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Abstract Predators have far-reaching effects on com-
munities by triggering top-down trophic cascades that
influence ecosystem functioning. Omnivory and intraguild
interactions between predators give rise to reticulate food
webs and may either strengthen or dampen trophic cas-
cades depending on context. Disentangling the effects of
multiple predator species is therefore crucial for predict-
ing the influence of predators on community structure. We
focused on ants as dominant generalist predators in arthro-
pod communities and set up a differential ant exclusion
from canopies to examine its effects on assemblage species
composition and densities of five arthropod groups (pso-
copterans, aphids, spiders, heteropterans and beetles). We
coupled a glue band with tubes allowing only the ant Lasius
grandis to reach the canopies to isolate its effect from the
rest of crawling predators (ants, earwigs) and compared
it against a full exclusion and a control. L. grandis alone
had widespread effects on assemblage species composition,
with contrasting species-specific responses within groups,
where some species affected by L. grandis presence were
not further affected by the presence of the whole crawling
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predator assemblage, and vice versa. Overall, L. grandis
caused two- to threefold decreases of generalist predators
and a threefold increase of aphids. However, it lacked fur-
ther top-down effects on primary consumers, which only
emerged when all crawling predators were present. This
differential exclusion demonstrates the distinctive and
widespread intraguild effects on community structure of a
single ant species that contrast with the top-down effects
exerted by the whole crawling predator assemblage.
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Taxonomic sufficiency - Top-down control - Trophic
cascade

Introduction

Predators have far-reaching effects on ecological systems,
from regulating prey populations and triggering top-down
trophic cascades to influencing ecosystem functions like
nutrient cycling (Hairston et al. 1960; Schmitz et al. 2010).
Ecologists have long foregone the notion of linear trophic
chains and recognize now the ubiquity of omnivory:
instead of fitting into the same trophic level, predators eat
each other (i.e., intraguild predation) and even feed on
plants, giving rise to reticulate food webs (Polis et al. 1989;
Arim and Marquet 2004; Davenport and Chalcraft 2012).
Moreover, predators affect prey not only through preda-
tion but also by inducing changes in prey traits (e.g., feed-
ing rate, dispersal), known as trait-mediated effects, which
have ramifying consequences in communities (Lima and
Dill 1990; Werner and Peacor 2003).

A common assumption in experimental studies is that
disparate predator groups have similar effects, and are
thus treated as a single functional unit in experimental
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manipulations (Sih et al. 1998; Schmitz 2007). Neverthe-
less, there is now ample evidence that interactions between
predators lead to the collective effect of multiple predators
being higher or lower than the sum of individual preda-
tor effects (Ives et al. 2005). Indeed, increases in predator
diversity may either strengthen or dampen trophic cascades
depending on context (Finke and Denno 2005; Vance-
Chalcraft et al. 2007). Disentangling the effects of multiple
predators is therefore crucial for predicting their influence
on communities. Nevertheless, most of the research has
addressed multiple predator effects on primary consum-
ers, while the outcome of these interactions on other preda-
tors largely remains to be examined (Sitvarin and Rypstra
2014).

In arthropod communities, the study of predator effects
is further complicated because most arthropod groups are
hyperdiverse, so that species identification of large samples
is time-consuming and compels the involvement of taxo-
nomic experts (Gotelli 2004). An established strategy to
circumvent species-level identifications is taxonomic surro-
gacy, whereby specimens are assigned to higher taxonomic
levels (e.g., family, order) for statistical analysis, under the
mostly untested assumption that detection of experimental
effects will not be altered. While taxonomic surrogacy sim-
plifies the analysis of these complex data and is sometimes
able to adequately capture the pattern of interest, it can also
mask key interactions and lead to unacceptable losses of
information about the system (Timms et al. 2013; Heino
2014). Moreover, the specific identity of predators also
plays a role in the structuring of communities, but insights
into their top-down and intraguild effects are mostly based
on highly simplified food webs (Schmitz and Suttle 2001;
Schneider and Brose 2013).

Ants represent a third of the animal biomass in terrestrial
systems (Holldobler and Wilson 1990) and are dominant
components of arthropod communities, where they play
multiple roles that lead to opposing effects on community
structure. As generalist predators, ants can reduce herbivore
populations and increase plant fitness but can also nega-
tively affect other predators and lead to the disruption of
trophic cascades (Rosumek et al. 2009; Sanders et al. 2011;
but see Marin et al. 2014). In addition, some predatory ants
are mutualists with honeydew-producing hemipterans such
as aphids. This is a food-for-protection mutualism where
ants tend hemipterans to feed on their honeydew and attack
their predators in return (Buckley 1987). Despite the large
body of experiments examining the effects of ants on ter-
restrial systems, most of them consider the effects of mul-
tiple ant species to be identical and manipulate the whole
ant assemblage as a single entity for experimental purposes
(but see Sanders and Van Veen 2011), hence experimental
comparisons of the impact of single species against the
whole ant assemblage are needed.
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In the present study we use an organic citrus grove as
a study system to disentangle the effect of a single versus
multiple predators on a natural arthropod community where
both intraguild prey and primary consumers are represented
by multiple species. We wanted to tell apart the effect of
Lasius grandis Forel from that of the rest of the crawling
insect predators in the canopies, that is, ants and earwigs.
L. grandis is a typical ant of citrus groves that has a dual
role as a generalist predator and aphid tender (Pekas et al.
2011). Our grove hosts a diverse assemblage of ants and
earwigs that crawl up to the canopies to forage, and exclud-
ing them from the canopies with a glue band usually has
large effects on the arthropod community, likely stemming
from a combination of foraging, mutualisms with aphids,
and trait-mediated effects (Pifiol et al. 2012; Mestre et al.
2014). In contrast, excluding birds by caging trees has at
best modest effects (Pifiol et al. 2010; Mestre et al. 2012,
2013a).

Given the diversity of crawling predators in the system,
the effects of an unselective exclusion with a glue band
are difficult to interpret (Pifiol et al. 2009). Therefore, a
method has been developed allowing differential exclusion
of crawling predators by coupling a glue barrier with tubes
(Romeu-Dalmau et al. 2010), which only L. grandis uses
to bypass the barrier and reach the canopies, resulting in
the exclusion of all other crawling insect species (Fig. 1a).
Here we use this method as an additional exclusion treat-
ment with two main objectives: (1) to test the effect of L.
grandis against all crawling predators (control trees), and
(2) to test the effect L. grandis against the full exclusion
of crawling predators (glue band). We expected that: (1)
would show the relative contribution of L. grandis to the
total effects of crawling predators; and that (2) would be
able to show a distinctive impact of L. grandis on commu-
nity structure, due to predation causing top-down effects
and aphid tending reducing densities of aphid predators. An
important element of this study is the use of species-level
data for assemblage analysis of several arthropod groups,
providing a high degree of information to resolve effects on
community structure.

Materials and methods
Study site

The grove is located in La Selva del Camp (Catalonia,
north-east Spain; 41°13’07"N, 1°8'35"E). The area has
a Mediterranean climate, where spring and autumn are
rainy, and winters and summers are dry. The grove has ca.
300 clementine trees (Citrus clementina var. clemenules)
grafted on to the hybrid rootstock Carrizo citrange [Pon-
cirus trifoliata (L.) Raf. x Citrus sinensis (L.) Osb.]. The
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Fig. 1 Treatment effects on the densities of a crawling predators
and b the main arthropod groups (mean =+ SE). The experiment
modified the assemblage species composition of crawling predators
(pseudo-F, ,; = 11.32, P = 0.0001) and the densities of all groups
()(fv23 >77.42, P <0.006). a The most common ant and earwig species
are shown but no univariate tests were made except on Lasius gran-
dis (Lgra) densities, which were not significantly different between
control and Lasius-only trees. b Asterisks show significant orthogonal
post hoc contrasts focused on the Lasius-only treatment: control vs.
Lasius only above black bars, full exclusion vs. Lasius only above
white bars (**P < 0.01, ***P < 0.001). Fruf Formica rufibarbis,
Fpub Forficula pubescens, Faur Forficula auricularia, PSO Psocop-
tera, APH Aphididae, ARA Araneae, HET Heteroptera, COL Coleop-
tera

trees are watered during dry periods and weeds are mowed
regularly. Since 2005 the grove is fully organic, thus free
of pesticide use.

Experimental design

We selected experimental trees at random from an area
with 69 trees and we randomly assigned them to three
treatments: full exclusion (n = 9), Lasius only (n = 8) and
control (n = 9; see Online Resource 1). We applied a glue
band on the trunk of full-exclusion trees to prevent ants and

earwigs from climbing up to the canopies. Some spider
species are able to use the trunk to reach the canopies, but
the assemblages of ground-dwelling and canopy-dwelling
spiders are distinct (Mestre et al. 2013a). Silk-based aerial
dispersal prevails in canopy-dwelling spiders, as evidenced
by the fact that their densities increase in the trees where
ants and earwigs have been excluded by a glue band (Mes-
tre et al. 2013b). The sticky band was a sheet of plastic
film sprayed with a polybutene-based glue (Rata Stop) and
tightly attached over foam padding encircling the trunk.
Lasius-only trees had the same glue band with an addi-
tional two translucent plastic tubes (Neoplast Ultravinil) of
either 3- or 5-mm internal diameter underneath the padding
cylinder. These tubes allowed L. grandis but not other ants
or earwigs to access the canopies. In this system, 3-mm
tubes exclude Formica ants, Camponotus ants and earwigs
due to their large size (Romeu-Dalmau et al. 2010). In the
present experiment, we initially had two sets of trees with
tubes, of either 3- or 5-mm internal diameter (n = 9 each).
We expected that at least Formica ants would reach the
canopies with 5-mm tubes, resulting in an additional pred-
ator-manipulation treatment. However, we had to discard
this idea when we realized that either L. grandis monopo-
lized tubes of both diameters as gateways to the canopies or
tubed trees had no or almost no ants over the whole sam-
pling period (see Table 1 in Online Resource 2 showing ant
densities by day and by night in an additional survey: L.
grandis is as abundant in the tree canopies by night as it
is by day). Thus, we retained the Lasius-only treatment by
using the trees with tubes with the highest L. grandis densi-
ties (52-137 individuals), thereby discarding ten trees that
had O, 1, 4 or 11 individuals so that Lasius-only trees had
more than four times as many individuals as the discarded
trees (see Table 2 in Online Resource 2 showing the densi-
ties of each ant species in all trees and the choice of trees
for the analyses, along with two alternative choices. Table 3
shows that the outcomes of analyzing the data based on
these three alternatives are essentially the same). In full-
exclusion and Lasius-only trees, ants may reach the cano-
pies using tall weeds as bridges or dead insects as stepping
stones over the glue band, so we inspected the trees weekly,
and we cut weeds and replaced plastic films if needed.
Control trees had natural densities of ants and earwigs. We
established the treatments in January and sampled the trees
once a month from February to December 2010.

Sampling methodology and taxonomic identifications

We sampled all arthropods on a monthly basis using beat-
ing trays with three blows in opposite directions on the
canopies, and we captured them with entomological aspira-
tors to preserve them in 70 % ethanol. We identified indi-
viduals to species with several taxonomic keys (see Online
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Resource 3). If we were only able to identify immature
individuals to genus (or family), we assigned them to the
same species as adults if that was the only species of that
genus in the grove.

Statistical analyses

The response variable was the cumulative densities of indi-
viduals of each species in each tree from February to Decem-
ber. We first checked the effectiveness of the treatments in
modifying crawling insect densities with permutational
multivariate ANOVA (PERMANOVA) on square-root-trans-
formed species densities, with the Bray-Curtis index of simi-
larity and treatment (full exclusion, Lasius only, control) as a
fixed factor. PERMANOVA is a non-parametric analogue to
multivariate ANOVA that circumvents the requirement of a
multivariate normal distribution, which data on assemblage
species composition rarely meet (Anderson 2001). We also
conducted post hoc analyses to test for differences between
treatments, with two orthogonal contrasts: control vs. full
exclusion and Lasius only vs. full exclusion. We conducted
a further analysis to test specifically for differences in L.
grandis densities between control and Lasius only using a
univariate generalized linear model (GLM) with the Poisson
distribution corrected for overdispersion.

Second, to have a general idea of the experimental
effects on canopy arthropods, we conducted a univariate
analysis on the densities of each of the considered groups
(psocopterans, aphids, spiders, true bugs, beetles) with
treatment as a fixed factor using GLM with the Poisson dis-
tribution. We conducted a post hoc test for each significant
GLM to examine differences between treatments with two
planned orthogonal contrasts: Lasius only vs. full exclusion
and Lasiusonly vs. control. Our purpose with these con-
trasts was to compare the effects of the Lasius-only treat-
ment against each of the two other treatments, according
to our goal of discerning the impact of L. grandis on the
arthropod community.

Next, we tested for differences between treatments in
the species composition of each arthropod group with PER-
MANOVAs on square-root-transformed species densities,
using the Bray-Curtis index of similarity and treatment as a
fixed factor. We also conducted a post hoc test for each sig-
nificant PERMANOVA with orthogonal contrasts focused
on the Lasius-only treatment, as just described.

When the PERMANOVA on the assemblage composi-
tion of a given arthropod group was significant, we con-
ducted univariate analyses on the most common species
in that group (mean >4 individuals per sample in at least
one treatment, 29 species in total) with treatment as a fixed
factor using GLM with the Poisson distribution. These uni-
variate analyses enabled us to detect which species were
causing the differences in assemblage composition between
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treatments. As before, to analyze treatment differences in
each significant GLM we conducted a post hoc test with
orthogonal contrasts focused on the Lasius-only treatment.
Moreover, we assigned each of these common species
(except aphids) to a trophic category, either predator or pri-
mary consumer, and performed a GLM on the densities of
each trophic group, again with treatment as a fixed factor
and the Poisson distribution. Unfortunately, a classifica-
tion based on trophic categories of the more than 190 spe-
cies occurring in our system was not possible due to the
knowledge gaps in the literature about the feeding habits of
coleopteran and heteropteran species (Online Resource 3).
To adjust the level of significance in our analyses we
used the step-up false discovery rate (Garcia 2004). We
considered a ‘family’ of tests each of the following sets
of analyses: the set of GLM on the total densities of each
group, the set of PERMANOVA on the species composition
of each group, each of the sets of GLM on species densi-
ties after a significant PERMANOVA, and also the sets of
GLM on trophic group densities. Therefore, we adjusted the
significance level in each of these families. Finally, we con-
trolled the significance level in the post hoc tests. We used R
version 3.0.2 (R Core Team 2013) for our analyses, with the
package vegan for PERMANOVA (Oksanen et al. 2013).

Results
Exclusion of crawling predators

The treatments strongly modified densities of crawl-
ing predators (PERMANOVA, pseudo-F,,; = 11.32,
P =0.0001; Fig. 1a), with the glue band being highly effec-
tive in excluding ants and earwigs from the canopies (con-
trol vs. full exclusion, P = 0.0001), and the tubes allowing
Lasius grandis but no other crawling predators to colonize
the canopies (Lasius only vs. full exclusion, P = 0.0001).
There were almost half as many individuals in Lasius-only
trees as in control trees, but these differences were not sig-
nificant (GLM: x{ 5 = 180.11, P = 0.067).

In control trees, we sampled 1641 ant individuals
belonging to eight species. L. grandis (76.17 % of the indi-
viduals) and Formica rufibarbis Fabricius (22.12 %) were
the most abundant ants. Other species were Formica sub-
rufa Roger (0.73 %), Tapinoma nigerrimum (Nylander)
(0.49 %) and Plagiolepis pygmaea (Latreille) (0.24 %). All
these species, except P. pygmaea, are known aphid tenders.
There were also a few individuals of Camponotus ants:
Camponotus aethiops (Latreille), Camponotus sylvaticus
(Olivier) and Camponotus foreli Emery. We captured 323
earwigs in control canopies, 96.6 % of them were Forficula
pubescens Gené, and the rest were Forficula auricularia
Linnaeus.
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Densities of analyzed arthropod groups

Aside from ants and earwigs, we captured 22,917 arthropod
individuals with beating trays. The most abundant groups
were psocopterans (40.29 % of all individuals), aphids
(21.27 %), spiders (11.69 %), true bugs (6.82 %), beetles
(6.12 %), hymenopterans excluding Formicidae (3.78 %)
and dipterans (2.78 %). We did not consider hymenopter-
ans and dipterans in our analyses because beating trays
were not a suitable method with which to sample them due
to their high flying capabilities.

The experiment greatly influenced the densities of all
five studied groups (psocopterans, aphids, spiders, true
bugs, beetles; X22,23 > 77.42, P < 0.006). Psocopterans, true
bugs, spiders and beetles had higher densities in Lasius-
only than in control trees (P < 0.027; Fig. 1b). Additionally,
densities of spiders and beetles were lower in Lasius-only
than in full-exclusion trees (P < 0.042), consistent with a
negative effect of L. grandis on arthropod densities. In con-
trast to the other groups, aphid densities stayed the same
between control and Lasius-only trees (P = 0.29), and
became lower in full-exclusion than in Lasius-only trees
(P = 0.0078), suggesting a positive effect of the tending
behavior of L. grandis on aphid densities.

Assemblage species composition and species densities

The experimental treatments modified the species com-
position of the five analyzed groups (pseudo-F,,; > 3.91,
P < 0.015), with Lasius-only trees hosting different spe-
cies assemblages than full-exclusion and control trees
(P < 0.017). Exceptions were aphids and beetles, with
equal species assemblages between Lasius-only and control
trees (P > 0.076; see also Table 3 in Online Resource 2).

Psocopterans

The five most common psocopteran species were Ectopso-
cus briggsi McLachlan (Ectopsocidae; 47.6 % of all indi-
viduals) and Trichopsocus clarus Banks (Trichopsocidae;
25.8 %), followed by immature Ectopsocidae (17.9 %)
and immature Trichopsocidae (6.2 %), regarded as spe-
cies for the purpose of our analyses, and finally Lachesilla
pedicularia (Linnaeus) (Lachesillidae, 1.1 %). Ant pres-
ence affected all groups except immature Trichopsoci-
dae (X2223 > 18.7, P < 0.033; Fig. 2a), these effects being
entirely’caused by lower densities in control than in Lasius-
only trees (P < 0.030).

Aphids

The most abundant aphids were Aphis spp. nymphs
(55.3 %), which we could not assign to any species,

followed by adults of Aphis spiraecola Patch (27.9 %),
Aphis gossypii Glover (15.4 %) and Toxoptera aurantii
(Boyer de Fonscolombe) (1.2 %). Given the impossibility
of telling apart Aphis spp. nymphs, we decided to perform
the univariate analyses at the genus level. The analyses
showed that the experiment only affected the genus Aphis
()(22’23 = 883.28, P = 0.0084; Fig. 2b), with densities in
Lasius-only trees being three times as high as in full-exclu-
sion trees (P = 0.018) but equal to those in control trees
(P =0.49).

Spiders

There were ten abundant spider species in the canopies,
namely Philodromus cespitum (Walckenaer) (Philodro-
midae; 14.5 %), Xysticus sp. (Thomisidae; 10.6 %), Plat-
nickina tincta (Walckenaer) (Theridiidae; 9.6 %), Theridion
pinastri (C. L. Koch) (Theridiidae; 8.9 %), Clubiona leuca-
spis Simon (Clubionidae; 7.4 %), Neoscona subfusca (C. L.
Koch) (Araneidae; 6.3 %), Icius hamatus (C. L. Koch) (Sal-
ticidae; 6.2 %), Dipoena melanogaster (C. L. Koch) (Theri-
diidae; 6 %), Anelosimus-Kochiura (Theridiidae; 5 %) and
Oxyopes lineatus Latreille (Oxyopidae; 3 %). All Xysticus
sp. individuals we collected were juveniles so we could
not identify them to species. There were several juveniles
compatible with both Anelosimus vittatus (C. L. Koch) and
Kochiura aulica (C. L. Koch) (both Theridiidae), which are
identical in appearance, so we pooled them into one group
and treated them as a single species.

The treatments changed the densities of all spider spe-
cies except C. leucaspis, D. melanogaster and 1. hamatus
(XZ%23 > 32.86, P < 0.0055; Fig. 2c, d). In P. cespitum, N.
subfusca, Anelosimus-Kochiura and O. lineatus the change
was due to higher densities in Lasius-only trees than in
control trees (P < 0.0037). Contrastingly, densities of Xys-
ticus sp., P. tincta and T. pinastri in full-exclusion trees
were twice as high as in Lasius-only trees (P < 0.0055) and
hence not changed by any ant (and earwig) species other
than L. grandis.

True bugs

The six most common species were Cardiastethus fasci-
iventris (Garbiglietti) (Anthocoridae; 51.1 %), Pilophorus
perplexus (Douglas and Scott) (Miridae; 25.7 %), Empi-
coris rubromaculatus (Blackburn) (Reduviidae; 5.8 %),
Campyloneura virgula (Herrich-Schaeffer) (Miridae;
3.7 %), Cardiastethus nazarenus Reuter (Anthocoridae;
3.5 %) and Deraeocoris lutescens (Schilling) (Miridae;
2.9 %). C. fasciiventris, P. perplexus and D. lutescens
were affected by the treatments ()(22’23 > 47.60, P < 0.0013;
Fig. 2e). C. fasciiventris and D. lutescens densities
were higher in full-exclusion than in Lasius-only trees
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(P < 0.034). P. perplexus densities showed the opposite
response, with more than a fourfold increase from the
full-exclusion to the Lasius-only trees (P = 0.026). The
experiment changed C. nazarenus densities ()(22’23 = 46.61,
P =0.011), but Lasius-only trees were no different than the
others (P > 0.20).

Beetles
Stilbus testaceus (Panzer) (Phalacridae; 15.5 %), Oeno-

pia conglobata (Linnaeus) (Coccinellidae; 12.3 %), Cor-
ticaria sp. (Latridiidae; 12 %), Adalia decempunctata
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(Linnaeus) (Coccinellidae; 9.7 %), Scymnus interruptus
(Goeze) (Coccinellidae; 8.1 %) and immature coccinel-
lids (5.5 %) were the six most common beetle groups. We
could not further classify individuals of Corticaria sp. and
of immature coccinellids, but we treated them as species in
the analyses. The experiment modified the densities of O.
conglobata, Corticaria sp. and S. testaceus ()(22’23 > 44.38,
P < 0.0023; Fig. 2f). Densities of the first two species were
more than three times as high in Lasius-only as in control
trees (P < 0.027). By contrast, S. festaceus densities were
three times as high in full-exclusion as in Lasius-only trees
(P = 0.0033).
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Fig. 3 Treatment effects on trophic group densities: a primary
consumers except aphids, b predators (mean £ SE). Both trophic
groups were affected by the experiment ()(22’23 > 390.12, P < 0.026).
As in Fig. 1, asterisks show significant orthogonal post hoc contrasts
focused on the Lasius-only treatment (*P < 0.05, ***P < 0.001)

Trophic categories

The experiment also affected the densities of primary con-
sumers and predators among the most common species in
our system ()(22'23 >390.12, P < 0.026; Fig. 3). Primary con-
sumers comprised all psocopteran species and the myco-
phagous beetle Corticaria sp. (Majka et al. 2009), and
predators comprised the rest of the beetle species, and all
spider and heteropteran species. There were fewer primary
consumers and predators in control than in Lasius-only
trees (P < 0.014). Predator densities increased from Lasius-
only to full-exclusion trees (P < 0.0001). Aphids were ana-
lyzed separately from the rest of primary consumers (see
above).

Discussion

Our results show a strong impact of ants on the arthropod
community, and a community-wide influence of Lasius
grandis on assemblage species composition and on spe-
cies densities. The sole presence of L. grandis exerted a
marked effect on assemblage species composition in all
arthropod groups, and on species densities in all groups
except psocopterans, whose densities only changed in the
control treatment. In general, L. grandis exclusion led to a
two- to threefold increase in population densities of spe-
cies belonging to several groups (Fig. 2). This differen-
tial exclusion experiment uncovers the strong and diverse
effects of a single ant species on an arboreal arthropod
community.

Effects of ant exclusion on assemblage species
composition

After our multivariate analyses revealed that the experiment
caused strong shifts in assemblage species composition in
all arthropod groups, we performed univariate analyses on
the densities of the most common species in each group
(29 in total) and found 18 of them (60 %) to be modified
by the experiment. Remarkably, treatment effects on spe-
cies densities never overlapped, since they were caused by
Lasius-only trees differing from either control trees or full-
exclusion trees, but not from both (the sole exception was
the true bug C. fasciiventris). Thus, we could distinguish
two groups of species: those affected by the whole crawl-
ing predator assemblage (control vs. Lasius only) and those
affected by L. grandis alone (Lasius only vs. full exclusion;
Fig. 1).

Effect of the whole crawling predator assemblage

The ten species affected by the treatment comprised four
psocopteran, four spider and two beetle species that had
higher densities in Lasius-only than in control trees and
no density changes between Lasius-only and full-exclu-
sion trees. Hence, the presence of all ants and earwigs was
negatively impacting species densities, whereas L. grandis
alone lacked detectable effects. These differences between
treatments can be imputed either to a higher number of ants
and earwigs on control trees or to the diversity of ant and
earwig species on them.

Effect of the ant L. grandis

The presence of L. grandis patrolling in the canopies of
the trees with glue and tubes had a determining influence
on assemblage species composition and on the densities of
eight important arthropod species. This is emphasized by
the fact that densities of these species did not vary between
control and Lasius-only trees, which indicates that the
combined impact of all ant species plus earwigs was neg-
ligible compared to the impact of L. grandis alone. Indeed,
L. grandis densities in Lasius-only trees were enough to
affect arthropod populations. In principle, these densities
were almost half as low as in control trees, but the differ-
ence between treatments was not significant (Fig. 1a). Den-
sities of three spiders, two true bugs and one beetle spe-
cies were higher in full-exclusion than in Lasius-only trees,
showing that the influence of L. grandis spread across dis-
parate arthropod groups. As a single exception, densities of
the true bug C. fasciiventris were also higher in Lasius-only
than in control trees, thus being possibly affected by preda-
tors other than L. grandis.
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Conversely, densities of Aphis spp. and the true bug P. per-
plexus were boosted by the Lasius-only treatment compared to
full exclusion. P. perplexus is a myrmecomorphic aphid preda-
tor (Mclver and Stonedahl 1993) that in previous studies in
the same grove was also found to prefer unmanipulated trees
with ants, where it was spared from ant harassment (Pifiol
et al. 2009, 2012). Now, our differential exclusion experiment
proves this association of P. perplexus with ants to be species-
specific, since it holds true for L. grandis alone. Accordingly,
our results also show that L. grandis was the only ant species
whose aphid-tending behavior had a detectable positive effect
on aphid densities, these being three times as high in Lasius-
only as in full-exclusion trees (Fig. 2b). Previously only a glue
band treatment was used (Pifiol et al. 2009, 2012) and results
on aphid densities were unclear, allegedly because the posi-
tive effect of ant tending was countered by the negative effect
earwig predation, especially at the onset of the aphid season
(Romeu-Dalmau et al. 2012). Our differential exclusion of L.
grandis against the whole ant and earwig assemblage provides
quantitative support for this assumption.

Diversity of within-group responses to predator presence

We tracked experimental effects down to species instead
of remaining at the group level. These fine-scale analy-
ses revealed that closely related species had contrasting
responses to a given experimental treatment. This was
the case of the spider and beetle assemblages, which con-
tained species that were unaffected by L. grandis but that
responded to the presence of the whole crawling predator
assemblage, and vice versa (Fig. 2c, d, f). Therefore, group-
level density changes in response to treatment (Fig. 1b)
failed to reflect complex within-group ecological responses
by masking species-specific effects. This was particularly
striking in true bugs, where the only group-level change was
an increase in densities from the control to the Lasius-only
trees, whereas the densities of some species in this group
changed dramatically between the Lasius-only and the full-
exclusion trees (Fig. 2e). Researchers dealing with hyper-
diverse communities are confronted with resource and time
constraints that hinder species-level identifications, so they
sidestep this handicap by using higher-taxa surrogates to
analyze data. However, our experimental results show that
responses at higher levels of the taxonomic hierarchy were
a misleading summary of species-level responses, and we
thus positively caution against overgeneralizing the taxo-
nomic surrogacy approach (Maurer 2000).

Differential top-down and intraguild effects of L.
grandis and the whole crawling predator assemblage

The ant and earwig assemblage in control trees comprised
ten species and was largely dominated by L. grandis, F.
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rufibarbis, and the earwig F. pubescens. Densities of L.
grandis workers were lower in Lasius-only trees than in
control trees, but non-significantly so, and densities of eight
common arthropod species changed markedly between
Lasius-only trees and full-exclusion trees, but not between
Lasius-only and control trees. This shows a distinctive and
far-reaching effect of L. grandis on the arthropod commu-
nity, which could be due to its foraging strategy. The strat-
egy of L. grandis is based on mass recruitment, whereby
a large number of individuals gather along a foraging trail
(Beckers et al. 1992). By contrast, F. rufibarbis, while also
a predator and aphid tender, has a foraging strategy based
on workers collecting food in a solitary manner (Deffernez
et al. 1990), and earwigs are solitary omnivorous insects
that prey on aphids (Romeu-Dalmau et al. 2012).

As shown above, the effectiveness of L. grandis in
guarding and defending Aphis spp. from predators led to
a threefold increase in their densities in Lasius-only trees
compared to full exclusion. Consistent with this outcome,
the six arthropod species negatively affected by L. grandis
were generalist predators known to feed on aphids, among
which spiders [Xysticus sp., P. tincta, T. pinastri (Marc
and Canard 1997; Birkhofer et al. 2008)], true bugs [D.
lutescens, C. fasciiventris (Fauvel 1999)], and the beetle
S. testaceus (Chu 1949). Surprisingly, L. grandis did not
influence densities of coccinellid beetles (A. decempunc-
tata, O. conglobata, S. interruptus), which are specialized
aphid predators (Hagen 1962), though L. grandis had an
overall negative effect on predator densities (Fig. 3). Thus,
our results show a prevalence of intraguild interactions
between L. grandis and a suite of other arthropod preda-
tors that may be in part mediated by the food-for-protection
mutualism with aphids (Buckley 1987; Pekas et al. 2011;
Moreira et al. 2012). In fact, the increase in Aphis spp. den-
sities was the only detected (positive) top-down effect of L.
grandis. Strikingly, though L. grandis is a generalist preda-
tor, its removal from the canopies did not result in a boost
in densities of primary consumers, which comprised basi-
cally psocopterans. Because in the canopies of our system
psocopterans are the most important prey in terms of densi-
ties (Pifiol et al. 2012; Mestre et al. 2013c), it is plausible to
attribute the lack of detected top-down effects of L. gran-
dis on psocopterans to the fact that L. grandis predation on
these was compensated for by the Lasius-induced reduction
in densities of generalist predators.

In contrast to the presence of L. grandis alone, the pres-
ence of all ant and earwig species in the canopies exerted
negative top-down effects on the densities of primary
consumers, as well as a negative effect on the densities of
predators (Fig. 3). Experimental manipulations of overall
ant densities in different systems often document a strong
influence of foraging ant workers on primary consumers
and predators in the arthropod community (Sanders and
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Platner 2007; Pifiol et al. 2012; Mestre et al. 2013b). Nev-
ertheless, work attempting to disentangle the ecological
impacts of different ant groups is wanting. In an origi-
nal experiment, Moya-Larafio and Wise (2007) excluded
ants based on body size and quantified their impacts on
ground-dwelling spiders, showing that large ants (primar-
ily Camponotus spp.) accounted for the observed effects
of both large and small ants. To our knowledge, ours is
the first study that experimentally compares the impact of
one ant species (L. grandis) against the whole ant assem-
blage (plus earwigs). Our main finding was that exclusion
of ants and earwigs (control vs. Lasius only) reduced top-
down control on primary consumers but increased densi-
ties of some generalist predators, and that further removal
of L. grandis (Lasius only vs. full exclusion) induced a
rise in densities of additional generalist predator species
without further dampening top-down control (densities of
primary consumers did not increase; Fig. 3). Though the
(non-significant) lower densities of L. grandis in Lasius-
only than in control trees may have also contributed to
the observed outcomes, our results reveal, in general,
that L. grandis has widespread intraguild effects on gen-
eralist predators, but that top-down control of herbivores
necessitates involvement of the whole ant and earwig
assemblage.

Because experimentally isolating the effects of different
predators is fraught with logistic difficulties, researchers
assume the predators of a particular system to have simi-
lar effects, even when they belong to disparate taxonomic
groups. However, solid evidence to the contrary is build-
ing up for different predator groups [ants vs. birds (Mooney
2006, 2007, Pinol et al. 2010); birds vs. bats (Maas et al.
2013; Karp and Daily 2014)]. Our study demonstrates that
even within a seemingly homogeneous group of predators
(ten species of ants and earwigs), the influence of a sin-
gle species (L. grandis) on community structure can turn
out to be very different from the combined impact of all
predators.

Conclusion

Our differential exclusion of L. grandis against the rest of
ants and earwigs allowed us to detect a diverse array of
community-wide intraguild effects by a single predator
that stand in stark contrast to the intraguild and top-down
effects exerted by the whole crawling predator assemblage.
By analyzing the effects on species assemblages of several
arthropod groups, we demonstrate the distinctive and wide-
spread influence of a single ant species on an arthropod
community, and highlight the crucial importance of taking
into account diversity at the species level in order to gain
insights into the structuring of ecological communities.
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