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Abstract

Habitat loss and fragmentation have highlighted the importance of monitoring re-
maining habitats. For megadiverse groups such as arthropods, of which many spe-
cies are still being discovered, the use of higher taxonomic levels as substitutes for
diversity may be a useful tool. The aim of this study was to evaluate the use of sub-
stitute taxonomic resolutions to assess the richness and composition of Laniatores
harvestmen (Arachnida: Opiliones). The five resolutions selected were as follows:
genus, family, subfamily, indicator taxa and intermediate resolution (combination of
genus and species identification levels). In addition, we evaluated whether the di-
versity substitutes provide good estimates of latitudinal gradients. Nineteen Atlantic
Forest sites located along a latitudinal gradient in northeastern Brazil were sampled.
We recorded a total of 88 harvestmen species/morpho-species, distributed in 7
families, 15 subfamilies and 36 genera. Genus and intermediate resolution were
excellent substitutes for harvestmen species richness. The efficiency differed ac-
cording to the substitute resolution used. Four resolutions were adequate to replace
the harvestmen composition: genus, intermediate resolution, indicator taxa, and
subfamily. The number of harvestmen species recorded was significantly differ-
ent between Seasonal Semideciduous Forest and Costal Atlantic Rainforest. The
same relationship was also observed the same relationship was observed when we
consider genus and intermediate resolution. Our results suggest the use of genus
as a substitute for richness and composition of harvestmen for reducing monitoring
costs and providing evaluation in a shorter time and a more practical way.

KEYWORDS
biodiversity assessment, biodiversity surrogates, indicator taxa, intermediate resolution, species
richness
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INTRODUCTION

The accelerated decline in biodiversity due to human actions (Laurance
et al.,, 2012), especially habitat loss (Fahrig, 2003; Hanski, 2005; Pimm
et al., 2014) and fragmentation of native environments (Hanski, 2005), has
led to the necessity of monitoring and conserving the remaining habitats.
Fragmentation effects on several taxa have been described earlier, for ex-
ample on birds (Blandén et al., 2016; Stratford & Stouffer, 2015), mammals
(Crooks et al., 2017; Rodriguez-San Pedro & Simonetti, 2015), butterflies
(Melo et al., 2019), beetles (Filgueiras et al., 2011; Larsen et al., 2008),
ants (Santos et al., 2018; Solar et al., 2016) and harvestmen (Bragagnolo
et al., 2007).

Among the biomes that are affected by habitat loss and fragmenta-
tion, the Atlantic Forest of Brazil stands out (Haddad et al., 2015; Ribeiro
et al., 2009). This biome is one of the 25 global hotspots due to its higher
species richness (Myers et al., 2000) and elevated endemism rates for var-
ious groups (Bataus & Fonte, 2015; Pimenta & Silvano, 2002; Pinto-da-
Rocha et al., 2005). In Brazil, the Atlantic Forest has a large extent with
a wide environmental gradient (Ribeiro et al., 2009) and several vegeta-
tion types (Fiaschi & Pirani, 2009; Oliveira-filho & Fontes, 2000). Currently,
vegetation coverage comprises about 28% of its original area (Rezende
et al., 2018), with fragments, several of which are smaller than 1000 ha
(Haddad et al., 2015), in a matrix altered by anthropic activities (Vieira
et al., 2008) and affected by an intense edge effect (Haddad et al., 2015).

In order to conserve the remnant habitats, research on species distribu-
tion patternsis fundamental (Amaral et al., 2017; Margules & Pressey, 2000).
The distribution of birds (Carvalho et al., 2017; Xu et al., 2017), mammals
and amphibians (Butchart et al., 2012; Safi et al., 2013) is often analysed
in studies aimed at delimiting priority areas for conservation. However,
for several taxonomic groups, particularly for specific invertebrates, both
the knowledge of species distribution patterns and the mechanisms that
shape such patterns remain little known (Gaston & Blackburn, 1995; Xu
et al., 2018). However, analysing species distribution patterns may have
obstacles such as the high cost of biodiversity-exhaustive inventories
(Whittaker et al., 2005), high species richness, behavioural varieties and
habitat preferences, which necessitate the application of a variety of sam-
pling methods for several groups (Larrieu et al., 2018). In this context,
the use of biodiversity surrogates becomes a useful tool for monitoring
biodiversity (Araujo et al., 2004; Barton et al., 2015; Ward et al., 1999).
Biodiversity surrogate measures can be defined as ‘measures that are
more easily determined and have a strong correlation with the measure
of biodiversity you want to investigate’, according to Gaston & Blackburn
(2015). In addition to being an alternative to reduce the costs required for
more complete inventories (Cardoso et al.,, 2004) and the time taken to
complete them (Landeiro et al., 2012), this approach becomes important
for megadiverse groups such as arthropods (Hodkinson & Jackson, 2005),
which, besides to the difficulty of their identification, many species are still
being discovered(Grelle, 2002).

The use of taxonomic levels alternative to ‘species’ as a unit of diver-
sity measurement has been a common approach to represent the pat-
terns of this diversity (Andersen, 1995; Cardoso et al., 2004; Grelle, 2002;
Groc et al., 2010; Gutiérrez et al., 2017; Rosser & Eggleton, 2012; Souza
et al., 2016, 2018; Vieira et al., 2012). Studies on mammals have indicated
that the genus level was the best surrogate for species richness when com-
pared to family and order richness (Grelle, 2002). The same result was
found for spiders: the genus was the most adequate taxonomic level to
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SURROGATES OF HARVESTMEN BIODIVERSITY

predict species richness as well as to evaluate the classification of areas
according to their conservation levels (Cardoso et al., 2004). The use of
genus as a surrogate for ant species assessments in the Amazon Forest
has been shown to be useful (Gutiérrez et al., 2017), independent of the
sampling technique used, besides saving the costs of an inventory by 40%
(Souza et al., 2016). In addition to the use of genus as a substitute for diver-
sity, the use of intermediate resolution has also been shown to be efficient
(Groc et al., 2010). This approach, proposed for ants, combines two levels
of identification: genus and species, according to the available taxonomical
information (Groc et al., 2010).

The inclusion of arthropods in monitoring programs becomes important
given the sensitivity of the taxon to environmental disturbances (Kremen
et al., 1993). Among them, harvestmen (Arachnida: Opiliones) have in-
spired the interest of ecologists given their sensitivity and response to
changes in the environment (Bragagnolo et al., 2007; Merino-Séinz &
Anadon, 2018; Nogueira, Bragagnolo, DaSilva, Carvalho, et al., 2019;
Nogueira, Bragagnolo, DaSilva, Martins, et al., 2019; Tourinho et al., 2020 ).
The richness and diversity of these organisms are influenced by physi-
cal factors such as temperature and humidity (Curtis & Machado, 2007;
Resende et al., 2012a), and biotic factors such as leaf litter characteris-
tics (Adams, 1984) and the availability of microhabitats (Burns et al., 2007;
Proud et al., 2012; Todd, 1949). For example, Proud et al. (2012) in a wet
forest found the highest richness of harvestmen in specific microhabitats
such as trees and fallen logs. Herbaceous cover also demonstrated posi-
tive effects on harvestmen species (Mihal & Cernecka, 2017), considering
that these microhabitats create shadows, which prevent organisms from
being exposed to direct solar radiation. The harvestmen exhibit certain
characteristics, such as their low dispersion capacity (Mestre & Pinto-
da-Rocha, 2004; Pinto-da-Rocha et al., 2005) and preference for humid
microhabitats (Gnaspini, 1996; Goodnight & Goodnight, 1976; Machado
et al., 2000) due to their high susceptibility to desiccation (Pinto-da-Rocha
et al., 2007), may contribute to aggravating the effects of natural habitat
fragmentation on these organisms. These characteristics decrease their
ability to transpose the matrix altered by anthropic activities (Bragagnolo
et al., 2007) and to recolonize areas that have been affected by environ-
mental disturbances. Habitat fragmentation in the Atlantic Forest has neg-
ative effects on the abundance, richness, and composition of harvestmen:
habitat quantity and habitat quality (mature vs. secondary forest) affect
the distribution of these organisms (Bragagnolo et al., 2007), which sug-
gests that harvestmen can be used to monitor the effects of environmental
changes in tropical forests.

Species-level identification is difficult for numerous taxa, especially in
many arthropod groups (Uehara-Prado et al., 2009), including harvest-
men. This taxon has a high potential for conservation studies due to its
sensitivity to environmental changes (Bragagnolo et al., 2007; Uehara-
Prado et al., 2009), we suggest the need to evaluate biodiversity sur-
rogates for this group. This approach has been successfully applied in
several arthropods such Araneae, Coleoptera, Formicidae, Hemiptera
and Lepidoptera (Cardoso et al.,, 2004; Gaspar et al.,, 2010; Koch
et al., 2021; Uehara-Prado et al., 2009). From this perspective, the aim
of this study was to evaluate the use of diversity surrogates for harvest-
men among five levels of taxonomic resolution: genus, family, subfam-
ily, indicator taxa and intermediate resolution. Additionally, we evaluated
whether the ‘best’ biodiversity surrogates respond to a latitudinal gradi-
ent in a similar way to that of species level. As evidenced for other arthro-
pod groups, genus is expected to be the best substitute for harvestmen
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FIGURE 1

richness and composition and to respond to a latitudinal gradient similar
to the response of species.

MATERIAL AND METHODS
Study area

To evaluate diversity surrogates, we studied the distribution of Laniatores
harvestmen in 19 remnants of Atlantic Forest located in five states of north-
eastern Brazil. These remnants are distributed along a latitudinal gradient
(Figure 1, Table 1) with a minimum and maximum latitude of 6°58'12” S
and 17°07'11.6” S, respectively, along 1,300 km in extent. These remnants
are classified as Coastal Atlantic Rainforest (13 localities) and Seasonal
Semideciduous Forest (6 localities). The average altitude of the sampled
localities varies between 8 and 700 m above sea level and the rainfall ranges
between 1,032 and 2,114 mm/year (Fick & Hijmans, 2017). Among the sam-
pled gradient, the largest number of protected Atlantic Forest areas are con-
centrated in Bahia (Nogueira, Bragagnolo, DaSilva, Martins, et al., 2019) and
the most humid forest areas are found in the southern portion of this state.

-
{

35

Locations of the 19 Atlantic Rainforest remnants sampled in the following states: Paraiba, Pernambuco, Alagoas, Sergipe,

and Bahia (Brazil).1 = REBIO Guaribas, 2 = RPPN Fazenda Pacatuba, 3 = JB Benjamim Maranhao, 4 = FLONA de Cabedelo, 5 = Engenho
Agua Azul, 6 = Usina S&o José, 7 = REBIO de Saltinho, 8 = ESEC Murici, 9 = Usina Serra Grande, 10 = RPPN Mata do Crasto, 11 = RPPN
Faz. Lontra/Saudade, 12 = Fazenda Camurujipe, 13 = Reserva Jequitiba, 14 = Reserva Ecoldgica da Michelin, 15 = PE Serra do Conduru,
16 = REBIO de Una, 17 = RPPN Serra Bonita, 18 = PARNA do Pau-Brasil, 19 = PARNA do Descobrimento. Dark green = Coastal Atlantic
Rainforest (yellow circles are its considered localities), light green = Seasonal Semideciduous Forest (red squares are its considered

localities).
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SURROGATES OF HARVESTMEN BIODIVERSITY

TABLE 1 Information on the Atlantic Forest areas sampled in the present study in the
states of Paraiba (PB), Pernambuco (PE), Alagoas (AL), Bahia (BA) and Sergipe (SE),

Brazil. Geographic coordinates in degrees and minutes. SSF = Seasonal Semideciduous
Forest; CAF = Coastal Atlantic Rainforest.

Geographic Vegetation
Locality Coordinates Area (km?)  type
Flona de Cabedelo (PB) 7°03'S; 34°51' W 113,72 SSF
REBIO Guaribas (PB) 6°43'S; 35°7' W 4.051,62 SSF
JB Benjamin Maranhéao (PB) 7°8'S; 34°51' W 343,79 SSF
RPPN Fazenda Pacatuba (PB) 7°2'S; 35°8 W 266,53 SSF
Engenho Agua Azul (PE) 7°30'S; 35°18' W 600 CAF
REBIO Saltinho (PE) 8°43'S; 35°10' W 564,58 CAF
Usina Sao José (PE) 7°49'S; 34°59' W 28.000 CAF
Usina Serra Grande (AL) 8°59'S; 35°52' W 26.000 CAF
ESEC Murici (AL) 9°15'S; 35°52' W 6.131,53 CAF
RPPN Mata do Crasto (SE) 11°22' S; 37°25' "W 1000 CAF
Fazenda Lontra/Saudade (BA) 12°15' S; 37°58' W 1.377,33 CAF
Fazenda Camurujipe (BA) 12°30'S; 38°2' W 1.329 CAF
Reserva Jequitiba (BA) 12°52'S; 39°28' W 150 SSF
Reserva Ecoldgica da Michelin 13°49' S; 39°10' W 3.096 CAF
(BA)
Parque Estadual Serra do 14°30' S; 39°7' W 9.275 CAF
Conduru (BA)
REBIO de Una (BA) 15°10' S; 39°3' W 18.715,06 CAF
RPPN Serra Bonita (BA) 15°23'S; 39°34' W 2.500 CAF
PARNA do Pau-Brasil (BA) 16°27' S; 39°20' W 18.935,55 CAF
PARNA do Descobrimento (BA) 17°7' S; 39°22' W 22.693,97 CAF

Harvestmen sampling

For the harvestmen sampling, 36 plots of 300 m? (30x10 m), located at
least 50 m apart from each other, were delimited in each locality. One
hour of nocturnal collection (between 19:00 and 23:00 h) was undertaken
by a collector in each plot, totalling a sampling effort of 36 h per locality
and 684 h for the whole experiment. This protocol has been commonly
used in arachnid inventories in the Atlantic Forest (Bragagnolo et al., 2007;
Bragagnolo & Pinto-da-Rocha, 2003; Nogueira, Bragagnolo, DaSilva,
Martins, et al., 2019; Resende et al., 2012b). In addition, nocturnal col-
lection has proven to be the most effective method for harvestmen diver-
sity studies (Tourinho et al., 2014). Since the harvestmen are extremely
dependent on humidity (Curtis & Machado, 2007), the collections were
undertaken during the rainy seasons (between the years July/2011 and
march/2018) to maximize specimen capture in all localities. The harvest-
men were captured from vegetation, rocks, leaf litter, tabular roots, fallen
logs and ravines.

In order to capture harvestmen species of smaller body size that are
difficult to detect through nocturnal hand collection, nine samples of leaf
litter of 1 m? were collected from each locality. These samples were sieved
and transferred to a Winkler extractor (see Bestelmeyer et al., 2000), where
they remained for 48 h. The material was preserved in 70% ethanol and
deposited in the arachnology collections of the Museum of the University
of Sao Paulo (USP) and the Federal University of Paraiba (UFPB), where
the individuals were identified by specialists.
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Biodiversity surrogates

We evaluated five levels of potential surrogates for the taxonomic diversity
of harvestmen. We reduced the taxonomic resolution by grouping species
into (1) family, (2) subfamily and (3) genus. In addition, a genus subset was
selected to be used as the indicator taxa (4), based on the assumption that
more widely distributed genera with greater species richness can be good
predictors of all the species in the community (Andersen, 1995). To be
used as indicator taxa, genera that fit the following criteria were chosen: (i)
genera that have been recorded in at least 4 of the 19 sampling sites and
(i) genera that contained species/morphospecies (hereafter referred to as
species) that could be easily identified based on morphological characters.
The genera that satisfied these criteria were Cynorta Koch 1839,
Flirtea Perty 1833, Lacronia Strand 1942, Mitogoniella Mello-Leitao
1936, Paecilaema Koch 1839, Pickeliana Mello-Leitao 1932, Propachylus
Roewer 1913 and Pseudopucrolia Roewer 1912. In addition, the following
selected genera were recently reviewed: Flirtea (Kury & Carvalho, 2016),
Pseudopucrolia (Mendes, 2011), Mitogoniella (DaSilva & Gnaspini, 2010),
and Propachylus (Carvalho et al., 2018). The last resolution, the interme-
diate resolution (5) mentioned earlier, is an adaptation of the mixed-level
resolution proposed by Groc et al. (2010) for ants. This approach combines
two levels of identification: genera and species, chosen according to the
taxonomic complexity and the availability of recent reviews for each one.
The mixed-level approach matrices in this study are composed of eight
selected genera as indicator taxa identified at the species level and other
harvestmen taxonomically identified only up to the genus level.

Data analysis

All analyses described below were performed with the localities of the
Atlantic Forest studied as the unit of analysis. We used the reference val-
ues proposed by Leal et al. (2010) for predictions of species richness by
diversity surrogates. Thus, based on r or r? values obtained a substitute
was considered ‘reasonable’ if it predicts =60% and <70% of the founded
variation with species-level data, ‘good’ if it predicts >70% and <80%, and
‘excellent’ if it can predict =80 %.

To test the different substitute resolutions, we compared the number of
harvestmen species in relation to the number of different substitute tax-
onomic units (number of families, subfamilies, genus, indicator taxa and
intermediate resolution) by locality using linear regression analyses, eval-
uating whether the richness of the substitute units is a good predictor of
species richness through the obtained r? values.

The relationship between the original composition of the harvestmen
and substitute resolutions was evaluated using the Mantel test to ob-
serve the correlation between the dissimilarity matrices of each locality
calculated with the species resolution versus the other evaluated reso-
lutions (Mantel, 1967). The Jaccard index (Rohlf, 1989) has been widely
used to assess the compositional similarity of the assemblages (Manthey
& Fridley, 2009), based on the presence-absence of different substitute
taxonomic units. We used the Mantel test to assess whether the different
substitute resolutions would change the structure in the similarity matri-
ces. The Mantel test calculates the similarity between two given distance
matrices, here using the Pearson correlation method. The statistical sig-
nificance of the Mantel tests was estimated based on 5,000 permutations.
Subsequently, the differences in how much each substitute matrix predicted
the species matrix (represented by Pearson's correlation coefficients) were
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TABLE 2 List of harvestmen species collected in 19 Atlantic Forest landscapes according to the type of environment (SSF = Seasonal
Semideciduous Forest; CAF = Coastal Atlantic Rainforest) and classification according to the different taxonomic surrogate resolutions

evaluated.

Family Subfamily

Genus

Indicator
Specie/Morphospecies taxa

Environment

SSF CAF

Cosmetidae

Cosmetinae

Cryptogeobiidae

Escadabiidae

Gonyleptidae Mitobatinae

Pachylinae

Caelopyginae

Goniosomatinae

Gonyleptinae

Heteropachylinae

Cosmetus

Cynorta

Flirtea

Paecilaema

Escadabius

Jim
Encheiridium
Discocyrtus
Metarthrodes

Mitogoniella

Acanthogonyleptes

Metagonyleptes

Heteropachylus

Cosmetidae sp.1

Cosmetus sp.1

Cynorta ceara Roewer, 1927
Cynorta seminata Roewer, 1917

X
X
Cynorta sp.1 X
Flirtea picta (Perty, 1833) X

X

Paecilaema albosigilatum (Mello-
Leitdo, 1941)

Paecilaema sp.1

Paecilaema sp.2

X
X
Paecilaema sp.3 X
Paecilaema sp.4 X
Paecilaema sp.5 X
Paecilaema sp.6 X
Cryptogeobiidae sp. 1

Cryptogeobiidae sp. 2

Escadabiidae sp.1

Escadabiidae sp.2

Escadabiidae sp.3

Escadabius schubarti Roewer,
1949

Escadabius sp.

Jim benignus H. Soares, 1979
Encheiridium sp.

Discocyrtus sp.1

Metarthrodes bimaculatus
Roewer, 1913

Mitogoniella modesta (Perty, 1833) X

Mitogoniella unicornis DaSilva & X
Gnaspini, 2009

Acanthogonyleptes sp.1
Gonyleptinae sp.1
Gonyleptinae sp.2

Metagonyleptes calcar Roewer,
1913

Heteropachylinae sp.1
Heteropachylinae sp.2
Heteropachylinae sp.3
Heteropachylinae sp.4

Heteropachylus peracchii Soares
& Soares, 1974

Heteropachylus crassicalcanei
(H.Soares, 1977)

Heteropachylus ramphonotus
Mendes, 2011

Heteropachylus sp.1

1

w
- W N

—_

- N

N = W

—_

_ N = =

1

(Continues)

85U80|7 SUOWIWOD 8A1Ie81D 3|edldde aup Aq peusenob ae ssppiie YO ‘8sn Jo se|ni 1oy AriqiT8uljuO 8|1 UO (SUOTPUoD-pUe-sLIRILI0D A8 | 1M el 1 But|UO//:SANY) SUORIPUOD pue Swie | 81 88S *[£202/c0/2T] Uo A%iqiaulluo A[IM ‘|1Zeig - Olned 0es Jo AN AQ ZGZET 99./TTTT 0T/I0p/L0o A8 | ARelq1jeuljuo//Sdny Woly papeo|umod ‘T ‘€202 ‘€66627T



pe ANDRADE ET AL.

TABLE 2 (Continued)

Family Subfamily Genus

Indicator
Specie/Morphospecies taxa

Environment

SSF

CAF

Magnispina

Pseudopucrolia

Mitobatinae
Pachylinae Ceratoleptes

Eugyndes

Eusarcus

Lacronia

Parapucrolia
Propachylus

Tricommatinae

Kimulidae Tegipiolus

Heteropachylus sp.2
Heteropachylus sp.3
Heteropachylus sp.4
Heteropachylus sp.5
Heteropachylus sp.6
Magnispina sp.1
Magnispina sp.2
Magnispina sp.3

Pseudopucrolia incerta (Mello- X
Leitao, 1928)

Pseudopucrolia discrepans X
(Roewer, 1943)

Pseudopucrolia mutica (Perty, X
1833)

Pseudopucrolia sp.1 X

x

Pseudopucrolia sp.2
Pseudopucrolia sp.3 X
Mitobatinae sp.1

Ceratoleptes proboscis Soares &
Soares, 1979

Eugyndes sp.1

Eusarcus acrophtalmus Hara &
Pinto-da-Rocha, 2010

Eusarcus incus Soares & Soares,
1946

Eusarcus sergipanus Hara &
Pinto-da-Rocha, 2010

Eusarcus sp.1

Eusarcus sp.2

Lacronia sp. X
Pachylinae sp.1

Pachylinae sp.2

Pachylinae sp.3

Pachylinae sp.4

Pachylinae sp.5

Parapucrolia ocellata Roewer,
1917

Propachylus singularis Roewer,
1913

Tricommatinae sp.1

Tricommatinae sp.2
Tricommatinae sp.3

Tegipiolus pachypus Roewer, 1949
Tegipiolus sp.1

- 4 A A a N =

_ a2 W N

N = = a2 a4 W A = -
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SURROGATES OF HARVESTMEN BIODIVERSITY

TABLE 2 (Continued)

Environment
Indicator

Family Subfamily Genus Specie/Morphospecies taxa SSF CAF

Stygnidae Gaibulus Gaibulus schubarti Roewer, 1943 1
Gaibulus sp. 1 3
Stygninae Paraphareus Paraphareus spi 1

Pickeliana Pickeliana albimaculata Hara & X 1
Pinto-da-Rocha, 2008

Pickeliana capito (Soares & X 8
Soares, 1974)

Pickeliana pickeli Mello-Leitao,
1932

Pickeliana sp.1

x
o
o

Pickeliana sp.2
Pickeliana sp.3

X X X X

Pickeliana sp.4

Protimesius Protimesius bahiensis Villareal- 1
Manzanilla & Pinto-da-Rocha,
2009

Protimesius junina Villareal- 1
Manzanilla & Pinto-da-Rocha,
2006

Protimesius mendopictus 1
(H.Soares, 1978)

Zalmoxidae Pirassunungoleptes  Pirassunungoleptes sp. 2
Zalmoxidae sp.1 1

tested by analysis of variance (ANOVA), followed by the Tukey multiple
range test. Among the 19 localities studied, four were excluded from the
analyses described above, as they had fewer than four harvestmen species:
‘RPPN Fazenda Pacatuba’, ‘REBIO Guaribas’, 'JB Benjamim Maranhao’
and ‘FLONA de Cabedelo’.

We evaluated whether the three best surrogate resolutions for taxonomic
diversity of Opiliones are also good predictors of ecological patterns by as-
sessing the relationship between the number of harvestmen species found
in the Seasonal Semideciduous Forest (SSF) and the Coastal Atlantic
Rainforest (CAF) with Student's t test. We also evaluated the relationship
between the number of harvestmen species recorded by locality and the
latitude of the studied landscape as well as for the two best substitute reso-
lutions using linear regression analysis. All analyses were performed using
the software R version 3.6.1 (R Development Core Team, 2019). All as-
sumptions of the tests performed were tested and followed. We used the
packages ‘ggplot2’ (Wickham, 2016) and ‘vegan’ (Oksanen et al., 2014).

RESULTS

A total of 88 harvestmen species/morpho-species, distributed in 7 families,
15 subfamilies, and 36 genera were recorded. The number of taxonomic
units identified in the indicator taxa and the intermediate resolution was 28
and 52, respectively (Table 2). All the different substitute resolutions were
able to predict the variation in species richness, with r ranging from 0.318
to 0.939 (Figure 2). The intermediate resolution and genus were classified
as excellent substitutes for the harvestmen richness (r2 = 0.939; p<0.001;
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FIGURE 2 Relationships between the total species richness and the five levels richness of assessed substitute resolutions (family,
subfamily, genus, indicator taxa and intermediate resolution) for the 19 sampled areas of the Atlantic Forest.

Figure 2e, r? =0.933; p <0.001; Figure 2c, respectively). Subfamily resolu-
tion was considered a good substitute (r? = 0.797; p<0.001; Figure 2b).
On the contrary, indicator taxa resolution was a reasonable substitute
(r2 =0.592; p<0.001; Figure 2d), while resolution at the family level did not
reach the reasonable minimum value, being classified as an inadequate
substitute for the harvestmen richness (r? = 0.318; p<0.019; Figure 2a).

Regarding species composition, Mantel's correlation coefficients dif-
fered according to the substitute resolution used (F4!70 = 8.729; p<0.001;
Figure 3). No differences were found between family and subfamily resolu-
tions; however, these were different from other substitute resolutions. There
were no significant differences between the genus, indicator taxa and in-
termediate resolutions (Tukey, p <0.001; Figure 3). The highest correlations
between the resolutions evaluated with the original data (Table 3) were
observed for the intermediate resolution (mean = 0.995; standard devia-
tion = 0.10), followed by genus (0.935+0.122), indicator taxa (0.904 +0.141)
and subfamily (0.808+0.162), all classified as excellent substitutes for the
harvestmen composition. Family-level resolution was classified only as a
reasonable substitute (0.746 +0.157) (Figure 3).

The number of harvestmen species recorded was significantly differ-
ent between Seasonal Semideciduous Forest (SSF) and Coastal Atlantic
Rainforest (CAF) (T = —2.849; df = 17; p = 0.011). On average, the species
number recorded from CAF was about three times the number recorded
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SURROGATES OF HARVESTMEN BIODIVERSITY

from SSF (Figure 4). The same relationship found for the number of spe-
cies between CAF and SSF was also observed for the intermediate res-
olutions (T = -2.936; df = 17; p = 0.009) and genus (T = -2.409; df = 17,
p = 0.027; Figure 4).

The number of harvestmen species showed a significantly positive lin-
ear relationship with latitude (> = 0.717; p<0.001; Figure 5a). This same
relationship was also observed when using genus (r2 = 0.787; p<0.001;
Figure 5b) and intermediate resolution (r* = 0.691; p<0.001; Figure 5c).
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FIGURE 3 Variation in the Mantel correlation coefficients according to the five different
levels of substitutes evaluated in 15 of the 19 sampled areas. The values represent the
mean and standard deviation. The different letter represents the significant differences in
surrogates' resolutions.

TABLE 3 Values for each of the 15 sites of Mantel correlation coefficients for comparisons between matrices of species and the
different taxonomic surrogate resolutions evaluated.

Intermediate

Locality Code Family Subfamily Genus Indicator taxa  Resolution
RE da Michelin (BA) Sitet 0.801*** 0.801*** 0.98*** 0.802*** 0.991***
Reserva Jequitiba (BA) Site 2 0.677*** 0.888"** 1.00"** 0.857*** 1.00"**
PARNA do Pau Brasil (BA) Site 3 0.637** 0.69*** 0.998** 0.878*** 0.998***
PARNA do Descobrimento (BA) Site 4 0.758*** 0.758*** 0.984*** 0.861*** 0.984***
RPPN Mata do Crasto (SE) Site 5 0.826*** 1.00%** 1.00%** 1.00%** 1.00%**
Faz. Camurujipe (BA) Site 6 0.777*** 0.809*** 1.00"** 0.877*** 1.00"**
PE Serra do Conduru (BA) Site 7 0.454** 0.561** 0.962*** 0.937** 1.00**
REBIO de Una (BA) Site 8 0.547** 0.553** 0.753*** 0.966*** 0.965***
RPPN Faz. Lontra/Saudade (BA) Site 9 0.771*** 0.993*** 0.993*** 0.992*** 1.00%**
RPPN Serra Bonita (BA) Site 10 0.756*** 0.849*** 0.983*** 0.988*** 0.988"**
Usina Serra Grande (AL) Site 11 0.548** 0.565** 0.565** 0.994*** 1.00%**
ESEC Murici (AL) Site 12 0.736™** 0.75*** 0.908*** 1.00%** 1.00%**
REBIO de Saltinho (PE) Site 13 0.908*** 0.908*** 0.908*** 0.971*** 1.00"**
Engenho Agua Azul (PE) Site 14 1.00*** 1.00*** 1.00*** 0.995"** 1.00***
Usina Sao José (PE) Site15 0.999*** 1.00*** 1.00*** 0.454** 1.00***
Mantel's coefficients Mean + SD 0.746 +0.152 0.808 0.935 +0.118 0.904 +0.136 0.995 +0.009
+0.157

*=<0.05; **=<0.005; ***=<0.0005.
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FIGURE 4 Number of taxonomic units in three levels of resolution evaluated (species,
genus and intermediate resolution) between areas of Seasonal Semideciduous Forest
(SSF) and Coastal Atlantic Rainforest (CAF). The values represent the mean and standard
deviation for the 19 sampled areas.
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DISCUSSION

Our results pointed out that genus and intermediate resolution may be
considered as suitable substitutes to harvestman species richness. The
response of genus as a suitable substitute for predicting species rich-
ness has been documented in other invertebrate studies (Andersen, 1995;
Cardoso et al., 2004; Rosser & Eggleton, 2012; Souza et al., 2016). For
spiders, for example, genus richness is considered a good surrogate of
species richness and evaluation and ranking of areas according to their
conservation importance (Cardoso et al., 2004), In another study carried
out with ants, also found genus as cost-effective surrogate, predicting 81%
of site variation in species richness. (Souza et al., 2016) The strong rela-
tionship observed between genus and number of harvestmen species may
be associated with the low number of species per genus recorded in each
sampled locality, as also observed by Grelle (2002). The same pattern
found in the present study has already been verified in other invertebrate
studies (Groc et al., 2010; Koch et al., 2021; Souza et al., 2016).

The decline in species richness ratios with higher taxonomic levels is ba-
sically a global standard (Gaston & Williams, 1993). Family level performed
poorly as a substitute taxonomic resolution of harvestmen richness. For
spiders, closely related to harvestmen, as they are arachnids, family had
a significant relationship with species richness, but was not considered a
reliable substitute, while subfamily was an unsatisfactory substitute resolu-
tion (Cardoso et al., 2004). In contrast, family was positively correlated with
species richness for other groups such as primates (Grelle, 2002), birds
(Gaston & Blackburn, 1995), and molluscs (Terlizzi et al., 2009). Overall,
we observed that higher-level taxa (family, subfamily) are poor predictors
of invertebrate species richness (Andersen, 1995; Cardoso et al., 2004;
Souza et al., 2016; Vieira et al., 2012).

Regarding species composition, the use of higher taxonomic levels may
also not detect changes in the composition of invertebrate species (Groc
et al.,, 2010). In this study, four resolutions were considered as good or
excellent substitutes for harvestmen species richness: intermediate resolu-
tion, genus, indicator taxa, and subfamily. However, we do not recommend
the use of subfamilies as a suitable substitute, as we observed localities
with similar numbers of subfamilies but with very different species rich-
ness and composition. For example, the ‘Usina Serra Grande’ locality had
four subfamilies and eight harvestmen species, while in the ‘PARNA do
Descobrimento’ we recorded five subfamilies and fifteen species. These
localities had three subfamilies in common, but did not share any species.

There are several advantages to using the genus as a substitute for har-
vestmen richness and composition. Given the high harvestmen diversity,
with many species yet to be described, ecological studies often rely on
morphospecies to perform the required analyses (Bragagnolo et al., 2007;
Bragagnolo & Pinto-da-Rocha, 2003; Nogueira, Bragagnolo, DaSilva,
Martins, et al., 2019; Pinto-da-Rocha et al., 2005). However, these mor-
phospecies are not standardized among different researchers, making
comparisons between species-level studies impossible, and allowing as-
sessments only at the genus level. In addition, we highlight the importance
of using genus as an operational taxonomic unit rather than species for
evaluations that need to be performed in a short time. In such evaluations,
one cannot expect all the taxonomic problems of the group to be resolved.

On the contrary, the use of genus as a substitute taxonomic level for the
composition of harvestmen species may present challenges to its applica-
tion (Cardoso et al., 2004; Groc et al., 2010; Vieira et al., 2012). First, we ob-
served frequent changes in invertebrate systematics (Cardoso et al., 2004),
and, for harvestmen, many taxonomic revisions are currently being
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published (e.g. Benavides et al., 2019; Carvalho et al., 2018; Coronato-
Ribeiro & Pinto-da-Rocha, 2017; Kury & Garcia, 2016). Second, genus
identification for many individuals is still difficult (Cardoso et al., 2004),
especially for non-specialists in the group. Several harvestmen diversity
studies, mainly the ones prior to most recent reviews, present individu-
als that are not identified at the genus level, for example, in the subfami-
lies Gonyleptinae, Pachylinae and Tricommatinae (Andrade et al., 2009;
Bragagnolo & Pinto-da-Rocha, 2003; Bragagnolo et al., 2007; Pinto-da-
Rocha et al., 2005; Resende et al., 2012a, 2012b). The same was observed
in the present study: subfamilies such as Pachylinae, Heteropachylinae,
Tricommatinae and Escadabiidae presented individuals whose identifica-
tion at the genus level was not possible. Third, the use of genus as a sur-
rogate resolution may camouflage more subtle changes in assemblages
that are only detected at the species level (Groc et al., 2010). Therefore, we
suggest caution with genus-level assessments when the sampling effort
is low.

Intermediate resolution was also able to predict the composition of the
harvestmen, as observed for ants (Koch et al., 2021). The use of this tax-
onomic resolution allows us to: (1) reduce the effort of taxonomic identifi-
cation of more complex and diverse genera in the Neotropical Region or
with morphological characteristics difficult to differentiate between species,
and (2) retain more information about the assemblies studied than other
taxonomic resolutions (Groc et al., 2010). For ants, given the greater variety
of species within the same genus, the use of intermediate resolution as a
substitute diversity did not significantly reduce monitoring costs compared
to species-level assessments (Souza et al., 2016). This is because there is
a need for experts to identify certain individuals at the species level and a
longer time to make these identifications.

Due to the low richness in SSF localities, we suggest that for more re-
liable compositional substitute assessments, a larger number of localities
with such vegetation should be included. In the present study, most locali-
ties were excluded from the composition substitute analysis because of the
low number of recorded species. Comparisons between arboreal and an-
thropic environments (Cardoso et al., 2004) as well as arboreal and shrubs
(Vieira et al., 2012) indicated that the response of the selected taxonomic
resolution was not the best diversity substitute. We also expect no differ-
ence in the response of substitute taxonomic resolutions to the harvestmen
composition when comparing areas of Seasonal Semideciduous Forest
and Coastal Atlantic Rainforest.

Variations in harvestmen species richness as a function of latitude
were also observed for genus richness and intermediate resolution. This
result reinforces the idea that these two resolutions are suitable substi-
tutes for assessing the harvestmen species richness. Ideal substitutes
should have the same or similar response to certain predictor variables
as compared to species-level assessment (Souza et al., 2016). Species
richness in Coastal Atlantic Rainforest localities was significantly higher
than in Seasonal Semideciduous Forest areas (Nogueira, Bragagnolo,
DaSilva, Martins, et al., 2019). Compositional differences and asymme-
try in the distribution of harvestmen richness in the sampled gradient
appear to be mainly caused by historical factors such as forest refuges
and rivers as barriers to dispersal, but climate-influenced too (DaSilva
et al., 2015; Nogueira, Bragagnolo, DaSilva, Carvalho, et al., 2019;
Nogueira, Bragagnolo, DaSilva, Martins, et al., 2019). We observed that
for areas of Seasonal Semideciduous Forest, the values of the taxonomic
units for the intermediate resolutions, species and genus remained sim-
ilar, indicating that these evaluated substitutes are related to the pattern
found for species.
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Assessments of diversity surrogates at larger spatial scales are constant
(Cardoso et al., 2004; Gaston & Williams, 1993; Souza et al., 2016; Williams
& Gaston, 1994). For spiders, the spatial scale used influenced the predic-
tive power of diversity surrogates (Cardoso et al., 2004). For ants from the
Amazon Rainforest, the predictive power of the evaluated substitutes was
not weakened by the 1,800 km long latitudinal gradient. Our results are in
agreement with those observed for ants (Souza et al., 2016). The latitudinal
gradient evaluated here covers an extent of approximately 1,300 km, and
the taxonomic resolutions considered in this study as effective substitutes
(genus and intermediate resolution) had a high predictive power.

CONCLUSION

Different views on how to select priority areas for conservation have been
commonly debated (Margules & Pressey, 2000). In general, biodiversity
monitoring and conservation programs rely on alpha diversity to select
such areas (Cardoso et al., 2004). However, based on the principle of
complementarity, there is currently a concern with conservation of habitats
not only based on richness, but also with those that allow the protection
of a greater number of species considering the regional pool of species
(Faith et al., 2004; Reyers et al., 2000). Harvestmen have been shown to
be an interesting group for assessing environmental change (Bragagnolo
et al., 2007), and we reinforce the importance of including this group in
biodiversity monitoring programs. In studies with medium/high sampling
effort, where rapid evaluation at lower cost is required for decision-making,
we suggest using genus-level data as appropriate surrogates for harvest-
men species richness and composition. Based on the data evaluated here,
we observed that by using genus richness, we are conserving information
of over 75% of the species/morphospecies recorded, since it was not pos-
sible to identify several individuals at the genus level. It is noteworthy that if
the objective of a study is to identify and monitor harvestmen diversity with
emphasis on biomonitoring environmental changes, intermediate resolu-
tion may constitute an appropriate surrogate.
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