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Abstract. Herbivory is viewed as a major driver of plant evolution and the most
important energy pathway from plants to higher trophic levels. Therefore, understanding
patterns of herbivory on plants remains a key focus in evolution and ecology. The
evolutionary impacts of leaf herbivory include altering plant fitness, local adaptation, the
evolution of defenses, and the diversification of plants as well as natural enemies. Leaf
herbivory also impacts ecological processes such as plant productivity, community
composition, and ecosystem nutrient cycling. Understanding the impact of herbivory on
these ecological and evolutionary processes requires species-specific, as opposed to
community-level, measures of herbivory. In addition, species-specific data enables the use of
modern comparative methods to account for phylogenetic non-independence. Although
hundreds of studies have measured natural rates of leaf consumption, we are unaware of any
accessible compilation of these data. We created such a data set to provide the raw data
needed to test general hypotheses relating to plant—herbivore interactions and to test the
influence of biotic and abiotic factors on herbivory rates across large spatial scales. A large
repository will make this endeavor more efficient and robust. In total, we compiled 2641
population-level measures for either annual or daily rates of leaf herbivory across 1145 species
of vascular plants collected from 189 studies. All damage measures represent natural
occurrences of herbivory that span numerous angiosperm, gymnosperm, and fern species. To
enable researchers to explore the causes of variation in herbivory and how these might
interact, we added information about the study sites including: geolocation, climate
classification, habitat descriptions (e.g., seashore, grassland, forest, agricultural fields), and
plant trait information concerning growth form and duration (e.g., annual vs. perennial). We
also included extensive details of the methodology used to measure leaf damage, including
seasons and months of sampling, age of leaves, and the method used to estimate percentage
area missing. We anticipate that these data will make it possible to test important hypotheses
in the plant-herbivore literature, including the plant apparency hypothesis, the latitudinal-
herbivory defense hypothesis, the resource availability hypothesis, and the macroevolutionary
escalation of defense hypothesis.

Key words: browsing; climatic variation; defoliation, folivory; global census; grazing, latitudinal
gradients; leaf age; leaf consumption, plant—herbivore interactions,; primary consumption; trophic interactions.
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directly beneath the title).
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METADATA
CLASS 1. DATA SET DESCRIPTORS

A. Data set title: Percent leaf herbivory across vascular plant species
B. Data set identification code: Leaf Herbivory.csv
C. Data set description

The data set includes 2641 spatially explicit measurements of population level leaf
herbivory on 1145 species of vascular plants from 189 studies from across the globe. It includes
annual and or daily rates of percent leaf area damage. All damage measures are caused by
naturally occurring herbivores and span across angiosperms, gymnosperms, and fern species. Each
species-specific population level entry includes information about the location of the study site,
detailed climate classification, habitat information (e.g., forest, grassland, seashore), plant duration
(e.g. perennial, annual) and growth form, and extensive details of the methodology used to
measure herbivory, including seasons of sampling, age of leaves, method used to estimate percent
area damage, number of replicate plants, and when available we include estimates of uncertainty.
The spatial and climatic distribution of the data can be seen in Figures 1 and 2 and the distribution

of data according to plant growth form and duration in Figures 3 and 4.
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Figure 1: World distribution of sampling sites. Colors illustrate the 30 K&ppen-Geiger climate

classification as delimited by Peel et al. (2007).

Figure 2: Distribution of data entries among the most frequently studied climate regions according
to the Koppen-Geiger climate classification (Peel et al. 2007). Charts represent the proportion of
measurements in each climate region that were based on: (A) annual rates of herbivory, (B) daily

rates of herbivory, (C) measurements made on standing leaves, and (D) marked leaves.
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27  Figure 3: Distribution of data entries among a simplified classification of plant growth form.
28  Charts represent the proportion of measurements falling into each plant growth form category that
29  were based on: (A) annual rates of herbivory, (B) daily rates of herbivory, (C) measurements made

30 on standing leaves, and (D) marked leaves.
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Figure 4: Distribution of data entries among a simplified classification of plant duration. Charts
represent the proportion of measurements falling into each plant duration category that were based

on: (A) annual rates of herbivory, (B) daily rates of herbivory, (C) measurements made on

standing leaves, and (D) marked leaves.
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Abstract: Herbivory is viewed as a major driver of plant evolution and the most important energy
pathway from plants to higher trophic levels. Therefore, understanding patterns of herbivory on
plants remains a key focus in evolution and ecology. The evolutionary impacts of leaf herbivory
include altering plant fitness, local adaptation, the evolution of defenses, and the diversification of
plants as well as natural enemies. Leaf herbivory also impacts ecological processes such as plant
productivity, community composition, and ecosystem nutrient cycling. Understanding the impact
of herbivory on these ecological and evolutionary processes requires species-specific, as opposed
to community level, measures of herbivory. In addition, species-specific data enables the use of
modern comparative methods to account for phylogenetic non-independence. Although hundreds
of studies have measured natural rates of leaf consumption, we are unaware of any accessible
compilation of these data. We created such a data set to provide the raw data needed to test general
hypotheses relating to plant-herbivore interactions and to test the influence of biotic and abiotic

factors on herbivory rates across large spatial scales. A large repository will make this endeavor
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more efficient and robust. In total, we compiled 2641 population level measures for either annual
or daily rates of leaf herbivory across 1145 species of vascular plants collected from 189 studies.
All damage measures represent natural occurrences of herbivory that span numerous angiosperm,
gymnosperm, and fern species. To enable researchers to explore the causes of variation in
herbivory and how these might interact, we added information about the study sites including:
geolocation, climate classification, habitat descriptions (e.g., seashore, grassland, forest,
agricultural fields), and plant trait information concerning growth form and duration (e.g., annual
versus perennial). We also included extensive details of the methodology used to measure leaf
damage, including seasons and months of sampling, age of leaves, and the method used to estimate
percent area missing. We anticipate that these data will make it possible to test important
hypotheses in the plant-herbivore literature, including the Plant Apparency Hypothesis, the
Latitudinal-Herbivory Defense Hypothesis, the Resource Availability Hypothesis, and the

Macroevolutionary Escalation of Defense Hypothesis.

D. Key words: browsing, climatic variation, defoliation, folivory, global census, grazing,
latitudinal gradients, leaf consumption, leaf age, plant-herbivore interactions, primary

consumption, and trophic interactions.

CLASS II. RESEARCH ORIGIN DESCRIPTORS
A. Overall project description
Identity: A spatially explicit compilation of leaf damage on vascular plants species by naturally
occurring herbivores.

Period of Study: Dates of publications of source data range from 1960-2012
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Sources of funding: The compilation of this data set was supported by the Natural Sciences and
Engineering Research Council of Canada and a University of Toronto Connaught Fellowship to

MTIJJ.

B. Research Motivation

The consumption of plant tissue by animals is one of the most important ecological and
evolutionary interactions in nature. Herbivory is the main conduit of energy and nutrients from
primary producers to consumers. The intensity of herbivory has been shown to impact plant
community dynamics and composition (Fine et al. 2004, Maron and Crone 2006, Kursar et al.
2009, Paine et al. 2012) as well as ecosystem level primary productivity and nutrient cycling
(Cebrian and Lartigue 2004, Schmitz 2008, Chapin et al. 2011). For example, rabbit herbivory can
alter the composition of plant communities through direct consumption and by altering
competitive interactions among plants species (Crawley 1990). Herbivores can increase the rate of
cycling of macronutrients by selecting plants and tissues of higher nutritional quality and because
nutrients are often released more rapidly from their faeces than from the plants from which they
are composed (Zamora et al. 1999, Schmitz 2008). Alternatively, nutrient cycling can be slowed
when consumers prefer plant species with high potential decomposition rates, driving community

composition towards slower decomposing species (Pastor and Cohen 1997).

The 415 million years of coevolution between plants and herbivores (Labandeira 2007) is also
credited with giving rise to much of the macroscopic diversity on Earth (Ehrlich and Raven 1964,
Becerra et al. 2009). The evolutionary importance of this interaction stems from the fact that
herbivores can strongly impact plant fitness (Marquis 1992, Bigger and Marvier 1998, Hawkes

and Sullivan 2001) and can therefore be an important driver of the diversification of plant defenses
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(Becerra et al. 2009, Kursar et al. 2009, Agrawal et al. 2012, Prasad et al. 2012). Similarly, plant
speciation and the diversification of defenses can lead to the diversification of herbivores as they
evolve counter-adaptations to overcome these defenses (Ehrlich and Raven 1964, Dyer et al. 2007,
Wheat et al. 2007, McKenna et al. 2009, Dobler et al. 2012, Zhen et al. 2012). Although herbivory
has been studied for decades, many unanswered questions remain, including a firm understanding

of the factors that impact its intensity and how these factors interact.

A repository of standardized and comparable estimates of leaf consumption across species in
different ecosystems provides a valuable resource that can help address many research questions.
Most vascular plants produce leaves, and estimates of leaf herbivory can be obtained easily and
quickly without expensive equipment. This means that not only can a large data set be compiled
from existing data, but it can also be easily expanded in the future. Damage sustained to non-
photosynthetic tissues is also important for ecology and evolution of plants and their herbivores
but quantifying its intensity is more challenging and difficult to standardize. For example,
quantifying root herbivory requires extensive and careful excavation as well as time-consuming
observations (Johnson and Murray 2008). Even with such careful work, it is difficult to accurately
quantify herbivory to fine roots, which make up a large percentage of root biomass and is
considered the most active root tissue in resource acquisition (Johnson and Murray 2008).
Similarly, measuring the consumption of reproductive tissues can be limited by its short temporal
availability, which makes comparisons among taxa more difficult. Damage caused by piercing-
sucking herbivores might only be properly quantified using manipulative experiments (Zvereva et
al. 2010). Furthermore, herbivory from piercing-sucking insects is usually measured as reduced
biomass, but it is difficult to separate the direct effects of the phloem and xylem lost to piercing-

sucking herbivores versus the negative effects of pathogens that are frequently transmitted to the
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plants (Miles 1989). These challenges help to explain why leaf damage is the most pervasive
measure of herbivory in the literature (Johnson and Murray 2008, Schowalter 2011), and why a
comprehensive and standardized data set of leaf herbivory has added value for ecological and
evolutionary research.

Rates of herbivory are influenced by multiple biotic and abiotic factors, including plant
functional traits that determine how it interacts with its associated herbivore community (Loranger
et al. 2012, Schuldt et al. 2012). Quantifying the relative importance of these factors and how they
interact requires a large number of measurements under a variety of conditions in different
localities. Species-specific data enables researchers to understand how these factors influence
species differently as opposed to community level herbivory measurements. Moreover, species-
specific data enables the use of modern phylogenetic statistical tools to conduct large-scale
comparative analyses that account for phylogenetic non-independence. For example, such analyses
permit researchers to tease apart the importance of ecological variation compared to evolutionary
history in driving rates of herbivory across sites (Fine et al. 2006, Pearse and Hipp 2012). Also, by
listing methodological details, the data set could help identify and correct for certain biases that
may arise when quantifying herbivory. Finally, the data set will help identify limitations of
published data, such as the rarity of studies measuring herbivory in certain locations, on plants

with certain traits (Figs. 1-4), or the rarity of measurements in certain clades (e.g., Orchidaceae).

C. General Methodology

We identified and collated estimates of leaf herbivory from a phylogenetically diverse array of
vascular plants using a large literature search (for details see Data Acquisition section below) in
addition to providing our own data. From each study we collected detailed information on the

study sites, the methodologies employed to measure herbivory, and entered additional plant trait
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information. Finally, we classified whether these measures corresponded to annual or daily rates of

percent leaf herbivory.

1) Selection criteria and data acquisition

We first summarize the criteria for inclusion in the data set as well as how we obtained data and
supplemental information concerning study sites and plant species. We included data that
pertained to damage caused by naturally occurring herbivores and excluded studies or treatments
that experimentally altered the density of herbivores. A few experimental studies were included
that used fences to exclude large grazing herbivores; we note this information in the ‘Population
Information’ column.

We selected studies that report percent leaf area consumed, including chewing, grazing, and
mining damage, but we excluded leaf damage caused by necrosis, galling, phloem and xylem
feeding. We excluded studies that did not report plant species-specific rates of damage. We
extracted herbivory estimates and error values from tables or figures. We used Web Plot Digitizer
(http://arohatgi.info/WebPlotDigitizer/) to extract data that were only available in graphical
format. In all cases our estimates represent the mean or median percent leaf damage from multiple
replicate plants. We noted when authors mentioned the most common consumers and categorized
them into their major taxonomic groups. We then identified plant growth form and duration using
the source literature and from online trait data sets (e.g., www.plants.usda.gov). We identified the
family and order of species using currently accepted taxonomy (www.plants.usda.gov; The
angiosperm phylogeny group 2009, Lehtonen 2011). Finally, we identified the locality of each
sampling site using GPS coordinates reported by authors of each study, or by estimating them

ourselves using online tools (e.g., Google Earth). We then used ArcMap 10.1 (www.esri.com) to
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associate each site with a Koppen-Geiger hierarchal climate classification as delimited by Peel et

al. (2007).

2) Assessment of leaf damage

The methods used to quantify leaf herbivory included a ‘standing’ measure and a ‘marked’ leaf
method that each has their own advantages and limitations (Coley 1982, Lowman 1984, Landsberg
1989, Coley and Barone 1996). The standing measure consists of measuring the damage on leaves
present on a plant at a single point in time. The ‘marked’ leaf method consists of quantifying
damage and marking leaves, using felt pens or attaching colored rings, on one day and then
returning after a number of weeks to quantify the change in leaf damage. Because standing
measures are relatively rapid and easy to use, they remain the most commonly employed method
and are often the only method used for certain clades (e.g. gymnosperms). However, standing
measures can underestimate damage (Lowman 1984, Filip et al. 1995) if one does not look for
evidence of completely consumed leaves (Lowman 1985, Massey et al. 2006, Brenes-Arguedas et
al. 2009). Conversely, the marking approach is more accurate and can also provide daily rates of
damage. The marking approach suffers from being more time consuming and it can potentially
overestimate damage if one assumes that all missing leaves were entirely consumed, as opposed to
being dropped following incomplete damage, or if the marks themselves influence herbivory rates

(Landsberg 1989, Cahill Jr et al. 2001, Hik et al. 2003, Shaw et al. 2006).

3) Daily and annual rates of herbivory
We accumulated both daily and annual rates of herbivory because both types of estimates are

commonly provided in the literature and each has unique advantages. Some researchers have
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advocated the use of daily rates of herbivory because this measure can account for wide variation
in leaf lifespan and production (Coley 1982, Brown and Ewel 1987, Lamarre et al. 2012). Daily
rates require the marking approach with a known length of marking and thus cannot be applied to
standing measures. Nevertheless, standing measures can still be informative given that they can
represent annual rates of herbivory. Annual rates are useful because they represent the total
fraction of leaf production lost to herbivores each year. We included annual values if
measurements, either standing or marked, summarized most of the damage a leaf endures in its
lifetime. Although some species retain leaves for more than one year, most of the damage occurs
within their first year of growth (Coley and Barone 1996). Specifically, in deciduous species we
included estimates that were taken near the end of the growing season.

Specifically, we included data that quantified accumulated damage present on mature leaves
since these should have experienced most of their lifetime damage. In addition, we included data
of marked expanding leaves that summed damage of individual leaves over more than one month.
Although leaf expansion might be completed in less than one month, in most tropical and
temperate systems this period is too short to capture most of the lifetime herbivory a leaf
experiences (Coley and Barone 1996). This approach assumes that damage incurred over the
lifetime of a single leaf is representative of the damage received by leaves that are produced at
other times during the same year. We provide details of the method of sampling, its length,
seasons sampled, and months of sampling so that researchers can set their own criteria for data

inclusion.

D. Data Limitations and Potential Enhancements
Here we discuss limitations in the existing data set and propose future directions of

research that could greatly enhance our understanding of plant-herbivore interactions across the
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globe. We recognize that comparing herbivory across systems is a difficult task and these
challenges have been discussed extensively by previous authors (Coley 1982, Lowman 1984,
Landsberg 1989, Coley and Barone 1996). Nevertheless, there are several common deficiencies
with the most commonly employed methods used to measure herbivory that limit the quality of the
data. For example, leaf lifespan and the number of flushes per year can complicate measures of
herbivory. Although marking leaves and tracking damage through time improves our ability to
accurately quantify damage, ideally the rate of leaf production should also be accounted for.
Lamarre et al. (2012) demonstrated an approach that quantifies the consequences of herbivory as
an opportunity cost for the plant, by accounting for both the amount of biomass removed by
herbivores and the rate at which this biomass can be replaced. In addition, marking studies should
not assume that the majority of damage occurs during leaf expansion, as this is only supported for
shade tolerant species in wet tropical forests (Coley and Barone 1996). Ideally, marking studies
should last for an entire year, or more appropriately for the lifespan of a leaf, but this is

often impractical.

We urge future researchers to provide additional methodological details when reporting
herbivory measures. Many studies, using either the marking or standing methods, do not report
how frequently they observe completely missing leaves or how these observations are treated.
Moreover, authors should report the developmental stage of the plants which can greatly impact
herbivory rates (Boege and Marquis 2005), as well as the composition of the surrounding plant
community (Massey et al. 2006, Loranger et al. 2013). Finally, a proportion of studies fail to
report confidence or error estimates for mean herbivore rates. Although less common in modern

studies, this problem still occurs in some recently published data. The lack of confidence estimates
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limits the usefulness of these entries for explicit meta-analyses. A related issue is the omission or

lack of clarity in the number of replicate plants and leaves measured per plant.

Our compilations revealed striking patterns in the application of measurement methods
across different ecosystems or among plant life forms. Figures 1-4 reveal that the daily rate
measures, and hence studies that apply the marking technique, are almost exclusively performed
on tropical perennial trees. We also show a lack of data from large areas of the globe including
Africa, Asia, and Polynesia (Fig.1), and a heavy focus on data from a few well-studied locations
(e.g., Barro Colorado Island in Panama and Northeastern United States). This unbalanced
sampling could bias our understanding of general patterns of herbivory. We encourage researchers
to add data using multiple techniques, from plants with a variety of life forms and from poorly
represented areas. These data would enable new tests of important ecological and evolutionary

questions across all major areas of the globe.

Perhaps the largest limitations of the data set pertain to gaps in data that relate to different
plant tissues and the underrepresentation of particular plant lineages. Our data set focuses on leaf
consumption whereas it should ideally be extended to include the removal of non-photosynthetic
tissues such as roots, fruits, flowers, and xylem and phloem sap, as well as other types of damage
to leaves including necrotic and galling damage. Regrettably, these data are scarce. With the
addition of these data one could test the relative extent of damage to different tissues, which
remains rarely untested (Rasmann and Agrawal 2008). These data would also allow for a test of
how biotic and abiotic factors differently impact herbivory on different tissues. We see equally
large gaps in taxonomic coverage of sampling. Although the data set covers 166 families of
vascular plants, major lineages are still missing or under-represented, such as clubmosses

(Lycopodiopsida), horsetails (Equisetum), and orchids (Orchidaceae). Aquatic plants are also
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sparsely represented in the data set. Adding missing clades could help better quantify

macroevolutionary patterns of herbivory and defense (Coley et al. 1985, Fine et al. 2004, Fine et
al. 2006, Agrawal 2007, Futuyma and Agrawal 2009). The addition of more domesticated plants
(both horticultural and agricultural) could also provide a more robust quantitative test comparing

rates of herbivory in an applied context.

CLASS II1. DATA SET STATUS AND ACCESSIBILITY
A. Status
Latest update: August 2013
Latest Archive date: August 2013
Data verification: Data is mostly from published sources. We searched for extreme values and
corrected any transcription errors.
B. Accessibility
Contact person: Martin M. Turcotte, Department of Biology, University of Toronto at
Mississauga, Mississauga, Ontario, L5L 1C6, Canada mart.turcotte@gmail.com
Copyright restrictions: None.
Proprietary restrictions: Please cite this data paper when the data are used in publications. We
also request that researchers and teachers inform us how they are using the data.

Costs: None.

CLASS IV. DATA STRUCTURAL DESCRIPTORS

COMMUNITY DATA
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A. Data Set File

Identity: Leaf Herbivory.csv

Size: 2641 records, 1,332,259 Bytes

Format and storage mode: comma-separated values (.csv)

Header information: See column descriptions in section B.

Alphanumeric attributes: Mixed.

Data Anomalies: If no information is available for a given record, this is indicated by 'NA'".

B. Variable information

1) Plant Species Information

Variable Variable Definition Type / Units Variable Values
Record ID Data set record entry, sorted by Tntegers 00001 = 02641
Number taxonomy.
Order Order name Characters Various
Family Family name Characters Various
Species Scientific sp ee1es name (Genus Characters Various
species)
Se!ectlon Whether the species is a wild or a Characters Crop; Wild
history crop species

16




317

318

Forb/herb;
Graminoid;
Plant srowth Plant growth form, some sources Liana;
grow also explicitly state if the plant is Characters Shrub;
form
woody Subshrub;
Tree; Vine; Woody
liana; Woody vine
) . . . Annual; Biennial,
Duration Lifespan of plant (life-history) Characters Perennial
2) Study Site Information
Variable Variable Definition Type / Units Variable Values
Study code to identify the data
Study Code | source. See the ‘Literature cited in Characters Variable
Data set’ for citation.
Country Site is located in what country Characters Country name
Location General location of site Characters VaI"IOl'lS
descriptions
Degrees, minutes,
Latitude Latitude of site seconds, Various
(DDdAMM’SS”N)
Degrees, minutes,
Longitude Longitude of site seconds, Various
(DDAMM’SS”W)
Coordinates Notes describing how coordinate .
. Characters Various
notes data were obtained
. Highest tier of Koppen-Geiger
KG. climate climate classification (Peel et al. Characters Various
simple
2007)
KG climate Full Koppen-Geiger climate .
full classification (Peel et al. 2007) Characters Various

17




319

320

Habitat Simple habitat description Characters Various
description provided by the authors
Information used by sources to
Population distinguish sites or samples, can .
. . ) Characters Various
information | represent locations, plant ages, or
treatments
Popu.la.tlon Whethe?r the studied plants were Characters Natural; Planted
origin growing naturally or planted
3) Sampling Methods
Variable Variable Definition Type / Units Variable Values
Year Year of sampling (can be a range Tntegers 1964 10 2012
of values)
All seasons; Dry;
) ) Fall; Growing;
Season Season during sampling Characters L )
Spring; Summer;
Wet; Winter
Month Month of sampling Characters Sp 601‘ﬁc mont’hs, or
all year
Standing or Whether the method for Standing;
measurement was made on Characters
marked leaves . Marked
standing stock or marked leaves
Expanding; Mature;
mix = both
expanding and
mature leaves
Leaf age Age of leaves measured Characters included: Lifespan =
marked leaves from
early expansion well
into maturity
Automatic =
Area Method used to estimate percent automated
measurement Characters measurement (e.g.
leaf damage e
method scanning);

Planimeter = manual
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322

tool; Grid = visual

aide;
Photocopy =
weighing photocopy
cutouts;
Visual
Details on the method of
Samolin sampling, can include the age of
de tl:lils g the plant, number of leaves, how Characters Various
plants or leaves were selected, and
how long marking lasted
Length of .
. Number of days between marking .
marking . Integer (days) Various
(days) and herbivory measurement
4) Herbivory Data
Variable Variable Definition Type / Units Variable Values
Location of data within the
manuscript (e.g., table, figure,
Data source text) and modlﬁ_catlons of values Characters Various
(such as conversions) and whether
herbivory values are medians or
mean
Annual Eostlmate of annual leaf herblvc?ry Numeric (%
. (% area consumed), most studies .
herbivory . leaf area Various
rate (%) report mean values unless noted in damage)
the ‘Data Source’ column
CV = coefficient of
variation;
SD = standard
Annual error | Unit of error if reported for annual deviation; SE =
) . Characters )
estimate herbivory rate standard error;
C.L.=95%
confidence interval;
range
Annual error Value of error estimate if . .
: Numeric Various
value available
Number of Number of plants measured, some
replicates descriptions were unclear and had Integers Various

to be estimated
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324

325

326

327

328

329

330

331

332

333

Estimate of daily leaf herbivory

Numeric (%

Dail
'y (% area consumed per day), most leaf area .
herbivory . Various
rate (%) studies report mean values unless damage per
’ noted in the ‘Data Source’ column day)
CV = coefficient of
variation;
Daily error Unit of error for daily herbivory SD = standard
. Characters -
estimate rate deviation; SE =
standard error;
Daily error Value of error estimate Numeric Various
value
Arachnida;
Crustacea;
Gastropoda;
Pathogens;
Most common herbivores Vertebrata;
mentlongd by thq au_thors, in most Within Insecta:
Consumers cases this a qualitative statement Characters .
! . Coleoptera; Diptera;
and not quantified explicitly and .
. Hemiptera;
refers to the entire study
Homoptera;
Hymenoptera;
Lepidoptera;
Miscellaneous;
Orthoptera

CLASS V. SUPPLEMENTAL DESCRIPTORS

A. Data acquisition

1. Data forms or acquisition methods

We initiated the data set with a large literature search on October 28th 2011. Using SciVerse

TITLE-ABS-KEY("rate* of grazing"” OR "grazing rate" OR "amount of grazing" OR "level* of

of related combinations of terms for herbivory:

Scopus (www.scopus.com) we searched titles, abstracts, and keywords using the following series

razing” OR "grazing level*" OR "rate* of herbivor*" OR "herbivor* rate"” OR "amount o
&g g 8 g

herbivor*" OR "herbivory level*" OR "level* of herbivory" OR "degree of herbivor*" OR
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334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

"rate* of defoliat*" OR "defoliat* rate"” OR "amount of defoliat™*" OR "defoliation level*" OR
"level* of defoliation” OR "foli* damage*" OR "foli* level*" OR "level™* of foli*" OR "leaf
min* damag*" OR "leaf area remov*" OR "leaf damage" OR "damage to lea*" OR "percent
leaf area” OR "leaf area damage" OR "removal of leaf" OR "leaf consumption” OR
"consumption of leaves" OR "leaf herbivor*" OR "canopy consumption” OR "consumption of
canopy" OR "canopy damag*" OR "canopy defoliation" OR "foliage damag*" OR "foliage
consum*" OR "consumption of foliage" AND NOT *plankton®* AND NOT alga*) AND
DOCTYPE(ar OR ip OR cp OR le OR no OR sh)
* Indicates words with all possible ending will be identified
Of the 3371 studies identified we examined studies published from the 50 most frequent
journals (Table 1). We then added studies identified in other review papers. We also performed
supplementary searches for underrepresented lineages such as ferns, and added some of our own
unpublished data. In total approximately 1450 studies were evaluated for inclusion into the data

set.
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351

352

353

354

Table 1: The fifty most frequent journals identified with the literature search.

Acta Horticulturae Global Change Biology
Acta Oecologica HortScience
Agricultural and Forest Entomology Hydrobiologia

Agriculture, Ecosystems and
Environment

Journal of Applied Ecology

Agronomy Journal

Journal of Chemical Ecology

American Journal of Botany

Journal of Ecology

Annals of Botany

Journal of Economic Entomology

Aquatic Microbial Ecology

Journal of Experimental Botany

Austral Ecology

Journal of Experimental Marine
Biology and Ecology

Biological Conservation

Journal of Plant Nutrition

Biological Control

Journal of Range Management

Biological Invasions

Journal of Tropical Ecology

Biotropica

Marine Biology

Canadian Journal of Forest Research

Marine Ecology Progress Series

Crop Protection New Phytologist
Crop Science Oecologia
Ecological Applications Oikos
Ecological Entomology Plant and Soil

Ecological Research

Plant Disease

Ecology

Plant Ecology

Entomologia Experimentalis et Applicata

Plant, Cell and Environment

Environmental Entomology

Planta

Environmental Pollution

Scientia Horticulturae

Forest Ecology and Management

Tree Physiology

Functional Ecology

Water, Air, and Soil Pollution

3. Data entry/verification procedures

F. Publications and Results

G. History of data set usage
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358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

Turcotte et al. (In review) used the annual herbivory measurements to calculate species
level mean herbivory rates. They used these values to conduct a phylogenetically explicit analysis
exploring the macroecological and macroevolutionary patterns of herbivory within and among
major plant lineages.

1. Data request history: None

2. Data set update history: None

ACKNOWLEDGEMENTS
We thank P. Coley for providing unpublished data, A. Lochab for entering GPS coordinates, Y.
He and A. Nicholson for help with ArcMap, and T.J. Davies for assistance with taxonomy. This

paper was improved by the comments from W. Michener and two anonymous reviewers.

LITERATURE CITED IN METEDATA

Agrawal, A. A. 2007. Macroevolution of plant defense strategies. Trends in Ecology & Evolution

22:103-09.

Agrawal, A. A., A. P. Hastings, M. T. J. Johnson, J. L. Maron, and J. P. Salminen. 2012. Insect
herbivores drive real-time ecological and evolutionary change in plant populations. Science

338:113-16.

Becerra, J. X., K. Noge, and D. L. Venable. 2009. Macroevolutionary chemical escalation in an
ancient plant-herbivore arms race. Proceedings of the National Academy of Sciences USA

106:18062-66.

23



376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

Bigger, D. S. and M. A. Marvier. 1998. How different would a world without herbivory be?: A

search for generality in ecology. Integrative Biology 1:60-67.

Boege, K. and R. J. Marquis. 2005. Facing herbivory as you grow up: the ontogeny of resistance

in plants. Trends in Ecology & Evolution 20:441-48.

Brenes-Arguedas, T., P. D. Coley, and T. A. Kursar. 2009. Pests vs. drought as determinants of

plant distribution along a tropical rainfall gradient. Ecology 90:1751-61.

Brown, B. J. and J. J. Ewel. 1987. Herbivory in complex and simple tropical successional

ecosystems. Ecology 68:108-16.

Cahill Jr, J. F., J. P. Castelli, and B. B. Casper. 2001. The herbivory uncertainty principle:

visiting plants can alter herbivory. Ecology 82:307-12.

Cebrian, J. and J. Lartigue. 2004. Patterns of herbivory and decomposition in aquatic and

terrestrial ecosystems. Ecological Monographs 74:237-59.

Chapin, S. F. L., P. A. Matson, and P. M. Vitousek. 2011. Principles of Terrestrial Ecosystem

Ecology. Springer.

Coley, P. D. 1982. Rates of herbivory on different tropical trees. P. 123-32 in J. Leigh E.G, A. S.
Rand, and D. M. Windsor, editors. The ecology of a tropical forest: seasonal rhythms and

long-term changes. Smithsonian Press.

Coley, P. D. and J. A. Barone. 1996. Herbivory and plant defenses in tropical forests. Annual

Review of Ecology and Systematics 27:305-35.

24



395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

Coley, P. D., J. P. Bryant, and F. S. Chapin III. 1985. Resource availability and plant

antiherbivore defense. Science 230:895-99.

Crawley, M. 1990. Rabbit grazing, plant competition and seedling recruitment in acid grassland.

Journal of Applied Ecology 27:803-20.

Dobler, S., S. Dalla, V. Wagschal, and A. A. Agrawal. 2012. Community-wide convergent
evolution in insect adaptation to toxic cardenolides by substitutions in the Na, K-ATPase.

Proceedings of the National Academy of Sciences USA 109:13040-45.

Dyer, L. A., M. S. Singer, J. T. Lill, J. O. Stireman, G. L. Gentry, et al. 2007. Host specificity of

Lepidoptera in tropical and temperate forests. Nature 448:696-99.

Ehrlich, P. R. and P. H. Raven. 1964. Butterflies and plants: a study in coevolution. Evolution

18:586-608.

Filip, V., R. Dirzo, J. M. Maass, and J. Sarukhan. 1995. Within- and among-year variation in the
levels of herbivory on the foliage of trees from a Mexican tropical deciduous forest.

Biotropica 27:78-86.

Fine, P. V. A., I. Mesones, and P. D. Coley. 2004. Herbivores promote habitat specialization by

trees in amazonian forests. Science 305:663-65.

Fine, P. V. A., Z. J. Miller, 1. Mesones, S. Irazuzta, H. M. Appel, et al. 2006. The growth-defense

trade-off and habitat specialization by plants in Amazonian forests. Ecology 87:S150-S62.

Futuyma, D. J. and A. A. Agrawal. 2009. Macroevolution and the biological diversity of plants

and herbivores. Proceedings of the National Academy of Sciences USA 106:18054-61.

25



415 Hawkes, C. V. and J. J. Sullivan. 2001. The impact of herbivory on plants in different resource

416 conditions: a meta-analysis. Ecology 82:2045-58.

417 Hik, D. S., M. Brown, A. Dabros, J. Weir, and J. F. Cahill Jr. 2003. Prevalence and predictability
418 of handling effects in field studies: results from field experiments and a meta-analysis.

419 American Journal of Botany 90:270-77.

420 Johnson, S. N. and P. J. Murray, editors. 2008. Root feeders: an ecosystem perspective. CABI.

421 Kursar, T. A., K. G. Dexter, J. Lokvam, R. T. Pennington, J. E. Richardson, et al. 2009. The

422 evolution of antiherbivore defenses and their contribution to species coexistence in the
423 tropical tree genus Inga. Proceedings of the National Academy of Sciences of the United
424 States of America 106:18073-78.

425 Labandeira, C. C. 2007. The origin of herbivory on land: initial patterns of plant tissue

426 consumption by arthropods. Insect Science 14:259-75.

427 Lamarre, G. P., C. Baraloto, C. Fortunel, N. Davila, I. Mesones, et al. 2012. Herbivory, growth

428 strategies and habitat specialization in tropical tree lineages: implications for Amazon beta-
429 diversity. Ecology 93:S195-S210.

430 Landsberg, J. 1989. A comparison of methods for assessing defoliation, tested on eucalypt trees.
431 Australian Journal of Ecology 14:423-40.

432 Lehtonen, S. 2011. Towards resolving the complete fern tree of life. PLoS ONE 6:e24851.

26



433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

Loranger, H., W. W. Weisser, A. Ebeling, T. Eggers, E. De Lucca, et al. 2013. Invertebrate
herbivory increases along an experimental gradient in grassland plant diversity. Oecologia:1-

11.

Loranger, J., S. T. Meyer, B. Shipley, J. Kattge, H. Loranger, et al. 2012. Predicting invertebrate
herbivory from plant traits: evidence from 51 grassland species in experimental

monocultures. Ecology 93:2674-82.

Lowman, M. D. 1984. An assessment of techniques for measuring herbivory: is rainforest

defoliation more intense than we thought? Biotropica 16:264-68.

Lowman, M. D. 1985. Temporal and spatial variability in insect grazing of the canopies of 5

Australian rainforest tree species. Australian Journal of Ecology 10:7-24.

Maron, J. L. and E. Crone. 2006. Herbivory: effects on plant abundance, distribution and

population growth. Proceedings of the Royal Society B 273:2575-84.

Marquis, R. J. 1992. A bite is a bite is a bite? Constraints on response to folivory in Piper

arieianum (Piperaceae). Ecology 73:143-52.

Massey, F. P., K. Massey, M. C. Press, and S. E. Hartley. 2006. Neighbourhood composition
determines growth, architecture and herbivory in tropical rain forest tree seedlings. Journal

of Ecology 94:646-55.

McKenna, D. D., A. S. Sequeira, A. E. Marvaldi, and B. D. Farrell. 2009. Temporal lags and
overlap in the diversification of weevils and flowering plants. Proceedings of the National

Academy of Sciences of the United States of America 106:7083-88.

27



453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

Miles, P. 1989. The responses of plants to the feeding of Aphidoidea: principles. P. 1-21 in A. K.
Minks and P. Harrewijn, editors. Aphids, their biology, natural enemies and control.

Elsevier.

Paine, C. E. T., N. Norden, J. Chave, P. M. Forget, C. Fortunel, et al. 2012. Phylogenetic density
dependence and environmental filtering predict seedling mortality in a tropical forest.

Ecology Letters 15:34-41.

Pastor, J. and Y. Cohen. 1997. Herbivores, the functional diversity of plants species, and the

cycling of nutrients in ecosystems. Theoretical Population Biology 51:165-79.

Pearse, I. S. and A. L. Hipp. 2012. Global patterns of leaf defenses in oak species. Evolution

66:2272-86.

Peel, M. C., B. L. Finlayson, and T. A. McMahon. 2007. Updated world map of the K&ppen-

Geiger climate classification. Hydrology and Earth System Sciences 11:1633-44.

Prasad, K. V. S. K., B. H. Song, C. Olson-Manning, J. T. Anderson, C. R. Lee, et al. 2012. A
gain-of-function polymorphism controlling complex traits and fitness in nature. Science

337:1081-84.

Rasmann, S. and A. A. Agrawal. 2008. In defense of roots: a research agenda for studying plant

resistance to belowground herbivory. Plant Physiology 146:875-80.

Schmitz, O. J. 2008. Herbivory from individuals to ecosystems. Annual Review of Ecology,

Evolution and Systematics 39:133-52.

Schowalter, T. D. 2011. Insect ecology: an ecosystem approach. 3rd edition. Academic Press.

28



473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

Schuldt, A., H. Bruelheide, W. Durka, D. Eichenberg, M. Fischer, et al. 2012. Plant traits
affecting herbivory on tree recruits in highly diverse subtropical forests. Ecology Letters

15:732-39.

Shaw, D. C., K. A. Ernest, H. B. Rinker, and M. D. Lowman. 2006. Stand-level herbivory in an

old-growth conifer forest canopy. Western North American Naturalist 66:473-81.

The angiosperm phylogeny group. 2009. An update of the Angiosperm Phylogeny Group
classification for the orders and families of flowering plants: APG III. Botanical Journal of

the Linnean Society 161:105-21.

Turcotte, M. M., T. J. Davies, C. J. M. Thomsen, and M. T. J. Johnson. In review.

Macroecological and macroevolutionary patterns of herbivory across vascular plants.

Wheat, C. W., H. Vogel, U. Wittstock, M. F. Braby, D. Underwood, et al. 2007. The genetic
basis of a plant-insect coevolutionary key innovation. Proceedings of the National Academy

of Sciences of the United States of America 104:20427-31.

Zamora, R., J. A. Hodar, and J. M. Gomez. 1999. Plant-herbivore interaction: beyond a binary
vision. P. 677-718 in F. 1. Pugnaire and F. Valladares, editors. Handbook of functional plant

ecology. Dekker.

Zhen, Y., M. L. Aardema, E. M. Medina, M. Schumer, and P. Andolfatto. 2012. Parallel

molecular evolution in an herbivore community. Science 337:1634-37.

29



491 Zvereva, E. L., V. Lanta, and M. V. Kozlov. 2010. Effects of sap-feeding insect herbivores on

492 growth and reproduction of woody plants: a meta-analysis of experimental studies.
493 Oecologia 163:949-60.

494

495

30



496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

LITERATURE CITED IN DATA SET

cAA: Bray, J. R. 1964. Primary consumption in three forest canopies. Ecology 45:165-67.

cAB: Nielsen, B. O. 1978. Above ground food resources and herbivory in a beech forest
ecosystem. Oikos 31:273-79.

cAC: Ohmart, C. P., L. G. Stewart, and J. R. Thomas. 1983. Leaf consumption by insects in three
Eucalyptus forest types in southeastern Australia and their role in short-term nutrient
cycling. Oecologia 59:322-30.

cAD: Coley, P. D. 1983. Herbivory and defensive characteristics of tree species in a lowland
tropical forest. Ecological Monographs 53:209-33.

cAE: Coley, P. D. 1983. Intraspecific variation in herbivory on two tropical tree species. Ecology
64:426-33.

cAF: Brown, B. J. and J. J. Ewel. 1987. Herbivory in complex and simple tropical successional
ecosystems. Ecology 68:108-16.

cAG: Fox, L. R. 1983. Estimates of damage by herbivorous insects on Eucalyptus trees. Australian
Journal of Ecology 8:139-47.

cAH: Skinner, G. J. and J. B. Whittaker. 1981. An experimental investigation of inter-relationships
between the wood-ant (Formica rufa) and some tree-canopy herbivores. Journal of Animal
Ecology 50:313-26.

cAl: Whittaker, J. B. and S. Warrington. 1985. An experimental field study of different levels of
insect herbivory induced by Formica rufa predation on sycamore (Acer pseudoplatanus) 111.
Effects on tree growth. Journal of Applied Ecology 22:797-811.

cAlJ: Phillipson, J. and D. J. Thompson. 1983. Phenology and intensity of phyllophage attack on
Fagus sylvatica in Wytham Woods, Oxford. Ecological Entomology 8:315-30.

cAK: Hargrove, W. W., J. Crossley D.A, and T. R. Seastedt. 1984. Shifts in insect herbivory in the

31



520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

canopy of black locust, Robinia pseudacacia, after fertilization. Oikos 43:322-28.

cAL: Linit, M. J., P. S. Johnson, R. A. McKinney, and W. H. Kearby. 1986. Insects and leaf area
losses of planted northern red oak seedlings in an Ozark forest. Forest Science 32:11-20.

cAM: Cooke, F. P., J. B. Brown, and S. Mole. 1984. Herbivory, foliar enzyme inhibitors, nitrogen
and leaf structure of young and mature leaves in a tropical forest. Biotropica 16:257-63.

cAN: Edwards, P. J. 1977. Studies of mineral cycling in a montane rain forest in New Guinea: II.
The production and disappearance of litter. Journal of Ecology 65:971-92.

cAP: Johnstone, I. M. 1981. Consumption of leaves by herbivores in mixed mangrove stands.
Biotropica 13:252-59.

cAQ: Robertson, A. I. and N. C. Duke. 1987. Insect herbivory on mangrove leaves in North
Queensland. Australian Journal of Ecology 12:1-7.

cAS: Angulo-Sandoval, P. and T. M. Aide. 2000. Leaf phenology and leaf damage of saplings in
the Luquillo Experimental Forest, Puerto Rico. Biotropica 32:415-22.

cAT: Coley, P. D. 1982. Rates of herbivory on different tropical trees. P. 123-32 in J. Leigh E.G,
A. S. Rand, and D. M. Windsor, editors. The ecology of a tropical forest: seasonal rhythms
and long-term changes. Smithsonian Press.

cAU: De La Cruz, M. and R. Dirzo. 1987. A survey of the standing levels of herbivory in
seedlings from a Mexican rain forest. Biotropica 19:98-106.

cAV: Reichle, D. E., R. I. Goldstein, R. I. J. Van Heok, and G. J. Dodson. 1973. Analysis of insect
consumption in forest canopy. Ecology 54:1076-84.

cAW: Barber, N. A. and R. J. Marquis. 2011. Light environment and the impacts of foliage quality
on herbivorous insect attack and bird predation. Oecologia 166:401-09.

cAX: Barone, J. A. 2000. Comparison of herbivores and herbivory in the canopy and understory

for two tropical tree species. Biotropica 32:307-17.

32



544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

cAY:

cAZ:

cBA:

c¢BB:

c¢BC:

c¢BD:

cBE:

cBF:

cBG:

cBH:

Benitez-Malvido, J. and 1. D. Kossmann-Ferraz. 1999. Litter cover variability affects
seedling performance and herbivory. Biotropica 31:598-606.

Boege, K. 2004. Induced responses in three tropical dry forest plant species - direct and
indirect effects on herbivory. Oikos 107:541-48.

Boege, K. 2005. Herbivore attack in Casearia nitida influenced by plant ontogenetic
variation in foliage quality and plant architecture. Oecologia 143:117-25.

Bebber, D. P., N. D. Brown, and M. R. Speight. 2004. Dipterocarp seedling population
dynamics in Bornean primary lowland forest during the 1997-8 El Nifio-Southern
Oscillation. Journal of Tropical Ecology 20:11-19.

Boege, K. and R. Dirzo. 2004. Intraspecific variation in growth, defense and herbivory in
Dialium guianense (Caesalpiniaceae) mediated by edaphic heterogeneity. Plant Ecology
175:59-69.

Bommarco, R., F. Miranda, H. Bylund, and C. Bjoérkman. 2011. Insecticides suppress natural
enemies and increase pest damage in cabbage. Journal of Economic Entomology 104:782-
91.

Bruelheide, H. and U. Scheidel. 1999. Slug herbivory as a limiting factor for the
geographical range of Arnica montana. Journal of Ecology 87:839-48.

Cahill Jr, J. F., J. P. Castelli, and B. B. Casper. 2001. The herbivory uncertainty principle:
visiting plants can alter herbivory. Ecology 82:307-12.

Campo, J. and R. Dirzo. 2003. Leaf quality and herbivory responses to soil nutrient addition
in secondary tropical dry forests of Yucatan, Mexico. Journal of Tropical Ecology 19:525-
30.

Carson, W. P. and R. B. Root. 1999. Top-down effects of insect herbivores during early

succession: influence on biomass and plant dominance. Oecologia 121:260-72.

33



568

569

570

571

572

573

574

575

576

577

578

579

580

581

582

583

584

585

586

587

588

589

590

591

cBI: Cebrian, J., C. M. Duarte, N. Marba, S. Enriquez, M. Gallegos, et al. 1996. Herbivory on
Posidonia oceanica: magnitude and variability in the Spanish Mediterranean. Marine
Ecology Progress Series 130:147-55.

cBK: Coley, P. D., J. Lokvam, K. Rudolph, K. Bromberg, T. E. Sackett, et al. 2005. Divergent
defensive strategies of young leaves in two species of Inga. Ecology 86:2633-43.

cBL: Garcia-Mari, F., C. Granda, S. Zaragoza, and M. Agusti. 2002. Impact of Phyllocnistis
citrella (Lepidoptera: Gracillariidae) on leaf area development and yield of mature citrus
trees in the Mediterranean area. Journal of Economic Entomology 95:966-74.

cBM: Garibaldi, L. A., T. Kitzberger, and E. J. Chaneton. 2011. Environmental and genetic control
of insect abundance and herbivory along a forest elevational gradient. Oecologia 167:117-
29.

cBN: Garibaldi, L. A., T. Kitzberger, C. Noemi Mazia, and E. J. Chaneton. 2010. Nutrient supply
and bird predation additively control insect herbivory and tree growth in two contrasting
forest habitats. Oikos 119:337-49.

cBO: Gaume, L., D. McKey, and M. C. Anstett. 1997. Benefits conferred by 'timid' ants: active
anti-herbivore protection of the rainforest tree Leonardoxa africana by the minute ant
Petalomyrmex phylax. Oecologia 112:209-16.

cBP: Giffard, B., E. Corcket, L. Barbaro, and H. Jactel. 2011. Bird predation enhances tree
seedling resistance to insect herbivores in contrasting forest habitats. Oecologia:1-10.

cBR: Hamilton, J. G., A. R. Zangerl, M. R. Berenbaum, J. Pippen, M. Aldea, et al. 2004. Insect
herbivory in an intact forest understory under experimental CO, enrichment. Oecologia
138:566-73.

cBS: Han, X., S. P. Dendy, K. A. Garrett, L. Fang, and M. D. Smith. 2008. Comparison of damage

to native and exotic tallgrass prairie plants by natural enemies. Plant Ecology 198:197-210.

34



592

593

594

595

596

597

598

599

600

601

602

603

604

605

606

607

608

609

610

611

612

613

614

615

cBT: Harvey, C. T. and M. D. Eubanks. 2004. Effect of habitat complexity on biological control
by the red imported fire ant (Hymenoptera: Formicidae) in collards. Biological Control
29:348-58.

cBU: Hjéltén, J., L. Niemi, A. Wennstrom, L. Ericson, H. Roininen, et al. 2007. Variable
responses of natural enemies to Salix triandra phenotypes with different secondary
chemistry. Oikos 116:751-58.

cBV: Horvitz, C. C. and D. W. Schemske. 2002. Effects of plant size, leaf herbivory, local
competition and fruit production on survival, growth and future reproduction of a
neotropical herb. Journal of Ecology 90:279-90.

cBW: Howlett, B. E. and D. W. Davidson. 2001. Herbivory on planted dipterocarp seedlings in
secondary logged forests and primary forests of Sabah, Malaysia. Journal of Tropical
Ecology 17:285-302.

cBY: Knight, T. M., H. Caswell, and S. Kalisz. 2009. Population growth rate of a common
understory herb decreases non-linearly across a gradient of deer herbivory. Forest Ecology
and Management 257:1095-103.

cBZ: Knight, T. M. and R. D. Holt. 2005. Fire generates spatial gradients in herbivory: an example
from a Florida sandhill ecosystem. Ecology 86:587-93.

cCA: Korndorfer, A. P. and K. Del-Claro. 2006. Ant defense versus induced defense in Lafoensia
pacari (Lythraceae), a myrmecophilous tree of the Brazilian Cerrado. Biotropica 38:786-88.

cCB: Kudo, G. 2003. Variations in leaf traits and susceptibility to insect herbivory within a Salix
miyabeana population under field conditions. Plant Ecology 169:61-69.

cCC: Kursar, T. A., B. T. Wolfe, M. J. Epps, and P. D. Coley. 2006. Food quality, competition,
and parasitism influence feeding preference in a neotropical lepidopteran. Ecology 87:3058-

69.

35



616

617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

636

637

638

639

cCD: Lau, J. A, J. Strengbom, L. R. Stone, P. B. Reich, and P. Tiffin. 2008. Direct and indirect
effects of CO», nitrogen, and community diversity on plant-enemy interactions. Ecology
89:226-36.

cCE: Lawson, A. B. and D. L. Dahlsten. 2003. Evaluation of systemic insecticides as a treatment
option in integrated pest management of the elm leaf beetle, Xanthogaleruca luteola
(Miiller) (Coleoptera: Chrysomelidae). Journal of Economic Entomology 96:1455-62.

cCF: Lienert, J. and M. Fischer. 2003. Habitat fragmentation affects the common wetland
specialist Primula farinosa in north-east Switzerland. Journal of Ecology 91:587-99.

cCH: Offenberg, J., M. G. Nielsen, D. J. Macintosh, S. Havanon, and S. Aksornkoae. 2005. Lack
of ant attendance may induce compensatory plant growth. Oikos 111:170-78.

cClJ: Pascual-Alvarado, E., P. Cuevas-Reyes, M. Quesada, and K. Oyama. 2008. Interactions
between galling insects and leaf-feeding insects: the role of plant phenolic compounds and
their possible interference with herbivores. Journal of Tropical Ecology 24:329-36.

cCK: Picoaga, A., M. E. Cartea, P. Soengas, L. Monetti, and A. Ordas. 2003. Resistance of kale
populations to lepidopterous pests in northwestern Spain. Journal of Economic Entomology
96:143-47.

cCL: Plath, M., K. Mody, C. Potvin, and S. Dorn. 2011. Establishment of native tropical timber
trees in monoculture and mixed-species plantations: small-scale effects on tree performance
and insect herbivory. Forest Ecology and Management 261:741-50.

cCN: Pysek, P. 1992. Seasonal changes in response of Senecio ovatus to grazing by the
chrysomelid beetle Chrysomela speciosissima. Oecologia 91:596-628.

cCP: Richardson, S. J., M. C. Press, A. N. Parsons, and S. E. Hartley. 2002. How do nutrients and
warming impact on plant communities and their insect herbivores? A 9-year study from a

sub-Arctic heath. Journal of Ecology 90:544-56.

36



640

641

642

643

644

645

646

647

648

649

650

651

652

653

654

655

656

657

658

659

660

661

662

663

cCR: Roy, B. A., T. Coulson, W. Blaser, T. Policha, J. L. Stewart, et al. 2011. Population
regulation by enemies of the grass Brachypodium sylvaticum: demography in native and
invaded ranges. Ecology 92:665-75.

cCS: Unsicker, S. B., N. Baer, A. Kahmen, M. Wagner, N. Buchmann, et al. 2006. Invertebrate
herbivory along a gradient of plant species diversity in extensively managed grasslands.
Oecologia 150:233-46.

cCT: Unsicker, S. B. and K. Mody. 2005. Influence of tree species and compass bearing on insect
folivory of nine common tree species in the West African savanna. Journal of Tropical
Ecology 21:227-31.

cCU: Van Bael, S. A., A. Aiello, A. Valderrama, E. Medianero, M. Samaniego, et al. 2004.
General herbivore outbreak following an El Nifio-related drought in a lowland Panamanian
forest. Journal of Tropical Ecology 20:625-33.

cCW: Vasconcelos, H. L. and D. W. Davidson. 2000. Relationship between plant size and ant
associates in two Amazonian ant-plants. Biotropica 32:100-11.

cCX: Wagner, D., L. DeFoliart, P. Doak, and J. Schneiderheinze. 2008. Impact of epidermal leaf
mining by the aspen leaf miner (Phyllocnistis populiella) on the growth, physiology, and leaf
longevity of quaking aspen. Oecologia 157:259-67.

cCZ: Winkler, M., K. Hiilber, K. Mehltreter, J. G. Franco, and P. Hietz. 2005. Herbivory in
epiphytic bromeliads, orchids and ferns in a Mexican montane forest. Journal of Tropical
Ecology 21:147-54.

cDA: Yang, L. H. 2008. Pulses of dead periodical cicadas increase herbivory of American
bellflowers. Ecology 89:1497-502.

cDC: Zehnder, C. B., K. W. Stodola, R. J. Cooper, and M. D. Hunter. 2010. Spatial heterogeneity

in the relative impacts of foliar quality and predation pressure on red oak, Quercus rubra,

37



664

665

666

667

668

669

670

671

672

673

674

675

676

677

678

679

680

681

682

683

684

685

686

687

arthropod communities. Oecologia 164:1017-27.

cDD: Herbert Jr, D. A., T. P. Mack, P. A. Backman, and R. Rodriguez-Kabana. 1992. Validation
of a model for estimating leaf-feeding by insects in soybean. Crop Protection 11:27-34.

cDE: Kerguelen, V. and M. S. Hoddle. 2000. Comparison of the susceptibility of several cultivars
of avocado to the persea mite, Oligonychus perseae (Acari: Tetranychidae). Scientia
Horticulturae 84:101-14.

cDF: Marquis, R. J. and D. B. Clark. 1989. Habitat and fertilization effects on leaf herbivory in
Hampea appendiculata (Malvaceae): implications for tropical firewood systems.
Agriculture, Ecosystems and Environment 25:165-74.

cDM: Hik, D. S., M. Brown, A. Dabros, J. Weir, and J. F. Cahill Jr. 2003. Prevalence and
predictability of handling effects in field studies: results from field experiments and a meta-
analysis. American Journal of Botany 90:270-77.

cDN: Knepp, R. G., J. G. Hamilton, J. E. Mohan, A. R. Zangerl, M. R. Berenbaum, et al. 2005.
Elevated CO; reduces leaf damage by insect herbivores in a forest community. New
Phytologist 167:207-18.

cDP: Vasquez, P. A., A. A. Grez, R. O. Bustamante, and J. A. Simonetti. 2007. Herbivory, foliar
survival and shoot growth in fragmented populations of Aristotelia chilensis. Acta
Oecologica 31:48-53.

cDQ: Liu, T. X. 2000. Population dynamics of Bemisia argentifolii (Homoptera: Aleyrodidae) on
spring collard and relationship to yield in the Lower Rio Grande Valley of Texas. Journal of
Economic Entomology 93:750-56.

cDR: Loch, A. D. and M. Matsuki. 2010. Effects of defoliation by Eucalyptus weevil, Gonipterus
scutellatus, and chrysomelid beetles on growth of Eucalyptus globulus in southwestern

Australia. Forest Ecology and Management 260:1324-32.

38



688

689

690

691

692

693

694

695

696

697

698

699

700

701

702

703

704

705

706

707

708

709

710

711

cDS: Loe, G., P. Tordng, M. Gaudeul, and J. Agren. 2007. Trichome production and
spatiotemporal variation in herbivory in the perennial herb Arabidopsis lyrata. Oikos
116:134-42.

cDT: Lopes, C. T. and H. L. Vasconcelos. 2011. Fire increases insect herbivory in a neotropical
savanna. Biotropica 43:612-18.

cDU: Pringle, E. G., R. I. Adams, E. Broadbent, P. E. Busby, C. I. Donatti, et al. 2011. Distinct
leaf-trait syndromes of evergreen and deciduous trees in a seasonally dry tropical forest.
Biotropica 43:299-308.

cDV: Yamasaki, M. and K. Kikuzawa. 2003. Temporal and spatial variations in leaf herbivory
within a canopy of Fagus crenata. Oecologia 137:226-32.

cDW: Wint, G. R. W. 1983. Leaf damage in tropical rain forest canopies. P. 229-39 in S. L.
Sutton, T. C. Whitmore, and A. C. Chadwick, editors. Tropical rain forest: ecology and
management. Springer.

cDY: Burgess, M. A. and C. A. Chapman. 2005. Tree leaf chemical characters: selective pressures
by folivorous primates and invertebrates. African Journal of Ecology 43:242-50.

cDZ: Dawson, W., D. F. R. P. Burslem, and P. E. Hulme. 2009. Herbivory is related to taxonomic
isolation, but not to invasiveness of tropical alien plants. Diversity and Distributions 15:141-
47.

cEA: do Nascimento, E. A. and K. Del-Claro. 2010. Ant visitation to extrafloral nectaries
decreases herbivory and increases fruit set in Chamaecrista debilis (Fabaceae) in a
Neotropical savanna. Flora: Morphology, Distribution, Functional Ecology of Plants
205:754-56.

cEB: Ermolaev, [. V. and O. V. Sidorova. 2011. Seasonal dynamics of damage to small-leaved

lime trees by phyllophagous arthropods. Entomological Review 91:585-91.

39



712

713

714

715

716

717

718

719

720

721

722

723

724

725

726

727

728

729

730

731

732

733

734

735

cEC: Gongalves-Alvim, S. J., T. C. Lana, B. D. Ranieri, and G. W. Fernandes. 2011. Test of
hypotheses about herbivory and chemical defences of Qualea parviflora (Vochysiaceae) in
Brazilian Cerrado. Revista Brasileira de Botanica 34:223-30.

cED: Hartley, M. K., W. E. Rogers, and E. Siemann. 2010. Comparisons of arthropod assemblages
on an invasive and native trees: abundance, diversity and damage. Arthropod-Plant
Interactions 4:237-45.

cEF: Mehltreter, K., K. Hiilber, and P. Hietz. 2006. Herbivory on epiphytic ferns of a Mexican
cloud forest. Fern Gazette 17:303-09.

cEG: Mingaleva, N. A., S. V. Pestov, and S. V. Zagirova. 2011. Health status and biological
damage to tree leaves in green areas of Syktyvkar. Contemporary Problems of Ecology
4:310-18.

cEH: Shaw, D. C., K. A. Ernest, H. B. Rinker, and M. D. Lowman. 2006. Stand-level herbivory in
an old-growth conifer forest canopy. Western North American Naturalist 66:473-81.

cEL: Stoll, P., C. Dolt, M. Goverde, and B. Baur. 2006. Experimental habitat fragmentation and
invertebrate grazing in a herbaceous grassland species. Basic and Applied Ecology 7:307-19.

cEJ: Reynolds, B. C. and D. A. Crossley Jr. 1997. Spatial variation in herbivory by forest canopy
arthropods along an elevation gradient. Environmental Entomology 26:1232-39.

mAA: Abbott, L., P. Van Heurck, T. Burbidge, and M. Williams. 1993. Damage caused by insects
and fungi to eucalypt foliage: spatial and temporal patterns in Mediterranean forest of
Western Australia. Forest Ecology and Management 58:85-110.

mAB: Abdala-Roberts, L. and R. J. Marquis. 2007. Test of local adaptation to biotic interactions
and soil abiotic conditions in the ant-tended Chamaecrista fasciculata (Fabaceae). Oecologia
154:315-26.

mAC: Adams, A. S. and L. K. Rieske. 2001. Herbivory and fire influence white oak (Quercus alba

40



736

737

738

739

740

741

742

743

744

745

746

747

748

749

750

751

752

753

754

755

756

757

758

759

L.) seedling vigor. Forest Science 47:331-37.

mAD: Adams, J. M., W. Fang, R. M. Callaway, D. Cipollini, and E. Newell. 2009. A cross-
continental test of the Enemy Release Hypothesis: leaf herbivory on Acer platanoides (L.) is
three times lower in North America than in its native Europe. Biological Invasions 11:1005-
16.

mAE: Adams, J. M. and Y. Zhang. 2009. Is there more insect folivory in warmer temperate
climates? A latitudinal comparison of insect folivory in eastern North America. Journal of
Ecology 97:933-40.

mAF: Agrawal, A. A. 1999. Induced responses to herbivory in wild radish: effects on several
herbivores and plant fitness. Ecology 80:1713-23.

mAG: Agrawal, A. A. and P. M. Kotanen. 2003. Herbivores and the success of exotic plants: a
phylogenetically controlled experiment. Ecology Letters 6:712-15.

mAH: Agrawal, A. A., P. M. Kotanen, C. E. Mitchell, A. G. Power, W. Godsoe, et al. 2005.
Enemy release? An experiment with congeneric plant pairs and diverse above- and
belowground enemies. Ecology 86:2979-89.

mAI: Cuevas-Reyes, P., K. Oyama, A. Gonzalez-Rodriguez, G. W. Fernandes, and L. Mendoza-
Cuenca. 2011. Contrasting herbivory patterns and leaf fluctuating asymmetry in Heliocarpus
pallidus between different habitat types within a Mexican tropical dry forest. Journal of
Tropical Ecology 27:383-91.

mAlJ: Cuevas-Reyes, P., M. Quesada, and K. Oyama. 2006. Abundance and leaf damage caused by
gall-inducing insects in a Mexican tropical dry forest. Biotropica 38:107-15.

mAK: Del Val, E. and R. Dirzo. 2003. Does ontogeny cause changes in the defensive strategies of
the myrmecophyte Cecropia peltata? Plant Ecology 169:35-41.

mAL: del-Val, E. and J. J. Armesto. 2010. Seedling mortality and herbivory damage in subtropical

41



760

761

762

763

764

765

766

767

768

769

770

771

772

773

774

775

776

777

778

779

780

781

782

783

and temperate populations: testing the hypothesis of higher herbivore pressure toward the
tropics. Biotropica 42:174-79.

mAM: Dyer, L. A. and D. K. Letourneau. 1999. Relative strengths of top-down and bottom-up
forces in a tropical forest community. Oecologia 119:265-74.

mAO: Eichhorn, M. P., S. G. Compton, and S. E. Hartley. 2006. Seedling species determines rates
of leaf herbivory in a Malaysian rain forest. Journal of Tropical Ecology 22:513-19.

mAP: Erickson, A. A., S. S. Bell, and C. J. Dawes. 2004. Does mangrove leaf chemistry help
explain crab herbivory patterns? Biotropica 36:333-43.

mAQ: Délano-Frier, J. P., N. A. Martinez-Gallardo, O. Martinez-De La Vega, M. D. Salas-Araiza,
E. R. Barbosa-Jaramillo, et al. 2004. The effect of exogenous jasmonic acid on induced
resistance and productivity in amaranth (Amaranthus hypochondriacus) is influenced by
environmental conditions. Journal of Chemical Ecology 30:1001-34.

mAR: Evans, J. A. and D. A. Landis. 2007. Pre-release monitoring of Alliaria petiolata (garlic
mustard) invasions and the impacts of extant natural enemies in southern Michigan forests.
Biological Control 42:300-07.

mAS: Faveri, S. B., H. L. Vasconcelos, and R. Dirzo. 2008. Effects of Amazonian forest
fragmentation on the interaction between plants, insect herbivores, and their natural enemies.
Journal of Tropical Ecology 24:57-64.

mAT: Fiala, B., U. Maschwitz, T. Y. Pong, and A. J. Helbig. 1989. Studies of a South East Asian
ant-plant association: protection of Macaranga trees by Crematogaster borneensis.
Oecologia 79:463-70.

mAU: Forkner, R. E. and M. D. Hunter. 2000. What goes up must come down? Nutrient addition
and predation pressure on oak herbivores. Ecology 81:1588-600.

mAYV: Fry, H. R. C., D. T. Quiring, K. L. Ryall, and P. L. Dixon. 2008. Relationships between elm

42



784

785

786

787

788

789

790

791

792

793

794

795

796

797

798

799

800

801

802

803

804

805

806

807

spanworm, Ennomos subsignaria, juvenile density and defoliation on mature sycamore
maple in an urban environment. Forest Ecology and Management 255:2726-32.

mAW: Funk, J. L. and H. L. Throop. 2010. Enemy release and plant invasion: patterns of
defensive traits and leaf damage in Hawaii. Oecologia 162:815-23.

mAX: Garcia-Guzman, G. and J. Benitez-Malvido. 2003. Effect of litter on the incidence of leaf-
fungal pathogens and herbivory in seedlings of the tropical tree Nectandra ambigens.
Journal of Tropical Ecology 19:171-77.

mAY: Pennings, S. C., C. K. Ho, C. S. Salgado, K. Wieski, N. Dave, et al. 2009. Latitudinal
variation in herbivore pressure in Atlantic Coast salt marshes. Ecology 90:183-95.

mAZ: Agren, J. 1987. Intersexual differences in phenology and damage by herbivores and
pathogens in dioecious Rubus chamaemorus L. Oecologia 72:161-69.

mBA: Kozlov, M. V. 2008. Losses of birch foliage due to insect herbivory along geographical
gradients in Europe: a climate-driven pattern? Climatic Change 87:107-17.

mBB: Andrew, N. R. and L. Hughes. 2005. Herbivore damage along a latitudinal gradient: relative
impacts of different feeding guilds. Oikos 108:176-82.

mBC: Nunez-Farfan, J. and R. Dirzo. 1989. Leaf survival in relation to herbivory in two tropical
pioneer species. Oikos 55:71-74.

mBD: Marquis, R. J. 1984. Leaf herbivores decrease fitness of a tropical plant. Science 226:537-
39.

mBE: Filip, V., R. Dirzo, J. M. Maass, and J. Sarukhan. 1995. Within- and among-year variation
in the levels of herbivory on the foliage of trees from a Mexican tropical deciduous forest.
Biotropica 27:78-86.

mBF: Aide, T. M. and J. K. Zimmerman. 1990. Patterns of insect herbivory, growth, and

survivorship in juveniles of a neotropical liana. Ecology 71:1412-21.

43



808

809

810

811

812

813

814

815

816

817

818

819

820

821

822

823

824

825

826

827

828

829

830

831

mBG: Aide, T. M. 1993. Patterns of leaf development and herbivory in a tropical understory
community. Ecology 74:455-66.

mBH: Aide, T. M. 1991. Synchronous leaf production and herbivory in juveniles of Gustavia
superba. Oecologia 88:511-14.

mBI: Alcala, R. E., N. A. Mariano, F. Osuna, and C. A. Abarca. 2010. An experimental test of the
defensive role of sticky traps in the carnivorous plant Pinguicula moranensis
(Lentibulariaceae). Oikos 119:891-95.

mBJ: Alonso, C. and C. M. Herrera. 1996. Variation in herbivory within and among plants of
Daphne laureola (Thymelaeaceae): correlation with plant size and architecture. Journal of
Ecology 84:495-502.

mBK: Casotti, G. and J. S. Bradley. 1991. Leaf nitrogen and its effects on the rate of herbivory on
selected eucalypts in the jarrah forest. Forest Ecology and Management 41:167-77.

mBL: Mack, A. L., K. Ickes, J. H. Jessen, B. Kennedy, and J. R. Sinclair. 1999. Ecology of Aglaia
mackiana (Meliaceae) seedlings in a New Guinea rain forest. Biotropica 31:111-20.

mBM: MacKay, J. and P. M. Kotanen. 2008. Local escape of an invasive plant, common ragweed
(Ambrosia artemisiifolia L.), from above-ground and below-ground enemies in its native
area. Journal of Ecology 96:1152-61.

mBO: Marquis, R. J. 1988. Intra-crown variation in leaf herbivory and seed production in striped
maple, Acer pensylvanicum L. (Aceraceae). Oecologia 77:51-55.

mBP: Marquis, R. J. and C. J. Whelan. 1994. Insectivorous birds increase growth of white oak
through consumption of leaf-chewing insects. Ecology 75:2007-14.

mBQ: Massey, F. P., K. Massey, M. C. Press, and S. E. Hartley. 2006. Neighbourhood
composition determines growth, architecture and herbivory in tropical rain forest tree

seedlings. Journal of Ecology 94:646-55.

44



832  mBR: Michelangeli, F. A. 2003. Ant protection against herbivory in three species of Tococa

833 (Melastomataceae) occupying different environments. Biotropica 35:181-88.

834 mBS: Moles, A. T. and M. Westoby. 2000. Do small leaves expand faster than large leaves, and do
835 shorter expansion times reduce herbivore damage? Oikos 90:517-24.

836 mBT: Moyes, C. L., H. A. Collin, G. Britton, and A. F. Raybould. 2000. Glucosinolates and

837 differential herbivory in wild populations of Brassica oleracea. Journal of Chemical

838 Ecology 26:2625-41.

839 mBU: Myster, R. W. 2002. Foliar pathogen and insect herbivore effects on two landslide tree
840 species in Puerto Rico. Forest Ecology and Management 169:231-42.

841 mBV: Nakamura, M., H. Kagata, and T. Ohgushi. 2006. Trunk cutting initiates bottom-up

842 cascades in a tri-trophic system: sprouting increases biodiversity of herbivorous and

843 predaceous arthropods on willows. Oikos 113:259-68.

844 mBW: Ness, J. H., E. J. Rollinson, and K. D. Whitney. 2011. Phylogenetic distance can predict
845 susceptibility to attack by natural enemies. Oikos 120:1327-34.

846  mBX: Norghauer, J. M., J. R. Malcolm, and B. L. Zimmerman. 2006. Juvenile mortality and
847 attacks by a specialist herbivore increase with conspecific adult basal area of Amazonian
848 Swietenia macrophylla (Meliaceae). Journal of Tropical Ecology 22:451-60.

849  mBY: Norghauer, J. M., J. R. Malcolm, B. L. Zimmerman, and J. M. Felfili. 2008. Experimental
850 establishment of big-leaf mahogany (Swietenia macrophylla King) seedlings on two soil
851 types in native forest of Pard, Brazil. Forest Ecology and Management 255:282-91.

852  mBZ: Offenberg, J., S. Havanon, S. Aksornkoae, D. J. MacIntosh, and M. G. Nielsen. 2004.

853 Observations on the ecology of weaver ants (Oecophylla smaragdina Fabricius) in a Thai
854 mangrove ecosystem and their effect on herbivory of Rhizophora mucronata Lam.
855 Biotropica 36:344-51.

45



856

857

858

859

860

861

862

863

864

865

866

867

868

869

870

871

872

873

874

875

876

877

878

879

mCA: Rudgers, J. A. 2004. Enemies of herbivores can shape plant traits: selection in a facultative
ant-plant mutualism. Ecology 85:192-205.

mCB: Rudgers, J. A. and J. D. Hoeksema. 2003. Inter-annual variation in above- and belowground
herbivory on a native, annual legume. Plant Ecology 169:105-20.

mCC: Rudgers, J. A. and K. D. Whitney. 2006. Interactions between insect herbivores and a plant
architectural dimorphism. Journal of Ecology 94:1249-60.

mCD: Rypstra, A. L. and S. D. Marshall. 2005. Augmentation of soil detritus affects the spider
community and herbivory in a soybean agroecosystem. Entomologia Experimentalis et
Applicata 116:149-57.

mCE: Sanders, N. J., R. T. Belote, and J. F. Weltzin. 2004. Multitrophic effects of elevated
atmospheric CO, on understory plant and arthropod communities. Environmental
Entomology 33:1609-16.

mCF: Schuldt, A., M. Baruffol, M. Bohnke, H. Bruelheide, W. Hérdtle, et al. 2010. Tree diversity
promotes insect herbivory in subtropical forests of south-east China. Journal of Ecology
98:917-26.

mCG: Scherber, C., A. Milcu, S. Partsch, S. Scheu, and W. W. Weisser. 2006. The effects of plant
diversity and insect herbivory on performance of individual plant species in experimental
grassland. Journal of Ecology 94:922-31.

mCH: Schmidt, G. and G. Zotz. 2000. Herbivory in the epiphyte, Vriesea sanguinolenta Cogn. &
Marchal (Bromeliaceae). Journal of Tropical Ecology 16:829-39.

mClI: Siemann, E. and W. E. Rogers. 2003. Herbivory, disease, recruitment limitation, and success
of alien and native tree species. Ecology 84:1489-505.

mClJ: Sipura, M. 1999. Tritrophic interactions: willows, herbivorous insects and insectivorous

birds. Oecologia 121:537-45.

46



880

881

882

883

884

885

886

887

888

889

890

891

892

893

894

895

896

897

898

899

900

901

902

903

mCK: Sipura, M. 2002. Contrasting effects of ants on the herbivory and growth of two willow
species. Ecology 83:2680-90.

mCL: Sobek, S., C. Scherber, 1. Steffan-Dewenter, and T. Tscharntke. 2009. Sapling herbivory,
invertebrate herbivores and predators across a natural tree diversity gradient in Germany's
largest connected deciduous forest. Oecologia 160:279-88.

mCM: Spiller, D. A. and A. A. Agrawal. 2003. Intense disturbance enhances plant susceptibility to
herbivory: natural and experimental evidence. Ecology 84:890-97.

mCN: Spiller, D. A. and T. W. Schooner. 1997. Folivory on islands with and without
insectivorous lizards: an eight-year study. Oikos 78:15-22.

mCO: Strong, A. M., T. W. Sherry, and R. T. Holmes. 2000. Bird predation on herbivorous
insects: indirect effects on sugar maple saplings. Oecologia 125:370-79.

mCP: Godfrey, R. M. Unpublished.

mCQ: Johnson, M. T. J. and G. T. Broadhead. Unpublished.

mCR: Schnitzer, S. A., P. B. Reich, B. Bergner, and W. P. Carson. 2002. Herbivore and pathogen
damage on grassland and woodland plants: a test of the herbivore uncertainty principle.
Ecology Letters 5:531-39.

mCS: Coley, P. D. 1980. Effects of leaf age and plant life-history patterns on herbivory. Nature
284:545-46.

mCT: Gross, N. D., S. D. Torti, D. H. Feener, and P. D. Coley. 2000. Monodominance in an
African rain forest: is reduced herbivory important? Biotropica 32:430-39.

mCU: Brenes-Arguedas, T., P. D. Coley, and T. A. Kursar. 2009. Pests vs. drought as
determinants of plant distribution along a tropical rainfall gradient. Ecology 90:1751-61.

mCV: Cepeda-Cornejo, V. and R. Dirzo. 2010. Sex-related differences in reproductive allocation,

growth, defense and herbivory in three dioecious neotropical palms. PLoS ONE 5:¢9824.

47



904

905

906

907

908

909

910

911

912

913

914

915

916

917

918

919

920

921

922

923

924

925

926

927

doi:10.1371/journal.pone.0009824.

mCX: Lowman, M. D. 1985. Temporal and spatial variability in insect grazing of the canopies of 5
Australian rainforest tree species. Australian Journal of Ecology 10:7-24.

mCY: Lowman, M. D. 1992. Herbivory in Australian rain forests, with particular reference to the
canopies of Doryphora sassafras (Monimiaceae). Biotropica 24:263-72.

mCZ: Lowman, M. D. and H. Heatwole. 1992. Spatial and temporal variability in defoliation of
Australian eucalypts. Ecology 73:129-42.

mDA: Shure, D. J. and L. A. Wilson. 1993. Patch-size effects on plant phenolics in successional
openings of the Southern Appalachians. Ecology 74:55-67.

mDB: Fine, P. V. A., Z. J. Miller, 1. Mesones, S. Irazuzta, H. M. Appel, et al. 2006. The growth-
defense trade-off and habitat specialization by plants in Amazonian forests. Ecology
87:S150-S62.

mDC: Jackson, R. V., J. Kollmann, P. J. Grubb, and J. N. Bee. 1999. Insect herbivory on European
tall-shrub species: the need to distinguish leaves before and after unfolding or unrolling, and
the advantage of longitudinal sampling. Oikos 87:561-70.

mDE: Richards, L. A. and P. D. Coley. 2007. Seasonal and habitat differences affect the impact of
food and predation on herbivores: a comparison between gaps and understory of a tropical
forest. Oikos 116:31-40.

mDF: Radho-Toly, S., J. D. Majer, and A. C. Yates. 2001. Impact of fire on leaf nutrients,
arthropod fauna and herbivory of native and exotic eucalypts in Kings Park, Perth, Western
Australia. Austral Ecology 26:500-06.

mDG: Aide, T. M. and P. Angulo-Sandoval. 1997. The effect of dry season irrigation on leaf
phenology and the implications for herbivory in a tropical understory community. Caribbean

Journal of Science 33:142-49.

48



928

929

930

931

932

933

934

935

936

937

938

939

940

941

942

943

944

945

946

947

948

949

950

951

mDH: Grubb, P. J., R. V. Jackson, I. M. Barberis, J. N. Bee, D. A. Coomes, et al. 2008. Monocot
leaves are eaten less than dicot leaves in tropical lowland rain forests: correlations with
toughness and leaf presentation. Annals of Botany 101:1379-89.

mDI: Ewel, J., F. Benedict, C. Berish, B. Brown, S. Gliessman, et al. 1982. Leaf area, light
transmission, roots and leaf damage in nine tropical plant communities. Agro-Ecosystems
7:305-26.

mDJ: Louda, S. M., P. M. Dixon, and N. J. Huntly. 1987. Herbivory in sun versus shade at a
natural meadow-woodland ecotone in the Rocky Mountains. Vegetatio 72:141-49.

mDK: Schowalter, T. D. and L. M. Ganio. 1998. Vertical and seasonal variation in canopy
arthropod communities in an old-growth conifer forest in southwestern Washington, USA.
Bulletin of Entomological Research 88:633-40.

mDL: Schowalter, T. D. 1994. Invertebrate community structure and herbivory in a tropical rain-
forest canopy in Puerto-Rico following hurricane Hugo. Biotropica 26:312-19.

mDM: Lamarre, G. P., C. Baraloto, C. Fortunel, N. Dévila, I. Mesones, et al. 2012. Herbivory,
growth strategies and habitat specialization in tropical tree lineages: Implications for
Amazon beta-diversity. Ecology 93:S195-S210.

mDN: Schuldt, A., H. Bruelheide, W. Durka, D. Eichenberg, M. Fischer, et al. 2012. Plant traits
affecting herbivory on tree recruits in highly diverse subtropical forests. Ecology Letters
15:732-39.

mDO: Marquis, R. J., I. R. Diniz, and H. C. Morais. 2001. Patterns and correlates of interspecific
variation in foliar insect herbivory and pathogen attack in Brazilian cerrado. Journal of
Tropical Ecology 17:127-48.

mDP: Hendrix, S. D. and R. J. Marquis. 1983. Herbivore damage to three tropical ferns.

Biotropica 15:108-11.

49



952

953

954

955

956

957

958

959

960

961

962

963

964

965

966

967

968

mDQ: Balick, M. J., D. G. Furth, and G. Cooperdriver. 1978. Biochemical and evolutionary
aspects of arthropod predation on ferns. Oecologia 35:55-89.

mDR: Mehltreter, K. and J. Tolome. 2008. Herbivory on three tropical fern species of a Mexican
cloud forest. P. 375-81 in S. Chandra and M. Srivastava, editors. Pteridology in the New
Millenium. Kluwer Academic Publishers.

mDS: Kouki, J. 1991. Small-scale distributional dynamics of the yellow water-lily and its
herbivore Galerucella nymphaeae (Coleoptera, Chrysomelidae). Oecologia 88:48-54.

mDT: Johnson, M. T. J. Unpublished.

mDU: Thomsen, C. J. M. Unpublished.

mDV: Loranger, H., W. W. Weisser, A. Ebeling, T. Eggers, E. De Lucca, et al. 2013. Invertebrate
herbivory increases along an experimental gradient in grassland plant diversity. Oecologia:1-
11.

mDW: Mauricio, R. and M. D. Rausher. 1997. Experimental manipulation of putative selective
agents provides evidence for the role of natural enemies in the evolution of plant defense.

Evolution 51:1435-44.

50



