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Vertical distribution of wandering spiders in Central America
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Abstract. We examined patterns of vertical distribution within an assemblage of seven species of large wandering spiders
in a lowland rainforest on the Caribbean slope of Costa Rica. Over 16 months, 22 trees were surveyed regularly at night, up
to a height of 43 m, using a rope climbing technique. Local climate and canopy microclimate exhibited only weak seasonal
fluctuations. There was a distinct vertical segregation between ground-dwelling and arboreal species. The arboreal species
used almost the entire available height range, whereby immature Cupiennius coccineus F.O.P.-Cambridge, 1901 occupied
higher parts of the trees than adults. The two most abundant arboreal species differed also in their use of arboreal
microhabitats: while Cu. coccineus occurred most frequently on trunk bark and on epiphyte leaves, the smaller Ctenus sp. 4
was more restricted to trunk bark. We detected effects of structural complexity of the host trees but no effects of canopy
microclimate or of local climate on vertical distribution of Cu. coccineus, by far the most abundant arboreal species. The
differences in vertical distribution both between age classes of Cu. coccineus, and between Cu. coccineus and the smaller
Ctenus sp. 4 suggest size-dependent habitat segregation in arboreal species along the vertical axis, which might diminish
cannibalism and/or intra-guild predation. Moreover, the wide range of vertical distribution of arboreal spiders suggests
that they may connect the understory and canopy food webs.
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Rainforest canopies are fascinating but still poorly studied
habitats. Since the pioneering days of canopy biology, the
access techniques have been improved and now allow more
thorough and sophisticated analyses of the processes in the
tree tops (Mitchell et al. 2002; Lowman et al. 2013). In tropical
forest canopies the bulk of arthropods is formed by insects and
spiders (Basset 2001). Comprising 4.6-10.2% of all arthropod
individuals, spiders exhibit high relative abundance in tropical
forest canopies (Russel-Smith & Stork 1994; Floren &
Deeleman-Reinhold 2005; Gurgel-Gongalves et al. 2006;
Marques et al. 2006). Mass-collecting by fogging is the most
common technique to assess abundance and species diversity
of canopy arthropods (Basset 2001). However, due to its
destructive character, this technique is not suitable to examine
ecological traits of target species that need repeated surveying
in the canopy. Here, an inexpensive rope climbing technique
(see Jepson 2000; Barker & Standridge 2002) provides more
flexible survey possibilities as it allows observations on any
tree at any height except for the outermost crown regions of
climbed trees.

The ecology of most tropical spiders is still understudied.
Large, wandering araneomorph spiders are often common in
the tropics and may form assemblages of seven or more species
(Hofer et al. 1994; Gasnier et al. 2002; Lapinski & Tschapka
2013). Observations on habitat use outside the canopy within
a guild of araneomorph wandering spiders in a Costa Rican
lowland rainforest revealed the existence of three distinct
subguilds (Lapinski & Tschapka 2013). The semi-aquatic
species Ancylometes bogotensis (Keyserling, 1877) (Ctenidae)
and Trechalea tirimbina Silva & Lapinski, 2012 (Trechaleidae)
were strongly associated with bodies of water. The forest-
ground dwellers Crenus curvipes (Keyserling, 1881), Crenus
sinuatipes F.O.P.-Cambridge, 1897, and Ctenus sp. 3 (Cteni-
dae) roamed the forest floor and climbed only occasionally
into the lower vegetation. The vegetation dwellers Cupiennius
coccineus F.O.P.-Cambridge, 1901, Cupiennius getazi Simon,
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1891, and Phoneutria boliviensis (F.O.P.-Cambridge, 1897)
(Ctenidae) were found almost exclusively on plants. In the
latter subguild, Cu. coccineus was most abundant in the forest
and was also found to climb on trees, while the latter two
species were found mainly on tall vegetation in treeless areas.
Distinct differences in desiccation resistance among the species
were related to habitat microclimate. Vegetation-dwelling
species experienced drier and more variable microclimate than
ground-dwelling and semi-aquatic species. Accordingly, veg-
etation dwellers showed higher desiccation resistance than
species from the other two subguilds (Lapinski & Tschapka
2014). Differences in the ability to adhere to smooth surfaces
and the corresponding morphological traits also matched the
ecological preferences of these species (Lapinski & Tschapka
2013; Lapinski et al. 2015). All this provides evidence that
species traits play a key role in shaping community structure
(Kneitel & Chase 2004).

So far, ecology of large wandering spiders was mostly
observed on and close to the forest floor (Hofer et al. 1994;
Gasnier et al. 2002; Torres-Sanchez & Gasnier 2010). Thus,
almost nothing is known about the vertical distribution of
these spiders, its seasonal fluctuations or its underlying causes.
To fill this gap, we surveyed 22 trees from ground to the
canopy in a lowland rainforest at the Reserva Bioldgica
Tirimbina on the Caribbean slope of Costa Rica.

We hypothesized that the known vegetation-dwelling
species occur even higher than estimated and that the canopy
would harbour additional species. We expected that arboreal
species would be segregated vertically and that vertical
distribution would depend on local climate or microclimate.
Moreover, more heterogeneous habitats provide more shelters
and food for any type of animals, both prey and predators.
Therefore, arboreal wandering spider species should occur at
greater heights and in greater densities on structurally complex
host trees with many epiphytes than on less complex trees with
few epiphytes.
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METHODS

Study area.—Fieldwork was carried out from September
2010 to February 2012 at the Reserva Bioldgica Tirimbina
(RBT; 10°24’ N, 84°07" W, 180 — 220 m asl), Heredia Province,
Costa Rica. Mean annual temperature is 25.3°C and mean
annual precipitation is 3,777 mm. RBT includes very humid
tropical pre-montane forest and transitions to very humid
tropical forest. Eighty-five percent of the reserve’s forest is
classified as primary forest. RBT also encompasses areas of
secondary forest of various age classes. The trees surveyed on
an island in the Sarapiqui river were in old growth secondary
forest, while the rest of the surveyed trees were in primary
forest (see Fig. S1, online at http://dx.doi.org/10.1636/JoA-S-
16-033.S1). Forest canopy height in the area ranged between
30 and 40 m, with emergent trees up to ca. 50 m. For a more
detailed description, see Lapinski & Tschapka (2013).

Fieldwork.—Most fieldwork was conducted in the western
part of RBT. We surveyed 22 trees belonging to 12 different
species once per month (except December 2010 and March
2011), using rope climbing technique (Jepson 2000; Barker &
Standridge 2002). A table of tree species and their character-
istics is available online at http://dx.doi.org/10.1636/J0A-S-
16-033.S3. As spiders are not usually host-tree specific, we
surveyed suitable trees from different species (Serensen 2003
and references therein). Selection criteria of suitable trees were
(1) accessibility by an arrow shot from the ground in order to
install a climbing rope and (2) height at least that of the
surrounding canopy. Spiders were surveyed at night on trunks
and central portions of the crown of each selected tree and its
surrounding vegetation, from ground level to ca. 3 m above
the branch to which the climbing rope was attached. Data
were taken within a survey radius of approximately five meters
and only during the ascension to prevent repeated sampling.
Prior to ascension, we also searched for 15 minutes for spiders
on the forest ground and in the understory vegetation within a
S-meter radius around the climbed tree, to collect data on
spiders roaming the lower strata of the forest. Active spiders of
different instars were recorded during 152 surveys, from 1830
— 0415 h. All spiders encountered at the entrance or outside of
their day shelters were considered to be active. Only large
araneomorph species with an adult body length >17 mm were
included, to reduce a potential size-driven bias while searching
for the spiders on the trees. These species were known from
previous studies at RBT (Lapinski & Tschapka 2013, 2014;
Lapinski et al. 2015) and thus could be identified in the field
without the necessity of capturing and killing them. Even
juveniles could be reliably identified in the field, as we had
previous experience with captive individuals. We distinguished
the following instar categories: subadult or adult, large
juvenile (i.e., >0.5 the body length of adults), and small
juvenile (<0.5 the body length of adults of the respective
species). As the smallest juveniles (spiderlings <3 mm body
length) could not be reliably located and identified in the field,
they were omitted from our surveys. Spiders at greater
distance from the climbing observer were identified using
binoculars (Pentax 8x36 DCF HS). Spiders were never
observed to flee when illuminated by head lamp or when a
branch was shaken by the climber’s movements. Voucher
specimens of two previously unidentified species were pre-
served in ethanol (70%) and after successful identification will
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be deposited in the Museo de Zoologia, Escuela de Biologia,
Universidad de Costa Rica, San José, Costa Rica.

For each individual spider sighting, the following parame-
ters were recorded: date, time, tree individual, tree species,
species of the spider, sex, instar, height above ground using a
measuring tape (to the nearest 0.1 m), microhabitat (for
categories, see Fig. 4). Tree species were identified using
Condit et al. (2011) and with the help of the local botanist José
Angel Gonzalez Ramirez. To assess the influence of microcli-
mate fluctuations on the vertical distribution of the spiders
during the study period, data loggers (Hobo Pro v2,
temperature/relative air humidity, Onset Computer Corpora-
tion, Cape Cod, MA, U.S.A.) were installed on three trees at 1
m and 28 m above ground on the northern side of the tree
trunks (see supplementary material Table S3). Temperature
(°C) and relative air humidity (%) were recorded hourly from 1
Oct 2010 to 27 Feb 2012 (for details see Lapinski & Tschapka
2014). Since the data loggers provide the exact time point of
logging, temperature and relative air humidity-values were
related to the full hour of encounter of each spider individual.
Vapor pressure deficit is the force that drives evaporation
(Anderson 1936; Gates 1980) and, therefore, we calculated
vapor pressure deficit from the recorded temperature and
relative air humidity data using the equation of Allen et al.
(2005). Additionally, precipitation data obtained from the
RBT meteorological unit were used to relate changes of local
climate with vertical distribution patterns of the spiders.

Statistical tests.—In both inter- and intraspecific analyses,
all instars were included unless otherwise indicated. We used
SigmaStat (Version 3.5) for all univariate analyses and
stepwise forward and multiple linear regressions. We tested
for interspecific differences in the use of substrate type and
microhabitat (nominal variables) with a Chi-square (y°) test.
Continuous non-normally distributed variables were analyzed
with Kruskal-Wallis one way ANOVA on ranks using Dunn’s
post-hoc test for unequal sample size. To make the vertical
distribution of the spiders on trees of different height
comparable, relative height of the spiders (rHS) on the
respective tree was calculated (with values ranging between 0
and 1) and used instead of absolute height of the spiders above
ground. Similarly, instead of absolute height of the lowest
branch of a tree, its relative height (values between 0 and 1)
was used for the analyses, the higher the value, the smaller the
crown height relative to total tree height. To better visualize
the vertical distribution of the two most common arboreal
species, data on the relative height above ground of all
observed individuals (all instars) were assembled in classes
(0.0-0.2, 0.21-0.4, ...0.81-1.0). We tested with a Chi-square
for differences in the absolute numbers encountered in the
classes.

Cupiennius coccineus was the by far most abundant arboreal
species (n = 880) and we used the species’ data as an example
to explore the vertical distribution of large wandering spiders.
To obtain densities of Cu. coccineus per surveyed tree, we
divided abundance by total tree height, since due to varying
structural complexity of the trees, no area values could be
calculated. In order to explore which variables may affect
density and vertical distribution of Cu. coccineus data were
logo(x+1) — transformed and then standardized. We used only
the standardized data that we entered into stepwise forward
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Figure 1.—Vertical distribution of wandering spiders at RBT expressed by (A) absolute height of the spiders above ground and (B) height of
the spiders relative to the total height of the trees. Different letters below the boxes indicate significant differences in the post hoc test of Kruskal-
Wallis ANOVA, asterisks point to significant difference in Mann-Whitney test, figures in parentheses above the boxes give the sample size.
Horizontal lines in the boxes represent the median, boxes are from Q,s to Qys, error bars from Qo to Qqg, full circles are outliers. Species
abbreviations: Ab = Ancylometes bogotensis, Cc = Cupiennius coccineus, Ctc = Ctenus curvipes, Cts = Ctenus sinuatipes, Ct3, Ct4 = Ctenus sp. 3

and 4, respectively, Oo=0lios obtusus.

and then multiple linear regressions. We used only the data
obtained on the climbed trees because structural characteris-
tics of neighbouring vegetation were not assessed. Two
approaches were applied. (1) To examine which structural
variables may affect mean density of Cu. coccineus per survey
on each tree we conducted stepwise forward linear regression.
The number of tree individuals was the sample size (n = 20).
Following independent variables were entered: diameter of
tree trunk at breast height (DBH), tree height, relative height
of the lowest branch, total number of holes (both on trunk and
in the crown), and total number of epiphytes (both on trunk
and in the crown) (see supplementary Table S4, available
online at http://dx.doi.org/10.1636/J0A-S-16-033.S4). Subse-
quently, based on the results from that stepwise regression, we
entered only those independent variables that may significant-
ly contribute to the prediction of density of Cu. coccineus:
DBH, relative height of the lowest branch, and total number
of holes. The remaining independent variables did not add
significantly to the prediction of density and were omitted
from the multiple linear regression.

(2) To investigate how vertical distribution (i.e., relative
height of spider above ground) may be affected we applied
stepwise forward regression and subsequently multiple linear
regression as described above. The difference was that each
individual Cu. coccineus was treated as case and each tree was
considered a replicate. Hence, in addition to the structural
variables of the trees (DBH, height of tree, relative height of
the lowest branch, number of epiphytes on the trunk, number
of epiphytes in the crown, number of holes in the trunk, and
number of holes within the crown), we were able to include
instar, and vapor pressure deficit at 28 m above ground during
the hour of spider encounter. Sample size was reduced from »
= 880 to n = 551 individual observations made during the
period from which microclimate data were available. First, we
ran a stepwise forward regression on all variables and based
on the results from that we entered only the following
independent variables into a multiple linear regression: instar,
DBH, height of tree, relative height of lowest branch, and
number of epiphytes in the crown.

RESULTS

Twenty-two trees belonging to 12 species with a total height
ranging from 26 to 47 m were regularly surveyed. Two trees
(sp- 1, sp. 2) could not be identified because leaves and flowers
could not be reached. We had to exclude two trees early during
the study due to tree fall of neighboring trees that altered the
site characteristics. Data already collected at these trees prior
to the tree fall were included for assessing overall vertical
distribution of the spider species (Figs. 1-3), the use of
microhabitats and substrate types by the arboreal species (Fig.
4), and the seasonal fluctuations of vertical distribution of Cu.
coccineus (Fig. 5).

Vertical distribution of the assemblage.—Data from 2136
individual observations from seven wandering spider species
were recorded. Not a single individual of Cu. getazi and P.
boliviensis was found within the forest. We found Ancylometes
bogotensis only rarely because these spiders live mainly on
banks of creeks and only three trees were close enough to
water. Ctenus curvipes, Ct. sinuatipes, and Ctenus sp. 3
(Ctenidae) occurred mainly on or very close to the ground,
rarely higher than 1 m (Fig. 1). Cupiennius coccineus and two
previously undescribed species, Ctenus sp. 4 (Ctenidae) and
Olios obtusus F.O. Pickard-Cambridge, 1900 (Sparassidae),
were found almost exclusively on vegetation using almost the
entire height range. Cupiennius coccineus and Ctenus sp. 4
occurred significantly higher than A4. bogotensis, Ct. curvipes,
Ct. sinuatipes, and Ctenus sp. 3 (Figs. 1 A, B, Kruskal-Wallis
ANOVA, P <0.001, for height of spider: Hs = 1755.2, for
relative height of spider: Hs= 1756.3, Dunn’s post-hoc test, P
<0.05). During all nocturnal tree surveys, only three
individuals of O. obtusus were found, but during the walks
to the surveyed trees several additional individuals were
observed on understory vegetation, supporting the assignment
of this species to the vegetation-dwelling subguild.

Vertical segregation of arboreal species.—The vertical
distribution of Cu. coccineus and Ctenus sp. 4 overlapped
strongly at intermediate heights (Fig. 2, all instars considered).
However, Cu. coccineus, was more strongly represented in the
lowest class of relative height, while Ctenus sp. 4 was more
frequently found in the higher parts of the trees (Chi-squared
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Figure 2.—Percentage of occurrences in different classes of relative
height of spider above ground showing the vertical distribution of the
arboreal Cupiennius coccineus (n = 880) and Ctenus sp. 4 (n = 61).

test, x2 = 22.08, df = 4, P <0.001). Subadult/adult Cu.
coccineus occurred significantly lower than both large and
small juveniles, although the vertical distribution of all instars
strongly overlapped (Fig. 3A, Kruskal-Wallis ANOVA, P
<0.001, H, =32.3, Dunn’s post-hoc test, P <0.05). In Ctenus
sp. 4, we found no such differences among the instars (Fig. 3B,
Kruskal-Wallis ANOVA, P=0.628, H, =0.93).

Arboreal microhabitats.—Cupiennius coccineus and Ctenus
sp. 4 differed significantly in microhabitat and substrate
preferences (Fig. 4 A,B). Tree trunks and epiphytes on tree
trunks were preferred by Cu. coccineus while Ctenus sp. 4
showed a more pronounced preference for tree trunks (Chi-
squared test, x> = 140.2, df = 10, P <0.001). Accordingly, Cu.
coccineus preferred bark and leaf substrates, and Ctenus sp. 4
was mostly found on bark and moss (Chi-squared test, > =
133.6, df =7, P <0.001)

Seasonality.—Local climate at RBT showed no pronounced
seasonality between September 2010 and February 2012. The
two phases of reduced precipitation and higher vapour
pressure deficit in April 2011 and February 2012 did not
coincide with a clear change in vertical distribution of Cu.
coccineus (Fig. 5). However, the position on the trees was
significantly lower in September 2010 than in April 2011
(Kruskal-Wallis ANOVA, P=0.041, H,5s=25.7, Dunn’s post-
hoc test, P <0.05). In Ct. curvipes, Ct. sinuatipes, and Ctenus
sp. 3, relative height of spiders was consistently below 0.1 and
vertical distribution did not differ significantly among months
(Kruskal-Wallis-ANOVA, P =0.704, H;s = 11.7; P =0.162,
Hys=20.3; and P =0.304, H,5s = 17.2, respectively). Sample
size of Ctenus sp. 4 was too low to analyze seasonality in
vertical distribution of that species.

The arboreal Cupiennius coccineus.—Because Cu. coccineus
was by far the most abundant species on trees, we examined
the variables affecting its density and vertical distribution in
more detail. Density of Cu. coccineus varied significantly
among individual trees and showed considerable variation
among surveys (Kruskal-Wallis ANOVA on ranks Hyy =
133.03, P <0.001; see Fig. S2, available online at http://dx.doi.
org/10.1636/JoA-S-16-033.S2).
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Figure 3.—Vertical distribution of different instars of (A)
Cupiennius coccineus and (B) Ctenus sp.4. Instar abbreviations: sa/
a=subadult/adult females and males, j2=large juveniles, jl=small
juveniles. Different letters below the boxes indicate significant
differences, figures in parentheses above the boxes show sample size.
Horizontal lines in the boxes represent the median, boxes are from
Q5 to Qys, error bars from Qg to Qq, full circles are outliers.

Density of Cu. coccineus increased with the diameter at
breast height, the relative height of the lowest branch and the
number of holes (multiple linear regression, Table 1). The
relative height of Cu. coccineus on trees was lower for late than
for young instars, and decreased with tree diameter and the
height of the lowest branch. It increased with height of the tree
and with the number of epiphytes in the canopy (multiple
linear regression, Table 2). The effect of instar and epiphytes is
congruent with intraspecific differences in vertical distribution
(Fig. 3) and microhabitat and substrate use (Fig. 4).

DISCUSSION

We explored the distribution of seven large araneomorph
wandering spiders in a Costa Rican rainforest along vertical
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Figure 4.—Use of (A) microhabitats and (B) substrate types by the arboreal species Cupiennius coccineus (n = 880) and Ctenus sp. 4 (n = 61).

transects (i.e., trees). Lapinski & Tschapka (2013) suggested
that the large wandering spiders at the study site may differ
significantly in their vertical distribution, with Cu. coccineus
being the most common arboreal species. However, these data
were obtained mainly from the ground and surveys were
limited mostly to a maximum height of 5 m. The current study
overcomes these limitations and presents a more complete
picture of a guild of large wandering spiders in a Neotropical
rainforest. It confirms that Ancylometes bogotensis, Ct.
sinuatipes, Ct. curvipes and Ctenus sp. 3 are indeed restricted

to the forest ground and lower understory. The vegetation-
dwelling subguild of large araneomorph wandering spiders,
consisting of Cu. coccineus, Cu. getazi, and P. boliviensis
(Lapinski & Tschapka 2013) is extended by two rare medium-
sized species: Ctenus sp. 4 (Ctenidae) and O. obtusus
(Sparassidae), which, together with Cu. coccineus, are rather
arboreal and use nearly the entire height range. The data
confirm our hypotheses that the known vegetation-dwelling
species occur even higher than had been estimated and that the
canopy would harbour additional species. However, more
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Table 1.—Results of multiple regression analysis with density of Cupiennius coccineus on n=20 trees as dependent variable and DBH, relative
height of lowest branch, and total number of holes as independent variables. For definitions and details of variables see Table S4, available online

at http://dx.doi.org/10.1636/JoA-S-16-033.54.

Coefficient Std. Error t P VIF
Constant -7.97E-16 0.13 -6.16E-15 1
DBH 0.69 0.15 4.71 <0.001 1.22
rel. height lowest branch 0.58 0.15 3.82 0.002 1.31
total number of holes 0.44 0.15 2.89 0.011 1.31
Analysis of Variance:

DF SS MS F P

Regression 3 13.64 4.55 13.57 <0.001
Residual 16 5.36 0.33
Total 19 19 1
R =085 R? =0.72 Adj R? = 0.67

SE of estimate = 0.58

data on the ecology of the apparently rare O. obtusus are
needed. In Puerto Rico, an Olios species was the most
abundant large wandering spider on low understory vegeta-
tion (Formanowicz et al. 1981). The arboreal katydid
Philophyllia ingens (Tettigoniidae) showed a similarly wide
range of vertical distribution with conspicuous movements
upwards at dawn and downwards starting at noon (Fornoff et
al. 2012). Because we did not find any single individual of Cu.
getazi and P. boliviensis within the forest at any height, our
suggestion that these vegetation dwelling species are restricted
to early succession habitats is corroborated (Lapinski &
Tschapka 2013). However, the cause for the habitat segrega-
tion among Cu. coccineus on the one hand, and Cu. getazi and
P. boliviensis on the other hand remains unclear.

In ecological networks of wooded savannah of central
Kenya, mainly ground-dwelling rather than arboreal preda-
tors couple food webs of canopy and grass strata by feeding on
ground-dwelling as well as on fallen arboreal animals (Pringle
& Fox-Dobbs 2008). In structurally much more complex
rainforest networks, however, arboreal generalist predators
with a broad range of vertical distribution and microhabitats,
such as the common Cu. coccineus, appear to be the more
efficient link between the understory and the canopy of the
forest. These spiders may feed on occasionally climbing
ground-dwelling prey, on understory residents and on canopy

specialists. Both in Ecuador and in Costa Rica, the rainforest
canopy and understory have distinct assemblages of fruit-
feeding butterflies of the family Nymphalidae (DeVries et al.
2011). Through their wide vertical range, the studied arboreal
spiders might exploit both understory and canopy Lepidop-
tera, and probably also other insects that segregate similarly
along the vertical axis. Additionally, the spiders might be
preyed upon by both understory and canopy predators, thus
being an integral part of a complex network.

Microclimate may affect habitat use via physiology (Kneitel
& Chase 2004; Morin 2011) and vertical distribution of
generalist predators may mainly depend on their tolerance to
environmental conditions (Basset et al. 2003). Thus, the
pattern of vertical distribution at Reserva Biolégica Tirimbina
(RBT) can be largely explained by the interaction between
spider physiology and the microclimate gradient along the
vertical axis. Like other forests (Parker & Brown 2000;
Madigosky 2004), the forest at RBT shows a gradient of
decreasing temperature, increasing relative air humidity, and
decreasing variation of both from the forest canopy to the
ground (Lapinski & Tschapka 2014). Accordingly, the semi-
aquatic and ground-dwelling species at RBT had lower
desiccation resistance than vegetation-dwelling species, with
Cu. coccineus showing the lowest susceptibility to water loss
(Lapinski & Tschapka 2014). Similar links between physiology

Table 2.—Results of multiple regression analysis with relative height of (n = 551) Cupiennius coccineus on n =20 trees as dependent variable
and instar, DBH, height of tree, relative height of lowest branch, and number of epiphytes in the crown as independent variables. For definitions
and details of variables see Table S4, available online at http://dx.doi.org/10.1636/J0A-S-16-033.S4.

Coefficient Std. Error t P VIF
Constant 8.70E-03 0.04 2.20E-01 0.825
instar -0.18 0.04 -4.67 <0.001 1
DBH -0.35 0.06 -5.57 <0.001 2.52
height of tree 0.46 0.07 6.64 <0.001 3.16
rel. height lowest branch -0.16 0.07 -2.55 0.011 2.71
epiphytes in crown 0.18 0.05 3.81 <0.001 1.31
Analysis of Variance:

DF SS MS F P

Regression 5 88.54 17.71 20.92 <0.001
Residual 545 461.39 0.85
Total 550 549.93 1
R = 0.40 R? =0.16 Adj R® =0.15

SE of estimate = 0.92
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and habitat use were found in other animal taxa, such as ants
(Hood & Tschinkel 1990), frogs (e.g., Buttemer 1990; Young
et al. 2005), and lizards (Eynan & Dmi’el 1993). Furthermore,
we expected vertical distribution of arboreal species to depend
on fluctuations of local climate or microclimate, which was not
confirmed. Vapor pressure deficit during spider encounters did
not add significantly to predict relative height of Cu. coccineus
and seasonal fluctuations of precipitation at RBT were too
weak to cause significant seasonal differences in vertical
distribution in that species. This may result from its high
desiccation resistance (Lapinski & Tschapka 2014); thus, even
higher on the trees the microclimate may still be suitable for
the species throughout the entire study period at the study site.
In contrast, the three ground-dwelling Ctenus species occurred
on or near the forest ground during the entire study period,
even during wetter periods. This suggests that, due to their low
tolerance to desiccation, the microclimate already becomes
unfavourable for these species at low heights. Similarly, there
was no significant effect of weekly rainfall on the activity
density of spiders on lower parts of tree trunks in central
Amazonia (Gasnier et al. 1995).

Moreover, microhabitat choice and hence vertical distribu-
tion of the studied spiders was also linked to morphology, with
relatively bigger tarsal claw tufts (bearing adhesive setae) in
the vegetation-dwelling than in the ground-dwelling species.
The semi-aquatic species even lack these adhesive structures
completely (Lapinski et al. 2015). These morphological
characteristics result in better adhesion capabilities on smooth
surfaces such as leaves or insect cuticle in the vegetation-
dwelling compared to ground-dwelling and semi-aquatic
species (Lapinski & Tschapka 2013). Similar relations between
morphology, microhabitat choice, and vertical distribution are
well documented for example in Anolis lizards (Polychrotidae,
Elstrott & Irschick 2004) and in arboreal carabid beetles (Ober
2003).

The data only partially confirm our hypothesis that arboreal
species are segregated vertically. Despite considerable overlap,
the subtle differences in vertical distribution and microhabitat
preferences together with low densities may reduce cannibal-
ism, intraguild predation and competition among the instars
of Cu. coccineus and the smaller Ctenus sp. 4. In this context,
intraspecific differences in habitat use of the different instars
have been observed, for example, in the predatory aquatic bug
Notonecta hoffmani (Notonectidae, reviewed by Morin 2011),
the theraphosid Ephebopus murinus (Walckenaer, 1937)
(Marshall & West, 2008), and the co-occurring ctenid
wandering spiders Phoneutria fera Perty, 1833, and Phoneutria
reidyi (F.O.P.-Cambridge, 1897) (Torres-Sanchez & Gasnier
2010).

The results corroborate our expectation that on structurally
more complex host trees, arboreal wandering spider species
should also occur in greater heights and in greater densities
than on less complex trees. The amount of epiphytes in the
crown may affect vertical distribution of Cu. coccineus and
thus form key components of the microhabitats, representing
refuge sites for both the spiders and for their potential prey.
Total number of holes may influence density of that species on
the host trees. High complexity of vegetation may enhance
densities of arthropods through providing both predators and
their prey with shelter and food (Halaj et al. 1998; Stunz et al.

2002; Teixeira de Souza & Martins 2004). Experiments
revealed the importance of structural complexity of plants
for vertical distribution of spiders (Scheidler 1990), and for
abundance and diversity of both spiders and potential prey
arthropods (Halaj et al. 2000). Structurally complex canopies
may also maintain higher densities of arthropods. High
availability of shelters may lower predation on arthropods
by actively hunting predators such as ants and birds because
they need longer to find prey than in microhabitats with low
structural complexity and hence low availability of shelters
(Sipo§ & Kindlmann 2012). High occurrence of epiphytes may
not only enhance the structural complexity of trees but also
the food supply for insects through vegetative parts, inflores-
cences and the associated fauna (Teixeira da Souza & Martins
2004).

In conclusion, our results demonstrate clear segregation
between tree- and ground-dwelling species of large araneo-
morph wandering spider species in the rainforest, with only
weak vertical segregation between arboreal species, which
were used almost the entire height range. Vertical distribution
of species may be the result of species-specific interactions
between morphology and physiology on the one hand and
microclimate and structural parameters of the host trees on
the other. Given the wide range of vertical distribution of the
studied arboreal spiders, they may couple the ecological
networks of rainforest understory and canopy. Well planned
long-term experiments are needed to investigate in more detail
the factors promoting the observed dominance of Cu.
coccineus, the role structural parameters play in microhabitat
choice and vertical distribution within rainforests, and the
coupling potential of these generalist predators. Similar
surveys at other tropical sites are necessary to allow
generalizations about the causes of vertical distribution of
generalist arthropod predators.
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