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What is better for sampling canopy spiders in the Amazon rainforest:
a good tree or a good canopy?
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Abstract: Despite being one of the largest Neotropical biomes, the Amazon rainforest presents a strong sampling bias. Most of its
known spider fauna is reported from easily accessed environments, while canopy spider fauna is understudied. Sampling
canopy spider fauna using fogging machines is based on two distinct approaches: (1) sampling the canopy of a target tree
species (‘single species’); or (2) sampling the fauna from a closed canopy, with overlapping branches of different tree
species (‘closed canopy’). These approaches have never been compared before. In the present manuscript, we provided
evidence that fogging samples in both approaches yield a similar number of adult spiders and species. However, species
composition is differs between the two methods. The pros and cons of each approach are discussed and the choice
between them should depend on project goals.

Keywords: Fogging. Araneae. Community ecology. Eltonian shortfall.

Resumo: Apesar de ser um dos maiores biomas neotropicais, a floresta amazdnica apresenta um forte viés de amostragem.
Grande parte da fauna de aranhas conhecida provém de ambientes de fcil acesso, enquanto a fauna de aranhas do
dossel é pouco estudada. A amostragem da fauna de aranhas do dossel usando maquinas de nevoeiro baseia-se em duas
abordagens distintas: (1) amostrar o dossel de uma espécie de arvore-alvo (‘uma Unica espécie’); ou (2) amostrar a fauna
de um dossel fechado, com galhos sobrepostos de diferentes espécies de arvores (‘dossel fechado’). Essas abordagens
nunca foram comparadas antes. No presente manuscrito, fornecemos evidéncias de que as amostras de nevoeiro em
ambas as abordagens resultam em um numero semelhante de aranhas adultas e espécies. No entanto, a composicao
das espécies difere entre os dois métodos. Os prds e contras de cada abordagem sdo discutidos e a escolha entre elas
deve depender dos objetivos do projeto.

Palavras-chave: Fogging. Araneae. Ecologia de comunidades. Déficit eltoniano.
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What is better for sampling canopy spiders in the Amazon rainforest:a good tree or a good canopy?

INTRODUCTION

The Amazon forest is well recognized as the most species
rich tropical forest in the world, also serving as a primary
source for Neotropical biodiversity (Antonelli et al., 2018).
However, for spiders, this pattern is not fully recovered,
in part owing to strong sampling biases (Oliveira et al.,
2016, 2017). While the Amazon forest occupies an area
ca. 3.8 times that of Atlantic forest, the Amazon forest
presents ca. 62% of the spider species richness recorded
for the Atlantic forest (1,036 vs 1,672 spp., respectively;
Oliveira et al., 2017). These differences reflect sampling
heterogeneity: only about 12% of the Amazon forest area
presents at least one spider distribution record, while
about 92% of the Atlantic forest area has records of spider
species (Oliveira et al., 2017). Disregarding this sampling
deficiency, both of these biomes share a particular bias
with regard to the known taxa: they are mostly known
from easily accessible environments, while the leaf litter
and the forest canopy are poorly studied microhabitats
(Basset, 2001; Oliveira et al., 2017).

A significant part of this biodiversity is found in the
forest canopy, a critical habitat that harbors a unique
and often underexplored array of species (Basset, 2001;
Erwin, 1989). The canopy, functioning as a distinct
ecosystem, plays a key role in photosynthesis, sexual
reproduction, light absorption, shading, nutrient cycling,
atmospheric-meteorological interaction, hydrologic
interactions, and biological diversity (Shaw & Bible, 1996).
lts complex vertical stratification supports different species
assemblages compared to the forest floor (e.g., Lindo &
Winchester, 2006; Oguri et al., 2014), making it essential
for understanding overall forest biodiversity. However,
sampling the canopy spider fauna is not an easy task, in
terms of access and spatial heterogeneity (Mupepele et
al., 2014; Ozanne, 2005). For example, at low canopy
sites (e.g., under 20 m) the sampling can be carried out
from the ground (e.g., fogging and branch clipping) (Adis
etal., 1984; Ozanne, 2005). However, at sites with higher
canopy (e.g., over 20 m), effective sampling can only be

attained from within the canopy (e.g., rope climbing,
hoisting the fogging machine, or using drones, hoisted
pitfall traps, canopy sweeping or arboreal traps) (Madden
etal., 2022; Matevski et al., 2020; Ozanne, 2005; Sena et

., 2010; Viana-Junior et al., 2021). Among the methods
used, fogging (i.e., chemical knockdown) is arguably the
most effective and widely used sampling method for
assessing the canopy fauna (Ozanne, 2005).

The knowledge regarding the Brazilian canopy spider
fauna is scarce, highly concentrated in a few localities and
mostly based on samplings with fogging. During the 80s
and 90s, several papers investigated the ecology of canopy
spiders at Amazonian forest sites near Manaus (Adis et al.,
1984, 1997; Hofer et al.
carried out in the Pantanal of Poconé (Battirola et al., 2004,
2016; Marques et al., 2006, 2007; Yamazaki et al., 2017),

in the urban Atlantic Forest remains at Salvador (Sena et al.,

, 1994). Later, samplings were

2010) and in the Cerrado of Brasilia (Gurgel-Gongalves et
al., 2006). These studies could be divided into two different
sampling approaches. Most of them focused on the spider
canopy fauna from a single tree species (Adis et al., 1997;
Adis etal., 1998b; Battirola et al., 2004, 2016; Hofer et al.
1994; Marques et al., 2006, 2007; Yamazaki et al. 2017)
while only a few studies focused on the canopy fauna from
, 1984; Sena et al., 2010),
presumably with a closed canopy.

general forested sites (Adis et al.

The effect of sampling with fogging using these two
different approaches has never been tested. Samplings
carried out in other regions worldwide share the same
duality, either sampling single tree species (Floren et al.,
2008, 2011; Mupepele et al., 2014; Otto & Floren, 2010;
Pashkevich et al., 2022; Wildermuth et al., 2023) or, less
commonly, closed canopies (Junggebauer et al., 2021,
2022; Serensen, 2004). Most of these
studies were carried out in temperate forests, where

Ramos et al.,

targeting specific tree species is a viable alternative,
owing to the particularly low tree diversity compared to
tropical and subtropical moist forest biomes (Cazzolla-

Gatti et al., 2022). However, in tropical forests, areas
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where the crown canopy architecture and overlapping
branches of different tree species hamper the process
of carrying out fogging for single tree species, making it
impossible to associate each animal species to specific
tree species (Erwin, 1989). Owing to these structural
characteristics of tropical forest trees, Erwin (1989)
proposed that fogging should be carried out targeting
single tree species, a proposal later followed as a rule
of thumb (see Adis et al., 1998a).

Inthe present study, we aimed to compare the spider
assemblages from an Amazon forest locality, collected using
these two approaches for canopy fogging: sampling target
tree species (hereafter only ‘single species’), or sampling
at sites with a closed canopy. Our study also provides an
unigue opportunity to discuss the vertical stratification of
spider assemblage in the Amazon biome, as the spider
fauna from the study site can be considered relatively well-
known (Bonaldo & Dias, 2010; Carvalho et al., 2010; Dias
& Bonaldo, 2012).

MATERIAL AND METHODS

SAMPLING SPIDERS

The study site is located at the Base de Operac¢bes
Gedlogo Pedro de Moura (4° 51" 7" S, 65° 16’ 59" W),
an oil and gas drilling area of the Petrobras S.A., at the
Urucu River basin, Coari, Amazonas, northern Brazil. The
area has approximately 520,000 hectares of continuous
Amazon forest and it is located about 650 km west of
the city of Manaus, Amazonas. The region is covered
by dense, uniform-canopy terra firme rainforest, with
few floodable areas, with vdrzea occurring only along
the sandy banks of the Urucu River. Notable changes
in vegetation structure occur where the soil is poorly
drained or in clearings opened artificially for natural gas
and oil exploration and production (see Bonaldo & Dias,
2010). The trees range between 23-32 meters in height
and have low densities of epiphytes and lianas (Lima-Filho
et al., 2001).

The sampling was carried out with canopy fogging
in two occasions, at haphazard sampling sites. In the first
expedition, nine areas (i.e., nine independent samples
for statistical purposes) with closed canopies formed
by a mixture of tree species with overlapping branches
were sampled from October 28 to November 4, 2008.
At each sampling, the spiders were intercepted by 13
fabric sheets of 1.5 x 4 m (total of 78 m? of interception
area per sampling) placed directly under the sampled
canopy (Figure 1A). In the second sampling, eight canopies
(i.e., eight independent samples for statistical purposes)
of Eschweilera atropetidata S.A. Mori (Lecythidaceae),
commonly known as ‘matd-matd branco’ or ‘castanha-
vermelha’, were sampled from August 30 to September
7, 2009. The sampled trees were selected according to
the rule of thumb for single species fogging (see Adis et
al., 1998a), by choosing a common species (for allowing
replication), without flowers or fruits, and with few
epiphytes. The genus Eschweilera is the most abundant
angiosperm tree genus in the study site, although it is also
one that most host epiphytes too (Irume et al., 2013).
At each sampling, the spiders were intercepted by 7-8
fabric sheets (same as for closed canopy samplings; total
of 42-48 m? of interception area per sampling) placed
directly under the sampled canopy. The number of fabric
sheet used in each sampling differed owing to logistical
reasons. These differences were considered in the
analytical methods applied.

In both expeditions, the fogging was carried out
in the morning to take advantage of the lower wind
circulation, preventing the cloud of chemical droplets
from dissipating away from the target canopy (Figures
1C-1D). A fogger model pulsFOG K-10 / 6 volt 0.5 A
/ 24 CV was used for 30 minutes per sample, with
the smoke jet directed from the ground towards the
tree canopies (Figure 1B). A non-residual synthetic
pyrethroid (K-Othrine® insecticide) diluted in diesel
oil at a concentration of 10% and permethrin (100 ml)
was used as the active ingredient to increase the
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Figure 1. Canopy fogging carried out at Urucu River basin: (A) fabric sheet disposed for intercepting the spiders before fogging application;
(B) fogging application; (C-D) cloud of knockdown chemicals during fogging application. Photos: S. C. Dias (2008).

knockdown effect on organisms (see Adis et al., 1997).
The collected individuals were fixed in 80% alcohol,
stored in labeled vials, and later identified. Juveniles
were not considered for the present study. Adults of
both expeditions were grouped and identified to the
species level or assigned to morphospecies when the
identification to the species level was not possible.
All specimens are deposited in the arachnological
collection of the Museu Paraense Emilio Goeldi, Belém,
Para, Brazil (MPEG; curator A.B. Bonaldo).

STATISTICAL ANALYSES

The number of males and females was compared using
chi-squared tests for equal proportions. A species richness
estimative was calculated using the INEXT’ function of the

package ‘INEXT’, for g = 0 (Hsieh et al., 2016), which is
based on the methods proposed in Chao (1984, 1987).
The mean numbers of adult spiders and species per
fabric sheet used in each sample was compared between
treatments (i.e., ‘closed canopy’ vs. ‘single species’) using
generalized linear models with gaussian distribution of
errors. Dispersion issues were checked based on the raw
dispersion parameters and using the ‘rdiagnostic’ function
of the package ‘RT4Bio’ (Reis Jr. et al., 2015). To compare
the spider species composition among treatments,
we performed a permutational multivariate analysis
of variance using distance matrices — PERMANOVA,
using Bray-Curtis dissimilarity index (function ‘adonis2’,
package ‘vegan’ Oksanen et al., 2024). To represent
graphically the dissimilarity among spider assemblages

F=¢=*
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from each treatment, we also performed a nonmetric
multidimensional scaling — NMDS, using Bray-Curtis
dissimilarity index and calculated for two dimensions
(function ‘metaMDS’, package ‘vegan’ Oksanen et al.,
2024). Whittaker plots of the species abundance data
were produced for each assemblage (function ‘racurve’,
package ‘goeveg’; von Lampe & Schellenberg, 2024). All
analyses were carried out in R programming, through
RStudio 2024.04.2 Build 764 (RStudioTeam, 2020).

RESULTS AND DISCUSSION

We collected 723 adult spiders, including 338 males
and 385 females (sex ratio males/females = 0.88; x> =
3.05, df =1, p = 0.08). Closed canopy fogging yielded
431 adults, including 192 males and 239 females (sex
ratio = 0.80; x2 = 5.125, df = 1, p = 0.02); while
single species fogging yielded 292 adults, including 146
males and 146 females (sex ratio = 1.0; x2 = 0, df = 1,
p = 1). Spider abundance in both treatments was not
significantly different (deviance = 0.212, df = 15, p =

0.777; Figure 2). The biased sampling towards females
is similar to that observed for other spider inventories,
not based on passive (i.e., pitfall traps) sampling methods
(e.g., Bomfim et al., 2021; Mendes et al., 2018; Prado &
Baptista, 2023; Rodrigues et al., 2009), including canopy
fogging samplings (e.g., Battirola et al., 2004). In fact, it is
widely known that adult male spiders are relatively short
lived and wander in search of mating pairs, which induces
a higher mortality than in females (Coddington et al.,
2009; Vollrath & Parker, 1992), but increases their capture
by passive sampling methods (e.g., Engelbrecht, 2013).
A total of 272 spider species were recorded with
fogging at the Urucu River basin, of which only 56 species
(20.6%) were collected in both fogging treatments (Table
1). 197 species were collected in the closed canopy
fogging, including 141 exclusive species (71.6%). 131
species were collected in the single species canopy fogging,
including 75 exclusive species (57.3%). Spider species
richness in both treatments was not significantly different
(deviance = 0.592, df = 15, p = 0.4345; Figure 2).

Figure 2. Comparison of the mean number of adult spiders (A) and mean species richness (B) collected per fabric sheet by fogging at closed
canopy sites (‘Closed canopy’) and under the canopy of Eschweilera atropetidata ('Single species’).
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Table 1. List of adult spider species collected in both inventories carried out at Urucu River basin. ‘Single species’ refers to canopy fogging
sampled carried out under Eschweilera atropetidata trees. ‘Closed canopy’ refers to canopy fogging samples under forests with closed

canopies of different trees.
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O|lo|lOoO|o|O|~|O|~|O|O|OJOjO|O|lO|O|O

Hypognatha belem Levi, 1996

-

Hypognatha sp.1

O | O|O|O|MV|O|O|O|O|~|O|~ | |MD|JO|O|O|O

—

OO |INMN|O|O|O|O|OCO|O|~|O|MD|O|O|NM|O|O|N|—
NI OO~ |~ |O|~|O|W|IMV|IO|O|~|O|~|~|—~]|—~]|O

W WINN | aND| W NN~ W | —

F=¢=*



Bol. Mus. Para. Emilio Goeldi. Cienc. Nat., Belém, v. 19, n. 3, €2024-1003, set.-dez. 2024

Table 1. (Continue)

Single species Closed cano
Taxa EALE v &Y Total

X

Hypognatha sp.2

Hypognatha sp.3

Mangora sp.1

Mangora sp.2

Mangora sp.3

Mangora sp.4

Metazygia sp.1
Micrathena acuta (Walckenaer, 1841)

Micrathena aff. agriliformis (Taczanowski, 1879)
Micrathena aureola (C. L. Koch, 1836)
Micrathena clypeata (Walckenaer, 1805)

Micrathena miles Simon, 1895

Micrathena pungens (Walckenaer, 1841)

Micrathena sexspinosa (Hahn, 1822)

Micrathena triangularispinosa (De Geer, 1778)

Micrathena vigorsi (Perty, 1833)

Micrathena sp.1

Ocrepeira sp.1

Ocrepeira sp.2

Parawixia divisoria Levi, 1992

Parawixia kochi (Taczanowski, 1873)

Parawixia sp.1
Spintharidius rhomboidalis Simon, 1893

lestudinaria quadripunctata Taczanowski, 1879

Verrucosa sp.1

Verrucosa sp.2

Wagneriana jelskii (Taczanowski, 1873)

Wagneriana sp.1

Xylethrus sp.1

Araneidae sp.1

Araneidae sp.2

Araneidae sp.4

Araneidae sp.5
Clubionidae
Elaver sigillata (Petrunkevitch, 1925)

Corinnidae

| ~O|O|O|O|~ ||~ |O|LWO|~| |~ |~|O||~|OjO|O|OJO|O|O |~ |~|O|O|O|=|—~|—~|~
W Wi ~|O0O|O|0O|O|~|WIO|IO|IO | |O|~ |~ |O|IMIMVO~UMMV|O|IO|~ || |O|OINN|IO|IOC |

2
1
3
1
5
1
2
2
1
1
2
5
1
1
3
2
1
2
1
1
2
1
1
3
9
1
1
1
1
1
2
1
2
4
4

N
N

45
12
2

(@}

Castianeira sp.1

oo | NJojo|jlojlo|~|~|OjlO|O|lO|O|~|O|lO|O|lO|O|O|lO|jO|O|lOjO|O|lOjO|O|lO|~|O|MV|O|IOC|O |~
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N

Castianeira sp.2
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Table 1.

(Continue)

Taxa

Single species

Closed canopy

M

F

Total

Castianeira sp.3

0

Corinna ducke Bonaldo, 2000

1

Corinna sp.1

Corinna sp.3

Corinna sp.4

oO|loo|oo|lOo|O | ™

Creugas sp.1

OO |Ww | O

Myrmecium sp.1

Myrmecotypus sp.1

o|lojlo|lo|lojlojlo|o|X

Myrmecotypus sp.2

o | O | O

Parachemmis sp.1

—

Parachemmis sp.2

Sphecotypus niger (Perty, 1833)

Stethorrhagus lupulus Simon, 1896

Tupirinna sp.1

OO0l |O |0

Tupirinna sp.2

Ctenidae

Ctenus crulsi Mello-Leitao, 1930

Ctenus sp.2

Deinopidae

—

Deinopis sp.1

—

—

Dictynidae

Thallumetus sp.1

Wl h OO OO O|O|Oj OO |O |O
N O OO OO0 Ooj|oj|o|Oo|o

—

Dictynidae sp.1

—
—

Gnaphosidae

Zimiromus sp.

wla || N0

Gnaphosidae sp.1

Hahniidae

Hahnia sp.n 1

o1 | U

Hersilidae

Ypypuera crucifera (Vellard, 1924)

Linyphiidae

Linyphiidae sp.1

OO | O | OO | |O|NM|IMD|O|JO|O

Mimetidae

Ero sp.1

O|lOoO|loOo|lOo|lo|j|o|Uun|jul|O|O|O

Oonopidae

J
N
O

47

Gradunguloonops mutum Grismado et al., 2015

ol
O

OO | OO |0 | O

14
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Table 1. (Continue)
. MSmgle species F I\/lClosed canopyF ol
Gradunguloonops urucu Grismado et al., 2015 1 4 0 0 5
Orchestina sp.1 2 6 0 0 8
Orchestina sp.2 5 6 0 0 "
Oonopidae sp.1 4 1 0 1 6
Oonopidae sp.2 0 1 0 0 1
Oonopidae sp.3 0 1 0 0 1
Oonopidae sp.4 0 1 0 0 1
Oxyopidae 3 2 2 8 15
Oxyopes argyrotrichius Mello-Leitao, 1929 0 0 0 5 5
Oxyopes hemorrhous Mello-Leitdo, 1929 1 1 0 0 2
Oxyopes holmbergi Soares & Camargo, 1948 2 0 0 0 2
Oxyopes incertus Mello-Leitdo, 1929 0 0 0 1 1
Oxyopes sp.1 0 1 0 0 1
Oxyopes sp.2 0 0 0 1 1
Schaenicoscelis sp.1 0 0 1 1 2
Schaenicoscelis sp.2 0 0 1 0 1
Pholcidae 5 1 10 16 32
Carapoia fowleri Huber, 2000 0 0 1 0 1
Mesabolivar aurantiacus (Mello-Leitao, 1930) 1 0 4
Metagonia beni Huber, 2000 1 0 1 4
Metagonia taruma Huber, 2000 3 1 4 10 18
Pisauridae 0 2 0 1 3
Architis cymatilis Carico, 1981 0 1 0 0 1
Architis tenuis Simon, 1898 0 1 0 0 1
Thaumasia sp.1 0 0 0 1 1
Salticidae 19 18 27 59 123
Aifllutticus sp.1 1 0 0 1
Amycus sp.1 0 0 0 7
Amycus sp.2 0 0 0 1 1
Breda lubomirskii (Taczanowski, 1878) 0 0 0 1 1
Colonus aff. vaccula (Simon, 1900) 0 0 0 1 1
Coryphasia sp.1 0 1 0 0 1
Coryphasia sp.2 0 3 0 0 3
Cotinusa sp.1 0 1 0 0 1
Encolpius sp.1 0 0 1 1
Eustiromastix sp.1 0 0 0 1 1
===
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Table 1. (Continue)
. MSmgle species F I\/lClosed canopyF ol
Hasarius adansoni (Audouin, 1826) 0 0 2 2 4
Hypaeus sp.1 1 0 0 0 1
Hypaeus sp.2 5 0 0 0 5
Hypaeus sp.3 0 0 0 3 3
Hypaeus sp.4 0 0 0 1 1
[tata sp.1 0 0 0 4 4
[tata sp.2 0 0 0 1 1
Lyssomanes nigropictus Peckham et al., 1889 1 1 2 1 5
Lyssomanes sp.1 0 1 0 0 1
Lyssomanes sp.2 1 0 1 0 2
Lyssomanes sp.4 1 1 0 0 2
Lyssomanes sp.5 0 0 2 0 2
Lyssomanes sp.6 0 0 1 0 1
Lyssomanes sp.7 0 0 1 0 1
Lyssomanes sp.8 0 0 0 1 1
Matinta acutidens (Simon, 1900) 0 0 1 0 1
Myrmapana mocamboensis (Galiano, 1974) 1 1 0 0 2
Myrmarachne sp.1 0 1 0 0 1
Noegus niveomarginatus Simon, 1900 0 0 2 1 3
Nycerella sp.1 0 0 1 0 1
Pachomius sp.1 0 0 2 0 2
Psecas sp.1 0 1 0 0 1
Psecas sp.2 0 0 0 1 1
Scopocira tenella Simon, 1900 1 0 1 5 7
Sidusa sp.1 0 0 1 0 1
Salticidae sp.1 2 0 0 10 12
Salticidae sp.10 0 0 0 1 1
Salticidae sp.11 0 0 0 2 2
Salticidae sp.12 0 0 0 1 1
Salticidae sp.13 0 0 1 2 3
Salticidae sp.15 0 0 1 0 1
Salticidae sp.16 0 0 1 0 1
Salticidae sp.17 0 0 1 0 1
Salticidae sp.18 0 0 1 0 1
Salticidae sp.19 0 0 1 1
Salticidae sp.2 1 2 0 1 4
===
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Table 1. (Continue)
. Single species Closed canopy ol
M F M F
Salticidae sp.20 0 0 0 1 1
Salticidae sp.21 0 0 0 1 1
Salticidae sp.3 3 2 0 0 5
Salticidae sp.4 1 0 0 1 2
Salticidae sp.5 0 1 0 1 2
Salticidae sp.6 0 1 1 0 2
Salticidae sp.7 0 1 1 0 2
Salticidae sp.8 0 0 1 4 5
Salticidae sp.9 0 0 2 1 3
Scytodidae 6 3 0 2 "
Scytodes altamira Rheims & Brescovit, 2000 1 0 0 2 3
Scytodes romitii Caporiacco, 1947 4 3 0 0 7
Scytodes sp.1 1 0 0 0 1
Selenopidae 1 0 2 1 4
Selenops sp.1 1 0 2 1 4
Senoculidae 0 1 1 3 5
Senoculus sp.1 0 1 1 2 4
Senoculus sp.2 0 0 0 1 1
Sparassidae 0 0 1 1 2
Vindullus gracilipes (Taczanowski, 1872) 0 0 1 1 2
Tetrablemmidae 0 1 0 0 1
Tetrablemmidae sp.1 0 1 0 0 1
Tetragnathidae 1 0 0 1
Tetragnatha sp.1 1 0 0 0 1
Theridiidae 40 41 42 42 165
Achaearanea trapezoidalis (Taczanowski, 1873) 0 0 1 0 1
Achaearanea sp.1 0 0 0 1 1
Achaearanea sp.2 0 0 0 1 1
Achaearanea sp.3 1 0 0 0 1
Achaearanea sp.4 0 1 0 0 1
Anelosimus eximius (Keyserling, 1884) 0 0 0 1 1
Cerocida ducke Marques & Buckup, 1989 0 0 1 2 3
Chrysso sp.1 0 1 0 1 2
Cryptachaea dalana (Buckup & Marques, 1991) 0 0 2 1 3
Cryptachaea pydanieli (Buckup & Marques, 1991) 1 0 1 2
Dipoena atlantica Chickering, 1943 2 0 2 0 4
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Table 1. (Continue)

Single species Closed cano
Taxa EALE &Y Total

_n
<

Dipoena duodecimpunctata Chickering, 1943

Dipoena esra Levi, 1963

Dipoena militaris Chickering, 1943

v |~ O

Dipoena tingo Levi, 1963

Dipoena sp.1

Dipoena sp.2

Dipoena sp.3

Dipoena sp.4

Dipoena sp.5

Dipoena sp.6

Dipoena sp.7

Episinus immundus (Keyserling, 1884)

Episinus sp.1

Euryopis sp.1

Euryopis sp.2

Euryopis sp.3
Helvibis sp.1

Janula bicruciata (Simon, 1895)

Janula salobrensis (Simon, 1895)
Lasaeola donaldi (Chickering, 1943)
Phoroncidia studo Levi, 1964

Phoroncidia sp.1

Phycosoma altum (Keyserling, 1886)

Spintharus sp.1

Theridion sp.1

Theridion sp.2

Theridion sp.3
Thwaitesia affinis O. Pickard-Cambridge, 1882
Thwaitesia bracteata (Exline, 1950)

Thymoites piarco (Levi, 1959)
Theridiidae sp.1

Theridiidae sp.10
Theridiidae sp.11
Theridiidae sp.13
Theridiidae sp.2

Theridiidae sp.3

Theridiidae sp.5

Theridiidae sp.7

Theridiidae sp.8
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~
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Table 1. (Continue)

Single species Closed cano
Taxa EALE i Total

Theridiidae sp.9

1

Theridiosomatidae 1
Chthonos sp.1 0

1

Theridiosomatidae sp.1

O—\—\OZ
= |IN|Ww N

0 | OO | OO | M

—
~

Thomisidae

olw | o|l~|~|~
N
N

Aphantochilus rogersi O. Pickard-Cambridge, 1871

Epicadus sp.1

o | O
w | U

Epicadus sp.2

OO |O|O |~

Epicadus sp.3

Tmarus sp.1 1

[@ IR\

Tmarus sp.2

o |lo|Oo O | O
U N W

Tmarus sp.3

Tmarus sp.4

Tmarus sp.5

Tmarus sp.6

Tmarus sp.7

Tmarus sp.8

Tmarus sp.9

Thomisidae sp.1

Thomisidae sp.2

Thomisidae sp.3

Thomisidae sp.4

Thomisidae sp.5

|||~ |OOjlO|OJlO|O|O|O|M|MD|O|O|W|»|O

OO0~ |O|O|~|~]O|O|O |O

Thomisidae sp.6

Ul ojloOjlOoO|O|~|O|~|~O|OC|O O

—

Trachelidae
Orthobula sp.1

N

Trachelas sp.1

—~
—

Trachelas sp.2

oo || O | Ul
w
=}

Trechaleidae

—~
O | Ut
—

Cupiennius bimaculatus (Taczanowski, 1874)

OO |INN|O|INMN|O|INMD|OOj|O|OCOjOjO|OCO|O|O|OC|—~|—~

Rhoicinus urucu Brescovit & Oliveira, 1994

Syntrechalea adis Carico, 2008

(@]

Syntrechalea sp.1

Trechalea sp.1
Uloboridae

Miagrammopes sp.1

Ol W W IV O OO |O || OO
OO0 |0 | N |O | N |O
o

O | W
N | W | o
~

Miagrammopes sp.2
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Table 1. (Conclusion)
. Single species Closed canopy ol
M F M F
Philoponella sp.1 0 0 1 1 2
Philoponella sp.2 0 0 1 0 1
Zosis sp.1 0 1 0 0 1
Uloboridae sp.1 0 0 1 0 1
Total 146 146 192 239 723

The observed species richness represents about 43.7%
of the maximum species richness ever reported for the
same locality in previous studies (393 spp. in Bonaldo &
Dias, 2010; 623 spp. in Dias & Bonaldo, 2012). As the
specimens’ identifications between the present and past
studies were not standardized, it is not possible to evaluate
the proportion of the spider fauna from the Urucu River
basin that lives exclusively in the forest canopy. However,
this provides a good estimate of the spider assemblage in
these different vertical strata. Only one additional locality
in the Amazon biome has similar data for comparison. For
the Reserva Florestal Adolpho Ducke, a nearby locality in
Manaus, 62 species were reported from tree canopies
(Hofer et al., 1994), representing ca. 12% of the total
spider fauna (Hofer & Brescovit, 2001). For tropical dry
forest from the Colombian Caribbean (Quijano-Cuervo et
al., 2019) and Tanzanian montane forest (Quijano-Cuervo
et al., 2019; Serensen, 2003), there are also evidence of
higher spider species richness in lower strata. Similarly, for
insects, up to 50% of the fauna is likely to be exclusive to
the canopy (Ozanne, 2005). Nonetheless, in the present
sampling, there is evidence that the observed canopy fauna
is not necessarily exclusive to that environment. Several
recorded species are known to live in the understory
vegetation (e.g., Metagonia taruma, \Wagneriana jelskii and
Micrathena vigorsi), tree trunks (e.g., Syntrechalea adis and
Ybypuera crucifera) or are associated with the leaf litter layer
(e.g., Cupiennius bimaculatus and Ctenus crulsi) (Bonaldo
et al., 2009; Carico, 2008; Carvalho et al., 2010; Levi,
1991; Rego et al., 2007; Rheims & Brescovit, 2004). This

suggests that the composition of Amazon forest canopy
spider assemblages is complex and requires further studies
to evaluate its uniqueness compared to other strata.

The relatively low species richness recorded also
reflects the low sampling intensity, not reaching three
individuals per species, on both treatments (Table 2).
This results in a high proportion of singletons (50.4%)
and doubletons (17.2%), in the closed canopy and single
species treatments (Table 2). Consequently, the estimated
species richness for both treatments was about twice the
observed, with 406 and 317 species, respectively for the
closed canopy and single species treatments (Table 2). The
number of singletons was much higher than the average
frequently reported (32%) for tropical arthropods surveys
(Coddington et al., 2009). As canopy spider diversity is
positively correlated with sampling effort (Mupepele et
al., 2014), intensified additional sampling effort should be
carried out, if aiming to provide a realistic survey for the
canopy spider fauna from the Urucu River basin.

As expected, owing to a similar spider abundance
and species richness, both treatments yielded similar rank-
abundance curves, thus suggesting an overall similarity in
spider abundance patterns as well (Figure 3A). The species
composition, however, was statistically significant between
treatments (R? = 15.2%, F = 2.692, p = 0.001; Figure 3B).
The results shown in the present study do not corroborate
our previous expectations. Single species fogging is likely
to sample a more homogeneous canopy structure, which
was expected to provide a lower species richness. On
the other hand, the closed canopy approach, samples a
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canopy formed by overlapping branches of different tree
species and/or individuals, yielding a more heterogeneous
canopy and a higher expected spider species richness. In
fact, previous studies have shown that spider abundance,
biomass and species richness correlate positively with
structural complexity of the vegetation (Wildermuth et al.,
2023). As such, the association of spiders with their host trees
can be significant (Mupepele et al., 2014), as spiders rely on

structural attributes during microhabitat selection, such as leaf
shape, branch and leaf density and bark structure (Mupepele
etal., 2014; Villanueva-Bonilla et al., 2021). Therefore, our
results suggest that the canopy sampled at both approaches
had a similar level of structural complexity and/or biomass
(hence supporting a similar number of specimens and
species), but different structures that form the canopies
(hence supporting different spider assemblages).

Table 2. Summary of the spider assemblage parameters collected by fogging at closed canopy sites (‘Closed canopy’) and under the canopy
of Eschweilera atropetidata (‘Single species’). Abbreviations: “sd”, standard deviation; “se”, standard error.

Parameters Closed canopy Single species Total
Males 192 146 338
Females 239 146 385
Total specimens 431 292 723
Mean number of spiders per fabric sheet (= sd) 4.95 (£1.62) 4.73 (£1.56) 4.84 (£1.54)
Sex ratio (males/females) 0.80 1.00 0.88
Observed species richness (exclusive) 197 (141) 131(75) 272
Mean species richness per fabric sheet (* sd) 3.75(x1.18) 3.38 (x0.61) 3.57 (x0.94)
Sampling intensity 2.19 2.23 2.66
Singletons (% of total) 114 (57.9%) 82 (62.6%) 137 (50.4%)
Doubletons (% of total) 31(15.7%) 18 (13.7%) 47 (17.2%)
Estimated species richness (= se) 406 (=44) 317 (£51) 471(x39)
Sampling completeness 48.52% 41.32% 57.75%

Figure 3. Rank-abundance plots (A) and nonmetric multidimensional scaling ordination using a Bray-Curtis similarity matrix of adult spider
abundance (B; stress = 0.198), collected by fogging at closed canopy sites (in black; ‘Closed canopy’) and under the canopy of Eschweilera

atropetidata (in red; ‘Single species’).
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The rules of thumb followed for single species
design should be reconsidered. The proposal for choosing
tree specimens with fewer epiphytes and without
flowers (taken from Adis et al., 1998a), might bias the
samplings negatively. This proposal is based on the idea
that epiphytic plants, phytotelmata and perched litter
would hamper the penetration of knock down agents or
prevent the dead specimens from falling from the trees
(Erwin, 1989). However, in experimental studies, trees
with epiphytes presented disproportionately more preys
(such as insects) and predators (such as spiders), than
those from which epiphytes were removed (Cruz-Angén
etal., 2009; Dfaz et al., 2012).

The present study revealed a canopy spider fauna
from a central Amazonia locality much more diverse than
previously reported for this region (see Hofer et al., 1994).
We have shown that the choice between carrying out
canopy spider inventories following the single species or
the closed canopy approaches has its pros and cons. The
closed canopy approach would be less time-consuming,
as it does not require a previous survey for mapping
isolated target trees that match the previously proposed
rules of thumb. Conversely, this approach hampers getting
information about the interactions among trees and spiders
(i.e., the Eltonian shortfall; Hortal et al., 2015). The
opposite would occur with the single species approach. A
study aiming to collect as many species as possible (i.e., a
taxonomy survey) for a given locality, should be treated as
equally relevant as a study focusing on getting ecological
information (e.g., species interactions). As such, a purely
taxonomic study should include samples taken from both
approaches to maximize the number of sampled species
from a given locality, as they yield different assemblages.
Therefore, to choose among both approaches, it is
paramount to evaluate the goals of each study.

A purely taxonomic survey should focus on choosing
the most structurally complex canopy site for sampling (i.e.,
based on a previous selection), which is likely to reveal a

higher species richness; and include samples of single tree

species fogging. The absence of ecological information
regarding tree-spider interactions should not be considered
a significant negative result, considering the expedition
goals. Conversely, a study aiming to evaluate the ecological
interactions among trees and spiders (i.e., the Eltonian
shortfall; Hortal et al., 2015), should focus on targeting
specific tree individuals and focusing on sampling on them.
However, contrarily to what is historically suggested (see
Adis et al., 1998a; Erwin, 1989), maybe individuals trees
with a high abundance of epiphytes, flowers or fruits should
not be disregarded as preferable targets. Besides, studies
focused on assessing the spider assemblage of a forested
area, for conservation purposes, should not ignore its canopy
fauna. Although this fauna is not easily accessible, it is highly
diversified and exclusive, thus representing a significant
portion of the spider fauna from the Amazon forest.

ACKNOWLEDGMENTS

This paper is dedicated to our dear friend, the ecologist and
arachnologist Sidclay Calaca Dias, who sadly passed away
before seeing the first draft of this manuscript. This work was
supported by the CNPq (LSC M.Sc. grant; SCD and DFC
Ph.D. grants; ABB PQ grant #307463/2009-5). This work
is part of the Rede CTPetro Amazénia — Fundo Setorial do
Petréleo (FINEP/CNPg/PETROBRAS) research program
and SCD's Ph.D. thesis. LSC was MsC student, and SCD
and DFC were Ph.D. students of the Programa de Pds-
Graduacio em Zoologia, Museu Paraense Emilio Goeldi
and Universidade Federal do Pard. NFLMH was a biologist
at Fundacdo Djalma Batista, Manaus, AM, Brazil (INPA,
MPEG, Petrobras - Project DICLA-CTPetro). The authors
thank three anonymous reviewers for their contributions in
early drafts of this manuscript.

REFERENCES

Adis, J., Lubin, Y. D., & Montgomery, G. G. (1984). Arthropods from
the canopy of inundated and terra firme forests near Manaus,
Brazil, with critical considerations on the pyrethrum-fogging
technique. Studies on Neotropical Fauna and Environment, 19(4),
223-236. https://doi.org/10.1080/01650528409360663

F=¢=*

16



Bol. Mus. Para. Emilio Goeldi. Cienc. Nat., Belém, v. 19, n. 3, €2024-1003, set.-dez. 2024

Adis, J., Paarmann, W.,, Fonseca, C. R. V,, & Rafael, J. A. (1997).
Knockdown efficiency of natural pyrethrum and survival rate
of living arthropods obtained by canopy fogging in Central
Amazonia. In N. E. Stork, J. Adis, & R. K. Didham (Eds.), Canopy
arthropods (1sted., Vol. 1, Issue 1, pp. 67-81). Chapman & Hall.

Adis, ., Basset, Y., Floren, A., Hammond, P M., & Linsenmair, K. E.
(1998a). Canopy fogging of an overstory tree - Recommendations
for standardization. Ecotropica, 4, 93-97. https://hdl.handle.
net/11858/00-001M-0000-000F-E1B7-A

Adis, J., Harada, A. Y,, Fonseca, C. R. V, Paarmann, W, & Rafael, J. A.
(1998b). Arthropods obtained from the Amazonian tree species
“Cupiuba” (Goupia glabra) by repeated canopy fogging with
natural Pyrethrum. Acta Amazonica, 28(3), 273-283. https://doi.
0rg/10.1590/1809-43921998283283

Antonelli, A., Zizka, A., Carvalho, F A., Scharn, R., Bacon, C. D.,
Silvestro, D., & Condamine, F L. (2018). Amazonia is the
primary source of Neotropical biodiversity. Proceedings of the
National Academy of Sciences, 115(23), 6034-6039. https://doi.
0rg/10.1073/pnas. 1713819115

Basset, Y. (2001). Invertebrates in the canopy of tropical rain forests:
How much do we really know? Plant Ecology, 153(1-2), 87-107.
https://doi.org/10.1023/A:1017581406101

Battirola, L. D., Marques, M. 1., Adis, J., & Brescovit, A. D. (2004).
Aspectos ecoldgicos da comunidade de Araneae (Arthropoda,
Arachnida) em copas da palmeira Attalea phalerata Mart.
(Arecaceae) no Pantanal de Poconé, Mato Grosso, Brasil. Revista
Brasileira de Entomologia, 48(3), 421-430. https://doi.org/10.1590/
S0085-56262004000300020

Battirola, L. D., Batistella, D. A., Rosado-Neto, G. H., Brescovit, A.
D., & Marques, M. L. (2016). Spider assemblage (Arachnida:
Araneae) associated with canopies of Vochysia divergens
(Vochysiaceae) in the northern region of the Brazilian Pantanal.
Zoologia (Curitiba), 33(4), €20150170. https://doi.org/10.1590/
$1984-4689z001-20150170

Bomfim, L., Bitencourt, J. A. G., Rodrigues, E. N. L., & Podgaiski, L. R.
(2021). The role of a rosette-shaped plant (Eryngium horridum,
Apiaceae) on grassland spiders along a grazing intensity gradient.
Insect Conservation and Diversity, 14(4), 492-503. https://doi.
org/10.1111/icad. 12475

Bonaldo, A. B., Carvalho, L. S., Pinto-da-Rocha, R., Tourinho, A. L.,
Miglio, L. T, Candiani, D. F, . .. Indicatti, R. R (2009). Inventario e
histria natural dos aracnideos da Floresta Nacional de Caxiuana.
In P L. B. Lisboa (Org.) Caxiuand: desafios para a conservagao
de uma Floresta Nacional na Amazénia (pp. 577-621). Museu
Paraense Emilio Goeldi.

Bonaldo, A. B., & Dias, S. C. (2010). A structured inventory of
spiders (Arachnida, Araneae) in natural and artificial forest
gaps at Porto Urucu, Western Brazilian Amazonia. Acta
Amazonica, 40(2), 357-372. https://doi.org/10.1590/50044-
59672010000200014

Carico, J. E. (2008). Revision of the Neotropical arboreal spider
genus Syntrechalea (Araneae, Lycosoidea, Trechaleidae).
Journal of Arachnology, 36(1), 118-130. https://doi.org/10.1636/
HO07-23.1

Carvalho, L. S., Dias, S. C., Candiani, D. F, & Bonaldo, A. B. (2010).
On the female of Metagonia taruma (Araneae: Pholcidae),
ecology of the pholcid spiders in the Urucu River Basin,
Amazonas, Brazil and new records from Brazilian Amazonia.
Zoologia (Curitiba), 27(3), 431-439. https://doi.org/10.1590/
$1984-46702010000300016

Cazzolla-Gatti, R., Reich, P B., Gamarra, J. G. P, Crowther, T,
Hui, C., . .. Liang, J. (2022). The number of tree species on
Earth. Proceedings of the National Academy of Sciences, 119(6),
€2115329119. https://doi.org/10.1073/pnas.2115329119

Chao, A. (1984). Non-parametric estimation of the classes in a
population. Scandinavian Journal of Statistics, 11(4), 265-270.
https://doi.org/10.2307/4615964

Chao, A. (1987). Estimating the population size for capture-
recapture data with unequal catchability. Biometrics, 43(4),
783-791. https://doi.org/10.2307/2531532

Coddington, J. A., Agnarsson, 1., Miller, J. A., Kuntner, M., &
Hormiga, G. (2009). Undersampling bias: the null hypothesis
for singleton species in tropical arthropod surveys. journal
of Animal Ecology, 78(3), 573-584. https://doi.org/10.1111/
j.1365-2656.2009.01525.x

Cruz-Angdn, A., Baena, M. L., & Greenberg, R. (2009). The
contribution of epiphytes to the abundance and species
richness of canopy insects in a Mexican coffee plantation.
Journal of Tropical Ecology, 25(5), 453—463. https://doi.
org/10.1017/50266467409990125

Dias, S. C., & Bonaldo, A. B. (2012). Abundancia relativa e riqueza
de espécies de aranhas (Arachnida, Araneae) em clareiras
originadas da exploracdo de petréleo na bacia do rio Urucu
(Coari, Amazonas, Brasil). Boletim do Museu Paraense
Emilio Goeldi. Ciéncias Naturais, 7(2), 123-152. https://doi.
org/10.46357 /bcnaturais.v7i2.599

Diaz, I. A., Sieving, K. E., Pefia-Foxon, M., & Armesto, |. . (2012).

A field experiment links forest structure and biodiversity:

epiphytes enhance canopy invertebrates in Chilean forests.

Ecosphere, 3(1), 1-17. https://doi.org/10.1890/ES11-00168.1

Engelbrecht, 1. (2013). Pitfall trapping for surveying trapdoor spiders:
the importance of timing, conditions and effort. journal of
Arachnology, 41(2), 133-142. https://doi.org/10.1636/P12-
571

Erwin, T. L. (1989). Canopy arthropod biodiversity: a chronology
of sampling techniques and results. Revista Peruana de
Entomologia, 32, 71-77. https://sisbib.unmsm.edu.pe/
BVRevistas/entomologia/v32/pdf/al6v32.pdf




What is better for sampling canopy spiders in the Amazon rainforest:a good tree or a good canopy?

Floren, A., Otto, S., & Linsenmair, K. (2008). Do spider communities in
primary forests differ from those in forest-plantations? A canopy
study in the Biadowiela Forest (Poland). Canopy Arthropod
Research in Europe, 2018, 489-506.

Floren, A., Muller, T., Deeleman-Reinhold, C., & Linsenmair, K.
E. (2011). Effects of forest fragmentation on canopy spider
communities in SE-Asian rain forests. Ecotropica, 17(1), 15-26.
https://www.soctropecol.eu/PDF/Ecotropica_2011/Floren_
et al 2011.pdf

Gurgel-Goncalves, R., Palma, A. R. T, Motta, P C., Bar, M. E.,
& Cuba, C. A C. (2006). Arthropods associated with the
crown of Mauritia flexuosa (Arecaceae) palm trees in three
different environments from Brazilian Cerrado. Neotropical
Entomology, 35(3), 302-312. https://doi.org/10.1590/51519-
566X2006000300003

Hofer, H., Brescovit, A. D., Adis, J., & Paarmann, W. (1994). The
spider fauna of neotropical tree canopies in Central Amazonia:
First results. Studies on Neotropical Fauna and Environment, 29(1),
23-32. https://doi.org/10.1080/01650529409360913

Hofer, H., & Brescovit, A. D. (2001). Species and guild structure
of a Neotropical spider assemblage (Araneae) from Reserva
Ducke, Amazonas, Brazil.pdf. Andrias, 15, 99-119. https://wvww.
zobodat.at/pdf/Andrias_15_0099-0119.pdf

Hortal, J., de Bello, F, Diniz-Filho, J. A. E, Lewinsohn, T. M., Lobo, J.
M., & Ladle, R. J. (2015). Seven shortfalls that beset large-scale
knowledge of biodiversity. Annual Review of Ecology, Evolution,
and Systematics, 46(1), 523-549. https://doi.org/10.1146/
annurev-ecolsys-112414-054400

Hsieh, T. C., Ma, K. H., & Chao, A. (2016). INEXT: an R package for
rarefaction and extrapolation of species diversity (Hill numbers).
Methods in Ecology and Evolution, 7(12), 1451-1456. https://doi.
org/10.1111/2041-210X.12613

Irume, M.V, Morais, M. L. C. S, Zartman, C. E., & Amaral, 1. L. (2013).
Floristic composition and community structure of epiphytic
angiosperms in a terra firme forest in central Amazonia. Acta
Botanica Brasilica, 27(2), 378-393. https://doi.org/10.1590/
S0102-33062013000200012

Junggebauer, A., Hartke, T. R., Ramos, D., Schaefer, ., Buchori, D.,
... Drescher, J. (2021). Changes in diversity and community
assembly of jJumping spiders (Araneae: Salticidae) after rainforest
conversion to rubber and oil palm plantations. Peer/, 9, e11012.
https://doi.org/10.7717 /peerj.11012

Levi, H. W. (1991). The Neotropical orb-weaver genera Edricus and
Wagneriana (Araneae: Araneidae). Bulletin of the Museum of
Comparative Zoology, 152(6), 363-415.

Lima-Filho, D. A., Matos, F D. A., Amaral, I. L., Revilla, ., Coélho,
L. S., Ramos, J. F, & Santos, . L. (2001). Inventario florfstico
de floresta ombrdfila densa de terra firme, na regido do rio
Urucu-Amazonas, Brasil. Acta Amazonica, 31(4), 565-565.
https://doi.org/10.1590/1809-43922001314579

Lindo, Z., & Winchester, N. N. (2006). A comparison of
microarthropod assemblages with emphasis on oribatid mites
in canopy suspended soils and forest floors associated with
ancient western redcedar trees. Pedobiologia, 50(1), 31-41.
https://doi.org/10.1016/j.pedobi.2005.09.002

Madden, J. C., Brisson-Curadeau, E Gillung, J. B, Bird, D. M., & Elliott,
K. H. (2022). Optimal settings and advantages of drones as a
tool for canopy arthropod collection. Scientific Reports, 12(1),
18008. https://doi.org/10.1038/541598-022-22446-z

Marques, M. 1., Adis, J., Santos, G. B., & Battirola, L. D. (2006).
Terrestrial arthropods from tree canopies in the Pantanal of Mato
Grosso, Brazil. Revista Brasileira de Entomologia, 50(2), 257-267.
https://doi.org/10.1590/50085-56262006000200007

Marques, M. I., Adis, |., Battirola, L. D., Brescovit, A. D., Silva, E
H. O., & Silva, J. L. (2007). Composicao da comunidade
de artrépodes associada a copa de Calophyllum brasiliense
(Guttiferae) no Pantanal, Mato Grosso, Brasil. Amazoniana,
19(3-4), 131-148.

Matevski, D., Cvetkovska-Gjorgjievska, A., Preli¢, D., Hristovski,
S., Naumova, M., & Delltshey, C. (2020). Efficacy of trapping
techniques (pitfall, ramp and arboreal traps) for capturing
spiders. Biologia, 75(12), 2315-2319. https://doi.org/10.2478/
s11756-020-00475-1

Mendes, Z. R., Brescovit, A. D., Mello, M. M. R. F, & Wanderley,
M. G. L. (2018). Spider communities in two plant architectures
of epiphytic cacti in the Brazilian Atlantic forest. Studies on
Neotropical Fauna and Environment, 53(3), 184-193. https://
doi.org/10.1080/01650521.2018.1456312

Mupepele, A.-C., Mller, T, Dittrich, M., & Floren, A. (2014). Are
temperate canopy spiders tree-species specific! PLoS ONE,
9(2), €86571. https://doi.org/10.1371/journal.pone.0086571

Oguri, H., Yoshida, T., Nakamura, A., Soga, M., & Hijii, N. (2014).
Vertical stratification of spider assemblages in two conifer
plantations in central Japan. Journal of Arachnology, 42(1), 34-43.
https://doi.org/10.1636/P13-73.1

Oksanen, J., Simpson, G. L., Blanchet, E G., Kindt, R., Legendre, P, . .
. Weedon, J. (2024). Package ‘vegan’: vegan: community ecology
package. R package version 2.6-4. https://cran.r-project.org/
package=vegan

Oliveira, U., Paglia, A. P, Brescovit, A. D., Carvalho, C. J. B., Silva, D.
P, ... Santos, A. . (2016). The strong influence of collection
bias on biodiversity knowledge shortfalls of Brazilian terrestrial
biodiversity. Diversity and Distributions, 22(12), 1232-1244.
https://doi.org/10.1111/ddi.12489

Oliveira, U., Brescovit, A. D., & Santos, A. . (2017). Sampling effort
and species richness assessment: a case study on Brazilian
spiders. Biodiversity and Conservation, 26(6), 1481-1493.
https://doi.org/10.1007/s10531-017-1312-1

F=¢=*

18



Bol. Mus. Para. Emilio Goeldi. Cienc. Nat., Belém, v. 19, n. 3, €2024-1003, set.-dez. 2024

Otto, S., & Floren, A. (2010). The canopy spiders (Araneae) of
the floodplain forest in Leipzig. Arachnologische Mitteilungen,
39(39), 25-38. https://doi.org/10.5431/aramit3904

Ozanne, C. M. P (2005). Techniques and methods for sampling
canopy insects. In S. Leather (Ed.), Insect sampling in
forest ecosystems (st ed., pp. 146—167). Wiley. https://doi.
org/10.1002/9780470750513.ch7

Pashkevich, M. D., Spear, D. M., Advento, A. D., Caliman, J.-P,
Foster, W.A., ... Turner, E. C. (2022). Spiders in canopy and
ground microhabitats are robust to changes in understory
vegetation management practices in mature oil palm
plantations (Riau, Indonesia). Basic and Applied Ecology, 64,
120-133. https://doi.org/10.1016/j.baae.2022.08.004

Prado, A. W.,, & Baptista, R. L. C. (2023). Diversity and composition
of the spider fauna in a semideciduous Atlantic forest area
in Rio de Janeiro state, Brazil. Studies on Neotropical Fauna
and Environment, 58(3), 500-521. https://doi.org/10.1080/
01650521.2021.1993674

Quijano-Cuervo, L. G., Rangel-Acosta, J., Martinez-Hernandez,
N., & Sabogal-Gonzalez, A. (2019). Estratificacion vertical de
arafas tejedoras (Araneae) en fragmentos de bosque seco
tropical del Caribe colombiano. Revista de Biologia Tropical,
67(1), 224-242. https://doi.org/10.15517 /rbt.v67i1.33168

Ramos, D., Hartke, T. R, Buchori, D., Dupérré, N., Hidayat, P,
... Drescher, J. (2022). Rainforest conversion to rubber
and oil palm reduces abundance, biomass and diversity of
canopy spiders. Peer/, 10, e13898. https://doi.org/10.7717/
peerj.13898

Rego, FE N. A. A, Venticinque, E. M., & Brescovit, A. D. (2007).
Effects of forest fragmentation on four Ctenus spider
populations (Araneae: Ctenidae) in central Amazonia,
Brazil. Studies on Neotropical Fauna and Environment, 42(2),
137-144. https://doi.org/10.1080/01650520600935082

Reis Jr., R., Oliveira, M. L., & Borges, G. R. A. (2015). RT4Bio: R
tools for biologists (RT4Bio). R package version 1.0.

Rheims, C. A., & Brescovit, A. D. (2004). Revision and cladistic
analysis of the spider family Hersiliidae (Arachnida, Araneae)
with emphasis on Neotropical and Nearctic species. Insect
Systematics & Evolution, 35(2), 189-239. https://doi.
org/10.1163/187631204788912355

Rodrigues, E. N. L., Mendonca Jr., M. D. S., & Ott, R. (2009).
Spider diversity in a rice agroecosystem and adjacent areas
in Southern Brazil. Revista Colombiana de Entomologia, 35(1),
89-97. https://doi.org/10.25100/socolen.v35i1.9195

RStudioTeam. (2020). RStudio: integrated development for R
(2024.04.2 Build 764). PBC. http://www.rstudio.com/

Sena, D., Peres, M. C., Teixeira, R., Domingos, B., & Fontoura, T.
(2010). Composigdo e guildas de aranhas (Arachnida: Araneae)
em copas de um fragmento florestal urbano, Salvador, Bahia,
Brasil. Revista Biociéncias, 16(1), 24-33. https://periodicos.unitau.
br/biociencias/article view/1103

Shaw, D. C., & Bible, K. (1996). An overview of forest canopy
ecosystem functions with reference to urban riparian systems.
Northwest Science, 70, 1-6. https://rex.libraries.wsu.edu/
esploro/outputs/journalArticle/An-overview-of-forest-canopy-
ecosystem/99900502359001842

Serensen, L. L. (2003). Stratification of the spider fauna in a Tanzanian
forest. In Y. Basset, V. Novotny, S. E. Miller, & R. L. Kitching
(Eds.), Arthropods of tropical forests: spatio-temporal dynamics
and resource use in the canopy (Vol. 1, pp. 92-101). Cambridge
University Press.

Sarensen, L. L. (2004). Composition and diversity of the spider fauna
in the canopy of a montane forest in Tanzania. Biodiversity
and Conservation, 13(2), 437-452. https://doi.org/10.1023/
B:BIOC.0000006510.49496.1e

Viana-Junior, A. B., Quijano-Cuervo, L. G,, Ferreira, J. C., Reis, R. R.
N., Santos, I. A., & Martins, M. B. (2021). Collecting arboreal
arthropods: a technique for sampling plant-inhabiting arthropod
communities in a tropical forest understory. Entomologia
Experimentalis et Applicata, 169(3), 312-321. https://doi.
org/10.1111/eea.13012

Villanueva-Bonilla, G. A., Messas, Y. F, Souza, H. S., Gonzaga, M. O,,
Brescovit, A. D., & Vasconcellos-Neto, J. (2021). Trunk structural
complexity determines the diversity of bark-dwelling spiders in
a tropical forest. Ethology Ecology & Evolution, 33(2), 108-124.
https://doi.org/10.1080/03949370.2020.1830860

Vollrath, E, & Parker, G. A. (1992). Sexual dimorphism and distorted
sex ratios in spiders. Nature, 360(6400), 156—159. https://doi.
org/10.1038/360156a0

von Lampe, F, & Schellenberg, |. (2024). goeveg: functions for
community data and ordinations. R package version 0.7.5. https://
cran.r-project.org/web/packages/goeveg/goeveg.pdf

Wildermuth, B., Dénges, C., Matevski, D., Penanhoat, A, Seifert, C.
L., ...Schuldt, A. (2023). Tree species identity, canopy structure
and prey availability differentially affect canopy spider diversity
and trophic composition. Oecologia, 203(1-2), 37-51. https://
doi.org/10.1007/s00442-023-05447-1

Yamazaki, L., Vindica, V. F, Brescovit, A. D., Marques, M. 1., &
Battirola, L. D. (2017). Open-access Temporal variation in
the spider assemblage (Arachnida, Araneae) in canopies of
Callisthene fasciculata (Vochysiaceae) in the Brazilian Pantanal
biome. lheringia. Série Zoologia, 107, €2017019. https://doi.
0rg/10.1590/1678-4766e2017019

F=¢=*



What is better for sampling canopy spiders in the Amazon rainforest:a good tree or a good canopy?

AUTHORS CONTRIBUTION

L. S. Carvalho contributed to conceptualization, formal analysis, investigation, methodology, and writing (original
draft, review, and editing), as well as data curation; E. L. S. Costa contributed to investigation, methodology,
and writing (review and editing); N. E Lo-Man-Hung contributed to investigation, methodology, and writing
(review and editing); D. . Candiani contributed to investigation, methodology, and writing (review and editing);
B. V. B. Rodrigues contributed to investigation, methodology, and writing (review and editing); S. C. Dias
contributed to investigation, methodology, and writing (review and editing); and A. B. Bonaldo contributed to
project administration, funding acquisition, investigation, methodology, and writing (review and editing).

20



https://www.researchgate.net/publication/387694761

