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ABSTRACT

The effects of producer diversity on predators have received little attention in arboreal plant communities, particularly in the tropics.
This is particularly true in the case of tree diversity effects on web-building spiders, one of the most important groups of invertebrate
predators in terrestrial plant communities. We evaluated the effects of tree species diversity on the community of weaver spiders associ-
ated with big-leaf mahogany (Swietenia macrophylla) in 19, 21 9 21-m plots (64 plants/plot) of a tropical forest plantation which were
either mahogany monocultures (12 plots) or polycultures (seven plots) that included mahogany and three other tree species. We con-
ducted two surveys of weaver spiders on mahogany trees to evaluate the effects of tree diversity on spider abundance, species richness,
diversity, and species composition associated with mahogany. Our results indicated that tree species mixtures exhibited significantly
greater spider abundance, species richness, and diversity, as well as differences in spider species composition relative to monocultures.
These results could be due to species polycultures providing a broader range of microhabitat conditions favoring spider species with dif-
ferent habitat requirements, a greater availability of web-building sites, or due to increased diversity or abundance of prey. Accordingly,
these results emphasize the importance of mixed forest plantations for boosting predator abundance and diversity and potentially
enhancing herbivore pest suppression. Future work is necessary to determine the specific mechanisms underlying these patterns as well
as the top-down effects of increased spider abundance and species richness on herbivore abundance and damage.

Abstract in Spanish is available with online material.
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THE EFFECTS OF PLANT DIVERSITY ON HIGHER TROPHIC LEVELS HAVE

RECEIVED INCREASING ATTENTION OVER THE LAST TWO DECADES

(Haddad et al. 2009, Scherber et al. 2010). Such effects have typi-
cally been assessed by manipulating the number of plant species
(i.e., plant species richness, hereafter referred to as plant species
diversity) in patches or stands and recording changes in associ-
ated faunas (Moreira et al. 2016). Overall, studies have found
strong positive effects of plant species diversity on associated fau-
nas, especially so in the case of arthropod species richness and
abundance (e.g., Siemann et al. 1998, Koricheva et al. 2000, Had-
dad et al. 2009, Scherber et al. 2010). In particular, the effects of
plant diversity on arthropods species at the third trophic level
(predators & parasitoids) have been attributed to habitat features
such as increased physical complexity and number of refugees
from enemies, as well as due to increased abundance or diversity
of resources or prey (Root 1973, Langelloto & Denno 2004,
Denno et al. 2005). Higher predator abundance and diversity with
increasing plant diversity is expected to in turn lead to stronger
top-down control over herbivore populations (Andow 1991, Bar-
bosa et al. 2009, Abdala-Roberts et al. 2015).

Traditionally, most work testing for effects of plant diversity
on arthropod predators and parasitoids has been conducted in
agroecosystems (reviewed by Russell 1989, Andow 1991) and is
strongly biased toward temperate regions (e.g., Haddad et al. 2009,
Scherber et al. 2010, Crawford & Rudgers 2013). In contrast,
much less work has tested for plant diversity effects in arboreal
plant communities (Jactel & Brockerhoff 2007), particularly in
tropical regions where predator and parasitoid diversity are high-
est and top-down control of herbivore populations is expected to
be strongest (Schemske et al. 2009). Knowledge gained on the
effects of tree diversity on predators is also important from an
applied perspective as increased predator abundance and diversity
may lead to enhanced pest control in managed systems such as
forest plantations (Muiruri et al. 2015).

Spiders are one of the most important groups of inverte-
brate predators in terrestrial ecosystems as they exert dramatic
effects on the abundance and diversity of species at lower trophic
levels (Turnbull 1973, Culin & Yeargan 1983). Although prey
preferences, hunting modes, and behavior vary among spider
guilds or species, the characteristics exhibited by co-existing spe-
cies of spiders are frequently complementary which favors
increased suppression of herbivore populations (Riechert 1999).
In particular, the guild of weaver spiders comprises more than
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11,500 species representing about 30 percent of all spider species
(Ubick et al. 2005), and includes several of the most abundant
spider families (e.g., Araneidae, Linyphiidae Theridiidae, Tetrag-
nathidae). Weaver spiders are highly abundant in both managed
and natural ecosystems and are easily detected in surveys because
of their conspicuous webs; accordingly, this predator group has
been proposed as a suitable model in biodiversity studies (Blanco
et al. 2003). Although numerous studies have documented the
diversity of weaver spiders in both natural and agricultural
ecosystems (Robinson & Robinson 1974, Pinkus-Rend�on et al.
2006, de la Cruz et al. 2009, Ferreira-Ojeda et al. 2009, Bhat et al.
2013), very few have evaluated the effects of plant species diver-
sity on this group (Lubin 1978), and this is true for spiders in
general (but see Koricheva et al. 2000, Haddad et al. 2009, Scher-
ber et al. 2010). Furthermore, most studies have been conducted
in herbaceous plant communities in temperate regions, whereas
very little work has looked at the effects of plant diversity on spi-
ders in tropical tree communities. Plant diversity may directly
influence the abundance and species composition of spiders
through effects on habitat features such as structural complexity
which determines site-choosing preferences for web building in
the case of weaver spiders (Langelloto & Denno 2004, Tews et al.
2004, Jim�enez-Valverde & Lobo 2007), as well as through effects
on the abundance of refuges from other predators, availability of
sites for reproduction, as well as prey availability (Samu et al.
1999, de la Cruz et al. 2009). One of the few available studies
found a greater diversity of web-building spiders with increasing
tree diversity, although such effects were contingent upon the
presence of ants which may directly or indirectly interact with spi-
ders (Schuldt & Staab 2015). The effects of tree diversity on
predators, particularly web-building spiders are of high relevance
for forestry, as increased predator abundance and diversity gener-
ally result in enhanced predator suppression of herbivores (Grif-
fin et al. 2013, Long & Finke 2014, Gontijo et al. 2015) and
potentially higher tree growth (Moreira et al. 2012). Research
investigating such effects is sorely needed to assess the trade-offs
between greater management/harvesting costs and ecosystem ser-
vices (higher productivity, pest control) of mixed forest planta-
tions.

In this work, we report on the results of a study conducted
within the context of a large-scale (7.2-ha, 4780 plants), recently
established (2.5 yr old at the time this study was conducted) trop-
ical forest plantation in southern Mexico (Yucatan), testing for
the effects of tree species diversity on arthropod communities.
Here, we report on findings from surveys of abundance and spe-
cies richness of weaver spiders using a subset of plots within this
experiment for which we exclusively sampled big-leaf mahogany
(Swietenia macrophylla King), one of the component tree species in
this system. Specifically, we asked whether there was an effect of
tree species diversity on weaver spider species composition, abun-
dance, and species richness, and predicted that weaver spider
abundance and richness on mahogany would be greater in tree
species mixtures relative to mahogany monocultures. This study
provides a unique test of the effects of tree species diversity on
an important (but often overlooked) predator functional group in

a tropical agroecosystem. Results from this study have important
implications for the understanding of ecological dynamics in
mixed forest plantations and argue in favor of using tree species
mixtures to maximize the ecosystem services derived from
enhanced top-down control of herbivore populations by preda-
tors in tropical forest plantations.

METHODS

STUDY SPECIES AND EXPERIMENTAL DESIGN.—This study was con-
ducted within the context of a broader experiment evaluating the
effects of tree species diversity on plant growth and arthropods
(see Moreira et al. 2014, Abdala-Roberts et al. 2015, Campos-
Navarrete et al. 2015), and was based on a subset of plots within
this system.

Tree species and seed collection.—The experiment included the follow-
ing tropical tree species: S. macrophylla King (Meliaceae), Tabebuia
rosea (Bertol.) DC. (Bignonaceae), Ceiba pentandra (L.) Gaertn.
(Malvaceae), Enterolobium cyclocarpum (Jacq.) Griseb. (Fabaceae),
Piscidia piscipula (L.) Sarg. (Fabaceae), and Cordia dodecandra A. DC.
(Boraginaceae). These species are long lived and adult trees reach
from 20 m (e.g., P. piscipula) to 40 m (e.g., C. pentandra) in height
(Pennington & Sarukh�an 2005) depending on the species. All six
species naturally co-occur in tropical forests of the Yucatan
Peninsula.

From January 2011 to March 2011, seeds of all species were
collected from adult trees located in southern Quintana Roo
(M�exico), and germinated at the INIFAP (Instituto Nacional de
Investigaciones Forestales Agr�ıcolas y Pecuarias) in Mococha,
Yucatan, Mexico (21�6040″ N, 89�26035″ W). For all species, we
collected seeds from six mother trees (distance among trees ran-
ged from 0.5 to 50 km, depending on the species), hereafter
referred to broadly as genotypes. Previous work in this system
has shown that mahogany genotypes vary substantially in growth-
related traits, herbivore resistance, and chemical defenses (Moreira
et al. 2014, Abdala-Roberts et al. 2015). In December 2011, we
established the experiment by planting 4-mo-old seedlings at a
site owned by INIFAP near Muna, Yucatan (100 km southwest
of Mococha; 20°24044″ N, 89°45013″ W). Saplings were fertilized
once in January 2012 with N, P, and K (20:30:10), and drip irri-
gated with 2 L of water three times per week from January 2012
until June 2012.

Overall design.—The experimental design consisted of 74 plots of
21 9 21 m each at a planting density of 64 plants per plot, 3-m
spacing among trees, for a total of 4780 plants. Plot size was
chosen based on previous work showing that plot sizes of 20 by
20 m or greater are appropriate for realistically assessing the
effects of diversity on competitive dynamics of plants and associ-
ated fauna (Potvin & Gotelli 2008, Bruelheide et al. 2014). Aisles
between plots were 6-m wide and the experiment covered a total
area of 7.2 ha. Swietenia macrophylla (big-leaf mahogany) was the
most abundant species in the system (N = 2480 plants; other
species ranged from 432 to 480 plants), and was present in 59 of
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the 74 plots. Overall, plots were of two types: species monocul-
tures (two plots per species, except for mahogany for which a lar-
ger number of monocultures were established to test for
genotypic diversity effects (see below)) and polycultures (com-
posed of random mixtures of four of the six species). In addi-
tion, the 59 plots where mahogany was planted were classified
into four types: (1) mahogany monocultures of one genotype (12
plots, two replicate plots/genotype); (2) mahogany monocultures
of four genotypes (20 plots); (3) species polycultures within which
all mahogany trees planted were of one genotype (12 plots, two
plots/genotype); and (4) species polycultures within which maho-
gany trees were represented by four genotypes (15 plots). Plots
for each diversity treatment combination were randomly inter-
spersed throughout the experimental site. The effects of tree
diversity assessed in this study correspond to dynamics occurring
relatively early in the establishment of a forest plantation (<3 yrs
after establishment), and thus any effects of tree diversity on spi-
ders should be interpreted within the context of an early stage of
development of a forest plantation. In addition, we note that tree
diversity in adjacent forests patches of similar size as our experi-
mental plots is typically higher than in polycultures of our study.
Therefore, results from this system are also of value for under-
standing ecological dynamics to the extent that it is viewed as a
test of tree diversity effects at the lower end of the diversity gra-
dient in natural forests and under biologically more simplified
conditions.

Subset of diversity experiment used in this study.—We selected 19 of
the 59 plots where mahogany was planted (see above), namely:
12 mahogany monocultures of a single genotype of this species
and seven polycultures within which C. pentandra (L.) Gaertn and
C. dodecandra A. DC were also present (plus a fourth species for
which the identity varied depending on the plot). Within these
polyculture plots, three plots contained mahogany trees repre-
sented by one genotype and four plots had mahogany repre-
sented by four genotypes (see Fig. S1—Online Supplementary
Material). From this point on, we refer to methods, analyses, and
results that pertain exclusively to sampling for these 19 plots.

SAMPLING.—We recorded weaver spiders associated exclusively
with mahogany (N = 19 plots), and conducted two surveys, one
in late May 2013 and another in late September 2013, approxi-
mately 2.5 yrs after the establishment of the experiment. During
each survey we sampled the same 19 plots, but selected a differ-
ent set of mahogany trees within each plot because collection of
spider specimens during the first survey could influence spider
abundance or species composition during the second survey had
the same plants been re-sampled. For monocultures, we originally
sampled a total of 20 plants per plot across both surveys (10
plants per plot, per survey), whereas for the polycultures we sam-
pled on average six plants per plot across surveys (mean of
2.4 � 0.36 plants per plot for survey 1, and 3.5 � 0.28 plants
per plot for survey 2). To avoid edge effects on spider abun-
dance, species richness, and species composition, we did not sam-
ple mahogany plants located on the outer rows of each plot.

Across plots and surveys, a total of 283 mahogany plants were
sampled.

Surveys were conducted in the morning (700–1300 h), fol-
lowing the exhaustive search method proposed by Coddington
et al. (1991). This technique consists of two stages: ‘looking
down’, for which the plant is inspected from ground level up to
a height of 0.5 m, and the ‘looking up’ for which the search is
continued up to 2 m of height. The inspection of each plant
lasted 6 min on average and we searched for weaver spiders by
locating the web using a water sprinkler. Thus, we ended up col-
lecting only resident spiders on mahogany that had a fully estab-
lished web or were in the process of building it. At the time of
sampling, mahogany plants were on average 368 � 4 cm tall. All
specimens were collected (adults and juveniles), preserved in
70 percent ethanol, and transported to the Laboratory of Ecology
of the Campus de Ciencias Biol�ogicas y Agropecuarias of the
UADY as well as to the Centro Peninsular de Humanidades y
Ciencias Sociales of the Universidad Nacional Aut�onoma de
M�exico for species identification using specialized literature (Levi
1955, 1968, 1970, 1975, 1978, 1991, Ubick et al. 2005). Scientific
names were updated as required using the World Spider Catalog
of Norman I. Platnick (http://research.amnh.org/iz/spiders/cat-
alog/, 25 January 2014). Unidentified individuals were classified
as morphospecies.

STATISTICAL ANALYSES.—To evaluate the effects of tree diversity
on weaver spider species composition and relative abundances,
we performed a Permutational Multivariate Analysis of Variance
(PERMANOVA, Anderson 2001) with 1000 random permuta-
tions based on a dissimilarity distance matrix using species abun-
dances, calculated with the Bray-Curtis index (Chao et al. 2006,
Anderson & Walsh 2013). This analysis was performed with the
VEGAN package of R v.3.0.2 (R Core Team 2013). In addition,
to further describe differences in relative abundance and species
composition of weaver spiders between levels of diversity, we
constructed rank-abundance curves separately for monocultures
and polycultures. Because both the PERMANOVA test and the
rank-abundance curves are necessarily influenced by having sam-
pled more plants per plot and more plots in monoculture than in
polyculture (i.e., unbalanced design, see above), we conducted
both analyses by randomly selecting seven monoculture plots and
six plants per monoculture, resulting in a balanced design (i.e.,
seven plots and six plants per plot for both levels of diversity).
We repeated this analysis using alternative (random) subsamples
of 7 of the 12 monoculture plots and results were consistent in
eight of ten cases suggesting this analysis was not strongly influ-
enced by the specific subsample used (see Results).

We tested the effects of tree diversity on weaver spider
abundance, species richness, and species diversity using general
linear models performed with PROC GLM in SAS v.9.2 (SAS
Institute 2009, Cary, North California, U.S.A.). These models
assume a normal distribution for the errors and this assumption
was confirmed by inspection of diagnostic plots of the residuals
and Shapiro-Wilk tests (≤0.93, P ≥ 0.22). We used Shannon-
Wiener Index to describe spider diversity because it is highly
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sensitive to rare species (Magurran 1988) and a substantial por-
tion (47%) of the spider species recorded were singletons (repre-
sented by only one individual) (see Results). We report diversity
values in terms of effective species number, which is biologically
easier to interpret (Jost 2006). As for the PERMANOVA and
rank-abundance curves, for these general linear models we used
the same subsample of randomly selected six plants per mono-
culture to achieve an equal number of plants sampled per plot
across both treatment levels. However, in contrast to the analyses
of community composition, these models used all of the 19 plots
originally sampled because richness and abundance data were
analyzed at the plot level (cumulative values across plants within
each plot) rather than at the plant level (as the PERMANOVA
and rank-abundance curves) and were thus not influenced by a
difference in the total number of plants sampled between treat-
ments from having sampled more plots in monoculture than
polyculture. In addition to these three general linear models, we
performed a subsidiary model which assessed whether tree diver-
sity effects on spider species richness were driven by an increase
in abundance in mixtures relative to monocultures. We did this
by running the spider species richness model again including spi-
der abundance as a covariate, as well as the squared term for spi-
der abundance to account for non-linearity in the relationship
between abundance and richness. If diversity effects on spider
species richness are mediated by effects on spider abundance,
then a significant effect on richness in the initial model should
turn non-significant once abundance is accounted for.

Whenever the diversity effect on spider species richness or
abundance was significant in a general linear model, we deter-
mined if such effect was additive or non-additive. The former
occurs due to sampling effects, i.e., a higher chance in mixtures
of including a mahogany genotype or tree species to which spi-
ders recruit more strongly, whereas non-additive effects arise
from emergent properties of tree species mixtures (e.g., spider
spill-over among tree species, increased habitat complexity, etc.),
which cannot be explained by sampling effects alone. Following
Johnson et al. (2006), we calculated mahogany genotype means
for richness and abundance at low diversity (i.e., expected values)
and compared these values to the mean of each genotype at high
diversity (observed values) using one-way general linear models
using the MIXED procedure in SAS v.9.2. These models also
included the effects of plot and genotype nested within plot
which made them analogous to a paired test (Johnson et al.
2006). A significant difference between observed and expected
values is necessarily due to non-additivity as sampling effects are
accounted for by including genotype-specific expected values.

RESULTS

Across both surveys and based on all 19 plots and plants origi-
nally sampled (20 plants per monoculture and six per polyculture)
we found a total of 460 spider specimens on mahogany, repre-
senting four families, 20 genera, and 23 species (Table S1). An
additional seven specimens were not identified and classified as
six different morphospecies. Family Araneidae had the highest

richness with 12 species, followed by Theriididae with 10 species.
Families Uloboridae and Tetragnathidae were each represented by
only one species. The most common species was Leucauge venusta
with 273 individuals (59.3% of the total), followed by Araneus peg-
nia with 57 specimens (12.3%) (Table S1).

EFFECTS OF TREE DIVERSITY ON SPIDER ABUNDANCE AND SPECIES

RICHNESS.—The general linear model indicated a significant effect
of tree diversity on the abundance of weaver spiders associated
with mahogany (F1,17 = 5.16, P = 0.036), where polycultures
exhibited a 52 percent greater mean value (14.5 � 1.77 spiders
per plot) relative to monocultures (9.5 � 1.35 spiders per plot).
Similarly, we also found a significant effect of tree diversity on
spider species richness (F1,17 = 13.88, P = 0.001) with polycul-
tures showing a 46 percent greater mean value (5.5 � 0.38 spe-
cies per plot) relative to monocultures (3.75 � 0.29 species per
plot). Subsidiary analyses indicated that effects of tree diversity
on spider abundance and species richness were non-additive (i.e.,
observed vs. expected values; abundance: F1,16 = 8.32,
P = 0.010; richness: F1,17 = 28.44, P = 0.001). In addition, after
accounting for spider abundance, the effect of tree diversity on
spider species richness remained significant (diversity effect:
F3,15 = 6.21, P = 0.024), suggesting that positive effects of diver-
sity on spider richness were not mediated by an increase in spider
abundance in tree species mixtures. Finally, similar to species
richness and abundance, we also found a significant effect of tree
diversity on the diversity of weaver spiders measured as the effec-
tive species number (F1,17 = 4.82, P = 0.042), with polycultures
having a 25 percent greater effective spp. number (4.38 � 0.32)
than monocultures (3.49 � 0.24).

EFFECTS OF TREE DIVERSITY ON SPIDER SPECIES COMPOSITION.—The
rank-abundance curves showed a clear dominance of L. venusta
across both levels of tree diversity (Fig. 1). However, the species
relative abundances declined more steeply in monocultures than
polycultures; for example, A. pegnia was the second most abun-
dant species in monoculture and was substantially more abundant
than the following most abundant species, whereas in polyculture
the second most abundant was Eriophora ravilla and was followed
closely by five to six other species (Fig. 1). In addition, we also
found a greater number of ‘rare species’ (singletons, i.e., repre-
sented by one individual) in polyculture (eight species) than in
monoculture (four species). Despite these differences, the PEMA-
NOVA analyses did not suggest statistical differences in spider
community composition between monocultures and polycultures
(F1,12 = 1.42, P = 0.22), and this finding remained consistent in
most cases regardless of which subset of the data were analyzed
(non-significant diversity effect in eight of ten cases using alterna-
tive random subsamples of seven monoculture plots, F < 2.3,
P > 0.07; significant cases: F > 2.85 P < 0.02).

DISCUSSION

Our results demonstrate that increasing tree species diversity
leads to substantially higher abundance, species richness, and
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diversity (measured as effective species number) of weaver spi-
ders associated with mahogany, which is in agreement with theo-
retical expectations of positive effects of plant diversity on
species at the third trophic level due to increased habitat com-
plexity, availability of refuges, and/or prey availability (i.e., the
Enemies Hypothesis; Root 1973, Russell 1989, Barbosa et al.
2009). These results provide evidence for the effects of tropical
tree species diversity on a largely overlooked guild of important
predatory arthropods, and as such emphasize the potential bene-
fits of establishing mixed forest plantations, provided that
increased predator diversity (and abundance) leads to enhanced
suppression of herbivorous pests as suggested by a recent meta-
analysis (Griffin et al. 2013). Interestingly, the fact that tree diver-
sity effects were observed early in the establishment of the exper-
iment indicates that strong effects of tree diversity on predator
communities may arise early in young forest plantations poten-
tially leading to strong top-down suppression of herbivore popu-
lations during critical stages of plant establishment and early
development.

EFFECTS OF TREE DIVERSITY ON SPIDER SPECIES COMPOSITION.—The
species composition, relative abundances, and identity of families
of weaver spiders recorded in our study are consistent with find-
ings from previous studies showing that Theridiidae and Aranei-
dae are the best represented spider families (in terms of both
species number and abundance) in both agricultural fields
(Ibarra-N�u~nez 1990, Ibarra-N�u~nez & Garc�ıa-Ballinas 1998) and
natural ecosystems (Llinas & Jim�enez 2004, Maya-Morales et al.
2011, G�omez-Rodr�ıguez & Salazar 2012). In addition, the most
abundant spider species in our experimental plantation, L. venusta,
has been reported, along with other species of the same genus
(Leucauge mariana and Leucauge argyra), as the most abundant wea-
ver spider in cacao (de la Cruz et al. 2009) and coffee plantations
(Ibarra-N�u~nez & Garc�ıa-Ballinas 1998, Pinkus-Rend�on et al.
2006) in southern Mexico. Species of the genus Leucauge are char-
acterized by building horizontal webs with a high number of
radius and spirals (Dondale 2003), which are structural features

that increase mechanical resistance against abiotic factors (e.g.,
winds, branch movement) relative to vertical webs and thus likely
contribute to the colonization success of these species.

The rank-abundance curves indicated differences in the rela-
tive abundance and species identity of weaver spiders associated
with mahogany in tree species polycultures relative to monocul-
tures. Considering that several of the spider species recorded
have relatively specific habitat physical requirements (Uetz 1991,
Galle & Schweger 2014), the observed differences in spider spe-
cies composition between monocultures and mixtures could have
been at least partly due to environmental differences between
these two treatment levels. For example, differences in humidity,
light availability, or habitat physical complexity have been shown
to influence species composition of spider assemblages (Tews
et al. 2004). Surprisingly, however, the PERMANOVA analysis
did not reveal significant differences in spider community struc-
ture between monocultures and mixtures. We speculate that this
negative result could have been due to low statistical power as we
reduced the number of plots and plants sampled per plot in
monoculture to achieve a balanced design at both levels of diver-
sity (seven plots and six plants per plot in each case). Accord-
ingly, previous work provides evidence that the reliability of
PERMANOVA is highly contingent upon sample size, and it is
unlikely to obtain results with an adequate statistical power with
less than ten measures per group (Anderson & Walsh 2013, Kelly
et al. 2015). Therefore, despite the lack of statistical support from
the PERMANOVA analyses, the patterns observed in the rank-
abundance curves suggest that better replicated studies may find
greater support for differences in spider community composition
between monocultures and polycultures.

EFFECTS OF TREE DIVERSITY ON SPIDER SPECIES RICHNESS,
ABUNDANCE, AND DIVERSITY.—Our findings indicate that tree
diversity drove an increase in the abundance, species richness,
and diversity of weaver spiders associated with mahogany. These
findings are in agreement with the Enemies Hypothesis which
predicts that increasing plant species diversity leads to an increase

FIGURE 1. Rank-abundance curves for species of weaver spiders sampled on mahogany (Swietenia macrophylla) trees planted in mahogany monocultures and tree

species polycultures (mahogany plus a random mixture of three other tree species). The X-axis shows the species rank (ordered from highest to lowest) based on

relative abundance values (pi), whereas the Y-axis shows the relative abundance of each species in a logarithmic scale (log10 pi). Each species is represented by

the first letter of the genus and species names (for the full name of each species, see Table S1). N = 7 plots for monocultures and polycultures.
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in the number of physical refuges or resource types available to
organisms at higher trophic levels, which in turn preferentially
recruit to high-diversity patches (Langelloto & Denno 2004). In
this sense, previous work provides evidence that spider abun-
dance and diversity are positively correlated with the diversity or
abundance of prey (Rypstra 1986, Denno et al. 2005) and with
the availability of web-building sites or shelters against other
predators (Rypstra 1986, Langelloto & Denno 2004). The former
could have mediated the observed tree diversity effects on spi-
ders, as previous work in this plantation reported that mahogany
plants in polycultures have higher species richness of insect herbi-
vores relative to mahogany monocultures (Campos-Navarrete
et al. 2015). Future work is necessary to determine the influence
of prey availability relative to other abiotic factors (e.g., canopy
openness and temperature; Gunnarsson 2007, Wise 1993) and
habitat complexity (Uetz 1991) affecting spider recruitment to
tree stands.

Interestingly, the effect of tree diversity on spider species
richness remained significant after accounting for spider abun-
dance which suggests that diversity effects on spider richness
were mediated by some mechanism other than an increase in
abundance. This result runs counter to the More Individuals
Hypothesis (Hutchinson 1959, Srivastava & Lawton 1998), which
poses that higher producer biomass with increasing diversity leads
to greater herbivore abundance, and this in turn leads to an
abundance-driven accumulation of consumer species at higher
trophic levels. Instead, tree diversity could have favored an
increase in the number of habitat or prey-specialist spider species
in mixtures (i.e., The Resource Specialization Hypothesis; Root
1973, Keddy 1984). Accordingly, we found that polycultures had
a greater number of rare species (singletons), suggesting that
increased recruitment of rare, potentially specialized species con-
tributed to the observed diversity effect. This argument, however,
remains speculative and further work on the feeding habits and
abiotic requirements of the spider species associated with this sys-
tem is needed to test this hypothesis.

In closing, it is interesting to note that, in contrast to this
study, previous work in this experimental system has found no
effect of tree diversity on salticid spiders (Salticidae) associated
with mahogany (Abdala-Roberts et al. 2015). This could be
explained by differences in mobility or hunting mode between
these two guilds; salticid species are cursorial spiders that do not
build webs and therefore may be less influenced by habitat
requirements for web-building relative to weaver spiders (Tews
et al. 2004). An important goal for future research in this system
will be to achieve a better understanding of how spider traits
determine the effects of diversity on this ecologically important
group of predators.

CONCLUSIONS

The observed positive effects of tree diversity on spider abun-
dance, species richness, and diversity are noteworthy as these
predators, despite being present at low abundances, can exert
strong impacts on arthropod communities and regulate herbivore

populations (Maloney et al. 2003). Accordingly, this study suggests
that establishing mixed forest plantations may represent a strategy
to conserve biodiversity and promote the ecosystem services pro-
vided by predatory arthropods (control of herbivorous insects)
(Verheyen et al. 2016). More broadly, these results emphasize the
role of tree species diversity in structuring communities at higher
trophic levels and argue in favor of conserving tree diversity to
maintain diversity at higher trophic levels (Castagneyrol & Jactel
2012).
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