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Background: Active and passive arthropod sampling techniques have their spe-
cific limitations. Pitfall trapping is a commonly used passive sampling method,
and bush beating, aerial hand collection above the knee, aerial hand collection
below the knee cryptic and non-cryptic are widely used active sampling tech-
niques.

Objective and method: Pitfall traps and four active sampling techniques were
used in a Chromolaena odorata invaded site to compare the methods used in
sampling arthropods in Buffelsdraai Conservancy outside the city of Durban,
South Africa.

Results: Pitfall traps were the most efficient and the most effective sampling tech-
nique with high species richness for both the ant (78%) and spider (76%) samples.
One explanation for these differences could be the longer sampling time for
passive sampling compared to active sampling.

Conclusion: Compared to the subjective identification of species by collectors in
active techniques, the non-selective capturing of species by pitfall traps improves
its efficiency. The fewest taxa and individuals were collected by aerial hand col-
lection techniques but these techniques are recommended to supplement pitfall
traps. The combination of methods allows for the adequate sampling of the var-
ious strata found in vegetatively complex sites. An investigation into the possible
use of canopy techniques in C. odorata sites would be beneficial, as it considers
the various vegetation strata when sampling for biodiversity.

Keywords: Aerial hand collection techniques; pitfall traps; bush beating; biodi-
versity; ant; spider; Chromolaena odorata.
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Introduction

Arthropods are found in all ecosystems on Earth and make up most of the bio-
diversity. They are known to contribute to ecosystem services and maintain the
environment (Maleque et al. 2006). Therefore, the shift in their presence and
population may be an efficient indicator of changes in the ecosystem (Ozanne
2005). Their vast abundance hinders the quantification of arthropods and has
resulted in the development of various sampling techniques (Lowman et al.
1996). The lack of standardisation has led to numerous interpretations of bio-
diversity estimations for diverse ecosystems (Moir et al. 2005).

Among arthropods, ants are a well-known keystone taxon, highly diverse, and
abundant. Their resilience makes them highly sought after when attempting to
assess the biodiversity of many different ecosystems (Groc et al. 2007). Pitfall
trapping is generally used when sampling ants, except for more vegetatively
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complex ecosystems where suitable methods such as
the Winkler or Malaise sampling method are recom-
mended (Parr & Chown 2001; Sheikh et al. 2018). In
contrast, Majer (1997) recommended conducting both
hand collection and pitfall traps to get a more complete
estimate of ant diversity within complex ecosystems.

Spiders form a highly diverse predator group that glob-
ally impacts many tropical ecosystems’ functionalities
(Kapoor 2006). The relative ease with which spiders are
captured has led to the development and use of vari-
ous cost-effective sampling methods. The limit to these
methods is that they generally concentrate on a specific
assemblage of arthropods, resulting in a misrepresenta-
tion of the community (CGreen 1999).

Ozanne (2005) found that using various sampling meth-
ods simultaneously ensures a more comprehensive as-
sessment. For example, pitfall traps collect ground and
leaf litter-dwelling arthropods, while aerial techniques
collect a more diverse range of arthropods from differ-
ent vegetative strata (Malumbres-Olarte et al. 2017). As
these invertebrates are sampled to represent the bio-
diversity within an ecosystem, conducting assessments
on diversity changes in invaded forests is of high im-
portance (Muelelwa et al. 2010), but rarely can exper-
iments be performed in ideal conditions, as time and
financial constrictions may compel researchers to use a
single sampling method (Parr & Chown 2001).

Many restoration projects are implemented on invad-
ed sites to increase biodiversity levels. Efficient biodi-
versity assessments need to be conducted to represent
the change in diversity caused by these invasive spe-
cies (Muelelwa et al. 2010). As Chromolaena odorata
is a widespread invasive plant species in South Africa,
investigating the impacts it might have on the biodi-
versity of the invaded ecosystem is of high priority for
many ecological researchers (Rejmanek & Richardson
2013).

A series of sugarcane farms located in Buffelsdraai
outside the city of Durban in South Africa, originally a
scarp forest, are being restored. This has the potential
to restore the overall biodiversity that was previously
lost. Many cleared forests in Africa and Asia are vulner-
able to invasion by C. odorata. Therefore, if not biolog-
ically controlled and monitored, it hinders many future
restoration projects. Reforestation programmes must
be monitored to ensure they are accomplishing their
intended goals, which are often to restore biodiversity
loss (Kanowski et al. 2008). Consistent monitoring of
reforested landscapes gauges the success of restoration
long after the restoration has been completed (Gerlach
etal. 2013).

Of equal importance is a need to quantify and stan-
dardise the various methods used to collect biodiversi-
ty data for monitoring the success of these monitoring
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programmes. For arthropods occurring in complex
habitat types like forests or alien plant invaded habi-
tats, various sampling methods are available to estimate
their diversity in each ecosystem (Moir et al. 2005).
These methods tend to be biased depending on the
time spent and the number of traps used for the spe-
cific technique and externally biased by factors such as
the target species and the sampling environment (Mc-
Cravy 2018). These methods include both active and
passive sampling methods as employed by Muelelwa et
al. (2010) and Malumbres-Olarte et al. (2017). Malum-
bres-Olarte et al. (2017) found that combined methods
were necessary to ensure that the spider diversity was
adequately represented within a vegetatively complex
area such as forests.

The current study, therefore, sampled ants and spiders
using active and passive methods in sites invaded by
C. odorata to test their sampling efficiency within veg-
etatively complex habitats. This study’s objectives were
to: (i) determine the difference in ant and spider di-
versity sampled between passive and active sampling
methods; and (ii) determine if the ant and spider com-
position varies between sampling methods. This study
hypothesised a difference in diversity and assemblage
composition for ants and spiders sampled using tech-
niques employed. We further predicted that active
sampling would have a lower species diversity than
passive sampling because the longer sampling time
increased the capturing potential. We also predicted
that there will be a unique assemblage composition
associated with active sampling techniques. And lastly,
that the individual selection of rare species by aerial
hand-collection techniques will reduce the similarity in
species composition.

Methods and materials
Study area

The study was conducted in the Buffelsdraai Conser-
vancy (29°37'50.17188” S, 30°59'0.77352” E), ap-
proximately 25 km north of Durban in KwaZulu-Natal,
South Africa. Historically a forested area, 750 ha of the
conservancy was cleared for sugarcane production over
a 100 years ago. The cultivation of sugarcane was then
halted and cleared in 2008, to enforce the Buffelsdraai
Landfill Site Community Reforestation Project initiat-
ed by the eThekwini Municipality. The primary reason
for this was initially to offset the excessive emission of
greenhouse gases during the FIFA 2010 World Cup™
in Durban. Additionally, it will be used to mitigate any
carbon emission from the nearby landfill site and en-
courage surrounding communities to grow indigenous
tree seedlings to produce goods and food. The study
area is located 200-325 m.a.s.l.; this region is char-
acterised by a hot and wet climate in summer, with a
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cool and dry winter, receiving precipitation of approx-
imately 766 mm in summer, and a mean temperature
of 22.2°C in winter to 27.4°C in summer.

The area falls within the KwaZulu-Natal Coastal Belt
vegetation type, which is dominated by grasslands and
subtropical trees. The cleared sugar cane farm is in-
fested by the invasive species C. odorata. The current
study was conducted along treatments/habitat types
with different gradients of C. odorata invasion (high,
moderate and none). The gradients of invasion were
determined relative to the visible density of C. odora-
ta found in the sampling site. High invasion included
dense coverage of C. odorata, moderate had a scatter-
ing of C. odorata coverage, and none had no C. odo-
rata presence. All these sites/habitats were replicated
four times. Also, two habitats representing C. odora-
ta cleared and uncleared, each replicated five times,
were also sampled.

Ant and spider sampling methods

Most sampling techniques used have been divided into
passive and active sampling techniques, depending on
the involvement of the collector (Grootaert et al. 2010).
The primary passive sampling technique routinely used
is pitfall trapping. It involves the focal taxa movements
toward the trap (Grootaert et al. 2010; Zou et al. 2012).
This cost-effective sampling technique requires less
maintenance and eliminates the researcher’s subjective
bias (Sheikh et al. 2018). In contrast, active sampling
methods involve the diligent searching and collecting
of arthropods by the researcher, leading to subjective
biases (Grootaert et al. 2010; Zou et al. 2012).

Three widely used active techniques are: (i) sweep net-
ting, which involves swinging a net through vegetation,
mostly in grassland; (ii) aerial hand collection, which
requires the researcher to collect the visible arthropods
in each area (Lowman et al. 1996; Moir et al. 2005);
and (iii) vegetative beating, which requires the collec-
tion of fallen arthropods with a tray from a shaken tree
(Ozanne 2005). These methods tend to collect spe-
cific arthropod groups and their suitability varies with
ecosystem-type.

Pitfall trapping (passive
sampling method)

Pitfall traps are efficient for capturing ground-dwelling
ant and spider species. Each sampling grid (2 X 5 grids)
had ten plastic pitfall traps (= 56 mm diameter) dug
into the ground. In each sampling grid, pitfall traps were
10 m apart (total length of the grid, therefore, equal
to 50 m). The pitfall traps were half-filled with propyl-
ene glycol, which is not an ant attractant or repellent
(Munyai & Foord 2011). The pitfall traps were left open
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for five days at each site. This duration has previously
been proven to avoid both over and under-sampling
of ant populations (Munyai & Foord 2015). Ants and
spiders found in the traps were separated from other
invertebrates and stored in 70% ethanol.

Active search methods

Active search sampling methods for ants and spiders
included vegetation beating (BB), aerial hand collection
above the knee (AHC), aerial hand collection below the
knee cryptic (AHC cryptic) and aerial hand collection
below the knee noticeable or non-cryptic (AHC OBV).
Since densely vegetative ecosystems obstruct the sam-
pling ability to sweep netting, it is commonly replaced
with beating in dense vegetation.

For the active search methods, the 50 m transect was
divided into three intervals; 0-25 m, 25— 35 m, and
35-50 m. Specimens collected per interval were stored
on one vial half-filled with 70% alcohol. Four people
carried out active searches. Each person searched for
15 minutes simultaneously per plot/sampling transect.
Similar to Robertson et al. (2011), the same person
conducted each active search method to try to stan-
dardise collector bias.

Ant and spider identification

Ant specimens were identified either to species level
using voucher specimens in the School of Life Science,
University of KwaZulu-Natal (UKZN) in Pietermaritz-
burg campus or to genus level using Fisher and Bolton
(2016) and then assigned to morphospecies by the last
author. A voucher collection with representative speci-
mens is currently placed at the School of Life Sciences
at UKZN and Iziko Museum of Cape Town. A.S. Dip-
penaar-Schoeman at the Agricultural Research Council
(ARC) identified the spider specimens to species levels
where possible or otherwise genus and then morphos-
pecies. All specimens are housed at ARC in Pretoria.

Statistical analysis

To analyse the collected data, a constant of one was
added to the count abundance to ensure that all zero
values are logged and analysed. A one-way ANOVA
was used on R (R Core Development Team, 2017) to
compare active and passive sampling techniques in
sampling ant and spider species. The spider and ant
data were log transformed to ensure that the assump-
tion of normality was met. The Welch one-way test was
run on the ant species collected to test for the differ-
ence between passive and active sampling techniques.
An alternative one-way ANOVA was conducted on the
spider data as they continued to violate normality af-
ter being transformed. The Kruskal-Wallis rank sum test
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was used to test the difference in spider species collect-
ed between passive and active sampling methods.

To determine the differences in arthropod diversity
within different sampling methods in the study site,
the collected data were analysed using diversity indices
Simpson’s Diversity Index (D), Shannon-Wiener Diver-
sity Index (H’), and Evenness (J') in R (R Core Develop-
ment Team 2017).

A coverage estimator was used to assess sample com-
pleteness (coverage-based rarefaction extrapolation) de-
scribed by (Chao & Jost 2012). A sample completeness
analysis was conducted using iINEXT (Chao et al. 2016).

Using the analysis of similarity (ANOSIM) from the Prim-
er 6+ software package (Clarke & Green 1988), the
difference in ant and spider assemblage found by the
active and passive sampling strategies were compared.
The Clobal R generated represents the closeness to the
compared assemblages, when the significance value
is closer to one there is more of a difference (Clarke
& Gorley 2001). To adequately represent this signifi-
cance, estimation of difference was established, the
significance of R > 0.75 is clearly separated, R > 0.5
partially overlaps but is different, and R < 0.25 mostly
overlaps (Hamer & Slotow 2017). A Non-metric Multi-
Dimensional Scaling (NMDS) was conducted using the
Global R-value generated to graphically represent these
findings, where points with closer distances have more
similar assemblages (Patrick et al. 2012).

Results

Ant and spider composition
as sampled by various
sampling technigues

The passive and active sampling techniques collected
52 222 ants, representing six subfamilies, 24 genera,
and 61 species (Table 1A). The collected samples ade-
quately represented the ant community, as the coverage
of the sample size was above 0.96 (Figure 1A, Table 2).
Formicinae was the most abundant (90.12%) subfamily
within the ant specimens, represented by six genera and
14 species (Table 1A), followed by the three subfamilies,
each with an abundance below ten percent (Table 1A).
The least abundant subfamily was Dorylinae (0.004%),
represented by a single genus Aenictus (Table 1).

A total of 851 spiders, representing 32 families, 82 gen-
era and 132 species, were collected using both passive
and active sampling techniques (Table 1b). The collected
samples were an inadequate representative of the spi-
der community, as the sample size coverage was below
0.5, except for the pitfall trap, which was above 0.97
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Table 1. The species abundance of six subfamilies of ants (A) and
32 families of spiders (B) collected by active and passive sam-
pling techniques at Buffelsdraai Conservancy, KwaZulu-Natal,
South Africa

A)
Ant subfamily Number of specimens %
Formicinae 47060 90.12
Myrmicinae 4919 9.42
Ponerinae 206 0.39
Dolichoderinae 23 0.04
Pseudomyrmecinae 12 0.02
Dorylinae 2 0.004
B)

Spider family Number of specimens %
Lycosidae 359 42.30
Gnaphosidae 83 9.99
Salticidae 69 8.11
Zodariidae 52 6.11
Theridiidae 40 4.70
Thomisidae 38 4.47
Liocranidae 36 4.23
Araneidae 27 3.17
Nemesiidae 23 2.70
Oxyopidae 20 2.35
Cheiracanthiidae 15 1.76
Clubionidae 13 1.53
Corinnidae 10 1.18
Palpimanidae 10 1.18
Tetragnathidae 8 0.94
Linyphiidae 8 0.94
Philodromidae 7 0.82
Sparassidae 5 0.59
Scytodidae 5 0.59
Ctenidae 3 0.47
Selenopidae 3 0.35
Pisauridae 2 0.24
Uloboridae 2 0.24
Theraphosidae 2 0.24
Cyatholipidae 1 0.12
Cyrtaucheniidae 1 0.12
Mimetidae 1 0.12
Oonopidae 1 0.12
Pholcidae 1 0.12
Segestriidae 1 0.12
Trachelidae 1 0.12
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Figure 1. Individual-based rarefaction/extrapolation sampling curves representing ant (A) and spider (B) sampling size collected by both
active and passive sampling strategies used at Buffelsdraai Conservancy [AHC = aerial hand collection above the knee; AHCCRYPTIC
= aerial hand collection below the knee cryptic; AHCOBV = aerial hand collection below the knee noticeable or non-cryptic; BB
= vegetation beating].

(Figure 1B, Table 3). Lycosidae was the most abundant most successful for spiders and sampled the highest di-

(42.30%) and diverse family with six genera and nine versity (Table 2). Furthermore, pitfall traps yielded the

species found (Table 1B). Thirteen families each yielded second-highest diversity but the lowest variation for both

an abundance of more than one percent (Table 1B). taxa. For both the ants and spiders, the least diversity but
the highest variation in taxa was collected by aerial hand

Seventeen families each yielded an abundance below collection below knee cryptic (Table 2 and 3).

1% (Table 1B), of which seven families yielded the low-

est abundance (0.12%) and each represented single There was a significant difference (F-value = 91.72;

genera and species (Table 1B). Overall, pitfall trapping dfn = 4; dfd = 51.25; n = 16; Total = 30.956

was the most successful technique (Table 2 and 3). The + 158.186; p < 0.0001) between ant species col-

lected by passive and active sampling techniques.
Pitfall traps contributed the highest species richness
(39.190 = 178.320). In comparison, aerial hand collec-
tion, below the knee cryptic, contributed the least ant
richness (1.405 = 0.627). The passive sampling tech-

Ant and Spider Spec]es nique collected a smaller number of ant species within
diversity as Sampled by various the C. odorata invaded sites (Figure 2).

samplmg techmques Within the group, the comparison between AHC and

AHC OBV was found to not be significantly different
Pitfall traps yielded the highest diversity but the lowest (p = 0.299). There was a considerable difference in
variation between taxa (Table 2 and 3). Bush beating was the means between the rest of the compared sampling

sampling technique that collected the fewest individu-
als of both ants and spiders was aerial hand collection
below knee cryptic (Table 2 and 3).

Table 2. The specimen numbers, percentage, morphospecies richness, evenness and sample coverage of the taxonomic groups identified
for the ant specimens collected using active and passive sampling techniques. The diversity measure indexes Shannon Wiener (H’),
Simpson'’s (1), and Pilou evenness (J) calculated for ant species [AHC = aerial hand collection above the knee; AHC CRYPTIC = aerial
hand collection below the knee cryptic; AHC OBV = aerial hand collection below the knee noticeable or non-cryptic; BB = vegetation
beating]

o0 O = = 2 S S s . »
= 172}
£ g2 §¢@ o 5 . 5, £% 8 § g
B 2 £ :_ .QE -Qb = 9 = < g g_ E
€5 § & I § £ E = § & £ 2 s < g - g _
&8 z 5 R & zg Z % z 5 & 8 5T a3 &S
AHC 184 0.35 5 10 14 0.969 2.218 0.857 0.325
AHC CRYPTIC 59 0.11 4 9 11 0.907 2.001 0.820 0.342
AHC OBV 147 0.28 4 10 12 0.960 2.060 0.845 0.340
BB 296 0.57 4 13 22 0.950 2.423 0.879 0.284
Pitfall trap 51536  98.69 6 23 56 0.992 3.166 0.941 0.234
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Table 3. The specimen numbers, percentage, morphospecies richness and sample coverage of the taxonomic groups identified for the spi-
der specimens collected using active and passive sampling techniques. The diversity measure indexes Shannon Wiener (H’), Simpson'’s
(4), and Pilou evenness (J) calculated for spider species [AHC = aerial hand collection above the knee; AHC CRYPTIC = aerial hand col-
lection below the knee cryptic; AHC OBV = aerial hand collection below the knee noticeable or non-cryptic; BB = vegetation beating]

7] Y= @ Y= Y Y e
o0 3 °g 55 S . ° ° %0 o = p 2
= ) =] T o o [T S o0 = ) o
- -E.E S E £ 2 <5 <2 = ¢ g 2 :
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AHC 23 2.70 9 17 18 0.277 2.776 0.926 0.320
AHC CRYPTIC 16 1.88 9 12 14 0 2.639 0.929 0.352
AHC OBV 30 3.53 14 17 19 0.386 2.867 0.938 0.318
BB 121 13.63 14 40 56 0.555 3.938 0.974 0.234
Pitfall trap 666 78.26 27 47 64 0.933 3.628 0.952 0.213
*=p<0.05 * =p<0.01,** = p < 0.001
techniques, contributing to the variation in richness
found as all pitfall comparisons had high significance 75.
(p < 0.0001). The latter can be inferred that it influ-
enced the different ant species richness (Table 4).
w
8
There was a significant difference [H (2) = 57.59, fjsu'
df = 4, mean rank: Pitfall trap = 23.908; BB = 4.681; x
AHC = 1.545; AHC OBV = 1.091; AHC CRYP- -§
TIC = 0.636, Total = (1.255 =+ 1.215), p < 0.0001], be- 3
tween spider species collected by passive and active sam-
pling techniques. Pitfall traps once again contributed the
most spider richness (1.283 = 1.362). Aerial hand collec- 0 == = == $
tion, below the knee non-cryptic, contributed the least ; ; ; . —
to spider richness (1.25 = 0.442). The passive sampling AC g Aricosv BB Pialitaps
technique collected the highest number of spider species Method

sampled within the C. odorata invaded sites (Figure 3).

There was a significant difference between bush beating
and aerial hand collection above the knee non-cryptic
(Table 5). The latter sampling methods seem to have low
to no contribution to the variation in mean richness. Pitfall

Figure 2. Ant species richness collected using active and passive
sampling techniques in Buffelsdraai Conservancy [AHC = ae-
rial hand collection above the knee; AHC CRYPTIC = aerial
hand collection below the knee cryptic; AHC OBV = aerial
hand collection below the knee noticeable or non-cryptic; BB
= vegetation beating].

Table 4. Significance levels from post-hoc comparisons using Turkey (HSD) after two-way ANOVAs were conducted on ant species
richness collected with active and passive sampling techniques in Buffelsdraai Conservancy [AHC = aerial hand collection above the
knee; AHC CRYPTIC = aerial hand collection below the knee cryptic; AHC OBV = aerial hand collection below the knee noticeable

or non-cryptic; BB = vegetation beating]

AHC AHC CRYPTIC AHC OBV BB Pitfall trap
Species richness
AHC
AHC CRYPTIC 5.9e-6™"
AHC OBV 0.299 0.007™
BB 0.007" < 0.0001™ < 0.0001™
Pitfall trap < 0.0001™ < 0.0001™ < 0.0001™ < 0.0001™
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Figure 3. Spider species richness collected using active and pas-
sive sampling techniques in Buffelsdraai Conservancy [AHC =
aerial hand collection above the knee; AHC CRYPTIC = aerial
hand collection below the knee cryptic; AHC OBV = aerial
hand collection below the knee noticeable or non-cryptic; BB
= vegetation beating].
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trap comparisons had high significance (p < 0.0001).
Therefore, it was surmised that pitfall traps had the most
influence on the differing spider richness (Table 5).

Ant and spider assemblage
composition collected by passive
and active sampling techniques

The NMDS illustrates a similarity in ant assemblages
within passive sampling techniques and similarity within
active sampling. Still, there was a distinct separation in
ant composition between passive and active sampling
techniques (Figure 4A). The ANOSIM also revealed that
these are a separated (Global R = 0.945; p = 0.001)
assemblage. The NMDS illustrates a similarity in spi-
der’s assemblage between sampling techniques, with
separation occurring between AHC and AHC CRYPTIC
techniques (Figure 4B). The ANOSIM also revealed
that there is a partial overlap but a different (Global
R = 0.366; p = 0.001) assemblage.

A Transfoem: Square oot
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L

Figure 4. Non-metric Multi-Dimensional Scaling (NMDS) representing the similarity of ant (A) and spider (B) species sampled by active
and passive sampling techniques. The count abundance was transformed using square root and the data was analysed using Bray-Cur-
tis similarity to produce a two-dimensional plot with a stress level = 0.07 and = 0.01, respectively [AHC CRYPTIC = aerial hand
collection below the knee cryptic; AHC OBV = aerial hand collection below the knee noticeable or non-cryptic; AHC = aerial hand

collection above the knee; BB = vegetation beating].

Table 5. Significance levels from post-hoc comparisons using the Dunn test after two-way ANOVAs were conducted on spider species
richness collected with active and passive sampling techniques in Buffelsdraai Conservancy [AHC = aerial hand collection above the
knee; AHC CRYPTIC = aerial hand collection below the knee cryptic; AHC OBV = aerial hand collection below the knee noticeable

or non-cryptic; BB = vegetation beating]

AHC AHC CRYPTIC AHC OBV BB Pitfall trap
Species richness
AHC
AHC CRYPTIC
AHC OBV
BB 0.007**
Pitfall trap 1.4e-07""" 2.0e-09™" 4.0e-10™ 6.0e-5""

*=p<0.05 ** =p<0.01, *** =p < 0.001
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Discussion

In the present study, the ant and spider passive tech-
nique samples were comprehensive, with more than
92% sample completeness (Figure TA and 1B; Table 2
and 3). Therefore, the pitfall trapping is reported as a
sampling technique that have represented the sufficient
collection of ant and spider diversities found within the
sampling site. This is comparable to a study by Muelel-
wa et al. (2010), who assessed the community of spiders
in various woodland, bushveld and forest habitats. The
latter study was conducted in the Blouberg Nature Re-
serve and Western Soutpansberg Conservancy in Lim-
popo, South Africa. Notably, for ant samples, all active
sampling methods were comprehensive with more than
90% of sampling completeness (Table 2). However, spi-
der samples had low sample completeness between 0O
and 60% (Table 3). The low percentages suggest that the
active techniques data was a poor representation of the
site’s spider community. However, additional sampling to
meet the estimated richness is unfeasible, and the current
sampling completeness is then conserved (King & Porter
2005).

In a spider study, Azevedo et al. (2014) argued that low
completeness was explained by the high proportion of
rare species found in forests, which could be found in the
sampled invaded sites. Similar to Cardoso (2009), the ex-
pected difference in diversity between passive and active
sampling was present, with higher estimated taxonomic
diversity in arthropods collected by pitfalls (Table 2 and
3). Within active techniques, the bush beating had the
highest estimated diversity compared to hand collection
(Table 2 and 3). Tourinho et al. (2018) reported that spi-
ders are generally arboreal and occupy branches of var-
ious tree species. Bush beating then dislodges the spider
individuals and subsequently, they are collected in the
beating sheet. A different study, McCravy (2018), empha-
sised that bush beating collects a higher proportion of
arthropods and that a higher probability of new species
is collected.

As expected, the relative distribution (evenness) of spider
species was greater in aerial hand collection, cryptic and
non-cryptic (Table 3). Whereas the ants higher relative
distribution was demonstrated in aerial hand collection
below the knee cryptic (Table 2). The abundance of ar-
thropods collected by the aerial hand collection tech-
nique is limited in abundance but is methodical in col-
lecting species of specific microhabitats (Sgrensen et al.
2002). Like Privet et al. (2020), the individual collection
of present arthropods led to a greater variety of species,
whether they are mobile, sedentary or hunting, relative
to pitfall traps, which were limited to mobile species
(Missa et al. 2009). Additionally, the placement of pitfall
traps limits the evenness. Pitfall traps located near colony
nests increases the collection of individuals from a single
species (Grootaert et al. 2010; Sheikh et al. 2018).
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Pitfall traps had the highest significant effect on the mean
variation of species richness observed (Figure 2 and 3). It
also collected higher abundances of species. However,
the evenness demonstrates that this abundance is biased
toward specific species. They were the most efficient, as
this technique collected 78% of the ant species and 76%
of the spider species of all methods used in the current
study.

The sampling time could have caused the difference be-
tween the efficiency of the two techniques. For exam-
ple, a five-day capture time of pitfall traps allows for the
incidental capturing of nocturnal, diurnal and colonising
ant and spider species not easily identified by collectors
during active sampling (Prasifka et al. 2007). The longer
sampling time also helps capture less abundant and less
active species (Bali et al. 2019). Moir (2005) reported
bush beating as the second most fruitful sampling tech-
nique used when sampling ants and spiders (Table 2 and
3). The latter study also observed that bush beating was
time efficient but biased against small-bodied taxa.

Like Nsengimana et al. (2017), the current study ob-
served the lowest effect on the mean variation of species
richness in aerial hand collection, below the knee cryptic,
and non-cryptic active sampling techniques (Figure 2 and
3). The major disadvantages mentioned by several stud-
ies are linked to the ant and spider size as larger individ-
uals are easier to identify (Privet et al. 2020).

Additionally, the reduced time limits collecting potential,
and the collector’s experience restricts the potential for
identification, as it is time-consuming and may lead to
the collector’s fatigue (Berthold et al. 1999; Sgrensen
et al. 2002; Tuf 2015; Nsengimana et al. 2017). Lastly,
active sampling causes a disturbance within the habitat.
This disturbance causes an underrepresentation of num-
bers as many species hide to avoid the collectors (Bali et
al. 2019).

Corresponding with Silva et al. (2013), pitfall traps
predominately sampled ground-dwelling ants (belong-
ing to the subfamily Formicinae), as this technique is
suitable for capturing arthropods actively present in
the soil (Table TA and 2). Pitfalls were also noted to
sample a greater number of ant species compared to
that of active sampling methods, as the small stature
of ants make it harder to identify (Table 2). Similar to
Siewers et al. (2014), the current study found that pitfall
traps collected a higher number of large-bodied spider
species (belonging to the family Lycosidae) compared
to small-bodied spider species (belonging to the fam-
ily Pholcidae) (Table 1b and 3). The difference in size
between captured spiders is attributed to the ability of
small spiders to escape pitfall traps (Bali et al. 2019).
Furthermore, as pitfall traps are frequently used to col-
lect ground-dwelling arthropods, this technique’s ef-
ficiency in collecting predominately arboreal spiders
would be low (McCravy 2018).
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The big-bodied epigean spiders (species from the family
Lycosidae and Gnaphosidae) were most sampled by pit-
fall traps (Majer 1997; McCravy 2018; Bali et al. 2019).
Based on the NMDS, the ant assemblage indicates a high
similarity in ant species collected for each pitfall trap rep-
licate. This assemblage was distinctly separated from ac-
tive sampling techniques (Figure 4A). As observed, there
was a variation within the active sampling techniques.
Thayer and Werner (2007) stated that hand collection
allows for collecting rare species in microhabitats. How-
ever, the success of such sampling will depend on the
collector’s expertise in identifying potentially rare taxa
and the ability to collect them. There was a similar com-
position between bush beating and aerial hand collection
above the knee while aerial hand collection below the
knee cryptic and non-cryptic had a similar ant compo-
sition. Contrary to this, spider assemblage indicated that
mostly all active and passive replicates overlapped with a
distinct separation in a single replicate of hand collection
above and below cryptic techniques (Figure 4B).

Mgobozi et al. (2008) observed low richness in invaded
sites. The current study also reported similar results where
low levels of species richness were found for pitfall sam-
ples collected in uncleared, high and medium-invaded
sites. The likely explanation for the reduction in richness
might be the dense vegetation that hindered the trapping
of ground-dwelling arthropods. Secondly, plant diversity
loss reduced the microhabitats’ complexity (Mgobozi et
al. 2008; Malumbres-Olarte et al. 2013).

The current study found that pitfall trapping is the most
efficient method for sampling ant and spider populations.
However, compared to the sampling techniques used,
the results present an incomplete representation of ant
and spider diversity. The evenness of pitfall traps may be
improved by including baiting, as it allows for the collec-
tion of individuals from various species attracted to the
bait (Sheikh et al. 2018). It would be beneficial to use
aerial hand-collection techniques to supplement pitfall
traps (Lowman et al. 1996). To improve the study, can-
opy sampling techniques (for example fogging) must be
considered as C. odorata grows about six meters tall, en-
compassing various arboreal species (Malumbres-Olarte
etal. 2017).

Conclusion

In conclusion, pitfall traps (as employed here) collected
more arthropods from more taxa than either beating
or sweep-netting within the C. odorata invaded sites
of the Buffelsdraai Conservancy. This is likely partly
due to the longer time pitfall traps were deployed for
compared to the time allowed for the active sampling
conducted by the collectors. However, all the sampling
techniques have biases. Pitfall traps captured various
arthropods while the active sampling techniques were
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biased toward large-bodied and actively-hunting ar-
thropods. Furthermore, the relative disturbance caused
by active sampling reduces the collecting potential and
reduces efficiency.

Consequently, biodiversity assessment studies should
employ both pitfall traps and active sampling techniques.
Specifically, a combination of pitfall traps and hand col-
lection is recommended within forested or similar re-
gions and requires canopy sampling to sample biodiver-
sity adequately.
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