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ABSTRACT 17 

It is usually not practical for invertebrates to be comprehensively included in biodiversity surveys 18 

that underpin conservation planning, and so a representative subset of taxa needs to be selected. One 19 

approach to representativeness is to select taxa whose patterns of richness and composition are most 20 

strongly correlated with those of total invertebrates (i.e. all taxa combined). However, if different 21 

groups show very different distribution patterns then ‘total diversity’ cannot be considered as 22 

representative of the diversity of invertebrate taxa, and so an alternative approach to achieving 23 

representativeness is to base selection on complementarity (i.e. representing the full range of 24 

distribution patterns shown by different taxa). We use data on 12 invertebrate families (comprising 25 

ants, beetles, flies and spiders) sampled using pitfall traps across 78 sites in a tropical savanna 26 

landscape of northern Australia to identify a subset of target taxa (families) to represent their 27 

diversity patterns. We use a simple scoring system that incorporates both survey practicality and 28 

biological representativeness to compare selection of taxa based on (1) representing ‘total diversity’ 29 

and (2) representativeness through complementarity (‘complementary diversity’). Congruence 30 

among taxa in terms of both species richness and composition was generally low (ρ < 0.5), 31 

suggesting that taxa are poorly representative of each other and thus a complementary approach is 32 

required for target taxa selection. The taxa that scored highest in representing ‘complementary 33 

diversity’ were very different to those representing ‘total diversity’. To our knowledge, this is the 34 

first time that invertebrate representativeness based on ‘total diversity’ and ‘complementary 35 

diversity’ have been directly compared. The selected target taxa are specific to our study system, 36 

but our simple method for selecting representative invertebrate taxa for conservation planning is 37 

widely applicable, including for biodiversity monitoring and environmental impact assessment. 38 

 39 

KEYWORDS. Bioindicator, conservation planning, cross-taxon congruence, faunal survey, 40 

rapid biodiversity assessment, representativeness. 41 
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1. INTRODUCTION 42 

Invertebrates represent over 80% of all described species on earth (Cardoso et al. 2011) and play 43 

crucial roles in ecosystem functioning (Wilson 1987, Kellert 1993, Lavelle et al. 2006). They also 44 

constitute the majority of species lost under the current global extinction crisis (Régnier et al. 2015, 45 

Leather 2018, Eisenhauer et al. 2019). Despite this, invertebrates continue to be largely overlooked 46 

in conservation planning (New 1999, Braby 2017, Mammides 2019). A key reason for this is that 47 

information on geographic patterns of invertebrate species distributions is scarce (Raven and Yeates 48 

2007, Cardoso et al. 2011, Yeates and Cassis 2017), which, combined with their extreme diversity, 49 

renders invertebrates too difficult for most conservation managers to consider (Ward and Larivière 50 

2004). Invertebrates divide habitat on a particularly fine scale (Ferrier et al. 1999, Pik et al. 2002, 51 

Harvey et al. 2011), and their conservation needs are typically poorly aligned with those of 52 

vertebrates (Moritz et al. 2001, Taylor and Doran 2001, Oberprieler et al. 2019b) and vascular plants 53 

(Jonsson and Jonsell 1999, Eyre and Luff 2002, Koch et al. 2013). Comprehensive planning for 54 

biodiversity conservation therefore requires direct empirical information on invertebrates. Given the 55 

invertebrate knowledge gap, this in turn requires practical approaches for characterising their 56 

patterns of diversity and distribution.  57 

 58 

The great diversity of invertebrates means that sampling of all taxa is usually not feasible (Oliver 59 

and Beattie 1996), and therefore attention has focussed on target groups that effectively represent 60 

the geographic patterns, and consequently conservation needs, of invertebrate diversity more 61 

broadly (Kremen et al. 1993, McGeoch 1998, Duelli and Obrist 2003). Different invertebrate groups 62 

vary markedly in their distribution patterns (Cabra-García et al. 2012, Fattorini et al. 2012, Beck et 63 

al. 2013), and therefore a multi-taxon approach is advocated (Kotze and Samways 1999, Lovell et 64 

al. 2010, Sattler et al. 2014). Unfortunately, the representativeness of selected target taxa is more 65 

often assumed than demonstrated (Duelli and Obrist 1998, Cushman et al. 2010).  66 

 67 
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Procedures for selecting biodiversity target taxa need to be driven by the requirements of land 68 

managers (Andersen 1999), who seek simplified and robust approaches given limited funds and 69 

resources (Grantham et al. 2010). While there is no standard set of selection criteria, it is widely 70 

acknowledged that effective target taxa should generally fulfil two broad categories: logistical 71 

practicality and biological reliability (McGeoch 1998, Samways et al. 2010). For practicality, taxa 72 

must be appropriately abundant and diverse, be taxonomically tractable and be readily sampled on 73 

a routine basis (Duelli and Obrist 1998, Samways et al. 2010, McGeoch et al. 2011). This is 74 

particularly critical for invertebrates, which include many hyper-diverse and taxonomically 75 

unresolved groups (Andersen 1999, Gerlach et al. 2013). Taxa that can be well sampled (in terms of 76 

species abundance and richness) using simple survey methods will present the most -cost-effective 77 

and reliable options for land managers. 78 

 79 

Biological reliability relates to a taxon’s indicator (or surrogacy) value for representing overall 80 

diversity. This is often assessed based on the capacity of candidate taxa to represent the total number 81 

of invertebrate species or overall invertebrate composition (‘total diversity’; e.g. Bilton et al. 2006, 82 

Cameron and Leather 2012, Morrison III et al. 2012, Slimani et al. 2019). However, if different 83 

groups show very different distribution patterns, as is typically the case (e.g. Heino 2010, Roque et 84 

al. 2017), then ‘total diversity’ is a construct that cannot be considered as representative of the 85 

diversity of invertebrate taxa. An alternative approach to achieving representativeness is to base 86 

selection on complementarity (‘complementary diversity’), which has a long history of use in reserve 87 

selection (see Justus and Sarkar 2002), and has more recently been applied to the selection of 88 

indicator or surrogate taxa (e.g. Lund and Rahbek 2002, Cabeza et al. 2008, Westgate et al. 2017). 89 

A commonly-used conceptual basis for complementarity is to select the most representative taxon 90 

first, and then sequentially add other taxa that provide the most unique information (e.g. the 'greedy 91 

algorithm'; Pressey et al. 1993, Csuti et al. 1997). Thus, it selects multiple taxa that collectively 92 

represent a broad range of groups with differing and even contrasting distribution patterns. The use 93 
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of complementarity to identify target taxa among invertebrates is growing, both by direct application 94 

of the ‘greedy’ principles (e.g. Sauberer et al. 2004, Cano and Schuster 2009) and by derivate forms 95 

(e.g. Williams et al. 2006, Westgate et al. 2014, 2017). 96 

 97 

In principle, the suite of taxa selected based on ‘complementary diversity’ should be very different 98 

to that for representing ‘total diversity’, because the latter favours taxa that are strongly congruent 99 

with the dominant groups, while complementarity places great emphasis on avoiding redundancy. 100 

However, a direct comparison between these two approaches on the outcome of target taxa selection 101 

has, to our knowledge, not been investigated. Moreover, the efficacy of these approaches needs to 102 

be placed in the context of operational feasibility of candidate target taxa—this means that a 103 

premium should be placed on representative taxa that are also easily sampled, sorted and identified.  104 

 105 

Here, we use pitfall trap data on 12 invertebrate families (subsequently referred to as ‘taxa’) sampled 106 

from 78 sites in a diverse northern Australian tropical savanna landscape to compare the ‘total 107 

diversity’ and ‘complementary diversity’ approaches to target taxa selection. We expect that the two 108 

approaches will produce substantially different sets of target taxa. We consider taxa at the level of 109 

family rather than order to provide a finer-grained perspective on invertebrate distribution, avoiding 110 

the potential masking of important patterns by lumping distributions of ecologically diverse groups. 111 

Most families are ecologically coherent phylogenetic groups, and the use of family allows broad 112 

ecological traits to be allocated to species whose particular biology is largely unknown (Evans et al. 113 

2019), as is very often the case for invertebrates (Barton et al. 2011). In order to compare cross-114 

taxon congruence between our two approaches, we first correlate the richness and composition of 115 

each taxon individually with that of all other taxa collectively as a basis for assessing their 116 

representativeness in terms of ‘total diversity’. We then correlate species richness and composition 117 

pairwise among the 12 taxa as a basis for assessing representativeness in terms of ‘complementary 118 

diversity’. We subsequently use these correlation results to score each taxon against specified criteria 119 
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relating to ‘total diversity’ and ‘complementary diversity’. Finally, we compare target-taxon 120 

selection based on the ‘total diversity’ and ‘complementary diversity’ approaches to 121 

representativeness, both in isolation and when integrated with scores for survey practicality.  122 
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2. METHODS 123 

2.1. Study location 124 

Our study was conducted in contiguous Kakadu and Nitmiluk National Parks in the tropical savanna 125 

landscapes of northern Australia (Figure 1). This area comprises the region’s largest conservation 126 

reserve land, with a combined area of approximately 22,013 km2. It includes a wide range of habitat 127 

types spanning a large latitudinal rainfall gradient, averaging approximately 1440–1080 mm from 128 

north to south and concentrated during November–April. Approximately 80% of the area consists 129 

of eucalypt-dominated, lowland savanna woodlands. The region also features an extensive sandstone 130 

tableland (Finlayson and von Oertzen 2012), that is a renowned biodiversity hotspot for both 131 

vertebrates (Begg 1981, Woinarski et al. 1989, Moritz et al. 2015) and invertebrates (Nielsen et al. 132 

1996, Andersen et al. 2000, Andersen 2006, Braby 2008). The other major land system is the 133 

floodplains, which undergo dramatic seasonal changes associated with the annual monsoonal rains, 134 

changing from extensive inundated plains in the wet season to dry fields with scattered pools in the 135 

dry season. The aquatic macro-invertebrates of the region have been relatively well-surveyed due to 136 

extensive environmental monitoring in relation to mining (Watson and Abbey 1980, Finlayson et al. 137 

2006, Garcia et al. 2011), but the diversity patterns of terrestrial invertebrates are poorly known 138 

(Andersen et al. 2014).  139 

 140 

2.2. Study sites 141 

Our study used 78 long-term monitoring sites of the Three Parks Savanna Fire-Effects Plot Network 142 

(part of Australia’s previous Long Term Ecological Research Network (LTERN); 143 

http://www.ltern.org.au/) in contiguous Kakadu (32 sites) and Nitmiluk (46 sites) National Parks 144 

(Figure 1). These comprised 39 lowland woodland and 39 sandstone tableland sites, many of which 145 

are only accessible by helicopter outside the wet season. Routine surveys of terrestrial vertebrates 146 

have been conducted at the sites every five years since 1996 (see Woinarski et al. 2010 for details).  147 

http://www.ltern.org.au/
http://www.ltern.org.au/
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 148 

Figure 1. Location of the 78 sites (each point represents paired sites, 100–800 m apart) in Kakadu 149 

National Park and Nitmiluk National Park and position of the parks in Australia’s tropical savanna 150 

region (shaded in grey). 151 

 152 

2.3. Sampling 153 

We conducted invertebrate sampling in Kakadu throughout February–April 2014 and in Nitmiluk 154 

throughout April–May in 2015. This is during the middle and late wet season, and the time of highest 155 

biological activity. For sampling we used pitfall traps, a standard, cost-effective and reliable method 156 

for sampling ground-dwelling invertebrates (Southwood 1978, Bestelmeyer et al. 2000, Skvarla et 157 

al. 2016) that could be readily incorporated into the existing faunal (i.e. vertebrate) surveys. We used 158 

three sizes of pitfall traps: (a) twenty small (45 mm diameter) traps, commonly used to catch ants; 159 
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(b) ten cup-sized (65 mm diameter) traps to catch larger invertebrates; and (c) three 20-L bucket 160 

traps typically used for catching vertebrates. The 65 mm and 45 mm pitfall traps were ¾ filled with 161 

ethylene glycol, buried into the ground flush with the soil surface and collected after 48 hours. The 162 

vertebrate traps were buried in the ground flush with the soil surface and aligned with a drift fence 163 

(designed for channelling vertebrates into them). We collected invertebrate by-catch from the 164 

vertebrate bucket traps each morning and afternoon over the same 48-hour period as the 65 mm and 165 

45 mm trap sampling time-frame. All data from the three trap arrays were pooled for each site. 166 

Details of trapping layout and an overview of catches are provided in Oberprieler et al. (2019a). 167 

 168 

2.4. Invertebrate data 169 

We targeted twelve invertebrate families for analysis, based on their high abundance and species 170 

richness in traps, taxonomic tractability and broad representation of functional diversity: Formicidae 171 

(ants), Carabidae, Staphylinidae, Curculionidae, Scarabaeidae, Tenebrionidae and Ptinidae 172 

(beetles), Chloropidae, Phoridae (flies), Lycosidae, Salticidae and Zodariidae (spiders). A total of 173 

668 species (for list of species see Data S1) from these families were sampled across all three trap 174 

arrays (Table 1). These families accounted for ~70% of invertebrate individuals captured in the 175 

pitfall traps.  176 

177 
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Table 1. Total abundance and species richness of the 12 invertebrate taxa.  178 

Taxon Common name Abundance Total species 

Hymenoptera Ants/bees/wasps 109407* 320 

Formicidae Ants 109407* 320 

Coleoptera Beetles 950 198 

Carabidae Ground beetles 252 62 

Staphylinidae Rove beetles 235 54 

Curculionidae Weevils 227 28 

Tenebrionidae Darkling beetles 154 18 

Scarabaeidae Scarab beetles 48 29 

Ptinidae Spider beetles 34 7 

Diptera Flies 1310 61 

Chloropidae Grass flies 821 26 

Phoridae Scuttle flies 489 35 

Araneae Spiders 583 89 

Salticidae Jumping spiders 273 39 

Zodariidae Ant-eating spiders 159 30 

Lycosidae Wolf spiders 151 20 

Total  112250 668 

Notes: Values represent adult specimens only. *Formicidae abundances were capped at 50 179 

individuals per trap. 180 

 181 

2.5. Data analysis 182 

2.5.1. Species richness 183 

To determine congruence in species richness, we calculated Spearman’s Rank correlations for each 184 

taxon against all others combined (i.e. total richness minus target taxon; avoiding the confounding 185 

effects of autocorrelation) and for each pair of taxa. Calculations were performed in SigmaPlot 186 

version 12.5 (Systat Software San Jose, CA, www.systatsoftware.com).  187 

 188 

2.5.2. Species composition 189 

To examine congruence in species composition we calculated Bray-Curtis similarity matrices across 190 

the sites, based on square-root transformed abundance data (transformed so that similarities were 191 

http://www.systatsoftware.com/
http://www.systatsoftware.com/
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not strongly driven by highly abundant species), using Primer-E 7.0 (Clarke and Gorley 2015). The 192 

Bray-Curtis coefficients were zero-adjusted so that they were less erratic for samples with few 193 

individuals and were calculable for samples with complete absences. This was done by constructing 194 

the Bray-Curtis matrices against a dummy value of 1, which adds a pseudo-species at sites where 195 

no species were recorded (Clarke et al. 2006). We tested the similarity matrices pairwise for 196 

significant correlations (999 randomised permutations) using the RELATE function (a non-197 

parametric form of the Mantel test) with Spearman’s Rank method. To determine how representative 198 

each taxon is of all others combined (i.e. total composition minus target taxon) we correlated each 199 

taxon with a similarity matrix of all other taxa combined. For the purposes of ‘complementary 200 

diversity’, similarity in composition was calculated between every pair of taxa.  201 

 202 

2.5.3. Scoring target taxa 203 

We assigned each of the 12 taxa a score of 1–5 against three sets of selection criteria: survey 204 

practicality, ‘total diversity’ and ‘complementary diversity’. For survey practicality, we included 205 

total abundance and richness, and taxonomic tractability (see Table 1). For total abundance and 206 

richness, we assigned taxa with lowest values (< 50 individuals; < 10 species) a score of 1, and taxa 207 

with highest values (> 1000 individuals; > 100 species) a score of 5. Although taxa with fewer 208 

individuals and species may require less processing time, they are less likely to be routinely sampled 209 

in traps in numbers sufficient for reliable statistical power and so we gave premium to taxa with 210 

highest values. We assigned each taxon a score for the taxonomic tractability of its northern 211 

Australian fauna, ranging from 1 for taxa with a large proportion of undescribed species and absence 212 

of taxonomic keys or reference collections, to 5 for taxa that are well-known taxonomically and 213 

species identification keys are readily available. We did not consider seasonality in our criteria 214 

because all our surveys were conducted at the end of the wet season, which is the period of peak 215 

invertebrate activity and the most practical time for faunal sampling at our remote field sites.  216 

 217 
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For ‘total diversity’ we scored taxa for the strength of their correlation with the richness and 218 

composition of all others combined, ranging from 1 for taxa with weak (≤ 0.2) correlations to 5 for 219 

taxa with relatively strong (≥ 0.5) correlations (Table 2). Only significant correlations were scored. 220 

For ‘complementary diversity’, we followed the ‘greedy’ conceptual approach (Kirkpatrick 1983) 221 

of selecting the most representative taxon first and then adding taxa that provide the most unique 222 

information. We gave premium to taxa with the highest (≥ 6) number of significant positive pairwise 223 

correlations, because these taxa are significantly representative of more than half the other taxa, and 224 

so assigned them a score of 5 (Table 2). To sequentially add taxa with most ‘uniqueness’ (and 225 

therefore higher complementary value), we assigned taxa with no significant positive pairwise 226 

correlations a score of 4. Taxa with one or five significant positive pairwise correlations were 227 

assigned a score of 3 because they are neither entirely unique, nor representative of more than half 228 

the other taxa. Taxa with two or four significant positive pairwise correlations were assigned a score 229 

of 2 because they were even less unique or representative. Finally, taxa with three significant 230 

positive pairwise correlations were assigned the lowest score of 1 (Table 2), because they were 231 

poorly representative and had little complementarity value. 232 
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Table 2. Selection criteria for target taxa, scored from 1–5, based on survey practicality (abundance, 233 

richness and taxonomic tractability), and biological representativeness (in richness and composition) 234 

using ‘total diversity’ and ‘complementary diversity’ selection methods. 235 

Score 1 2 3 4 5 

Survey practicality      

Total abundance < 50 50–200 200–500 500–1000 > 1000 

Total richness < 10 10–20 20–50 50–100 > 100 

Taxonomic tractability 

Most species 
undescribed 

limited 
reference 

collections 
available and 

no keys 

Most species 
undescribed 

some 
reference 

collections 
available but 

no keys 

Most species 
undescribed 

but good 
reference 

collections 
and keys to 

genera 
available 

Most 
species 

described 
but limited 

keys 
available 

Most 
species 

described 
and keys 
available 

Biological representativeness      

‘Total diversity’      

Richness ≤ 0.2 > 0.2 ≥ 0.3 ≥ 0.4 ≥ 0.5 

Composition ≤ 0.2 > 0.2 ≥ 0.3 ≥ 0.4 ≥ 0.5 

‘Complementary diversity’      

Richness 3 2 or 4 1 or 5 0 ≥ 6 

Composition 3 2 or 4 1 or 5 0 ≥ 6 

 236 
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3. RESULTS 237 

3.1. Congruence with ‘total diversity’ 238 

Congruence in species richness and composition of each of the 12 taxa with that of all others 239 

combined (‘total diversity’) was generally low (Table 3). For species richness, only six taxa showed 240 

significant correlations with ‘total diversity’, and only three of these were moderately strong (ρ 241 

~0.5). For species composition, only five taxa showed significant correlations with ‘total diversity’, 242 

and the strongest (Formicidae) was only ρ = 0.29 (Table 3). 243 

 244 

Table 3. Spearman’s Rank correlations (ρ) of each of the 12 invertebrate taxa against all other taxa 245 

combined. Significance levels for richness determined using Spearman’s Rank and for composition 246 

using Mantel test with 999 permutations; values P < 0.05 indicated in bold. N = number of species 247 

used in analyses. 248 

Family N Richness Composition 
Carabidae 62 0.15 0.15 
Chloropidae 26 0.55 0.07 
Curculionidae 28 0.53 0.01 
Formicidae 320 0.27 0.29 
Lycosidae 20 0.02 0.13 
Phoridae 35 0.47 0.09 
Ptinidae 7 0.31 0.02 
Salticidae 39 0.09 0.01 
Scarabaeidae 29 0.1 0.07 
Staphylinidae 54 0.006 0.16 
Tenebrionidae 18 0.25 0.08 
Zodariidae 30 0.18 0.14 

 249 

3.2. Congruence among taxa 250 

Spearman’s Rank analysis of variation in species richness among the 12 taxa identified 24 significant 251 

correlations out of the 66 pairwise comparisons (Table 4). The strength of the pairwise correlations 252 

was generally low (min. ρ = 0.26) to moderate (max. ρ = 0.48; Table 4). Only Carabidae and 253 

Curculionidae were significantly positively correlated with more than half (≥ 6) of the other taxa. 254 
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Staphylinidae had the highest number (7) of significant correlations, but two of these were negative. 255 

Salticidae and Zodariidae had no significant correlations with any other taxon.  256 

 257 

For species composition, only 19 of the 66 pairwise correlations were statistically significant (Table 258 

4). The strength of the pairwise correlations were more variable than for species richness, ranging 259 

from ρ = 0.07 to ρ = 0.48 (Table 4). Five taxa (Carabidae, Chloropidae, Curculionidae, Staphylinidae 260 

and Phoridae) had more than 6 significant positive pairwise correlations, and two (Ptinidae and 261 

Tenebrionidae) had none.  262 

 263 
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Table 4. Spearman’s Rank correlations (ρ) between species richness (above and italicised) and composition (below and not italicised) of the 12 264 

invertebrate taxa. Significance levels for richness determined using Spearman’s Rank and for composition using Mantel test with 999 permutations; 265 

values P < 0.05 indicated in bold. Number of species is given in parentheses. 266 
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Carabidae (62) 

 

0.37 0.37 -0.06 0.27 0.30 -0.01 -0.10 0.31 0.48 -0.12 -0.03 

Chloropidae (26) 0.20  0.42 0.38 0.15 0.45 0.18 0.02 0.04 0.29 0.01 0.13 

Curculionidae (28) 0.39 0.15  0.33 0.10 0.33 0.21 0.02 0.26 0.32 0.05 0.22 

Formicidae (320) 0.13 0.07 0.04  -0.20 0.33 0.32 0.09 -0.02 -0.24 0.36 0.21 

Lycosidae (20) 0.31 0.12 0.30 0.12  0.01 -0.16 -0.16 0.04 0.26 -0.23 0.18 

Phoridae (35) 0.26 0.20 0.21 0.10 0.12  0.35 0.22 0.13 0.11 0.14 -0.13 

Ptinidae (7) -0.02 0.03 0.11 -0.005 -0.13 0.07  0.12 -0.04 -0.05 0.26 -0.04 

Salticidae (39) 0.04 0.05 0.02 0.02 -0.07 0.15 0.09  -0.10 -0.08 0.05 0.05 

Scarabaeidae (29) 0.34 0.12 0.22 0.05 -0.01 0.06 0.06 -0.06  0.37 -0.14 0.05 

Staphylinidae (54) 0.48 0.23 0.32 0.18 0.29 0.21 -0.09 0.01 0.31  -0.37 0.05 

Tenebrionidae (18) -0.04 0.01 0.08 -0.06 -0.15 0.07 0.06 -0.003 -0.09 -0.21  0.01 

Zodariidae (30) -0.02 0.01 0.22 -0.11 0.22 -0.09 -0.04 0.05 0.03 -0.01 0.01  

267 
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3.3. Scoring target taxa 268 

Scores across all three sets of selection criteria (survey practicality, ‘total diversity’ and 269 

‘complementary diversity’) were highly variable among the 12 taxa (Table 5). Formicidae and 270 

Carabidae scored highest in terms of survey practicality. The taxa that scored highest for 271 

representativeness of ‘total diversity’ (Chloropidae and Curculionidae, followed by Formicidae and 272 

Phoridae), were different to those that scored highest for ‘complementary diversity’ (Carabidae and 273 

Curculionidae, followed by Chloropidae, Phoridae and Staphylinidae). When survey practicality 274 

scores were added, representativeness of ‘total diversity’ was clearly highest for Formicidae, 275 

followed by Chloropidae and Curculionidae. In terms of ‘complementary diversity’, Carabidae 276 

scored highest, followed by Curculionidae and Formicidae (Table 5). 277 
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Table 5. Scores for each of the 12 invertebrate taxa against the selection criteria (see Table 2). Survey practicality scores are based on values given in 278 

Table 1, and ‘total diversity’ and ‘complementary diversity’ scores are based on results of congruence analyses presented in Tables 3 and 4, respectively. 279 

Taxon 
Survey practicality Biological representativeness Total score 

Total 
abundance 

Total 
richness 

Taxonomic 
tractability Total ‘Total diversity' ‘Complementary diversity’ ‘Total diversity' ‘Complementary 

diversity’ Richness Composition Total Richness Composition Total 
Carabidae 3 4 4 11 0 1 1 5 5 10 12 21 
Chloropidae 4 3 1 8 5 1 6 3 5 8 14 16 
Curculionidae 3 3 3 9 5 0 5 5 5 10 14 19 
Formicidae 5 5 3 13 2 2 4 3 2 5 17 18 
Lycosidae 4 3 1 8 0 1 1 2 3 5 9 13 
Phoridae 3 3 1 7 4 0 4 3 5 8 11 15 
Ptinidae 1 1 1 3 3 0 3 1 4 5 6 8 
Salticidae 3 3 2 8 0 0 0 4 3 7 8 15 
Scarabaeidae 1 3 4 8 0 0 0 1 2 3 8 11 
Staphylinidae 3 4 1 8 0 1 1 3 5 8 9 16 
Tenebrionidae 2 2 4 8 2 0 2 2 4 6 10 14 
Zodariidae 3 3 2 8 0 0 0 4 2 6 8 14 

 280 

 281 
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4. DISCUSSION 282 

The selection of invertebrate target taxa for routine biodiversity survey is typically based on the 283 

capacity of candidate taxa to represent total species richness and overall composition (‘total 284 

diversity’). However, geographic patterns of richness and composition vary markedly among 285 

invertebrate taxa, and so a complementarity approach is required for selecting representative taxa. 286 

We have presented a simple and robust approach for incorporating complementarity into the 287 

selection of target taxa, and have shown that the taxa selected on the basis of complementarity are 288 

very different to those selected according to their representativeness of ‘total diversity’.  289 

 290 

The limited utility of ‘total diversity’ as a measure for assessing target taxa was demonstrated both 291 

by the generally low congruence of individual taxa with total species richness and especially with 292 

overall composition, and by the low pairwise congruence among taxa. Thus, there was no dominant 293 

distribution pattern for invertebrate diversity that target taxa should represent. This is consistent with 294 

results from other studies of cross-taxon congruence among invertebrates (e.g. Barlow et al. 2007, 295 

Fattorini et al. 2012, Beck et al. 2013), and reflects the broad range of ecological requirements 296 

among different groups. Barton et al. (2019) also noted that different sub-components of bird and 297 

ant assemblages (family- and genus-level) respond to disturbance in ways that contrast with total 298 

species richness, which is therefore a poor target measure of overall diversity. Similarly, Evans et 299 

al. (2019) found that ecological and functional interpretations of beetle species groups were lost by 300 

lumping all species together into a single ‘total’ metric of richness and abundance, and that this 301 

single metric was largely driven by a few dominant groups. There is little use in using ‘total 302 

diversity’ as a reference for selecting representative taxa when patterns of ‘total diversity’ are so 303 

unrepresentative of individual taxa. It is more appropriate to select taxa based on their capacity to 304 

represent the broad range of distribution patterns shown by different groups. Indeed, Oliver and 305 

Beattie (1996) showed that combining data on Formicidae, Carabidae, Scarabaeidae and 306 
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Staphylinidae (Pselaphinae) was the most effective way to rapidly detect trends in overall 307 

invertebrate diversity because these families showed inverse relationships in species richness and 308 

their assemblage structure was driven by different habitat requirements.  309 

 310 

In addition to high representativeness in terms of ‘complementary diversity’, ideal target taxa should 311 

also be practical to sample and readily identifiable. Our findings show that when survey practicality 312 

is considered it has a strong influence on the selection of taxa. Curculionidae and especially 313 

Carabidae scored highly for both survey practicality and ‘complementary diversity’ and are therefore 314 

ideal target groups. Formicidae, although comprising a dominant proportion of all specimens, 315 

showed only moderate levels of representativeness, but coupled with their high survey practicality 316 

they make a strong addition to the suite of selected groups. The combination of survey practicality 317 

and biological representativeness renders these groups strong complementary candidate target taxa 318 

in our study system. Indeed, both Carabidae (Oliver and Beattie 1996, Rainio and Niemelä 2003, 319 

Cameron and Leather 2012) and Formicidae (Andersen 1997, Brown 1997, Andersen et al. 2004, 320 

Majer et al. 2007, McGeoch et al. 2011) have been shown to be useful indicators of invertebrate 321 

diversity in other systems and are therefore widely informative. We are not aware of any studies that 322 

have shown Curculionidae to be good bio-indicators of other invertebrate groups but suggest they 323 

should be more widely considered in target-taxa assessments, especially in tropical regions. 324 

 325 

We note that our study used taxa at the taxonomic level of family rather than at higher levels (such 326 

as ‘beetles’ or ‘spiders’), so as not to lump highly diverse ecological groups. It’s at this level that 327 

invertebrate groups are likely most useful for land managers because, as we have demonstrated here, 328 

there is high variability among families within an order in terms of representativeness and survey 329 

practicality. Evans et al. (2019) noted that using appropriate family-based indicators is a realistic 330 

and cost-effective measure of beetle diversity because ecological information at the family-level is 331 

readily available and counts of morpho-species or abundance within a family can provide valuable 332 
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functional insights into beetle diversity patterns. We have used a suite of invertebrate families that 333 

are commonly encountered in pitfall traps and therefore readily recognisable by local land managers, 334 

but our scoring system can be equally applied to other taxonomic or functional groups of taxa.  335 

 336 

We acknowledge that not all the selection criteria used here are necessarily of equal importance 337 

when considering choice of target taxa, but in the absence of a clear justification for rating relative 338 

importance we assumed equal weighting for all criteria. However, different weightings can be easily 339 

applied to our scoring system if deemed appropriate.  340 

 341 

In addition to its focus on complementarity, another advantage of our selection method is that it 342 

considers multiple measures of diversity. Previous studies involving invertebrates have shown that 343 

patterns of cross-taxon congruence and taxa representativeness can vary markedly depending on 344 

whether metrics of richness or composition are considered (e.g Su et al. 2004, Westgate et al. 2017, 345 

Oberprieler et al. 2019b). We found such variation in our study—for example both Salticidae and 346 

Zodariidae showed no congruence with other taxa in their patterns of species richness, but they did 347 

in species composition. Our approach to the selection of target taxa included both measures, and it 348 

can be fitted to incorporate others, such as evenness, disparity or occupancy.  349 

 350 

While the use of target taxa to assess biodiversity is not a total solution to overcoming the challenges 351 

associated with conserving invertebrate diversity (see Cardoso et al. 2011), it can provide a 352 

framework for incorporating invertebrates into routine faunal survey and to lessen the knowledge 353 

gap that continues to prevent their inclusion in conservation planning. Such a framework requires a 354 

robust approach to the selection of target taxa that effectively represents overall patterns of 355 

invertebrate distribution. Our study has dealt exclusively with captures in pitfall traps, and the subset 356 

of taxa that most effectively represents invertebrate diversity will vary among study systems and 357 

different spatial scales. However, our approach to selecting representative terrestrial invertebrate 358 
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taxa is widely applicable and it provides a robust framework for informing conservation planning. 359 

It can be equally useful in other contexts such as biodiversity monitoring and environmental impact 360 

assessment.  361 

 362 
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