants) of the SI and LI arrays (Table 1). 184 
 185 
The total numbers of species recorded for each of the ten target families were: 320 Formicidae; 62 186 
Carabidae; 31 Curculionidae; 7 Ptinidae; 29 Scarabaeidae; 54 Staphylinidae; 18 Tenebrionidae; 19 187 
Lycosidae; 40 Salticidae and 33 Zodariidae. Of these 605 species only about 20% could be 188 
confidently named, with most representing undescribed taxa and many collected for the first time 189 
(see S2 Tables 1-10 for lists of species). Approximately 40% of species were recorded only once. 190 
Total richness was generally lowest in the V traps, except for Carabidae, Curculionidae and 191 
Lycosidae, where richness was higher in V traps than in either of the invertebrate-specific trap 192 
arrays (Table 1).  193 
 194 
Both actual and estimated cumulative species richness varied markedly across the three trap arrays, 195 
and their relative values varied markedly across taxa (S3 Figure 1). For ants and spiders, cumulative 196 
richness was substantially higher in the SW and LW traps compared with the V traps, but for beetles 197 
it was similar in the V and SW traps. However, sampled cumulative richness as a proportion of 198 
Chao1-estimated richness was similar across trap arrays for all higher taxa: ants (range of 79–86%), 199 
beetles (52–60%) and spiders (65–83%) (S3 Figure 1). 200 
 201 

3.2. Congruence in richness and composition 202 
Species richness (Figure 3A) and composition (Figure 3B) were both significantly correlated 203 
between the SI and LI arrays for nine of the ten families (Scarabaeidae was the exception), but the 204 
strength of correlation was highly variable. For species richness, the correlations ranged from ρ = 205 
0.28 for Salticidae to ρ = 0.80 for Formicidae, and for composition from ρ = 0.35 for Curculionidae 206 
to ρ = 0.67 for Lycosidae.  207 
 208 
Species richness in the V traps was significantly correlated with that in the SI and LI arrays for six 209 
and three of the ten families, respectively (Figure 3A). Correlations between the SI and LI arrays 210 
were always higher than any correlations involving the V traps, except for Carabidae, where the 211 
correlation between the V traps and LI array was highest (ρ = 0.49) across the three trapping arrays. 212 
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The V traps were significantly correlated with both SI and LI arrays for Formicidae, Carabidae and 213 
Lycosidae, and in most cases the strength of correlations was only marginally lower than that 214 
between the SI and LI arrays. The V traps were significantly correlated with the SI array, but not 215 
the LI array, for Curculionidae, Scarabaeidae and Tenebrionidae. Richness of Ptinidae, 216 
Scarabaeidae, Salticidae and Zodariidae in the V traps was not correlated with either SI or LI arrays 217 
(Figure 3A).  218 
 219 
Species composition in the V traps was significantly correlated with that in the SI and LI arrays for 220 
seven and five of the ten families, respectively (Figure 3B). Correlations between the SI and LI 221 
arrays were always higher, but only marginally in some cases, than any correlations involving the 222 
V traps. The V traps were significantly correlated with both SI and LI arrays for five families 223 
(Formicidae, Carabidae Tenebrionidae, Lycosidae, and Salticidae). For two families 224 
(Curculionidae and Scarabaeidae) the V traps were significantly correlated with the SI, but not the 225 
LI array, and for three families (Ptinidae, Staphylinidae and Zodariidae) they were not correlated 226 
with either SI or LI arrays (Figure 3B).  227 
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4. DISCUSSION 228 
Our study evaluated the reliability of simplified assessment of among-site patterns of terrestrial 229 
invertebrate diversity based on by-catch from vertebrate bucket pitfall traps. We have taken a novel 230 
approach by using congruence between results from different arrays of invertebrate-specific pitfall 231 
traps as a benchmark for assessing by-catch results. We found that sampling invertebrate by-catch 232 
from vertebrate bucket traps can be useful for documenting patterns of diversity for some groups 233 
of terrestrial invertebrates. For ants, carabid beetles and lycosid spiders, patterns of species richness 234 
and composition captured in vertebrate traps were similarly congruent with those shown by 235 
invertebrate-specific traps, compared with congruence between the two different arrays of 236 
invertebrate-specific traps. Our findings are comparable to those of Andersen et al. (2002), who 237 
showed that sampling ant by-catch from vertebrate bucket traps was just as effective in indicating 238 
ecosystem disturbance as were more intensive invertebrate-specific traps. Other studies have 239 
demonstrated the use of sampling invertebrate by-catch from vertebrate bucket traps, including for 240 
carabid beetles (Westby-Gibson et al. 2017) and lycosid spiders (Woinarski et al. 2002, Westby-241 
Gibson et al. 2017). However, none of these studies have compared results with those from 242 
invertebrate-specific trapping. Our study is novel in doing so, and it demonstrates the reliability of 243 
by-catch from vertebrate bucket traps in providing information on patterns of richness and 244 
composition for these key invertebrate taxa.  245 
 246 
Vertebrate bucket traps provided reliable information on ants despite yielding just a fraction of the 247 
number of specimens in either the small (6.1%) or large (11.3%) invertebrate-specific trapping 248 
arrays. In other words, they provided comparable information but required just a fraction of the 249 
processing time. Similarly, the number of adult lycosid spiders captured in the vertebrate traps was 250 
up to 20% less than that in the invertebrate-specific trapping arrays, but patterns of richness and 251 
composition were highly comparable. Although vertebrate traps yielded higher numbers of carabid 252 
beetles than did invertebrate-specific traps, these numbers were highly manageable, averaging only 253 
two (ranging from 0–18) individuals per site. Interestingly, total abundance and richness of 254 
curculionid beetles were also higher in the vertebrate traps than in either of the invertebrate-specific 255 
traps, but congruence in patterns of richness and compositions was inconsistent. Another efficiency 256 
advantage of sampling by-catch from vertebrate traps is that very small (< 2 mm) specimens were 257 
not collected in our study. Larger species are easier to process and more likely to be known and 258 
identifiable than are very small specimens.  259 
 260 
Vertebrate bucket traps provided reliable information for some key invertebrate groups despite 261 
having some obvious biases. For example, the lack of a killing agent makes it possible for some 262 
specimens to climb or fly out of the traps, and it risks them being consumed by small mammals 263 
and reptiles caught in the same traps. However, invertebrate-specific pitfall trapping techniques 264 
also have biases (see Lang 2000, Skvarla et al. 2014, Sherley and Stringer 2016), as illustrated by 265 
the fact that congruence in patterns of richness and composition was often low between the two 266 
invertebrate-specific trapping arrays used in our study. As was the case for our vertebrate traps, the 267 
two invertebrate-specific arrays had different trap sizes and a different number of traps, and they 268 
had different catchment sizes in slightly different sampling locations.  269 
 270 
Given their ability to match the richness and composition results of more intensive invertebrate-271 
specific traps in a much more feasible manner, vertebrate traps offer land managers a highly 272 
practical method of rapid biodiversity assessment of some terrestrial invertebrates. While 273 
invertebrate-specific pitfall traps capture a greater range and number of taxa, this can actually be a 274 
downside for their incorporation into routine faunal surveys because it requires additional resources 275 
for processing samples. One promising approach is to restrict processing and analysis to larger 276 
species only, as has been successfully done for assessing impacts of cattle grazing on ant 277 
communities in arid Australia (Arcoverde et al. 2018) and for assessing ant community responses 278 



8 

 

to SO2 emissions from a large smelter in the Australian semi-arid tropics (Andersen et al. 2002). 279 
However, if specialist invertebrate trapping is not feasible, the sampling of invertebrate by-catch 280 
from vertebrate bucket traps offers a reliable and robust simplified sampling protocol for some key 281 
taxonomic groups. As such, this method can take terrestrial invertebrates out of the ‘too-hard 282 
basket’ for biodiversity monitoring and allow their inclusion in conservation planning. 283 
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 384 
Figure 1. Location of study sites (each point represents paired sites, 100–800 m apart) in Kakadu National Park and 385 
Nitmiluk National Park, and position of the parks in Australia’s tropical savanna region (shaded in grey).  386 
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 387 
Figure 2. Layout of the vertebrate bucket pitfall traps and the two invertebrate-specific pitfall trap arrays. 388 
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Table 1. Total abundance and species richness of the 10 target families captured in the vertebrate (V) bucket pitfall 389 
traps and the two invertebrate-specific pitfall trap arrays: the small invertebrate-trap (SI) and large invertebrate-trap 390 
(LI).  391 

Family   Abundance     Richness  
  V SI LI V SI LI 

Ants             
Formicidae 3778 41410 26074 147 247 220 

Beetles 315 287 395 84 85 109 

Carabidae 132 49 120 41 21 29 
Curculionidae 117 54 56 19 9 16 
Ptinidae 8 8 18 9 5 11 
Staphylinidae 8 107 120 3 4 5 
Scarabaeidae 6 24 18 5 17 14 
Tenebrionidae 46 45 63 7 29 34 

Spiders* 116 466 202 38 48 49 

Lycosidae 45 51 55 12 10 10 
Salticidae 35 147 91 15 22 23 
Zodariidae 36 67 56 11 16 16 

Total 4209 42163 26671 269 380 378 

* values include only adult specimens. For total abundances of spiders considering all life stages see S1 Table 3. 392 
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 393 

394 
Figure 3. Correlation (Spearman Rank) in species richness (A) and composition (B) across the vertebrate (V) bucket 395 
pitfall traps and the small invertebrate-trap (SI) and large invertebrate-trap (LI) arrays. Significant values are indicated 396 
with asterisks: * < 0.05, ** < 0.01, *** < 0.001. 397 
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