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ABSTRACT ARTICLE HISTORY
Arthropods are often ignored or under-sampled in biodiversity and Received 17 October 2020
conservation assessments because of their large diversity, small size ~ Accepted 21 December 2021
and lack of taxonomic guides. Rapid biodiversity assessment First Published Online 4
programmes have been established to assess these groups  January 2022
accurately. A COBRA (Conservation Oriented Biodiversity Rapid HANDLING EDITOR
Assessment) protocol consists of an intense sampling of a habitat Rob Cruickshank

using the optimal combination of sampling methods. We set a

basis for future protocols of measuring spider biodiversity in KEYWORDS

exotic pastures in New Zealand. Overall, 28 spider species were Spiders; agriculture; ground
collected. There was variation in species discovery for each  sampling; New Zealand;
collection method, i.e. pitfall traps (86.6% of total species found), optimised; pastures; pitfall
ground hand collection (95.4%), suction sampling (85.7%), and trapz; S‘g.eez',ng; .
sweeping (25%). The various collection methods were zmpﬁ;;e 7 suction
complementary in species that were found. Of the four sampling

methods used pitfall traps and ground hand collection were far

more efficient at collecting spider species in pastures per sample.

These findings are relevant for the future development of these

protocols and ultimately, these tools will be used for assessing

and monitoring biodiversity on farms and the impacts of farming

methods.

Introduction

Assessing arthropod richness, abundance, composition, geographical patterns and their
roles in ecosystems is logistically challenging (Ramos et al. 2001; Cardoso 2009). A lack of
information about arthropod populations can hinder conservation biology, ecology,
agroecology, and biogeography (Ramos et al. 2001; Gurr et al. 2004; Blanchet et al.
2015). Because arthropods are highly diverse, sampling requires an efficient and well-
structured approach to maximise limited resources (New 1999). As awareness of the
impact of human activities on ecosystems and organisms increases, more research and
comparable data are necessary for management, and it becomes more important to
have standardised protocols to collect them (Whitmore et al. 2002; Cardoso 2009;
Cardoso and Leather 2019).
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The most common approach for sampling arthropods is ad hoc sampling (non-
optimised and site-specific). Ad hoc sampling is based on the expert judgement of
the collectors, with the assumption that they will use the best combination of
sampling methods to provide maximum information about the species communities
in a given site in a minimum amount of time (Cardoso et al. 2009a). This approach
is often used for compiling species lists (Gordon and Newton 2006; Roberts et al.
2007) for well-known taxa, such as birds (Droege et al. 1998). Because different
sampling events are seldom designed in the same way, ad hoc sampling does not
allow for reliable or repeatable comparisons, the search effort may be different
between studies (Cardoso 2009). Optimised and standardised protocols, such as
COBRA (Conservation Oriented Biodiversity Rapid Assessment), are not common.
The COBRA protocol is a relatively new approach to sampling highly diverse arthro-
pods, such as spiders. The COBRA protocol is designed to collect the
maximum number of species, in a minimum amount of time, combining a
variety of sampling methods (optimised) while being applicable to multiple sites (stan-
dardised) and currently exist only for spiders (Cardoso et al. 2008: Cardoso et al.
2008a: Cardoso 2009: Cardoso et al. 2009a: Malumbres Olarte et al. 2017: Bichuette
et al. 2019).

Spiders are common in agricultural habitats and provide crucial ecosystem services
(Marc et al. 1999). In agroecosystems, spider species richness is generally quite high
but is dominated by only a few species (Agnew and Smith Jr 1989; Isaia et al. 2010;
Michalko and Pekar 2015). Spiders are generalists and can be present even when tar-
geted prey species are absent, capturing alternative prey as well as possessing adaptions
for times of deprivation (Greenstone and Bennett 1980; Harwood et al. 2004; Michalko
and Pekdr 2015). Particular assemblages of spider species can reduce crop damage
from pest insects in orchards and crops (Hoefler et al. 2006; Michalko and Pekar
2015).

Agriculture is a major industry in New Zealand and consists of 7-8 million hectares of
pasture (Ministry of Primary Industries 2012; Pearson 2020). Most exotic pastures in
New Zealand are occupied by exotic species of spiders (Vink et al. 2004). Martin
(1983) sampled pastures in Nelson and identified 45 spider species. Teniphantes tenuis
(Blackwall 1841) is one of the most common species found in New Zealand pastures
(Vink et al. 2004; Malumbres-Olarte et al. 2014). This species is an exotic species and
most likely originated from Europe (Millidge 1988). Linyphiidae is the dominant
family found in pastures (Clark et al. 2004).

There are limited publications on spider biodiversity and abundance in agroecosys-
tems in New Zealand (Topping and Lovei 1997; Hodge and Vink 2000; McLachlan
and Wratten 2003; Clark et al. 2004; and Vink et al. 2004), and most are 10 or more
years old, which is unexpected given the high spider diversity and farmland cover in
New Zealand.

There are currently no eflicient protocols for sampling spiders in New Zealand agri-
cultural pastures accurately and the development of a new COBRA protocol for these
pastures would be beneficial. Our aims are to develop a basis for future protocols for
measuring spider diversity in exotic pastures in New Zealand and to estimate the
minimum amount of time and resources to efficiently and accurately sample exotic pas-
tures in New Zealand.
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Methods

Three sites in Canterbury, New Zealand we chose for this study. These were the Lincoln
University Demonstration Dairy Farm (LUDDE), the Lincoln University Research Dairy
Farm (LURDF) and Lincoln University Iversen Fields. Ten sites were used and varied in
size between 0.6-8.3 hectares. The average rainfall per year is 666 mm for all three sites.
The LUDDF site (43°38'16.59”S 172°26/23.91”E) covers 186 ha of land with 160.1 ha of
productive land. Originally a sheep farm, it was converted to dairy in 2001. The irrigation
average is 37.5 ml/month to maintain an average evapo-transpiration rate of 72.5 ml/
month. The pasture consists of Ronsyn/Impact ryegrass (Lolium perenne), Aran
sustain white clover (Trifolium repens) and a small area of timothy (Phleum pratense).

The LURDF (43°38'16.29”S 172°27'38.12"E) is used for diary research and demon-
stration of the best practice dairy techniques. Large areas of the pasture consist of peren-
nial ryegrass (Lolium perenne L.) and white clover (Trifolium repens L.). There are other
areas of diverse pasture that contain chicory (Chichorium intybus), plantain (Plantago
lanceolate), and lucerne (Medicago sativa). The farm is 56 hectares and has 250 Friesian
cross Jersey cows. The irrigation average is 105.1 ml/month.

Iversen fields (43°38'54.16”S 172°27'51.88"E) is an area used for multiple crops,
including wheat, barley, peas, beans, oil seed rape, forage brassicas and vegetables.
Fields are rotated into pasture after intensive cropping. These areas remain in pasture
for up to three years depending on experiment and research requirements. The
pasture is grazed by sheep and is planted with arrow ryegrass (L. perenne) at 20 kg/ha
and white clover (T. repens) at 4 kg/ha. The irrigation average is 100 ml/month.

Sampling design

Common sampling methods for collecting spiders are pitfall traps, emergence traps,
sweep netting, suction sampling, leaf litter extraction, ground searching, and beating
(Churchill and Arthur 1999; Sutherland 2006). Not all of these sampling methods are
appropriate for pastures, with leaf litter extraction and beating techniques not commonly
used. Pasture grasses are short and do not have a compact structure as some native
grasses do (Malumbres Olarte 2010), so foliage beating may not be suitable as a sampling
method for exotic pastures. Leaf litter extraction is used mainly in forests as there is more
depth in the litter (Stevenson and Dindal 1982) compared to exotic pasture (Curtis et al.
2019). Emergence traps collect insects as they emerge from a substrate, like soil, and have
been known to catch spiders, but are less efficient than other traps (Malumbres Olarte
2010). Suction sampling is often used for sampling spiders in agroecosystems (McLa-
chlan and Wratten 2003; Vink et al. 2004) but these devices are often difficult for the
public to access and can be expensive (Sutherland 2006). Therefore, ground sampling,
sweeping, and pitfall traps are the most appropriate sampling methods for pastures.

Pitfall trap protocol

We placed 16 pitfall traps in groups of four at each site. In the four groups, each pitfall
trap was 1 m apart and 3 m from other groups. The pitfall traps were at least 100 m from
the closest fence line. Plastic cups, 69 mm in diameter, were placed into the ground and
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were filled with 1/2 cup of monopropylene glycol and labelled. A metal roof was placed
over each pitfall trap, which follows the New Zealand Department of Conservation’s
guidelines for invertebrate pitfall traps (Sherley and Stringer 2016). The traps were left
in the field for seven days.

Ground sampling protocol

Ground sampling consisted of collecting all spiders found below knee level (Cardoso
et al. 2008). Transect lines were set using a measuring tape to create a 30-metre stripe
across the pasture. The distance between transects varied due to the different sizes of
the site but ranged between 10 and 20 m. Ground sampling was performed in six 10-
minute periods and was five metres distant from the transect line. Each site contained
five different transect lines and each line was sampled for an hour in the day and an
hour in the night, for 10 hours of sampling. Therefore, each site had a total of 60
samples. Ground searching involved crawling through the pasture with an insect aspira-
tor and searching through the grass at the root level. Four small areas (approx. 10 x 10 cm
by 2 cm deep) of thick pasture were removed and searched on a beating sheet in
10-minute intervals. The labelling and placing of specimens into vials were done at
5-minute intervals, this was done at the end of the 10-minute intervals.

Sweeping protocol

Transect lines were 30 m long and followed the same design as the ground sampling
protocol. Continuous sweeping was done for 12, five-minute periods and was within
10-20 m of each of the five transect lines, totalling five hours of collecting and 60
samples per site. Collecting took place once at night and once during the day, totalling
10 h of sampling. There was also a two-minute maximum collecting period to remove
spiders found in the net, excluding labelling. The two-minute collecting period was
not included in the five-hour collection period. The sweeping net was emptied onto a
beating tray or sheet from which we collected the spiders using an aspirator and/or
hand collected in vials. Specimens were placed in labelled vials with 70% ethanol.

Suction sampling protocol

The suction sampler with a sampling pipe diameter of 16.4 cm was built from a modified
leaf blower. To avoid bias, the sample area was chosen by throwing a tennis ball and
sampling the area where it stopped. Suction sampling was carried out within an area
of 1 m® per transect. In the transect square, the sampling pipe was placed firmly on
the ground and held for 30s. A pitfall trap cup was placed onto the other end of the
pipe to collect the spiders. The suction sampler was lifted and placed onto another
patch of ground in the transect square and held for another 30 s. This was repeated
for three minutes of sampling time. Each site had three samples totalling nine minutes
of sampling. The samples were labelled and placed in 70% ethanol.

The collected spiders were sorted and identified to species level using the taxonomic
literature (Dondale 1966: Forster 1967: Forster and Wilton 1968: Forster 1970: Forster
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Table 1. Quantitative results and species estimates from the methods used in the sampling protocol in
total.

Pitfalls Ground Sampling Suction Sampling Sweeping

Individuals 1500 1093 85 89
Species 26 21 6 2
Singletons 3 1 1 2
Doubletons 2 2 1 0
Jackknife 1 29 22 7 6
Jackknife 2 30 21 7 8
Chao 1 27 21 6 5
Chao 2 26 21.5 6 4.5
Slope S 269 21.7 6.3 5.01
Sampling completeness 92% 80.7% 95.2% 17.8%

and Wilton 1973: Forster and Blest 1979: Forster et al. 1988: Millidge 1988: Vink 2002:
Zabka and Pollard 2002: Paquin et al. 2010: Rix and Harvey 2010).

Statistical analyses

The software package Genstat 19th Edition (VSN International 2017) was used to calcu-
late randomised species accumulation curves for observed species richness to statistically
determine if the randomised curves reached an asymptote. Four species richness estima-
tors (Jackknife 1, Jackknife 2, Chao 1, and Chao 2) were calculated per site and per
sampling method. Singletons and doubletons were calculated for each site and sampling

Pitfall trap
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Microctenonyx
subitaneus
N Haplinis Taph
YSSUS — fycatina R Gp L
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Figure 1. Unique and shared species by collecting method.
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Figure 2. Randomised accumulation curves of observed species richness over increasing sampling
sites for singletons, doubletons, and other estimators: A, ground sampling, B, pitfall traps, C, sweep-
ing, D, suction sampling.

method, with 100 sample order randomisations in R package BAT (Cardoso et al. 2015).
Sampling completeness was estimated using Jackknife 2 and is the number of observed
species divided by the estimator (Jackknife 2) number of species.

Results

A total of 2767 spiders were caught, which included 1384 adults (50%) representing 12
families and 28 species (Table 2, Appendix). Pitfall traps collected the most with 1500
individuals, ground sampling collected 1093 individuals, suction sampling collected 89
individuals, and sweeping collected 85 individuals (Table 1). Sweeping and suction
sampling only added one new species Novakiella trituberculosa to the total (Figure 1).
The non-parametric estimators for pitfall traps, the accumulation curves of Chao 1
and Chao 2, reached asymptote (Figure 2). Chao 1 (26 species) and Chao 2 (27
species) produced the estimation of the number of species found in pitfall traps. Jackknife

Table 2. Number of individuals, per sample, per method for each three sites. (LUDDF) Lincoln
University Demonstration Dairy Farm, (LURDF) Lincoln University Research Dairy Farm, (LUIF)
Lincoln University Iversen Fields, (PT) pitfall trap, (GS) ground sampling, (SW) sweeping and (SU)
suction sampling.

LUDDF LURDF LUIF
PT GS SW SuU PT GS SW SU PT GS SW SU Totals
Samples 16 1 44 6 16 1" 44 6 16 1" 44 6 77
Individuals 376 248 2 28 211 367 1 24 913 478 86 33 2767
Species 7 9 1 3 6 6 1 2 18 12 1 5 28
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2 was used to estimate sample completeness of 86.6%. Jackknife 1 (29 species) and Jack-
knife 2 (30 species) accumulation curves did not reach asymptote. Three species were sin-
gletons (11.1% of the total species collected using this sampling method), and two species
were doubletons (7.6%) (Figure 2).

For ground sampling, the accumulation curves using Chao 1, Chao 2, and Jackknife 2
reached asymptote (Figure 2). Chao 1 and Jackknife 2 (21 species) were estimated. The
accumulation curve of Jackknife 1 (22 species) did not reach asymptote. Sample comple-
teness was 95.4% and there was a singleton (4.7%) and two doubletons (9.5%) (Figure 2).

For sweeping, the accumulation curves of Chao 1 (2 species) and Chao 2 (4.5 species)
reached asymptote (Figure 2). The estimates from Jackknife 1 (6 species) and Jackknife 2
(8 species) did not reach asymptote. Sample completeness was 25% and there were two
singletons (40%) and no doubletons (Figure 2).

For suction sampling, the accumulation curves of Chao 1 and Chao 2 (6 species)
reached asymptote (Figure 2). Chao 2 uses data from multiple samples in total to estimate
the species diversity and Figure 2 suggests it may take three sites to get an estimate of
species diversity. Jackknife 1 and Jackknife 2 (7 species) were estimated, but the accumu-
lation curves did not reach asymptote. Sample completeness was 85.7% and there was a
singleton and a doubleton (15.8%) (Figure 2).

Discussion

This study is the first to estimate spider diversity in exotic pastures in New Zealand.
Pitfall traps were found to be the best method for catching spider species with 26 out
of the total 28 caught. Pitfall traps are commonly used to monitor ground-dwelling
arthropods (Moeed and Meads 1985; Prasifka et al. 2007) and suggests most spider
species found in pasture are ground-dwelling spiders. Topping and Lovei (1997),
pitfall traps collected a total of nine species. Six out of the nine species collected belonged
to the family Linyphiidae, including Tenuiphantes tenuis, which builds webs just above
the ground surface. This species is unlikely to be caught in pitfall traps and often
escapes (Topping 1993), e.g. three individuals were caught in pitfall traps compared to
340 individuals found with ground sampling. Only 1.5% of the individuals caught in pit-
falls were Tenuiphantes tenuis compared to 56% when ground sampling was used. This
suggests that ground sampling supplements pitfall traps. In our study, Linyphiidae was
the most abundant family with a total of 11 collected species. More effort was needed
for pitfall traps as three of the non-parametric estimators did not reach asymptote.

Ground sampling was the second-best method for collecting a large number of
species. This method collected 21 of the 28 species found in this study. There have
been no studies in New Zealand that have collected spiders by ground sampling in pas-
tures. This method was the closest to reaching asymptote and three of the non-para-
metric estimators suggested that ground sampling had collected the maximum
number of species. This method collected no unique species and shared all the same
species found by pitfall traps. Ground sampling did however collect more individuals
in the Linyphiidae family, which may be because the species of this family build webs
above the ground surface (Topping 1993).

Sweeping had the lowest sampling completeness and less than one-quarter of the total
number of species detected at the sites were collected by sweeping. This pattern may be



312 (&) K M.CURTISETAL.

due to environmental factors, including pasture dampness and short grasses in the crop-
ping pastures. Sweeping was designed to be used in long grasses and occasionally used in
short vegetation (Sutherland 2006). The issues that arise from sweeping in pastures
include the fact that sheep pasture is normally quite short, whereas dairy pasture nor-
mally has longer grass, which is more suitable for sweeping. Dairy also uses irrigation,
which makes it difficult to sweep the moist grass. In six sites on dairy pastures, there
was a total of three adult spider individuals from two species: Cyclosa fuliginata and
Novakiella trituberculosa. In the cropping pasture a total of 86 spider individuals were
caught from one species: Cyclosa fuliginata. The remaining individuals were all juveniles
from the family Araneidae.

All five studies that have sampled spiders in agroecosystems in New Zealand used
suction sampling as the only method to capture spiders, apart from Topping and
Lovei (1997) who used pitfall traps and collected a total of six species. Five of the six
species were captured in cropping pasture while one species was caught in dairy
pasture. It is difficult to compare the five studies, as they were spread across different
types of New Zealand pastures. However, Vink et al. (2004) sampled sites around
Lincoln that did vary between crops of ryegrass, fescue (Festuca arundinacea), cocksfoot
(Dactylis golmerata L.), prairie grass (Bromus willdenowii Kunth), wheat and barley, as
well as samples in ungrazed pastures. Across all sites the spider abundance and richness
were predominately higher in the pasture grasses compared to the cereals (Vink et al.
2004). Our study showed cropping pasture had the highest species richness compared
to dairy, which is different from Vink et al. (2004) findings. Vink et al. (2004) study is
nearly two decades old, and irrigation is now more common and effective in New
Zealand (Ministry for the Environment and StatsNZ 2021; Whitehead et al. 2021),
which may have had an impact. The species collected from suction sampling were also
collected using pitfall traps or using sweeping. Although suction sampling is faster
than sweeping and may collect more species, it is not cost-effective as it is not accessible
for most people, and therefore, future COBRA protocols for pasture may not include it.

The common and most important factor that influenced all previous COBRA protocol
studies is the methods used in the design (Cardoso 2009). This reduces the influence that
the collector has on the data, although it has been recommended that at least one of the
collectors has experience in quantitative sampling. It is important to recognise that
although certain methods may not yield high numbers of spiders, this does not mean
that a particular sampling method is inefficient, as it is the number of species found that
is important (Cardoso 2009). Previous research has shown that balanced designs are mis-
representative as they do not accurately represent the population in proportion to their
abundance (Cardoso 2009). Conversely, unbalanced designs may provide data that may
represent populations better, as different methods overlap, as shown in Figure 1. There-
fore, it is more productive to design an unbalanced design, which will often result in
better sample accuracy of the focused population or communities (Cardoso 2009).

A protocol for pastures

Based on our results and those of other protocols worldwide, we recommend the follow-
ing steps to design a COBRA protocol for collecting spiders in exotic pastures in New
Zealand.
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(1) To be comparable with other COBRA protocols, such as COBRA-TF (Malumbres
Olarte et al. 2017) and COBRA Mediterranean cork forests (Cardoso et al. 2008),
there should be 12 samples with 4 pitfall traps for each sample, totalling 48 pitfall
traps. Pitfall traps are to be placed 100 m away from fences or shelterbelts. This is
to stop collecting spiders that are not common in pasture, as shelterbelts have a
higher species richness (Bowie et al. 2014; Curtis et al. 2019). The pitfall traps
may be placed in a square plot or transect line (depending on the shape of the prop-
erty) that is divided into 12 groups (samples). In each of the groups, each pitfall trap
should be at least one metre apart and each group should be a minimum of three
metres apart. These 48 traps should be active for two weeks. It is also recommended
that stock should not be present in the pasture while the pitfall traps are out, as the
traps contain antifreeze, which can poison stock.

(2) Ground sampling is to be carried out only at night between 11pm and lam. Most
spiders are nocturnal, and we found these times were the best in collecting a larger
number of species. Samples should be taken at least 100 m from any fences or shelter-
belts. Samples are to be taken from the base of the soil to pasture level only and from
randomised sites around the pasture. Sampling should be carried out for six hours
with each individual sampling event consisting of searching for spiders at pasture
level for 60 min. If there is thick pasture, soil squares of 2 cm deep section should
be removed and placed on a white sheet to facilitate collecting of spiders. Time
taken for labelling, moving between sites, and sorting specimens into vials is not
included in the hour of sampling. Pre-made labels will make this process more
efficient. Specimens should be stored in 70% ethanol. Stock should not be in the
field while ground sampling is taking place for health and safety reasons.

(3) Sweeping is not recommended.

(4) Suction sampling should only be carried out if a suction device is easily accessible.
This method is an alternative to sweeping. Suction sampling is faster than sweeping
for collecting samples, but it is not cost-effective if this item is not available. If the
pasture is wet, do not use this method. Suction sampling should occur during the
early morning and again at night. Use the suction sampler in the middle of the
pasture and at least 100 m away from fences or shelterbelts. To avoid bias when
selecting a site, use a method to randomise the collection point. Suction sampling
should be increased to 3 h per 1ha plot. The sampling pipe should be placed
firmly on the ground and held for 60 s. A pitfall trap cup is placed onto the other
end of the pipe to collect the spiders.

One of the main purposes of this research was to set the basis for the design of pro-
tocols for pastures in New Zealand. We provide fundamental information for the future
design of a simplified protocol for pastures, one that is based on the COBRA for open
habitats. This future protocol will allow the collecting of the highest diversity with the
least amount of effort. Using a standardised protocol in pasture will allow biodiversity
to be monitored over time to accurately assess whether it has increased or decreased
as farming strategies or climatic conditions change. Different pasture compositions,
different applications of fertiliser or insecticides, and different stocking levels are some
of the farming strategies that can affect biodiversity and their impact could be measured
using appropriate, effective, comparable, and efficient sampling approaches.



314 K. M. CURTIS ET AL.

Acknowledgements

We thank Dean OConnell for statistical help.

Disclosure statement

No potential conflict of interest was reported by the author(s).

ORCID

Kate M. Curtis (© http://orcid.org/0000-0002-2891-0546

Adrian M. Paterson (© http://orcid.org/0000-0003-4090-0815
Jagoba Malumbres-Olarte (© http://orcid.org/0000-0002-6878-5719
Cor J. Vink (@ http://orcid.org/0000-0003-4237-0117

James G. Ross (© http://orcid.org/0000-0001-7413-4704

References

Agnew CW, Smith Jr JW. 1989. Ecology of spiders (Araneae) in a peanut agroecosystem.
Environmental Entomology. 18(1):30-42.

Bichuette ME, Simdes LB, Zepon T, von Schimonsky DM, Galldo JE. 2019. Richness and taxo-
nomic distinctness of cave invertebrates from the northeastern state of Goias, central Brazil:
a vulnerable and singular area. Subterranean Biology. 29(1):1-33.

Blackwall J. 1841. The difference in the number of eyes with which spiders are provided proposed
as the basis of their distribution into tribes; with descriptions of newly discovered species and
the characters of a new family and three new genera of spiders. Transactions of the Linnean
Society London. 18(4):601-670.

Blanchet FG, Legendre P, He F. 2015. A new cost-effective approach to survey ecological commu-
nities. Oikos. 125(7):975-987.

Bowie MH, Klimaszewski ], Vink CJ, Hodge S, Wratten SD. 2014. Effect of boundary type and
season on predatory arthropods associated with field margins on New Zealand farmland.
New Zealand Journal of Zoology. 41(4):268-284.

Cardoso P. 2009. Standardization and optimization of arthropod inventories - the case of Iberian
spiders. Biodiversity and Conservation. 18(14):3949-3962.

Cardoso P, Crespo LC, Carvalho R, Rufino AC, Henriques SS. 2009a. Ad-Hoc vs. standardized and
optimized arthropod diversity sampling. Diversity. 1(1):36-51.

Cardoso P, Gaspar C, Pereira LC, Silva I, Henriques SS, da Silva RR, Sousa P. 2008. Assessing
spider species richness and composition in Mediterranean cork oak forest. Acta Oecologica.
33(1):114-127.

Cardoso P, Leather SR. 2019. Predicting a global insect apocalypse. Insect Conservation and
Diversity. 12(4):263-267.

Cardoso P, Rigal F, Carvalho JC. 2015. BAT - biodiversity assessment tools, an R package for the
measurements and estimation of alpha and beta taxon, phylogenetic and functional diversity.
Methods in Ecology and Evolution. 6(2):232-236.

Cardoso P, Scharff N, Gaspar C, Henriques SS, Carvalho R, Castro PH, Schmidt JB, Silva I, Szuts T,
Castro A, Crespo LC. 2008a. Rapid biodiversity assessment of spiders (Araneae) using semi-
quantitative sampling: a case study in a Mediterranean forest. Insect Conservation and
Diversity. 1(2):71-84.

Churchill TB, Arthur MJ. 1999. Measuring spider richness: effects of different sampling methods
and spatial and temporal scales. Journal of Insect Conservation. 3(4):287-295.

Clark RJ, Gerard PJ, Mellsop JM. 2004. Spider biodiversity and density following cultivation in
pastures in the Waikato, New Zealand. New Zealand Journal of Agricultural Research. 47
(2):247-259.


http://orcid.org/0000-0002-2891-0546
http://orcid.org/0000-0003-4090-0815
http://orcid.org/0000-0002-6878-5719
http://orcid.org/0000-0003-4237-0117
http://orcid.org/0000-0001-7413-4704

NEW ZEALAND JOURNAL OF ZOOLOGY e 315

Curtis K, Bowie MH, Hodge S. 2019. Can native plantings encourage native and beneficial invert-
ebrates on Canterbury dairy farms? New Zealand Entomologist. 42(2):67-78.

Dondale CD. 1966. The spider fauna (Araneida) of deciduous orchards in the Australian Capital
Territory. Australian Journal of Zoology. 14(6):1157-1192.

Droege S, Cyr A, Larivee J. 1998. Checklists: an under-used tool for the inventory and monitoring
of plants and animals. Conservation Biology. 12(5):1134-1138.

Forster RR. 1967. The spiders of New Zealand. Part I. Otago Museum Bulletin. 1:1-124.

Forster RR. 1970. The spiders of New Zealand. Part III. Otago Museum Bulletin. 3:1-184.

Forster RR, Blest AD. 1979. The spiders of New Zealand. Part V. Cycloctenidae, Gnaphosidae.
Clubionidae. Otago Museum Bulletin. 5:1-95.

Forster RR, Millidge AF, Court DJ. 1988. The spiders of New Zealand Part VI. Vol. 6. Dunedin:
Otago University Press; p. 2-180.

Forster RR, Wilton CL. 1968. The spiders of New Zealand. Part II. Ctenizidae. Dipluridae. Otago
Museum Bulletin. 2:126-180.

Forster RR, Wilton CL. 1973. The spiders of New Zealand Part IV. Dunedin: Otago University
Press; Vol. 4:p. 11-270.

Gordon JE, Newton AC. 2006. Efficient floristic inventory for the assessment of tropical tree diver-
sity: a comparative test of four alternatives approaches. Forest Ecology Management. 237
(1):564-573.

Greenstone MH, Bennett AF. 1980. Foraging strategy and metabolic rate in spiders. Ecology. 61
(5):1255-1259.

Gurr G, Wratten SD, Altieri MA. 2004. Ecological engineering for pest management: advances in
habitat manipulation for arthropods. Collingwood, Australia and Wallingford, UK: CSIRO.
Harwood JD, Sunderland KD, Symondson WO. 2004. Prey selection by linyphiid spiders: molecu-
lar tracking of the effects of alternative prey on rates of aphid consumption in the field.

Molecular Ecology. 13(11):3549-3560.

Hodge S, Vink CJ. 2000. An evaluation of Lycosa hilaris as a bioindicator of organophosphate
insecticide contamination. New Zealand Plant Protection. 53:226-229.

Hoefler CD, Chen A, Jakob EM. 2006. The potential of a jumping spider, Phidippus clarus, as a
biocontrol agent. Journal of Economic Entomology. 99(2):432-436.

Isaia M, Beikes S, Paschetta M, Sarvajayakesavalu SN, Badino G. 2010. Spiders as biological con-
troller in apple orchards infested by Cydia spp. XXIV European Congress of Arachnology. 79-
88. Natural History Museum Bern.

Malumbres Olarte J. 2010. Spider diversity and ecology in native tussock grasslands of the South
Island, New Zealand. (Doctoral dissertation, Lincoln University).

Malumbres-Olarte J, Barratt BI, Vink CJ, Paterson AM, Cruickshank RH, Ferguson CM, Barton
DM. 2014. Big and aerial invaders: dominance of exotic spiders in burned New Zealand
tussock grasslands. Biological Invasions. 16(11):2311-2322.

Malumbres Olarte J, Scharff N, Pape T, Coddington JA, Cardoso P. 2017. Gauging megadiversity
with optimised and standardized protocols: a case for tropical forest spiders. Ecology and
Evolution. 7:494-506.

Marc P, Canard A, Ysnel F. 1999. Spiders (Araneae) useful for pest limitation and bio indication.
Agriculture Ecosystems and Environment. 74(1-3):266-273.

Martin NA. 1983. Miscellaneous observations on a pasture fauna: an annotated species list. DSIR
Entomology Division Report. 3:1-98.

McLachlan ARG, Wratten SD. 2003. Abundance and species richness of field-margin and pasture
spiders (Araneae) in Canterbury, New Zealand. New Zealand Journal of Zoology. 30(1):57-67.

Michalko R, Pekar S. 2015. The biocontrol potential of Philodromus (Araneae, Philodromidae)
spiders for the suppression of pome fruit orchard pests. Biological Control. 82:13-20.

Millidge AF. 1988. The spiders of New Zealand: Part VI. Family Linyphiidae. Otago Museum
Bulletin. 6:35-67.

Ministry for the Environment. 2021. LUCAS NZ land use map 1990 2008 2012 2016 v008.
Retrieved from: https://koordinates.com/from/data.mfe.govt.nz/layer/52375/.

Ministry of Primary Industries. 2012. Pastoral input trends in New Zealand: a snapshot. 1-34.


https://koordinates.com/from/data.mfe.govt.nz/layer/52375/

316 K. M. CURTIS ET AL.

Moeed A, Meads M]J. 1985. Seasonality of pitfall trapped invertebrates in three types of native
forest, Orongorongo Valley, New Zealand. New Zealand Journal of Ecology. 12(1):17-53.

New TR. 1999. Entomology and nature conservation. European Journal of Entomology. 96
(1):11-17.

Paquin P, Vink CJ, Duperre N. 2010. Spiders of New Zealand: annotated family key and species
list. Lincoln: Manaaki Whenua Press; p. 1-118.

Pearson D. 2020. Key roles for landscape ecology in transformative agriculture using Aotearoa —
New Zealand as a case example. Land. 9(5):146.

Prasifka JR, Lopez MD, Hellmich RL, Lewis LC, Dively GP. 2007. Comparison of pitfall traps and
litter bags for sampling ground-dwelling arthropods. Journal of Applied Entomology. 131
(2):115-120.

Ramos MA, Lobes JM, Esteban M. 2001. Ten years inventorying for Iberian fauna: results and per-
spectives. Biodiversity & Conservation. 10(1):19-28.

Rix MG, Harvey MS. 2010. The spider family Micropholcommatidae (Arachnida, Araneae.
Araneoidea): a relimitation and revision at the generic level. ZooKeys. 36:1-321.

Roberts RL, Donald PF, Green RE. 2007. Using simple species list to monitor trends in animal
populations: new methods and a comparison with independent data. Animal Conservation.
10(3):332-339.

Sherley G, Stringer I. 2016. Invertebrates: pitfall traps Version 1.0. Retrieved from: http://www.doc.
govt.nz/Documents/science-and-technical/inventory-monitoring/im-toolbox-bats/im-toolbox-
invertebrates-pitfall-trapping.pdf.

Stevenson BG, Dindal DL. 1982. Effect of leaf shape on forest litter spiders: community organiz-
ation and microhabitat selection of immature Enoplognatha ovata (Clerck) (Theridiidae). The
Journal of Arachnology. 10(2):165-178.

Sutherland WJ. 2006. Ecological census techniques: a handbook. 2nd ed. Cambridge. Cambridge
University Press.

Topping CJ. 1993. Behavioral responses of three linyphiid spiders to pitfall traps. Entomologia
Experimentalis et Applicata. 68(3):287-293.

Topping CJ, Lovei GL. 1997. Spider density and diversity in relation to disturbance in agroecosys-
tems in New Zealand with a comparison to England. New Zealand Journal of Ecology. 21
(2):121-128.

Vink CJ. 2002. Lycosidae (Arachnida: Araneae). Fauna of New Zealand. 44:1-94.

Vink CJ, Teulon DAJ, McLachlan ARG, Stutkens MAW. 2004. Spiders (Araneae) and harvestmen
(Opiliones) in arable crops and grasses in Canterbury, New Zealand. New Zealand Journal of
Zoology. 31(2):149-159.

VSN International. 2017. Genstat for Windows. 19th ed. Hemel Hempstead: VSN International.
Retrieved from: Genstat.co.uk.

Whitehead D, McNeill S, Mudge PL. 2021. Regional and national changes in soil carbon stocks
with land-use change from 1990 to 2016 for New Zealand. Regional Environmental Change.
21(4):1-13.

Whitmore C, Slotow R, Crouch TE, Disppenaar-Schoeman AS. 2002. Diversity of spiders
(Araneae) in a savanna reserve, Northern Province, South Africa. The Journal of
Arachnology. 30(2):344-356.

Zabka M, Pollard S. 2002. A check-list of Salticidae (Arachnida: Araneae) of New Zealand. Records
of Canterbury Museum. 16:73-82.


http://www.doc.govt.nz/Documents/science-and-technical/inventory-monitoring/im-toolbox-bats/im-toolbox-invertebrates-pitfall-trapping.pdf
http://www.doc.govt.nz/Documents/science-and-technical/inventory-monitoring/im-toolbox-bats/im-toolbox-invertebrates-pitfall-trapping.pdf
http://www.doc.govt.nz/Documents/science-and-technical/inventory-monitoring/im-toolbox-bats/im-toolbox-invertebrates-pitfall-trapping.pdf

NEW ZEALAND JOURNAL OF ZOOLOGY e 317

Appendix: List of captured species and the collection method (PT = pitfall
traps, GS = ground sampling, SW = sweeping, SU = suction sampling, * =

native species).

Family Species Collection method PT, GS, SW, SU
Araneidae Eriophora pustulosa (Walckenaer, 1841) GS SU
Cyclosa fuliginata (L. Koch, 1872) PT GS SW SU
Novakiella trituberculosa (Roewer, 1942) SW SuU
Corinnidae Nyssus coloripes (Walckenaer, 1805) PT GS
Desidae Badumna longinqua (L. Koch, 1867) PT GS
Dysderidae Dysdera crocata (C. L. Koch, 1838) PT GS
Gnaphosidae Anzacia gemmea (Dalmas, 1917) PT GS
Hemicloea rogenhoferi (L. Koch, 1875) PT
Idiopidae * Cantuaria dendyi (Hogg, 1901) PT
Lamponidae Lampona cylindrata (L. Koch, 1866) PT GS
Linyphiidae Araeoncus humilis (Blackwall, 1841) PT GS
*Diploplecta communis (Millidge, 1988) PT GS
Erigone prominens (Bosenberg and Strand, 1906) PT GS SU
Erigone wiltoni (Locket, 1973) PT GS SU
*Haplinis fucatina (Urquhart, 1894) PT GS
*Haplinis mundenia (Urquhart, 1894) PT GS
*Haplinis titan (Blest, 1979) PT
*Laetesia germana (Millidge, 1988) PT GS
Microctenonyx subitaneus (O. Pickard-Cambridge, 1875)  PT
Ostearius melanopygius (O. Pickard-Cambridge, 1880) PT GS
Tenuiphantes tenuis (Blackwall, 1852) PT GS SU
Lycosidae *Allotrochosina schauinslandi (Simon, 1899) PT GS
*Anoteropsis hilaris (L. Koch, 1877) PT GS
Salticidae *Holoplatys apressus (Powell, 1873) PT GS
Maratus griseus (Keyserling, 1882) PT GS
Micropholcommatidae  *Taphiassa punctata (Forster, 1959) PT
Theridiidae Cryptachaea veruculata (Urquhart, 1886) PT GS
Steatoda capensis (Hann, 1990) PT
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