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In tropical rain forests, harvestmen assemblages are extremely diverse, with richness often exceeding 25 species. In the neotropics,
there are published accounts of harvestmen faunas in South America rainforests (especially Amazonia), but relatively little is
known about the community ecology of harvestmen in tropical forests of Central America. In this paper, we provide the first
insights into the diverse assemblage of harvestmen inhabiting a wet forest at La Selva Biological Station, Costa Rica. Over five
field seasons, we recorded 38 species. During our 2009 field season, we examined variation in species abundance, richness, and
composition between adjacent successional forests (young secondary, mature secondary, and primary forests) as well as between
distinct habitats (ground/litter layer and shrub/tree layer). Based on night samples (but not day), our results indicate that there are
only minor differences in species composition and relative abundance between the forest ages, but no differences in richness. The
ground/litter layer and shrub/tree layer habitats differed markedly in species composition, species richness, and relative abundance
of several species. Our analysis of covariance supports the hypothesis that leg length is related to climbing behavior for several
species belonging to Eupnoi and Laniatores.

1. Introduction

The order Opiliones (harvestmen) represents the third most
diverse group of arachnids after mites and ticks (Acari)
and spiders (Araneae). With more than 6500 described spe-
cies distributed across all major continents (except Antarc-
tica), harvestmen have become a useful group for biol-
ogists interested in investigating biogeography [1, 2] and
monitoring the impacts of habitat disturbance and forest
fragmentation [3]. Due to their relatively high abundance
and rich diversity in neotropical forests, harvestmen have
been characterized as potentially useful candidates for a
variety of ecological studies [4]. However, the majority of
field studies of harvestmen have focused on single species or
a small subset of an assemblage, providing little information
of interactions at the community level (see review by Curtis
and Machado [4]). The few studies that have examined the

community ecology of harvestmen were primarily conducted
in temperate forests [5–8]. Recently, diversity and habitat
use of species within neotropical communities have been
investigated in Brazil [3, 9, 10].

The most diverse harvestmen communities occur in
neotropical rainforests, where richness may exceed 25 species
[1, 9, 11]. The highest diversity at a single site was recorded in
the Brazilian Atlantic forest with a richness of 64 species [12].
In contrast, the biodiversity of temperate communities rarely
exceeds 12 species [4, 8]. The most diverse families of the
suborder Laniatores include Gonyleptidae with more than
800 species and Cosmetidae with more than 700 species [13].
Gonyleptidae is distributed from Guatemala to the southern
states of Brazil, with its peak diversity in Chile, Brazil, and
Peru [14]. In the Brazilian state of São Paulo, gonyleptid
harvestmen represent more than 85 percent of species within
a given community [12] and within the entire state [9, 13].
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In contrast, Cosmetidae is distributed from southern parts
of the United States to southern Brazil with its peak diversity
occurring in Mexico, Central America, and the northern
regions of South America where members of this family
represent one-third to one-half of all described species in
a given region [15]. In Costa Rica, Cosmetidae represents
approximately half of all species, although there are many
cosmetid species that remain to be described [16].

Most harvestmen are nocturnal foragers and hide in
moist places during the day [4]. Individuals may undertake
daily vertical migrations, descending to the leaf litter at dusk
to forage [8, 17, 18]. Abiotic factors, especially temperature
and humidity, significantly influence the distribution, habitat
selection, and activity patterns of harvestmen [4, 6, 8, 19]
as well as community structure along elevational gradients
[11, 20–22]. Other studies have examined variation in small-
scale spatial distributions of harvestmen in response to biotic
factors, such as vegetation and habitat structure [10, 23–26].
For example, Adams [23] found that species composition
was related to leaf litter density and compressibility, but
Jennings et al. [24] report very little influence of litter depth
on harvestmen distributions. Corey and Stout [25] reported
that harvestmen abundance was not correlated with shrub
density, ground cover, or mass of plant litter. The influence
of other factors on the structure of harvestmen communities,
such as predation, parasitism or the availability of prey, or
oviposition sites remains to be investigated [4]. However, in
the case of trogulid harvestmen, which feed exclusively on
snails, species distributions may reflect the distribution of
their prey [27].

Phenological and ecomorphological mechanisms also in-
fluence habitat preference (reviewed by Curtis and Machado
[4]). In the suborder Eupnoi, nymphs of several species
commonly inhabit moist microhabitats, such as leaf litter
and under logs, but migrate to higher habitat layers (e.g.,
vegetation and surfaces of trees) as they reach late nymph or
subadult stages [6, 8, 23]. With regards to ecomorphology,
leg length and number of tarsal segments have both been
suggested to influence climbing behavior [4]. Identifying
relationships between morphological space and ecological
space (e.g., distribution, habitat use) provides a basis for
testing factors that link morphology to ecology including
behavior and performance (i.e., the outcome of a behavior)
of an organism at an ecologically relevant task [28].

In this paper, we examine a harvestmen assemblage in
a wet forest in Costa Rica and compare community com-
position between microhabitats within successional forest
plots. We assess interspecific variation in habitat use by
comparing compositional similarity, species richness, and
relative abundance across the ground/litter layer and the
shrub/tree layer habitats [23, 27, 29]. We also examine micro-
habitat selection during the day and at night. Assemblages
within adjacent forest stands of different ages are compared
using compositional similarity, species richness, and relative
abundance. This work provides the first thorough inventory
of a harvestmen community in Central America, investigates
differences in habitat use by several species, and characterizes
the species assemblage response to local, small-scale differ-
ences in habitat structure. Additionally, using data for habitat

use and mean leg length for the most abundant species in
this community, we tested the hypothesis that longer leg
lengths are associated with shrub/tree layer microhabitats
that involve climbing behavior.

2. Methods

2.1. Study Site. La Selva Biological Station, managed by
Organization for Tropical Studies, is located in the province
of Heredia, Costa Rica (10◦25’ 50.27” N, −84◦0’ 29.38” W,
datum: WGS84). Mainly consisting of Caribbean lowland
wet forest ranging from about 35 to 150 m asl, La Selva en-
compasses approximately 1600 ha of protected land that lies
adjacent to Braulio Carrillo National Park [30]. La Selva
receives an average of approximately 4000 mm of rainfall
annually with the wettest months occurring between June
and December [31]. Mean monthly air temperature at
the station is 25.8◦C with little variation (<3◦C) between
months; however, daily air temperatures may differ by 6◦–
12◦C between day and night [31].

All sampling sites were selected using the land use map of
La Selva from 2000 available from a geographic information
systems database provided by the Organization for Tropical
Studies [32]. We simplified our analysis by dividing our
sites into three adjacent forests that were known to differ
in time since the last major disturbance including primary
forest (>42 yr), mature secondary forest (26–42 yr), and
young secondary forest (16–25 yr). The elevation across
the sites that we sampled was relatively constant (35–75 m
asl). Although categorized by age in our study, these forest
stands differed in many respects including previous land use,
soil types, vegetation, understory growth, and other biotic
and abiotic factors. Within each forest type, we sampled
ground/litter layer and shrub/tree layer habitats, a division of
the vertical habitat layers in a forest, adapted from Hillyard
and Sankey [27].

2.2. Collection. All specimens were captured by hand. Speci-
mens were collected over five field seasons from 16 June to
18 August 2007, 17 June–14 August 2008, 2 June–13 July
2009, 5–20 July 2010, and 10–30 June 2011. All abundance
data for habitat use were collected during the 2009 field
season (Table 1) and are the main focus of this paper. Several
rare species were not observed during the study of habitat
use in 2009, but were collected during other field seasons
(Table 2) and are therefore included in order to generate
a comprehensive list of species for the station. Voucher
specimens were collected and stored in 70% ethanol for
later identification and depository material. We deposited
voucher specimens of most species in the collections of the
American Museum of Natural History (AMNH) and the
Instituto Nacional de Bioversidad (INBio, Heredia, Costa
Rica).

2.3. Nocturnal Microhabitat Use. For nocturnal sampling,
we sampled rotting logs and leaf litter, two microhabitats
representing the ground/litter layer, as well as foliage and
trees, two microhabitats representing the shrub/tree layer
habitat. The four microhabitats included in this study are
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Table 1: Relative abundance of all species collected from log (L), litter (R), tree (T), and foliage (F) microhabitats in three adjacent forests
during diurnal and nocturnal sampling. Abundance of species for diurnal samples are combined across all forest ages and reported only by
microhabitat, whereas nocturnal samples show abundance by microhabitat within each forest age.

Diurnal Nocturnal Nocturnal Nocturnal

Taxa Young secondary Mature secondary Primary forest Total

L T L R T F L R T F L R T F

Eupnoi

Sclerosomatidae

Metopilio ornatipes 9 23 23 2 3 18 5 14 97

Prionostemma
fuscamaculata

3 1 4

Prionostemma sp. 1 27 290 38 74 139 157 36 14 87 67 34 28 69 20 1080

Prionostemma sp. 2 9 147 20 14 94 82 10 5 14 12 5 2 6 7 427

Prionostemma sp. 3 55 4 11 13 12 6 8 6 9 3 18 8 20 2 175

Prionostemma sp. 4 2 2

Laniatores

Family uncertain

Costabrimma nicoyensis 2 2

Costabrimma terrena 2 2

Cosmetidae

Cynorta annulata 5 1 5 1 12

Cynorta marginalis 21 92 13 6 35 32 7 3 28 13 30 9 58 70 417

Eucynorta albipustulata 8 4 3 4 1 11 7 10 4 6 1 59

Eucynorta puncticulata 9 1 6 11 2 29

Eucynorta tenuipes 1 2 2 5

Eucynorta transversalis 5 4 5 5 19

Eucynorta sp. 1 35 14 3 17 7 3 12 4 2 97

Eucynorta sp. 2 1 1 2

Eucynorta sp. 3 4 2 1 2 9

Eucynorta sp. 4 1 1

Eupoecilaema magnum 1 2 1 5 1 2 1 4 4 1 22

Flirtea lateralis 1 2 2 5

Meterginus inermipes 9 1 10

Paecilaema sp. 1 40 3 13 4 2 3 13 5 8 2 32 10 15 7 157

Paecilaema sp. 2 3 3

Gonyleptidae

Glysterus sp. 1 39 36 34 1 27 33 2 24 25 221

Hernandriaspinosa 7 2 1 1 1 12

Stygnommatidae

Stygnomma furhmanni 20 2 1 4 2 11 40

Zalmoxidae

Ethobunus albitrochanteris 112 62 36 3 43 17 1 1 18 20 3 316

Ethobunus sp. 2 1 2 1 4 10

Pachylicus rugosus 8 7 2 4 5 2 3 31

Pachylicus spinatus 5 6 4 2 3 2 22

Panopiliops reimoseri 13 1 3 1 1 1 20

Phalangoduna granosa 4 1 2 7

Stygnoleptes analis 1 1

Total abundance 458 543 265 222 302 283 197 132 162 101 222 133 184 112 3316

Richness 29 9 20 16 14 7 19 16 11 8 19 14 10 9 33
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Table 2: Locations of rare species collected from La Selva Biological
Station during 2010 and 2011 field seasons that were not collected
in 2009.

Taxa Location

Cosmetidae

Cynorta sp. Bromeliad, on a tree 30 m above ground

Cynortellana oculata Ground-layer vegetation

Cynortula sp. Ground-layer vegetation

Poecilaemula signata Fern, on a tree 25 m above ground

Gonyleptidae

Glysterus sp. 2 Beneath a rotting log

referred to as logs, litter, foliage, and trees throughout the
paper. We sampled microhabitats along 50 m transects in
each of the three forest types including primary (n = 11
transects), mature secondary (n = 9), and young secondary
(n = 9) forests. Sampling was completed between 2000 and
0100 h. We standardized sampling effort by controlling the
time (30 min) allowed to walk the entire transect. All samples
were collected within 5 m on either side of the transect line.

For logs, we scanned the surface of any woody cover
object, rolled the object to search underneath it, and if
possible we broke it apart to search in small cavities. For
leaf litter, leaves were raked into a small pile, carefully sifted
by hand, and the soil under the leaf litter was inspected
for movement of small species that often use thanatosis as
a defense mechanism. For foliage, we inspected all shrubs,
ferns, and saplings that were less than 2.5 m and searched on
leaves, branches, and stems. Finally, we searched the surfaces
of large trees as well as tree buttresses from the ground level
up to 2.5 m.

2.4. Diurnal Microhabitat Use. During the day (0900–
1600 h), we only sampled logs and surfaces of tree trunks
below 2.5 m, since harvestmen rarely occurred in the other
microhabitats. Assessing microhabitat use and species distri-
butions for these microhabitats is difficult because data often
contain many samples with zero observations due to the
patchiness of spatial distributions [22]. Therefore, sampling
sites were randomly selected from the La Selva land use map.
At each site, we haphazardly sampled five logs and five trees.
The maximum distance between the five logs or trees within
a site was 100 m. We sampled 11 sites for logs and 11 sites
for trees in young secondary, mature secondary, and primary
forests (n = 66 sites). The relative abundance for each site
was calculated as the sum of all individuals collected from
the five logs or trees at that site. Methods for searching logs
and trees and collecting individuals were similar to those
described for nocturnal sampling.

2.5. Composition, Richness, and Abundance. To examine the
compositional similarity among microhabitats within the
three forest ages, we transformed data using log(x + 1),
computed pairwise abundance-based Bray-Curtis dissimi-
larities, analyzed the dissimilarity matrix using nonmetric

multidimensional scaling (NMDS), and plotted the first
two axes using the ecodist package [33] in R [34]. Ellipses
representing the standard deviation were plotted. Vector
fitting was used to fit individual variables (species) to the
ordination to illustrate indicator species associated with a
particular forest age or microhabitat. To test the statistical
significance of the NMDS analysis, a permutational analysis
of variance (ANOVA) was employed using the function
adonis of the vegan package [35] available in R.

To compare species richness among forest ages and mi-
crohabitats, we constructed expected species accumulation
curves based on the observed species richness (Mao Tau)
with 95% CI generated by analytical computations per-
formed in EstimateS 8.0 [36]. Species accumulation curves
were scaled by the number of individuals observed rather
than the number of samples, as recommended by Gotelli and
Colwell [37].

Based on results from the NMDS, we combined samples
for similar microhabitats in order to facilitate comparisons of
abundance for different vertical habitat layers. We compared
the relative abundance for the ground/litter layer (i.e., the
sum of litter and logs) and shrub/tree layer (i.e., the sum of
foliage and trees) within each of the three forest ages for day
and night. For diurnal sampling, only the relative abundance
for the entire harvestmen assemblage was compared among
groups. For nocturnal sampling, we followed methods of
Bragagnolo et al. [3] and calculated relative abundance
for the entire harvestmen assemblage, individually for the
most common species (for which we collected at least
100 individuals) and for the combined abundance of all
uncommon and rare species (<100 individuals collected).
Data were not normal and variances were heterogeneous;
therefore, we used nonparametric Kruskal-Wallis (KW) tests.
In order to simplify the KW test, we crossed the levels
of our two factors (habitat and forest age) to generate a
single factor with six levels. We tested for differences among
groups (df = 5) using the KW test (α = 0.01). For multiple
comparisons following the KW test, we adjusted the level of
significance by dividing the original alpha level (α = 0.05)
by the number of comparisons (n = 15) and followed the
methods outlined by Daniel [38] for Dunn’s test for multiple
comparisons. Abundances are shown as box plots which
indicate the median, lower and upper quartiles, minimum
and maximum, and outliers. Analyses were performed in R
[34].

Nymphs were excluded from the species abundance
data because identifying nymphs to the species level proved
difficult for early instars of cosmetid and sclerosomatid har-
vestmen due to the lack of defining morphological characters
(e.g., sexually dimorphic characters, dorsal armature, col-
oration of dorsal scute). Therefore, we calculated the relative
abundance of nymphs for Cosmetidae spp., Prionostemma
spp., Glysterus sp. 1, Ethobunus albitrochanteris [39], and
Stygnomma fuhrmanni [40] (Table 3). Although we did not
perform statistical tests for these data, we report the relative
abundances to illustrate the habitat preference of nymphs.

Collection methods differed slightly for diurnal and
nocturnal sampling (as described above). Therefore, we
conducted all analyses separately for diurnal and nocturnal
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Table 3: Abundance of nymphs collected from ground/litter
layer (GL) and shrub/tree layer (FT) habitats during diurnal and
nocturnal sampling.

Taxa
Diurnal Nocturnal

GL ST GL ST

Prionostemma spp. 76 6 35 4

Cosmetidae spp. 71 4 122 23

Glysterus sp. 1 28 0 32 0

Ethobunus albitrochanteris 5 0 7 0

Stygnomma fuhrmanni 13 0 8 0

samples in order to examine differences among forest ages
and habitat use.

2.6. Leg Length and Climbing Behavior. We decided to ex-
plore our data for patterns that might relate leg length
to climbing behavior. In order to investigate this possible
relationship, we calculated the mean body length, mean
leg length for leg II and leg IV, and number of tarsal
segments for legs I, II, III, and IV of adult male harvestmen
(n = 6 for each species) for the ten most common species
observed during nocturnal sampling (Table 4). We applied a
principle components analysis (PCA) to examine variables
for collinearity and found that all leg lengths and numbers
of tarsal segments were strongly correlated. Therefore, we
chose to use length of leg IV as the predictor variable
and omit other strongly correlated predictor variables as
suggested by Quinn and Keough [41]. For each of the ten
species, we computed the proportion of individuals that
were collected from the shrub/tree layer (i.e., proportion of
climbing individuals). We applied an analysis of covariance
(ANCOVA) to examine the effect of mean length of leg
IV on climbing behavior (measured by the proportion
of individuals collected from the shrub/tree layer). Due
to morphological differences between species belonging to
Eupnoi and Laniatores, we included suborder as a factor
(levels = 2) in the analysis. This analysis was performed using
R [34].

3. Results

3.1. Harvestmen Abundance. On the basis of our collections
from 2007–2011, we identified 38 species at La Selva
representing six families (Tables 1 and 2), including the
Cosmetidae (19 species), Gonyleptidae (3 species), Stygnom-
matidae (1 species), Zalmoxidae (7 species), and two species
of the genus Costabrimma (familial assignment uncertain).
These families belong to the suborder Laniatores [13]. We
also collected six species for the Sclerosomatidae, a taxon
from the suborder Eupnoi. Of the 38 species at La Selva, we
were unable to confirm the identities of 16 species (Figures 1,
2, 3).

During 2009, our diurnal sampling resulted in the
collection of 1001 adult harvestmen representing 30 species.
We collected 458 adults from logs and 543 individuals from
the surfaces of trees during the day (Table 1). There was no

significant difference in relative abundance among groups
(KW χ2 = 4.189, df = 5, P = 0.5225). The most abundant
species on the trees were Prionostemma sp. 1 (n = 290),
Prionostemma sp. 2 (n = 147), and Cynorta marginalis [42]
(n = 92), together comprising 97.4 percent of the total
harvestmen. In comparison, the most abundant harvestmen
found in logs were Ethobunus albitrochanteris (n = 112),
Prionostemma sp. 3 (n = 55), Paecilaema sp. 1 (n = 40),
Glysterus sp. 1 (n = 39), and Eucynorta sp. 1 (n = 35), which
made up 61.3 percent of the individuals.

Nocturnal sampling (i.e., leaf litter, logs, foliage, and
trees) resulted in the collection of 2315 adult harvestmen
representing 30 species (Table 1). Abundance of harvestmen
for both the shrub/tree layer and ground/litter layer in young
secondary forest was significantly higher compared to other
forest ages (Figure 4). Results of all KW tests and pairwise
comparisons are shown in Figure 4.

3.2. Species Richness and Evenness. For diurnal sampling,
species richness was significantly higher for logs in young
secondary (26 species; 95% CI: 19.31–32.69), mature sec-
ondary (23 species; 95% CI: 16.41–29.59), and primary (18
species; 95% CI: 11.54–24.46) forests compared to trees in
young secondary (5 species; 95% CI: 0.91–9.09), mature
secondary (8 species; 95% CI: 2.97–13.03), and primary
(5 species; 95% CI: 0.91–9.09) forests (Figure 5(a)). We
collected a total of 29 species from logs while only 9
species were collected from trees (Table 1). The difference
in evenness between logs and trees during the day is also
illustrated by the much greater slope for logs on the species
accumulation curve compared to the relatively small slope
for trees (Figure 5(a)). The observed species richness did not
differ significantly between forest ages.

The species accumulation curves for night transects
illustrate the differences in richness and evenness among the
four microhabitats (Figures 5(b)–5(d)). The only significant
difference was between logs and foliage. Logs exhibited
the greatest species richness for all three forest ages, while
foliage exhibited the lowest richness (Figures 5(b)–5(d)). The
steeper slope of the species accumulation curves for logs
and leaf litter indicate much higher evenness compared to
trees and foliage (Figures 5(b)–5(d)). Species evenness was
especially low for tree and foliage microhabitats in young
secondary forest (Figure 5(b)) which was dominated by
Prionostemma spp. 1 and 2. No differences in species richness
were observed between forest ages for similar microhabitats
(Figures 5(b)–5(d)).

3.3. Species Associations. With regards to the daytime sam-
pling of tree and log microhabitats in the three forest
ages, the NMDS ordination plots illustrate that there was
no difference in species composition between forest ages
(Figure 6(a)), but there was a significant difference in
species composition between microhabitats (Figure 6(b)).
Results of the permutational ANOVA confirmed that species
composition differed significantly among the log and tree
microhabitats (R2 = 0.389; F1,60 = 40.71; P < 0.001), but
no significant difference was detected among forest ages (R2

= 0.016; F2,60 = 0.829; P = 0.570) or the interaction term
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Table 4: Proportion of individuals climbing (PC), mean body length and leg length, and number of tarsal segments for the ten most
abundant species included in an analysis of covariance to assess the relationship between proportion climbing and mean leg IV length. Mean
lengths and tarsal count are based on measurements for six adult males of each species.

Species
Body Leg II Leg IV

Tarsal segments
PC (mm ± SD) (mm ± SD) (mm ± SD)

Laniatores

Cynorta marginalis 0.7763 5.33± 0.64 43.95± 4.11 43.48± 5.55 6 : 13–16 : 9–11 : 10–12

Eucynorta albipustulata 0.3529 7.08± 0.27 31.45± 0.77 29.82± 0.87 6 : 13–16 : 7 : 8

Paecilaema sp. 1 0.3246 5.55± 0.25 38.95± 0.99 32.58± 0.55 7 : 14–16 : 8-9 : 9-10

Eucynorta sp. 1 0.0806 4.30± 0.16 18.97± 1.02 18.08± 0.38 6 : 11-12 : 7 : 8-9

Ethobunus albitrochanteris 0.0392 2.88± 0.13 18.30± 4.11 25.92± 7.44 3 : 7 : 5 : 6

Glysterus sp. 1 0.0165 5.83± 0.18 15.15± 0.58 16.48± 0.45 5 : 8-9 : 6 : 6

Eupnoi

Prionostemma sp. 2 0.7934 4.03± 0.24 114.57± 5.82 73.65± 3.26 36–38 : 100–107 : 32–34 : 36–38

Prionostemma sp. 1 0.7064 5.77± 0.19 105.00± 3.59 66.58± 2.05 36–37 : 107–125 : 32–34 : 36–38

Prionostemma sp. 3 0.4483 3.26± 0.37 58.65± 2.23 36.92± 1.63 30–31 : 77–95 : 26–30 : 30-31

Metopilio ornatipes 0.0227 4.32± 0.16 21.05± 0.57 14.65± 0.45 21–23 : 47 62 : 16–21 : 21–24

of microhabitat × forest age (R2 = 0.023; F2,60 = 1.180;
P = 0.283). Fitting vectors to the ordination plots indicated
that C. marginalis, Prionostemma sp. 1, and Prionostemma
sp. 2 were strongly correlated with trees, while Cynorta
annulata [43], E. albitrochanteris, Eucynorta albipustulata
[40], Eucynorta transversalis [39], Eucynorta sp. 1, Glysterus
sp. 1, Paecilaema sp. 1, Metopilio ornatipes [42], Pachylicus
rugosus [42], Prionostemma sp. 3, and S. fuhrmanni were all
correlated with logs (all P < 0.05; vectors for some species
illustrated in Figure 6(b)).

The NMDS results for night transect data demonstrated
clear differences between microhabitats (Figure 6(c)), but
only slight differences among forest ages mainly between
young secondary and primary forests (Figure 6(d)). The
permutational ANOVA of the Bray-Curtis dissimilarity
matrix showed significant differences among microhabitats
and forest ages. The analysis revealed that differences in
species composition between microhabitats explained the
most variation in the model (R2 = 0.348; F3,104 = 23.39;
P < 0.001), forest ages explained much less variation (R2

= 0.080; F2,104 = 8.08; P < 0.001), and microhabitats ×
forest ages explained the least variation (R2 = 0.055; F6,104

= 1.85; P = 0.02). There was a high degree of similarity
within log and leaf litter microhabitats and within tree
and foliage microhabitats; however, species composition
of logs and leaf litter was much different from that of
trees and foliage (Figure 6(c)). Vector fitting revealed several
indicator species that contributed significantly (all P < 0.05)
to the differences observed among microhabitats. Cynorta
marginalis, Eupoecilaema magnum [39], Prionostemma sp.
1, and Prionostemma sp. 2 were most closely associated
with the tree and foliage microhabitats. Ethobunus sp., E.
albitrochanteris, Eucynorta sp. 1, E. transversalis, Glysterus sp.
1, M. ornatipes, P. rugosus, Pachylicus spinatus Goodnight and
Goodnight 1983, Paecilaema sp. 1, and S. fuhrmanni were
most closely associated with log and leaf litter microhabitats
(vectors for some species are illustrated in Figure 6(d)).

3.4. Leg Length and Climbing Behavior. The ANCOVA was
statistically significant (Adjusted R2 = 0.8895, F3,6 = 25.15,
P < 0.001). The significant interaction between leg length
and suborder on the proportion of individuals climbing
indicates that the slopes of the relationships between leg
length and proportion of individuals climbing differed for
the two taxa (Figure 7; F1,6 = 7.876, P = 0.031). The
slope of this relationship was much greater for Laniatores
(slope = 0.2708, SE = 0.0522) than for Eupnoi (slope =
0.1224, SE = 0.0222). The lack of a significant effect of
suborder on proportion of individuals climbing indicates
that the intercepts of the relationship between leg length and
proportion climbing did not differ (Figure 7; F1,6 = 0.964,
P = 0.364) between Laniatores (intercept = −0.4872, SE
= 0.1822) and Eupnoi (intercept = −0.1045, SE = 0.1191).
These results suggest that while leg lengths are similar
for short-legged, ground-dwelling species for both taxa, an
increase in leg length in species belonging to Laniatores
results in a more rapid shift from ground level habitats to
elevated habitats compared to species of Eupnoi.

4. Discussion

4.1. Diversity at La Selva. Over the course of five field seasons
(2007–2011) at La Selva Biological Station, we have collected
38 species of harvestmen representing six families (Figures
1, 2, 3). During 2009, we sought to examine patterns of
diversity and habitat use within this harvestmen community
by comparing nocturnal and diurnal samples taken from
four microhabitats in three adjacent, successional forests.
Five species were not collected during 2009 (Table 2), but
are known from collections during other field seasons. These
species exhibit very low abundance at this site and may
use microhabitats that were not included in our sampling
methods (e.g., bromeliads and forest canopy).

The harvestmen community of La Selva exhibits many
of the structural features of other harvestmen communities
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Figure 1: Photographs of harvestmen of La Selva from the family Cosmetidae: (a) Cynorta annulata, (b) C. marginalis, (c) Cynorta sp., (d)
Cynortellana oculata, (e) Cynortula sp., (f) Eucynorta albipustulata, (g) E. puncticulata, (h) Eucynorta sp. 1, (i) Eucynorta sp. 2, (j) Eucynorta
sp. 3, (k) Eucynorta sp. 4, (l) E. tenuipes, (m) E. transversalis, (n) Eupoecilaema magnum, (o) Flirtea lateralis, and (p) Meterginus inermipes.

in tropical and subtropical forests [1, 3, 12, 22]. In our
paper, the suborder Eupnoi was represented by six species,
but two species, Prionostemma sp. 1 and Prionostemma
sp. 2, made up 45.4 percent of all the individuals col-
lected. The Laniatores were represented by 30 species, with
the most abundant taxa being C. marginalis (12.6%), E.

albitrochanteris (9.5%), and S. fuhrmanni (6.7%), belonging
to Cosmetidae, Zalmoxidae, and Stygnommatidae, respec-
tively. Bragagnolo et al. [3] found a very similar pattern
of species composition in a Brazilian Atlantic forest in
which 63 percent of individuals were represented by two
species belonging to Sclerosomatidae, and 15 percent were
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(p)

Figure 2: Photographs of harvestmen of La Selva representing (a–c) Cosmetidae, (d–f) Gonyleptidae, (g) Stygnommatidae, (h–n)
Zalmoxidae, and (o-p) family uncertain. (a) Paecilaema sp. 1, (b) Paecilaema sp. 2, (c) Poecilaemula signata, (d) Glysterus sp. 1, (e) Glysterus
sp. 2, (f) Hernandria spinosa, (g) Stygnomma fuhrmanni, (h) Ethobunus albitrochanteris, (i) Ethobunus sp., (j) Pachylicus rugosus, (k) P.
spinatus, (l) Panopiliops reimoseri, (m) Phalangoduna granosa, (n) Stygnoleptes analis, (o) Costabrimma nicoyensis, and (p) C. terrena.

represented by one species of Gonyleptidae, with the remain-
ing 22 percent of individuals belonging to 30 species of
Gonyleptidae and one additional species of Sclerosomatidae.
We also observed relatively high abundance and diversityfor

cosmetids and high abundance for sclerosomatids, similar
to what was found for harvestmen communities in low
elevation forest stands in a tropical rain forest in Trinidad
[22].
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(a) (b) (c) (d)

(e) (f)

Figure 3: Photographs of harvestmen of La Selva from the family Sclerosomatidae (Eupnoi): (a) Metopilio ornatipes, (b) Prionostemma
fuscamaculata, (c) Prionostemma sp. 1, (d) Prionostemma sp. 2, (e) Prionostemma sp. 3, and (f) Prionostemma sp. 4.

4.2. Habitat Use. We examined interspecific variation in
species composition between ground/litter layer microhab-
itats (logs and leaf litter) and shrub/tree layer microhabitats
(foliage and trees). While many species were most commonly
associated with leaf litter and logs (ground dwelling species),
others were more common on trees and foliage (climbing
species). Diversity was greatest for the ground/litter layer
habitat (26 species, 5 families) and included Paecilaema sp.
1 (Cosmetidae), M. ornatipes (Sclerosomatidae), E. albi-
trochanteris (Zalmoxidae), S. fuhrmanni (Stygnommatidae),
and Glysterus sp. 1 (Gonyleptidae) among others. In contrast,
the majority of climbing individuals were represented by only
three species, specifically Prionostemma sp. 1, Prionostemma
sp. 2 (Sclerosomatidae), and C. marginalis (Cosmetidae).
We also found these species walking across leaf litter and
occasionally on the surface of rotting logs. While searching
tree buttresses, we observed that several individuals that we
had disturbed in the leaf litter would begin climbing the trees.
These individuals included adult M. ornatipes (Sclerosomati-
dae), Glysterus sp. (Gonyleptidae), and Hernandria spinosa
[42] (Gonyleptidae), species that did not typically occur in
this microhabitat.

The low species richness observed on trees during the day
suggests that many harvestmen use other microhabitats as
diurnal refuges, but climb on vegetation at night, presumably
to forage or find mates. In fact, most of our observations
regarding feeding were made for individuals climbing on
vegetation. In several cases, we observed adult Prionostemma
sp. 1 and sp. 2 feeding on oligochaetes while perched on

vegetation more than one meter from the ground. Similar
behaviors have been observed for temperate species that
forage on the ground and move to an elevated site following
prey capture [5, 6, 8, 44, 45]. The sclerosomatid harvestman,
Leiobunum rotundum [46], waits for prey on the underside
of leaves but moves to the upper side of the leaf to consume
prey [6].

Individuals of Prionostemma spp. 1 and 2 make ver-
tical migrations during the day [18], similar to behaviors
described by Todd [6] for the sclerosomatid L. rotundum.
Our data also support this pattern. During the day, more
than 90% of individuals representing Prionostemma spp. 1
and 2 were collected from the shrub/tree layer (i.e., trees
only); in contrast, during nocturnal sampling we collected
approximately 70% of individuals belonging to these two
species from this elevated habitat (i.e., trees and foliage).
Thus, a larger proportion of individuals were found actively
walking in the ground/litter layer at night.

Day time sampling probably underestimates the relative
abundance of harvestmen because many individuals may
occupy perches that are simply too far above the ground to
be observed. Our sampling method limited data collection
to individuals no higher than 2.5 m. Individuals of several
cosmetid species may make daily vertical migrations [47]
or may occupy microhabitats higher in the canopy. For
example, we collected individuals for two species in 2011
that were not collected in 2009 including one adult female
Cynorta sp. collected from a bromeliad approximately 30 m
above the ground and one adult male Poecilaemula signata
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Figure 4: Box-and-whisker plots showing median abundance calculated for the entire assemblage, rare species (less than 100 individuals
captured), and the seven most common species (more than 100 individuals captured) collected from the shrub/tree layer (S/T) and
ground/litter layer (G/L) within young secondary (Y ; n = 9), mature secondary (M; n = 9), and primary (P;n = 11) forests. Thick
horizontal bar represents the median, boxes indicate upper and lower quartiles, whiskers include data points within 1.5 times the interquartile
range and circles represent outliers. The results of each Kruskal-Wallis test among groups (df = 5) are shown. Statistically different pairwise
comparisons based on Dunn’s test for multiple comparisons are indicated by different letters.
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Figure 5: Expected species accumulation curves comparing observed species richness between microhabitats and forest ages. (a) Logs and
trees sampled in young secondary, mature secondary, and primary forests during the day. (b–d) Logs, leaf litter, foliage, and trees sampled
during the night in (b) young secondary, (c) mature secondary, and (d) primary forests.

[48] collected from a fern approximately 25 m above the
ground. P. signata was previously collected from an epiphytic
bromeliad [48], suggesting that this species rarely occupies
microhabitats associated with the leaf litter and understory.

Microhabitat used by harvestmen is highly variable and
harvestmen may use a variety of microhabitats for different
purposes. Use of microhabitats may vary by time of day
[6, 49, 50] or life history stage [8]. For example, individuals
of some gonyleptid species seek diurnal refuge in caves
and only leave at night to forage [49, 50]. Several species
inhabit leaf cutter ant nests [51], while others occupy
bromeliads [52] or rely on bromeliads for reproduction
[53]. Individuals of some temperate sclerosomatid species
are known to make vertical migrations—climbing on trees
during the day and descending at dusk to forage on or near

the ground [6, 17, 18]. In montane rainforests of Trinidad,
two syntopic species belonging to the family Cranaidae
often use fallen palm frond sheaths as diurnal shelter [22]
or oviposition sites [45, 54, 55]. The use of the endocarp
of a coconut as an oviposition site was also observed for
a cranaid harvestman [56]. In this study, we observed
harvestmen using microhabitats as diurnal refuge as well
as nocturnal foraging and mating sites. Over the course of
our field studies, we have not observed any oviposition sites,
suggesting that most species in this community probably
use egg hiding strategies (as opposed to egg guarding) or
were not reproductively active during the months that we
collected samples (June–August). However, the presence of
many cosmetid, stygnommatid and sclerosomatid nymphs
(Table 3) suggests that several species are reproductively
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Figure 6: Nonmetric multidimensional scaling ordination using a Bray-Curtis dissimilarity matrix of log(x + 1) transformed data for
abundance of harvestmen. (a-b) Samples collected during the day (n = 66 sites) comparing species composition between logs and trees across
three forest ages. (c-d) Samples collected during the night (n = 29 sites with four microhabitats sampled at each site) across three forest ages.
(a) Variation in species composition was not explained by differences between three successional forests. (b) A high degree of dissimilarity
was observed between the two microhabitats during the day. (c) A small amount of variation in species composition was detected between
three successional forests for night samples. (d) A high degree of similarity was observed for ground/litter layer microhabitats (i.e., leaf
litter and logs) and for microhabitats in the shrub/tree layer that are associated with climbing (i.e., trees and foliage). The ground/litter
layer was markedly dissimilar from the shrub/tree layer. Ellipses represent standard deviation. Fitted vectors illustrate correlations between
the ordination space of sample sites and indicator species: 1 = Prionostemma sp. 1; 2 = Cynorta marginalis; 3 = Prionostemma sp. 2; 4 =
Paecilaema sp. 1; 5 = Ethobunus albitrochanteris; 6 = Eucynorta sp. 1; 7 = Glysterus sp. 1; 8 = Prionostemma sp. 3; 9 = Metopilio ornatipes).
Y : young secondary forest; M : mature secondary forest; P : primary forest; L : logs; R : leaf litter; T : trees; F : foliage.

active during this time and probably employ egg hiding
strategies.

4.3. Leg Length and Climbing Behavior. There is very little
empirical evidence available to support the relationship
between leg length and climbing behavior. Leg length is
suggested to play a major role in the distribution of species

between ground/litter layer and shrub/tree layer habitats, but
this pattern has only been reported for temperate species
[23]. The correlation between leg morphology and habitat
use may also be related to tarsal number [4]. In sclerosomatid
harvestmen, the large number of tarsal segments aids
individuals in grabbing on to small diameter objects by
tightly wrapping the leg segments around the object [57, 58].
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Figure 7: Analysis of covariance for proportion of individuals
climbing as a function of length of leg IV while controlling for
differences between the suborders Eupnoi and Laniatores. The
ANCOVA was significant (Adjusted R2 = 0.8895, F3,6 = 25.15, P <
0.001) and the significant interaction between leg length and
suborder indicates a difference in the slopes between Laniatores
and Eupnoi (F1,6 = 7.876, P = 0.031). However, suborder had
no significant effect indicating that there was no difference in the
intercept of the relationship for the two taxa (F1,6 = 0.964, P =
0.364).

Although no such behavior has been reported for Laniatores,
Curtis and Machado [4] report that species of Gonyleptidae
that often climb vegetation exhibit an increased number of
tarsal segments on legs III and IV compared to closely related
species that live mostly on the ground.

Our analysis of covariance supported the hypothesis that
longer leg length is positively related to climbing behavior.
Our analysis also revealed differences in the relationship
between leg length and climbing behavior among the two
suborders. The small, ground dwelling, sclerosomatid species
M. ornatipes exhibited a relatively shorter leg length than
other sclerosomatid harvestmen at our study site. However,
this species possessed a much greater number of tarsal
segments than syntopic species belonging to Laniatores.
For example, on leg II, M. ornatipes possessed 47–62
tarsal segments and Prionostemma spp. possessed 77–125
segments. In contrast, the six species of Laniatores had 7–
15 tarsal segments on leg II. Legs I, III, and IV exhibited
similar patterns (Table 4). The nonsignificant intercept term
for the relationship between leg length and proportion of
individuals climbing (Figure 7) indicated that the short-
legged species for both taxa are largely ground-dwelling
species. However, the significant difference in the slopes of
the regression lines (Figure 7) for Laniatores and Eupnoi
indicated that the relationship between leg length and
proportion of individuals climbing differed among the
two taxa as leg length increased. We hypothesize that the
observed differences between the two suborders are largely
due to leg morphology, especially number of tarsal segments,

which may influence climbing behavior differently for these
taxa.

For the Phalangiidae, Adams [23] observed that ground
dwelling species had the shortest leg lengths (12.5 and
19.1 mm), species collected from trees had the longest leg
lengths (46.5 and 57.3 mm) and one species with an
intermediate leg length (44.6 mm) was collected from both
habitats. In our study, for the Sclerosomatidae (Eupnoi), M.
ornatipes had the shortest leg IV length and was most often
collected from the ground/litter layer, Prionostemma sp. 3
had an intermediate leg IV length and was found equally
in both the ground/litter layer and shrub/tree layer, and
Prionostemma spp. 1 and 2 had the longest leg IV length
and was most often found in the shrub/tree layer (Table 4).
The Laniatores demonstrated a similar pattern based on six
species for which we were able to collect enough habitat use
data (i.e., the most abundant species). Of the six species of
Laniatores, C. marginalis possessed the longest leg length
and was commonly found climbing in the shrub/tree layer
while Glysterus sp. had the shortest leg length and was
almost exclusively found in the ground/litter layer habitat
(Table 4). For E. albitrochanteris (Zalmoxidae), mean length
of leg IV may be slightly biased because males of this
species exhibit an elongate leg IV while females have much
shorter legs. Several other species of the genera Ethobunus
and Pachylicus exhibit similar sexually dimorphic leg IV
[59]; however, the elongated legs of these male zalmoxids
are considerably shorter than leg IV of climbing species of
Laniatores (Table 4).

4.4. Influence of Forest Age. For communities of harvestmen,
forest fragmentation negatively impacts both relative abun-
dance and species richness [3], but community structure
across successional forests has not previously been examined.
We investigated the species assemblage response to local,
small-scale differences in habitat structure by comparing
the species composition, richness, and abundance across
three adjacent successional forests at La Selva. These forest
stands, although categorized by age in our study, differed
in many respects including previous land use, soil types,
vegetation, understory growth, and other biotic and abiotic
factors, and our goal was therefore to examine the response
of harvestmen assemblages to differences in habitat structure
and not the succession of the harvestmen assemblage.

For diurnal samples, we did not detect any differences in
species composition, relative abundance, or species richness
between forest ages. In contrast, for nocturnal samples, we
observed differences in species composition and relative
abundance among the three successional forests. Primary
forest and young secondary forest showed the greatest
differences in species composition, while mature secondary
forest was relatively similar to both. Species richness did
not differ among forest ages. We attribute these observed
differences in species composition and abundance among
forest ages for nocturnal samples, but not diurnal samples,
to the fact that most species of harvestmen are more active
at night [4]. Since our nocturnal samples were standardized
by time spent searching an area along a transect, these data
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revealed differences among forest ages based the number
of individuals within a large area. Our diurnal samples,
however, were standardized by the number of logs or trees
sampled (n = 5) at each site as opposed to an area along a
transect. Therefore, if distribution and density of individuals
are influenced by density and availability of microhabitats,
then these methods used for diurnal sampling would fail to
reveal differences among forest ages. In contrast, the methods
employed for nocturnal sampling inherently accounted
for differences in density and availability of microhabitats
among the forest ages. Therefore, nocturnal sampling pro-
vided a better representation of the species composition
and relative abundance of the assemblage within each forest
age, while diurnal sampling revealed differences only among
microhabitats. Whether the availability of microhabitat space
influences the spatial distribution and density of harvestmen
is an important question that should be addressed.

We observed that the long-legged, climbing scleroso-
matids (i.e., Prionostemma sp. 1 and Prionostemma sp. 2) as
well as the small, short-legged, ground dwelling zalmoxids
and stygnommatids were correlated with young forest and
were much more abundant in this forest type (Figure 4). In
contrast, many cosmetids were associated with primary for-
est including ground dwelling species (e.g., E. albipustulata
and Paecilaema sp. 1) as well as species that were commonly
observed climbing on trees or foliage (e.g., C. marginalis).
We hypothesize that these differences reflect variation in
habitat availability, including the density of understory
shrubs and rotting logs. For example, the young secondary
forest features a higher density of understory vegetation
than primary forest [60]. This understory should provide
climbing species such as Prionostemma spp. with much more
preferable microhabitat space. Although the distribution of
harvestmen within communities in temperate regions is
not directly correlated with shrub density or ground cover
[25], different patterns may exist in communities in tropical
regions. Interestingly, in primary forest where Prionostemma
spp. (Sclerosomatidae) exhibited relatively low abundance,
C. marginalis (Cosmetidae) exhibited the highest abundance.
Thus, these species may compete for some limited resource
that influences their relative abundance. The effects of inter-
and intraspecific competition on composition of harvestmen
communities are poorly understood [4], and the coexistence
of Prionostemma spp. and C. marginalis may serve as an ideal
system to examine these mechanisms.
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stand tree species composition and diversity on abundance
of predatory arthropods,” Oikos, vol. 117, no. 6, pp. 935–943,
2008.

[27] P. D. Hillyard and J. H. P. Sankey, “Harvestmen: keys and notes
for the identification of the species,” in Synopses of the British
Fauna (Linnean Society of London), vol. 4, pp. 1–119, E. J. Brill,
Great Britain, 1989.

[28] R. E. Ricklefs and D. B. Miles, “Ecological and evolutionary
inferences from morphology: an ecological perspective,” in
Ecological and Evolutionary Inferences from Morphology: An
Ecological Perspective, P. C. Wainwright and S. M. Reilly, Eds.,
pp. 13–41, University of Chicago Press, Chicago, Ill, USA,
1994.

[29] C. S. Elton and R. S. Miller, “The ecological survey of animal
communities: with a practical system of classifying habitats by
structural characters,” Journal of Ecology, vol. 42, no. 2, pp.
460–496, 1954.

[30] L. A. McDade and G. S. Hartshorn, “La Selva biological sta-
tion,” in La Selva: Ecology and Natural History of a Neotropical
Rain Forest, L. A. McDade, K. S. Bawa, H. A. Hespenheide, and
G. S. Hartshorn, Eds., pp. 6–14, University of Chicago Press,
Chicago, Ill, USA, 1994.

[31] R. L. Sanford Jr., P. Paaby, J. C. Luvall, and E. Phillips, “Cli-
mate, geomorphology, and aquatic systems,” in La Selva:
Ecology and Natural History of a Neotropical Rain Forest, L. A.
McDade, K. S. Bawa, H. A. Hespenheide, and G. S. Hartshorn,
Eds., pp. 19–33, University of Chicago Press, Chicago, Ill, USA,
1994.

[32] Organization for Tropical Studies, “Map of land use in 2000,”
2011, http://www.ots.ac.cr.

[33] S. C. Goslee and D. L. Urban, “The ecodist package for
dissimilarity-based analysis of ecological data,” Journal of
Statistical Software, vol. 22, no. 7, pp. 1–19, 2007.

[34] R Development Core Team, “R: a language and environment
for statistical computing,” R Foundation for Statistical Com-
puting, Vienna, Austria, 2010, http://www.R-project.org.

[35] R. Kindt, F. G. Blanchet, J. Oksanen et al., “vegan: com-
munity ecology package,” R package version 1.17-4, 2010,
http://CRAN.R-project.org/package=vegan.

[36] R. K. Colwell, “EstimateS: statistical estimation of species
richness and shared species from samples,” Version 8.0, 2006,
http://purl.oclc.org/estimates.

[37] N. J. Gotelli and R. K. Colwell, “Quantifying biodiversity:
procedures and pitfalls in the measurement and comparison
of species richness,” Ecology Letters, vol. 4, no. 4, pp. 379–391,
2001.

[38] W. W. Daniel, Applied Nonparametric Statistics, Houghton
Mifflin Company, Boston, Mass, USA, 1978.

[39] C. F. Roewer, “Ergebnisse der Österreichischen biologischen
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