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ABSTRACT
Despite potential interactive effects of plant species and genotypic diversity (SD and GD, respectively) on consumers, studies have usually examined these effects separately. We evaluated the individual and combined effects of tree SD and mahogany (Swietenia macrophylla)
GD on the arthropod community associated with mahogany. We conducted this study within the context of a tree diversity experiment
consisting of 74 plots with 64 saplings/plot. We sampled 24 of these plots, classiﬁed as monocultures of mahogany or polycultures of
four species (including mahogany). Within each plot type, mahogany was represented by either one or four maternal families. We surveyed arthropods on mahogany and estimated total arthropod abundance and species richness, as well as abundance and richness separately for herbivorous and predatory arthropods. Overall tree SD and mahogany GD had positive effects on total arthropod species
richness and abundance on mahogany, and also exerted interactive effects on total species richness (but not abundance). Analyses conducted by trophic level group showed contrasting patterns; SD positively inﬂuenced herbivore species richness but not abundance, and
did not affect either predator richness or abundance. GD inﬂuenced predator species richness but not abundance, and did not inﬂuence
herbivore abundance or richness. There were interactive effects of GD and SD only for predator species richness. These results provide
evidence that intra- and inter-speciﬁc plant diversity exert interactive controls on associated consumer communities, and that the relative
importance of SD and GD may vary among higher trophic levels, presumably due to differences in the underlying mechanisms or consumer traits.
Abstract in Spanish is available with online material.
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THERE

(SD)
(e.g., Koricheva et al. 2000, Crutsinger et al. 2006, Cook-Patton et al. 2011, McArt & Thaler
2013) as well as arthropod species richness and abundance (Koricheva et al. 2000, Haddad et al. 2009). Recent work has shown
parallel and qualitatively similar effects of plant genotypic diversity (GD; i.e., within plant species) on ecosystem function and
consumer communities (Agrawal et al. 2006, Castagneyrol et al.
2012, Hamb€ack et al. 2014). The bottom-up effects of both
sources of plant diversity on consumers may result in altered
consumer top-down control, which may in turn inﬂuence ecosystem function (Carnus et al. 2003, Haddad et al. 2009, Moreira
et al. 2012). For example, enhanced predator top-down control
of herbivores may mediate positive effects of plant diversity on
primary productivity (Carnus et al. 2003, Haddad et al. 2009,
Moreira et al. 2012).
IS MOUNTING EVIDENCE THAT PLANT SPECIES DIVERSITY

AFFECTS PRIMARY PRODUCTIVITY
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Plant diversity could affect community structure at higher
trophic levels via different mechanisms. For example, the
Resource Specialization Hypothesis (Root 1973, Keddy 1984)
poses that greater plant diversity increases the availability of
resources or niches that can then accommodate more specialized
consumer species. Alternatively, the More Individuals Hypothesis
postulates that greater plant diversity increases the availability of
resources (e.g., through increased productivity) and, consequently,
the abundance of consumers, increases the probability of having
more consumer species in the community (Hutchinson 1959, Srivastava & Lawton 1998).
While the mechanisms by which plant diversity affects higher
trophic levels have been relatively well studied, the inﬂuence of
plant trait variation related to such diversity is less understood. For
instance, the phenotypic variation among plant species is usually
greater than the genotypic variation within each component species
in a community; thus, SD would be expected to have stronger
effects on consumers than would GD. However, recent work has
shown that plant GD may have equally strong (Cook-Patton et al.
579
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2011) or stronger (Crawford & Rudgers 2013) effects on arthropod
communities. Furthermore, plant GD and SD may interactively
inﬂuence higher trophic levels (Crawford & Rudgers 2013), but
most studies have evaluated these effects separately. Accordingly,
the relative importance and potential for interactive effects between
plant intra- and inter-speciﬁc diversity are not clear.
In addition, the effects of plant GD and SD on higher
trophic levels vary among consumer functional groups or trophic
levels (Vehvil€ainen et al. 2007, 2008). For example, differences in
mobility may inﬂuence the ability of herbivores or predators to
disperse and thus respond to resource heterogeneity (Koricheva
et al. 2000, Bommarco & Banks 2003). These ﬁndings highlight
the need to compare the effects of different sources of plant
diversity across higher trophic levels (or guilds within trophic
levels) that vary in traits predicting consumer responses to
resource heterogeneity (Johnson et al. 2006).
Here, we evaluated the individual and interactive effects of
GD within the tropical tree Swietenia macrophylla King (big-leaf
mahogany) and overall SD of tropical trees on the arthropod community in southern Mexico. To uncover potential differences in
effects across trophic levels, we tested for plant diversity effects
on total arthropod abundance and species richness, as well as separately for herbivorous and predatory arthropods. By sampling
only mahogany plants, our test of SD addresses the inﬂuence of
tree species neighborhood on arthropods recruiting to one component tree species in the system. The same rationale extends to
interpreting the interactive effects between sources of diversity. We
also sampled all mahogany genotypes at both low and high GD,
which enabled us to test for an effect of GD on arthropods.
We addressed the following questions: (1) what is the relative
importance of mahogany GD and tree species neighborhood
diversity effects on the arthropod community associated with
mahogany? (2) Do these sources of diversity exert interactive
effects? (3) Do the individual and interactive effects of intra- and
inter-speciﬁc diversity on the arthropod fauna associated with
mahogany vary across arthropod trophic levels (herbivores vs.
predators)?

METHODS
FOCAL SPECIES.—The focal tree species, big-leaf mahogany
(S. macrophylla, Meliaceae), is a self-compatible, long-lived perennial tree distributed from southern Mexico to Bolivia (Pennington
& Sarukhan 2005). Individuals are monoecious and produce unisexual ﬂowers (Styles & Khosla 1976); fruits are woody capsules
containing wind-dispersed seeds (Loveless & Gullison 2003). In
tropical forests of the Yucatan Peninsula where this study was
conducted, big-leaf mahogany co-occurs with ﬁve other tree species that are also the subject of this experiment: 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, deciduous and distributed from central Mexico to Central and South America
(Pennington & Sarukhan 2005).

SEED SOURCES AND COLLECTION.—From January 2011 to March
2011, we collected seeds of all species from adult trees located in
southern Quintana Roo (Mexico) (18°350 44″N, 88°210 45″W), and
germinated them at the Instituto Nacional de Investigaciones
Forestales Agrıcolas y Pecuarias (INIFAP) campus in Mococha,
Yucatan (Mexico) (21°60 40″N, 89°260 35″W). For all species, we
collected seeds from six mother trees (distance among trees ranged from 0.5 to 50 km, depending on species). For S. macrophylla,
the distance among mother trees spanned from 3 to 50 km,
which falls within the range used by previous studies to deﬁne
distinct populations of this species (Gillies et al. 1999, Loveless &
Gullison 2003). In a previous study, we found signiﬁcant variation among S. macrophylla maternal families (progeny of each family composed of mixture of full- and half-siblings) in growthrelated traits (e.g., canopy size: 2.5-fold), herbivore resistance (e.g.,
stem borer attack: 3.8-fold) (Table S1), and chemical defenses
(polyphenolics: ﬁve-fold variation 10.44 mg/g to 50.39 mg/g;
F5,50 = 6.30, P < 0.0001; data from Moreira et al. 2014, see also
Abdala-Roberts et al. 2014).
STUDY SITE AND EXPERIMENTAL DESIGN.—We established the experimental plots in December 2011 by planting 4-mo-old seedlings at a
7.2-ha site owned by the INIFAP, located near the town of Muna
(20°240 44″N, 89°450 13″W). We fertilized the plants once in January
2012 with N, P, and K (20:30:10), and irrigated them with 2 L
water three times per week from January 2012 until June 2012. The
design consisted of 74 plots of 21 m by 21 m, with 64 plants
within each plot and 3-m spacing among plants (N = 4780 plants);
distance between plots was 6 m. Plots were established on a
recently cleared site where vegetation consisted mostly of grasses
and shrubs, and which was surrounded by a matrix of secondary
tropical forest. Mahogany was planted in 59 of these plots, which
were classiﬁed into four types depending on the diversity treatment:
(1) S. macrophylla monocultures of one maternal family (M-1; 12
plots, two replicate plots/family), (2) S. macrophylla monocultures
of four maternal families (M-4; 20 plots), (3) species polycultures
within which all S. macrophylla saplings planted were of one maternal family (P-1; 12 plots, two plots/family), and (4) species polycultures within which mahogany plants were represented by four
maternal families (P-4; 15 plots) (see Fig. S1). Treatments for both
neighborhood tree SD and mahogany GD included equal numbers
of individuals of four species and four S. macrophylla maternal families drawn randomly from pools of six species and six maternal
families, respectively. All non-mahogany species were equally represented across polycultures (each species present in six polyculture
plots) (See Fig. S1). Likewise, S. macrophylla maternal families were
represented in a similar number of S. macrophylla monocultures of
four maternal families (8–9 plots per family), and also in a similar
number of species polycultures where S. macrophylla plants were of
four maternal families (9–10 plots per family). We interspersed
plots of each treatment throughout the experimental landscape. For
the present study, we restricted arthropod sampling to a subset of
these 59 plots with mahogany, spanning all treatments. Because we
sampled only mahogany plants, our test of SD effects evaluates
inter-speciﬁc neighborhood effects on the arthropod community
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associated exclusively with mahogany. Contrastingly, by sampling all
maternal families at low and high GD, we were able to evaluate the
overall effects mahogany GD on arthropods associated with this
focal tree species.
ARTHROPOD SAMPLING.—We sampled six plots for each of the
four diversity treatments (M-1, M-4, P-1, P-4). We conducted
arthropod surveys in June 2012, September 2012, and January
2013. During each survey, we randomly selected two plots for
each diversity treatment (N = 8), and within each plot we randomly selected 30 mahogany plants in mahogany monocultures
(M-1 and M-4), and 5–16 mahogany plants in polycultures (P-1,
P4), depending on plant availability (see Table S2). In total, we
sampled 467 mahogany plants across surveys. We used a sampling scheme with replacement, in which we censused different
plots and plants during each survey.
During each survey, we sampled all arthropods on each
plant from 0800 to 1200 h when arthropod activity was highest.
We visually examined the entire canopy and main stem of each
plant and collected all arthropods present; mahogany saplings had
an average height 76.2  0.55 cm at the time of insect sampling,
which permitted a thorough examination of each plant in search
of arthropod specimens. Specimens were preserved in 70 percent
ethanol and subsequently identiﬁed to the lowest possible taxonomic level. Specimens for which the species was not identiﬁed
were treated as morphospecies. Specimens were classiﬁed into
herbivores and predators based on anatomical features such as
mouthparts, as well as natural history information and direct
observations in the ﬁeld (Borrow & White 1970, Triplehorn &
Johnson 2005). Parasitoids and pollinators were not included in
the analysis due to their small size (which complicated detection
and sampling), high mobility, and very low abundances. While we
also surveyed ants, this functional group was not analyzed as
these species could act both as omnivores and predators, and
because they were the subject of another study.
DATA ANALYSES.—Prior to evaluating diversity effects, we conducted a rarefaction analysis to calculate the total arthropod species richness for each sampled individual. We used the Vegan
module in R v. 3.01 (R Core Team 2013) with the function
‘specaccum’ and the method ‘rarefaction’ with 100 iterations (Oksanen et al. 2013). We used generalized linear mixed models
(GLMM) to test for effects of SD [two levels: monoculture (M)
vs. polyculture (P)], genotypic diversity GD [two levels: one
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maternal family (G1) vs. four maternal families (G4)], and their
interaction on rareﬁed total arthropod species richness, total
abundance, and richness and abundance by trophic level (herbivores and predators). We treated diversity levels (GD and SD)
and interactions as ﬁxed effects. To account for non-independence of plants sampled within each plot, we incorporated a random effect using Poisson error distribution with log link
function. Results from the above models remained qualitatively
unchanged after including the effect of survey date (Table S3). In
addition, we performed analyses excluding the two most abundant arthropod species (the leafhopper Oncometopia sp. and an
unidentiﬁed Salticidae spider ‘sp1’ see Table S4) to determine
if diversity effects were driven by the dominant species in the
system.
To test for enhanced top-down effects of predators on herbivore diversity, we estimated the individual and interactive effects
of SD and GD on the ratio of predator abundance to herbivore
abundance and on the ratio of predator species richness to herbivore richness using a binomial error distribution with logit link
function. We ﬁtted all models using the Penalized Quasi-Likelihood method (Crawley 2002, 2007). Whenever an interaction was
signiﬁcant, we used a posteriori contrasts to test for differences
among pairs of means for a given factor within each level of the
other factor (Crawley 2007). We conducted GLMM analyses
using the R statistical package v. 3.01. (R Core Team 2013), with
the MASS module and the glmmPQL function (Venables &
Ripley 2002).

RESULTS
TOTAL ARTHROPOD ABUNDANCE AND SPECIES RICHNESS.—We collected a total of 360 arthropod specimens on mahogany saplings
representing the orders Coleoptera, Hemiptera, Lepidoptera,
Orthoptera, Dermaptera, Mantodea, Thysanoptera, and Araneae,
and totaling 34 families, 25 identiﬁed species, and 61 morphospecies. The families with the highest abundance were Cicadellidae
(98 individuals) and Salticidae (40). Species and morphospecies
identiﬁcations, functional group assignments, and abundances are
provided in Table S4.
Tree diversity effects on arthropod species richness.—Species diversity had
a signiﬁcant positive effect on rareﬁed total arthropod species
richness associated with mahogany (Table 1), where P exhibited a
14 percent greater mean value relative to M (Fig. 1A). We also

TABLE 1. Results from generalized linear mixed models testing for the effects of mahogany (Swietenia macrophylla) genotypic diversity (GD) and tree species diversity (SD) on
arthropod community structure associated with mahogany. Signiﬁcant effects (P < 0.05) are in bold; for all models we included plot (treated as a random effect).
Total arthropods
Source

Richness

Herbivores

Predators

Abundance

Richness

Abundance

Richness

Abundance

SD

F1,20 = 4.97 (0.02)

F1,20 = 4.50 (0.03)

F1,20 = 3.58 (0.05)

F1,20 = 0.91(0.33)

F1,20 = 2.98 (0.08)

F1,20 = 0.08 (0.83)

GD

F1,20 = 6.64 (0.01)

F1,20 = 5.12 (0.02)

F1,20 = 0.77 (0.38)

F1,20 = 0.84(0.35)

F1,20 = 5.93 (0.01)

F1,20 = 0.76 (0.33)

SD 9 GD

F1,20 = 16.43 (<0.0001)

F1,20 = 2.08 (0.14)

F1,20 = 2.45(0.11)

F1,20 = 4.84 (0.02)

F1,20 = 0.28 (0.49)

F1,20 = 0.02 (0.88)
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Total
A

10

Mean rarefied richness per plant

8

10

B

*

6

6

4

4

2

2

0

M

1

**

8

0

G1

P

1

G4

Herbivores
C 8

*

6

8

D

4

4

2

2

0

1

M

n.s

6

0

P

G1

1

G4

Predators
E

8

n.s

F

8

6

6

4

4

2

2

**

0

0

M

1

G1

P

Species Diversity

1

G4

Genotypic diversity

FIGURE 1. Effects of tree species diversity and mahogany (Swietenia macrophylla) genotypic diversity on total arthropod species richness (A, B), herbivore species
richness (C, D) and predator species richness (E, F) on mahogany plants. Bars are means  SE, and species richness is based upon rariﬁed data. *P < 0.05,
**P < 0.01, n.s. = not signiﬁcant. M = Monoculture, P = Polyculture, G1 = plots with one mahogany maternal family, G4 = plots with four mahogany families.

found a signiﬁcant effect of GD on arthropod species richness
(Table 1), where plots G4 exhibited 10 percent greater mean species richness than plots G4(Fig. 1B). Furthermore, there were
interactive effects of GD and SD on arthropod species richness
(Table 1), where the effect of GD was positive at low SD (30%
increase) but negative at high SD (Fig. 2); at the same time, SD
had positive effects on richness at low GD but no effect at high
GD (Fig. 2). Subsequent analyses indicated no effect of SD on
arthropod species richness after excluding the top two most
abundant species (Table S5), suggesting that this diversity effect
was driven by the dominant arthropod species on mahogany.
Tree diversity effects on arthropod abundance.—We also found signiﬁcant effects of SD and GD on total arthropod abundance

associated with mahogany (Table 1), with P and plots G4 exhibiting a 35 percent greater mean value than M and plots G1,
respectively (Fig. 3A). However, there was no evidence of interactive effects between SD and GD on arthropod abundance
(Table 1). We found no effect of SD or GD on arthropod abundance after excluding the most abundant species (Table S5), again
showing that diversity effects were driven by the dominant
arthropod species on mahogany.
TREE

DIVERSITY EFFECTS ON HERBIVORE ABUNDANCE AND SPECIES

RICHNESS.—Herbivores

represented 69 percent (249 individuals)
of the specimens sampled (Table S4). Within this group, the
leafhopper Oncometopia sp. (Cicadellidae) was the most abundant
species. SD had a signiﬁcant positive effect on rareﬁed herbivore
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Total arthropod species richness

Genotypic Diversity

G1

G4

12
10
8
6
4
2

niﬁcant effect on the ratio of predator species richness to herbivore richness, which was greater in plots G4 relative to those
plots G1 (Table S6). In addition, there was a signiﬁcant
GD 9 SD interaction (Table S6) where the effects of GD on
the predator to herbivore richness ratio were positive at low SD,
but negative at high SD. There was no effect of SD on the ratio
of predator to herbivore species richness (Table S6). In addition,
there were no individual or interactive effects of GD or SD on
the ratio of predator abundance to herbivore abundance
(Table S6).

DISCUSSION

0
Monoculture

Polyculture

Species Diversity
FIGURE 2. Effects of tree species diversity (SD; monoculture, polyculture)
and mahogany genotypic diversity (GD; G1 = one mahogany maternal family,
G4 = four families) on rariﬁed arthropod species richness associated with
big-leaf mahogany (Swietenia macrophylla). Values are means  SE. GD had a
positive effect on arthropod species richness at low SD (F1,20 = 24.0,
P = 0.0001), whereas at high SD this effect was negative (F1,20 = 6.51,
P = 0.01). In addition, we found a positive effect of SD at low GD
(F1,20 = 24.4, P < 0.0001), whereas at high GD the effect of SD was not signiﬁcant (F1,20 = 1.64, P = 0.20).

species richness (Table 1), with P having a 15 percent greater
mean value relative to M (Fig. 1C). By contrast, the effect of GD
was not signiﬁcant (Table 1; Fig. 1D), and there was no evidence
of interactive effects between SD and GD (Table 1). We found
no effects on herbivore abundance of SD (Fig. 3C), GD
(Fig. 3D), or their interaction (Table 1). Subsequent analyses indicated no effect of SD on herbivore species richness after excluding the most abundant herbivore species (Table S5).
TREE
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DIVERSITY EFFECTS ON PREDATOR ABUNDANCE AND SPECIES

represented 31 percent (111) of the specimens sampled, with an unidentiﬁed salticid spider being the most
abundant species (Table S4). In contrast to herbivore species richness, there was no effect of SD on rareﬁed predator species richness (Table 1; Fig. 1E), while GD had signiﬁcant positive effect
(Table 1); plots G4 exhibited 18 percent greater mean predator
species richness relative to plots G1 (Fig. 1F). In addition, we
found interactive effects between SD and GD on predator species richness (Table 1; Fig. 4), where the effect of GD was significant (positive) at low SD but non-signiﬁcant at high SD.
Conversely, SD had a positive effect on predator species richness
at low GD, but no effect at high GD (Fig. 4). Finally, there were
no effects of SD (Fig. 3E), GD (Fig. 3F), or their interaction on
predator abundance (Table 1). Subsequent analyses excluding the
top two most abundant predator species remained qualitatively
unchanged (Table S5).

Our results demonstrate that the relative importance of mahogany GD and tree species neighborhood diversity effects (SD)
varied across higher trophic levels. While both GD and SD positively inﬂuenced total arthropod species richness and abundance
associated with mahogany, the relative importance of each varied
between herbivorous and predatory arthropods: neighborhood
SD inﬂuenced herbivore species richness, whereas GD inﬂuenced
predator species richness. In addition, our results suggest that
responses of the most abundant arthropods on mahogany drive
these effects.
Aside from their individual effects, we also found that GD
and SD exerted interactive controls on total arthropod species
richness (but not abundance), as well as predator species richness.
GD effects became weaker at high neighborhood SD; on other
hand, GD effects are higher on low SD. Only two studies have
directly compared the relative strength of plant intra- and interspeciﬁc diversity on higher trophic levels (Cook-Patton et al.
2011, Crawford & Rudgers 2013), and of these, only one tested
for (and found) interactive effects (Crawford & Rudgers 2013).
Our ﬁndings therefore emphasize the importance of considering
the linkages between different sources of plant diversity in predicting the bottom-up effects of resource heterogeneity on higher
trophic levels.

RICHNESS.—Predators

DIVERSITY

EFFECTS ON THE RATIO OF PREDATOR TO HERBIVORE

ABUNDANCE AND SPECIES RICHNESS.—Genotypic

diversity had a sig-

TOTAL ARTHROPOD SPECIES RICHNESS AND ABUNDANCE.—We found
that both SD and GD positively inﬂuenced arthropod species
richness and abundance associated with big-leaf mahogany,
thereby corroborating previous studies in other systems (Koricheva et al. 2000, Crutsinger et al. 2006, Haddad et al. 2009,
Scherber et al. 2010). Because arthropod species richness analyses
were based upon rariﬁed data, (i.e., accounting for abundance),
our ﬁndings suggest that the observed effects of SD and GD on
arthropod species richness were not predominantly driven by
increased consumer abundance as proposed by the More Individuals Hypothesis (Srivastava & Lawton 1998). Otherwise, the
effects of SD on rariﬁed arthropod species richness (vs. non-rariﬁed data) would have likely been non-signiﬁcant (Crutsinger et al.
2006).
Instead, our results support the Resource Specialization
Hypothesis (Hutchinson 1959, Srivastava & Lawton 1998), which
proposes that greater resource availability and diversity at high
plant diversity promotes the recruitment of specialized consumer
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Total
A

8

B

*

6
4

4

2

2

M

*

6

0

Mean abundance per plant

8

0

1

G1

P

1

G4

Herbivores
C

8

D

n.s

6

8

n.s

6

4

4

2

2
0

0
1

M

G1

P

1

G4

Predators
E

8

F

n.s

6

8

n.s

6

4

4

2

2
0

0

M

1

P

Species Diversity

G1

1

G4

Genotypic diversity

FIGURE 3. Effects of tree species diversity and mahogany (Swietenia macrophylla) genotypic diversity on total arthropod species richness (A, B), herbivore species
richness (C, D) and predator species richness (E, F) on mahogany plants. Bars are means  SE. *P < 0.05, n.s. = not signiﬁcant. M = Monoculture, P = Polyculture, G1 = plots with one mahogany maternal family, G4 = plots with four mahogany families.

species, which then drives an overall increase in consumer species
richness. Taken together, our ﬁndings suggest that effects of both
sources of diversity on total arthropod species richness and abundance were similar in magnitude and that effects on richness were
driven by similar mechanisms (but see Discussion below on effects
by trophic level). In contrast to our results, Cook-Patton et al.
(2011) found that GD and SD effects on arthropod species richness were determined by different mechanisms: GD effects were
abundance driven, whereas SD effects were due to accumulation
of specialized consumers. We suggest that, to gain a predictive
understanding of these dynamics, future work should address the
prevalence and relative importance of the mechanisms by which
different sources of plant diversity inﬂuence higher trophic levels.

The effects of SD and GD on total arthropod abundance,
and of SD on total arthropod species richness and herbivore species richness, were non-signiﬁcant after removing the two most
abundant arthropod species. This suggests that these diversity
effects were driven by the responses of the dominant arthropod
species on mahogany.
Importantly, we also found that SD and GD exerted interactive controls on arthropod species richness. Speciﬁcally, the effect
of GD reversed depending on the level of SD, whereas the effect
of SD on mahogany became non-signiﬁcant at high GD (Fig. 2).
These ﬁndings suggest that SD and GD effects on arthropod
abundance counteracted each other, possibly due to opposing
mechanisms (Cook-Patton et al. 2011).
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effect of SD was not signiﬁcant (F1,20 = 0.15, P = 0.69).

and GD on plant growth across all tree species were possibly
also weak due to limited interactions between widely spaced tree
saplings early in the establishment of this experiment. Biomassmediated effects of diversity on herbivore abundance in this system may emerge as plant–plant interactions become stronger.
Factors such as the spatial scale of the experiment in relation
herbivore movement (Bommarco & Banks 2003) and variation in
herbivore traits (Plath et al. 2012) could have inﬂuenced the
detection of SD and GD effects. In particular, it is possible that
herbivore responses observed in this study varied by functional
group or species depending on traits such as mobility or diet
breadth (Koricheva et al. 2000, Plath et al. 2012), and that analyzing responses by pooling all species could have obscured the
detection of such dynamics. Work in this system using subsets of
focal herbivore species has found that SD is contingent upon
herbivore diet breadth (Abdala-Roberts et al. 2015), indicating
that these effects deserve further attention. Our interpretation of
effects of GD and SD on insect herbivores will likely depend on
how many of these herbivore species are specialists to mahogany
relative to generalist species that use the other tree species. We
currently do not have this information for most of herbivores
sampled on mahogany in the system, but plan to address this
aspect in future work.

HERBIVORE SPECIES RICHNESS AND ABUNDANCE.—Analyses conducted separately for herbivore and predator arthropods revealed
differences in the SD and GD effects across trophic levels. We
found that higher SD caused a 15 percent increase in herbivore
species richness on mahogany, which is within the range of effect
sizes observed in previous studies (Haddad et al. 2009, CookPatton et al. 2011, Crawford & Rudgers 2013). By contrast, we
found no effect of GD on herbivore species richness, contradicting previous studies that showed substantial effects of GD on
the abundance of herbivorous insects (reviewed by Hughes et al.
2008, Bailey et al. 2009). Interestingly, we found a higher ratio of
predator to herbivore species richness at low GD, suggesting that
responses of herbivores to high GD could have been counteracted by stronger top-down control by predators (Haddad et al.
2009). Alternatively, the lack of GD effects may have been due
to low functional contrast among mahogany maternal families,
which resulted in weak effects on herbivores (Castagneyrol et al.
2012).
We observed no effect of either SD or GD on herbivore
abundance, which contrasts with previous studies that reported
GD and SD effect sizes ranging from 20 to 40 percent (e.g.,
Cook-Patton et al. 2011, Crawford & Rudgers 2013, McArt &
Thaler 2013). This result is perhaps not surprising if we consider
that effects of SD on arthropod abundance are frequently driven
by increased biomass (e.g., Koricheva et al. 2000, Crutsinger et al.
2006, Cook-Patton et al. 2011), and such effects were likely weak
in our study. Other work in our study system has found no effect
of either mahogany GD or SD on mahogany growth (Moreira
et al. 2014, Abdala-Roberts et al. 2015), and overall effects of SD

PREDATOR SPECIES RICHNESS AND ABUNDANCE.—We found that
mahogany GD, but not SD, positively inﬂuenced species richness of predatory arthropods associated with mahogany, agreeing with expectations from the Enemies Hypothesis (Root
1973). This predict that plant diversity favors greater predator
diversity because of increased availability of refuges and
resources expected to drive greater predation rates and thus
reductions in herbivore abundance (Russell 1989). These ﬁndings are in contrast to those for herbivore species richness on
which SD, but not GD, had a signiﬁcant effect. More generally, our results disagree with previous work suggesting that
plant genetic variation should have stronger effects on herbivores than on predators (Johnson & Agrawal 2005), and
instead suggest that plant genetic effects do not always dampen across trophic levels as plant genetic variation may inﬂuence speciﬁc organisms or functional groups (regardless of
trophic positioning) more than others (Bailey et al. 2009). In
particular, our results agree with previous studies showing that
the third trophic level can be highly responsive to plant intraspeciﬁc variation, particularly in the case of plant traits directly
inﬂuencing predator recruitment (reviewed by Hare 2002,
Mooney & Singer 2012). At the same time, our results for
predator species richness do not provide support for the
expectation that SD effects on consumers should be stronger
due to greater underlying plant trait variation (see Cook-Patton
et al. 2011), and suggest that the third trophic level can in
some cases be more responsive to plant intra- than inter-speciﬁc diversity.
We observed interactive effects of SD and mahogany GD
on predator species richness (but not abundance) associated with
big-leaf mahogany, where GD effects changed depending on the

Predator species richness

Genotypic diversity

G1

G4

8
6
4
2

0
Monoculture

Polyculture

Species Diversity
FIGURE 4. Effects of tree species diversity (SD; monoculture, polyculture)
and mahogany genotypic diversity (GD; G1 = one mahogany maternal family,
G4 = four families) on rariﬁed species richness of predatory arthropods associated with big-leaf mahogany (Swietenia macrophylla). GD had a positive effect
on arthropod species richness at low SD (F1,20 = 14.4, P < 0.0001), but no
effect at high SD (F1,20 = 0.51, P = 0.47). In addition, we found a positive
effect of SD at low GD (F1,20 = 10.59, P < 0.001), whereas at high GD the
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level of SD. In particular, we found that GD caused a signiﬁcant
increase in predator species richness at low SD (i.e., in mahogany
monocultures), but had no effect at high SD. This pattern suggests that GD effects were overcome by increased habitat or
resource heterogeneity in species polycultures (Cook-Patton et al.
2011, Crawford & Rudgers 2013), and this dynamic could have
driven the interactive effects of SD and GD on total species
richness. In addition, SD effects on mahogany predator species
richness were contingent upon mahogany GD, with a positive
effect of SD present at low GD but no effect at high GD
(Fig. 4). Thus, despite being underlain by a lower magnitude
of trait variation, mahogany GD effects nonetheless inﬂuence
tree SD effects on arthropods. Further work is necessary to
determine the mechanisms producing this pattern; perhaps the
characteristics of the dominant species (e.g., architecture, chemical defenses) that depend on GD have an effect on the consumer community.

CONCLUSIONS
Our study emphasizes the importance of simultaneously testing
the effects of multiple forms of plant diversity, as these may
act concurrently and lead to non-additive effects on higher
trophic levels. Furthermore, we show that independent and
interactive effects of plant intra- and inter-speciﬁc diversity
may vary among consumer functional groups or trophic levels.
Future work should focus on understanding how different
sources of plant diversity and consumer trait variation interact
in shaping community structure across trophic levels.
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