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Chapter 7
Spider–Plant Interactions: An Ecological 
Approach

João Vasconcellos-Neto, Yuri Fanchini Messas, Hebert da Silva Souza, 
German Antonio Villanueva-Bonila, and Gustavo Quevedo Romero

Abstract  Spiders are among the most common animals in diverse terrestrial envi-
ronments, and display a variety of lifestyles and foraging modes. This chapter repre-
sents an overview of our knowledge of spider–plant interactions. Spiders are strongly 
influenced by plant architecture, rather than being randomly distributed in the veg-
etation; structures such as rosette-shaped clusters of leaves or glandular trichomes 
are particularly common in plants that have associations with spiders. Spiders derive 
benefits from plants such as shelter and access to insect prey. In turn, they can protect 
plants against herbivory. However, they may also consume or deter pollinators, 
imposing a cost that can exceed their benefit to the plant. Specific spider–plant asso-
ciations are mutualistic if spiders provide protective or nutritional benefits, thus 
improving plant fitness, and if plants provide shelter and suitable foraging sites to 
spiders. We examine several case studies of spiders living in association with plants, 
and describe spatial/temporal adaptations in spider–plant relationships.

Plant vegetation represents a heterogeneous complex of environments (Morse et al. 
1985; Sugihara and May 1990; Scheuring 1991), and the animals associated with it 
must have morphological, physiological, and behavioral characteristics that facili-
tate their feeding, survival, and reproduction in this context, especially predators 
such as spiders (Foelix 2011). Plants can directly benefit spiders by providing sub-
strates for web building and hunting (Wise 1993), attracting prey (Morse 1999; 
Schmalhofer 2001), and offering suitable microclimates (Riechert and Tracy 1975; 
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Whitney 2004), whereas spiders can benefit plants by consuming or deterring her-
bivores and, in some cases, by providing nutritional resources to plants.

Spiders are among the most common animals in terrestrial environments, and 
they inhabit areas ranging from the hottest, most arid deserts to the deepest caverns 
and the highest, coldest mountains. They have the seventh largest number of species 
of any animal group, with 46,650 described species (Coddington and Levi 1991; 
World Spider Catalog 2017). They present a wide variety of lifestyles and behaviors 
(Foelix 2011). Many species are dispersed by the wind and can achieve great heights 
in the atmosphere (Turnbull 1973; Suter 1999). Spiders are among the most com-
mon arthropods that inhabit vegetation (e.g., Wise 1993), although they generally 
do not consume plant tissue, and are useful in studies that investigate how the habi-
tat structure affects the community of arthropod predators (Gunnarsson 1990, 1992; 
Romero and Vasconcellos-Neto 2005a; Sanders et al. 2008).

Spiders capture prey using a variety of different foraging strategies. Some spi-
ders are active hunters, such as the jumping spiders (Salticidae), which pursue their 
prey, whereas others remain motionless on vegetation, especially flowers, waiting 
for an insect to approach. Spiders of the family Thomisidae are typical hunters of 
the sit-and-wait type. Several other foraging modes exist along a continuum between 
the active-hunter and sit-and-wait strategies. In addition, many species build webs 
to capture prey (Romero and Vasconcellos-Neto 2007a, b). Several studies have 
sought to determine which foraging strategies cause the greatest indirect effects 
within terrestrial trophic cascades (Preisser et al. 2007).

Because spiders are predators, they can profoundly affect the dynamics of prey 
populations and the structure of prey communities (Wise 1993; Romero and 
Vasconcellos-Neto 2007a). In addition, as they often consume insect herbivores, the 
presence of spiders on plants can decrease herbivory on these plants (review in 
Romero and Vasconcellos-Neto 2007a). In fact, spiders are excellent biological con-
trol agents of pests in agroecosystems (review in Romero 2007). Spiders are among 
the most abundant and diverse arthropods in vegetation, but studies focusing on 
their interactions with plants are relatively scarce. In fact, only a few studies have 
reported specific associations between spiders and plants. Moreover, few studies 
have used an integrative approach to address the mutualistic relationships between 
spiders and plants. Spiders are often used as models of predators to answer ques-
tions related to the dynamics and structures of food webs (review in Romero and 
Vasconcellos-Neto 2007a). However, we lack a complete understanding of how 
morphological and structural aspects of plants can benefit spiders and how changes 
in the architecture of plants affect the composition and distribution of spiders (Halaj 
et al. 1998; Souza and Martins 2005; Souza 2007; Diniz 2011). A few studies have 
reported that spiders benefit from plants by obtaining alternative food resources, 
such as nectar and pollen (Romero and Vasconcellos-Neto 2007b; Meehan et  al. 
2009; Nahas et al. 2012; Stefani et al. 2015).

In this chapter we explore the associations between spiders and plants, cover-
ing topics such as defense, foraging, and reproduction, as well as providing recent 
evidence of facultative mutualistic interactions between spiders and plants. 
Several species of spiders are exclusively associated with plants that have certain 
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types of architecture, which benefit them in many ways. In return for the benefits 
that they receive, spiders can remove herbivores and even nourish their host plants 
with feces and prey carrion. Spiders can have mixed effects on flowers: if they 
capture herbivorous insects that consume parts of the flower or the whole flower, 
spiders can benefit plants and even increase their reproductive success, but if they 
capture or expel the insects that pollinate flowers, their presence on the plant can 
impose a cost.

�Guilds of Spiders Associated with Plants

The term guild was applied by plant and animal ecologists to describe trophic 
groups called Genossenschaften (Schimper 1903) or Syntrophia (Balogh and Loksa 
1956). Modern usage of the term guild was formalized in a study of avian niche 
exploitation patterns as “a group of species that exploit the same class of environ-
mental resources in a similar way” (Root 1967), and this concept was later extended 
to the arthropod fauna of collards (Root 1973). Thus, a guild comprises potentially 
competing species and is a fundamental aspect of ecological communities (Uetz 
et al. 1999). Since the term was coined, the guild concept has been applied to numer-
ous animal and plant communities (Hawkins and MacMahon 1989; Simberloff and 
Dayan 1991).

Spiders may be classified into guilds according to the different strategies they 
use to capture their prey. Scientists have proposed different numbers of spider 
guilds based on their ecological and foraging characteristics: 2 (Uetz 1977), 3 
(Nyffeler 1982), 4 (Young and Edwards 1990), 8 (Riechert and Lockley 1984), and 
11 (Post and Riechert 1977). A commonly used classification of the different forag-
ing strategies was proposed by Uetz et  al. (1999). They performed quantitative 
analyses of ecological characteristics of families and suggested eight guilds based 
on hunting strategies: (1) stalkers (e.g., Salticidae and Oxyopidae), (2) ambushers 
(Thomisidae and Pisauridae), (3) foliage runners (Anyphaenidae and Clubionidae), 
(4) Ground Runners (Lycosidae and Gnaphosidae), (5) funnel web-builders 
(Agelenidae and Amaurobiidae), (6) wandering sheet/tangle weavers (Linyphiidae), 
(7) orb weavers (Araneidae, Tetragnathidae, and Uloboridae), and (8) 3D web 
builders (Theridiidae and Pholcidae). Höfer and Brescovit (2001) proposed a clas-
sification that assigned different families to 12 guilds, and Dias et al. (2010) refined 
these categories by creating subdivisions within certain families, since different 
sub-groups or genera of the same family fit better in different guilds, which resulted 
in 11 groups.

The families of spiders that make up the guilds of the stalkers, ambushers, and 
foliage runners are generally the most common inhabitants of vegetation (Uetz et al. 
1999; Höfer and Brescovit 2001; Romero and Vasconcellos-Neto 2007a; Mohsin 
et  al. 2010; Cardoso et  al. 2011). In an extensive study, Nentwig et  al. (1993) 
recorded many spider species associated with flowers, leaves, and trunks of various 
plant species in Panama, and all the spiders observed belonged to these three guilds. 

7  Spider–Plant Interactions: An Ecological Approach



168

Up to 70% of the spiders found in the flowers of Lantana camara (Verbenaceae) 
were Thomisidae, and more than 90% of the spiders collected in these flowers 
hunted by ambushing or stalking. These flowers were also occupied by spiders 
belonging to the families Salticidae, Anyphaenidae, Oxyopidae, Pisauridae, and 
Clubionidae. In contrast, 46% of the spiders on Palicourea guianensis (Rubiaceae) 
flowers belonged to the family Salticidae. In Rhynchospora nervosa (Cyperaceae) 
flowers, Nentwig et al. (1993) observed a large number of spiders belonging to the 
families Salticidae, Thomisidae, Oxyopidae, and Clubionidae. They also reported 
that wandering spiders associated with leaves mainly belonged to the families 
Salticidae, Pisauridae, and Anyphaenidae; Salticidae and Pisauridae spiders 
occurred preferentially in flat and xeromorphic leaves, and Anyphaenidae occurred 
in leaves with trichomes. According to Nentwig et al. (1993), the most common 
spiders on tree trunks belonged to the family Salticidae, including approximately 
half of all the spiders sampled.

As the spiders belonging to the stalker, ambush, and foliage runner guilds do not 
build webs but live in constant contact with the vegetation, they often have closer 
relationships with this type of substrate than do web builders. In addition to using 
plants directly for foraging, they use them for shelter and breeding habitat. Therefore, 
the spiders that belong to these guilds are the main predators in tri-trophic interac-
tions and the main control agents of insect herbivores (Romero and Vasconcellos-
Neto 2007b; Romero 2007).

�Plant Architecture, Species Richness, and Diversity of Spiders

Understanding the patterns of species richness and abundance, as well as the pro-
cesses that promote and maintain them, is a central theme in ecological studies 
(Gonçalves-Souza et al. 2011; Brown 2014). In terrestrial ecosystems, the habitat 
heterogeneity hypo (MacArthur and MacArthur 1961; Pianka 1966) indicates that 
complex environments are the predominant determinant of animal diversity (Tews 
et al. 2004). This hypothesis is supported by several studies of different taxonomic 
groups and different environments (e.g., Souza 1999; Halaj et al. 2000; Langellotto 
and Denno 2004; Tews et al. 2004). Vegetation is one element that provides struc-
tural diversity to habitat, as different patterns of branching and the modular organi-
zation of plants can provide a wide range of architectural arrangements (Bell et al. 
1979; Küppers 1989; Bell 1991). Numerous studies have found that the architecture 
of plants is a major factor in determining the diversity of fauna associated with the 
vegetation, especially among the arthropod community (e.g., Halaj et  al. 2000; 
Hatley and MacMahon 1980; Lawton 1983; Souza and Martins 2005; Woodcock 
et al. 2007; Ribas et al. 2011).

For example, the species diversity of birds depends more on the architectural 
diversity of the vegetation than on the taxonomic diversity of plants (MacArthur and 
MacArthur 1961). In a shinnery oak ecosystem, lower frequency and abundance of 
rodent species were recorded in open spaces with no vegetation than in the densely 
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vegetated areas around the oaks (Cramer and Willig 2002). Among arthropods, the 
diversity of beetles and phytophagous arthropods were explained more by the 
architectural diversity of vegetation than by the diversity of the plant community 
(Brose 2003; Woodcock et al. 2007).

Although a strong correlation exists between the increasing architectural com-
plexity of the vegetation and the diversity and abundance of species, studies of the 
influence of the architectural complexity of plants are biased toward vertebrates, 
particularly birds, which cover a third of the studies and represent less than 1% of 
animal diversity (Tews et al. 2004). Moreover, the concept of architectural complex-
ity is difficult to generalize, as the operating variables of architecture, as well as the 
definition of habitat architecture, vary from author to author (McCoy and Bell 1991; 
Tews et al. 2004). In contrast, taxonomic groups that represent a large portion of 
overall animal diversity (e.g., arthropods) have been little studied. For arthropods 
associated with vegetation, a single plant is the whole habitat, so even small changes 
in its architecture can have consequences on the community structure and on the 
foraging efficiency of arthropods (Price et al. 1980; Tews et al. 2004).

Several studies have examined the influence of the architectural characteristics of 
plants on the abundance and diversity of arthropods, particularly spiders (Riechert 
and Gillespie 1986; Gunnarsson 1996). This influence is related to the various veg-
etative parts of the plant (e.g., needles, branches, leaves) and to the presence of 
reproductive structures that can provide, for example, a large variety of shelters, 
favorable microclimate conditions, anchoring points for prey capture webs, and 
opportunities to use different foraging methods (Greenstone 1984; Riechert and 
Gillespie 1986; Uetz 1991; Dennis et al. 1998).

�Inflorescences

Some studies showed a high number of spider species inhabiting plants with inflo-
rescences. These structures provide favorable microclimatic conditions and shel-
ter against possible predators. In addition, inflorescences can attract different 
types of prey, representing a remarkable benefit for spiders. Structural features in 
inflorescences, such as number and size of flowers and leaves, arrangement in 
space, and branch size can vary among plant species and among the inflores-
cences of the same plant at different phenological stages (e.g., open flowers, 
flower buds).

Souza and Módena (2004) compared the differences in abundance and size dis-
tribution of ambush spiders (Thomisidae) and active hunting spiders (Salticidae, 
Oxyopidae, Clubionidae, and Anyphaenidae) in different types of inflorescences in 
Melanthera latifolia, Conyza bonariensis, and Eupatorium hecatanthum (all belong-
ing to the family Asteraceae). The researchers recorded the architectural features, 
including the number of inflorescences, the inflorescence branch length, and the size 
and openness of flowers. M. latifolia had larger (6.5 cm) and more open flowers than 
the other two species (C. bonariensis = 1.30 cm and E. hecatanthum = 3.47 cm), but 
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it showed fewer flowers per inflorescence. The most spiders were recorded in M. 
latifolia, followed by E. hecatanthum and then C. bonariensis. Evidently, bigger 
and more open flowers attract more insects (e.g., Bell 1985; Cohen and Shmida 
1993), which become potential prey for spiders. Overall, smaller spiders inhabited 
M. latifolia than E. hecatanthum and C. bonariensis. Although larger flowers might 
attract larger insects (Dafni et  al. 1997) and thus potentially feed larger spiders, 
studies indicate that larger spiders on the vegetative branches of plants are more 
vulnerable to predation by birds (Waldorf 1976; Askenmo et al. 1977). In fact, M. 
latifolia has the lowest number of flowers, which indicates fewer possible retreats 
against predators.

In the system Peucetia viridans (Oxyopidae) and Croton ciliatoglandulifer 
(Euphorbiaceae), Jiménez-Salinas and Corcuera (2008) found that P. viridans is 
most abundant in plants with the highest number of inflorescences and greater veg-
etation cover. The researchers experimentally manipulated the architecture of the 
plants by removing the inflorescences of some of the plants. More spiders were 
observed in control plants (from which inflorescences were not removed) than in 
treatment plants (from which all inflorescences were removed). In addition, more 
spiders were found in plants with the highest number of inflorescences, and more 
spiders were found in male flowers than in female flowers. The researchers argued 
that because male flowers produce pollen and, in some cases, more nectar, they 
attract more insects and provide more resources for the spiders.

Later, in the same spider–plant system, Corcuera et  al. (2010) experimentally 
placed artificial inflorescences on C. ciliatoglandulifer to evaluate their effect on the 
distribution of the spider P. viridans. The treatments included (1) 15 plants from 
which all the inflorescences were removed, (2) 15 plants whose natural inflores-
cences were replaced by artificial ones, and (3) 15 control plants whose natural 
inflorescences were not changed. More spiders were recorded in plants with natural 
and artificial inflorescences than in plants from which the inflorescences were 
removed. However, the abundance of spiders was similar between the control treat-
ment plants and the artificial inflorescence plants. Possibly, P. viridans does not use 
the scents of flowers as a sign of an available and appropriate microhabitat, but 
relies only on the inflorescence architecture (e.g., the flower’s shape and size). 
These studies confirm the positive effect of the inflorescences on the distribution of 
some groups of spiders. These reproductive structures may provide different 
resources (e.g., shelter, prey attractants) to the spiders associated with them.

�Spacing Between the Branches and Leaf Density

Few experimental studies have manipulated plant architectural complexity, and those 
that did so have often confused the effects of the architecture with the effects of area. 
In addition, several studies were restricted to a particular plant species or genus (Hatley 
and MacMahon 1980), limiting the ability to extend the results related to increasing 
architectural complexity of the plant and the abundance and diversity of spiders.
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Souza and Martins (2005) compared the abundance of spiders in seven species of 
plants, which were grouped into structural complexity levels. This level of 
complexity was measured by the leaf density index, which was the number of leaves 
per branch divided by the estimated volume of the branch. The plant species selected 
for the study were Baccharis dracunculifolia DC. (Asteraceae), Bidens gardneri 
Baker (Asteraceae), Chromolaena laevigata (Lam.) King and H. Rob. (Asteraceae), 
Diplusodon virgatus Pohl (Lythraceae), Microlicia euphorbioides Mart. 
(Melastomataceae), Microlicia fasciculata Mart. ex Naud. (Melastomataceae), and 
Vochysia tucanorum Mart. (Vochysiaceae). As expected, the average number of spi-
ders per branch was positively correlated with the structural complexity index. The 
highest number of spiders was recorded in B. dracunculifolia (which had the high-
est value complexity index), whereas D. virgatus and B. gardneri had intermediate 
and low leaf densities, respectively.

Subsequently, to isolate the effects of leaf density from those of biomass, the 
researchers experimentally manipulated the density of the branches’ leaves, replac-
ing natural branches with artificial ones. Artificial branches were made with wire 
and plastic models containing 24 leaves per branch. The leaf model was made of 
cloth to avoid the effects of chemical components and to replicate the texture of 
natural branches. For this experiment, three plant species were used: B. dracunculi-
folia, D. virgatus, and M. fasciculata. Two treatments were used per plant species: 
artificial branches with high leaf density and branches with low leaf density. The 
average number of spiders that colonized the artificial branches was similar among 
the three plant species. However, more spiders colonized the branches with high 
leaf density. The researchers suggest that the architecture of the branches has a sig-
nificant effect on the abundance of spiders, regardless of biomass, leaf surface area, 
and branch texture. This effect was also reported by other studies (Hatley and 
MacMahon 1980; Gunnarsson 1990, 1992). However, in all these studies the effects 
of biomass and/or surface area available for colonization by spiders were not iso-
lated from the effects of the branches’ architecture.

Diniz (2011 and unpublished data) record changes in the composition of spiders 
after modifying the spacing of the branches of experimental plants. Closed architec-
tures (closely spaced vegetative branches) favored runner spiders, presumably 
because they offered a greater number of shelters. This “daytime shelter” resource 
apparently led runner spiders to accumulate in dense vegetation. Halaj et al. (2000) 
and Hatley and MacMahon (1980) also reported that closed plant architecture 
favored non-weaver spiders. In contrast, open architecture (widely spaced branches) 
strongly favored weaver spiders. Larger open areas are advantageous for the con-
struction of webs, especially orb webs, which need space for expansion and require 
few attachment points (Shear 1986). Thus, a more open architecture provides ade-
quate space as well as sufficient anchorage points for the web (Diniz 2011 and 
unpublished data). Hatley and MacMahon (1980) also recorded that these spiders 
preferred open architecture (greater spacing between the branches and between the 
leaves of the branches) in Utah, near the entrance to the “Green Canyon.”
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�Density of Needles

The coniferous forests of northern and central Europe are severely affected by air 
pollution (Schulze 1989). This contamination results in accelerated loss of leaves 
(needles) and has been interpreted as a symptom of environmental stress (Sundberg 
and Gunnarsson 1994). The loss of leaves affects the architecture of the trees, mak-
ing the branches more exposed (lower coverage) and directly affecting the fauna 
associated with these types of trees. Gunnarsson (1988) compared the abundance 
and distribution of spider sizes on branches with different needle densities on Picea 
abies (L.) Karst. (Pinaceae), a predominant conifer in the forests of southwest 
Sweden. There were greater numbers of large spiders on the branches with high 
needle density, whereas both the number of small spiders and the total number of 
spiders did not significantly differ between branches with dense and sparse needles. 
Two possible explanations are that the microclimate conditions in the branches with 
low needle density are more favorable, and that predation by birds is lower on 
branches with high needle density. Predation by birds is one of the highest causes of 
mortality in spiders associated with fir (P. abies) (Gunnarsson 1983), and branches 
with more thorns can provide better shelter from potential predators. Another 
important finding was the positive relationship among families of weaver spiders, 
such as Linyphiidae, with sparsely needled branches, contrary to the results for 
raptorial spiders (e.g., Thomisidae), which were reported more frequently in 
branches with high needle density.

Later, Gunnarsson also conducted experimental field and laboratory studies by 
manipulating the density of needles on the branches to investigate the effect on the 
abundance and size distribution of spiders. In both studies (Gunnarsson 1990, 
1992), a positive correlation was recorded between the density of needles and the 
abundance of spiders, supporting the hypothesis that these structures play an impor-
tant role in the survival of spiders. In several experiments, there was no correlation 
between the size of spiders (bigger or smaller) and the density of needles on the 
branches. A positive correlation was found, however, between larger spiders and 
density of branches (not needles). In a later experiment, Gunnarsson (1996) isolated 
the effect of predation by birds from the effect of the needle density. Again, spider 
abundance of spiders was correlated with higher needle density on the branches. In 
this case, a significant decrease in the abundance of spiders in treatments in which 
the predation by birds was not isolated indicated that these predators exert strong 
pressure on spiders. However, the effect of the needle density on the distribution of 
the spiders’ sizes is not clear, as smaller spiders appear to be affected by the change 
in density of needles.

As spiders are generalist predators and influence the balance of the populations 
of other arthropods (Wise 1993), changes in the architectural complexity of vegeta-
tion may culminate in top-down effects on the community of spiders, which would 
affect the populations of phytophagous arthropods and primary productivity as well 
(Denno et al. 2005; Sanders 2007).

J. Vasconcellos-Neto et al.



173

�Use of Specific Parts of Plants by Spiders

The different structures of plants (e.g., tree trunks, branches, leaves, flowers), com-
prise their structural complexity, and, as we have seen, are determinants of com-
munity distribution of spiders on vegetation. Most studies that address this topic 
have focused on the relationship between measures of structural complexity and 
the diversity of spiders. Only a few studies have examined the specific use of cer-
tain parts of plants and specific associations between spider species and plants 
(Fig. 7.1).

Fig. 7.1  Use of different plant structures by spiders. Flowers: (a) Thomisidae on Rubus rosifolius 
(Rosaceae). (b) Epicadus heterogaster (Thomisidae) on Trixis antimenorrhoea (Asteraceae). (c) 
Adult male and female of Anyphaenidae using flowers as refuge. (d) Misumenops argenteus 
(Thomisidae) feeding on Pseudoscada erruca (Ithomiinae) on Trichogoniopsis adenantha 
(Asteraceae). Leaves: (e) Refuge of Anyphaenidae, (f) Spiderlings on folded leaves. (g) Salticidae 
feeding on extrafloral nectary. (h) Adult female of Anyphanidae protecting its eggsac. Camouflage 
on stems: (i) Ariamnes sp. (Theridiidae). (j) Araneidae. (k–l) Senolocus sp. (Senoculidae) 
(Photographs: a–c, f–l Yuri Fanchini Messas; d, e João Vasconcellos-Neto)
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Spiders of the family Thomisidae are typical sit-and-wait predators, hunting prey 
that visit flowers (Morse 1981). These spiders choose locations on the flowers so 
that they are not perceived or even increase insects’ attraction to the flowers (Heiling 
et al. 2006). The associations between these spiders and flowers are well known, but 
little is known about specific associations or with specific groups of plants, let alone 
whether they represent specific examples of mutualism.

Spiders use the leaves on plants, as well as dried leaves on the ground, for forag-
ing, shelter, and reproduction (Foelix 2011). There is little information about the 
specific use of certain plant species. Some studies have reported that spiders, such 
as those in the family Anyphaenidae, use leaves with specific formats belonging to 
certain species of plants for mating, nest shelter, or eggsac protection (Foelix 2011; 
Zanatta 2013; Zanatta et al. 2016). In some of these cases, leaf characteristics (e.g., 
the presence of trichomes) are essential to their use as shelter for the ovisac (see 
examples below).

Certain types of branches or stems can be used for foraging and/or protection, 
including camouflage (Messas et al. 2014; Souza et al. 2015). The set of character-
istics belonging to a plant helps determine the composition of spider species associ-
ated with it or not associated with it.

�Spiders that Feed on Pollen and Plant Fluids

Most spiders are considered obligatory carnivores that feed almost exclusively on 
insects and other arthropods (Wise 1993; Foelix 2011). However, recent studies 
have examined the possibility of vegetation as a direct food source, and some spi-
ders appear to be true omnivores, as they can feed on nectar and/or pollen under 
certain environmental conditions (e.g. Taylor 2004; Eggs and Sanders 2013; 
Suetsugu et  al. 2014; Nyffeler 2016). In a recent review, Nyffeler et  al. (2016) 
recorded more than 60 species belonging to ten families of spiders that feed directly 
on plant products (e.g., pollen, nectar, Beltian corpuscles) in natural conditions. 
These families include non-weaver (Anyphaenidae, Clubionidae, Eutichuridae, 
Oxyopidae, Salticidae, Thomisidae, and Trachelidae) and weaver (Araneidae, 
Linyphiidae, and Theridiidae) spiders. A species of the Salticidae family was 
observed feeding on Mullerian corpuscles in trees of the genus Cecropia in the 
Serra do Japi, Jundiaí, São Paulo State, Brazil (JVN personal observation). 
Laboratory studies indicate that other families of spiders can also feed on plant 
products in nature.

Smith and Mommsen (1984) performed one of the first extensive studies on spi-
ders that feed on pollen. These researchers reported that newly emerged Araneus 
diadematus (Araneidae) reared in the laboratory had longer life expectancies and 
produced more silk web when they fed on pollen than did newly emerged spiders 
that fed on aphids and spore fungi. The consumption of pollen could be adaptive, 
because during the time when the young spiders emerge (spring), few or no insects 
are available, but ample pollen is produced by dominant woody plants in temperate 
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regions (e.g., Pinus) and dispersed by wind. Vogelei and Greissl (1989) tested the 
survival of Thomisus onustus (Thomisidae) spiderlings that were given no food 
(control), Erigeron annuus pollen, Bellis perennis pollen (Asteraceae), artificial 
nectar (30% sucrose solution), or Drosophila melanogaster. The control group of 
spiders survived an average 21 days. The spiders that were fed pollen survived for 
35–49 days, depending on the plant species, and those fed artificial nectar survived 
for 130  days. However, only individuals who were fed with flies were able to 
develop normally, showing normal molting (ecdysis), and only they survived to the 
end of the experiment (>250 days).

Some wandering spiders, such as Hibana velox, Hibana similaris (Anyphaenidae) 
Cheiracanthium mildei (Miturgidae), and Trachelas similis (Corinnidae), were 
observed by Taylor and Foster (1996) feeding on both floral nectaries and on extra-
floral nectaries of various plant species in several locations in Costa Rica and 
Florida. The researchers reported that there is evidence that Myrmarachne foenisex 
(Salticidae), a spider associated with ants, feeds on the exudate of coccidia 
(Coccidae). To test the role of nectar in the longevity of newly emerged H. velox 
spiders, the researchers provided young spiders with either water or 25% sucrose 
solution. The spiders in the sucrose group lived twice as long as did those in the 
control group.

Pollard et  al. (1995) observed Misumenoides formosipes (Thomisidae) males 
feeding on nectar from extra-floral nectaries of some plant species. To determine 
whether these individuals consumed nectar as a source of water or energy, the 
researchers developed double-choice experiments, introducing small amounts of 
water vs 30% sucrose solution in experimental arenas, and found that the spiders 
preferred the sucrose. Even individuals that had consumed their fill of water ingested 
the sucrose solution. Males that drank only water died sooner than those that fed on 
nectar. The researchers suggest that as the males of this spider species are much 
smaller than females, they can become more dehydrated; therefore, feeding on the 
nectar of extra-floral nectaries may be an adaptive behavior.

In nature, Jackson et al. (2001) observed 31 species of Salticidae feeding on floral 
nectar. In the laboratory, they tested the preference of 90 species of Salticidae for dis-
tilled water vs 30% sucrose solution. All of the species selected and remained longer on 
the sucrose solution, indicating that nectarivory must be a common habit in that family. 
The researchers suggest that feeding on nectar may be advantageous because the fluids 
are rich in amino acids, lipids, vitamins, and minerals and because feeding on a flower 
involves no risk of injuries, unlike the capture of prey. The use of nectar by spiders can 
also benefit the plants. In fact, Ruhren and Handel (1999) showed that the presence of 
Eris sp. and Metaphidippus sp. (Salticidae) increased the production of fruits and seeds 
of the plant Chamaecrista nictitans (Caesalpineaceae). As in some species of ants, 
these spiders feed on the nectar of extra-floral nectaries. Meehan et al. (2009) recorded 
in the field and in the laboratory, using stable isotopes, that the main diet of the Bagheera 
kiplingi spider, a Neotropical salticid, is the Beltian corpuscles of the plant Vachellia sp. 
(Fabaceae). B. kiplingi presented concentrations of 15N and 13C isotopes in an interme-
diate range between ants that feed on the plant and other spiders that do not feed on 
plant products, confirming that this salticid consumes plant products.
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Taylor and Bradley (2009) also showed the importance of nectar in the diets of 
the non-weaver spiders C. mildei (Miturgidae) and H. velox (Anyphaenidae). The 
researchers tested the importance of extrafloral nectaries to the survival, molting, 
and nighttime activity of these spiders. Tests of survival and molting were con-
ducted in plastic terrariums containing a single spider newly emerged from the ovi-
sac. To test the effects on survival, H. velox spiders were assigned to receive 25% 
sucrose, nectar from Terminalia catappa (Combretaceae), or water. A second exper-
imental group was assigned to receive 69% sucrose, nectar, or water. To test the 
effects on molting, a single adult Drosophila was provided to a C. mildei spider on 
alternate days until the spider molted. T. catappa nectar was provided on the days 
when the Drosophila was not provided. In a second experiment, nectar was not 
provided (although water was given as a control). To test the effects on nighttime 
activity, newly emerged spiders received either water and nectar or water alone 
(control). To quantify the nocturnal activity, the number of spiders in each group 
that ran continuously during the night for at least 1 min was recorded. The spiders 
were filmed at 10-min intervals, for a total of 54 observation periods, and both spe-
cies of spiders were used.

In the survival test, the spiders that received nectar or either sucrose concentra-
tion survived significantly longer than those that received water. There were no 
differences in survival between nectar and sucrose treatments. In the molting test, 
the number of spiders that molted was significantly higher in the nectar group. 
Finally, in the nighttime activity test, spiders ran more when their diets included 
nectar. These results suggest that nectar can be a source of energy for spiders, espe-
cially during periods when prey are scarce, since survival and molt rates were sig-
nificantly higher when the nectar was provided. The researchers noted that the 
sugars obtained from the nectar supplied much of the energy demands of locomo-
tion, freeing up the proteins contained in reserves for use in growth and/or new 
deposition of cuticle (Dalingwater 1987).

These results, however, are not easily generalizable. Carrel et al. (2000) found 
that Frontinella pyramitela (Linyphiidae) individuals gained weight when fed D. 
melanogaster but lost weight when fed pine pollen, suggesting that polinivory is 
restricted to particular groups of spiders and/or conditions of food scarcity.

Non-weaver spiders are not the only species that feed on nectar or pollen. Weaver 
spiders (Araneidae) may dismantle and eat their webs at regular intervals, which 
enables them to recycle the silk proteins efficiently. As the webs are not just a trap for 
potential prey, but also a trap for air plankton, spiders may also feed on adhered 
spores and pollen when they are recycling the webs. Eggs and Sanders (2013) tested 
the percentage of pollen in the diet of the orb-weaver spiders Aculepeira ceropegia 
and Araneus diadematus (Araneidae) in the presence of other food sources (insects). 
Their experiment included ten spiders that were fed fruit flies (Drosophila) and pol-
len from Betula pendula (Betulaceae) that was adhered to their webs, and ten spiders 
that were fed exclusively Drosophila. An analysis of stable isotopes in the body tis-
sues of the spiders was performed. The results indicated that about 25% of the diet of 
spiders was composed of pollen and the other 75% was composed of flying insects, 
mainly small Diptera and Hymenoptera. The amount of pollen consumed was similar 
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in laboratory and field observations (10–40% of the diet). Therefore, orb-weaver 
spiders actively feed on pollen, together with insects, to obtain the essential nutrients 
they need, at least during the early stages of life. The consumption of pollen by adult 
spiders decreased in the natural environment when insects became more abundant 
(during the summer season). The researchers suggested that this group of spiders be 
classified as omnivores, rather than as strict predators, as both carnivory and herbiv-
ory occur during important life stages of these orb-weaver spiders.

�Spider–Plant Specific Associations

Arthropod–plant interactions have been studied extensively in some groups, for 
example, phytophagous insects, which live exclusively on vegetation and show 
highly specific relationships with their host plants (Schoonhoven et  al. 1998). 
However, few studies have demonstrated this kind of association in spiders, despite 
the incredible diversity of spiders and their habitats. Some spider species belonging 
to the families Oxyopidae, Thomisidae, Salticidae, Araneidae, Ctenidae, Corinnidae, 
Selenopidae, and Theraphosidae have been shown to live strictly associated with a 
particular plant species or groups of plants that share morphological characteristics 
(e.g., glandular trichomes, rosettes, tree bark containing specific structures) (see 
review in Romero 2006; Messas et al. 2014).

Few studies have explored the reasons that spiders have specific associations 
with plants. Generally speaking, plants can provide suitable sites for protection, 
foraging, and reproduction. Recently, Hormiga and Scharff (2014) described a new 
species of Linyphiidae, Laetesia raveni (Araneae) collected in New South Wales 
and Queensland (Australia). This new linyphiid species seems to build its webs 
almost exclusively on two plant species, Calamus muelleri Wendland (Arecaceae) 
and Solanum inaequilaterum Domin (Solanaceae), both densely covered with 
thorns. The abundant thorns may protect the spiders from certain predators. Another 
unusual and little explored association involves the thomisid Synema obscuripes 
and the carnivorous plant Nepenthes madagascariensis (Nepenthaceae) (Rembold 
et al. 2012). This species spends its entire life cycle within the plant pitchers, struc-
tures that provide food (the pitchers attract insects) and shelter against predators 
(the pitchers secrete a liquid containing digestive enzymes).

In Central America, at least seven species of wandering spiders belonging to the 
Cupiennius genus (Ctenidae) are known for their intimate associations with certain 
plant groups (Barth et al. 1988a, review in Romero 2006). These ctenid spiders live 
exclusively on plants of the families Musaceae and/or Bromeliaceae, sheltering in 
them during the day and using them for ecdysis, courtship, and foraging at night. 
For example, Cupiennius salei lives in certain species of bromeliads (Barth and 
Seyfarth 1979; Barth et  al. 1988a) and exchanges vibratory signals through the 
leaves of these plants (Barth et al. 1988b; Baurecht and Barth 1992). Other spider 
species, such as Pachistopelma rufonigrum (Theraphosidae; Santos et  al. 2002), 
Nothroctenus fuxico (Ctenidae; Dias and Brescovit 2003, 2004), and various species 
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of jumping spiders (Salticidae; see review in Romero 2006), are exclusively 
associated with tank bromeliads in several countries. Some corinnid species use 
bromeliads as habitats, in coastal and inland areas of Brazil (Cotgrave et al. 1993; 
Dias et  al. 2000; Mestre et  al. 2001; Araújo et  al. 2007; Gonçalves-Souza et  al. 
2010). According to Gonçalves-Souza et al. (2010), of the five species of Corinnidae 
found in three types of habitat, four occurred only on bromeliads. However, only a 
few studies have demonstrated exclusivity with regard to Corinnidae and bromeli-
ads. The first study demonstrating this specific association was Piccoli (2011), who 
reported that the spider Corinna sp. nov., described later by Rodrigues and Bonaldo 
(2014) as Corinna demersa, is exclusively associated with Quesnelia arvensis 
(Bromeliaceae) in restinga forests. The spider constructs a shelter in the axils of 
leaves or along the central tank and dives into the water when threatened.

Spiders that are associated with plants necessarily have adaptations that facilitate 
their relationships with host plants. These adaptations are usually related to spiders’ 
sensory systems, allowing them to discern specific plant species through visual, 
olfactory, and tactile stimuli (review in Romero and Vasconcellos-Neto 2007b). The 
spider Misumena vatia (Thomisidae), for example, when presented with a choice of 
differently colored artificial flowers, more often chose yellow flowers (Greco and 
Kevan 1994). The morphological characteristics of plants also affect spiders’ selec-
tion of habitat. In a field study, Morse (1990) demonstrated that M. vatia lays its 
eggsacs preferably in plants of the genus Asclepias (Apocynaceae). Leaf character-
istics (e.g., flexibility, large size, high density of trichomes) appear to be fundamen-
tal factors determining the selection of this plant as an oviposition site. A social 
species, Diaea (Thomisidae), chooses Eucalyptus leaves, also using morphological 
leaf characteristics to recognize them (Evans 1997). However, this species selects 
smaller leaves than does M. vatia, because it is too small to handle the large leaves.

Another way that Thomisidae spiders find their foraging sites is through volatile 
substances. Heiling et  al. (2004) offered crab-spiders (Thomisus spectabilis) and 
floral visitors (Apis mellifera, Hymenoptera) both flowers with natural scents and 
those from which the scents had been removed. Both species preferred the flowers 
with the scents. The spider and the bee favored different visual characteristics of 
flowers (size and reflectance). Krell and Krämer (1998) showed that the volatile 
eugenol [2-methoxy-4-(2-propenyl) phenol], a component of the floral fragrance 
found in plants of different families around the world, attracts the cogeneric spiders 
Thomisus daradioides and T. blandus (Thomisidae). The researchers suggest that 
the spiders are able to memorize common chemical compounds in flowers and use 
them as cues to locate their foraging sites, which in turn are highly visited by 
pollinators.

Lyssomanes viridis is a translucent green jumping spider that perches on the 
abaxial surface of leaves. This salticid has a chemically mediated preference for, 
and higher hatching success on, the sweet gum Liquidambar styraciflua L. 
(Altingiaceae) during the summer. Compared with other sympatric species, the 
sweet gum leaves presents a potent broad-spectrum antimicrobial volatile com-
pound, notably the monoterpene terpinen-4-ol, a well-studied antimicrobial agent 
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known from tea tree oil. This chemical compound could protect the spider eggs 
against microbes, promoting higher hatchings (Tedore and Johnsen 2015).

The contact, but not airborne, with chemical cues of this plant species are attrac-
tive to L. viridis. These spiders overwinter predominately on leaves of a broadleaf 
evergreen species, the American holly Ilex opaca Aiton (Aquifoliaceae), so must 
migrate to American holly in the autumn, and back to sweet gum in the spring once 
its leaves have re-emerged (Tedore and Johnsen 2015). Posteriorly, these same 
authors (2016) expected that L. viridis might use leaf shape to find sweet gum, and 
green coloration to detect American holly. However, their results suggest that L. 
viridis does not attend to the leaves color or shape, but does have a visually medi-
ated preference for a particular level of ambient illumination and possibly perceived 
leaf brightness. In experimental conditions, spiders overtake any potential prefer-
ence for leaf size. Importantly, if they had not controlled for the effect of leaf size 
on the ambient illumination in the area surrounding the leaf, they would have con-
cluded that L. viridis was capable of judging the relative sizes of leaves using other 
parameters, like relative area or linear dimension. The authors conclude that ambi-
ent illumination was the most important factor in determining which leaf the spiders 
settled during their experiments.

Some studies have demonstrated intimate associations between spiders and plant 
species or groups of plants that share features in common. The best-known associa-
tions involve interactions between species of the genus Peucetia (Oxyopidae) and 
plants with grandular trichomes, jumping spiders (Salticidae) and Bromeliaceae 
plants, and araneids of the genus Eustala and tree species or dry vegetation struc-
tures. Some of these studies will be discussed later.

�Associations Between Spiders and Plants with Glandular 
Trichomes

Several plant species from different taxa have glandular trichomes on the surfaces 
of their leaves and stems. These structures possibly arose as a direct defense against 
herbivores and pathogens (Duffey 1986). Enhancing the plants’ defense systems, 
some spiders belonging to the families Thomisidae and Oxyopidae forage and 
reproduce preferentially on plants containing this type of glandular structure.

Spiders of the genus Peucetia (Oxyopidae) do not construct webs, weaving only 
silk threads leading to the branches, leaves, or flowers of the plants in which they 
live. Females lay their eggsacs under leaves and remain near them for several days, 
until the emergence of the spiderlings. Some species belonging to this genus are 
commonly found on plants that have glandular trichomes. In a literature review 
coupled with over 30 years of field observations, Vasconcellos-Neto et al. (2007) 
showed that ten species of Peucetia occur in association with more than 55 species 
of plants that have these trichomes. The plant species more frequently used by these 
spiders belong to the families Solanaceae, Asteraceae, and Melastomataceae. 
Whereas the species Peucetia flava, Peucetia rubrolineata, Peucetia longipalpis, 
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and P. viridans occur in the Americas (Brazil, Colombia, Panama, Mexico, and the 
United States), the oxyopids Peucetia arabica, Peucetia crucifera, Peucetia macu-
lifera, Peucetia nicolae, Peucetia transvaalica, and Peucetia viridis occur in the Old 
World, including Spain and some parts of Africa (Fig. 7.2).

In the municipality of Sumaré, São Paulo (Brazil), P. rubrolineata occurred more 
frequently on Solanaceae species that contained leaves with a high density of glan-
dular trichomes (Vasconcellos-Neto et al. 2007). In other regions, P. flava and P. 
rubrolineata were exclusively associated with plants containing these structures 
(Morais-Filho and Romero 2008, 2009; Vasconcellos-Neto et al. 2007).

Why do several species of the genus Peucetia specialize in plants containing 
glandular trichomes? Vasconcellos-Neto et al. (2007) suggested that this specializa-
tion may have evolved as a result of the adhesive nature of glandular trichomes, 
which hold small insects captive or hinder the movements of larger arthropods. In 
fact, many arthropod predators, such as insects belonging to the family Miridae, 
also have specific associations with plants containing glandular trichomes (Anderson 
and Midgley 2003; Sugiura and Yamazaki 2006; Romero and Vasconcellos-Neto 
2004b) and capture prey that become adhered to these plant structures. Therefore, 
trichomes make it easier to capture prey, enabling predators to save the energy they 
would have expended in the capture and subjugation of prey.

Do spiders actively select plants with glandular trichomes, and does this behav-
ior really benefit the spiders? To answer this question, Romero et al. (2008a) con-
ducted field experiments using P. rubrolineata and P. flava in Serra do Japi, in 

Fig. 7.2  Distribution map of Peucetia (Oxyopidae) associated to plants containing glandular tri-
chomes (Photographs: Yuri Fanchini Messas)
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Jundiaí, São Paulo (Brazil). The researchers estimated the residence time of these 
spiders in plants with glandular trichomes (Trichogoniopsis adenantha, Asteraceae) 
and without glandular trichomes (Melissa officinalis, Lamiaceae, and Lantana 
camara, Verbenaceae). Both spider species remained significantly longer on plants 
with trichomes (approximately 60 h on average) than on plants without these struc-
tures (a few minutes). In a second experiment, the researchers placed dead vestigial 
Drosophila flies (with atrophied wings) on T. adenantha plants (which have glandu-
lar trichomes) and on M. officinalis (which do not have trichomes). The plants were 
placed individually in exclusion cages and a spider was maintained on each plant. 
The spider’s biomass was estimated at the beginning of the experiment and 6 days 
later. Spiders on plants with glandular trichomes did not lose or gain biomass, 
whereas spiders on plants without trichomes lost biomass. The findings indicate that 
Peucetia spiders consume dead organisms attached to trichomes and therefore act as 
scavengers on these structures. Detection and recognition of dead prey on vegeta-
tion are not common behaviors among spiders. The dead prey adhered to the tri-
chomes probably provide extra nutrients during periods of live food scarcity.

In a complementary study, Morais-Filho and Romero (2010) used razor blades to 
remove the glandular trichomes from some Rhynchanthera dichotoma 
(Melastomataceae) plants. As in the study by Romero et al. (2008a), P. flava spiders 
stayed longer on plants with intact trichomes than on those whose trichomes had 
been removed. Next, the researchers released 30 vestigial winged Drosophila flies 
on each plant in a sample that included both plants with intact glandular trichomes 
and those from which the trichomes had been removed. More flies adhered to plants 
with intact trichomes. The study confirmed the hypothesis that arthropods can 
become adhered to these plant structures.

As shown here, Peucetia can consume dead insects that are attached to trichomes. 
In nature, do these spiders consume more live or dead insects? Morais-Filho and 
Romero (2010) enriched vestigial Drosophila with large amounts of nitrogen-15 
isotope (15N, see the procedure in Romero et al. 2006), to identify how much of the 
enriched prey was transferred to the spiders. The treatment groups included plants 
with dead enriched flies and plants with live enriched flies. Spiders were introduced 
to both treatments, and after a few days were collected for isotopic measurements of 
their body tissues. The spiders that preyed on dead and live flies showed similar 
amounts of the nitrogen-15 isotope, indicating that the consumption of live prey and 
decomposing insects on trichomes occurs in similar proportions.

Among the Thomisidae spiders, Misumenops argenteus was also found on plants 
with glandular trichomes in Serra do Japi (Romero and Vasconcellos-Neto 2004b). 
This spider occurred more frequently in T. adenantha and Hyptis suaveolens 
(Laniaceae), both containing trichomes, than in other plants available in the study 
area that do not present these structures. T. adenantha blooms all year and can thus 
attract potential prey throughout the life cycle of the spider. The glandular trichomes 
hinder the movement of ants and Chironomidae mosquitoes, which constitute up to 
21% of the diet of M. argenteus (Romero and Vasconcellos-Neto 2003). According 
to Romero and Vasconcellos-Neto (2004a), these characteristics of the spider–plant 
interaction may all contribute to make the relationship beneficial to both species.
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�Specializations of Spiders for Bromeliads or Similar Plants

A wide diversity of aquatic and terrestrial arthropods inhabit plants belonging to the 
family Bromeliaceae, especially in Neotropical environments (Benzing 2000). 
Some spider species occur preferentially on bromeliads, and some present morpho-
logical features (e.g., dorsoventrally flat body) that facilitate their colonization of 
these plants. Associations between spiders and bromeliads and/or similar plants 
(e.g., plants that have leaves arranged as rosettes) have been described for the spider 
families Anyphaenidae (Brescovit 1993), Araneidae (Figueira and Vasconcellos-
Neto 1991), Corinnidae (Piccoli 2011), Ctenidae (Barth et al. 1988a, b; Dias and 
Brescovit 2004), Salticidae (Young and Lockley 1989; Maddison 1996; Rossa-
Feres et al. 2000; Frank et al. 2004; Romero and Vasconcellos-Neto 2005a, b, c; 
Romero 2006; Romero et al. 2007), Trechaleidae (Brescovit and do Oliveira 1994), 
and Theraphosidae (Dias and Brescovit 2004). The jumping spider Pelegrina til-
landsiae (Salticidae) was recorded on Spanish moss (Tillandsia usneoides, 
Bromeliaceae) in the southeastern United States (Romero 2006).

Among these, the most studied associations involve Salticidae species. So far, 
nine species of jumping spiders associated with bromeliads in South America have 
been reported. The studies showing those associations were conducted in several 
countries, including Brazil, Bolivia, Argentina, and Paraguay, in areas containing 
different vegetation types, including cerrado regions, semi-deciduous forests, veg-
etation of coastal dunes, restingas, rocky outcrops (inselbergs), chacos, seasonal 
forests, dense rainforests, and tropical montane forests (Rossa-Feres et  al. 2000; 
Romero and Vasconcellos-Neto 2004c, 2005a, b, c; Romero 2006). These studies 
showed that spiders use bromeliads as foraging sites and breeding, nursery, and 
shelter sites where they can avoid predators and adverse weather conditions.

Some of these species are specialists that are associated almost exclusively with 
one type of bromeliad (e.g., Psecas chapoda and Bromelia balansae) over a large 
geographical area (Fig. 7.3). In contrast, other species are generalists (other Psecas 
sp., Coryphasia spp., Eustiromastix nativo, Uspachus sp. new) that have been found 
inhabiting as many as eight species of bromeliads. The specialists occur in phyto-
geographical regions such as the cerrado and semi-deciduous forests, where one 
species of bromeliad (B. balansae) typically dominates, while general spiders usu-
ally live in areas with high species richness and diversity of bromeliads, such as in 
the rain forest (Romero 2006). Bromeliad species that occur in rainforests share 
morphological characteristics (e.g., broad leaf, presence of a tank) that are attractive 
to spiders.

So far, the spider–bromeliad association that has been studied the most involves 
Psecas chapoda (Salticidae) and Bromelia balansae (Bromeliaceae). This spider 
occurs almost exclusively on B. balansae in various regions of cerrado and semi-
deciduous forest in Brazil, Bolivia, and Paraguay (Rossa-Feres et al. 2000; Romero 
and Vasconcellos-Neto 2005a, b, c). The spider uses the bromeliad throughout its 
reproductive cycle, from courtship and mating to the deposition of eggsacs and 
population recruitment of young spiders. Each female can lay up to two eggsacs, 
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always in the middle region and on the concave side of the leaves, covering them 
with a silk sheet woven over the leaf edges (Rossa-Feres et al. 2000).

Romero and Vasconcellos-Neto (2005c) found that P. chapoda occur more fre-
quently in open areas (fields) than within the forest. The distribution may be related 
to the blocking of the rosettes’ central base (which are used by the spiders as shelter) 
by dry leaves that fall from the trees. To test this hypothesis, Romero and 
Vasconcellos-Neto (2005a) conducted a field experiment in open areas containing 
two treatments (bromeliads with and without dry leaves in rosettes) and found that 
plants containing leaves were less often colonized by the spiders. However, in a 
similar experiment carried out within the forest, the spiders did not occupy brome-
liads that lacked dry leaves. As the abundance of prey (insects) was significantly 
higher in open areas than in the forest, the researchers suggested that both the pres-
ence of dry leaves and the availability of prey affect the spatial distribution of P. 
chapoda.

The spiders of this species rarely occur in flowering plants and may occupy up to 
90% of the plants that lack inflorescences (Romero and Vasconcellos-Neto 2005b, 
c). The leaves of bromeliads close to the ground decline when the plant blooms, and 
this structural modification exposes the flowers to pollinators (e.g., hummingbirds). 
Romero and Vasconcellos-Neto (2005a) showed that this change affects spiders by 
modifying their shelter and the nesting sites available inside the rosette, exposing 
jumping spiders to abiotic (e.g., severe weather conditions) and biotic (e.g., natural 
enemies) factors.

Fig. 7.3  Distribution map of Salticidae species associated to bromeliads on South America 
(Photographs: Gustavo Quevedo Romero)
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The central layer of the rosette is occupied by the majority (approximately 70%) 
of freshly emerged P. chapoda. The center may be preferred because it offers the 
best shelter from desiccation and/or cannibalism, which is very common in this 
species of spider (G.  Q. Romero unpublished data). Females are commonly 
observed in external layers of the plant, but they build their eggsacs and remain 
with them in the inner layers, where young spiders find shelter. This behavior may 
indicate the existence of maternal care against cannibalism (i.e., the closer the 
eggsacs are to the center of the bromeliad, the less the spiderlings must travel to 
find shelter and the greater their chances of survival) (Romero and Vasconcellos-
Neto 2005c).

Romero and Vasconcellos-Neto (2005b) collected spiders in São Paulo (Brazil), 
using an entomological umbrella, a visual search of vegetation, and pitfall traps in 
the soil to verify whether P. chapoda lives exclusively on B. balansae. The species 
did not occur in the soil and was found only in B. balansae among the available 
plants in the study area. These results, in addition to the previous studies on the 
behavior and geographic distribution of P. chapoda on B. balansae, were the first 
evidence that this spider–plant association could be obligatory.

B. balansae is the only bromeliad species found in the habitat range of P. 
chapoda and is a species that does not accumulate water in its rosette. To deter-
mine whether the selection of bromeliads by P. chapoda is species-specific, 
Omena and Romero (2008) planted blocks of bromeliads in the field, each con-
taining three species: B. balansae, Aechmea distichantha, and Aechmea blanche-
tiana. A. distichantha has a leaf architecture that is similar to B. balansae, but 
retains water in its central tank, while A. blanchetiana has much wider leaves 
than the other two species and also accumulates water in the rosette. Spiders colo-
nized B. balansae and A. distichantha equally, but occupied A. blanchetiana less 
frequently. Therefore, P. chapoda selects plants according to their architecture 
(long, narrow leaves) and is not species-specific. When an observer approaches P. 
chapoda spiders on their host plant (B. balansae), spiders flee to the base of the 
leaves. However, spiders that colonized bromeliads which accumulate water in 
the tank could not escape to the base of the rosettes. Interestingly, jumping spi-
ders inhabiting tank bromeliads in other geographic regions (along the Brazilian 
coast) can dive into the tanks to escape from predators (Romero and Vasconcellos-
Neto 2004c).

The study by Omena and Romero (2008) demonstrated that P. chapoda selects 
plants with specific architectures. However, the mechanisms by which the spiders 
detect, identify, and evaluate the plants remain unclear. Jumping spiders have 
good vision and, therefore, may be able to use visual cues to choose plants. To test 
this hypothesis, Omena and Romero (2010) offered spiders a choice of four 
plants: Agave augustifolia (which has a rosette similar to a bromeliad), Euterpe 
oleracea (a palm), Croton floribundus (dicotyledonous with large leaves), and 
Delonix regia (dicotyledonous with small folioles). Almost all spiders chose the 
agave, which has similar architecture to a bromeliad, showing that these spiders 
select plants with similar architectural features by using visual cues. In a similar 
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experiment, Omena and Romero (2010) offered P. chapoda spiders a choice of 
four bromeliads: B. balansae, A. distichantha, A. blanchetiana, and Aechmea fas-
ciata. The first two species have long and narrow leaves, while the others have 
short and broad leaves. The spiders more frequently chose the bromeliad with 
narrow leaves, indicating that they use fine details to choose their microhabitats. 
In order to eliminate the possible effects of color and scent, the researchers used 
life-size black-and-white photographs of the bromeliad species used in the previ-
ous experiment. Interestingly, spiders still chose photographs of bromeliads with 
long, narrow leaves. These two studies showed that spiders use visual cues to 
choose bromeliads, relying mainly on the plant architecture and not on 
coloration.

Three other salticid species were recorded living in bromeliads in the coastal 
regions of Brazil (Romero and Vasconcellos-Neto 2004c; Santos and Romero 
2004). The jumping spiders E. nativo and Psecas sp. are associated with bromeliads 
in two different types of vegetation in Linhares (ES): native grasslands (a plant for-
mation similar to restingas) and mussunungas, a low forest growing on sandy soils 
that is typically found in the northern region of this state. E. nativo was also found 
on bromeliads in a restinga region in the city of Trancoso (BA). Another species, 
Uspachus sp., also occurs in native grasslands in Linhares and is more frequent in 
dune areas in Natal (RN). Romero and Vasconcellos-Neto (2004c) suggest that 
these three spider species are associated specifically with plants of the Bromeliaceae 
family, as they were not found on other plants. They also point out that members of 
this plant family have a highly complex architecture and provide favorable micro-
habitat for jumping spiders.

As with P. chapoda, characteristics related to the physical structure of bromeli-
ads and the environment can affect habitat selection by jumping spiders. E. nativo 
occurs preferentially on large bromeliads in two different regions (Linhares and 
Trancoso). Larger bromeliads have increased sheltering capacity and are more 
likely to be visited by insects (offering higher availability of prey) due to the larger 
surface area; thus, they are considered better quality foraging sites (Romero and 
Vasconcellos-Neto 2004c).

In contrast with E. nativo, which occurred more frequently in bromeliads in open 
areas (native grassland), Psecas sp. mostly occupied bromeliads from adjacent for-
ests in Linhares. In Trancoso, even in the absence of Psecas sp., E. nativo occurred 
only in open areas (restingas), indicating that this pattern of distribution reflects the 
habitat and/or microhabitat choice, rather than being due to interspecific competi-
tion between these two species of spiders. Romero and Vasconcellos-Neto (2004c) 
concluded that E. nativo first selects the habitat and then chooses the microhabitat.

In other regions of Brazil and Argentina, five other species of Salticidae (Psecas 
vellutinus, P. splendidus, Coryphasia sp. 1 and sp. 2, and Asaphibelis physonychus) 
were observed specifically associated with bromeliads. The biology and natural his-
tory of these species remain unknown (Romero 2006).
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�Associations of Spiders with Arboreal Plants

Arboreal plant species provide a high diversity of microhabitats due to their huge 
biomass (large surfaces) and high structural complexity (Draney et  al. 2014). 
Among these microhabitats, tree trunks can provide concavities, cracks, epiphytes 
(e.g., other vegetables, moss, and lichen), fissures, and patches of loose bark 
(Szinetár and Horváth 2005; Michel and Winter 2009; Messas et al. 2014). Due to 
this variation, the bark of a particular tree can have its own microclimate (Nicolai 
1986, 1989) and that resource can significantly affect the distribution of species in 
tree trunks (Prinzing 2001, 2005).

Spiders may use the tree trunk as an exclusive, facultative, or occasional habitat 
(Wunderlich 1982). The spider Neriene radiata (Linyphiidae), for example, some-
times occurs on tree trunks, but it prefers the more stable environment offered by the 
bark to the understory environment (Herberstein 1998). Species that live exclusively 
associated with tree trunks generally present behavioral (e.g., seeking shelter under 
tree bark), morphological (e.g., flattened body), physiological (e.g., camouflage), 
and phenological adaptations to the environment in which they live (Szinetár and 
Horváth 2005). Bark-dwelling spiders (e.g., Telaprocera; Harmer 2009, Harmer and 
Herberstein 2009) and Eustala perfida (Messas et al. 2014) can construct vertically 
long webs, called ladder-webs, whose shape is probably due to the horizontal space 
limitation caused by the trunks or to a specialization for specific prey (e.g., moths; 
Harmer and Herberstein 2010). Bark-dwellers occur more frequently in trunks that 
exhibit surfaces with specific characteristics (e.g., E. perfida; Messas et al. 2014). 
These spiders usually select microhabitats containing essential characteristics such 
as shelter, high prey availability, and anchorage points for web construction 
(Herberstein 1998; Harmer 2009; Draney et al. 2014; Messas et al. 2014). The struc-
tural characteristics of the bark invite a wide variety of potential prey to spiders 
(Horvath et al. 2005).

Messas et al. (2014) investigated the spatial distribution and habitat selection of 
E. perfida (Araneidae), a spider that presents chromatic polymorphism, with colors 
ranging from green, red, white, and black. The study was conducted in Serra do 
Japi, a semi-deciduous rainforest located in São Paulo state (Brazil), with altitudinal 
variation from 700 to 1300 m. To verify the spatial distribution of this species, the 
researchers delimited plots on the edge and in the interior of the forest at different 
altitudes (basal, intermediate, and high) and performed a visual search for spiders 
on vegetation. The spiders were not found at the edge or on shrubby and herbaceous 
vegetation; instead, they occurred strictly on tree trunks inside the forest. Therefore, 
the species is an exclusively bark-dwelling spider.

Subsequently, Messas et al. (2014) proposed that E. perfida prefers trunks containing 
specific characteristics. They measured structural attributes of the trunks within the plots, 
characterizing each trunk according to texture (smooth or rough bark), size (diameter at 
breast height), and the presence of features such as lichens, mosses, and concavities. The 
characteristics of over 3000 tree trunks were evaluated in an analysis of use by spiders. 
E. perfida was found in different tree species, both native and introduced, indicating that 
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the spider did not require a unique host plant species. E. perfida occurred most frequently 
on trees with rough trunks and mosses, lichens, and/or concavities (Fig. 7.4a). These 
structures provide insertion points for the construction of orb webs. In addition, more 
spiders were found on trunks with larger diameters at intermediate and lower regions of 
the mountain. Larger trunks have more surface area for web construction and are more 
common in these low-altitude areas. In contrast, the highest region of the mountain con-
sists of a semideciduous rainforest that is typical for the altitude, with thinner trees and, 
coincidentally, fewer spiders.

These studies demonstrated that E. perfida occurs in narrowly defined environ-
ments, determined by the type of vegetation (large trees) and tree trunks that share 
the same structural characteristics. Furthermore, the species presents chromatic 
polymorphism (at least from a human’s point of view) that is similar to the colors 
found in the bark or in elements of the trunk, such as mosses and lichens. This adap-
tation is probably due to the pressure exerted by visually oriented predators such as 
birds and hymenopteran parasitoids. The researchers observed some spiders whose 
bodies contained larvae of the koinobiont ectoparasitoid Acrotaphus tibialis 
(Hymenoptera, Ichneumonidae), but the parasitism rate was extremely low (Messas 
et  al. in preparation). In fact, during the study period, few E. perfida predation 
events by other animals were observed, mostly involving other spiders (e.g., Gelanor 
sp., Argyrodes sp., and a species of Salticidae). This indicates that the camouflage in 
this species is effective, but further studies should be conducted to determine how 
predators perceive the coloration of E. perfida.

In another study conducted in Serra do Japi, Villanueva-Bonilla (2015) investi-
gated habitat selection by the wall crab spider Selenops cocheleti (Selenopidae), 
which lives on tree trunks and presents a dorsoventrally flattened body. Unlike  
E. perfida, this selenopid is strongly associated with trees that have desquamative 
stems and smooth texture. This preference is related to the spiders’ use of cracks as 
shelter, since the flat body of S. cocheleti enables the spider to shelter in areas 
between the bark and the tree trunk. Furthermore, this spider species prefers 
Myrtaceae plants to other plants in the study area (Fig. 7.4b). Nevertheless, as with 
E. perfida (Messas et al. 2014), the species does not show specificity for a single 
plant species, but for a set of trees that share structural characteristics.

�Associations of Spiders and Dry Structures of Vegetation

Spiders are commonly found living on shrubby and herbaceous vegetation. Within 
the group of orb-weaver spiders, some species of the Araneidae family are associ-
ated with specific plants (Hesselberg and Triana 2010) or with plants that share 
characteristics in common, such as density and architecture of branches that enable 
the construction of orb webs (Turnbull 1973).

Souza et al. (2015) investigated the spatial distribution and habitat selection of 
two sympatric and cogeneric species of orb-weaver spiders, Eustala taquara and 
Eustala sagana in Serra do Japi. Both species have chromatic polymorphism, with 
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many shades of brown, gray, and green. A remarkable morphological feature that 
distinguishes the two species is the long, longitudinally striped abdomen of E. 
sagana, while E. taquara has a subtriangular, slightly lengthened abdomen 
(Fig. 7.5). This study was conducted in the same environment using a similar meth-
odology to that employed for E. perfida (see Messas et al. 2014), making the results 
comparable.

To verify the spatial distribution of these two species, the researchers visually 
searched for spiders within plots inside the forest and on the forest edge. Both spe-
cies were found living exclusively associated with shrub and herbaceous plants on 
the forest edge. Both E. taquara and E. sagana have cryptic coloration (from a 
human point of view) and rest on dry vegetation structures. To show that their dis-
tribution was not random, the frequencies of green (live) and dry (dead) vegetation 
was estimated for the plots on the edge of the forest, and posterior comparison was 
made with the frequency of sites (green or dry) effectively used by spiders to rest. 
Again, both species were more abundant in similar environments, with more than 
90% of individuals occupying dry vegetation structures.

If both species occur in such similar environments, which factors determine the 
spatial segregation between E. taquara and E. sagana? The researchers tested the 
hypothesis that the altitude and the type of vegetation help determine the distribu-
tion of these two species. In fact, E. taquara occurred more frequently in the inter-
mediate regions (1000 m above sea level), while most E. sagana individuals were 
found at lower elevations (750–850 m) of Serra Japi. The authors argued that these 
differences may be related to biotic (e.g., architecture of vegetation, availability of 
prey, and the presence of natural enemies) and abiotic factors (e.g., temperature, 
humidity, and solar radiation) (Turnbull 1973; Brown 1981; Janetos 1986; Lubin 
et al. 1991; Marshall and Rypstra 1999).

In Ecuador, Purcell and Avilés (2007) observed that the altitude can also affect 
the distribution of some species of Anelosimus (Theridiidae), mainly in response to 
biotic factors, such as the prey size and predator pressure. To verify whether spiders 
show specificity for certain plant species, the researchers estimated the diversity and 
frequency of plant species in plots on the forest edge (in the altitudes where each 
spider species shows greater abundance). The relative abundance of plant species 
(expected frequency) was compared with the relative abundance of plants that are 
effectively used as sites for web construction (observed frequency). E. taquara were 
found more frequently in plants belonging to the species Conyza bonariensis 
(Asteraceae), apparently avoiding web-building in H. suaveolens (Lamiaceae), 
which is preferably used by E. sagana (Fig. 7.5). Hesselberg and Triana (2010) also 
studied the specificity of Eustala for certain plant species, showing that the spiders 
Eustala illicita and Eustala oblonga are associated with the plants Acacia collinsii 
and Acacia melanoceras (Fabaceae) respectively, which present a complex plant–
ant–spider interaction.

The arboreal araneid E. perfida (Messas et al. 2014) and both E. taquara and E. 
sagana (Souza et al. 2015) are sympatric spider species that are phylogenetically 
related. In all three species, the cryptic coloration matching the plant substrate 
seems to play a fundamental role in the history of these animals’ lives. Studies 
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suggest that the camouflage and the color polymorphism may be a result of the 
selective pressure exerted by visually oriented predators such as birds and 
hymenopteran parasitoids. Souza et  al. (2015) observed that E. taquara and E. 
sagana rest on specific plant structures, the former preferring dry capitula and the 
latter dry stems, which are similar in shape to the long body of the spider (Souza 
et  al. unpublished data). Thus, it is likely that the spiders are choosing specific 
microhabitats that may promote the effectiveness of their cryptic coloration.

�Phenological Synchrony and Lags in Plant–Spider 
Relationships

An interesting question in ecology is how populations of plants and spiders interact 
to maintain specific phenological associations. For example, do spiders have the 
same effects on plants throughout the year? Studies have shown that populations of 
spiders associated with vegetation often suffer directly from climatic factors or indi-
rectly from changes in the availability of foraging sites or prey. However, the popu-
lations of these predators do not always show synchronized responses to biotic or 
abiotic variables.

Arango et al. (2000) studied the relationship between the spider P. viridans and the 
plant Cnidoscolus aconitifolius (Euphorbiaceae), which attracts floral visitors, includ-
ing flies, bees, and wasps, in Mexico. There was a clear lag time between events such 
as the onset of rains, the flowering of the plant, the arrival of floral visitors, and an 
increase in the spider population. In May, the rains began and the plants flowered. In 
July, floral visitors increased, and in August, the spiders increased in number. A simi-
lar phenological pattern was observed in the system featuring the spider M. argenteus 
and the plant T. adenantha, which attracts herbivores and floral visitors, in Serra do 
Japi, Jundiaí (SP). Temporal lag analysis (with up to a 3-month delay) detected a 
1-month delay between the start of rains and the flowering period of T. adenantha. An 
increase in the arthropod population (potential prey for M. argenteus) on the plant 
occurred in synchrony with the increase in the number of reproductive branches. The 
population of M. argenteus increased 2  months after the numerical response of 
arthropods (Romero 2001; Romero and Vasconcellos-Neto 2003).

These results indicate that climatic factors such as rainfall primarily shape the 
phenological pattern of plants. In response to increased rainfall, plants produce 
more reproductive branches. These branches, which are used as foraging sites by 
spiders, provide food resources in the form of several species of herbivores and pol-
linators (Arango et al. 2000; Romero 2001; Romero and Vasconcellos-Neto 2003, 
2004a). If these resources are scarce at a particular time of the year, such as the dry 
season, the insects that directly depend on them will be scarce too. Consequently, 
the availability of prey and foraging sites for the spiders also decreases, reducing 
their populations. These results indicate that the systems studied by Arango et al. 
(2000) and Romero and Vasconcellos-Neto (2003, 2004a) are strongly influenced 
by bottom-up effects, when changes in the lower levels of the food chain, such as 
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the producers, affect the levels above (Romero 2007). These studies reveal the 
importance of interactions between biotic and abiotic forces in determining the 
community structure of arthropods on plants.

P. rubrolineata and P. flava (Oxyopidae) are two species associated with T. ade-
nantha, and population sizes and age structures of spiders are related to climatic 
variables, plant phenology, and abundance of prey, which may or may not result in 
synchrony and time lags in this system of tri-trophic interactions (Villanueva-
Bonilla et al. in preparation).

Studies of the phenology of T. adenantha (Romero and Vasconcellos-Neto 
2005d) and the natural history of M. argenteus reveal the lifecycle adjustments 
(phenogram) made by this spider species to climatic conditions, plant phenology, 
and prey availability (Romero and Vasconcellos-Neto 2003, 2004a). The age struc-
ture of the spider population throughout the year expresses the interactions of the 
spiders’ lifecycle with biotic and abiotic conditions. During colder and drier periods 
of the year, the juvenile and subadult instars have longer durations. The longer 
development time for these phases may result from low availability of prey.

�Negative Effects of the Presence of Spiders on Plants

Although spiders frequently occur on plants, their role as predators and the cascade 
effect of their presence on herbivores and plants have not been fully explored. Their 
effects may be positive or negative for the plant. In some cases, spiders prey on 
herbivores, favoring the plant’s fitness (Fig. 7.6). These mutualistic relationships 
will be discussed later.

In other cases, spiders consume or interfere with pollinators, reducing the plant’s 
fitness. Usually the negative effects of spiders occur through trait-mediated indirect 
interactions (TMIIs), defined by Abrams et al. (1996) as effects transmitted through 
changes in traits (e.g., behavioral, morphological, and life history) of affected species. 

Fig. 7.6  Indirect effects 
(positives and negatives) of 
spiders on plants
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The most studied TMIIs induced by spiders involve deterrence of pollinating insects 
from plants containing spiders; the insects can detect flowers that contain sit-and-wait 
spider predators and avoid them. Spiders can also negatively affect digestive mutual-
istic interactions between insects and plants. Furthermore, spiders are known to repel 
predators of phytophagous insects and/or consume insects (e.g., ants) that protect the 
plant against predators, facilitating the presence of herbivores on the plant. Some of 
these interactions will be discussed individually in the sections that follow.

�Negative Effects of Spiders on Plant–Insect Digestive Mutualism

Although spiders frequently contribute to plant nutrition by producing feces, they 
can also negatively affect digestive mutualism. The heteropteran predator Pameridea 
roridulae (Miridae), for example, lives exclusively associated with the carnivorous 
plant Roridula gorgonias (Roridulaceae) in South Africa, and can contribute up to 
70% of the total N used by its host plants (Ellis and Midgley 1996). However, in 
some regions, R. gorgonias is also inhabited by the spider Synaema marlothi 
(Thomisidae), which often decreases the density of the mutualist P. roridulae on the 
plant. Spiders do not defecate directly on the plant so they do not contribute N to it. 
Anderson and Midgley (2002) showed that in the presence of spiders, plants had 
low density of Heteroptera and were less enriched with nitrogen (15N isotope).

�Negative Effects of Spiders on Ant–Plant Mutualism

Gastreich (1999) showed that the spider Dipoena banksii (Theridiidae) exerts TMIIs 
in a mutualistic association between the ant Pheidole bicornis and the plant Piper 
obliquum (Piperaceae) in Costa Rica. This ant–plant interaction follows the general 
pattern of this type of association, wherein the plant provides food for the ant and 
the ants protect the plant against insect herbivores, reducing folivory and conse-
quently increasing the fitness of the plant. The theridiid D. banksii constructs its 
web in the base of new leaves of Piper plants, and preys almost exclusively on P. 
bicornis. The presence of the web helps the spider to capture ants but at the same 
time allows the ants to detect and avoid the spiders, making it possible to study 
indirect interactions mediated by behavioral modification.

If TMIIs actually exist in this ant–plant interaction mediated by D. banksii, 
plants containing spiders would be expected to exhibit lower density of ants (whose 
standard foraging patterns would be altered by the presence of spiders). Consequently, 
these plants would exhibit an increased rate of folivory compared with plants lack-
ing spiders. To test these hypotheses, Gastreich (1999) compared folivory rates 
among plants with and without spiders in the field. Subsequently, she investigated 
the effect of D. banksii on P. bicornis’ behavior by removal experiments. She com-
pared the numbers of ants patrolling leaves with spiders and on these same leaves 
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after removal of the spider and, finally, after removal of the web. The removal of 
spiders and webs increased folivory and decreased the number of ants on plants that 
had contained spiders or webs, supporting the hypothesis that there is a TMII 
between D. banksii and Piper plants.

�Negative Effects of Spiders on Plant–Pollinator Mutualism

Spiders that live on flowers can interfere in the dynamics of plant communities 
when they mediate the balance between pollination (e.g., by preying on or repelling 
pollinator insects) and herbivory by insects. Louda (1982b) was the first to investi-
gate the negative effects of spiders on mutualistic relationships between plants and 
pollinators. Louda reported that the spider P. viridans (Oxyopidae), which lives in 
Haplopappus venetus (Asteraceae) in California (United States), was responsible 
for a significant reduction in the number of pollinated flowers and in the average 
fertility rate of the flowering branches.

Spiders can have strong negative effects on pollinator behavior and plant fitness 
(Dukas 2001; Dukas and Morse 2003; Suttle 2003; Heiling and Herberstein 2004). 
For example, Gonçalves-Souza et al. (2008) showed that the presence of artificial 
spiders designed to mimic species of the Thomisidae family interferes in the visita-
tion behaviors of several species of pollinators of the plant Rubus rosifolius 
(Rosaceae), especially Hymenoptera (bees). Plants containing spider models pro-
duced 42% fewer seeds and the biomass of their fruits was reduced by approxi-
mately 50%.

Dukas and Morse (2003) showed that in Maine (United States), the bumblebee 
Bombus ternarius (Hymenoptera) visited Asclepias syriaca (Apocynaceae) less fre-
quently when the plant contained Thomisidae spiders. The honeybee Apis mellifera 
showed a similar trend in behavior, although it was not significant. This decrease in 
visitation rate by pollinators can be explained both by direct effects (e.g., predation 
of pollinators by spiders) and indirect effects (e.g., avoidance of plants containing 
spiders by pollinators). Robertson and Maguire (2005) also showed a reduction in 
insect visitation of flowers of the plant Lepidium papilliferum L. (Brassicaceae), 
which housed the crab spider Misumena vatia. Flower visitors increased signifi-
cantly after the spiders were removed.

In a later experiment, Dukas and Morse (2005) tested whether plants with crab 
spiders had fewer bee visitors than the plants without spiders, and verified whether 
the pollinia removal rate (indicating male fitness) and seed production rate (indicating 
female fitness) were lower in plants containing spiders than in those without spiders. 
In contrast with their earlier findings (Dukas and Morse 2003), the researchers found 
that the presence of spiders had no effect on the visitation of two species of bumble-
bee, B. ternarius and Bombus vagans, but A. mellifera visited significantly fewer 
plants containing spiders. This difference may be related to the higher rate of honey-
bee predation by spiders (as the honeybees are smaller and easier to capture) com-
pared with bumblebee predation by spiders. Male and female plant fitness were not 
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affected by the presence of M. vatia spiders in A. syriaca. Dukas and Morse (2005) 
hypothesized that the lack of an effect on plant fitness may be due to the low preda-
tion rate by spiders; in addition, spiders consume their prey slowly and other insects 
have a lengthy opportunity to visit and pollinate the plant while this is occurring.

These studies showed strong evidence that the presence of sit-and-wait spiders 
on flowers can negatively affect plant–pollinator mutualism. However, the compo-
nents of this system and the mechanisms that affect it require clarification. Can the 
top-down effects of these spiders cascade to affect plant fitness, or are effects on 
fitness derived from TMIIs or density-mediated indirect interactions (DMIIs)? If the 
latter is true, there are probably adaptations related to traits of predators (e.g., forag-
ing mode and morphology) and/or visual components that enable pollinators to rec-
ognize and avoid predation.

Gonçalves-Souza et al. (2008) tested these hypotheses through a series of experi-
ments in the Atlantic Forest of southeastern Brazil. Artificial spiders were placed on 
flowers of the plant R. rosifolius (Rosaceae) (see details in Gonçalves-Souza et al. 
2008), and randomized block experiments were conducted to test the effects of 
predator presence on pollinators and the power of the TMIIs over components of 
plant fitness (e.g., individual seed set and fruit biomass). The results showed that, in 
fact, some floral-visiting insects (e.g., Hymenoptera) can use visual cues to evaluate 
and avoid flowers containing objects that are similar to spiders or that mimic differ-
ent morphological traits of spiders (e.g., abdomen and front legs). Thus, morpho-
logical traits, but not coloration, are responsible for the avoidance shown by insects. 
In addition, plants containing artificial spiders showed a considerable reduction in 
fitness, producing only about half of the individual seed set and fruit biomass. These 
findings showed that a reduction in the plant fitness is due to TMII related to the 
presence of spiders on flowers. Subsequently, Brechbühl et al. (2010) reported that 
different types of pollinators react differently to the presence of spiders (only soli-
tary bees and syrphid flies avoided plants with spiders) and that these effects may 
also differ between plant species. They hypothesized that top-down effects of preda-
tors on plants via pollination depend on the degree of specialization of pollinators 
and the strength of their tendency to avoid spiders.

Gonçalves-Souza et al. (2008) used conspicuous spider models, and the coloration 
of crab spiders apparently had no effect on TMII mediated by the spiders. However, 
some species of Thomisidae, such as M. vatia, have similar coloration to the flowers 
of their hosts. Through two complementary studies, Ings and Chittka (2008, 2009) 
showed that this cryptic coloration can increase the TMII of bees in this system. In 
their 2009 study, these researchers exposed bees to predation risk experiences by plac-
ing cryptic robotic crab spiders on yellow flowers. After being exposed to the spiders, 
the bees were released and avoided yellow flowers even if they lacked spiders. Thus, 
it was demonstrated that when spider cryptic coloration causes avoidance by bees, it 
can negatively affect the reproductive success of plants containing cryptic spiders.

Some species of Thomisidae spiders, which appear cryptic from the human point 
of view, reflect ultraviolet wavelengths of light and thus attract their prey (Heiling 
et al. 2003, 2005a, b, Herberstein et al. 2009, see detailed review in Théry et al. 2011, 
see also Welti et al. 2016). Therefore, it is necessary to evaluate the function of the 
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spiders’ coloration from the point of view of their prey. Llandres and Rodríguez-
Gironés (2011) conducted a study in Queensland, Australia that studied the response 
of A. mellifera to the presence of T. spectabilis spiders (which have chromatic white 
and yellow polymorphism) in inflorescences of the plant Bidens alba (Asteraceae). 
The authors used spectrophotometry to collect the data of reflectance from the spi-
ders and inflorescences to determine how they are perceived by A. mellifera. 
Subsequently, they conducted a series of experiments to determine which traits of 
spiders (e.g., size, cryptic coloration, UV reflectance, and movement) result in higher 
rates of avoidance by bees. Unlike the results reported by Ings and Chittka (2009), 
the cryptic coloration did not play a strong role in avoidance behavior. However, 
spider size, movement, and UV reflectance did affect TMII by the spiders.

Arango et al. (2012) studied the system composed by the plant Cnidoscolus mul-
tilobus (Euphorbiaceae), its floral visitors, and the predatory spider P. viridans 
(Oxyopidae). The researchers evaluated the effect of spider presence on the plant on 
seed production during the whole year and showed that spiders may indirectly 
reduce the fitness (i.e., number of seeds) of plants, especially in months with few 
floral visitors.

However, according to Ribas and Raizer (2013), when spiders are rare on the 
plant and/or pollinators are very abundant, these predators have very small effects 
on the fitness of the plant, either low or neutral, and their presence does not signifi-
cantly affect the production of seeds. Through two meta-analyses, Romero et al. 
(2011) and Romero and Koricheva (2011) synthesized the available literature 
regarding the risk effects of predation on the behavior of pollinators and the cascade 
effects of spiders on the fitness of plants, respectively. Romero et al. (2011) showed 
that different methods of foraging by spiders (e.g., sit-and-wait predation vs. active 
hunting) both caused avoidance behavior in pollinators. Furthermore, the effect of 
repelling pollinators was stronger in pollinators of smaller size. Romero and 
Koricheva (2011) reported that even though some studies show that spiders nega-
tively affect pollination and the quantity of plant seeds, this has little effect on the 
global fitness of the plant. It is important to note that spiders can cause simultaneous 
positive and negative effects on plant fitness, and these effects are complementary 
and not mutually exclusive. Recent advances in our knowledge of these interactions 
have opened new perspectives for understanding the mechanisms of co-evolution in 
plant–pollinator–predator tri-trophic systems.

�Negative Effects of Spider–Floral Herbivore Interactions 
on Plants

The plant–pollinator system can be affected by other aspects of the trophic chain, 
such as herbivore–predator interactions. These interactions can have direct effects 
(e.g., plant damage) or indirect effects (e.g., interruptions in pollination). Herbivory, 
specifically florivory, may influence plant breeding and plant population growth 
(Louda 1983; Marquis 1984). Florivory can directly reduce plant fitness by 
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destroying reproductive tissues such as petals and sepals, which attract pollinators 
(Cardel and Koptur 2010; Botto-Mahan et al. 2011). The damage to these tissues 
can change the appearance of flowers and inflorescences, preventing pollinator vis-
its (Møller and Sorci 1998). Predators on flowers can also cause indirect effects by 
reducing pollinator visits and time spent pollinating flowers (Romero et al. 2011), 
affecting the fitness of the plant. However, hardly any studies have evaluated the 
combined risk effect of floral herbivory and predation on the behavior of pollinators 
and the reproductive success of plants.

Antiqueira and Romero (2016) manipulated the floral symmetry and the pres-
ence of predators (artificial Thomisidae spiders) on flowers on the shrub R. rosifo-
lius (Rosaceae) to evaluate the effect of these factors and the additive or interactive 
effects on the visitation of pollinators and the reproductive success of the plant. 
Their study randomly assigned flowers on 112 plants to the following groups: addi-
tion of artificial spider, manipulation of flower to produce asymmetry and addition 
of spider, asymmetry without spider, and control (no treatment). The artificial spi-
ders simulated a thomisid that usually occurs in the flowers of R. rosifolius. Both 
asymmetry and the presence of a predator reduced the number of visits from polli-
nators (mostly Hymenoptera). The effects were additive, rather than interacting. 
Interestingly, the risk effect of predation was 62% greater than the effect of flower 
asymmetry on the avoidance behavior of pollinators. In addition, only the risk of 
predation significantly decreased the biomass of the fruits (by 33%) and the number 
of seeds (by 28%). It appears that although the asymmetry caused by herbivory can 
alter the quality of resources, this effect does not carry the same evolutionary pres-
sure as do interactions between predators and prey.

�Positive Effects of the Presence of Spiders on Plants

Several studies have reported the positive effects of spiders on plants (Louda 1982b; 
Carter and Rypstra 1995; Ruhren and Handel 1999; Whitney 2004; Romero and 
Vasconcellos-Neto 2011) due to their predation on herbivores. Spiders can affect 
herbivory even if they do not consume herbivores directly, which can have impor-
tant implications for biological control programs. Signs of their presence, such as 
draglines, feces, or chemotactile cues, can alter the foraging behavior of insect her-
bivores and thereby reduce the damage to plants. Several studies have tested this 
hypothesis experimentally. Pest insects of soybean leaves reduced their foraging 
activity in the presence of spiders or spider cues (e.g., silk draglines and feces) 
under laboratory conditions (Hlivkro and Rypstra 2003). In another study, Rypstra 
and Buddle (2012) treated entire plants in the field with silkworm or spider silk, and 
compared the amount of herbivory they experienced. Herbivory was lowest in plants 
that received spider silk treatments, intermediate in plants treated with silkworm 
silk, and highest in control plants (which received no treatment). These results sug-
gest that silk might be a mechanism for trait-mediated impacts of spiders and might 
be used in integrated pest management programs.
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Bucher et al. (2015) also performed a field experiment to determine the extent of 
spiders’ effects that are distinct from herbivore consumption, by enclosing Urtica 
dioica plants and removing all arthropods from them, then repeatedly placing 
Pisaura mirabilis spiders on them so that they could deposit cues. Control plants 
were enclosed in the same way, but did not have spiders. After cue deposition, the 
enclosures were removed to allow arthropods to colonize the plants and feed on 
them. The presence of chemotactile spider cues reduced leaf damage by 50% and 
also led to changes in the arthropod community. Smaller spiders avoided plants with 
spider cues. In contrast, the aphid-tending ant Myrmica rubra showed higher recruit-
ment of workers on cue-bearing plants, possibly because the presence of more ant 
workers could protect aphids.

Work by Romero and Koricheva (2011) also supported the prediction that the 
strength and direction of terrestrial trophic cascades are strongly influenced by the 
relative effects of carnivores on pollinators vs herbivores, predator hunting mode, 
carnivore habitat domain and taxonomy, and presence and type of plant attractors. 
The net positive effect of carnivores on plant fitness suggests that carnivore effects 
on herbivores were stronger than their effects on pollinators.

�Multitrophic Interactions and Mutualism

Although spiders are often involved in complex food webs or in direct or indirect 
interactions with other arthropods and plants (review in Romero and Vasconcellos-
Neto 2007a), few studies have shown evidence of mutualism between plants and 
spiders (Louda 1982b; Ruhren and Handel 1999; Whitney 2004; Romero and 
Vasconcellos-Neto 2004a; Romero et al. 2008a; Morais-Filho and Romero 2010). 
Spider–plant mutualistic interactions fall into two categories: defensive/protective, 
in which spiders increase the fitness of plants by removing phytophagous insects, 
and digestive, in which spiders contribute to the nutrition of their host plants.

�Protective Mutualism and Glandular Trichomes

Protective mutualism occurs when a symbiont reduces the negative effects of 
another symbiont or of a natural enemy (e.g., a predator) in a common host (Golubski 
and Abrams 2011). According to Krimmel and Pearse (2012), plants that produce 
sticky substances are common and often entrap and kill small insects, which can 
increase predator densities and potentially affect the plants’ indirect defenses. The 
common tarweed (Madia elegans, Asteraceae) is an annual flowering plant that pro-
duces abundant glandular trichomes. Common predators on tarweed include the 
assassin bug Pselliopus spinicollis, the two stilt bugs Hoplinus echinatus and Jalysus 
wickhami, the green lynx spider Peucetia sp., and the crab spider Mecaphesa sch-
lingeri. The researchers manipulated the abundance of insects’ carrion entrapped on 
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tarweed plants under natural field conditions, and found that carrion augmentation 
increased the abundance of a set of predators, decreased herbivory, and increased 
plant fitness. The carrion of entrapped insects may function broadly as food pro-
vided by the plant for predators.

Mutualism between spiders and plants with glandular trichomes was first inves-
tigated by Louda (1982b), who studied the interaction between P. viridans and the 
plant H. venetus (Asteraceae). The presence of the spider on the plant inflorescences 
reduced the number of fertilized ovules, indicating that its occurrence can harm the 
plant by disrupting plant–pollinator interactions. However, the presence of the spi-
der also reduced the number of dry fruits (achenes) damaged by endophagous 
insects of the capitula, compared with inflorescences that did not have spiders. 
According to Louda (1982b), the benefits to the plant outweighed the costs. 
However, Romero and Koricheva (2011) used a meta-analysis metrics (log response 
ratio) which concluded that the positive and negative effects were similar in 
magnitude.

To test the effects of the spiders P. flava and P. rubrolineata on T. adenantha, a 
plant with glandular trichomes, Romero et al. (2008a) developed field experiments 
that compared plants with and without spiders. The plants without spiders showed a 
higher abundance of insects that are harmful to plants, such as leafhoppers, 
Lepidoptera larvae, and endophagous insects that feed on seeds. Plants with spiders 
experienced less damage from most of these insects and from leafminers. Moreover, 
seed damage by Geometridae sp. (Lepidoptera) larvae, a sessile insect, was 16 times 
higher in plants that lacked the presence of Peucetia. The most common species of 
endophagous insects were Melanagromyza spp. (Diptera, Agromyzidae) and 
Trupanea sp. (Diptera, Tephritidae). Spiders decreased the damage caused by 
Trupanea but did not affect Melanagromyza. Romero et al. (2008a) attributed these 
results to the different behavior of these two flies. Whereas Trupanea adult females 
remain on the plant for a long time to lay eggs (~30 min) and travel relatively long 
distances among the leaves to perform oviposition (18.8  cm on average), 
Melanagromyza females laid their eggs faster (~16 min) and moved much less on 
the plant (2.9 cm on average). Therefore, it is likely that Trupanea is more vulner-
able to Peucetia spiders than Melanagromyza. In contrast with the data obtained by 
Louda (1982b), the two species of Peucetia studied by Romero et al. (2008a) tended 
(p = 0.067) to decrease the fitness of the plant T. adenantha via the effect on pollina-
tors (Fig. 7.7).

Another species of spider (M. argenteus, Thomisidae) lives on the same plant, 
and also captures insect herbivores and floral visitors. Romero and Vasconcellos-
Neto (2004a) tested whether these crab spiders increase or decrease plant fitness, 
and obtained results similar to those obtained by Romero et al. (2008a). For exam-
ple, while the presence of Misumenops decreased seed damage caused by 
Geometridae, Trupanea and Melanagromyza were not affected. Herbivore vulnera-
bility, as discussed above, may be valid here as well. Therefore, the spiders P. flava, 
P. rubrolineata, and M. argenteus all affected communities of phytophagous insects 
similarly. Furthermore, the trophic cascade of these predators affecting plant fitness 
was similar.
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Interestingly, in the study that evaluated the effects of M. argenteus via pollina-
tors, no decrease in the number of fertilized ovules was found in the capitula of the 
plants that were not previously damaged by phytophages. Yet fertilized ovules on 
damaged capitula were more frequent in plants with spiders. How could this hap-
pen? When the spiders forage on the capitula buds, they capture the endophagous 
insects that usually cause damage to the eggs. Therefore, the presence of spiders 
reduces the floral damage, resulting in capitula with more flowers, which are more 
attractive to flower visitors. In the absence of spiders, plants had many damaged 
capitula that were less attractive to pollinators. Although the spiders feed on floral 
visitors, capitula with flowers are widely spaced and spiders cannot forage on all of 
them at the same time (Romero and Vasconcellos-Neto 2003). Spiders may remain 
on one of the capitula, leaving the others free from predators. Thus, the spiders exert 
a dual beneficial effect on the plants in this system: they reduce herbivores in the 
capitula attacked by endophages and help attract pollinators.

The spider P. flava also occurs on R. dichotoma (Melastomataceae), a plant with 
glandular trichomes, in the northwest of São Paulo state (Brazil). Through field 
experiments, Morais-Filho and Romero (2010) showed a decline of the abundance 
of several guilds of insects in plants with spiders. To test whether spiders decrease 
leaf damage, the authors compared plants with and without spiders during different 
seasons. They found that the spiders do not affect leaf herbivory rates during the 
rainy season. In contrast, their presence reduced leaf damage by herbivores by 74% 
during the post-rain period. In this system, the role of spiders as bodyguards was 
temporally conditional. During the rainy season, the plants invest in growth by 
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producing a huge amount of vegetative biomass, a phenomenon triggered by bot-
tom-up forces (i.e., by the presence of rain and addition of nutrients in the system). 
This vegetative productivity supports a great quantity of herbivores, which exceed 
the capacity of the leaves, affecting the top-down effects of spiders on leaf herbiv-
ory. In contrast, during the post-rain period the plants do not grow, investing instead 
in reproductive tissues (inflorescences). This allows the spiders and herbivores to 
remain exposed on the leaves for a longer time, possibly strengthening the top-down 
effects of spiders in this system (Morais-Filho and Romero 2010). The presence of 
P. flava decreased the number of damaged flower buds, increasing plant fitness via 
herbivory. However, plants with and without spiders produced a similar number of 
seeds per fruit, indicating that spiders do not negatively affect the plants’ fitness via 
pollinator inhibition.

It is intriguing that the effect of Peucetia spiders is strongly negative in some 
plants (Louda 1982b), less negative in other systems (Romero et al. 2008a), and 
exclusively positive in others (Morais-Filho and Romero 2010). The system studied 
by Louda (1982a, b) attracts many small pollinators that are appropriate prey for 
spiders. In addition, the capitula of H. venetus are very close to each other, forming 
a flat platform where the spiders forage. This type of architecture favors the capture 
of pollinators by spiders. In contrast, in the system studied by Romero et al. (2008a), 
the T. adenantha capitula are more spaced and spiders could not forage on all of 
them, although several Peucetia spiders can group the capitula and unite them with 
silk threads to forage. The plants studied by Morais-Filho and Romero (2010) pres-
ent bigger flowers in great quantities and are spaced apart, attracting larger pollina-
tors (Bombus spp., Hesperiidae butterflies) whose capture is difficult for the spiders. 
Therefore, apparently the architecture of flowers or inflorescences and the type of 
floral visitors affect the direction and intensity of trophic cascades via pollinators.

All the studies cited in this section involve sticky plants with glandular trichomes 
that entrap and kill small insects. These trichomes may provide an important path-
way in the evolution of relationships between the Peucetia genus and these plants, 
helping to develop protective mutualism between spiders and plants.

�Digestive Mutualism

Plants are exposed to selective pressure from insect herbivores, and have developed 
several defense mechanisms: intrinsic (chemical or mechanical), and extrinsic 
(including the protection of predators and parasitoids) (e.g., Lawton and McNeil 
1979; Price et al. 1980; Crawley 1989; Fritz and Simms 1992; Coley and Barone 
1996; Marquis and Whelan 1996; Lucas et  al. 2000; Del-Claro and Torezan-
Silingardi 2011; Marquis 2011). Mechanical defenses include the hardness of 
leaves, the presence of thorns, and uncinate and glandular trichomes that can trap 
insects (Levin 1973; Johnson 1975; Fernandes 1994; Fordyce and Agrawal 2001; 
Medeiros et al. 2004; Medeiros and Boligon 2007; Cardoso 2008).
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A limiting factor for plants is the availability of nutrients, especially in poor 
soils. Although some plants can trap insects on the surfaces of leaves and stems, 
they are not necessarily able to absorb the nutrients from their decomposition 
(Anderson et al. 2012). Carnivory in plants seems to be an efficient way to obtain 
nutrients, particularly during adverse environmental conditions (Adamec 1997). 
This strategy arose independently in more than 600 species of plants and at least six 
different subclasses of angiosperms around the world (Albert et al. 1992; Ellison 
and Gotelli 2001). According to Givnish et al. (1984), carnivorous plants are defined 
as plants that are able to absorb nutrients from dead animals next to their surfaces 
and that possess morphological, physiological, or behavioral features whose pri-
mary effect is attraction, capture, or digestion of prey. Givnish et al. note that “plants 
capable of absorbing nutrients from dead animals, but which lack active means of 
prey attraction and prey digestion, and possess neither motile traps nor passive 
structures such as one-way passages whose primary result is immobilization of ani-
mals near plant surfaces must be considered saprophytes and not carnivorous 
plants.” Chase et al. (2009) expanded this definition to include the ability to absorb 
the products of decomposition from organic matter by any tissue. According to this 
definition, it does not matter whether the decomposition is performed by the indi-
vidual or whether the plant relies on species-specific mutualism to perform the 
decomposition (e.g., putrefactive bacteria).

If plants have some way to absorb the feces of the animals living in association 
with them, they can benefit nutritionally. These additional nutrients may allow 
plants to store energy reserves and grow more (e.g., Romero et al. 2006). According 
to Anderson and Midgley (2003), digestive mutualism, in which animals provide 
nutrients for plants, may represent a step toward the evolution of carnivory in plants. 
Mutualism involving the provisioning of plants with nutrients by animals (i.e., 
digestive mutualism) was documented in ant–plant systems, Heteroptera predators 
(Pameridea spp., Miridae) and plants, amphibians and bromeliads (Romero et al. 
2010), and carnivorous plants (Roridula spp.) (Anderson and Midgley 2002, 2003). 
Only recently has this kind of mutualism been demonstrated in spider–plant 
associations.

Romero et al. (2006) were the first to show that spiders contribute to the nutrition 
of Bromeliaceae. These plants’ leaves contain structures that are specialized to 
absorb water and nutrients (especially nitrogen). The researchers used isotopic tech-
niques (stable isotope 15N) to verify that the spider P. chapoda nourishes the brome-
liad B. balansae with its feces and prey carrion. To enrich the feces of spiders with 
15N isotope, the authors first enriched yeast with a salt (ammonium sulfate) that had 
previously been enriched with nitrogen isotope. Then they mixed the yeast in a cul-
ture medium to feed D. melanogaster, which became enriched after consuming the 
yeast. After spiders consumed the flies, the spiders produced enriched feces. The 
feces and enriched flies were placed in the center of the rosette of B. balansae 
plants, whose leaves were then analyzed isotopically. The results showed that 15% 
of the total nitrogen of plants was derived from the spiders, and only 3% of the 
plants’ nitrogen came from the flies. In another experiment, the authors kept plants 
with and without spiders for over a year, and showed that those containing spiders 
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grew 15% more than did plants without spiders. As these bromeliads live in regions 
where the soil is very poor (e.g., cerrado vegetation), an association with spiders 
can allow the plants to grow faster.

The intensity of the digestive mutualism in this system can vary depending on 
the density of spiders in different areas. The isotopic nitrogen 15N is 2–4‰ more 
positive at each trophic level. Therefore, plants inhabited by many spiders can 
absorb more nitrogen from these predators and present higher values of 15N. In addi-
tion, since P. chapoda prefers bromeliads living in open areas, presumably such 
bromeliads derive more nitrogen from spiders than do bromeliads in the interior of 
the forest. These hypotheses were confirmed by Romero et al. (2008b), using forest 
fragments with varying numbers of spiders on bromeliads. There was a positive 
relationship between the density of spiders and the isotopic values of bromeliads. In 
addition, the nitrogen derived from animals was much higher in the bromeliads in 
open areas than in bromeliads in the forest interior. However, the bromeliads in the 
forest presented total nitrogen concentrations (14N + 15 N) similar to those of plants 
from open areas. The forest plants may have absorbed nutrients from dry leaves that 
fell from the trees (plant litter), which have lower isotopic values than those from 
spider feces (Romero et al. 2008b). These results suggest that bromeliads in the for-
est derive more of their nutrition from leaf litter, while those in open areas derive 
more from spider feces.

In another study, Gonçalves et al. (2011) evaluated the role of feces from the 
spider P. chapoda and from D. melanogaster flies on the nutrition and growth of the 
host bromeliads B. balansae, Ananas comosus (pineapple), and A. distichantha, as 
well as the seasonal variation in the importance of this digestive mutualism. The 
researchers performed isotopic and physiological analyses using the isotope 
15N. Spiders contributed from 0.6% (dry season) to 2.7% (wet season) of the total 
nitrogen in B. balansae, 2.4% (dry) to 4.1% (wet) of the total in A. comosus, and 
3.8% (dry) to 5% (wet) of the total in A. distichantha. Flies did not contribute to the 
nutrition of these bromeliads. Chlorophyll and carotenoid concentrations did not 
differ among treatments. Plants that received feces had higher soluble protein con-
centrations and showed leaf growth only during the wet season. These results indi-
cate that the mutualism between spiders and bromeliads is seasonally restricted. 
Interspecific variation in nutrient uptake occurred, probably related to the 
performance of each species and to photosynthetic pathways. Whereas B. balansae 
seems to use nitrogen for growth, A. distichantha apparently stores nitrogen to bal-
ance out stressful nutritional conditions.

In southeastern Brazil (Serra do Cipó  - Minas Gerais), Alpaida quadrilorata 
(Araneidae) inhabits almost exclusively Paepalanthus bromelioides (Eriocaulaceae), 
a plant with rosette-shaped leaves that has similar architecture to bromeliads. The 
spiders build their webs above the central tank of the plant and, when disturbed, weave 
a guide wire and dive into the liquid accumulated inside the rosette, using this strategy 
as defensive behavior against their predators (Figueira and Vasconcellos-Neto 1991; 
Vasconcellos-Neto et al. unpublished data). Few studies have demonstrated that spe-
cific associations of spiders with plants provide the spiders with protection from pred-
ators. P. bromelioides leaves are associated with multiple partners, such as spiders and 
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termites, and the plant is considered a protocarnivorous species (Figueira et al. 1994). 
Nishi et al. (2013) used analysis of 15N to show that the isotopic signature of P. bro-
melioides is similar to that of carnivorous plants, and is higher than that of the non-
carnivorous plants in the study area. They showed that the presence of spiders on the 
rosettes of P. bromelioides resulted in overall nitrogen contributions of 26.5% (a top-
down flux) due to spider feces and prey carrion. Although nitrogen flux was not 
detected from termites to plants via decomposition of labeled cardboard, the data on 
15N in natural nitrogen abundance indicated that 67% of nitrogen from P. bromelioides 
is derived from termites (a bottom-up flux). Bacteria did not affect nutrient cycling or 
nitrogen uptake from spider feces and prey carrion. The results suggest that the nitro-
gen used by P. bromelioides derives from associated predators and termites, despite 
differences in the rate of nitrogen cycling, which was higher in nitrogen derived from 
predators (leaves) than in nitrogen derived from termites (roots). This is the first study 
that demonstrates partitioning effects from multiple partners in a digestion-based 
mutualistic system. Although most of its nitrogen is absorbed through the roots (via 
termites), P. bromelioides has all the attributes of a carnivorous plant in the context of 
digestive mutualism. All these studies reinforce the beneficial role played by spiders 
in digestive mutualism.

�Concluding Remarks

Spider families that actively hunt on vegetation were long thought to be wandering 
through the plant rather than specifically associated with it. Specific associations 
and adaptations, and examples of mutualism involving spiders and plants, were not 
known. Researchers reported that spiders which hunt by ambush (e.g., Thomisidae) 
chose specific substrates according to the optimal foraging theory (i.e., prey 
availability).

Recent evidence, however, suggests that the physical structure of the habitat may 
be a more important factor for spider communities, and that microhabitat selection 
is mostly influenced by plant architecture per se, not by microclimatic factors or 
prey availability. Although many spider families live on vegetation, it remains true 
that very few specific spider–plant associations are known, and it is not known 
which plant traits attract and facilitate spider populations.

Here, we have reported specific associations between spiders and certain plant 
species or plants that share similar traits, such as glandular trichomes (Vasconcellos-
Neto et al. 2007), spines (Hormiga and Scharff 2014), rosette shape (Romero 2006), 
tree bark (Messas et al. 2014), and dry structures (Souza et al. 2015). Specific plant 
traits, such as rosette shape and presence of glandular trichomes, can mediate spi-
der–plant mutualism in which spiders contribute to plant nutrition and growth or 
protect plants against herbivores. Very little is known about how associations 
between spiders and plants evolve toward mutualism. Most of the associations 
reported are occasional, and to achieve a better understanding of their evolution, it 
is necessary to investigate them while considering spatio-temporal variations.
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As the order Araneae presents great diversity on vegetation and a variety of 
behaviors and lifestyles, we believe that many other specific associations and exam-
ples of spider–plant mutualism are waiting to be reported.
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