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Instituto Nacional de Pesquisas da Amazônia – INPA, Coordenaç ão de Biodiversidade (CBIO), Avenida André Araújo, 2936, Aleixo, CEP 69011-970, Postal:
78,  Manaus, Amazonas, Brazil
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a  b  s  t  r  a  c  t

Several  ecological  studies  and  monitoring  programs  of biodiversity  have  shown  that  using  fewer  collect-
ing  methods  in biological  surveys  is more  efficient  than  several  redundant  ones.  However,  in an  attempt
to  increase  species  detection,  researchers  are still  using  as  many  field  methods  as  possible  in  the surveys
of  arthropods  and  other  megadiverse  groups  of invertebrates.  The  challenge  is to  reduce  the  overall  time
and effort  for  surveys  while  still  retaining  as  much  information  about  species  richness  and  assemblage
composition  as  possible.  Researchers  usually  face  a trade-off  of  loosing  some  information  in  order  to  have
more  efficient  surveys.  Here  we show  that more  species  were  obtained  in  harvestmen  surveys  using  a
reduced  version  of  the traditional  method  of active  nocturnal  search.  We  evaluated  both  the  congruence
and  efficiency  of the  beating  tray,  and  three  versions  of active  nocturnal  search  across  a tropical  forest
area  in  the  Amazon  basin.  As  nocturnal  search  has  long  been  proved  to  be  the  most  efficient  method  to
capture  arachnids,  we tested  three  variations  of  this  method  in an  attempt  to improve  harvestmen  survey.
A total  of  2338  individuals  of 23  species,  in  20 genera  and  10  families,  were  recorded  using  all  methods
together.  Just  one  method,  the  active  cryptic  nocturnal  search,  encountered  all  taxa  sampled  with  the

maximum  effort  (sum  of  all methods)  and  data  from  this  method  recovered  the  ecological  patterns  found
by  the  more  intensive  methods.  Financial  costs  and  time  spent  sampling  and  identifying  specimens  were
reduced  by  87%  when  compared  to the  maximum  effort.  We  suggest  that  only  one method,  active  cryp-
tic  nocturnal  search,  is  the  most  efficient  method  to both  sample  and  monitor  harvestmen  in  Amazon
tropical  forests.

© 2016  Elsevier  Ltd. All  rights  reserved.
. Introduction

Biological surveys generally use a variety of collecting methods
o estimate the species richness and describe assemblage compo-
ition of a particular locality (Coddington et al., 1991; Longino and
olwell, 1997; Pinto-da-Rocha and Bonaldo, 2006). Several field
ethods should provide a larger species data set, however detailed

nd exhaustive biodiversity surveys are time consuming and very
xpensive. The costs of biodiversity research in tropical forests are

specially high due to complex logistics and difficult in access-
ng some areas. Therefore a major limitation is inadequate funding
Balmford and Whitten, 2003; Magnusson et al., 2013). When suf-

∗ Corresponding authors at: Instituto Nacional de Pesquisas da Amazônia – INPA,
oordenaç ão de Biodiversidade (CBIO), Avenida André Araújo, 2936, Aleixo, CEP
9011-970, Postal: 478, Manaus, Amazonas, Brazil.

E-mail address: willians.porto@outlook.com (W.  Porto).

ttp://dx.doi.org/10.1016/j.ecolind.2016.05.014
470-160X/© 2016 Elsevier Ltd. All rights reserved.
ficient resources exist for sampling, their more effective use may
allow for the more extensive spatial and temporal sampling that is
crucial to understand both biogeographic, ecological patterns, pro-
cesses, and also for biodiversity monitoring (Costa and Magnusson,
2010; Kallimanis et al., 2012).

Efficient field methods are extremely important to obtain data
on poorly known faunal groups (such as arthropods, and other
invertebrates), so as to detect threats to biodiversity, prioritize
areas for conservation and monitoring compositional changes to
regional faunas (Longino and Colwell, 1997; Silveira et al., 2010).
However, for studies focused on both species richness and composi-
tion the use of a combination of several field methods is not always
necessary. In fact, several studies have shown that the use of fewer
methods may  be more efficient and less expensive than several

redundant ones (Souza et al., 2012; Azevedo et al., 2013; Tourinho
et al., 2014). Nevertheless, usually not as much data is collected if
sampling effort is reduced, and then the impacts of reducing the

dx.doi.org/10.1016/j.ecolind.2016.05.014
http://www.sciencedirect.com/science/journal/1470160X
http://www.elsevier.com/locate/ecolind
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ecolind.2016.05.014&domain=pdf
mailto:willians.porto@outlook.com
dx.doi.org/10.1016/j.ecolind.2016.05.014
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ig. 1. Ducke Reserve map  showing the position of the 30 curvilinear sampling plo
gure  legend, the reader is referred to the web  version of this article.)

axonomic and numerical resolution must be evaluated together
ith assemblage congruence among different taxonomic groups,

specially if there are multiple questions to be answered (Landeiro
t al., 2012).

There is a debate about whether we should or should not put a
uge effort on very detailed inventories and on species-level iden-
ification. Some researchers advocate that the species is the unity
arrying most information on organisms and their relationships
ith environmental variation. Systematists and museum person-

el are usually included in this group, as they are most interested
n documenting and listing the species diversity (Lenat and Resh,
001; Marshall et al., 2006; Verdonschot, 2006). Others say that
etailed inventories and species-level identification provide little
xtra information over higher taxonomic levels about community
esponses to environmental conditions (Warwick, 1993; Bowman
nd Bailey, 1997; Bailey et al., 2001). Given the global biodiver-
ity and economic crises the ideal is to find a protocol that is cheap,
llows rapid surveys, collecting as many species as possible and that
s also optimized to meet requirements for both ecological studies
nd monitoring species occurrence.

Traditional inventories were mainly developed for taxonomic
urposes, where the effort is devoted to gain the largest num-
er of species in a single visit to a site (Coddington et al., 1991;
ardoso et al., 2006; Pinto-da-Rocha and Bonaldo, 2006). We  have
een using harvestmen as models for different biodiversity stud-

es, because this group of arachnids has a moderate local diversity,
anging from 12 to 52 species per locality, that makes species sort-
ng and identification faster than in other megadiverse arthropod
roups (Kury, 2011). They also have limited dispersal capability,

nd a strong relationship with environment conditions, and are
hus very sensitive to alterations in temperature, humidity and

icrohabitat (Bragagnolo et al., 2007; Tourinho et al., 2014).
he PPBio grid (red diamonds). (For interpretation of the references to colour in this

Six methods normally used to sample arachnids were tested in
one of the traditional papers dealing with sampling design and pro-
tocols for arthropods surveys in Tropical Ecosystems (Coddington
et al., 1991). Those authors chose four protocols that were designed
to include basic microhabitat assessment. Two of them, “the look-
ing up” and “the looking down”, were variations of the active hand
searching method, known as active night searching, which is typ-
ically performed during the night when most of the arachnids
are active in the forest. These two  methods were later fused into
one single nocturnal search method that is frequently applied in
tropical-forest surveys. In this, the collectors look up and down
searching for arachnids in several types of microhabitat in the for-
est (Bragagnolo et al., 2007; Azevedo et al., 2013; Tourinho et al.,
2014).

Even though a combination of three or more methods are
constantly used to capture spiders and harvestmen (Bragagnolo
and Pinto-da-Rocha, 2003; Bragagnolo and Pinto-da-Rocha, 2006;
Bragagnolo et al., 2007; Tourinho et al., 2014), a higher number of
spiders is often collected using active nocturnal search (Azevedo
et al., 2013). In one recent study evaluating both the method and
effort necessary for an effective harvestmen survey in the Ama-
zon region, the authors demonstrated that four methods (beating
tray, active nocturnal search, leaf-litter manual sorting and Winkler
apparatus) that are regularly used to collect harvestmen docu-
mented different assemblages, but the active nocturnal search
method have statistically less variance, and was more efficient
when compared to other single method, to represent both harvest-
men  richness and composition (Tourinho et al., 2014).

Here we:  tested the redundancy of four field methods (tradi-

tional active nocturnal search, modified active nocturnal search,
active cryptic nocturnal search and beating tray), two  of them
newly designed for this study, to investigate how reduction in
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umber of methods affects the estimates of species richness and
omposition; test whether the relationships among harvestmen
ssemblage composition and environmental variables (leaf-litter
epth, number of palms trees and soil moisture) will be captured
imilarly for each method; and investigated the possibility of reduc-
ng the cost, time and plot area for surveying harvestmen fauna. We
ypothesized that methods more directed to the distribution and
abitats used by the harvestmen are going to fulfill the taxonomical,
cological and financial needs of the survey.

. Material and methods

.1. Study area

This study was carried out in the Ducke Reserve, a 10,000 ha area
f dense ‘terra firme’ rainforest (02◦55′–03◦01′S, 59◦53′–59◦59′W),
orth of the city of Manaus, Amazonas State, Brazil (Hopkins, 2005)
Fig. 1). The reserve has a north-south central plateau that separates
wo main drainage basins: the eastern, with water bodies draining
nto the Amazon River, and the western basin, with water bod-
es draining into the Rio Negro (Ribeiro et al., 1999). The plateau
s at 80–140 m in altitude, and is formed predominantly by yel-
ow latosols, becoming sandy due to increased declivity and lower
ltitude.

The climate is classified as tropical humid, with a relative humid-
ty of 75–86% and an annual precipitation about 3.000 mm,  with
eavier rains from November until May. Annual average tempera-
ure is 25.5 ◦C, with little variation during the year.

.2. Sample design

Harvestmen were collected between January and February 2008
nd also between February and June 2012, in 30 plots set on a grid
rail system within the Ducke Reserve. The grid was  set by PELD
ite 1 Project and is now maintained by the Program for Research
n Biodiversity (PPBio), and consists of 30 plots distributed evenly
t 1 km intervals (Fig. 1). Each plot is 250 m long and to minimize
daphic variation within it follows the altitudinal contour. The spa-
ial design follows the RAPELD system (Magnusson and Lima, 2005;
osta and Magnusson, 2010).

.3. Collecting and identifying harvestmen

Harvestmen were collected in 30 plots between January and
une 2012. Beating tray and three variations of active nocturnal
earch were applied in each plot: (1) active nocturnal search, (2)
odified active nocturnal search, and (3) active cryptic nocturnal

earch.
We  use a broader concept of survey effort reduction: (a) reduc-

ion in number of data collection used, (b) reduction in number of
imes the method should be replicate in the same plot, (c) reduction
n plot area, and by doing that, (d) reduction in time spent in the
eld collecting and possibly in the laboratory processing an exces-
ive extra amount of material, and last but not least, (e) reduction
n the budget of both field and lab research.

Because the nocturnal search method is responsible for captur-
ng the largest number of species of arachnids (Pinto-da-Rocha and
onaldo, 2006; Proud et al., 2012; Azevedo et al., 2013; Tourinho
t al., 2014), we designed two variations of this method: (a) the
rst one called active nocturnal search method (Sørensen et al.,
002; Pinto-da-Rocha and Bonaldo, 2006; Resende et al., 2012) is
requently used in most inventories of arachnids in Brazilian Tropi-

al forests and frequently harvestmen, spiders and other arachnids
re collected together to maximize the effort and variety of data
ollected (see Bonaldo et al., 2009; Azevedo et al., 2013; Tourinho
t al., 2014). To replicate this methods as it is formally used in past
ators 69 (2016) 771–779 773

studies each plot was  marked into four sub-plots of 30 m by 10 m,
each separated by 30 m and the first located 30 m from the start of
the 250 m long plot totaling 1200 m2 of plot area (Tourinho et al.,
2014). Each subplot was  surveyed for one hour by one collector.
All harvestmen and other arachnids encountered, from the forest
floor to a height of 2 m on the trunks and vegetation, were cap-
tured. (b) to save time in placing sub-plots and to explore the total
length of the plot for the modified active nocturnal search was con-
ducted along the entire length of the plot (250 m), we also reduced
the width sampled to 2 m,  totaling 500 m2 of plot survey. Only har-
vestmen were collected during one hour by one collector, distanced
5 m from the right side of the central line of the plot. All harvestmen
encountered, from the forest floor to a height of 2 m on the trunks
and vegetation, were captured. (c) the active cryptic nocturnal was
also conducted along the entire length of the plot (250 m), with
reduced width sampled to 2 m,  totaling 500 m2 of plot survey har-
vestmen were searched on environments that likely contain cryptic
species (such as fallen logs, beneath tree bark, small cavities and
holes, suspended leaf litter, on soil leaf litter, cavities and roots).
Plots were not paired each collecting method were applied in each
plot in different moments.

Beating tray surveys were conducted during daylight hours,
with twenty shrubs up to 3 m tall, where each was struck 20 times
with a wooden stick. A wooden frame with 1 m2 of white fab-
ric, positioned below the shrubs, was used to capture any fallen
harvestmen. Species identification was  provided by specialists in
harvestmen taxonomy (Ana Lúcia Miranda Tourinho, Gonzalo Giri-
bet and Pío Colmenares). All taxonomic material was  subsequently
deposited in the Invertebrate Collection of the Instituto Nacional
de Pesquisas da Amazônia (INPA).

2.4. Environmental variables

Depth of leaf-litter (cm), the number of palm trees and soil
moisture (%) were selected as environmental variables because
they have been found previously correlated with diversity, richness
and composition of harvestmen assemblage (Curtis and Machado,
2007). The number of palm trees was chosen as a proxy for overall
vegetation structure. Depth measurements in each plot were taken
with a Marimon-Hay leaf-litter depth meter (Marimon-Junior and
Hay, 2008), 5 m away from point zero and 2 m from the left hand
side of the center line. In plots where the central line crossed an
access trail, point measures located within 2 m of the trail were
disregarded and corresponding measures were taken at the end of
the plot, using 5 m intervals between points (Rodrigues et al., 2013).
For palm trees, the width of each sampling plot was 4 m,  giving a
total area of 0.1 ha per plot. Each individual palm rooted within a
sampling plot was counted, following Guillaumet et al. (2013).

Soil moisture was measured for each plot point by removing
the leaf-litter layer while avoiding disturbance to the layers of soil
below the litter. Three soil samples were then collected at different
depths (0–5, 5–10 and 10–20 cm). The samples were collected with
the aid of a 5.5 cm diameter manual auger. Moisture was  deter-
mined from the difference between the soil sample wet and dry
masses (Pimentel and Pezzini, 2013).

2.5. Data analysis

To compare the sampling intensity among methods and how
effective each was  at sampling the total harvestmen assemblage,
we constructed species accumlation curves with 999 random-
izations (Colwell et al., 2004). We made 999 randomization to

minimize the effect of the order of sample units on the shape of
the curve.

We considered harvestmen species rare if they were encoun-
tered in only one plot. To evaluate if the species composition
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Table 1
Harvestmen species collected through four collecting methods in Reserva Ducke.

Taxon Active nocturnal
search

Active cryptic
nocturnal search

Modified active
nocturnal search

Beating tray Overall

Eupnoi – Sclerosomatidae
Caluga sp. 1 121 228 59 0 408
Caluga sp. 2 138 126 56 5 325
Geaya  sp. 8 2 4 0 14
Prionostemma sp. 15 77 12 0 104

Laniatores – Agoristenidae
Avima matintaperera (Pinto-da-Rocha, 1996) 15 8 2 0 25

Laniatores – Cosmetidae
Cynorta sp. 1 0 1 0 0 1
Cynorta sp. 2 60 81 36 0 177
Eucynortella duapunctata Goodnight & Goodnight, 1943 338 187 75 0 600

Laniatores – Cranaidae
Phareicranaus manauara Pinto-da-Rocha, 1994 29 60 27 0 116

Laniatores – Fissiphalidae
Fissiphalius martensi Pinto-da-Rocha, 2004 1 21 3 0 25

Laniatores – Gonyleptidae
Discocyrtus carvalhoi Mello-Leitão, 1941 5 11 2 0 18
Discocyrtus sp. 3 9 9 0 21

Laniatores – Manaosbiidae
Manaosbia sp. 82 6 0 0 88
Rhopalocranaus sp. 64 40 7 0 111
Saramacia lucasae Jim & Soares, 1991 60 26 11 0 97

Laniatores – Samoidae
Kalominua sp. 0 4 0 0 4

Laniatores – Stygnidae
Protimesius longipalpis Roewer, 1943 32 18 5 0 55
Protimesius sp. 0 5 2 0 7
Ricstygnus sp. 39 6 0 0 45
Stygnus simplex Roewer, 1943 22 33 12 0 67

Laniatores – Zalmoxidae
Chamaia sp. 10 10 4 0 24
Ethobunus sp. 1 4 0 0 5
Pirassunungoleptes sp. 0 1 0 0 1

Total  of individuals 1043 964 326 5 2338
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Total  de species 19 

ampled was similar using the three methods, we used the presence
r absence matrix of each species obtained in the plots per meth-
ds to run a Principal Coordinates Analysis (PCoA). This analysis
educes the dimensionality of the database to axes, as this allowed
asier visualization and interpretation of the collected data, the
esult is the creation of principal coordinates that represents the
xes which explains the highest data variation. We  ordinated the
lots by species composition using the Sørensen Dissimilarity Index
presence/absence). We  used the axes obtained by the PCoA as
ependent variables in an analysis of variance (ANOVA) to test the
ongruence of the harvestmen assemblages collected by only one
ethod (low effort) to the community collected by all four methods

maximum effort).
We  used redundancy analysis (RDA) (Legendre and Legendre,

998), which is a direct extension of multiple regression analysis
Borcard et al., 2011), to express the extent to which variance in
pecies composition can be explained by environmental variables,
nd determine how much of the ecological pattern captured by the
our methods combined was obtained by the reduced efforts (i.e.
ne or two methods). We  tested statistical significance in the RDA
ith 1000 permutations. RDA is a canonical ordering direct gradi-
nt analysis, which assumes linear responses of species abundance
long environmental gradients. (Legendre and Legendre, 1998).
23 17 1 23

2.6. Project costs

The time spent collecting in the field, and the screening and
identification in the laboratory, plus financial costs for the com-
bined use of the four methods were considered as maximal effort
(100%), and fractions of this cost were calculated for the other meth-
ods following Souza et al. (2012).

3. Results

3.1. Harvestmen diversity

We  collected 2338 harvestmen, 10 families, 19 genera, 23
species (Table 1). The undescribed species are here referred as
the name of the genus followed by sp. The number of individu-
als captured per plot ranged from 13 to 131 and the number of
species per plot ranged from 1 to 18. The most abundant fami-
lies were Sclerosomatidae and Cosmetidae (recorded in all plots),
with an abundance of 851 and 778 individuals, respectively. Using
the active nocturnal search method alone the abundance of Cos-
metidae (398 individuals) was  higher than Sclerosomatidae (282

individuals). The most frequent and abundant species, occurring
in all plots, were Eucynortella duapunctata Goodnight & Goodnight,
1943 (Cosmetidae), with 600 individuals, followed by Caluga sp. 1
(Sclerosomatidae), with 408 individuals.
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Fig. 2. Harvestmen species accumulation curve. Das

Table 2
Variance proportion of the harvestmen community explained by the environmental
variables through RDA.

Methods R2 p

All 0.020 0.023
Active nocturnal search 0.183 0.019
Active cryptic nocturnal search 0.184 0.049
Modified active nocturnal search 0.135 0.220

t
n
t
u
s
d

3
J
c
d
t
c
s

the species they collected (Fig. 3). In terms of methodological com-
plementarity, active cryptic nocturnal search is the most effective

T
P

We  recorded 17 genera and 19 species, using the active noc-
urnal search; 14 genera and 17 species using the modified active
octurnal search, and 19 genera and 23 species with the active cryp-
ic nocturnal search. We  only collected one species, five individuals,
sing the beating tray. We  recorded only two singletons: Cynorta
p. 1 (Cosmetidae) and Pirassunungoleptes sp. 1 (Zalmoxidae), we
id not include them in the analysis.

The rarefaction curve for species based on 23 taxa sampled in
0 plots, approached the number of species (26) obtained by the

ackknife estimate (Fig. 2). An overlap between the curves indi-
ates methodological overlap in the species being captured by the
ifferent field methods, and that the same 23 taxa were found by
he active cryptic nocturnal search as with all the other methods

ombined. Active nocturnal search and modified active nocturnal
earch collected 19 and 17 taxa, respectively.

able 3
artial values of the RDA results, indicating that the environmental variables have an exp

Methods Number of palms trees 

F p 

All 3.392 0.030 

Active nocturnal search 0.688 0.040 

Active cryptic nocturnal search 3.038 0.050 

Modified active nocturnal search 2.727 0.640 
hed lines indicate the 95% confidence interval.

3.2. Congruence between field methods

In this work the two  PCoA axes represent the species composi-
tion and together they explained 41% of data variation (PCoA axis
1: 24%, PCoA axis 2: 17%), we  used the PCoA axis 1 to perform
the ANOVA analyses because it explained alone 24% of data varia-
tion. The PCoA (Fig. 3) demonstrated significant variation between
the species composition obtained with the different field methods
(ANOVA using PCoA axis 1: F = 26.87, p <0.001).

A significant variation were observed between the modified
active nocturnal search vs. active cryptic nocturnal search (ANOVA
for PCoA axis 1 p = 0.01), and between the active nocturnal search vs.
modified active nocturnal search (ANOVA for PCoA axis 1 p < 0.001),
since the modified active nocturnal search was less efficient at cap-
turing the richness and abundance of the harvestmen community.
There was  no difference between the active nocturnal search and
active cryptic nocturnal search (ANOVA for PCoA axis 1 p = 0.1), the
methods that yielded the highest richness of species and abundance
of specimens.

Despite the differences in species composition between the
field methods, active nocturnal search and active cryptic noctur-
nal search methods are congruent because there was an overlap in
method increasing the number of species sampled by 23% com-

lanatory power on the ecological patterns observed in each field method tested.

Leaf-litter depth (cm) Soil moisture (%)

F p F p

2.638 0.010 0.525 0.810
3.129 0.230 2.008 0.300
1.455 0.480 1.380 0.750
0.788 0.009 0.542 0.074
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Fig. 3. Relationship among the 3 field methods summarized in two axes of the PCoA. Ac
active nocturnal search (asterisk).

Table 4
Cost and time spent to sample harvestmen in each method.

Methods Costs (%) Time(%)

All 100 100
Active nocturnal search 38 37.5
Active cryptic nocturnal search 12 12.5
Modified active nocturnal search 12 12.5
Beating tray 38 37.5

Table 5
Procrustes rotation indicating correlations into the methods with 999 permutation.

Methods Correlation p

All × Active nocturnal search 0.421 0.007
All  × Active cryptic nocturnal search 0.579 0.001
All  × Modified active nocturnal search 0.429 0.006
Active cryptic nocturnal

search × Modified active nocturnal
search

0.434 0.050

Active nocturnal search × Active
cryptic nocturnal search

0.367 0.404

p
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o

Active nocturnal search × Modified
active nocturnal search

0.267 0.960

ared to the active nocturnal search and by 30% compared to the
odified active nocturnal search method.

The species compositon in each plot was obtained with Pro-
rustes rotation, where we noted that use of all methods together
as the composition of all the variations of collection methods,
nd the active cryptic nocturnal search has similiar composition
odified active nocturnal search (Table 5 ).

.3. Relationships with environmental variables
Correlation with environmental variables varied depending on
he field method used. The influence of the environmental variables
n the composition of the harvestmen community, based on RDA
tive nocturnal search (triangle), active cryptic nocturnal search (square), modified

scores, is given in Table 3. Overall, the composition of harvestmen
captured with the three methods was correlated with the envi-
ronmental variables tested (leaf-litter depth, number of palm trees
and soil moisture) (RDA = 0.020, p < 0.023) (Table 2), and similar
patterns were found when the harvestmen community was  sam-
pled with active nocturnal (RDA = 0.183, p < 0.01) and active cryptic
nocturnal searches (RDA = 0.184, p < 0.049) (Table 2). However, the
associations differed when modified active nocturnal search was
used, as no correlation was observed with the tested environmental
variables (RDA = 0.135, p = 0.220).

When the three methods were combined (maximum effort), the
number of palm trees was  the variable that best explained the dis-
tribution of the harvestmen community (Table 3). This was also
the case with the active nocturnal search (p = 0.040), and active
cryptic nocturnal search (p = 0.050), but not with the modified
active nocturnal search (p = 0.640). When all methods were com-
bined, harvestmen community distribution was also explained by
leaf-litter depth (p = 0.010). This was  also the case with the mod-
ified active nocturnal search (p = 0.009), but not for the other two
methods. Soil moisture content alone did not have any significant
correlation with the methods used, thus, it could not explain the
harvestmen distribution.

We  covered an area of 1200 m2 per plot using the active noc-
turnal search, 36,000 m2. We  covered 500 m2 per plot using the
modified active nocturnal search and cryptic active nocturnal
search, 15,000 m2. We  reduced in 21,000 m2 (58%) of the initial
area while using the modified active nocturnal search or the cryptic
active nocturnal search.

3.4. Financial costs
Active nocturnal search and beating tray consumed most finan-
cial resources. They also took the most time to complete. Each
consumed 38% of the financial resources for the study dedicated to
sampling and 37.5% of the collection time for all methods. The mod-
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fied active nocturnal search and active cryptic nocturnal search
onsumed only 12% of the financial resources and 12.5% of the time
sed for sampling (Table 4).

. Discussion

We  generally use a combination of at least three field methods
n arthropods surveys, in an attempt to access a variety of micro-
abitats, and sample the fauna associated with them. Our purpose

n this paper was to evaluate how far could we go on reducing the
ampling effort and also to assess whether it is possible to capture
he ecological patterns that would be achieved with comprehensive
urveys (Santos et al., 2008; Souza et al., 2012).

On the whole, we found that, unlike the results of previous stud-
es, one method alone, the active cryptic nocturnal search, not only
ollected more species than all other methods, but also collected the
ame number and the same species as using the maximum effort
=the four methods combined). This method was  also designed to
educe both search area (in 58%) and time spent searching this area.
omparing the plot area and the number of species sampled in each
ite, a 0.527 species/km2 ratio was found in the active nocturnal
earch method; 1.53 species/km2 with the cryptic active nocturnal
earch and 1.133 species/km2 with the modified active nocturnal
earch. We  collected a higher number of species in a much smaller
rea using active cryptic nocturnal search. The reduction of the
ampled area, for the same time interval, allows the collector to
etter explore the site and find cryptic species. Plot shape affects
he number of species included for a given area, long thin plots
end to contain more species than square or circular plots for two
easons: organisms tend to occur in higher densities in some habi-
ats than others, and long plots have more chance of intercepting
ifferent habitats than short plots (Magnusson et al., 2013).

We  recorded 23 taxa in Reserva Ducke using the maximum
ffort, active cryptic nocturnal search alone recovered all the 23
pecies, while 19 species were captured using the traditional
ctive nocturnal search method, 17 using modified active noctur-
al search, and beating tray was the least efficient and resulted in
nly one species. As most harvestmen are nocturnal and cryptic
nd therefore their struggle for life goes essentially undetected by
umans (Cokendolpher and Mitov, 2007), active nocturnal cryp-
ic search has an advantage over all the other methods because it
ocuses directly and only on the specific microhabitats in which
arvestmen conceal themselves, enhancing detection chance per
ime unit.

In this study we showed that in a harvestmen survey it was
ossible to reduce the number of methods used to one and the area
ampled, saving time and money, and still capture the ecological
atterns that would be achieved with all methods combined. To
he best of our knowledge this is the first study to show reduction
f methods to minimum effort with no loss of information about
pecies richness. Several studies suggest that the loss of information
bout species richness is compensated by the saving costs and time
Santos et al., 2008; Souza et al., 2012), or that we should avoid using
everal redundant methods in ecological studies; they should only
e used when a more detailed survey is needed (Tourinho et al.,
014).

Our results were consistent with other studies showing that
fficiency would be considerably higher in most of the monitor-
ng programs by using just one method. In the specific case of
arvestmen our results were similar to other studies using arach-
ids pointing nocturnal search as the most efficient method (e.g.

ourinho et al., 2014). However, our findings also indicate that this
ethod may  be improved and designed to reach a higher poten-

ial if we focus on specific active cryptic nocturnal searches. Active
octurnal search is the most used method in tropical forest sur-
ators 69 (2016) 771–779 777

veys (Coddington et al., 1991; Pinto-da-Rocha and Bonaldo, 2006;
Tourinho et al., 2014), this method was  modified from Codding-
ton et al. and consists of merging the looking up and looking down
methods proposed in that paper, it is usually performed to cap-
ture both spiders and harvestmen at the same time to save time
and money. Our results have show that less species of harvestmen
were obtained using active nocturnal search, spending more time
when compared to active cryptic nocturnal search. Using modified
active nocturnal search we collected two species less than using
the active nocturnal search but still in less time and in smaller area.

In general, we  observed that, proportionately, the financial and
temporal investment for collecting and sorting the material sam-
pled with this method was  twice that of both variations of the night
search methods proposed and tested in this study. One explanation
for that is that the habitat complexity accessed using this method
is possibly higher, because collectors must inspect all kinds of habi-
tats available looking up the vegetation and the ground. The area
to be covered using this method is also larger, that meaning addi-
tional work and additional habitats to explore. The active cryptic
nocturnal search method provided direct access to microhabi-
tats characterized basically by leaf-litter, fallen logs, roots, termite
nests, and suspended litter at the base of the palm leaves. Such
habitats are those favored by harvestmen, providing ideal condi-
tions of humidity and temperature for their development (Mestre
and Pinto-da-Rocha, 2004; Curtis and Machado, 2007; Curtis, 2007;
Proud et al., 2012). Therefore, focusing on search methods that
are tailored to the ecological preferences of the faunal group, it
becomes unnecessary to use a broad spectrum of collection meth-
ods, either for taxonomic or ecological purpose and we were also
able to acquire better performance for existing methods.

Our results are in line with other studies suggesting that har-
vestmen respond to variation in habitat structure (Bragagnolo et al.,
2007; Proud et al., 2012; Tourinho et al., 2014). There was  corre-
lation between environmental variables (number of palm trees,
leaf-litter depth and soil moisture) and the harvestmen assem-
blages when the methods were combined, with the exception of the
beating tray method. Data obtained by only active nocturnal search
or active cryptic nocturnal search was  also correlated with these
variables, indicating that neither of these methods can yield the
same ecological information as all three field methods combined.
The positive relation between harvestmen captured and palm tree
density were also recovered in previous study in the Amazon, it
seems that palms, which increase habitat complexity and being cor-
related with well-structured soils (Vasconcelos, 1990; Emilio et al.,
2013) are an important component for harvestmen community
reflecting the variation in microhabitat structures for harvestmen
species (Tourinho et al., 2014). Also, most abundant harvestmen
species, such as Eucynortella duapunctata and Cynorta sp. 1, were
found mostly on palm trees. They are especially common in the lit-
ter that accumulates at the base of the fronds. These suspended
litter microhabitats accumulate both fallen dry leaves and rain-
water, forming highly moist and protected microhabitats that are
beyond the reach of many of the predators present in the soil and
the forest-floor leaf-litter layers (e.g. Vasconcelos, 1990; Franken
et al., 2013).

Both maximum effort and active nocturnal search correlated
with depth of the leaf-litter to harvestmen abundance. This micro-
habitat is favored by several species of harvestmen in the Amazon,
such as Saramacia lucasae and Eucynortella duapunctata, 85% of the
species collected in this study were represented in the leaf-litter.
This microhabitat provides harvestmen with shelter and substrate
moisture, and is also rich in food resources (e.g. Adams, 1984; Lo-

Man-Hung and Gardner, 2008; Curtis and Machado, 2007). Since
depth of leaf-litter is related to its humidity, and many species
of harvestmen prefer high humidity (Curtis and Machado, 2007),
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eaf-litter may  have had an indirect effect on the abundance and
omposition of the local harvestmen community.

Financial costs often limit the scope of biodiversity studies, espe-
ially in logistically-challenging areas such as the Amazon basin
Costa and Magnusson, 2010). Overall, the active cryptic noctur-
al search method retrieved a higher number of taxa than all other
ethods combined using 12.5% of the total time used by all four
ethods together, although there was no loss of taxonomic or eco-

ogical information when using this method. This method had the
dvantage of not using subplots, so it reduced sampling time by
7.5% when compared to the other field methods. Consequently,
here will be a concomitant reduction in the time spent on iden-
ification, preparation and processing of animals captured, and in
eld costs. However, results from previous studies have shown that,
ven traditional active night search was the most effective method,
till there were a small percentage of specific species that are only
ccessed if sifting and/or leaf litter search are used (Tourinho et al.,
014).

Coddington et al. (1991) recommended the use of a suite of field
urvey methods to investigate the environments used by arachnids.
ecent studies suggested that nocturnal search alone is an effi-
ient alternative for adequately sampling harvestmen assemblage,
ven though there was a loss of 2–5 species in both sites tested,
here was no redundancy, sampling was faster and less expensive,

ore efficient to test environmental relationships of species assem-
lages. However, we have shown that a more efficient version of
his method, the reduction of the sampled area and time will prob-
bly reduce this loss of information or even work at no loss. For
urveying harvestmen fauna in Tropical forests we consider that
he use of active cryptic nocturnal search will be, in terms of time
nd financial resources, the most effective way to obtain reliable
esults.
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