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Abstract

Lycosa erythrognatha Lucas, 1833 (Araneae: Lycosidae) is a predatory arthropod with potential for conservation
biological control. In addition to being considered a bioindicator of environmental quality, this arthropod provides
an important service for agriculture by reducing insect-pest populations. In this work we seek to understand how the
plants Andropogon bicornis L., Saccharum angustifolium Nees and Eustachys retusa Lag (Poales: Poaceae) and their
different clump sizes affect the population density, spatial distribution and determination of the minimum number of
samples to estimate its population density during the winter. Among the evaluated host plants, S. angustifolium and
A. bicornis presented higher population density than E. retusa, but we observed that the clump diameter significantly
influences the population density and the minimum number of samples. We observed a gregarious behavior in plants
of A. bicornis and E. retusa. For S. angustifolium, a uniform distribution was observed.

Keywords: predatory arthropods, hibernation sites, biological control, monitoring.

Distribuicio espacial e tamanho de amostra para estimar a densidade
populacional de Lycosa erythrognatha (Araneae: Lycosidae) durante o inverno

Resumo

Lycosa erythrognatha Lucas, 1833 (Araneae: Lycosidae) ¢ um artropode predador com potencial para controle
biologico de conservagdo. Além de ser considerado um bioindicador da qualidade ambiental, esse artropode fornece
um importante servigo para a agricultura, reduzindo as populagdes de insetos-praga. Neste trabalho buscamos entender
como as plantas Andropogon bicornis L., Saccharum angustifolium Nees ¢ Eustachys retusa Lag (Poales: Poaceae)
e seus diferentes tamanhos de touceira afetam a densidade populacional, distribuicao espacial e a determinacao do
nimero minimo de amostras para estimar sua densidade populacional durante o inverno. Entre as plantas hospedeiras
avaliadas, S. angustifolium e A. bicornis apresentaram maior densidade populacional que E. retusa, observamos
que o diametro da touceira influencia significativamente a densidade populacional e o nimero minimo de amostras.
Observamos um comportamento gregario nas plantas de A. bicornis e E. retusa. Para S. angustifolium, uma distribuicdo
uniforme foi observada.

Palavras-chave: artropodes predadores, locais de hibernagdo, controle bioldgico, monitoramento.

1. Introduction

Spiders are studied in many environments. However, Of the 110 spider families recorded worldwide, only
a few are found in agroecosystems: Lycosidae, Salticidae,
Oxyopidae, Clubionidae, Miturgidae, Thomisidae, Theridiidae,
Linyphiidae, Araneidae, Tetragnathidae and Uloboridae
(Romero, 2007). Despite their importance as recuperators
of degraded environments, spiders also offer an important
ecological service for farming in general; their role as a

predator of potential harmful organisms, especially insects,

studies in different biomes involving sampling techniques,
fauna composition and diversity under different impacts,
management and periods are still needed (McDonald, 2007;
Haddad et al., 2015; Horvath et al., 2009). Those arthropods
are known for their importance to the environment besides
being considered bio-indicators of forests, degraded areas

(Podgaiski et al., 2013) and agroecosystems (Rodrigues et al.,
2009; Lee et al., 2014; Baba and Tanaka, 2016).
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occurs in important crops such as soybean (Glycine max
L. Merril) and corn (Zea mays L.) (Bueno et al., 2012; Da
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Silvaetal., 2014). Lycosidae spiders hunt through ambush,
that is, they do not build webs. They are found in the soil
acting as biocontrol agents throughout the development
of crops (Bond et al., 2014).

Several studies involving the occurrence of arthropods in
transects between cropped areas and native vegetation sites
have been carried out, which corroborates the importance
of these areas within the agroecosystem for maintaining
pest insect populations overwintering (Cividanes, 2002;
Bortolotto et al., 2016; Engel et al., 2018; Pasini et al.,
2018). Thus, it is necessary to understand the distribution
patterns and build sample plans for their potential biocontrol
agents in these areas. Engel et al. (2018) observed the
presence of stink bugs (Pentatomidae) in Andropogon
bicornis L., Saccharum angustifolium Nees. and Eustachys
retuses Lag. (Poales: Poaceae) plants overwintering. This
behavior can be a motivating factor for spiders to search
these aggregation sites during off-season periods, seeking
shelter and abundant food. Studies indicate spiders as
major natural enemies of stink bugs in agroecosystems
(Morrison et al., 2017).

Plants of 4. bicornis, E. retusa and S. angustifolium are
randomly found in different environments with different
sizes. They are considered part of the vegetation of the
Brazilian southern fields, interfering in the occurrence and
distribution of the individuals existing in that environment
(Boldrini, 2009; Klein et al., 2013; Pasini et al., 2018;
Engel et al., 2018). Among the species that seek shelter in
these plants during the winter, there are important predators
that help control pests. One of the most recurrent species
is the spider L. erythrognatha (Engel et al., 2020).

In order to make agroecosystem management a
sustainable system, the use of practices that promotes
biological components and certain functions that can
prevent pest attack must be considered (Sujii et al., 2010).
Besides providing possible natural biological control, the
use of these host plants as hibernacles may also serve as

an environment for measuring the population levels of
Lycosa erythrognatha (Lucas, 1833) (Araneae: Lycosidae)
spiders even before the implantation of the next crop.
The knowledge of theese predator’s population levels
can help in conservation biological control during crop
development through colonization of the crop area.
Despite the number of works already done with spiders
in agroecosystems, few of them seek to determine their
spatial distribution and the minimum number of samples
needed to make the winter population survey in areas
adjacent to crops. Hence, this paper sought to answer
the following questions: (i) Is the population density of
L. erythrognatha variable among host plant species and
between the different sizes of clumps formed by each plant
species during winter? (ii) Does the spatial distribution
of L. erythrognatha vary as a function of the host plant?
(iii) Is it possible to determine a minimum number of
samples for each host plant species in order to estimate
the population density of L. erythrognatha during winter?
Thus, the objective of this work was to evaluate the
population density, spatial distribution and the minimum
number of samples necessary to estimate the population
of L. erythrognatha in plants of Andropogon bicornis L.,
Saccharum angustifolium Nees. and Eustachys retuses Lag.
(Poales: Poaceae) on the edge of a crop area overwintering.

2. Material and Methods

2.1. Study area

The study was conducted in Cruz Alta, Rio Grande
do Sul state, (Figure 1), in the Experimental Area of the
University of Cruz Alta - UNICRUZ (Fuso 22.244138;
6835737, UTM), during the off-season crop in soybean
succession from 2014 to 2018. The climate in the study
area is Cfa type according to Koppen’s classification with
average temperature in the coldest month below 18 °C
(mesothermal) and average temperature in the hottest month

© QGIS 2018 Autor: Eduardo Engel

Figure 1. View of the municipality of Cruz Alta (Black polygon) in the Rio Grande do Sul state.
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above 22 °C with warm summers, infrequent frosts and a
tendency for rainfall to occur in the summer months, but
without a defined dry season (Kuinchtner and Buriol, 2016).

2.2. Sampling

Plants of the species E. retusa, A. bicornis and
S. angustifolium located at a limit distance of 20 meters
from the edge of the cultivation area were evaluated to
account for the population of L. erythrognatha in the area
(Figure 2). Clumps of 0-5, 5-10, 10-15, 15-20 and 20-
25 cm in diameter were sampled for E. retusa and clumps
with 0-10, 10- 20, 20-30, 30-40 and 40-50 centimeters in
diameter were sampled for A. bicornis and S. angustifolium.
For each clump diameter, ten specimens were sampled
per year, totaling 250 experimental units for each plant
species at the end of the experiment. Occurring individuals
were counted visually and each plant was considered an
experimental unit. The spider identification used follows
World Spider Catalog (2020) and ten indiviuals were
deposited in Entomological Collection of the University
of Cruz Alta.

2.3. Statistical analysis

Based on the number of sampled individuals, the data
were organized according to the species of the host plant
and clump diameter, then subjected to the normality test
of Anderson-Darling and test of variance homogeneity of
Bartlett. For data that did not meet the test assumptions,
those were normalized through the function «x+0.5.
After normalization, the data were subjected to analysis of
variance and means for population density between plants
compared by the Tukey test (p<0.05). The relationship
between the clump diameter formed by each plant species
and the abundance of sheltered spiders were verified through
the linear regression analysis (p < 0.05).

2.4. Spatial distribution

The spatial distribution of L. erythrognatha was
determined in the evaluated plant species through the
Taylor’s coefficients a and b, which were estimated using
linear regression of the neperian logarithm of variance as
a function of the neperian logarithm of the mean for the
data of 250 samples divided into five years (evaluations).
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Figure 2. Sketch of the area under study and distribution
of the host plants around the cropping area overwintering.
Source: Authors.
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Thus, the application of the neperian logarithm to both
members of the equation results in the following:

Ins’=Ina+blnm

Where nq is the linear coeficient, b is the angular coeficinet
of the estimated regression equation, s> and m are the
variance and the mean, respectively.

In order to check whether b significantly differs from
the unit, the t Student’s test was used:

YaN-2)= W

where, b is Taylor’s coeficinent and V() is the estimated
variance of b. The test was aplied at the p<0.05 level with
N-2 degrees of freedom.

When coefficient b is significantly greater than the
unit, spatial distribution tends aggregate; when it is equal
to or near it, there is a tendency for random distribution,
and when coefficient is less than unit, spatial arrangement
tends to uniformity (Taylor, 1961). Regression equations
were selected based on the coefficient of determination
(R?) and the significance of F test.

2.5. Sample size

By using the 250 experimental units evaluated for each
plant species (n =250), the sample size (N) was estimated
for the half-amplitude of the confidence intervals at 10,
20, 30, 40 and 50% (D) levels of the estimation of the
mean (¥) of population density (spiders. plant?), with
a confidence level (1-a) of 95%, using the expression
proposed by Bussab and Morettin (2004):

N=~2 /

(Dxy?
The ¢,,, was used as the critical value of Student’s
t distribution, whose area on the right is o / 2, that is,

t such that p[»@}z%, with (n-1) degrees of freedom,
2

with o= 0.05 probability, s> = estimated variance. In order
to adjust the trend lines to the data obtained, a second-
degree polynomial regression analysis was performed.
Then, locking n as 250 sample points, corresponding to
the sample size used in this work, it was calculated the
mean estimation error (X) as a percentage for each plant
using the equation D =(100%1,,,*s) /(\/;*f), where s is
the estimate of the standard deviation. The same procedure
was adopted to determine the number of samples as a
function of clump diameter, only replacing the number of
experimental units (50 for each diameter range).

3. Results

3.1. Population density

A total of 643 L. erythrognatha spiders distributed
in the evaluated host plants were quantified in this study.
A significant difference was found for S. angustifolium
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and A. bicornis among the host plants in comparison to
E. retusa, which was the species with the smallest population
density (F =46.91, df =2, » <0.001) (Figure 3).

For regression analysis, a significant relationship was
observed between the abundance of spiders as a function
and the diameter of the clump for the three host species
evaluated in the experiment (4. bicornis: F =14.55,df =4,
P<0.001; . angustifolium: F=25.66, ¥ =4, p<0.001;
E. retusa: F =30.10, df =4, P <0.001). As the clump
increased, the number of spiders sheltered inside it also
increased (Figure 4).

3.2. Spatial distribution

In order to estimate the coefficients ¢ and » of
Taylor’s law, regressions with power trend line for the
variance and the mean of the sample data were selected.
Among plants, we found a better fit of the coefficient of
determination (R?) in 4. bicornis and S. angustifolium plants
(0.94 and 0.87 respectively) in comparison to E. retusa
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Figure 3. Population density for Lycosa erythrognatha
(Lucas, 1833) (Araneae: Lycosidae) in Andropogon
bicornis (Ab), Saccharum angustifolium (Sa) and Eustachys
retusa (Er) overwintering. ¥*Equal letters are not statistically
different by the test of Tukey (p<0.05). Cruz Alta, Rio
Grande do Sul, Brazil, 2014 —2018.

Andropogon bicornis

Saccharum angustifolium

(0.76) (Figure 5). By observing the Taylor’s law parameters,
we verified the possibility of using this method to analyze
L. erythrognatha count data in the host plants evaluated
near the cultivation area during winter, since the F test
was significant (7 < 0.05) (Table 1).

It was found for 4. bicornis and E. retusa that the
parameter » of Taylor’s law was significantly greater than 1,
indicating an aggregate distribution in these host plants.
For S. angustifolium, we found that the spatial distribution
showed a trend toward uniformity as the b parameter was
significantly less than 1 (Table 1).

3.3. Sample size

When the minimum number of samples to estimate
the population density of L. erythrognatha for the three
evaluated host plant species was verified, we noticed a high
variation among host plant species when considering all
evaluated clumps. However, a higher variation was also
observed when considering the different sizes of clumps
for the same species of the host plant.

Overall, fewer samples were found for S. angustifolium
among the plants, followed by 4. bicornis. In relation to
E. retusa, we observed that a high number of samples
were required, which makes the operation impracticable
in practice. However, when considering the size of
the clump formed in the landscape, we noticed a high
reduction in the minimum number of samples for the
three plant species. For ecology studies in which the levels
of precision employed are generally around 90 to 95%,
the number of samples for 40-50 and 20-25cm diameter
clumps for A. biconris, S. angustifolium and E. retusa
was 527, 166 and 821 respectively. However, for Integrated
Pest Management practices where accuracy levels are
around 25 to 30% (Southwood and Henderson, 2000; Arbab,
2014), when these diameters were taken into account,
sample sizes 59, 18 and 91 were obtained for 4. bicornis,
S. angustifolium and E. retusa respectively, coupled with
a reduction in the number of estimated samples, we also
found a considerable reduction in the probability of error
of these estimates.

Eustachys retusa

7 q y=0.047x-0318 5 5 5 _ )
6 R?2=0.1863 ° ° y =0.043x - 0.086 y —R(:.?L:)xzzcgm
p=9.12E-13 4 - @ R=0273@ @ 4 - p;aé»ls ®
§ 5 A e o [ § p=6.4E-19 §
© 4 e O o c 3 e o o o o 3
2 2 2
S 3 A e o o o S S 2
o ! o
< 2 A e o o ..»9 < <
- 1 A e o
1
9 0 o—eo—o""o—e
10 20 30 40 50 10 20 30 40 50 5 10 15 20 25

Clump diameter (cm)

Clump diameter (cm)

Clump diameter (cm)

Figure 4. Population abundance of Lycosa erythrognatha (Lucas, 1833) (Araneae: Lycosidae) on Andropogon bicornis,
Saccharum angustifolium and Eustachys retusa overwintering as a function of the clump diameter formed in the farming

landscape. Cruz Alta, Rio Grande do Sul, Brazil, 2014 — 2018.
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Figure 5. Relationship between variance and the mean by using the function of Taylor power for Lycosa erythrognatha
(Lucas, 1833) (Araneae: Lycosidae) in Andropogon bicornis, Saccharum angustifolium and Eustachys retusa overwintering.

Cruz Alta, Rio Grande do Sul, Brazil, 2014-2018.

Table 1. Estimates of Taylor’s law parameters and statistics of the regression analysis for Lycosa erythrognatha (Araneae:

Lycosidae) in three host plants overwintering.

Host plants Parameters Statistics
a b F test R? T test
Andropogon bicornis 0.14 1.50 302.24* 0.94 17.38%
Saccharum angustifolium 0.38 0.91 17.28% 0.87 4.15%
Eustachys retusa 0.13 2.79 8.81%* 0.76 2.96*

*Significant at 5% probability.

4. Discussion

Spiders are impacted by the structural complexity of
their habitat, especially with regard to the characteristic
of the vegetation where they are found (Baldissera et al.,
2004; McDonald, 2007; Podgaiski et al., 2013; Lee et al.,
2014; Haddad et al., 2015; Horvath et al., 2015; Baba
and Tanaka, 2016). We studied in this work the effect of
plant species and their clump diameter on density, spatial
distribution and determination of a minimum number of
samples for Lycosa erythrognatha (Araneae: Lycosidae)
on the edge of a crop area overwintering.

In relation to the spatial distribution of L. erythrognatha
in the evaluated host plants, it was observed a variation in
the distribution pattern due to the structural complexity of
the plants, and for 4. bicornis and E. retusa plants, there
was predominance of an aggregate pattern. However,
for S. angustifolium, a uniform distribution pattern was
observed. According to Patchey and Gaston (2007), those
distributions are mainly due to the structural diversity of
vegetation and availability of microhabitats, as well as
the interspecific competition with other spiders. Linking
spatial distribution to ecological processes such as the
search for host plants is paramount for understanding
the behavior of beneficial arthropod populations and for
building predictive models (Vinatier et al., 2011).

Even though spider communities behave as regulators
of insect populations, the physical form of the environment
(phytophysiognomy) (Stratton et al., 1979) is what determines
the variation the most in their composition. The type of
the vegetation is the primary responsible for the quality
and quantity of prey available in the enviroment, besides

Braz. J. Biol., 2021, vol. 81, no. 4 pp.969-976

influencing predation rates and determining microclimate
conditions (De Souza, 2007; Mineo, 2009).

According to Lucio et al. (2009), the spatial arrangement
of individuals in the habitat affects sampling, making it
necessary to use different designs for management strategies
that include the particularities of each organism to be sampled.
In general, based on the model proposed by Bussab and
Morettin (2004), there was a high variation between the
number of samples needed to estimate L. erythrognatha
population density for the different error levels established
as well as between the different sizes of clumps (Figure 6).

This variation between the number of samples needed
to estimate the spider population found in each plant
species is mainly caused by the preference between plant
species due to their structural complexity, which inflates
the number of samples required for plants and clumps
with a smaller probability of occupation. For Howe and
Jander (2008), plants with greater structural complexity
tend to harbor higher density and diversity of arthropods.
Also, the size of the clump formed by each plant species
in the agricultural landscape interferes with microclimate
conditions, which during winter are fundamental for
arthropod survival (Engel et al., 2020).

Among the species, S. angustifolium was the one that
obtained the fewest number of plants to be sampled at the
highest level of precision, followed by A. bicornis and
E. retusa. S. angustifolium also presented, together with
A. bicornis, a higher population density than E. retusa.
The species A. bicornis and E. retusa showed a higher
level of aggregation than S. angustifolium. All in all, our
results suggest that population density, spatial distribution,
and sample size estimates are influenced by host plant
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Figure 6. Minimum number of samples and error probability (D) for the estimate of population density of Lycosa
erythrognatha (Lucas, 1833) (Araneae: Lycosidae) in Andropogon bicornis, Saccharum angustifolium and Eustachys retusa
and their respective clump diameters overwintering. Cruz Alta, Rio Grande do Sul, Brazil.

species and their clump diameter overwintering. So, these
factors should be taken into account in the construction
of sampling plans for L. erythrognatha for conservation
biological control.

Among the limitations of our study we highlight the
geographical coverage, where the work was restricted to
only one place. However, the evaluated plants open much
of the Brazilian territory, which raises the hypothesis of
this behavior in other regions and cultivation systems,
needing further research to prove or refute this hypothesis.
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