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Abstract. In the face of unprecedented loss of biodiversity, cross-taxon correlates have
been proposed as a means of obtaining quantitative estimates of biodiversity for identifying
habitats of important conservation value. Habitat type, animal trophic level, and the spatial
extent of studies would be expected to influence the strength of such correlations. We
investigated these effects by carrying out a meta-analysis of 320 case studies of correlations
between plant and animal species richnesses. The diversity of arthropods, herps, birds, and
mammals significantly increased with plant diversity regardless of species habitat. However,
correlations were stronger when plant and animal species richnesses were compared between
habitats (c diversity) than within single habitats (a diversity). For arthropods, both the
coefficient of correlation and the slope of the regression line were also greater for primary than
for secondary consumers. These findings substantiate the use of plant species richness as an
indicator of the diversity of animal taxa over space.
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INTRODUCTION

The current loss of biodiversity (Mace et al. 2005) has

become a major environmental concern (Butchart et al.

2010). In addition to raising concern about the

conservation of endangered species, this loss may have

detrimental effects on the functioning of ecosystems

(Hector and Bagchi 2007) and on human well-being

(Keesing et al. 2010). Estimations of the number of
species living in a given area should therefore improve

the identification of habitats with the highest conserva-

tion value (Lewandowski et al. 2010) and of ecosystems

at highest risk of dysfunction (Hector and Bagchi 2007).

It is not possible to count all species (Novotny et al.

2006), but two approaches have been developed for the

estimation of biodiversity: the use of surrogates and

correlates. Surrogates are individual species that are easy

to sample, the presence of which is thought to be

predictive of the presence of other species in the

community (Caro and O’Doherty 1999). Surrogate

species are commonly used to identify areas for

protection, but their presence or abundance rarely
provides information about the numbers of associated

species present (e.g., Noss 1990, Caro and O’Doherty

1999, Favreau et al. 2006). Cross-taxon correlates are

more likely to provide quantitative estimates of biodi-

versity. This approach is based on the wide variety of

biotic interactions between species and is illustrated by

the observation that many species become extinct

following the loss of other species due to functional

dependence between species (Koh et al. 2004). These

ecological links have been used to substantiate the

statistical correlations in species richness between

different taxa occurring at the same site (Siemann

1998, Novotny et al. 2002, Dyer et al. 2007).

As herbivores feed on plants and predators eat

herbivores, it has been hypothesized that animal

diversity increases with increasing plant diversity. Some

observational (Sobek et al. 2009) and experimental

(Siemann 1998, Haddad et al. 2009) studies have

provided support for this hypothesis. If trophic interac-

tions underlie this relationship, then the strength of

correlations with plant diversity would also be expected

to be lower for secondary consumers than for primary

consumers (Scherber et al. 2010). However, correlations

between the species richnesses of different taxa may also

result from common responses to the same evolutionary

(i.e., same patterns of diversification) or environmental

drivers at the regional (biogeographic processes) or local

(dispersal abilities, abiotic constraints) scale (Belyea and

Lancaster 1999).

Despite broad acceptance of the current view that

animal species richness should increase with plant

species richness (Wolters et al. 2006, Lewinsohn and

Roslin 2008), the strength of this correlation, its

determinism and the relevance of plant species richness

as a correlate for animal diversity are still a matter of

debate (Vessby et al. 2002, Lewandowski et al. 2010,

Santi et al. 2010). We identified five possible causes of

inconstancy in magnitude of plant–animal species

richness correlations: (1) As the species-area relationship

differs between taxa, the spatial extent of the study may

affect correlations between animal and plant species
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richnesses (Jetz et al. 2009, Qian and Kissling 2010); (2)

not all animal taxa are related to plants in the same way,

with some animals requiring specific host plants (e.g.,

gall-producing insects), whereas others depend on the

diversity of plant resources (e.g., ungulate mammals),

potentially resulting in a ‘‘taxonomic bias’’ in the plant–

animal diversity correlation (Vessby et al. 2002, Grill et

al. 2005, Jetz et al. 2009, Santi et al. 2010); (3) some

habitats, such as woodlands, accommodate larger

numbers of perennial plant species, allowing more stable

trophic interactions between animal and plants. Biodi-

versity patterns would therefore also be expected to vary

between habitats for a given taxon (e.g., Grill et al. 2005,

Baur et al. 2007, Ding et al. 2008); (4) if such a ‘‘habitat

bias’’ exists, then the strength of correlations between

plant and animal diversity may be habitat dependent,

accounting for differences in the conclusions drawn in

studies comparing plant and animal diversity within (a
diversity) and between (c and b diversity) habitats

(Sobek et al. 2009); and finally, (5) as herbivores feed on

plants while carnivores do not, plant diversity may

explain a different part of variability of animal diversity,

depending on the position of the animals in the food web

(i.e., herbivores, predators, and detritivores; Siemann et

al. 1998).

We present here the results of a meta-analysis of

correlations between plant and animal species richness

based on explicit hypotheses. More precisely, we tested

five hypotheses: (1) The strength of correlations between

plant and animal diversity varies with animal taxon and

(2) is higher in perennial habitats (i.e., woodlands); (3)

correlations are generally weaker for secondary than for

primary consumers, (4) and for a diversity than for c
diversity, and (5) may depend on spatial scale. We found

that, overall, animal species richness increased signifi-

cantly with plant species richness. However, this

relationship varied considerably with the trophic level

of animals and with the way in which biodiversity was

measured. These findings provide important informa-

tion for our understanding of biodiversity patterns over

space and may facilitate the development of relevant

biodiversity indicators.

MATERIALS AND METHODS

Data collection

We searched for published studies reporting correla-

tions between plant species richness and animal species

richness in the ISI Web of Science database, using

various combinations of relevant terms, such as: (plant,

vegetation, grass, herb, forb, shrub, or tree) and

(invertebrate, mollusk, snail, slug, arthropod, spider,

insect, coleoptera, carab, beetle, weevil, saproxylic

beetle, lepidoptera, butterfly, moth, diptera, hoverfly,

heteroptera, bug, aphid, hymenoptera, beetle, pollina-

tor, parasitoid, orthoptera, grasshopper, vertebrate,

herp, reptile, amphibian, snake, bird, or mammal) and

(diversity or richness). For search methodology, each

terms within parentheses was separated by ‘‘or.’’ We also

surveyed the references cited in the articles we retrieved.

We first selected the articles retrieved that reported

quantitative estimations of biodiversity (i.e., species

richness, species diversity, Shannon’s, Fisher’s, or

Simpson’s diversity index) for both plants and animals.

This resulted in the selection of about 150 articles.

However, data on marine and freshwater ecosystems

were scarce, so we focused our survey of the literature on

terrestrial ecosystems. As a means of ensuring unam-

biguous interpretation, we chose to include in the meta-

analysis only studies that used species richness rather

than any other form of biological diversity measure-

ment. When results for animal and plant richness

correlations were reported for several years in the same

study, we used the averaged values of the correlation

across years to avoid pseudo-replications.

Calculating effect sizes with correlation coefficients

We quantified the relationship between plant and

animal species richness by extracting correlation coeffi-

cient (r) values from the text and tables. We used

Pearson’s, Kendall’s, and Spearman’s correlations. If

correlation coefficients were not directly available, but

could be calculated from a graph or a table, we extracted

numerical values by digitizing the figure and plotting

simple linear regressions, as in most published studies on

this topic. We used Fisher’s z transformation to

calculate an effect size for each individual study: z ¼
0.5 3 log[(1 þ r)/(1 – r)]. The asymptotic variance of z

(s2
z ) was calculated as s2

z ¼ 1/(n – 3), where n corresponds

to the number of point data used in regressions, plotted

on figures or reported by the authors (Borenstein et al.

2009). When missing, n values were retrieved from

tables, appendixes, or after digitizing figures (only visible

data points were used). As the conditional variance is

inversely related to n, studies with larger sample sizes

had a greater weight. Unlike r, which must lie between

�1 and þ1, z ranges from –‘ to þ‘. A positive z value

implies that there is a positive correlation between plant

species richness and animal species richness.

We combined effect sizes across all studies to obtain

the grand mean effect size (Gurevitch and Hedges 1999).

The mean effect size z represents the weighted average of

relationships between plant species richness and animal

species richness. Effects were considered statistically

significant if the 95% bias-corrected bootstrap confi-

dence interval (hereafter referred to as CI) calculated

with 9999 iterations did not include zero. Analyses were

performed on Fisher’s z statistics, but, for the sake of

convenience, we back-transformed z values to obtain

correlation coefficients (r) in the Results section.

Calculation of effect sizes with slope coefficients

In addition, we tested the strength of the relationship

between plant and animal species richness (i.e., the rate

of change in animal species richness for a given change

in plant species richness) by calculating the slopes of the

BASTIEN CASTAGNEYROL AND HERVÉ JACTEL2116 Ecology, Vol. 93, No. 9



linear regressions between plant species richness and

animal species richness and the standard deviation of

these slopes. This analysis was restricted to arthropods,

because too few published data were available for other

taxa. Standardized regression slopes were generated by

the weighted least squares approach (Bini et al. 2001,

Becker and Wu 2007): We calculated a weighted mean

of slopes (b), by combining slopes bi of each ith study

ranging from 1 to k as

b ¼

Xk

i¼1

wibi

Xk

i¼1

wi

ð1Þ

where wi is the reciprocal of the variance of the slope of

the ith study: wi ¼ 1/s2(bi ).

The variance of combined slope b was calculated as

s2
b ¼

1

Xk

i¼1

wi

: ð2Þ

Bootstrap procedures were used to estimate the confi-

dence intervals around b (Rosenberg et al. 2000). This

method has the same advantages and limitations as

standard effect size calculation (Becker and Wu 2007).

Documenting explanatory covariates

We tested the effect of four covariates on the

magnitude of the relationship between plant and animal

species richness.

Spatial extent.—As described by Rahbek (2005), we

defined the spatial extent as the inference space over

which comparisons were made. A priori categorization

was avoided by treating spatial extent as a continuous

variable. When this information was not provided in the

publication, we estimated it as the area of the smallest

rectangle encompassing all the sampled sites. Spatial

extent (m2) was log10-transformed (see Supplement) to

account for the considerable variation between individ-

ual studies. As specific meta-analyses showed no

significant effect of spatial extent on plant-animal

species richness correlations (see Results), we reintro-

duced studies for which the sampled area could not be

calculated but obviously fell into the range of spatial

variation of other studies in the same analysis.

Diversity metric.—As described by Whittaker (1960),

we defined a diversity as the number of species found in

a given habitat, and c diversity as the number of species

found in a range of different habitats combined in a

single study. We therefore qualified a diversity studies as

those reporting species richness in structurally and

functionally equivalent patches of the same habitat

(e.g., conifer stands, broadleaved stands, mixed stands

within the woodland habitat). Conversely, case studies

on species richness calculated across different habitats

(e.g., in both grasslands and woodlands) were consid-

ered as c diversity studies.

Trophic level.—When unambiguous information

about trophic levels was reported in individual studies

(e.g., Siemann et al. 1998), arthropods were classified on

the basis of four functional categories, referred as

trophic levels for convenience: primary consumers

(‘‘herbivores’’), secondary consumers (‘‘predators’’), de-

tritivores, and pollinators. We classified moths (Lepi-

doptera), Homoptera, Orthoptera, Chrysomelidae, and

Curculionidae as primary consumers, and spiders and

insect parasitoids (and the corresponding families) as

secondary consumers. Several studies reported correla-

tions between flowering-plant species diversity and

pollinators, including bees, hoverflies, and butterflies.

For the sake of consistency, butterflies (Lepidoptera)

and Syrphidae were classified as pollinators in other case

studies, because most of these insects pollinate flowers as

adults, the stage sampled in the retrieved publications.

Studies reporting on arthropods without clear distinc-

tion between trophic levels (e.g., ants and ground beetles

can be carnivores or granivores) were not included in the

analysis.

In some cases, several animal subtaxa (e.g., Lepidop-

tera and Coleoptera for arthropods) or subgroups of

consumers (e.g., insect parasitoids and predators for

secondary consumers) were considered in the same study

and their species richnesses were correlated with the

same plant species richness. These particular compari-

sons are therefore not truly independent. We avoided

problems of nonindependence or pseudoreplication of

observations in the meta-analysis by calculating an

average effect size at the publication level (e.g., for

arthropods or secondary consumers in the examples

given). For this test, we used the method proposed by

Borenstein et al. (2009) for multiple comparisons within

a study (Appendix). The outcome was almost identical

to that obtained with the complete data set, with a

similar mean effect size per explanatory covariate (Figs.

2, 3, and 4) and comparable effects of covariates

(Appendix). We therefore decided to use the 320

correlations to maximize the retention of information

and to benefit from a greater statistical power.

Habitat type.—We defined ‘‘habitat’’ as all environ-

ments with common ecological properties. We classified

as ‘‘woodlands’’ environments in which trees were the

dominant plant species (including ‘‘forests,’’ ‘‘wood-

lands,’’ ‘‘forested savannahs,’’ ‘‘scrublands,’’ and ‘‘forest

understoreys’’). Similarly, we classified as ‘‘grasslands’’

environments in which plant communities were domi-

nated by herbaceous species (including ‘‘pastures,’’

‘‘meadows,’’ and ‘‘field margins’’). Studies reporting

plant–animal species richness correlations across differ-

ent habitats were classified as ‘‘multiple-habitats’’

studies.

We avoided problems associated with confounding

factors (e.g., if a diversity studies were carried out only

in woodlands, the effects of diversity metrics and habitat
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would be confounded) by constructing independent

subsets of data to address specific questions. We carried

out five different meta-analyses in a hierarchical

approach (Fig. 1; Supplement). This avoided the need

to use individual data points more than once in any

given analysis (Whittaker 2010).

The ‘‘spatial extent effect’’ was tested separately for c
and a diversity studies. For c diversity, we plotted z

values against spatial extent [log(area)] for each taxon

separately. For a diversity studies, regression analyses

were carried out for each combination of two taxa

(arthropods and birds) and two habitats (woodlands

and grasslands) separately. Given the absence of a

spatial extent effect on the correlation between plant

richness and arthropod or bird richness in a and c
diversity studies (Table 1), this factor was not taken into

account in further meta-analyses with these two taxa,

and the corresponding studies were pooled.

We assessed the ‘‘habitat effect’’ (a diversity) on

plant–animal richness correlations only for arthropods

and birds, because too few publications were available

for mammals and herps. Given the absence of a

significant habitat effect (Fig. 1), we pooled studies

carried out in different habitats.

We then assessed the effect of the ‘‘biodiversity

metric’’ used on the correlation between plant and

animal species richness by comparing mean correlation

values in a vs. c diversity studies on arthropods and

birds, regardless of habitat or spatial extent.

The ‘‘trophic-level effect’’ on correlations between

plant and animal species richness was assessed with data

for arthropods, by comparing primary consumers,

secondary consumers, detritivores, and pollinators. As

the diversity metric used had a significant effect on

correlations (Fig. 1), we assessed the trophic-level effect

separately for a and c diversity studies. For the same

reason, we assessed the taxon effect by comparing

correlations between plant richness and the richness of

arthropods and birds in a diversity studies and the

richness of arthropods, birds, herps, and mammals in c
diversity studies.

Finally, we decided to discard case studies on

croplands (n ¼ 10), mollusks (n ¼ 4), earthworms, and

nematodes (n ¼ 3), because there were too few and not

evenly replicated across classes of explanatory covariates

(for example, all studies on croplands concerned the a
diversity of arthropods, making it impossible to separate

habitat, taxon, and biodiversity metric effects). Because

FIG. 1. Summary of the effects of (1) habitat, (2) diversity metric, and (3) trophic level on correlations between plant richness
and (a) arthropod and (b) bird species richness. Abbreviations are: n, number of case studies; QB, between-classes heterogeneity; r,
mean correlation coefficient; and CI, 95% bias-corrected bootstrap confidence interval. Significant P values are in boldface.
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cases of c diversity in detritivore arthropods originated

from only two studies, we did not use them for testing

the trophic-level effect in c diversity studies in order to

reduce the publication bias. This meta-analysis was,

therefore, based on 320 case studies derived from 103

articles published between 1972 and 2010 (Supplement).

We used a random-effect model to test the effect of

spatial extent, as a continuous variable, on effect size

(Gurevitch and Hedges 1999). We used a mixed-effect

model to assess between-class heterogeneity (for each

covariate) and to evaluate the significance of the class

effect (Gurevitch and Hedges 1999), assuming a fixed

effect across classes and a random effect within classes

(Borenstein et al. 2009). The classes were ‘‘woodland’’

and ‘‘grassland’’ for the ‘‘habitat’’ covariate, or ‘‘a’’ and
‘‘c’’ for the ‘‘diversity metric’’ covariate, for example.

The weighted mean effect size and a bias-corrected

bootstrap confidence interval were then calculated for

each class of covariate. We calculated the variation in

effect size explained by the categorical model (QBetween

or QB). This between-class heterogeneity was tested

against a v2 distribution to evaluate the significance of

the class effect.

When multiple tests were carried out on the same data

set, the resulting P values were assessed against a

Bonferroni-adjusted a level.

We checked the data set for publication bias, with the

weighted fail-safe number, as modified by Rosenberg

(2005). The fail-safe number is the number of nonsig-

nificant, unpublished, or missing studies that would have

to be added to a meta-analysis to convert the results of

the meta-analysis from significant to nonsignificant. The

most common fail-safe number used is Rosenthal’s

number. This test accounts for the lower publication

frequency of studies with non significant results than of

studies reporting significant results (Arnqvist and

Wooster 1995). This number was compared with the

conservative 5kþ 10 (Rosenberg et al. 2000), where k is

the total number of individual comparisons. We also

drew funnel plots, which we assessed by eye to identify

potential publication bias and abnormalities in data

structure (Rosenberg et al. 2000). All meta-analyses

were conducted with Metawin 2.0 software (Rosenberg

et al. 2000).

RESULTS

Overall, our meta-analysis confirmed that there was a

significant positive correlation between plant species

richness and animal species richness, with a grand mean

effect size (r) of 0.45, which is significantly different from

zero (CI¼0.40–0.49). More than 80% of the case studies

(260 out of 320) reported positive correlations. On

average, plant species richness accounted for 20% of the

variability (r2) of animal diversity. Furthermore, the

funnel plot identified no outliers, with no deficit of

values close to zero, suggesting that our results were

unlikely to be affected by publication bias. This lack of

bias was confirmed by the high weighted Rosenthal’s

number (315 027), which was about 200 times higher

than the conservative value of 1610.

Effect of spatial extent on plant and animal species

richness correlations

For studies on a diversity, there was no significant

effect of spatial extent on the coefficient of correlation

between plant and animal species richness (Table 1) for

any taxon (arthropods, birds, and mammals) or any

habitat (woodland or grassland). For c diversity studies,

spatial extent had no significant effect on the coefficient

of correlation between plant species richness and

arthropod or bird species richness (Table 1), but it did

have a significant and positive effect on correlations with

herp and mammal species richness. We therefore pooled

the data for different spatial extents for arthropods and

birds to increase statistical power for further tests of

covariates.

Effect of habitat on plant–animal species

richness correlations

For birds or arthropods in a diversity studies, the type

of habitat (grasslands vs. woodlands) had no significant

effect on the coefficient of correlation between plant

TABLE 1. Effects of spatial extent [log10(area); m
2] on plant–animal species richness correlations in a and c diversity studies

involving arthropods, birds, herps, and mammals in woodlands or grasslands.

Diversity and taxa Habitat N Range [log10(area)] Q P (v2)

a
Arthropods woodlands 69 7.0–10.5 1.34 0.25

grasslands 85 4.2–11.4 0.01 0.91
Birds woodlands 21 7.2–10.8 1.45 0.23

grasslands 4 9.1–10.0 0.05 0.82
Mammals woodlands 6 7.2–10.3 0.48 0.49
Herps woodlands 4 7.2–9.3 1.54 0.21

c
Arthropods multiple 64 5.2–12.8 0.11 0.73
Birds multiple 22 6.5–13.0 1.29 0.26
Herps multiple 10 8.6–13.0 17.74 ,0.0001
Mammals multiple 14 9.2–13.0 13.42 0.0003

Note: Abbreviations are: N, number of case studies included in the analysis; and Q, heterogeneity (a measure of weighted
squared deviation).
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species richness and animal species richness (Fig. 1). We

could therefore pool studies carried out in woodland

and grassland, to test for the effects of other covariates

with greater statistical power.

Effect of taxon on plant–animal species

richness correlations

When case studies on different habitats and spatial

scales were pooled, there were no significant differences

in plant–animal species richness correlation either

between birds and arthropods in a diversity studies (n

¼ 190, QB ¼ 1.64, P ¼ 0.27; Fig. 2) or between birds,

arthropods, mammals, and herps in c diversity studies (n

¼ 116, QB ¼ 1.03, P ¼ 0.82; Fig. 2).

Effects of the biodiversity metric on plant–animal species

richness correlations

In both arthropods and birds, correlations between

animal species richness and plant species richness were

consistently stronger incdiversity studies than inadiversity
studies (Fig. 2). The effect of the biodiversity metric was

significant for both arthropods and birds (Fig. 1).

We could not test the effect of biodiversity metrics for

mammals and herps, because there was a significant effect

of spatial extent on correlations between plant richness

and herp or mammal richness in c diversity studies and the
range of spatial extent variation differed considerably

between a and c diversity studies for these taxa.

Effects of arthropod trophic level on plant–arthropod

species richness correlations

As the type of biodiversity measurement had a

significant effect on correlations (Fig. 1), we analyzed

the effect of trophic level on the correlations between

arthropod species richness and plant species richness

separately for a and c diversity studies.

The trophic level had a marginally significant effect on

the correlation coefficient in a diversity studies and a

highly significant effect in c studies (Fig. 1), with on

average higher mean values for primary consumers (and

pollinators in c diversity studies) than for secondary

consumers and detritivores (Fig. 3).

FIG. 2. Effect of the type of diversity metric on mean
coefficients of correlation (shown with confidence intervals)
between plant and animal species richness: for a (open symbols)
and c (solid symbols) diversity studies on mammals (squares),
herps (diamonds), birds (circles), and arthropods (triangles) for
the full data set (solid lines) and for data averaged at the taxon
level within each publication (dashed lines).

FIG. 3. Effect of trophic level on mean coefficients of correlation (shown with confidence intervals) between plant and
arthropod species richness for a diversity studies (open symbols) and c (solid symbols) for: detritivores (triangles), predators
(circles), pollinators (diamonds), and herbivores (squares), for the full data set (solid lines), and for data averaged at the trophic
level within each publication (dashed lines). There were not enough replicates to test the correlation between plant and detritivores
c diversity, neither for the full data set nor for averaged data.
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In a diversity studies the mean regression line slopes

followed the same pattern, being steeper for primary

consumers than for pollinators, secondary consumers,

and detritivores (Fig. 4), although differences were not

significant (n¼ 96, QB¼ 16.5, P¼ 0.16). There were too

few available data to test the effect of trophic level on

slope values in c diversity studies.

DISCUSSION

In this study, based on a large plant–animal species

richness data set with more than 300 case studies, we

provide strong evidence of a positive correlation

between plant and animal diversity across a large range

of taxa, habitats, spatial extents, and trophic levels,

suggesting that the pattern observed is very general.

Furthermore, our data set does not seem to be subject to

a publication bias, implying that negative correlations

were as likely to be published as positive correlations.

The obtained correlation coefficient of 0.45 is highly

consistent with the findings of previous studies reporting

correlations between plant and animal species richness

of r¼ 0.22 (Wolters et al. 2006) to r¼ 0.56 (Lewinsohn

and Roslin 2008). However, we observed considerable

variation in the magnitude of plant–animal richness

correlations. The biodiversity metric used in ecological

studies and the trophic level of the animal taxa emerged

as two key factors accounting for differences in the

magnitude of correlation. The correlations between

plant and animal diversities across multiple habitats (c
diversity) were greater than those within a given habitat

(a diversity). The species richness of arthropods with a

direct trophic link to plants, such as herbivores (primary

consumers) and pollinators, displayed more extensive

covariation with plant species richness than did that of

arthropods with indirect trophic links, such as predators

(secondary consumers) and detritivores. By contrast, we

found no significant effect of the type of habitat in which

species were sampled or of the spatial extent over which

sampling took place in a diversity studies.

Bottom-up determinism vs response to similar

environmental gradients

Plant–animal diversity correlations may result from

two different, but nonexclusive mechanisms: a common

response to similar environmental factors (Hawkins and

Porter 2003, Hawkins and Pausas 2004, Axmacher et al.

2009, Proches et al. 2009) or a functional dependence

(Siemann et al. 1998, Potts et al. 2003, Zhao et al. 2006,

Dyer et al. 2007, Ebeling et al. 2008), which may be

broken down into trophic interactions. Functional links

between plants and animals may be explained by (1)

trophic interactions through the effect of plant diversity

on the amount and quality of food available for

consumers (Potts et al. 2003, Ebeling et al. 2008,

Haddad et al. 2009), (2) non-trophic interactions, plant

diversity controlling the number of available ecological

niches through habitat complexity (e.g., Brose 2003,

Cuevas-Reyes et al. 2004, Haddad et al. 2009), and (3) a

combination of trophic and non-trophic interactions

(Zhao et al. 2006).

Reported findings concerning common responses of

plant and animal diversities to similar environmental

factors are inconsistent and may be taxon and spatially

dependent (Jetz et al. 2009, Qian and Kissling 2010).

Some studies have indicated that significant correlations

between plant and animal diversities remain even after

controlling for the effect of environmental factors (Qian

and Ricklefs 2008, Qian and Kissling 2010), whereas

others have reported opposite findings (Hawkins and

Porter 2003, Hawkins and Pausas 2004) or have

suggested that environmental variables are better than

plant diversity at predicting animal diversity (Axmacher

et al. 2009, Jetz et al. 2009, Proches et al. 2009). We were

unable to test this hypothesis due to a lack of

information about environmental conditions at the

sampling sites.

Most herbivorous insect species are oligophagous,

feeding on plants within a single genus or a single family

FIG. 4. Effect of trophic level on mean slopes of linear
regressions between plant and arthropod species richness for
(A) the full data set and (B) data averaged at the trophic level
within each publication. Lines represent the weighted mean
value of slopes, and shaded areas represent the bias-corrected
bootstrap confidence intervals of mean slopes.
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(Ward and Spalding 1993, Novotny and Basset 2005).

Thus, increasing plant diversity is very likely to lead to a

greater diversity of food resources for herbivores,

resulting in higher species richness for primary consum-

ers. This higher diversity of primary consumers should,

in turn, result in a higher diversity of consumers at the

upper trophic levels (secondary and tertiary consumers),

although the presence of generalist predators (with a

larger niche breadth) and intra-guild predation could

potentially decrease the magnitude of species richness

correlations across trophic levels. For a diversity, we

found that the mean coefficient of regression of plant

diversity against arthropod diversity was higher for

arthropods with direct trophic links with plants (i.e.,

primary consumers and pollinators) than for arthropods

that do not directly depend on plants for food

(secondary consumers and detritivores). Moreover, the

slopes of the regressions of arthropod species richness

against plant species richness followed the same pattern

related to dependence on plants for food (steeper slopes

for primary consumers than for pollinators, secondary

consumers, and detritivores). Correlations between

plant and arthropod species richness followed the same

pattern in c diversity studies. These results are consistent

with previous studies indicating that secondary consum-

er species richness cannot be accounted for directly by

plant species richness, being instead mediated by a

cascading bottom-up effect of plant diversity via

herbivore abundance and diversity (Haddad et al.

2009, Scherber et al. 2010).

The correlation between plant and animal biodiversity

may also be explained by top-down control, with animal

diversity shaping plant diversity (Pearson and Dyer

2006). However, although the effect of grazing on plant

diversity in grasslands has been extensively studied

(reviewed in Olff and Ritchie 1998), that of herbivore

species richness per se remains poorly investigated.

Furthermore, recent experimental studies have suggest-

ed a cascading effect of animal diversity, with an

increase in natural enemy numbers decreasing herbivore

diversity, with potential effects on plant abundance

(Pearson and Dyer 2006).

Diversity metrics

Correlations between animal and plant species rich-

ness were consistently higher in c diversity studies than

in a diversity studies, regardless of animal taxon and

trophic level (in arthropods). This pattern can be

interpreted as indicating a lower level of data dispersion

around the regression line. The measurement of

correlations across different habitats, rather than within

the same habitat, would therefore be expected to reduce

the ‘‘signal/noise’’ ratio. The estimation of animal

species richness in a given habitat (i.e., a diversity)

may be biased by the sampling of generalist species,

which are able to move between habitats. By contrast,

the sampling of different habitats within the same area

(i.e., c diversity) would increase the likelihood of

sampling specialist species specific to each particular

habitat with no effect on the numbers of generalist

species, thereby increasing the specialist/generalist ratio.

If animal species specialize in a particular habitat

because it provides specific plant resources, then the

specialist/generalist ratio should control the strength of

plant–animal richness correlations.

Furthermore, in c diversity studies, the ranges of

variation for both plant and animal species richness (86–

1431 and 20–146, respectively) were, on average, wider

than those in a diversity studies (13–43 and 12–30,

respectively). By stretching the diversity gradient,

sampling in multiple habitats may therefore provide

stronger correlations between plant and animal species

richness (Rahbek 2005).

Lack of difference between habitats or spatial extents

We compared the correlation between plant and

animal a diversities in woodlands and grasslands. Plant

and animal species richness showed the same range of

variation in both woodlands (11 to 41 species for plants,

13 to 31 for animals) and grasslands (16 to 44 species for

plants, 11 to 29 for animals); there was, therefore, no

sampling bias in our data set that might have affected

the coefficient of correlation between plant and animal

species richness. We have suggested that animal trophic

level is a substantial factor influencing the magnitude of

this correlation, and there is no obvious reason why

these trophic relationships should vary across natural

habitats. This accounts for the lack of an effect of

habitat on plant–animal diversity correlations.

Patterns of biodiversity may vary with spatial scale

(Crawley and Harral 2001) because trophic interaction

factors are expected to be the main drivers of species

richness at the local level, whereas the regional species

pool, habitat fragmentation, and environmental con-

straints would be more important at larger scales.

Hence, the effect of spatial scale on our understanding

of species richness patterns has been identified as a key

issue in ecology (Rahbek 2005), and recent critics of

meta-analyses on diversity–productivity relationships

have pointed out the risks involved in the pooling of

studies conducted at different spatial scales (Whittaker

2010). We addressed this issue directly by assessing the

influence of the spatial extent at which studies are

carried out on the magnitude of plant–animal species

richness correlations. We found no significant general

effect of spatial extent (the effect was significant in c
diversity studies with herps and mammals, but the

sample was too small for generalization), a finding

consistent with previous studies showing that correla-

tions between plant and vertebrate diversity remain

significant even when accounting for confounding

climatic and spatial factors (Qian and Ricklefs 2008,

Qian and Kissling 2010), although some studies have

reported the opposite finding (Hess et al. 2006, Jetz et al.

2009). This does not necessarily imply that spatial extent

has no effect on either plant or animal diversity, but it
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suggests that the mechanisms linking plant and animal

diversities operate in similar ways, to different extents.

Implications for biodiversity conservation

Ideally, a biodiversity indicator should be a correlate

of species richness in multiple taxa, useful for continu-

ous assessment, sufficiently sensitive to detect changes,

easy, and cost effective to measure (Noss 1990). Plant

species richness seems to possess most of these qualities

and may, therefore, constitute a widely applicable

biodiversity indicator. However, plant species richness

explained, on average, only 20% of variance in animal

species richness and the mean regression slope remained

well below one, despite animal diversity being known to

be greater than plant diversity in general (Mace et al.

2005). Measurements of plant species richness should

therefore not be seen as a predictor of absolute values of

animal species richness, but rather as an indicator of

potential diversity hotspots for animal taxa.

Habitat loss and degradation are among the principal

causes of biodiversity loss (reviewed in Mace et al. 2005).

Extinction debt describes the number of species in a

given habitat that are expected to become extinct after

an environmental disturbance until a new species

community equilibrium is reached (Kuussaari et al.

2009). Extinction debt is more likely to occur for

specialist than for generalist species and for species with

long (e.g., trees and perennial plants) life spans than for

those with short (e.g., insects) life spans (Kuussaari et al.

2009, Krauss et al. 2010). Animal diversity is, therefore,

likely to decrease more rapidly than plant diversity after

perturbation. Because of such differences in extinction

debt probability, and despite the significant correlation

between plant and animal species richness, temporal

changes in plant species richness may not be used as a

surrogate for changes of animal species richness.

Nevertheless, our study provides new evidence that

plant species richness may be a valuable indicator of

biodiversity over space.
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